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I. EINLEITUNG 

Einer der im Vertrag zur Grundung der Europaischen Atomgemeinschaft vor

gesehenen Forschungsbereiche umfasst Untersuchungen uber schadliche 

Strahlenwirkungen auf Lebewesen, uber die Verhutung und den angemessenen 

Schutz sowie die entsprechenden Sicherheitsnormen, den Nachweis und die 

Messung der Strahlungen sowie die Entwicklung therapeutischer Massnahmen 

gegen Strahlenwirkungen. 

Seit 1960 sind unter dem Patronat der Kommission vier mehrjahrige Forschungs

programme auf dem Gebiet des Strahlenschutzes durchgefuhrt worden. Das 

Programm, das 1980 abgeschlossen wurde, kann wegen seines integrierten 

Charakters, der Aktualitat der behandelten Themen, der praktischen Bedeutung 

der erzielten Fortschritte und Ergebnisse und der Eingliederung der Arbeiten 

in einen echten Gemeinschaftsrahmen als besonders wichtig angesehen werden. 

Deshalb hat die Kommission in dem vorliegenden Bericht die im Zeitraum 1976/1980 

erzielten Ergebnisse der Forschungsarbeiten zusammengest~Llt. Der Bericht er

Laubt im Einzelfall die Tendenzen der Forschung, ihre Orientierung und ihre 

Prioritaten zu erkennen. Es handelt sich, wie bei den fruheren Programmen, 

um ein Programm der indirekten Aktion, das im Rahmen von Vertragen mit 

Institutionen der Mitgliedstaaten, wie nationalen Forschungszentren und 

Hochschulen, durchgefuhrt wurde; der Etat betrug 39 MioECU fur den Referenz

zeitraum. 

Es wird allgemein anerkannt, dass die von der Kommission herbeigefuhrte 

Zusammenarbeit in der Gemeinschaft auf dem Gebiet des Strahlenschutzes 

exemplarisch ist, wofur sowohl der Umfang und der Wert der wissenschaftlichen 

Veroffentlichungen (uber 600 jahrlich) als auch die Zahl der unmittelbar an 

den Forschungsvertragen mitwirkenden Wissenschaftler (uber 500) sprechen. 

Die engen Beziehungen zwischen den Dienststellen der Kommission und den 

Forschern zeigen sich in immer starkerem Masse in der gemeinsamen Arbeit 

in den Studiengruppen. Die Kommission hat jedes Jahr rund 40 solcher Sitzungen 

veranstaltet, die ausser Studiengruppen auch noch Konferenzen und Symposien 

umfassten; uber 1.000 Wissenschaftler aus den Mitgliedstaaten und aus Dritt

Landern nahmen daran teil. Diese Koordinierungsmassnahmen haben auf indirekte 

Weise einen beachtlichen Einfluss auf fast die gesamte Strahlenschutzforschung 

in der Gemeinschaft ausgeubt. 
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Auf dem Gebiet des Strahlenschutzes und der Strahlenbiologie gibt es 

tatsächlich eine europäische Wissenschaftsgemeinschaft, in der die 

Kommission Impulse gibt und Fördermassnahmen trifft, deren Notwendigkeit 

und Effizienz unbestritten sind. Aus der Gesamtheit der Arbeiten dieser 

Gemeinschaft bezieht die Kommission ferner die unerlässliche Unterstützung 

bei ihrer im Vertrag vorgesehenen normativen Aktion, in deren Rahmen sie 

1959 erstmalig europäische Strahlenschutznormen festgelegt und damit eine 

gemeinsame Gesundheitspolitik eingeleitet hat. Diese Normen, die sich 

weitgehend auf internationale Empfehlungen stützen, werden durch die 

europäische Forschung untermauert und gegebenenfaLLs auf praktischer Ebene 

durch biologische und technologische Daten aus dem Programm vervollständigt. 

Während die Forschungsaktionen der sechziger Jahre noch punktuellen Charakter 

hatten, kam es in der Folge~eit zu einer zunehmenden Kohärenz der verschiedenen 

Programmthemen und zu einer engen Zusammenarbeit zwischen Instituten mit 

ähnlichen Forschungsaufgaben. Diese Integration kennzeichnet das Fünfjahres

programme 1976-1980. Auf ihr bauen die Leitlinien des 1981 angelaufenen 

neuen Programms auf und gewährleisten damit die Kontinuität der Arbeiten und 

ihrer sozialen und humanen Motivierung. 

Obwohl die Nutzung des Atoms bei der Offentlichkeit weiterhin auf Skepsis 

und bisweilen übertriebene Befürchtungen stösst, hat die Energiekrise von 

1973 einige europäische Länder bewogen, verstärkt die Kernenergie zur 

Elektrizitätserzeugung heranzuziehen. Die Befürchtungen ergeben sich zum 

grossen Teil aus Zweifeln und aus Lücken in der tatsächlichen Kenntnis der 

Langzeitwirkungen ionisierender Strahlungen bei schwacher Dosis. Diese 

Lücken zu füllen ist Zukunftsaufgabe der Strahlenschutzforschung. 

Die ionisierenden Strahlungen sind von allen durch den Menschen verursachten 

Umweltbelastungen wahrscheinlich diejenigen, die am besten bekannt sind und 

- am eingehendsten untersucht werden~ dessen ungeachtet muss sich die Ab

schätzung des Strahlenrisikos auf möglichst genaue Beziehungen zwischen 

einer bestimmten Strahlenexposition und ihrer Auswirkung auf die Bevölkerung 

abstützen Lassen. Mit den vorhandenen Modellen konnte das Risiko anhand 

von wissenschaftlichen Hypothesen beurteilt werden, die beim gegenwärtigen 

Stand der Kenntnisse durch epidemiologische Untersuchungen und Experimente 
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nachgepruft werden. Darurn rnussen fur erfolgversprechende epiderniologische 

Untersuchungen Langfristig personelle und finanzielle Mittel eingesetzt 

werden. 

Das Ziel des Forschungsprograrnrns "Strahlenschutz" ist es, das Mass an 

Gewissheit und an Sicherheit zu erh6hen. Die Bernuhungen, ~ie bisher unter

nornrnen wurden, urn Klarheit uber die Strahlenwirkungen zu erlangen, rnussen 

rnit Ausdauer und Ideenreichturn fortgesetzt werden, urn Ergebnisse zu gewinnen, 

die weniger zweideutig und weniger widerspruchlich sind. 

Zu den Grundsatzen des Strahlenschutzes geh6rt die Notwendigkeit der 

Optirnierung, d.h. die Suche nach einern Gleichgewicht zwischen den Vor- und 

Nachteilen einer nuklearen Tatigkeit. Die Optirnierung ist nur rn6glich, 

wenn der Strahlenschaden bewertet werden kann; diese Bewertung rnuss sich 

auf ein vergleichsweise kornplexes,rnultidisziplinares wissenschaftliches 

Verfahren stutzen, fur das irn Rahrnen des soeben abgeschlossenen Prograrnrns 

die ersten Entwicklungsschritte getan werden konnten. Von den bereits vor

liegenden Ergebnissen ausgehend, sieht das neue Forschungsprograrnrn fur diesen 

Bereich einen nennenswerten Ausbau vor. 

Die kanzerogene Wirkung der ionisierenden Strahlungen steht irn Vordergrund 

der Besorgnisse. Die in diesern Bericht behandelten Arbeiten lassen die 

e1ngeschlagenen Wege erkennen, urn den Mechanisrnus der induzierten Mutagenese 

und der Karzinogenese zu klaren. Eine solche Untersuchung erfordert epide

rniologische Forschungen, tierexperirnentelle Forschungen sowie Untersuchungen 

irn zellularen und rnolekularen Bereich. Wenn diese verschiedenen Ansatze 

Gegenstand systernatischer und koordinierter Bernuhungen sind, wird es eines 

Tages wahrscheinlich rn6glich sein, die noch offenen Fragen hinsichtlich der 

strahleninduzierten Karzinogenese und der Abschatzung des Krebsrisikos zu 

zu beantworten. Die Virologie und die Irnrnunologie werden dazu einen wichtigen 

Beitrag leisten. Bis dahin bleiben noch zahlreiche Lucken zu schliessen bei 

so wichtigen Faktoren wie den rnolekularen Vorgangen der Reparation strahlen

induzierter Schaden, der imrnunologischen Reaktion und der Wechselwirkung 

zwiscnen Krebszellen und dem Imrnunsystern. 
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Die Bestrahlungen zu medizinischen Zwecken haben den grössten Anteil an 

der künstlichen Strahlenbelastung der Bevölkerung. Da diese Bestrahlungen 

in den Industriestaaten ständig zunehmen, muss unbedingt untersucht werden, 

wie sie - allerdings ohne jede Beeinträchtigung der Diagnostik - begrenzt 

werden können. Dieses Problem wird im Rahmen des folgenden Programms 

zweifellos verstärkte Aufmerksamkeit finden. 

Ein vollständiger Oberblick über die Ergebnisse kann in dieser kurzen 

Einleitung nicht gegeben werden. Die allgemeinen Leistungen der Kommission 

auf dem Gebiet des Strahlenschutzes lassen sich schematisch etwa folgender

massen zusammenfassen: 

Entwicklung langfristiger Forschungsprogramme, 

Intensivierung der Forschung auf Gebieten mit besonderer Wichtigkeit 

für die Offentlichkeit, 

Förderung der Dbertragung wissenschaftlicher Ergebnisse in die praktische 

Anwendung, z.B. Entwicklung von Personendosimetern, Diagnose von akuten 

Strahlenschäden und ihre Behandlung, (z.B. durch Knochenmarktransplantation), 

Durchführung von Vergleichsprogrammen, 

Aufstellung langfristiger Prognosen, z.B. hinsichtlich der Toxizität 

von Tritium für den Organismus, 

Förderung der Einbeziehung wissenschaftlicher Erkenntnisse in politische 

Entscheidungsprozesse, z.B. Erstellung von Strahlenschutz-Grundnormen, 

Erarbeitung von Kriterien fur die Standortwahl, vergleichende Untersuchung 

der Risiken, die mit den verschiedenen Energieerzeugungsanlagen verbunden 

sind. 

Wir denken, dass diese Veröffentlichung eine Vorstellung von dem Umfang der 

einzelstaatlichen und der gemeinschaftlichen Bemühungen zur Förderung der 

Forschung im Bereich Strahlenschutz vermittelt. Diese Forschung ist bestrebt, 

die Forderungen des Strahlenschutzes zu erfüllen; sie steht nach wie vor in 

enger Verbindung mit der normativen Tätigkeit der EG-Kommission. Sie ist 

auf die globale Erfassung des Radioaktivitätsrisikos ausgerichtet, denn sie 

beschäftigt sich mit der Gesamtheit der schädlichen Wirkungen und trägt zur 

Entwicklung der Grundsätze für die Optimierung der nuklearen Tätigkeiten bei. 

F. VAN HOECK P. RECHT 
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I. INTRODUCTION 

One of the research areas covered by the Treaty establishing the European 

Atomic Energy Community is the study of the harmful effects of radiation 

on Living beings as well as of adequate prevention and protection measures 

and corresponding safety standards, radiation detection and measurement and 

therapy to counteract the effects of radiation. 

Four multiannual research programmes relating to radiation protection have 

been implemented since 1960 under the auspices of the Commission; the 

programme which was completed in 1980 seems particularly important because 

of its integrated nature, the topicality of the subjects studied, the 

practical importance of the progress achieved, of the results obtained, and 

the integration of the work into a genuine Community effort. 

This is why the Commission has grouped together in these volumes the results 

of the work conducted by the contractors during the period 1976-80 and pre

sented in a general overview which gives a clearer picture of the trends in 

research and the patterns followed by policies and priorities in each field. 

As in the case of preceding programmes, the present one consists in indirect 

action implemented through contracts with organizations in the Member States 

such as national research centres and universities; it was allocated a budget 

of 39 million ECU for the period under consideration. 

It is generally recognized that t~e Community cooperation established by the 

Commission in the field of radiation protection is exemplary both in terms 

of the importance and value of the scientific publications (in excess of some 

600 per year) and because of the number of researchers <nearly 500) directly 

involved in the research contracts. Furthermore, the existence of special 

Lines of communication between the researchers and the Commission departments 

is becoming increasingly evident in the study groups. The Commission has held 

on average some 40 meetings each year, which have not been merely study groups 

but have also taken the form of conferences and symposia; such meetings have 

been attended by more than a thousand scientists from Member States and 

non-member countries. These coordination activities exert a considerable 

in~irect influence on virtually all research undertaken on radiation protection 

in the Community. 
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There exists today in the radiation protection and radiobiology field 

a genuine European scientific community w1thin which the Commission 

plays a stimulation and promotion role whose need and effectiveness 

are beyond question. The body of work conducted by this community 

also provides the essential scientific support for the legislative 

activities that the Commission is developing 1n accordance with the 

Treaty and in pursuance of which it drew up for the first time in 1959 

the Community's Basic Safety Standards for radiation protection, which 

constituted the initiation of a com~on health policy. 

These standards, wh1ch der1ve to a considerable extent from internat1onal 

recommendations, are thus confirmed by European research and supplemented 

if necessary 1n pract1cal terms by the biological and technological data 

that result from the programme. 

The research projects carried out during the s1xties were of a fragmentary 

nature, which gradually gave way to a greater coherence between the varous 

topics in the programme and the establishment of closer collaborat1on 

between inst1tutions pursuing similar research objectives. This more 

advanced integration is a sal1ent feature of the 1976-80 programme; it has 

greatly influenced the policy lines incorporated in the new programme which 

started in 1981 and has provided continuity in the conduct of the research 

and ensured the stability of its social and human mot1vations. 

While the use of ~he atom continues to arouse cons1derable anxiety and 

often exaggerated fears among the general public, the 1973 energy crisis 

prompted a number of European countr1es to opt for nuclear energy as a 

means of generating electricity. Many of these fears are based on doubt 

and insuff1cient actual knowledge of the seriousness of the long-term 

effects of 10nizing radiation in low doses. In order to provide the 

answers to these questions, rad1ation protection research has to be 

further developed. 

Although ion1zing radiation 1s doubtless the best known and most thoroughly 

researched of all the different types of pollution caused by man, the r1sks 

must nevertheless be quantif1ed on the basis of as accurate as poss1ble 

relationships between exposure at a given Level and the probab1lity of the 

occurrence of an effect among the general public. Currently avaiLable 

models have made it possible to perform risk evaluation by adopting sclen

tific assumptions that in the present state of knowledge are checked through 

epidemiological investigation and experiment. 
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Epidemiological studies in particular require considerable Long-term 

investment in terms of both staff and financial resources. The aim of 

any research programme is to provide even greater certainty and safety. 

It is essential that the efforts made hitherto in order to ascertain the 

effects of radiation be continued with the patience and imagination that 

are needed for the results to be clearer and Les contradictory. 

One of the principles underlying radiation protection is the need to 

optimize, in other words, to attempt to strike a balance between the 

advantages and the disadvantages of a nuclear activity. Optimization 

is only possible if an evaluation of radiological damage can be carried 

out, and this evaluation must be based on a relatively complex, multi

disciplinary scientific activity whose initial developments have been 

rendered possible by the programme th~t has just been completed. Building 

on the results that have already been obtained, the new programme has 

considerably enlarged this area. 

The risk that give the greatest grounds for anxiety include the carcinogenic 

effect of ionizing radiation. The work described in this publication shows 

inter alia how knowledge of the process of induced mutagenicity and carcino

genicity has been envisaged. This study combines epidemiological research, 

experimental research conducted on animals and cellular and molecular research. 

If a systematic, coordinated effort is made to advance along these different 

Lines of approach, it is probable that one day answers will be found to the 

remaining unknowns in the field of radiation-induced carcinogenicity and 

the estimation of cancer risk. Virology and immunology also provide signi

ficant contribution to the study of this problem. Nevertheless, many gaps 

remain in our knowledge of questions as fundamental as the molecular processes 

whereby radiation-induced damage is repaired, and whereby immunological 

response and the interaction between cancerous cells and the immunizing 

system are governed. 

Irradiation for medical purposes is the Largest source of man-made irra

diation of the general public, moreover, this form of irradiation is steadily 

increasing in the industrialized countries and it is extremely important to 

investigate methods of reducing it while in no way hindering diagnosis. The 

effrrt devoted to this ornh[~m will 11ithout ~rubt be intensified during the 

forthcoming programme. 
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It is not possible in this short introduction to give an exhaustive 

summary of the results. The Commission's general achievements in 

the field of radiation protection san, however, be outlined as follows 

the preparation of Long-term research projects; 

- the intensification of research activities in fields that are of crucial 

importance to the general public; 

-the promotion of practical applications of the results of scientific 

research for example, the development of personal dosimeters, the 

diagnosis and treatment Cin particular by means of bone-marrow transplants) 

of major radiation-induced Lesions, and the implementation of intercompari

son programmes; 

- the formulation of Longer-term forecasts for example, as regards the 

toxicity of trit1um on th~ body; 

- assistance in the integration of the results of scientific research 

into the political decislon-making process for example, the establishment 

of Basic Safety Standards in the radiation protection field, the drafting 

of criteria for the siting of nuclear plants; and the compilat1on of a 

comparative study of the hazards from the various energy-producing 

industries. 

We therefore consider that this publication w1ll demonstrate the importance 

of the work performed by the Member States and the Community in promoting 

research in the radiation protection field. This research is attempting to 

provide solutions to the essential problems met by radiation protection, and it 

remains closely Linked with the European Commission's Legislative activity. 

It sets out to adopt an overall approach towards the radioactive hazard, 

considering all damaging effects and contributing to the development of the 

principles on which nuclear activ1ties are optimized. 

F. VAN HOECK. P. RECHT. 
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I. INTRODUCTION 

Un des domaines de recherche prevus par le Traite instituant la Communaute 

europeenne de l'Energie atomique est l'etude des effets nocifs des radiations 

sur les etres vivants, de la prevention et de la protection adequates et des 

normes de securite correspondantes, la detection et la mesure des radiations, 

ainsi que l'etude de la therapeutique contre les effets des radiations. 

Quatre programmes de recherches multiannuels en matiere de radioprotection ont ete 
mis en oeuvre depuis 1960, sous l'egide de la Commission; celui qui s'est acheve 

en 1980 appara,t comme particulierement important en raison de son caractere 

integre, de l'actualite des sujets traites, de la signification pratique des 

progres realises et des resultats obtenus et de ['integration des travaux en un 

veritable effort communautaire. 

C'est pourquoi la Commission a regroupe dans les presents volumes les resultats 

des travaux des contractants obtenus pendant la periode 1976/1980 et presentes 

dans une revue d'ensemble qui permet de mieux percevoir, pour chacun d'eux, les 

tendances de la recherche et l'evolution des orientations et des priorites. Il 

s'agit, comme pour les programmes precedents, d'un programme d'actions indirectes 

execute par voie de contrats avec des organismes des Etats membres, tels que 

centres nationaux de recherche et universites; le budget afferent a cette action 

etant de 39 MioECU pour la periode consideree. 

Il est generalement reconnu qu'en radioprotection la cooperation communautaire 

etablie par la Commission appara,t comme exemplaire, et cela tant par L'importance 

et la valeur des publications scientifiques (plus de 600 environ par annee), que 

par le nombre de chercheurs directement impliques (pres de 500) dans les contrats 

·de recherche. Par ailleurs, l'existence de liens privilegies entre les chercheurs 

et les services de la Commission se manifeste de fa~on sans cesse accrue dans les 

groupes d'etudes. En moyenne, la Commission a organise chaque annee une quaran

taine de reunions qui ne se sont pas limitees a ces seuls groupes d'etudes mais 

ont egalement pris la forme de conferences et de symposia; plus d'un millier de 

scientifiques provenant des Etats membres et de pays tiers ont participe a ces 

reunions. Ces travaux de coordination ont une influence indirecte considerable 

sur la quasi totalite des recherches en radioprotection entreprises dans la 

Communaute. 
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IL existe actuellement en radioprotection et radiobiologie une véritable commu

nauté scientifique européenne au sein de laquelle la Commission joue un rôle 

d'animation et de promotion dont la nécessité et l'efficacité sont incontestables. 

L'ensemble des travaux de cette communauté constitue en outre le support scien

tifique indispensable à l'action normative que La Commission développe par 

aiLleurs, conformément au traité, et qui L'a conduite à établir en 1959 pour la 

première fois Les normes européennes de radioprotection, amorce d'une politique 

sanitaire commune. Ces normes, qui découlent Largement de recommandations 

internationales, sont ainsi affermies par La recherche européenne et complétées, 

s'il y a lieu, sur le plan pratique, par des données biologiques et technologiques 

émanant du programme. 

Les actions de recherche des années 60 avaient un caractère ponctuel qui a pro

gressivement fait place à une meilleure cohérence entre Les différents thèmes 

du programme et à L'instauration d'une collaboration plus étroite entre des 

instituts poursuivant des objectifs de recherche analogues. Cette intégration 

plus poussée caractérise Le programme quinquennal 1976-1980 ; elle a fortement 

influencé les lignes directrices du nouveau programme qui a débuté en 1981 et 

assuré une continuité dans la conduite des études et La permanence de Leurs 

inspirations sociales et humaines. 

Alors que l'usage de l'atome continue à susciter dans l'opinion publique une 

appréhension certaine et des craintes souvent exagérées, la crise de L'énergie 

de 1973 a conduit un certain nombre de pays européens à choisir L'énergie nucléaire 

pour la production d'électricité. Une grande partie des craintes repose sur Les 

doutes et Les lacunes dans la connaissance réelle de la gravité des effets des 

radiations ionisantes, à faible dose et à long terme. Pour répondre à ces ques

tions, La recherche en radioprotection doit encore se développer. 

Certes, de toutes Les pollutions d'origine humaine, Les radiations ionisantes 

sont vraisemblablement les mieux connues et les plus étudiées. Il n'en 

demeure pas moins que La quantification des risques doit @tre fondée sur· les 

relations les plus précises possible entre l'exposition à un niveau déterminé 

et La probabilité d'apparition d'un effet dans la population. Les modèles 

qui existent actuellement ont permis une évaluation du risque en adoptant des 

hypothèses scientifiques qui, dans l'état actuel des connaissances, sont 

vérifiées par L'enquête épidémiologique et par l'expérimentation. 
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Les etudes epidemiologiques notamment demandent un important investissement a 

long term~ en moyens humains et financiers. L'objectif de tout programme de 

recherche est d'assurer davantage de certitude et de securite. Il est essen

tiel que les efforts entrepris jusqu'a present pour connaitre les effets soient 

poursuivis avec la patience et l'imagination necessaires pour que les resultats 

comportent moins d'ambiguite et moins de contradiction. 

Un des principes de la radioprotection est la necessite de l'optimisation, 

c'est-a-dire de la recherche d'un equilibre entre les avantages et Les desavantage 

d'une activite nucleaire. L'optimisation n'est realisable que s'il est possible 

d'effectuer une evaluation du dommage radiologique ; cette derniere doit reposer 

sur une demarche scientifique relativement complexe a caractere multidisciplinaire 

et dont le programme qui vient de s'achever a permis Les premiers developpements. 

C'est en partant des resultats deja obtenus que Le nouveau programme de recherche 

a donne a ce chapitre une particuliere extension. 

Parmi Les effets dommageables Les plus preoccupants figure L'action cancerogene 

des radiations ionisantes. Les travaux repris dans La presente publication 

permettent notamment d'apprecier de quelle maniere a ete envisagee La connaissance 

du mecanisme de La mutagenese et de La carcinogenese induites. Cette etude solli

cite a La fois des recherches epidemiologiques, des recherches experimentales 

effectuees chez L'animal et des recherches au niveau cellulaire et moleculaire. 

Si ces differente~ approches font L'objet d'un effort systematique et coordonne, 

il est probable qu'un jour il sera possible de fournir une reponse aux inconnues 

qui subsistent toujours en ce qui concerne La carcinogenese radioinduite et 

L'estimation du risque du cancer. La virologie et L'immunologie apportent ega

Lement une contribution importante a L'etude de ce probleme. Mais il subsiste 

encore de nombreuses Lacunes dans La connaissance de questions aussi essentielles 

que Le mecanisme moleculaire de La reparation du dommage radioinduit, de La 

reponse immunologique et de L'interaction entre Les cellules cancereuses et Le 

systeme immunitaire. 
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Les irradiations d'origine medicaLe constituent la source la plus importante 

d'irradiation artificieLLe des populat1ons. De plus, dans les pays industrialises, 

ces irradiations sent en augmentation constante et il est tres important d'etudier 

les moyens de les reduire en n'apportant toutefo1s aucune entrave au diagnostic. 

L'attention accordee a ce probleme sera sans aucun doute intens1fiee au cours du 

prochain programme. 

Il n'est pas possible dans cette breve introduct1on de presenter une synthese 

complete des resultats. Les realisations generales de la Comm1ssion en mat1ere 

de radioprotection peuvent etre schematisees de la man1ere suivante : 

- elaboratlon de projets de recherche a long terme, 

- intensification de la recherche dans des domaines part1culierement 1mportants 

pour la populat1on, 

-promotion des applications pratiques des resultats de la recherche sc1ent1f1que 

(par exem~le, mise au point de dosimetres individueLs, diagnostic et tra1tement 

de lesions radioinduites graves, notamment par transplantat1on de moelle 

osseuse, execut1on de programmes d'lntercomparaison), 

etablissement de pronostics a plus long terme (par exemple en ce qui concerne 

La tcxicite du tritium pour l'organlsme), 

-aide a L'integration des resultats de la recherche scientifique dans le pro

cessus de decision politique (par exemple, etablissement de normes de base dans 

le domaine de la protection radiologique, elaboration de criteres de choix de 

sites d'implantation, etude comparative des risques emanant des diverses lndus

tries productrices d'energie). 

Nous pensons done que la presente publication permettra de juger de l'importance 

des efforts nationaux et communautaires dans La promotion de la recherche en 

rarlioprotection. Cette recherche tente de reponare aux imoeratits 

de la protection radiologique ; elle reste etroitement l iee a L'activ1te norma

tive de la Commission europeenne. Elle s'est orientee vers l'approche globale 

du risque radioactif, en env1sageant l'ensemble des effets dommageables et en 

contribuant au developpement des principes d'optimisation des activ1tes nuclea1res. 

F. VMI HOECK P. RECHT 
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Weitere Forschungsarbeiten zu d1esem Thema werden auch in folgenden 
ratigkeitsbericht beschrieben * 

Further research work on these su~)ects w1ll also be described in 
the following progress reports 

D'autres travaux sur ce theme de recherche sont egalement decrits 
dans les rapports suivants : * 

* 

185-BIA N 

167-BIO UK 

205-BIO D 

201-BIO 

182-BIO UK 

243-BIO UK 

249-BIO UK 

216-BIO D 

244-BIO 

245-BIO UK 

Siehe auch Punkt IV, 

See also section IV, 

Voir aussi point IV, 

ITAL, Wageningen (de Zeeuw/Ringoetl 

AERE, Harwell CPe-irsonl 

GSF, Frankfurt C Pohl it l 

EULEP, CDuplan et al.) 

NRPB, Harwell (Dennis/Smithl 

PCL, London CSimmons) 

MRC, Harwell (Vennartl 

Un1v. Erlangen CPaulyl 

GSF, Neuherberg (Drexler) 

AERE, Harwell (Peusonl. 
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Radiobiological Institute TNO, Rijswijk, 
The Netherlands 

199-76-1 BIO N 

G.W. Barendsen and J.J. Broerse 

Evaluation of the biological effectiveness 
of various types of radiation for different 
types of damage in mammalian cells and mea
surements of absorbed dose, dose distribu
tion patterns and radiation quality for 
energy deposition by fast neutron beams. 

G.W. Barendsen, J.J. Broerse and J. Zoetelief 

Measurements of the biological effectiveness of fast neutrons of different 

energies for cell reproductive death and for chromosome aberrations in dif

ferent types of cultured mammalian cells. 

The relative biological effectiveness of fast neutrons with different 

energies has been studied for the induction of cell reproductive death and 

of chromosome aberrations in different types of cultured mammalian cells. 

The aim of these studies is to obtain insight in the variability of RBE 

values for these endpoints among different types of cells and the correla

tion of the dependence of this RBE on neutron energy. It is further of in

terest to compare these values with the RBE for tumour induction obtaine~ 

in other investigations with the same neutron energies. From a review of 

data in the literature it could be shown that RBE values for chromosome 

aberrations exhibit a stronger dependence on neutron energy than correspon

ding values for induction of cell reproductive death, especially at low ra

diation doses. 

In a first series of experiments for a large number of types of expo

nentially growing mammalian cells, survival curves were measured for irra

diations with fast neutrons with energies of 15 and 0.5 MeV and with 300 kV 

X rays. The absolute sensitivity of the cell lines investigated varied by 

a factor of 4 for X-rays and by a factor of 3 for 15 MeV neutrons. RBE 

values derived from these experiments showed that a wide range is obtained 

namely between 1.8 and 3.3 for 15 MeV neutrons and between 4.8 and 9 for 

0.5 MeV neutrons. 

In a second series of experiments the induction of chromosome aberra

tions has been studied in different types of cultured mammalian cells, namely 
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R-l,M, RUC-2 and V-79. The percentages of dicentrics and centric rings have 

been measured as a function of total absorbed dose for 
137

cs gamma rays, 

300 kV X rays and fast neutrons with energies of 0.5, 4.2 and 15 MeV. The 

RBE values derlved at two levels of induced chromosome aberrations are shown 

in Table 1. Also given in thls table are the doses of X rays necessary for 

the lnduction of 10 and 30 percent of aberrations in the different cell 

lines, which indicate the differences in absolute sensitivity of the differ

ent cell lines. 

For the studies on induction of chromosome aberrations plateau phase 

cell cultures have been used, since these cultures have a large fraction of 

cells in the G
1 

phase of the cell cycle. Therefore, studies on cell repro

ductive death had also to be carrled out for these types of cultures. The 

preliminary RBE values of various types of radiation at two levels of cell 

survival are given in Table 2 for the three cell lines employed. As a measure 

for the absolute sensitivlty of the cells, the doses of X rays for 50 and 10 

per cent survival are indicated. The following concluslons have been made. 

The different cell lines show a considerable variation in sensitivity 

to induction of cell inactivation and chromosome aberrations. Wlth regard 

to cell inactlvation, R-1,M cells show the highest sensitivity to all types 

of radlation but, for lnduction of dicentrlcs and centric rings, V-79 cells 

show the hlghest susceptibllity for irradiatlons with neutrons. The effecti

veness for induction of both types of effect is highest for 0.5 MeV neutrons, 

intermediate for 4.2 and 15 MeV neutrons and lowest for photons. Differences 

in the effectiveness of 4.2 and 15 MeV neutrons for induction of both types 

of effect are observed for V-79 cells, but for R-1,M and RUC-2 cells 4.2 and 

15 MeV neutrons show approximately equal effectiveness for both types of 

effect. Dlfferences in effectiveness between 
137

cs gamma rays and 300 kV 

X rays were observed only for RUC-2 cells for both types of effect and for 

lnduction of chromosome aberrations in V-79 cells at dose levels in excess 

of about 3.5 Gy. At the same levels of effect for 300 kV X rays for all cell 

types, somewhat higher RBE values are observed for induction of cell repro

ductive death than for lnduction of dicentrics and centric rings. At 50 per

cent survival, maximum RBE values of abcut 10 are found for V-79 and RUC-2 

cells lrradiated with 0.5 MeV neutrons. Dicentrics and centric rings can 

explaln only about a fractlon of 0.2 to 0.4 of the impairment of clonogenlc 

capacity for the different cell lines. More extensive information has to be 

obtalned to allow a more detailed analysis in terms of, e.g., linear-quadratic 

dose response relationships. Addltional ~corlng of acentric fragments lS of 
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interest. In future studies the cause for the different sensitivities of the 

different cell lines to ionizing radiation might be investigated with regard 

to differences in production or repair of initial damage, relevant for the 

effects of fractionated or protracted irradiations at low doses and low dose 

rates. 

RBE VALUES OF VARIOUS RADIATIONS AT TWO LEVELS OF INDUCED CHROMOSOME 

ABERRATIONS FOR THREE CELL LINES 

R-I,M cells RUC-2 cells V-79 cells 

RBE at RBE at RBE at RBE at RBE at 
Type of rafiatian 10% of 10% of 30% of 10% of 30% of 

aberrations aberrations aberrations aberrations aberrations 

137 Cs y-rays 0.9+0.2 0.7+0.2 0.7 + 0.2 1.1 +0.3 0.9+0.2 

15 Me V neutrons 1.9+0.4 2.9+0.7 2.4+0.4 3.0 + 0.7 1.8 + 0.4 

4.2 Me V neutrons 1.9+0.4 2.6 + 0.7 4.3 + 0.9 3.3+0.6 

0.5 MeV neutrons 4.4 + 0.8 5.0 + 1.3 3.7 + 0.7 7.0 + 1.4 5.1 + 0.9 

corresponding dose 
levels of 300 kV 1.6 Gy 2.7 Gy 6.0 Gy 2.6 Gy 5.2 Gy 
X-rays 

RBE VALUES OF VARIOUS RADIATIONS AT TWO LEVELS OF CELL SURVIVAL FOR THREE CELL LINES 

R-l,M cells RUC-2 cells V-79 cells 
RBE at 50% RBE ot 10% RBE at 50% RBE at 10% RBE at 50% RBE at 10% 

Type of radiation survival survival survival survival survival survival 

137 Cs y-ra ys I .0 + 0.2 1 .0 + 0.2 0.8+0.2 0.8 + 0.2 1.0+0.2 1.0+0.2 

15 MeV neutrons 2.0 + 0.4 1.7 + 0.4 3.0+0.5 1.7 + 0.3 2.8 + 0.4 2.0+0.3 

4.2 MeV neutrons 4.8 + 0.9 2.8 + 0.6 

0.5 MeV neutrons 6+1 4.4+0.9 9 + 2 5.1 + 0.9 12 + 2 5.3+0.9 

correspqnding dose 
level of 300 kV 2.1 Gy 5.3 Gy 
X-rays 

5.0 Gy 8.6 Gy 4.9 Gy 9.0 Gy 
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ProJect no. 2. 

J. Zoetel1ef and J.J. Broerse 

Measurements of absorbed dose and radiat1on quality 1nside a human phantom. 

New regulations in rad1at1on protection necessitate the knowledge of 

organ doses for relevant standardized exposure cond1tions. The dose distri

bution 1n anthropomorphic phantoms has been determined w1th a number of 

different detectors includ1ng t1ssue equivalent (TE) and Mg-Ar 10n1zat1on 

chambers, pulse fiss1on counters and Geiger-Muller counters. For measure

ments w1th TE 1onizat1on chambers, 1t is further of importance to ascerta1n 

the effective point of measurement for neutron beams of different energies. 

When ionization chambers are used under free-1n-a1r condit1ons, the 

geometrical centre of the chamber 1s the effective po1nt of measurement, if 

the d1stance to the source 1s in excess of five t1mes the diameter of the 

chamber. For measurements 1n a phantom, the effective point of measurement 

can be displaced from the geometr1cal centre due to the replacement of 

phantom material by the gas filled cav1ty of the ion chamber. A correction 

has to be applied for changes in attenuation and scattering of the radiation 

under these different cond1tions. 

Three spherical tissue-equivalent (TE) ion chambers with internal d1a

meters of 8, 16 and 32 mm and wall th1ckness of 2.2 mm were used. The 

central electrodes consisted of a TE sphere (radius 2 mm) on a TE stem 

(radius 1 mm). The TE chambers were flushed w1th TE gas; all measurements 

were performed at both polarit1es of the ion1zing potent1al and corrected 

for incomplete 1on collection and leakage current. 

The studies on effective measuring point have been performed with X rays, 
137

cs and 60co gamma-rays, f1ssion neutrons, and neutrons produced by the 

d+D, d+T and d+Be reactions. For the high energy neutron and photon irradia-

tions d1fferences in absorbed dose were observed for the different spherical 

chambers at the same depth of measurement 1n the water phantom. These differ

ences were converted by using the depth dose curves to differences in the 

effective point of measurement. When the displacement of the effect1ve point 

of measurement from the chamber centre was plotted against the chamber radius, 

a linear relationship resulted. The displacements of the effective point of 

measurement were therefore extrapolated to zero chamber radius and normalized 

to the value obtained as shown in Figure 1. 
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The linear relationship between the displacement of the effective point 

of measurement, d, and the chamber radius, r, can be presented as d = (0.23~ 
0.06)r and d = (0.30~0.06)r for d+T neutrons at Rijswijk and Amsterdam, res

pectively, which are significantly smaller than the displacement for 60co 

gamma rays of (0.58~0.06)r. Displacement correction factors, 6, can be calcu

lated as the ratio of the actual dose (for an infinitesimally small cavity) 

to the dose measured. For both d+T neutron beams, the same displacement cor-
-2 

rection factor of 1-(0.25~0.06) .10 .r is observed when r is expressed in mm, 

which suggests that the correction factor is independent of SSD or field 

size. This finding indicates a serious drawback in the concept of radial dis

placement, which is dependent on SSD. Therefore, further evaluation of the 

results have been made in terms of displacement correction factors, 6 • 

A summary of 6 values for photons and neutrons of different energies 

is given in Table 3. The displacement correction factor for spherical ion 

chambers in a water phantom for 60co gamma rays is smaller than that for 
137cs gamma rays while, for X rays, no displacement is found. The derived 

displacement correction factors, 6 , for in-phantom measurements show a de

creased displacement with decreasing photon energy. For neutrons also a 

dependence of 6 on neutron energy is observed. For relatively low energy 

neutrons, no displacement was found, whereas, for neutrons with energies 

in excess of 5.3 MeV, 6 shows an almost constant value. 

The correction for displacement in a neutron or photon field should 

preferably be made in terms of a correction factor which is dependent on 

the chamber dimensions and shape and neutron or photon energy and indepen

dent of depth in phantom, field size and SSD. This correction factor will 

most probably not vary much with phantom size and density of the phantom 

material. It should be realized that this factor should be applied only for 

depths in excess of that of the dose maximum. For most neutron and photon 

beams this will not lead to severe difficulties, since the dose maximum is 

generally located at depths less than 1 cm. The results indicate that the 

correction for displacement of the effective point of measurement is not a 

geometrical problem depending only on chamber shape, but results from the 

complex balance between differences in attenuation and scattering of the 

various radiation qualities caused by the introduction of a gas filled 

cavity into a phantom. 



- 10 -

E 
E 

-o 

c 
.~ 
-:; 
~ 
0 
V 

-.:: 
4 

~ 

E 
~ 
V 

..2 
.% 
-o 

0 

5 10 15 

cavity radius, r ( mm ) 

"·1.gure 1. 

Radial d1.splacement, d, versus cav1.ty radius, r, for spherical TE 1.on chambers. 

DISPLACEMENT CORRECTION FACTORS, 6, OF SPHERICAL IONIZATION 

CHAMBERS FOR MEASUREMENTS IN PHANTOMS WITH DIFFERENT TYPES 

OF RADIATION 

type of rod iation 

150, 200 and 300 k V X -rays 

137c s y rays 

60 Co y rays 

fission neutrons (E = 1 MeV) 
n 

d(2.3)+D neutrons (E = 5.3 MeV) 
n 

d(0.25)+T neutrons (En= 14.2 MeV) 

d(0.5)+T neutrons (En= 14.8 MeV) 

d (50)+Be neutrons (E = 21 MeV) 
n 

1.000+0.05.10-2 .r 

-2 1-(0.22! 0.05).10 .r 

-2 1-(0.37! 0.04).10 .r 

1 . 000 + 0. 1 . 10-2 . r 

-2 1-(0.25! 0.09).10 .r 

-2 1-(0.25! 0.06).10 .r 

-2 1-(0.25! 0.06).10 .r 

-2 1-(0.21! 0.05).10 .r 
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Project no. 3 

J.J. Broerse, B. Hogeweg, B.J. Mijnheer and G.W. Barendsen 

Determination of biologically effective dose at various positions in a human 

phantom. 

studies have been made to determine changes in RBE values of different 

types of radiation as a function of the location in the human body for a 

variety of exposure conditions. In many types of exposure, inhomogeneous 

irradiation of persons will occur whereby parts of the body receive doses 

of different quality due to scattering and abso~ption of the primary radia

tion. For the assessment of the distribution of the biologically effective 

dose a number of studies have been carried out concerning microdosimetric 

parameters and responses of biological systems. 

Studies on the effectiveness for reproductive death of cells have been 

carried out for different positions inside a human phantom employing differ

ent types of radiation. Cell irradiations at different depths in a human 

phantom have been performed with 600 MeV alpha particles at Saclay (in co

operation with Drs. A. and J. Dutreix) and with fast neutrons produced by 

the d+T and the d+Be reaction. The latter experiments have been performed in 

cooperation with Dr. A. Wambersie with the neutron beam produced by the CSF 

isochronous cyclotron Cyclone at Louvain-la-Neuve. 

Perturbations of charged particle equilibrium at interfaces of materials 

of different atomic compositions can lead to considerable differences in the 

energy deposition by photons and neutrons. Specific examples of these inter

face perturbations are encountered during irradiations of body cavities and 

soft tissue adjacent to or enclosed by bone, and irradiations of cells in 

monolayer on the bottom of culture dishes. 

The survival curves of cultured T-1 cells of human origin were measured 

for 14.5 MeV neutron irradiation in two geometries whereby the incident neu

trons passed through medium or through bottoms of the dishes. AS indicated in 

Figure 2 for a given tissue kerma, a higher level of survival is observed 

for the irradiations through the polystyrene bottom of the flasks. This indi

cates that a smaller amount of energy is absorbed in the cells in this situ

ation. The relative absorbed doses in tissue layers irradiated through water 

or through polystyrene differ by a factor of 1.16. Cell irradiations with 

15 MeV neutrons are generally performed with the neutron beam reaching the 

eells through the medium. Under these conditions we account for the slight 

increase in neutron dose by applying a correction of 5 per cent relative to 

soft tissue. It should be realized, however, that large correction factors 

will be required for neutron irradiations through the bottom of the flasks. 
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To estimate the changes in radiation quality using microdosimetry, 

linear energy spectra were determined for positions in and outside collimated 

beams of 15, 6.5 and 0.51 MeV neutrons. The different energy neutrons were 

produced, respectively, by the d(.28)+T, d(3.5)+D and p(1.34)+T reactions 

and were collimated with an exper~ental arrangement at the Radiobiological 

Institute TNO. The size of the exit field, def~ned by the tapered steel in

sert, is 6 x 8 cm
2

. The distributions of the lineal energy (y) were measured 

w~th a t~ssue-equivalent cylindrical proportional counter at three different 

positions behind the collimator: at the centre of the beam, at the geometri

cal edge (as def~ned by the ~nsert) and behind the shielding at a distance 

of 4 cm from the longest boundary s~de (equivalent to 7 cm from the center) . 

The fractional dose distr~butions derived for center position and the 

geometrical edge were almost identical for the three neutron energies used. 

As a result of the neutron scattering on the inner duct, the distr~but~on 

for a boundary showed only a slight increase of events with y values around 

1000 MeV cm-
1

. For posit~ons outside the beam behind the shield~ng, the 

fract~onal dose distributions for 15 and 6.5 MeV neutrons showed ~ncreasing 

contribut~ons of gamma rays and attenuated and scattered neutrons. 

Changes in quality w~th position were also determined by a biological 

dos~etry method employing cell survival as the quantitat~ve endpoint. 

Mammalian cells were irradiated in flasks and tubes at various positions 

in a cubical water phantom (side lengths 30 cm) w~th d~fferent doses of 

6.5 and 15 MeV collimated neutrons. As a typical example, survival data 

derived for cells irradiated at different depths w~th 15 MeV neutrons are 

presented in Figure 3. Similar survival data have been derived for cells 

irradiated in positions perpendicular to the beam ax~s. From these results 

it can be concluded that the RBE did not vary sign~ficantly in and outside 

the beam region. For posit~ons in the beam, th~s is in agreement with the 

small changes which were observed in the lineal energy spectra. The absence 

of a RBE change for positions behind the shield is in contrast with the large 

increase ~n events hav~ng h~gh y values in the fract~onal dose distribut~on, 

but can be explained by the counterbalancing effects of the increasing contr~

but~on of gamma rays at these positions. 

It can generally be concluded that microdosimetry provides a suitable 

basis for rad~ation qual~ty specification but that a pragmatic approach has 

to be adopted. Possible differences ~n the radiation quality of different 

fast neutron beams can be assessed by microdosimetric techniques, but should 

be supported by comparison of the response of biological dosimeters ~n the 

different beams. 
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Titre du projet n° 1 : Transport simulation of electrons, pho
tons, and heavy particles by Monte-Carlo methods. 

Chef du projet et collaborateurs scientifiques : J. P. PATAU, 
M. TERRISSOL, M. MALBERT, A. PIQUEMAL, M. LHERMINE, M. A. COMBES, 
C. BARNAUD, C. CAZES 

Une simulation des cr~ations de vacances en couches ~lec-
e 

troniques internes par les diverses interactions qui en sont la 

cause (effet photo~lectrique, Compton, interaction ~lectroni

que in~1astique ) a ~t~ ~tablie. Les cr~ations de photons de 

fluorescence et d'electrons Auger sont ainsi simulees, ainsi que 

le transport de ces particules. 

Ainsi que nous l'avons montr~, celui-ci ne peut etre ne

glig~ lorsque la num~ro atomique des atomes concernes est eleve. 

One simulation compl~te du transport des protons a ete 

entreprise et presque terminee. Les interactions coulombiennes 

sont simulees au moyen des distributions de deflexion de MOLIERE 

et de KEIL, .ZEITLER et ZINN, et des distributions de longueur de 

trajet de VAVILOV modifiee par SHULEK et de SYMON. Dans le domai

ne energetique des echanges de charge, le pouvoir de ralentisse

ment est deduit des travaux de BRICE. 
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Les interactions nucleaires elastiques sont traitees par 

simulation de la cascade intranucleaire : a) pour les noyaux de 

nombre de masse superieur a 12 a l'aide du modele nucleaire du 

gaz de Fermi, b) pour les noyaux de nombre de masse inferieur a 
12, par l'etude de toutes les interactions elementaires (cette 

etude est realisee en fonction du temps). 

La desexcitation du noyau residuel est traitee a partir 

du modele statistique du noyau et de la theorie de !'evaporation 

de WEISSKOPF. Ces interactions peuvent ~tre etudiees pour des 

protons d'energie inferieure a 50 GeV (au-dela nous ne disposons 

pas de tontes les sections efficaces). 

La simulation d'une interaction fournit les caracteris

tiques energetiques et directionnelles des particules (protons, 

neutrons,pions,particules a, ... ) sortant du noyau. 

Le programme ainsi mis au point peut fournir toutes les 

caracteristiques physiques et geometriques d'un faisceau de pro

tons, ainsi que les distributions des depots d'energie et celle 

des evenements ionisants. 

Au cours des annees 1976-80, nous avons, dans le domaine 

des basses energies, mis au point un code de calcul Monte-Carlo 

qui permet d'obtenlr les trajectoires tres detaillees d'electrons 

de 30 keV se ralentissant dans l'eau a l'etat liquide. En tout 

point des trajectoires simulees nous connaissons les spectres 

energetiques et angulaires de toutes les particules primaires et 

secondaires mises en mouvement ou non et les distributions de 

tous les ions ou excitons crees. A partir de l'etude statistique 

de nombreuses trajectoires aleatoires, il est possible d'obtenir 

la plupart des resultats physiques interessant la radiophysique, 

la dosimetrie, la radiobiologie, la microdosimetrie ... Ce type 

de donnees est directement utilisable soit pour comparaison avec 

!'experience, soit pour l'introduction dans des calculs theori

ques. Nous avons plus particulierement applique nos calculs a la 

radiobiologie pour le calcul de distributions de distances inter-
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ionisations dans des volumes entourant l'ADN, ainsi qu'A la mi

crodosimetrie pour des calculs de fonctions de proximite ou des 

distributions d'energie specifique ou lineale. 

On peut voir par exemple sur la figure 1 les variations 

de la fonction de proximite differentielle (t) obtenues pour des 

electrons de diverses energies initiales se ralentissant compl~

tement dans l'eau a l'etat liquide. 

tW 
eV/nm 

40 

20 

0 

FIGURE 1 

distance x nm 

Fonction de proximite differentielle t(x) pour des 

electrons dans l'eau liquide. 
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Titre du projet n° 2 : Measurement of the ionization potential 
of non polar dielectric liquids. 

Chef du projet de collaborateurs scientifiques : J. CASANOVAS, 
D. DELACROIX, R. GROB, J. P. GUELFUCCI et R. LAOU SIO HOI. 

A - RESULTS 

All the work we have done in the framework of the Euro

pean 1976-1980 Program on Dosimetry dealt with low energy pho

tons (7 ~ hv (eV) ~ 10) interactions in pure non polar liquids 

and in some solvent-electronegative compounds mixtures. Our ob

jective was to get informations on the influence of the physical 

state of these compounds on their ionization potential values 

and on the interaction mechanisms between "electron scavengers" 

and solvent excited states or ion pairs(*). 

1 - Liquid phase ionization potential values measurements 

In 1980 we have measured the liquid phase ionization po

tential values, I.P.
1

, of 2,2-dimethylpropane (neopentane) and 

of tetramethylsilane. The results are given in table 1. These re

sults, on two low dielectric constant liquids (er ~ 2), complete 

that already given in our previous reports and show that for the

se liquids the ionization potential values are lowered by about 

1.6 eV in going from the gas phase to the liquid phase. It is ob

vious from these results that the effect of the condensation 

state of a target on its ionization potential value can't be ne

glected in an accurate simulation of low energy photons interac

tions in condensed media. 

(*) This work is at present in process of extension to some po

lar liquids ap9roximating to biological media. 
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TABLE 1 - Liquid phase ionization potential values. 

Compound I.P. (eV) (**) 
g I.P. 1 (eV) 6I.P. (eV) 

2,2-dimethylpropane 10.35 8.55 1. 80 

tetramethylsilane 9.79 8.05 1. 74 

gas phase ionization potential. 

2 - Semi-empirical ionization threshold laws 

More accurate I.P. 1 values would be obtained if a theo

retical law was known which would predict the photocurrent de

pendence on photon energy. As this is not the case for the pre

sent we have tried to fit our experimental results with some 

semi-empirical laws (exponential, power functions, ... ). 

For all the liquids we have studied a good fit has been 

obtained with the following relationship : 

a "' ( 1) 

However for tetramethylsilane a better fit on a more ex

tended photon energy range has been achieved with the following 

power function : 

( 2) 

This is shown in figure 1 for two compounds, 2, 2-dime·-

thylpropane and tetramethylsilane. 
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3 - Effectof an electron scavenger on the photocurrent intensity 

As anticipated in our work ?rogram, we have studied the 

effect of some electron scavengers on the solvent photocurrent 

intensity and we have compared these results to that already ob

tained on the same mixtures irradiated by high energy photons 
60 ( Co y rays) . 

Figure 2 shows the photocurrent (E 15 kV cm- 1 ) depen

dence on electron scavenger concentration, c (10- 3 < c(M) < 2 10- 1 ) 

for neohexane-carbontetrachloride (CCl 4 ), cyclohexane-CCl
4

, te

tramethylsilane-CC14 and neohexane-perfluoromethylcyclohexane 

(C 7F 14 ) mixtures irradiated, at 22°C, by respectively 129.6 nm, 

130.5 nm, 147 nm and 129.6 nm wavelength photons. 

We see that the introduction of an electron scavenger 

reduces drastically the solvent photocurrent, this effect is 

much important than that we have observed in the case of an ir

radiation by high energy ?hotons. 

The plots of I
0
/Ic versus scavenger concentration give 

straight lines. The values of I
0 

(photocurrent in pure solvent) 

and of Ic (photocurrent at a scavenger concentration c) were de

duced from figure 2. The values of the slopes of these curves 

are given in table 2. These values are independent from the ex

citation wavelength values (at least between 128 nm and 146 nm) 

as well as from the applied electric field strength (at least 

between 0 and 20 kV cm- 1 ). 

The good linear regressions we have obtained for I
0
/Ic 

versus c, indicates that at low excitation energies the scaven

gers react essentially with "extended excited states" of the 

solvents and not with the geminate ion pairs arising from these 

excited states decay, as it is the case at much higher excita

tion energies ( 60 co y rays irradiation for example). 
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TABLE 2 - Slope values deduced from the plots of the photocur

rent quenching function !
0
/Ic vs concentration of : a) cc14 in 

cyclohexane, neohexane and tetramethylsilane b) c7F14 in neo-

hexane. 

Solute Solvent Slope from Io/Ic vs c (M-1) 

cyclohexane 7.5 

neohexane 13 
CC14 isooctane 9.5 

tetramethylsilane 9.5 

C7F14 neohexane 9 

B - CONCLUSION 

The initial objectives of this project have been fully 

attained. It is obvious that a gap exists between the liquids 

we have studied.so far and biological materials however, owing 

to the very few results existing on low energy photons interac

tions in condensed media and on liquid ionization potential mea

surements, our results present the advantage to show the impor

tance (which would be even greater in biological materials) of 

the condensation state of a medium on its ionization potential 

value. This would entail a modification of the earlier steps pic

ture of the ionization process. Our results show also that the 

interaction between some compounds and the irradiated medium de

pends on the energy of the radiation used and particularly that 

at low irradiation energies the molecular excited states play a 

prominent part. 
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Mikrodosimetrie und Neutronendosimetrie 

The contractors research group "Radiation Physics and Neutron Dosimetry" 

in the GSF-Institute for Radiation Protection is predominantly engaged 

in radiation protection research. 

The long term programme of the Laboratory for Radiation Physics and Micro

dosimetry in the group covers three main topics: 

-experimental studies of electron and ion transport, especially of the 

ion track structure in matter and measurement of global dosimetric 

parameters, such as W-values. 

- theoretical studies on the same subjects by development, improvement 

and application of radiation transport codes. 

the application of the p~ysical Information on the primary radiation 

effects on biological model targets. 

lt was the first two items which were presented in the programme proposal 

and were supported by the contract. In fact the third point could not be 

investigated to the proposed original extent. During the contract period 

our main interest changed from the short term development of microdosi

metric models in the field of quantitative radiobiology to a better under

standing of radiation risk to man especially at low doses. Any microdosi

metric approach in this respect seems, however, extremely difficult. So we 

have concentrated on the improvement of our physical knowledge of 

radiation transport and charged particle interaction track structure. 

Aside from these activities we were continuously engaged in neutron dosi

metric aspects under the auspices of the CENDOS-committee, which was an

other item of the proposal. 

The contract covered a continuous 12 man-month support per year, about 50 % 
of which was spent for the experimental track structure investigations and 

the rest shared roughly equally for the theoretical microdosimetric work 

and investigation of neutron beam dosimetry problems. 
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1. Experimental radiation physics 

The following experiments were performed during the period 1967- 1980 

and were partially supported by the contract. 

1.1 Measurement of dosimetric parameters 

- Measurement of W-values of low energetic electrons: (/1/, /2/) 

The W-valueswere measured for monoenergetic electrons in the energy 

range from 5 to about 500 eV in air, N2 , 02 , C0 2 , tissue-equivalent 

gases (Rossi-Failla and Srdoc mixtures), methane, ethane, propane, 

n-butane, i-butane, pentane, hexane, nonane, ethylene, acetylene, 

ethanol, acetone, H20, D20, H2 , D2, CeHe, CeDe, argon, krypton, and 

xenon. TheW-values of all gases increase continuously with decreasing 

electron energy; they approach infinity asymptotically at the ioni

zation thresholds and the well-known energy-independent high-energy 

W-values at high electron energies. The experimental error is esti

mated to be less than 2 %. 

Measurement of W-values of low energetic ions: (/3/, /4/, /5/) 

The W-values were measured in the energy range from 500 eV to 50 keV 

for atomic and molecular hydrogen and nitrogen ions (H+, H2+, N+, N2+), 

and He+, c+, o+, Ar+-ions in nitrogen, air, carbondioxide, methane and 

methane based TE-gas. The results for atomic and molecular ions at the 

same energy per mass unit were practically identical. The results above 

20 keV generally fit reasonably well to the data of Chemtob et al .(1978). 

In al 1 cases, except one, they show monotonously falling curves with 

increasing energy. Only for H+ in nitrogen the values at the highest 

energies measured (30 - 50 keV) are increasing slightly again, indica

ting the possible existence of a broad minimum between 10 and 50 keV. 

For protons the agreement with the few other data sets existing below 

50 keV for some of the gases measured (Sidenius 1978, Boring 1965, 

Lowry 1958) is poor. For He+ and the heavier ions the results agree very 

well with all existing data. 
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An experiment was bulltup which allows the measurement of electron 

spectra at arbitrary positions and with arbitrary orientation of 

the axis of a small multigrid retarding potential electron spectra

meter probe within a large chamber. The chamber can be pumped 

or filled with gas and flanged to external electron guns as well as 

to accelerator ion beams. Electron transport problems were studied 

in earlier experiments by measuring electron degradation spectra 

-behind carbon foils of various thicknesses irradiated with 1 keV 

electrons and 

- in water vapour and nitrogen gas in the slowing down region of a 

1 keV electron beam /6, 7/. 
The differences observed between the spectra measured behind carbon 

foils and In water vapour for comparable geometries were found to be 

very small. The findings indicate that, apparently, phase state effects 

do not influence the electron transport properties of low Z materials 

to a large extent. In addition some experiments were performed in ni

trogen gas to check to what extent the differences in electron colli

sion cross sections influence the electron transport properties and 

how far calculations performed for water vapour can be scaled to other 

gases. 
- Ion track experiments: (/8, 9/) 

The same apparatus, as described above was used to measure the double 

differential electron distributions In the track of a 1 MeV proton beam 

passing through water vapour. The electrons were registered in an ener

gy range from 1 eV to 2.6 keV in 450 different radial and angular posi

tions. The radial distances range from 0.5 to 30 nm, when normalized to 

unit density. The data allow multiple Interpolations, so that more glo

bal quantities can be calculated by integration over different parame

ters. The results provide considerable information about the electron 

energy transport mechanisms In the track of heavy ions. The flux of 

high-energy electrons Is directed preferably away from the ion beam, 

while the flux of low-energy electrons is nearly isotropic. The Inten

sity of the low-energy electron flux decreases faster with increasing 

radial distance than that of the high-energy flux, which Indicates that 

the electron spectra are hardening with increasing distance. 

In a second experiment, the spatial light emission density around Ion 

beams In nitrogen gas was measured by means oF an optical telescope /10, 

11/. The light Is emitted due to the-excitation of molecules by energetic 
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electrons in the track. Two intensive nitrogen band series are the first 

negative and the second positive system. The (0.0) bands were selected 

by means of optical filters. The emission density varies by a factor of 

10 8 in the distance range from formally 0.02 nm to 250 nm (after norma

lization of gas distances to unit density). lt shows a similar course for 

~etwo bands, although their corresponding excitation functions are 

very different, the one showing a maximum at 17 eV electron energy the 

other at 80 eV. The shape and magnitude of the decrease of the spatial 

emission density with increasing distance depend on the proton energy. 

2. Theoretical investigations on electron transport 

and ion track structure. 

lt has been speculated since Lea's early concept of "associated volumes", 

that it is the correlation between the spatial pattern of radiation events 

and the topology of the biological target, which describes radiation 

quality and determines the biological effect. Modern microdosimetry is 

hence investigating the detailed particle track structure by means of 

Monte-Carlo simulation calculations. lt was the main aim of the project 

to develope such a Monte-Carlo-code and to compile and cross check all 

necessary input data (cross sections) for water as a model substance /12/. 

Transport calculations were then performed for electrons in the energy 

range from 30 eV to 3 MeV, and for protons in the energy range from .3 to 3. 0 MeV 

The results were analysed primarily for the theoretical confirmation of 

the experimental results as described in chapter 1 /13/. In addition they 

were, however, applied to many other problems in radiation physics and 

quantitative radiobiology /14, 15, 16, 17/ and may finally lead to new 

descriptors of radiation quality beyond the concept of classical micro-

dos imetry /18/. 

3. Neutron beam dosimetry. 
The increased installation of fast neutron therapy units as well as 

the growing interest in neutron radiobiological research necessitated 

intensive investigations in neutron and mixed radiation field dosi

metry. This resulted in the following activities, which were again 

partly supported by the contract. 
- Investigation of ion chambers 

In a first period the ion chambers used by our group were thoroughly 

investigated with respect to all interesting experimental correction 

factors /19, 20, 21/. In a second period this investigation was 

extended to other chamber types, in order to evaluate the applicability 

of a chamber system as a reference system within the European therapy 

and radiobiology centers /22/. 
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-Build up of neutron calibration facilities 

and performance of intercomparison studies 

The ENOIP-results were further evaluated, preliminarily published in 

1976 /23, 24/ and 1977 /25, 26/ and finally published in 1978 /27/. 

As a consequence of diverging results of three European participants 

in the INOI and both ENOIP-sesslons, a small scale intercomparison 

project was initiated under the sponsorship of the CENOOS-committee 

and performed at GSF /28/. 

- Theoretical neutron transport studies 

The neutron and mixed radiation transport studies in homogeneous 

phantoms, by means of the transport code DOT, were continued mainly 

to study the spatial variation of radiation quality inside the phantom 

/29, 3D, 31/. 
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A. INTRODUCTION. 

In the contract period considered (1976-1980), the results of 
track analytical studies of the Laboratory,which had been repor
ted previously, e.g. the presence of relatively energetic secon
dary electrons, even in the lower energy region of an a particle 
crossing complex media, as well as the relatively high occurrence 
of energetic rec~il nuclei/ions, have been confirmed experimen
tally. In the same line of thoughts, various theoretical approa
ches, classical or quantum mechanical, have been undertaken in 
order to interprete experimental cross-sections determined in 
the Laboratory or derived from the literature. As a logical con
sequence of these investigations, a study on the range-energy 
relation of medium energy heavy charged particles in tissue-like 
media has been undertaken in connection with the evaluation of 
the contribution of the electronic and nuclear stopping powers 
to the energy loss of these particles in biological tissues. 

B. LIGHT SECONDARIES. 

Linear density distributions of ejected secondary electrons 
have been determined on high populations (statistics: ~ 1000 
tracks) of a particle trajectories with energies comprised bet
ween 4 and 12 MeV recorded in nuclear track emulsions at various 
concentrations of the CNOH compound. 

An interpretation of these experimental data has been attemp
ted by means of various differential cross-section formulas pro
posed by the literature (1,2). An acceptable agreement along the 
whole energy range of the incoming particle could not be obtai
ned, whatever the ejection angle 8 or the detection threshold~ 
chosen; furthermore, the slope of the corresponding production 
curves was systematically too steep if compared with the experi
mental yields (Fig.la,b, 3a,b). 

A better agreement with the experimental data could be ob
tained by the so-called modified mixed treatment (MT), where a 
quantum mechanical expression (PWBA)and a classical one (Ruther
ford, BEA) were combined in order to treat all the shells and 
subshells of the atoms constituting the medium. 
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The importance of the threshold energy of the secondaries as 
a parameter, which appeared in these studies, as well as the ne
cessity of a description of the spatial distribution of the ejec
ted electrons around the incoming heavy charged particle, led us 
to introduce expressions of double differential cross-sections 
(DDCS) in our calculations. Here again, the direct application 
of classical (3) or quantum mechanical (4,5) DDCS from the litera
ture did not allow to reproduce our experimental data over the 
whole energy range considered (Fig.2,4). We have therefore attemp
ted to introduce in the expression of the DDCS, developed for 
the particular case of protons bombarding hydrogen, expressions 
of Merzbacher (6,7,8) describing the screening effect for the K, 
Land M shells and subshells. This approach led to the develop
ment of two related expressions, one being a specific development 
starting from a basic formula of Landau (9) .This formalism can be 
completed by the introduction of the classical DDCS for the N 
shell and following shells. By means of this DDCS-MT, a good a
greement could be obtained with the 6-ray production measured in 
the three ionographic detectors L4xl, x2, x4 (Fig. 5a,b,c) for cor
responding values of the track width, which could effectively be 
verified experimentally in the three detectors considered. 

The comparison between experimental angular distributions 
(Fig.6) (10) as well as ionization cross-sections integrated over 
all angles and energies (Fig.7)(11), and the values calculated by 
means of the DDCS-MT could be in most cases considered as satis
fying, and that without the introduction of any fitting parameter. 

This DDCS-MT is relatively easy to program. Nevertheless a 
study has been undertaken in order to establish an even more sim
plified set of formulas, which is intended to be a reliable and 
flexible tool for the determination of the energy distribution 
around the tracks of heavy charged particles crossing tissue-li
ke media. 

C. HEAVY SECONDARIES. 

In the frame of our investigations on the ionizing pattern 
surrounding the trajectory of heavy charged particles traversing 
tissues, the systematic study of thick protuberances sticking out 
of the primary track core has been continued. These secondary 
branches were at least partly interpreted in terms of short tracks 
of nuclei of the atoms constituting the tissue-like medium ejec
ted by the incoming particle (Fig. !Sa, b). 

The morphological analysis as well as the counting of this 
type of secondary events has been performed by combining direct 
visual observations with a semi-automatic image analyzing system 
repeatedly on high populations (statistics on 1000-8000 primary 
tracks) of medium energy ':t particle tracks (Ea~ 12 MeV) recorded 
in L4 nuclear track emulsion at various gelatin concentrations. 
Severe selection criteria have been introduced in these determi
nations in order to exclude any possibility of a contamination 
by spurious photographic effects. 

The working hypothesis that a large part of the observed thick 
protuberances are short tracks of recoil nuclei has been confir
med by the measurement of the difference ~R between the mean track 
length Rb of recorded 12 MeV N particle trajectories without any 
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visible protuberances, and the mean range of tracks Rr with vi
sible detectable thick branches, which allowed to evaluate the 
mean energy difference AEexp. between the two population~ which 
was effectively positive (Table I). A mean energy loss llEcalc. of 
the same order of magnitude could be estimated on the basis of 
theoretical considerations related to the Sigmund formalism (Sec
tion D). The introduction of the stopping powers of LSS and An
dersen-Ziegler in this formalism resulted, for a radial threshold 
r, in the values given in Table I under (a) and (b), respectively. 

TABLE I 0 

Emulsion oRj, (IJm) r(IJm) oRr(IJm) llR(\lm) llEexp . (ke V) llEcalc. (keV) 

(a) I (b) 

L4xl 1.55 0.43 3.61 2.87 '\, 440 "' soo 1 '\, 300 

It can also be seen in Table I that the standard deviation 
oRb and OR corresponding to the smooth tracks and to the trajec
tories with protuberances, respectively, are significantly dif
ferent. A strong increase in the dispersion of the ranges has 
effectively to be expected in the case of energetic collisions 
of the incident particle with nuclei of the medium. 

Furthermore, if llR and the corresponding llE is represented 
as a function of the length L of the recoil tracks, it appears 
that the trend of llR (t:.E) is to increase with L (Fig.l6); the 
averaging of llR (t:.E) for all the tracks with protuberances above 
a given value of L shows the same trend (Fig.l7). 

It could also be shown that the production of very heavy se
condaries (C,N,O) for a given radial distance from the track axis 
in two detectors with two different concentrations of the CNOH 
compound is proportional to the gelatin concentration. 

The calculation of the production of heavy secondaries has 
been attempted by means of a formalism proposed by Sigmund (12),which 
takes into account the electronic stopping power for which an 
expression given by Ziegler was used. This production has been 
compared with experimental data by making use of the correspon
ding ranges determined by the approaches of Lindhard, and Ander
sen and Ziegler, respectively (see Section D). Depending on the 
range-energy relation chosen and on considerations on the emul
sion geometry, the calculated number of recoil nuclei ejected by 
8 MeV a particles crossing L4xl emulsion can be estimated bet
ween 1% and 3% (Fig.19). This value is of the same order of ma
gnitude as the production of "- 7% determined experimentally. The 
same procedure has been applied in order to calculate the pro
duction of protons ejected by 8 MeV a particles traversing L4xl 
emulsion (Fig. 18). 

The extrapolation of these res~lts to the lower energies T, 
i.e. having a radial spread r >50 A, would indicate the ejection 
of"' 30 protons and "-3 C, Nand 0 ions, hence "-33 recoil nuclei 
by a 12 MeV a particle crossing gelatin. Considering the fact that 
these heavy secondaries will themselves eject nuclei out of a 
tissue-like medium (formation of arborescences and cascades), the 
possibility of a contribution of this mode of energy loss to ra
diobiological effects may be taken into consideration. 
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D. PRELIMINARY RANGE-ENERGY DETERMINATIONS OF HEAVY CHARGED PARTICLES. 

A general study on the stopping power and the range of inter
mediate and low energy heavy ions in organic media has been star
ted. Nuclear track emulsions which can be considered simultane
ously as a detector and as a target have been used for these in
vestigations. 

The influence of the so-called activation development proce
dure on the first and second order moments of range of a parti
cles recorded in Ilford K2 and L4 emulsions has been comparedwith 
the data obtained by means of a classical development (Fig.8). 
The activation procedure resulted effectively in a significant 
increase in range as well as in a decrease of the standard devia
tion of the range distribution. It was therefore interesting to 
reconsider the measurement of these track parameters in ionogra
phic detectors submitted to a latent image activation process. 

A tentative evaluation of the contribution of the nuclear 
stopping power to the total energy loss has been undertaken by 
means of differential range-energy determinations on populations 
of a-tracks with and without visible events (see SectionC and Table I). 

Theoretical det~rminations of ranges have been attempted in 
the medium and in the low energy region of an incident heavy 
charged particle crossing ionographic detectors. The first order 
moments of range of Helium nuclei have been calculated by means 
of a semi-empirical determination given by Barkas (13), and by an 
approach based on a scaling procedure given by Ziegler (14}applied 
to the proton electronic stopping of Andersen and Ziegler (14). 

The ranges of the C,N,O,Br and Ag ions with energies ranging 
from 1 - 1000 keV, and for H-ions with energies ranging from 1- 100 
keV have been estimated on the basis of the stopping power data 
and scaling factor given by Andersen and Ziegler (14), as well 
as by means of the formulas developed in the frame of the LSS 
theory (Fig. 9-14). 

E. CONCLUSION. 

These results taken as a whole allow already to perceive the 
preliminary shape of what could be called the ionizing track prin
ted in a tissue-like medium. The research actually under way in 
the Laboratory is intended to go into more detail of the ionizing 
track pattern, e.g. of the form of the interaction cylinder gene
rated by the low and medium energy secondary electrons (o-rays, 
Auger's electrons), as well as to evaluate the contribution of 
the first, second and nth recoil nuclei generations to the destruc
tive effects .of heavy char.ged particles crossing biologi:cal tiss.ues. 
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The most effective radiation protection is provided by a profound knowledge 
of the induction mechanisms of biological radiation damage. The induction 
mechanisms can be divided into four sections: energy deposition, physico
chemical and chemical processes and finally biological effects. Generally 
in the past processes of each of the four sections have been investigated 
separately, whereas we try to study representative reactions of the four 
phases under identical or at least comparable conditions, in order to get 
comparable results and to obtain insight into the correlation of the differ
ent processes of the induction mechanism. 
Project No. 1 comprises investigations of the physico-chemical and chemical 
phase as well as of the biological (especially at low temperature), wheres 
project No. 2 deals particularly with the processes of energy deposition. 
Further investigations at the biological level are performed in close 
cooperation of the two groups. 

Ia. Radicals are considered to be the most essential radiolytic oroducts 
created in the physico-chemical and chemical phase of radiation action. 
Therefore studies of these intermediate products in cells and especially in 
model substances had been planned. 
Previous investigations showed the absence of free electrons and hydrogen 
radicals in samples (containing water) irradiated and measured at about So K, 

giving evidence that even at this low temperature the free electrons as well 
as the H-radicals undergo reactions. Therefore the problem had to be inves
tigated whether or not these radicals cause an indirect radiation damage 
even at this low temperature. The investigations have been performed using 
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a radical scavenger hav1ng great affinity to e and H'. The results of EPR 

measurements indicated that there is no qualitative nor quantitative differ

ence between the radicals induced in water samples with and without radical 

scavengers. Therefore must be concluded that reactions between the electrons 

and the H'-rad1cals reduce their concentration preventing this portion of 

the indirect radiation effect. 

lb. Chromosome aberrat1ons seem to be an informative reaction of the bio

loglcal phase near the molecular level of radiation action. 

Examinations of human lymphocytes irradiated also at 77 K by X-rays resulted 

in chromosome aberration rates (total number of single breaks) reduced by a 

factor of 15 compared with the aberration rate after irradiation at room 

temperature. (The reduction factor for dicentrics is 45.) Considering only 

the results of radical investigations described above, the indirect effect 

due to free electrons and H-radicals (induced in watermolecules) should be 

more than 9o~ of the radiation damage. At low temperature however the re

combination of broken chromosome strands is probably favored by their 

immobility, contributing this way at a certa1n degree to the reduction of 

the aberrat1on rate. Therefore further studies are necessary to determine 

the portion of the ind1rect effect more precisely. 

I!. The exam1nat1on of human lymphocytes irradiated at 77 K by X-rays had 
oeen completed by 1nvestigations of cells irradiated at 4 K and 277 K by 
X-rays as well as tritium betas. Using these data the d~se relation ship 
has been fitted by the linear-square function y= IXD+ Bo according to the 
dual-radiation-action theory (0: dose). The parameters~ and Rand the 
results of microdosimetric measurements have been applied to calculate the 
"site diameters" d. 

The site diameters evaluated for the total number of single chromosome breaks 

and for two break aberrations observed in cells after irradiation at 4 K and 

77 K are about equal in magnitude. The site diameters observed for single 

breaks and dicentrics after irradiation at 4°C are about two to three times 

the diameters obtained after irradiation at 77°K for X-rays and tritium 

betas. Using the site diameters the "sentitive volumes" (spheres) have been 

calculated. Due to the reduction factors of 15 and 45 the ratios of the 

sphere volumes (at 4°C to that at 77 K) are about 2o and 4c for single breaks 

and dicentrics plus rings. 

Using the EPR-technique, the number of radicals have been measured in frozen 

DNA-solutions of appropriate concentrations after irradiating the samples 

with X-rays. The dose relationship for radicals has been evaluated. Applying 
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this reie~tionship the nUJII~er:; of rild1ce~ls in the "sensitive volume" have 

been ce~lcule~ted per unit of e~bsorbed dose assuro1ng that for low ~ET radia
tion the re~dio1ytic products ilre distributed uniformly throughout the ir
radiated sample. At dose~ giving ri~e to il mee~n e~berriltian rate (single 
breaks) of about one per ce11 for example,surprisingly large numbers of 
radicals are produced. Obviously these radicals not only attack the chromo
somes but also other cell compounds and cell organelles producing latent 
damages not seen by chromosome scoring. Because the cell membrane is one 
of the most important part of a cell, regulating especially the in- and 
outflow, the permeability of human lymphocyte membranes has been investi
gated using the trypan blue dying technique. (known as "viability test"; 
the dye only penetrates the membranes if the cell is no more "alive".) The 
in-vitro investigations have been performed applying radiations of low and 
high LET at various dose levels. A reduced survival rate has only been de
tected (by dyeing technique) for doses of more than some thousand rads 
beyond the scope of practical radiation protection. No measureable effects 
have been observed up to dose levels producing high aberration rates. The 
reduced rate of mitosis at this level, as reported some times, therefor 
cannot be explained by severe membrane damages. 

III. In order to find out the type and amount of the radicals contributing 
to radiation damage (especially chromosome aberrations) two complementing 
methods of investigation have been developed and applied. 
~ Investigations of radicals induced in pure water and water with an in
creasing number of solved nucleus compounds up to chromatin have been ini
tiated, using the EPR-technique to determine the contribution of these 
compounds to the EPR-spectra. As the samples are irradiated and measured at 
low temperatures it is possible to observe the behaviour of the radicals at 
increasing temperature. The investigations are performed applying low and 
high LET radiation to establish potential differences of the radical be
haviour. Investigations of water and solutions of DNA and a few other com
pound~ have been already carried out. The procedure of extracting chromatin 
from calf thymus cells has been introduced and purified chromatin is now 
available in sufficient quantities. 

2. Hard- and software for computerized managing of EPR-measurements and spec
trum analysis have been developed. 

The hardware enables the transfer of data and logical instructions between 
the EPR-spectrometer and the digital computer (POP ll/4o). 
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The software consists of qjfferent packages enabling the user to separate 

complex aqditive spectra into the single lines (produced by a mixture of 

different radicals for example), and supply all parameters identifying the 
signals such as line shape, line width and especially g-values. Furthermore 
the programmes are capable to integrate the spectra as a whole as well as 

the single lines to obtain an index for the radical concentration. Applying 
the new programmes to analyze spectra of water samples irradiated at 77 K by 
X-rays, it could be demonstrated that the dependance on time of one of the 
three lines differs considerably. It is concluded, that there are at least 
two different kinds of radicals present in ice rather than only one as has 
been assumed to date. 

IV. From the findings of chromosome aberration investigations we try to ex
tract parameters, which are comparable with the results of EPR measurements. 
Such a parameter could be p, the fraction of cells getting an aberration per 
unit of time and dose. (p could also be considered as the probability of 
getting an aberration) 
If n and n are the numbers of cells having k and k-1 aberrations, res-
pect~vely, ~h~n the variation of nk per unit of time is 

dnk 
Gr = pk-f nk-1 - pk· nk (1) 

(p. is the probability of producing an aberration in a cell having allready 
i 1aberrations, t is the irradiation period. Equation (1) includes the con
dition, that no more than one aberration is produced at the same time in a 
cell which at least is true for low LET irradiation and at low dose levels.) 

Assuming, that pi is independent of the number of aberrations existing al
ready in the cell the Poisson function nk = ~ (p·t)k· e-pt is the solution 
of eq (1). (n is the total number of cells kl irradiated.) 
If the pi are different in magnitude another solution is derived: 

k-1 k -pj t 
n

0
(o) • 1f p

1
• Z:: __ e __ _ 

l=o J=o l!(pk-p.) 
k=o J 
ktj 

In 189 cases the distributions of aberrations among the cells have been 
compared with the Po1sson function. For dicentrics the measured distributions 
may be described by the Poisson statistic in practically all cases and inde-

6o pendent of the type of radiation used (X-ray, eo-gamma, rays, tritium-betas 

and neutrons) . 

For fragments significant deviations from the Poisson distribution have been 
observed except after irradiation at 4 and 77 K by X-rays. 
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The eq~ations (2) have been used to calculate the parameters pi for fragments 

not in accordance with th~ Poi$son statistics observed at low and moderate 
doses. The mean value of all observed p

0 
is significantly less than the mean 

of p1 wheraes the means of p1 and p2 are equal in magnitude. The true reason 
of this phenomenon is not known but considering the large n~mber of radicals 
necessary to produce a chromosome break, it may be due to damage of the re
pair system,occuring simultaneously with the first chromosome break in a 
cell. 

~ Investigations of blood samples of radiotherapy patients treated by 60co
gamma rays have been started (but not yet finished) in order to study the 
relationship of radiation dose and chromosome aberration rate also in vivo. 
Additional chromosome investigations for radiologically examined children 
have been performed. The radiation field size and the actual surface radia
tion doses of each patient have been measured and used to calculate the 
averaged "whole body" exposure dose. The mean applied dose is 2.o rad. The 
mean aberration rates are o.o3 and o.oo3 per cell for acentrics and di
centrics respectively. These studies will be completed by in-vitro inves
tigations in the low dose range. Blood samples of three human donors have 
been irradiated and cultured up to now, applying X-ray doses of 1, 2, 4, 
8 and lo rad. 

~ In cooperation with the working group of project No. 2 investigations 
of the chromosome aberration rates in mixed neutron-gamma fields of differ
ent radiation qualities have been carried out. Comparative studies of the 
aberration rates induced in human lymphocytes by neutron fields of differ
ent irradiation facilities have also been performed. These studies provide 
results which at least are useful for the practical purposes of radiation 
protection. (The results are described in project No. 2 in more details) 

VII. Investigations of metaphase chromosomes using the scanning electron 
mTCroscope technique have been stopped after first initial examinations. 
The information provided by SEM pictures seem to be at the same level as 
obtained by light microscopy. Furthermore it was not possible to examine 
the large number of slides and metaphase preparations because we do not 
have a SE microscope at our own disposal. Instead of SEM studies the ex
ploration of chromosomes by light microscopy (reported above) have been 
carried out. 
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Titel des Projekts Nr. 2: Physicql qnd biologicq1 qspects of the biological 
effectiveness of neutron qnd mixed radiqtion fields 

Leiter des Projekts und wissenschaftliche Mitarbeiter: 
Dipl.-Phys. H. G. MENZEL, Dipl.-Phys. L. BIHY, Dipl.-Phys. H. SCHUHMACHER, 
Dr. A. J. WAKER 

Microdosimetric investigations have been performed in beams of radiations 
having a wide range of radiation qualities including neutrons of different 
energies, mixed neutron gamma fields, photons, fast electrons and negative 
pi-mesons. One aim of these studies was to examine in correlated radio
biological experiments the suitability of microdosimetric parameters for 
the specification of radiation quality in practical situations such as radia
tion protection. Additional microdosimetric measurements have been performed 
to investigate specific aspects of radiation protection and mixed field 
dosimetry. 

Radiobiological experiments have been carried out in mixed neutron-gamma 
fields and with 6°Co gamma-rays jointly with the working group of Project 
No. 1 and research groups from other Institutes. The biological endpoints 
studied were chromosome aberrations in human lymphocytes and reduction of 
the colony forming ability in several mammalian cells after irradiation in 
vitro at 37°C. Radiation fields of different neutron energies and varying 
contributions of gamma-rays to absorbed dose were achieved by irradiating 
cells in different positions with regard to the collimated fast neutron beams 
within water phantoms. The two sources employed were cyclotron produced 
neutrons having a broad energy spectrum (En = 8.5 MeV) and a 14 MeV 0-T 
generator. The radiobiological results showed that at a given fast neutron 
source the biological effectiveness does not vary substantially within the 
whole water phantom not even outside the primary beam. This can be understood 

qualitatively on the basis of the measured lineal energy spectra. These 
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revealed that there are no marked changes with depth in phantom and that 

a decrease of neutron energy due to neutron scattering is accompanied by an 

increase of the photon dose fraction outside the direct beam. These changes 

have opposite and therefore compensating effects on the biological effec

tiveness. The radiobiological results obtained at two neutron sources dif

fered from each other according to the different primary neutron energy. 

The analysis of microdosimetric parameters and their dependence on irradia

tion positions revealed that y*, the dose mean lineal energy corrected for 

saturation as suggested by KELLERER and ROSSI, has a closer correlation to 

the relative changes of the biological effectiveness found in the biological 

experiments than other parameters. There are indications that the agreement 

in terms of relative changes is improved if neutron and photon dose fractions 

are given separately and y* is evaluated for the neutron component only. 

This result is of interest for radiation protection because it supports 

suggestions with regard to the suitability of microdosimetric parameters for 

appl1cations in radiation protection. Moreover, these results suggest that 

in case of mixed radiation fields y* may be a useful radiation quality speci

fication for practical purposes. Obviously that does not imply that this or 

any other microdosimetric parameter is sufficient to predict the biological 

effect for any type of radiation and any endpoint. Also it has to be con

sidered that within the project parameters influencing radiobiological ef

fects could only be varied within certain limits and that the precision 

achievable in radiobiological experiments is limited, in particular at low 
doses. Because of these restr1ctions and because of the basic importance of 

these results such correlated experiments should be continued and extended 

to other biological endpoints. 

The microdosimetric data obtained within the project are being used also 

by other research groups for the analysis and interpretation of their radio

biological results. (for instance by Abteilung fUr Biophysikalische Strahlen

forschung, Gesellschaft fUr Strahlen- und Umweltforschung (GSF), Frankfurt 

(Prof. Pohl1t)). 

Specific problems in mixed field dosimetry have been investigated employing 

the technique of experimental microdosimetry and taking advantage of the 

detailed information contained in microdosimetric spectra. For example, it 

could be determined that the uncertainty in the total absorbed dose deter

mination using tissue-equivalent proportional counters is comparable to 
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15.1 and 19.o MeV monoenergetic neutrons (ds = 21um). The spectrum 
for 19 MeV has been measured at Physikalisch Technische Bundesan
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- 56 -

that of i oni z~t'i on ch~robe:rs. Therefore this instrument h. as ~een used as a 
su1t&b1e dosimeter at ver1 low dose rates. ~icrooosimetric $pectra have 
been used also to separate neutron Md photon fr&ctions of total absorbed. 
dose. It could be demonstrated that this method is ~ssociated with com
parably small uncertainties even in case of lack of knowledge of the neutron 
energy. As the method is quite laborious it can only be recommended as a 
reference method for calibration of routine dosimeters and for the deter
mination of the neutron sensitivity of nonhydrogeneous detectors. These 
results are important contributions to radiation protection dosimetry and 
practical beam dosimetry for radiobiological experiments in mixed fields 
as described above. 

Practical aspects of the determination of effective quality factors and 
dose equivalent have been studied. For complex radiation fields various 
possibilities have been investigated to determine the effective quality 
factors directly from lineal energy spectra. It could be shown that functions 
can be given which can be applied directly to the measured lineal energy 
spectra and give effective quality factors for mixed radiation in good 
agreement with more conventional methods. These investigations are being 
continued and will be extended to monoenergetic neutrons up to 2o MeV. 

In order to study systematically the uncertainties involved in experimental 
microdosimetry measurements were carried out in standard radiation fields 
such as monoenergetic neutrons and monoenergetic photons. In Figures 1 and 
2 results obtained for monoenergetic neutrons between o.57 and 19 MeV are 
shown. These investigations have shown that such spectra also can be used 
for critical tests for calculations and their input data relevant to neu
tron dosimetry. These practical aspects of experimental microdosimetry will 
be studied further within the new research project. 

The original aims of the project have been largely achieved. The results 
obtained indicate that quality functions dependent on microdosimetric quan
tities are suitable radiation quality specifications for radiation protec
tion purposes. This is of practical interest because quality factors defined 
as function of microdosimetric quantities would allow to measure effective 
quality factors and dose equivalent directly using the well established 
techniques of experimental microdosimet~. A further important contribution 
to problems in radiation protection is that the applicability of tissue
equivalent proportional counters to specific aspects of neutron a~d mixed 
field dosimetry could be shown. 
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Contractor National Radiological Protection Board, 
Harwell, Didcot, Oxon OX11 ORQ, England. 

Contract nr : 

Head of research team : 

General subject of contract 

Title of project nr 1 

Scientific collaborators 

164-76-1 BIO UK 

Dr. J.A. Dennis 

Underlying parameters in dosimetry. 

Extension of the neutron cross-section 
data on hydrogen, carbon, nitrogen and 
oxygen upto 50 MeV energies. 

Dr. J.A. Reissland, Mr. P.J. Dimbylow. 

The paucity of experimental neutron cross-section data between 20 and 

SO MeV for elements of biomedical interest (except for H) has prompted the 

use of nuclear model calculations to provide the required cross-sections. 

The objectives of the project were:-

(i) An assessment of existing nuclear models to identify those 
relevant to the energy and mass region. 

(ii) The application of suitable nuclear models in conjunction with 
the scarce experimental data to produce cross-sections for the main 
elements of tissue, ie. H, C, N and 0 and also for other elements of 
biomedical importance, namely Mg, At, P, S, Ar and Ca. 

(iii) The conversion of particle and recoil nucleus energy spectra 
for the above elements into kerma values. 

The optical model represents the neutron-nucleus interaction by a 

complex optical potential. The real part of this potential represents 

scattering and the imaginary part describes nonelastic processes. A 

computer program, NOPTIC (~ucleon OPTICal model) has been developed. 

NOPTIC has been used to fit the experimental total cross-section between 

20 and SO MeV and ENDF/B-IV elastic anq nonelastic data below 20 MeV. The 

calculated nonelastic cross-sections obtained were then used to normalise 

individual reaction cross-sections calculated by the statistical model. 

The main reaction mechanism in this energy range is the statistical 

decay of the compound nucleus. However, the emission of the first particle 

from a target nucleus before statistical equilibrium is attained (precompound 

emissi~) becomes increasingly prominent as the neutron energy rises. Direct 

reactions are also important in the excitation of low lying levels, 

particularly for the (n,n/ ), (n,p) and (n,d) reactions. The first approach 

to the problem was to ignore precompound emission and direct reactions, also 
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low lying energy levels were not treated discretely in the statistical model 

but as part of a continuum of levels. The program SMOLDERS (~tatistical 

Model Of Level Qensities for !valuating ~eaction cross-~ections) was 

developed to calculate the emission probabilities of n, p, d, t, h and a 

particles for reaction chains of up to 6 sequentially produced compound 

nuclei. It is assumed that y-emission is negligible above the threshold 

for particle production. The Fermi gas level density function is used and 

this is derived as the total state density for a system composed of two 

types of particle with equidistant non-degenerate single particle levels. 

The method applied in calculating reaction cross-section for C, N and 0 was 

to fit known reaction data by adjustment of level density parameters and 

then use these values to predict cross-sections for reactions which have no 

experimental data. A detailed description of this fitting process and the 

results obtained is given in Dimbylow (1978a). 

A version SMOLDERS-K of the program SMOLDERS has been developed to 

convert centre-of-mass exit channel energies produced by the evaporation 

model into particle and recoil nucleus spectra, in the laboratory system, 

from which kerma values can be obtained. Mult1ple particle cascade chains 

(eg. 16o (n, np np) 13c) are treated as sequential two-body break-up reactions. 

In all processes the angular distribution of the emitted particle& is 

assumed to be isotropic in the centre-of-mass system. The emission of the 

first particle is treated using the standard kinetics for a binary reaction. 

The sequential emission of further particles is treated as though the compound 

nucleus collides with a massless target. The reaction kinetics in this case 

are complicated by the compound nucleus having a distribution of kinetic 

energies. Thus the laboratory spectra must be obtained by Slwming the 

individual laboratory distributions produced from all possible couplings of 

the compound nucleus kinetic energy with the reaction channel energy. The 

most important contributions to kerma in C, N and 0 are from the 3a reactions 

in C, r,n,e~), (n,nr) reactions inN and the (n,np) and 4a break-up reactions 

ln 0. A full description of the results is given in Dimbylow (1980). 

A more complete approach to the calculation of reaction cross-sections 

requires the inclusion of discrete energy levels and precompound effects. 

This approach has been followed in the form of the multistep Hauser-Feshbach 

code, GNASH written by Arthur and Young (I) The residual nuclei are 

composed of a set of discrete levels of known energy, spin and parity at low 

excitation energies joined to a continuum energy level density description at 
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the higher energies. The program uses a simplified pre-equilibrium 

expression which does not include spin and partiy effects, based upon the 

exciton model of Griffin(2). The reaction cross-sections for Mg, At, P, 

S, Ar and Ca as well as for C, N and 0 have been calculated using GNASH. 

Work is in progress to calculate the direct reaction components of 

the inelastic excitation of low lying energy levels in C and 0 which are 

produced by strong collective modes of excitation, using the Distorted Wave 

Born Approximation code DWUCK( 3). These are, in particular, the 2+ level 

at 4.43 MeV and the 3- level at 9.64 MeV in C and the 2+ (6.92 MeV), 

3- (6. 13 MeV) levels in 0. 

are also being investigated. 

Direct components of (n, d) and (n, p) reactions 

Kerma values from the combined GNASH and DWUCK results will be 

calculated. 
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Title of project nr 2 The measurement of stopping powers. 

Scientific collaborators : Mr. A.A. Edwards, Mr. M.J. Whillock. 

Objectives 

In radiation protection the measurement of radiation dose is of great 

importance. Gas filled ionisation chambers provide the standard instrument 

by which other instruments and detectors are calibrated. To convert the 

ionisation current of a neutron irradiated ionisation chamber to dose rate 

in tissue the stopping powers of the charged particles created (protons, 

alpha-particles, carbon and oxygen ions) in both wall and gas material are 

required. There has been conflicting evidence with regard to the effect of 

phase (solid, liquid, gas) on stopping power, the most striking of which 

came from Williamson and Watt (1972) who presented data indicating that 

phase could have a 30% effect on stopping power for I MeV alpha-particles. 

The objective of this contract was to verify the results given by 

Williamson and Watt and then to measure the phase effect for protons, carbon 

and oxygen ions at energies of relevance in radiation protection. 

Method of Measurement and Results 

Thin films of polyethylene were made and used to measure stopping 

power. Briefly, the mean energy of alpha-particles were measured both before 

and after passing through the thin film and from a measurement of the film 

thickness and the energy difference, stopping powers were derived. In the 

same apparatus the pressure of ethylene gas was adjusted to give the same 

thickness in gm.cm-2 and the stopping power of the gas determined. Thus the 

mass stopping powers of ethylene and polyethylene were determined under the 

same conditions. Fig. I shows the experimental results obtained. 
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The stopping cross-sections of ethylene and polyethylene for 
a particles in the range 0.5 to 4 MeV. 

The random errors associated with these measurements range from 0.5 

to 2%. In addition the solid measurement may be systematically in error by 

an estimated standard error of 2% because of the random uncertainty 

attached to the measurement of film thickness. When comparing solid to gas 

measurements at any particular energy, 5% differences are not significant. 

At no energy between 0.5 MeV and 4 lreV is the difference between gaseous 

and solid stopping powers greater than this estimated uncertainty. At 

energies of 3 to 4 MeV the measured stopping power of the solid is about 

5% higher than that measured for the gas. At 0.5 MeV it is 3% lower. This 

change of ratio is statistically significant showing that there exists a 

phase effect which varies with energy. The uncertainties are such that in 

region 3 to 4 MeV the gas is unlikely to have a stopping power greater than 

the solid. Comparing our results directly with those of Williamson and Watt 

the stopping powers for the gases agreed within about 5% but the results for 

the solid differed by between 20 and 30%. We concluded that the major cause 

of discrepancy between our conclusions and those of Williamson and Watt 

(1972) probably lies in the measurement of the thickness of solid films. 

Having shoWn that the results of Williamson and Watt were not verified 

there seemed little virtue in measuring phase effects for protons, carbon 

ions and oxygen ions as originally planned. However, we noticed that our 
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measurements for the gas ethylene were generally larger than other workers, 

Williamson and Watt (1972), Bourland et al (1971), Palmer (1966). In an 

attempt to throw light on the cause of these differences which at some 

energies exceeded the quoted uncertainties, the stopping power.s of other 

gases were measured with the same apparatus. These gases were Nz, H2, CH4, 

C4H 1o and c3H6. No completely consistent pattern emerged. The only other 

group who have measured the stopping power of all the gases we have 

measured are at Baylor University, Texas, Bourland et al (1971) and Lodhi 

and Powers (1974) and all results were obtained on the same apparatus.. In 

the energy range 1-2 MeV our results are from 0% .to 3% higher than the 

Powers group except measurements for propylene (C3H6) which are 4 to 7% 

higher and outside the quoted uncertainties. Checks on Bragg additivity 

using our data and that from the Baylor group failed to reveal which of the 

measurements was wrong. This discrepancy is still an outstanding problem. 

Details and a discussion of the measurements are to be found in Whitlock and 

Edwards (1979). 
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W-value measurements in gases of 
dosimetric importance. 

Mr. A.A. Edwards, Mr. M.J. Whillock. 

In the field of radiation protection it is essential to be able to 

determine dose, where the instrument used as a standard is the gas filled 

ionisation chamber. One of the parameters required to convert the current 

measured to the dose delivered, is the 'W' value of the gas used as the 

detecting medium. With this in mind a programme of work was undertaken to 

determine the W values of tissue equivalent gas and its constituents N2, 

CH4 and C02 using alpha particles in the range I - 4 MeV. 

Method of Measurement and Results 

An ionization chamber was designed based on the co-axial system with 

charge collection on the central electrode. The chamber is used in two 

different modes: 

a) a fast pulse counting system using an amplifier and 
scaler to determine the number of alpha particles 
entering the chamber in a given period, 

b) a total charge accumulating device using a vibrating 
reed electrometer over an identical period. 

The energy of the incident particles is determined by means of a surface 

barrier detector. A natural alpha emitter (Pu238) is the beam source, the 

energy of which is varied by means of control absorbers positioned between 

the source and the entry window of the chamber. 

Measurements using N2 and CH4 have been made at five energies in the 

range I - 4 MeV, with both sets of results indicating that the W value is 

proportional to the reciprocal of the beam energy. 

The random errors are 0.5% or better. The results are consistently 

higher than those found by other workers (Valma and Baum 1978; Jesse 1961). 

For CH4 a comparison with the results of Valma et al (1978) shows differences 

ranging from 2% (at about 4 MeV) to 5% (at 1.1 MeV), whereas for N2 the 

difference falls with decreasing energy from 3% to I%. However, a compari

son of the present work with Jesse's (1961) results for N2 shows a 
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difference which increases with decreasing energy, going from 2% to 3%. 

The reasons for these discrepancies among these reported values is yet to 

be resolved. Currently measurements are being made using co 2 and these 

will be followed by similar work using Rossi-type tissue equivalent gas. 

References 

Jesse, W. 1961. Phys. Rev., 122 (4), 1195 
Valma, M. and Baum, J., Phys. Med. Biol., 1978, 23 (6), I 162 
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Solid state physics processes underlying 
the properties of some materials used in 
thermoluminessence dosimetry. 

Dr. J.A. Reissland 
Dr. A.F. McKinlay, Dr. C.M.H. Driscoll and 
Dr. D.T. Bartlett. 

The main objective of the research programme has been to study the 

physical processes underlying the properties of materials used in solid 

state dosimetry, with a view to improving existing methods of dosimetry and 

developingnew techniques for specific applications, including mixed field 

dosimetry and environmental monitoring. The main techniques studied have 

been thermoluminescence and lyoluminescence. Thermally stimulated 

conductivity initially considered feasible for fast neutron dosimetry has 

proved disappointing due to inadequate sensitivity. 

2. Thermoluminescence Dosimetry Research 

Significant progress has been made in the following areas of thermo

luminescence research: 

(I) The effects of LET on the thermoluminescence responses and light 
conversion efficiencies of lithium fluoride and lithium borate. 

(2) The development of the ultra violet phototransfer technique in 
lithium fluoride and its application to the routine re-assessment of 
absorbed dose in LiF:PTFE elements. 

(3) Factors affecting the background and sensitivity of thermoluminescence 
phosphors. 

(4) The interpretation of peaks between 200° and 350°C in LiF. 

(5) The characterisation of the thermoluminescence properties of new 
phosphor preparations with acceptable photon energy tissue equivalence 
and good sensitivity for biological and medical applications. 
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(6) The development of an environmental gamma dosemeter based on 
LiF:Mg:Ti and CaF2:ny thermoluminescent elements. 

(7) The development of thermoluminescent dosemeter elements for surface 
and skin dosimetry. 

LET effects (Charged Particle Response) 

The responses and relative light conversion efficiencies have been 

established for lithium fluoride (TLD 700) irradiated with alpha particles 

of mean energies 2.4, 4.3, 5 and 5.7 MeV, protons, and helium-3 ions of 

10 MeV per a.m.u., and 60co gamma radiation, for absorbed doses up to 105 

Gy 6•8 . The results show a general correspondence between the thermo

luminescence per unit energy deposited and LET, and the thermoluminescence 
II> I 60 

per unit energy deposited and absorbed dose of Co gamma radiation. The 

charged particle responses have been analysed on the basis of the track 

structure approach of Katz. The response of lithium borate (Li 2B4o7:Mn, 

British Nuclear Fuels Ltd.) irradiated with 2.4 and 5.7 MeV alpha particles 

has also been established 12 The ratio of the thermoluminescence response 

of peak 6 (285°C) to peak 5 (210°C) in lithium fluoride increases with 
LET 14 

The differential thermoluminescence response of thin lithium fluoride 

polyimide discs to alpha particles and gamma radiation was measured to 

assess their suitability for mixed field dosimetry. Over the absorbed 

dose range 10-2 to 3 Gy, the ratio of the response of peak 6 to peak 5 was 

approximately seven times higher for high LET radiation (120 keV ~m- 1 ) 
than for low LET radiation (0.3 keV ~- 1 ). The dosemeters are potentially 

useful for mixed field dosimetry where the LET components of the mixed 

field are known. 

Environmental and other effects affecting the stability of dosemeters 

In addition to the LET response studies described previously, an 

investi·gation has been completed on the effects of environmental factors 

on the relative sensitivity of peaks 5 and 6 15 • This has led to the 

postulation of a model of the peak 1 s behaviour 16 which will be tested 

further by optical absorption and luminescence studies. The effects of 

grain size, thermal treatment, atmospheric environment during storage, 

visible and ultra violet radiation, and surface cleaning procedures, on 

the background response ('zero 1 absorbed dose response) of lithium 

fluoride powder and PTFE based discs have all been studied 15 • 16 • 17 
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The main conclusions resulting from these studies are: 

(I) The most commonly observed background effect is due to energetically 
deep trapping centres, associated with glow peaks at temperatures between 
280 and 3QQOC, which are not emptied by a 300°C anneal. This can result 
in the leading edges of these high temperature peaks being read out. 

(2) The mean grain size of lithium fluoride powders progressively 
reduces following successive high temperature (300-4QQOC) anneals. 

(3) The thermoluminescence sensitivity of powder decreases with decreas
ing grain size. 

(4) The background response under normal environmental storage over a 
period of several months increases with decreasing grain size for peak 6, 
but decreases for peak 5. 

(5) The background signal of LiF:PTFE discs can be reduced by 90% by 
surface cleaning in a solution of hydrochloric acid and methanol. 

(6) Storage in an atmosphere containing oxygen in concentrations exceed
ing 50,000 ppm increases the background response. 

Phosphor performance and applications studies 

New phosphor preparations of established dosemeter material~ (eg. 

LiF and Li 2B407) have been studied with a view to finding a high sensitivity 

phosphor with approximate photon energy tissue equivalence. High sensi-

tivity dosemeters are also required in the development of environmental 

dosemeters. A three element dosemeter, comprising LiF (TLD 700) and two 

CaF2:Dy (TLD 200) chips, is being assessed for the measurement of the 

gamma component of the radiation from uranium decay products incorporated 

in building materials. Two elements measure the environmental absorbed 

dose and provide photon energy discrimination. The third element is pre-

dosed and measures thermal fading - CaS04-Dy (TLD 900) has also been studied 

as an alternative to TLD 200. 

Re-assessment of Absorbed Dose 

It has been found that the Mayhugh-Fullerton technique of sensitiza

tion of lithium fluoride was incompatible with the re-assessment of absorbed 

doses less than 0.5 Gy using the ultra violet phototransfer thermoluminescence 

technique 11 An anneal regimen of ISO hours at 300°C has proved successful 

in the reduction of interference effects due to previous dose history and 

exposure to ultra violet radiation. The technique of re-assessment of 

absorbed dose has been introduced as part of the NRPB automated thermolumin

escence dosimetry service 10 • 18 A semi-automated re-assessment module has 

been built. 
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3. Lyoluminescence Research 

Apparatus was designed and constructed for the study of lyoluminescence. 

Photon counting techniques were used enabling accurate and reproducible 

measurements over a large range of absorbed dose with excellent stability of 

detection and amplification. Electron spin resonance investigations of 

free radical formation in polycrystalline mannose and glucose monohydrate 

established the characteristics of the spectra and the radical yield as a 

function of absorbed dose and pre- and post-irradiation treatment. It was 

concluded that free radicals produced in the bulk solid during irradiation 

are the principal agents of lyoluminescence via the formation of peroxyl 

radicals on dissolution. Absorbed dose response characteristics have been 

established as a function of different pre- and post-irradiation treatments. 

Post-irradiation storage of mannose produces an enhancement of response at 

high levels of absorbed dose and a loss of supralinearity at low levels. 

?re-irradiation annealing at 100°C gives rise to an overall increase in 

response. The absorbed dose responses of mannose and glucose mono-

hydrate to 2.4 and 5.65 MeV alpha particles and Helium-3 (10 MeV per amu) 

were measured. Comparisons were made of the responses of lyoluminescent 

dosemeters and ionization chambers as a function of depth dose in an- meson 

beam I-9 

4. Conclusions 

In summary, the solid state dosimetry programme has provided original 

and relevant information on many factors affecting dosemeter performance 

important to all areas of ionizing radiation dosimetry as well as to an 

understanding of the fundamental processes of thermo and lyoluminescence. 

5. Publications 

1. Bartlett, D.T., 1978, 'Lyoluminescence' in Proc. 7th Workshop 
on Personal Neutron Dosimetry. PNL-2807 (1978), 101~102. 

2. Bartlett, D.T., 1979, 'Increased Lyoluminescence Response of 
Mannose on Storage'. Phys. Med. Biol. 24, 63-70. 

3. Bartlett, D.T., 1980, 'Lyoluminescence and Electron Spin Resonance 
Studies of Radiation Induced Effects in Saccharides', Thesis, University of 
Birmingham, UK. 

4. Bartlett, D.T. and Brown, J.K., 1979, 'Irradiation Effects in 
D-Mannose as Studied by Electron Spin Spectroscopy'. Rad.Effects il• 43-46. 

5. Bartlett, D.T. and Brown, J.K., 1981, 'Lyoluminescence and Electron 
Spin Resonance Measurements on Irradiated D-Mannose: Effects of Storage and 
Annealing'. In preparation. 
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I. ETUDES MENEES AUPRES DU FAISCEAU DE 650 MeV (SATURNE I) -

V.D. NGUYEN, P. FACHE, M. CHEMTOB. 

L'objectif des experiences commencees en 1975 etait de preparer un 

faisceau pour la radiotherapie. Pour ce faire, les etudes suivantes ont ete 

entreprises. 

1 - Etudeh do~ime~queh du 6~Qeau de 650 MeV 

Ces etudes ont necessite la mise au point et la construction de plu-

sieurs chambres d'ionisation, de geometrle dlfferente (plane a faces paral

leles et cylindrique) (1). Elles ont commence par le trace du pie de Bragg 

(rapport pie sur entree 4,25 avec un collimateur de 7 cm de diametre). Elles 

se sont poursuivies par l'installation d'un degradeur isodose, donnant un 

plateau de dose de 5 cm de profondeur dans l'eau. La pente de ce plateau 

etait de 2% par centimetre de profondeur (rapport plateau sur entree 1,7 

en moyenne). Ce degradeur etait constitute de quatre secteurs. Chaque sec

teur comportait 9 epaisseurs de cuivre et tournait plusieurs fois par impul

sion de SATURNE (2). Compte tenu des resultats de microdosimetrie et de 

radiobiologie menees parallelement, un essai a ete tente pour construire 

un plateau de degradeur isoeffet. 

Ces etudes avaient pour but de mesurer la variation de yD en fonction 

de la profondeur de parcours des helions de 650 MeV. Au debut du parcours, 
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y
0 

est égal à 4,5 keV.~- 1 , passant par une valeur constante égale à 
-1 

9,3 keV. m. sur le plateau du•dégradeur isodose (sur environ 3 cm) et attei-

gnant 22 keV.~- 1 <à la fin de ce même plateau) (2). 

3 - Etu.d.u Jta.d,Lo bi.olog-i.quu 

Plusieurs effets biologiques ont été étudiés : 

1)- Etude des aberrations chromosomiques dans les lymphocYtes humains 
(DPr/SRTE) 

2)- Etude de la survie des cellules tumorales EMT.6 (INSTITUT Gustave ROUSSY, 
Service de Radiobiologie Clinique). 

Ces échantillons ont été irradiés à la profondeur pour laquelle y
0 

est égal à 9,3 keV.um- 1• (3). 

Pour les doses faibles délivrées par les hélions, il est apparu que 

l'E.B.R. des effets biologiques précités était proportionnel à ~~/~y' ce 

qui nous a conduit à étudier un dégradeur permettant d'obtenir un plateau 

isoeffet, en tenant compte des variations de y
0 

en fonction de la profondeur 

donnée,au paragraphe précédent. Un autre dégradeur a été construit en pondé

rant chaque profondeur par le y
0 

correspondant. 

Les mesures de microdosimétrie faites avec ce dégradeur à 5,81 g.cm-2 

de profondeur(entrée dans le milieu) et à 15,21 g.cm- 2 avant la fin du par-
2 - -1 

cours (17,82 g.cm- ) donnent respectivement les valeurs y
0 

de 3 keV.~m et 

de 6,3 keV.um- 1• Le gain dans la réalisation du plateau isoeffet a été consi

dérable mais encore insuffisant. Là transformation de SATURNE I, en 1977, a 

arrêté cette étude. 

4 - Etu.d.u do.6.imê:OUquu e;t mi.CJLodo~.imê:OUquu .6WL SATURNE 11 

Pour l'étude des effets à long terme des rayonnements (tentative de 

compréhension des mécanismes de radiocarcinogénèse), ce type de faisceau 

présente l'avantage de pouvoir irradier les échantillons biologiques et les 

animaux avec une gamme étendue de valeurs du transfert linéique. Ils présen

tent de plus un intérêt balistique permettant d'irradier avec précision le 

volume d'intérêt. Pour profiter au mieux de ces qualités, il est nécessaire 

de disposer d'un système de mise en place parfaitement reproductible et 

d'exploiter les résultats de mesure par un calculateur en ligne. C'est ce qui 

a fait l'objet du travail en 1979 et 1980 (4). 
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Deux types de montage sont utilises : 

- un appareil telecommande permettant de faire varier l'epaisseur d'eau tra
~~rsee par les particules 

- une cuve avec explorateur de fantome telecommande du type utilise en 
radiotherapie. 

Le controle du faisceau est assure par une chambre a fils et un 

ensemble de chambres d'ionisation. 

La determination de la dose au niveau de l'echantillon biologique ou 
I 

de l~animal est obtenue a l'aide de la chambre a transmission (Ml) et d'une 

chambre de type crayon placee a cote de l'echantillon biologique et servant 

de moniteur secondaire. 

L'etablissement de la cartographie du faisceau est fait a l'aide 

d'une chambre mosaique plane, a faces paralleles en plastique equivalent au 

tissu, comportant 61 volumes elementaires de mesure. 

Les programmes de calcul actuellement disponibles permettent 

- d'obtenir directement, a partir des lectures brutes, les doses en rad 

normalisees par rapport a la chambre (Ml) de maniere sequentielle pour 

chaque deplacement ; 

de calculer immediatement la dose absorbee au niveau de l'echantillon bio-

logique irradie. 

L'ensemble a ete teste lors de deux series d'experiences a SATURNE II, 

avec des faisceaux d'helions de 487, 554 et 654 MeV. 

II. ETUDES EXPERIMENTALE ET THEORIQUE DES GRANDEURS DE BASE POUR LA 
DOSIMETRIE DES PARTICULES CHARGEES LOURDES 

L'energie correspondant a la creation d'une paire d'ions (W) et le 

pouvoir d'arret des particules chargees (S) presentent un interet fondamen

tal en dosimetrie des champs mixtes. En effet, actuellement, les techniques 

utilisant la methode des chambres d'ionisation doubles, completee par le 

compteur G.M. et le film sont considerees comme les plus precises et les 

plus directes pour determiner les doses dues aux neutrons et aux gamma, dans 

un champ mixte. Les mesures obtenues par ces techniques sont corrigees par 

le rapport Wc I WN (valeurs de W lors de la calibration gamma, et lors de 

la mesure aux neutrons) et par le rapport (Sm,g)c I (Sm,g)N (valeurs des 

rapports des pouvoirs d'arret entre le milieu et le gaz a l'etalonnage gamma 

au meme rapport,lors de la mesure aux neutrons). 
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Elles permettent d'etalonner les autres dosimetres, qu'ils so~ent 

ut2lises en radiotherap~e, radiob~ologie ou radioprotection. 

L'objectif des mesures de W et de S pour les part~cules chargees 

est done de mieux preciser les valeurs a prendre pour !'interpretation 

en terme de doses des mesures ionometriques. 

1 - Etud~ exp~enta£~ deW (E) (V.D. NGUYEN, J. CHARY, F. POSNY) 

La mesure de cette grandeur en fonction du type d'ion ~ncident, de 

son energie, dans d~fferents gaz (CH
4

, co
2

, N
2

, T.E., et melanges gazeux) 

a ete fa~te d'une man~ere tres detaillee. Les resultats obtenus ont fa.it 

l'objet de nombreuses publ~cations (5, 6, 7, 8). A titre d'exemple, les 

resultats sont donnes pour le gaz E.T. de Rossi (Figure 1). Il a ete cons-
+ tate pour les 2ons H penetrant et s'arretant dans taus les gaz precites, 

que W passait par un minimum pouvant s'expliquer par un phenomene d'echange 

de charge, done d'une diminut2on de l'~onisat~on dans un domaine d'energ~e 

compris entre 25 et 300 keV. 

2 - Etud~ theo4iqu~ deW (E) (M. CHEMTOB, V.D. NGUYEN, P. GOUARD) 

Cette etude est un cas particulier du ralentissement des particules 

chargees dans les gaz. En consequence, le trava~l a deborde largement 

l'etude de W. Il a ete necessa~re d'etudier les pouvo~rs d'arret. A titre 

d'exemple, les pouvoirs d'arret sont donnes sur les figures 2 et 3. Puis 

l'util2sation du programme de Winterbon a perm2s d'obtenir les tables de 

parcours des particules chargees de basse energie dans les gaz dosimetr~

ques, des tables de parcours ou l'~on~sation a lieu, et des valeurs theo

riques des rapports W(E) I Woo . Une these a ete presentee a l'Un~versite 

de PARIS VII, donnant pour les gaz monoatomiques et d~atomiques les resul

tats des var2ables prec~tees, dans la gamme d'energ~e 1 a 500 keV (9). 

3 - Etud~ du pa11.c.ot.Ut.6 et du pouvo.<Jt d' a!l.Jl.U d~ ioiU .touJtd!.> da..u .e.~ ga.z 
(M. CHEMTOB, F. FERNANDEZ, J. CHARY). 

Les etudes du parcours d'ion2sation extrapole sont faites pour les 
+ + + 

ions H , He , C dans les gaz purs (C0
2

, CH
4

, N
2

) et dans differents melan-

ges, notamment le gaz E.T .. Le montage experimental est constitue essen

tiellement : 

- d'une enceinte cylindr~que remplie du gaz a etud~er, 
- d'une chambre plane a faces paralleles comportant deux gr~lles, et d'une 
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plaque collectrice. Cette chambre se meut perpendiculairement a l'axe du 
faisceau. 

Du fait qu'en fin de parcours des ions les chocs elastiques predo

minant, le parcours d'ionisation extrapole differe du parcours des par

ticules incidentes. Cette difference est faible pour les ions H+ et He+ 

dans la gamme 50 keV. Elle est, par centre, notable pour les ions les plus 

lourds. La derivation du pouvoir d'arret electronique a partir du parcours 

d'ionisation extrapole n'est done possible que dans le cas des protons 

(Figure 4) et des alpha. Les resultats ont fait l'objet de deux publicat~ons 

en 1980 [10, 11). 

Sur le meme montage a ete installee une chambre multiple (48 fils) 

pour la mesure des profils lateraux d'ionisation, des particules subissant 

un ralentissement en profondeur dans le gaz methane utilise comme test. 

Cette experience est au stade de la mise au point. 

Des etudes plus approfondies sent necessaires pour la mesure du pou

voir d'arret des particules plus lourdes que les ions He+ entrainant un 

changement de montage. Ce montage est au stade de la preetude. 
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Allgemeines Thema des Vertrags: Biological Effects of Incorp
orated Isotopes and Radiation 
of High Ionization Density 

Titel des Projekts Nr. 1: Microdosimetric Studies on the 

Biological Effectiveness of Incorporated Radioacti~e !luclei 

Leiter des Projekts und wissenschaftliche Mitarbeiter: 

J. Booz, L.E. Feinendegen, H.D. Hartfiel, J. L. Humm, 

G. Tisljar-Lentulis, Th. Smit 

and D. E. Charlton (Concordia University, Montreal) 

It was the aim of the investigations to improve our 

understanding of the radiobiological effects of incorporated 

radioactive nuclides in comparison to the effectiveness of 

external radiations. The radionuclides investigated were 3H, 

125I, 123I, 64cu and 57Fe, i.e. emitters of Auger- and other 
low energy electrons that are used in biological radio

diagnostic experiments. The central point of the research 

studies was the question as to the relative contribution of 

the transmutation effects of these radionuclides, when incorp

orated into the DNA of mammalian cells, as compared to the 

local radiation effects of the low energy electrons emitted. 

In pursuing these aims, in close collaboration with the 

corresponding biological investigations described under project 

2, it was necessary to consider in detail the atomic electron 

transitions following the disintegration which give rise to 

complex number and energy distributions of the emitted electrons. 

These results led to more precise dosimetric data for radioactive 

nuclides specifically incorporated in DNA. They also led to the 

establishment of a model on the biological effectiveness of radio

nuclides in the DNA considering both the transmutation effect and 

the radiation effect of the emitted electrons. The r~sults have 

contributed to a better understanding of the biological effect

iveness and radiation mechanisms of incorporated radionuclides 
and have improved the dosimetric basis of radiation risk calcul

ations of those radionuclides. 
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Survey on the results in detail: 

Calculation of the number and energy dlstrlbutlons of 

electrons emitted per dislntegration of 125-I, 123-I, 64-Cu and 

57-Fe in condensed medium. Influence of the chemical phase of 

the matter for dislntegratlons of 125-I (condensed medium, 

lsolated atom, gasions CH 3I). Monte Carlo Slmulatlon of the track 

structure in water produced by disintegrations of 125-I and its 

emitted electrons. Calculation of the mean energy depositlon per 

disintegratlon of 3-H and 125-I homogeneously distributed in 

volumes of 1 nm to 1oo
1

um, including information on the standard 

deviation of the mean energy deposition. Development of a model 

of the biological effects of radionuclides incorporated into 

DNA. In this model the number of emitted electrons, i.e. the 

number of positive charges remaining on the DNA, is related to the 

transmutation effect whilst the energy imparted to the DNA by 

the emitted electrons is related to the electron dose effect. 

Clarification of the relation between the decreasing slope of 

mammalian-cell survival curves after radlonuclide incorporation 

ln DNA and non-homogeneous incorporation. Measurement of electron 

ranges and W-values in dlfferent gases for energles of 20 eV to 

2 keV. Calculation of the energy spectrum of prlmary electrons 

produced by different photon radiations. Calculations of the 

number and energy distributions of Auger electrons induced by 

photons below and above the K-absorption edge. 

For iodine-123, iodine-125 and Cu-64 the probability of 

disintegrations as a function of both the number and 

the total energy of the electrons emitted w~s calculated. 

An example is shown in Fig. 1. Disintegrations of iodine-

125 and the tracks of the electrons emitted were simulated 

by Monte Carlo calculations in collaboration with Mr. Paretzke, 

Neuherberg (Fig. 2). Results on the mean electron number 

and on the mean energy emitted by electrons and photons per 

decay are given in Table I for different radionuclides. 

Tritium is shown for comparison. 
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Fig. 1 : Threedimensional plot of the probability of 125-I 
disintegration as a function of both the number 

. and ··the total energy of emitted electrons. 

Fig. 2: Computer simulated electron tracks of electrons 
emitted by a typical computer simulated dis
integration of 125-iodine. 20 electrons are 
emitted carrying away 12.2 keV in total. SqlJ:ares -
Ionization; crosses - excitations. (Calculation 
perfor.med in collaboration with H. Paretzke, Neu
herberg). 
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Table I 

Number of electrons, n, energy of electrons, Eel' and 

energy of photons, Eph' per disintegration 

125-I 123-I 64-Cu 57-Fe 3-H 

n 21 . 1 12.3 2.2 4. 7 1.0 

Ee 1 /keV 19.9 28.8 179.9 4.13 5.73 

Eph/keV 41 . 6 167.3 10.8 1 . 64 

In phosphorous, X rays of energies immediatly below and 

above the K-absorption edge liberate 2.4 and 4.0 electrons 

respectively. For bromium the corresponding numbers of 

electrons are 5.8 and 6.7 

Monte Carlo calculations were performed on the primary 

electron spectra of 10 keV photons, of X rays of 

105 kVP, and of iodine-125. In addition the spectra of 

potential crosser-Insider-Starter-Stopper electrons 

were calculated, i.e. spectra of those electrons which 

had a sufficiently hig.t pro0aoility of de;:>ositing some or 

all of their energy in a sensitive volume as crossers, 

insiders, starters or stoppers. 
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· Titel· des Projekts Nr. 2: Biological Consequences of 

Heterogeneous Dose Distributions from Incorporated 

Nuclides Others than Bone Seekers 

Leiter des Projekts und wissenschaftliche Mitarbeiter: 

G. Tisljar-Lentulis, L.E. Feinendegen, P. Henneberg, 

Th. Mielke, F. SchneeweiB 

This project investigated the biological aspects of the 

same central problem that was tackled in project 1, namely 

the relation between the transmutation effect and the radiation 

dose effect of radionuclides incorporated into the DNA of 

mammalian cells. The implications of this problem for radiation 

protection lie in the significance of mutations for long term 

effects. It is well known and it has been shown by the results 

of this project that mutations and single strand breaks may be 

drastically increased by disintegrations in the DNA, e.g. of 

tritium. On the other hand cell survival, the significance of 

which for radiation protection is frequently overestimated, does 

not show a significant influence from transmubation effects. The 

end points investigated in this project were single- and double

strand break of isolated DNA and after irradiation of intact 

cells in culture, and cell survival. Tritium and 125-iodine was 

incorporated into DNA via 3H-TdR, 3H-IUdR and 125-IUdR. Results 

were obtained for RBE relative to 60-Co gamma rays, OER and 

repair. 

Survey on the results in detail: 

Measurement of single-strand breaks after incorporation of 

125-I into DNA of human-kidney T cells, in deep frozen state: 

4.1 single-strand breaks per disintegration in intact cells, 

repair of 70 - 80%; in isolated DNA 2.0 single-strand breaks. 

Measurement of double-strand breaks after incorporation of 125-I 

into DNA of human kidney T cells, disintegration in intact cells: 

at least 1 double-strand break per disintegration, no repair. 

Measurement of single-strand breaks after incorporation of 

3H-TdR and 3H-IUdR. Exposure of intact cells in deep frozen state: 

3H-TdR- 0.9 to 1.1.breaks per disintegration, repair 80- 85%; 

3H-IUdR- 1.1 to 1.3 breaks per disintegration, repair 70- 85%. 

Measurement of double-strand breaks after incorporation of 
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3H-TdR and 3H-IUdR. Exposure of intact cells in deep frozen state: 

3H-TdR-0.12 breaks per disintegration. repair 35 - 40%. 3H-IUdR-

0.14 breaks per disintegration, repair 10- 20%. Survival curves 

after incorporation of 125-I showed an exponential slope with a 

D37 of 135 disintegrations under aeroblc conditlons. Results on 

OER after incorporation of 3H-TdR, 3H-IUdR and 125-IUdR for 

single- and double-strand breaks (exposure of intact cells at 

0- 1°C) and cell survival (exposure at 4°C) are given in table I. 

For Slngle-strand breaks from 3H-TdR the transmutation effect 

contributes with about 50% to the effect. For double-strand breaks 

and survival after disintegration of 3-H in DNA as well as for 

all end points after disintegration of 125-I in DNA there is no 

significant transmutation effect. 

Table I: OER for different end points 

Single-strand breaks 4.5 
60-Co rays Survival 2. 2 

Single-strand breaks 1 . 6 
3H-TdR Double-strand breaks 3. 9 

Survival 2.8 

3H-IUdR Survival 2.2 

Single-strand breaks 1 . 2 
125-IUdR Double-strand breaks 1. 4 

Survival 1.0 

he low OER of 1.6 for singl~-strand breaks after tritium 

isintegration in the DNA was interpreted as the result of 

he transmutationeffect of tritium, because this effect 

hould not depend on the presence or absence of oxygen. 

ased on this consideration the contribution of the trans

utation effect, t/(EN + t), was calculated with: 
2 

X OER + t 
y 

+ t 
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Titel des Projekts Nr. 3: Microdosimetric Studies on the 

Biological Effectiveness of Directly and Indirectly Ionizing 

Radiations. 

Leiter des Projekts und wissenschaftliche Mitarbeiter: 

J. Booz, B. Bauer, L.E. Feinendegen, J. Fidorra, Th. Mielke, 

A. Poli, Th. Smit 

The evaluation of radiation quality and of the mean 

quality factor of mixed neutron-gamma rays are fundamental 

prerequisits for the assessment of radiation risk in 

. practical radiation protection and in neutron therapy. 

This is a twofold problem. On the one hand it is important 

to know the real relationship between absorbed dose, 

radiation quality and effects at low doses; on the other 

hand it is essential to have a practical description of 

radiation quality which can be easily measured and which 

allows for a reasonable estimate of the effect. In this 

project both aspects have been investigated, however, the 

second one, the practical aspect, was considered as more 

important. 

On the fundamental side, microdosimetric spectra were 

measured for a large variety of gamma- and neutron radiations, 

free in air and in a water phantom. A biparametric definition 

of radiation quality was introduced, a plot of y0 against Yp' 

which allows for a clear separation of low LET, high LET, and 

mixed radiations, and also for a specification of the radiation 

quality of a particular radiation within the three groups. 

Here Yp is the frequency mean lineal energy and y0 , the dose 

mean lineal energy, reflects the fluctuation of Yp· Regions of 
low, medium and high dose were defined by comparing the magnitude 

of absorbed dose with both the frequency and dose mean specific 

energies, i.e. microdosimetric parameters which are proportional 

to respectively Yp and y0 . Survival of mammalian cells was 

measured for different mixed n-y radiations, and it was shown 

that in the microdosimetric spectra the changes with radiation 

quality are much stronger than the corresponding changes in 

RBE. 
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On the practical side, it was shown that the parameter 

y*, the yD corrected for saturation where overkill is ob

served for the given system, is proportional to the initial 

slope of survival curves for a large range of neutron 

energies (0.1 to 15 MeV). Therefore y* was recommended and 

emplQyed as a practical radiation quality estimate for the 

evaluation of neutron RBE at low doses. In this way it was 

shown that in a water phantom the low dose neutron RBE does 

not change significantly with depth or with lateral dis

placement so that in neutron therapy one can work with a 

constant neutron RBE. For the purpose of evaluating the mean 

quality factor of mixed n-y radiations, the four-component 

method was developed. This method allows to evaluate Q from 

the microdosimetric spectrum in such a way that the ICRP 

recommendations are respected. Details of this method are 

described below. 

Survey on the results in detail: 

The problem of the measurement and the description of 

radiation quality of mixed neutron-gamma fields was the 

central point of investigation of this project in the last 

years. The most important subject was the development of a 

method for the determination of the mean quality factor, Q, 

of mixed n-y rays from microdosimetric spectra. These efforts 

resulted in the establishment of the four-component method 

which separates microdosimetric spectra into the contributions 

of y rays, fast recoil protons, slow recall protons, and 

heavier recoil ions. Due to this separation the method considers 

the ICRP recommendations on Q(LET) very closely and also allows 

for conversion from measured ionization to energy imparted. 

The separation of the four particle components in microdosimetric 

spectra of mixed n-y radiations is shown in Fig. 1. Once the 

dose fractions and the yD of the four components are known, 

the total mean quality factor is calculated as the sum of the 

Q of the four components weighted by the dose fractions and 

by the dose mean LET, LD. It is the advantage of the four-
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component method that specific relations between y0 and 

L0 can be used which respect recommendations of ICRP: y

rays: Q = 1, irrespective of y0 ; fast recoil protons: 

y0 = (9/() L0 ; slow recoil protons: y0 = L0 ; heavy 

recoil ions: Q = 20, irrespective of y0 • For both types 

of recoil protons a linear relationship between Q and L 

is used: Q = 1 + L
00

/6. 

The dose contribution of these .four components as a 

function of lateral distance from the beam axis is 

given in Fig. 2. 
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Fig. 1: Distribution y d(y) at 5 em water depth and at 

a lateral distance of 10 em from the beam boundary 

of a collimated fast neutron beam. Separation into 

the four radiation components: gamma 1 rays, fast recoil 

protons, slow recoil protons and heavier recoil ions 

(from left to right). y* = 24 kev; 1um. 

field size : 10x10em2 

water depth 5 em 

10 12 11. 15 
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Fig. 2: Dose-profile curves of the four radiation components 

at 5 em water depth: Dt - total absorbed dose; 

DFP - dose fraction of fast recoil protons; DSP -

dose fraction of slow recoil protons; DCNO - dose 

fraction of heavier recoil ions; D - gamma dose 
'{ 

fraction. · 
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Titel des Projekts Nr. 4: In Vivo Studies of Biochemical 

Reaction Rates from Low Dose Irradiation 

Leiter des Projekts und wissenschaftliche Mitarbeiter: 

w. Porschen, H. Mlihlensiepen, J. Booz, L.E.Feinendegen 

It was the objective of this project to investigate 

the challenging phenomenon of suppression of IUdR incorp

oration in cells due to irradiation of mice with low and 

very low doses (0.5 to 100 rad) • The final aim is the 

development of a biological accident dosimeter. In 1976-80 

the dependence of this hypersensitive in vivo effect was 

analyzed with regard to different experimental methods 

and environmental conditions. The highest low-dose 

sensitivity was found when the capability of IUdR incorp

oration of cells from irradiated mice was measured in vitro, 

or when the test was performed on unirradiated cells in 

culture to which the blood serum of irradiated mice was 

added. These results and the results of three other test 

methods are compatible with the working hypothesis that 

low-dose irradiation decreases or inhibits the acceptance 

of cells for IUdR, and hence also for TdR, and thus in

creases the pool of TdR in the body fluid. The blood-serum 

test is simple and fast and is potentially a low-dose 

short-term, biological accident dosimeter. 

Survey on the results in detail: 

Whole body irradiation of laboratory animals reduces 

the whole-body incorporation of I-125-IUdR; the effect depends 

on radiation dose, radiation quality and time interval between 

irradiation aRd injection of the radioactive precursor. 

The effect is most pronounced for a time interval of 

4 hours. 
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The depression of percursor incorporation is even more 

drastically demonstrated if an in vivo - in vitro technique 

is used: 4 hours after whole body irradiation the animals 

are killed and bone marrow cells are incubated in vitro. 

This technique is more sensitive and allows the detection 

of 1 cGy. Irradiation with different radiation qualities 

were performed and RBE-values were evaluated which increased 

with decreasing absorbed dose. 

Partial body irradiation also leads to a reduced incorporation 

of the precursor in the shielded body parts. 

In 1980 we developeda novel method, which is comparatively 

simple, very sensitive and unexpensive. The method is based 

on the discovery that the DNA-synthesis rate of an unirradiated 

exponentially growing fibroblast culture (L929) depends in a 

very sensitive way on the addition of blood serum of irradiated 

mice to a suitable culture medium. Irradiation of the ex

perimental animals leads to a change in the composition of the 

serum which increases in a still unknown way the inhibition of 

incorporation of the precursor into the DNA of unirradiated 

cellls in culture. 

Serum from irradiated animals produces a stronger reduction 

of 125-IUdR incorporation, if added to L929 fibroblast cells 

in culture, compared to the serum effect from sham irradiated 

controls. The radiation induced amplification of the serum 

effect depends on timing, irradiation dose and radiation 

quality. 

Serum from unirradiated mice produces already a strong 

inhibition of incorporation; e.g. 10% serum results in 

(71 ± 2%) depression. After l Gy,theeffect is even stronger 

and gives (92 ± 2%) depression. 

Different time intervals between irradiation and serum 

preparation between 0 and 24 hours were chosen; for a dose 

of 10 and 100 centigray the maximum effect was measured after 
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4 hours (Fig. 1). For this time difference of 4 hours 

between irradiation and blood serum preparation, the 

inhibition was measured after absorbed doses between 

0.006 and 1 Gy relative to the inhibition after addition 

of unirradiated blood serlli~ (Fig. 2). 

The serum experiments do not demonstrate any specific 

organ reaction, the effect is about proportional to the 

weight-percentage of the irradiated body. 

Using 3H-TdR instead of 125-IUdR leads to an decrease 

of sensitivity of the serum method. The precursor kinetics 

in the intracellular nucleotide 9001 was not influenced 
by the serum obtained from mice irradiated in the range 

between 1 and 100 centigray. The radiation induced humoral 

factor has a molecular weight lower than 15.000 dalton, 

is not inactivated by heating for 30 minutes at 60° C and 

produces a competitive inhibition of the incorporation of 

3H-TdR. 
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The contract which has come to an end in December 1980 had its effective 
beginning during the second half of 1977. By that time, in the framework of the 
Radiation Protection activities of CNEN a considerable effort had been devoted to 
the study of biological effects induced by low doses of ionizing radiation, 
particularly by conventional photon beams and by fission neutrons, as available 
from the fast reactor faciltty T APIRO at the CSN, Casaccia. In addition, high 
energy neutrons from the Synchrocyclotron of CERN, Geneva, had been and were 
still employed in biological experiments. 

The good quality of the results already obtained, together with the decision 
to utilize these and other d.ita for a systematic investigation of the influence of 
radiation quality on the biological effectiveness of ionizing radiation, urged CNEN 
to include a research project on Microdosimetry among its own research lines. It 
was, in fact, recognized thc:.t for a deep insight in the mechanisms of biological 
action of radiation, the knowledge of the microscopic patterns in the processes of 
energy deposition to the biological matter is of a considerable importance. In 
particular, the measurement of microdosimetric parameters for the radiation fields 
utilized together with suitably determined biological data, appear to represent a 
basic information for the construction of models able to predict the level of 
biological damage produced hy radiation with adequate accuracy and, consequently, 
to allow extrapolation of the results of animal experiments to situations which are 
experimentally not accessible, and ultimately their use for human risk estimates. 

Such a research proj•~ct, found an excellent location within the lines of 
activities foreseen in the past Radiation Protection Programme of the European 
Community, and therefore a contract on microdosimetric studies of biological 
effects at low doses was !.tipulated between CNEN and the Commission. The 
proposed programme offered the additional possibility of canalizing work carried 
out in different areas towarcls a well defined common goal. Clearly, the complexity 
of problems which were to be dealt with was hardly compatible with a short time 
period such as that still allowed by the past contract, and it was understood that 
the activities foreseen would be continued either by an extension of the contract 
itself or as an independent action of CNEN. 

In order to limit the area of activity, research was initially concentrated 
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mostly on effects produced by fast neutrons and reference photon rad1at10n. Th1s 
cho1ce appeared to be coherent With the recognized necessity for a clarificatiOn of 
some compelling problems existmg in Rad1ation Protection and concerning the 
assessment of radiation quality for fast neutrons. Therefore, several bwlog1cal 
experiments have been planned and carr1ed out under varwus experimental 
conditiOns usmg monoenerget1c neutron beams produced at a Van de Graaff 
accelerator. 

Measurements of bwlogJCal responses to fast neutron 1rradiat10n were 
performed on var1ous biologJcal systems both "in-v1tro" and "in-v1vo" us1~g low 
doses of fast neutrons of various energies. In collaboratiOn w1th CERN 
measurements of eye-lens opacification in the mouse were completed and the 
results were evaluated at I, 5, and 600 Me V /6/. The experimental observatiOn was 
based on counting the points of opaCities m the posterwr regwn of the murme 
lenses. It was found that for all neutron energ1es cons1dered the RBE values ":end to 
increase with decreasmg neutron absorbed dose. In contrast w1th a commonly 
accepted mterpretatlon, th1s kmd of behavwur could not be explaned by a decrease 
of effectiveness of the reference radJatJOn at low doses /9/. In addJtwn, at low dose 
levels, around I rad, neutron RBE's for th1s end-point appear to approach nearly 
equal values, mdependently of neutron energy. Conversely, at h1gher dose levels a 
marked difference 1s observed between RBE values correspondmg to widely spaced 
neutron energies as shown m the table. 

Within the same collaboration with CERN measurements of dose-response 
under neutron 1rrad1ation were also completed and a data evaluatiOn was carr1ed 
out for energies rangmg from fJss1on up to 600 MeV, for the weight loss of mouse 
testes 28 days post JrradJatwn I 5/. RBE values determmed by these measurements 
were found to depend on neutron energy, w1th a measured max1mum around I MeV, 
however RBE dependence on absorbed dose level was not very significant in the 
cases considered. The radwsensJtlve component of the testis t1ssues shows a very 
nearly exponential dependence of weight on photon dose over a large Interval of 
absorbed doses. For neutrons, the results seem to suggest an mer easing 
effectiveness per unit dose in the region below about 10 rad. 

Further studies were mitiated meanwhile to investigate neutron RI3E for 
different end points on the mouse. As a complement of the above experiments on 
eye-lens opaclficatwn, addJtJOnal fast neutron JrradJatwn have been carried out and 
the bwlogical matenal prepared to mvestigate the dose and energy dependence of 
the number of micronuclei produced in the lens epithelium by fast neutron 
interactions. Furthermore a large experiemental effort has recently been imtiated 
on the study of induction of ovarian tumors induced by low doses of fast neutrons. 
Two groups of m1ce have already been Irradiated, one m 1979 and one in 1980, usmg 
1.5 MeV neutrons from a Van de Graaff accelerator, m collaboratiOn w1th the 
radiopathology laboratory of CNEN. The results are presently being recorded. 

In all experiments already completed the results seem to mdicate that 
neutrons might become increasmgly effective when the level of absorbed dose 
becomes fairly low, at least for some h1ghly radwsens1t1ve bwlogical systems. Th1s 
observation IS m agreement with results obtained by other authors (Shellabarger, 
C.J., et al., 1980) on rats. Any w1der confirmation of such a trend by other 
ev1dence could provide interestmg matter for rediscussing neutron RBE's at very 
low dose levels and eventually risk estimates and quality factors. For this reason 
other measurements have recently been started, in collaboration with the Eoiology 
Group at JRC, Ispra, using two diploid species of Nicot1ana, whose propoplasts have 
been irradiated "in-vitro" with 16 MeV neutrons and gamma-rays /11/. In the first 
experiment the radiation effect was assessed by scormg the relative platmg 
efficiencies. Measurements have been carr1ed out for single acute exposures as well 
as for fractionated doses. The results already available for N. Plumbaginifolia 
present no shoulder m the survival curves both for neutron and gamma-rays, and a 
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Table: neutron RBE for eye-lens opacification 

En :ower dose region Higher dose region 

(Me V) I) 
n RBE on RBE 

(rad) (rad) 

1 1).9 41.9:!"7.7 36 18.l:t0.6 

5 0.9 24.0:1:6.6 35 11.5:t0.2 

15 1 33.4:1:5.2 38 9.5±0.9 

400 - -- -- 38 5.9±0.3 

600 1 25.7:t15.5 41 5.8±0.3 

Dose dependence of neutron RBE for N. Plumbaginifolia protoplast survival 
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markedly steeper slope for neutron doses below about 8 rad. The dose-dependence 
of RBE from this expenment is shown in the figure. As clearly seen the pomts are 
fairly well lying on a segment of -! slope for doses between about 1t and I 00 rad in 
the log-log plot. However, also in this case this slope cannot simply be explamed by 
the assumption of a decreasing effectiveness of the reference radiatiOn at low 
doses. In additiOn, it IS observed that, as expected, fractwnatwn of gamma-ray 
doses allows a substantial recovery for sufficiently long time Intervals between 
dose fractions. In the case of neutrons, however, the fractionatwn of absorbed 
doses in small fractwns appears to have no inflence on the neutron effectiveness if 
the fractions are of 10 rad, but It produces a substantial increase of effectiveness 
if the fractions are of 5 rad each. These results seem to be consistent with an 
Interpretation suggested by Rossi (RadJat. Env1ronm. Bwphys1cs, 1979) based on the 
possibility of Independence of bwlogical effectiveness of small dose fractiOns. 

IrradiatiOn of ViCia faba roots has also been partially earned out, in 
cooperation with CERN, in order to compare neutron RBE's in a wide range of 
neutron beam qualities. Sensitivity of wheat roots has also been tested for growth 
mibition after 16 MeV neutron and 250 kVp X-ray Irradiation. The results have been 
fully evaluated. 

Very recently a study of the bwlogical effectiveness of various qualities of 
photon radiatiOn has been mitiated. New measurements have been performed 
around the end of 1980 for the weight loss of mouse testes, In a very carefully 
designed and conducted experiment. Results both for 250 kVp X-rays and Co-60 
gamma-rays have already been collected and are presently bemg evaluated. 

MicrodosimetrJc models were applied to the interpretation of cellular 
inactivation for various cell lines and a large variety of radiatiOn qualities /lt/. 
Saturation of the level of biological effect caused by an excess of energy 
concentration m the sensitive region of cells was carefully studied and a 
formulation was suggested which allows a fairly satisfactory prediction of the 
shape of cellular Inactivation curves for high-LET particles. In collaboration with 
the University of Milan energy deposition spectra m microscopic volumes have been 
determmed for proton beams of various energieS and different energy spreads /7/. 
The results for proton energies up to 31 MeV mdicate that distributiOns are 
generally skewed With a high-energy tail and that their shapes are markedly 
dependent on the energy spread of the primary beam. 

Fmally a steady effort has been devoted to problems related to dos1metry of 
ionizmg radiation, mostly concernmg the effects which may mfluence the response 
of IOnization chambers /8/ /10/. In addition a feasabil1ty study for the construction 
of a high pressure IOn chamber has been Initiated, m collaboratiOn with TNO. 
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Contract No.: 208- 76- 7 BIO D 

Head of Research Teams: Prof.Dr.Aibrecht M.Kellerer 

General Subject of Contract: Microdosimetric Studies Relevant to 
Radiation Protection 

The two projects in this contract had distinct topics. Project 1 dealt with 

the radiobiological implications of microdosimetry and with the analysis of 

radiobiological findings in terms of microdosimetry; it has also largely 

been devoted to development and application of statistical methods that 

are required in the derivation of dose-effect and RBE-dose relations for 

late somatic effects induced by different types of ionizing radiations. 

Project 2 was aimed at the computation of microdosimetric data and the 

further development of novel concepts of microdosimetry that permit a more 

realistic application of microdosimetric data to radiobiology. Certain 

aspects of the two projects were closely interlinked. 

Results of Project No. 1 

Head of Project and Scientific Staff: Prof.Dr.A.M.Kellerer,Dr.D.Chmelevsky, 
Dip! .Phys.T.Fekete, Dipi.Math.U.M§der, 
Dr.W.-H.Thomas 

Title of Project: Analysis of Late Effects in Terms of Microdosimetry 

General remarks: 

The main objective of the project has been the analysis of extensive animal 

experiments aimed at the elucidation of radiation carcinogenesis at low 

doses of sparsely or densely ionizing radiations. The work has been per

formed largely in collaborative efforts with the research group of Dr.Shella

barger at Brookhaven National Laboratory and the research group of Dr.LaFuma 

at CEN-Fontenay-aux-Roses. The results of these studies are described under 

§§ 1-3. In the last phase of the project a collaborative effort has also 

been initiated with the research group of Dr.Gossner at GSF; this collabora

tion is still in its initial phase and no results are listed in this survey, 

however, it should be noted that certain results on statistical methodology 

applicable to small samples (see§ 7)have been motivated by the collaboration 

with the group at GSF. 
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Although the project 1 was aimed primarily at the analysis at late effects 

and the risks of carcinogenesis at low doses a broad approach was followed 

and the microdosimetric concepts and mathematical methods were found to be 

applicable to and relevant to the analysis of primary cellular effects. 

Problems of particular interest have been treated in collaboration, primarily, 

with the research team of H.H.Rossi and E.Hall at Columbia University; results 

of this work are described in § 5. 

Problems relating to numerical mathematics and statistics have gained in

creasing importance in the analysis of radiation carcinogenesis. Essential 

results in this field are listed under§§ 6 and 7. 

§ 1 Analysis of the induction of mammary neoplasms in the Sprague-Dawley 
rat by x-rays and by 430 keV neutrons. 

An extensive experiment had been initiated jointly with Dr.Shellabarger 

from Brookhaven National Laboratory before the beginning of this contract 

and analysis of the results has been one of the major efforts in project 1. 

Somewhat less than 1000 Sprague-Dawley rats were exposed to single doses 

of x-rays between 0.3 and 0.9 Gy or to single neutron doses between 1 mGy 

and 60 mGy. The choice of the extraordinarily small neutron doses was 

motivated by the prediction of very high neutron RBE values at low doses 

and by microdosimetric considerations developed earlier with H.H.Rossi. All 

animals were followed throughout their life time, up to approximately 

1000 days. All mammary neoplasms were registered and classified as benign 

(fibroadenomas) or malign (adenocarcinomas). Up to 16 independent neoplasms 

were found in animals exposed to the higher neutron doses. The application 

of competing risks analysis to these data has substantiated and broadened 

earlier indications of sublinear dose-effect relations for neutrons at 

small doses. The application of suitable statistical tests for the non-para

metric comparison of individual groups has led to the conclusion that the 

RBE of neutrons at a dose of lmGy is larger than 100. 

The remarkable result has been obtained that the very small single dose 

of 1 mGy of neutrons accelerates the spontaneous incidence of mammary neoplasms 

in this rat strain by more than 30 days; a dose of 4 mGy of neutrons produces 
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a time shift of about 50 days. The sublinearity, i.e. the dose dependence 

corresponding to higher effects per unit dose at smaller doses, has been 

established at neutron doses low enough that very few cells receive any 

energy deposition at all. This proves that the radiation induced neoplasms 

are due not merely to cellular transformations but that tissue effects 

must govern the dose dependence. 

The high RBE values for neutrons exceed the conventional quality factors 

in radiation protection substantially, and are of obvious importance to risk 

estimation. The sublinearity of the dose-effect relation for neutrons may 

have an even greater potential impact on the entire philosophy of linear 

estimates in radiation protection. 

§ 2 Induation of mammary neopLasms in the ACI rat by neutrons and x-rays 

and the probLem of synergism with DES . 

The extraordinary nature of the results described under § has motivated an 

additional effort aimed at a comparative investigation in a different animal 

strain with almost no spontaneous incidence of mammary neoplasm but with a 

substantial induction of mammary neoplasms by the synthetical hormone DES. 

This hormone has found particular attention because of its wide spread, 

although largely illegal ~se In animals and it Is also considered within 

the framework of possible synergistic effects relevant to risk assessment 

for routine mammography. 

The experiment has been analogous to the experiment described under § 1 

and was also conducted in Brookhaven and analysed in Wurzburg. ACI rats 

have been exposed to neutrons or x-rays and part of the animals were also 

treated by DES. The low incidence in the non-DES treated animals necessitated 

neutron doses in excess of 30 mGy and in this dose range neutron RBE values 

close to 10 were obtained> this is in agreement with the results for Sprague

Dawiey rats. For the DES treated animals RBE values and the shape of the dose 

effect relation have been obtained at small neutron doses down to 10 mGy and 

were substantially in excess of 100. This is higher than the values obtained 

for the Sprague-Dawley rats at the same neutron dose. Furthermore a substantial 

sublinearity of the dose-effect relation for the neutrons has again been 
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established. As in the Sprague-Dawley rats, the results for x-rays are 

consistent with an approximately linear dependence on x-ray dose. 

The observation of even higher RBE values and the reconfirmation of a sub-

1 inear dose effect relation for neutrons in a different system are important, 

and demonstrate that the results described under§ 1 are not restricted to 

one particular strain. In addition the results point to the necessity of a 

more detailed analysis of RBE values for densely ionizing radiation in syner

gistic effects. 

The essential findings are about to be pub! ished; but a further combined 

analysis of this experiment and of the earlier Sprague-Dawley results wil 1 

have to be performed with main emphasis on the comparative dependence of 

tumour rates on age of the animals after irradiation. 

§ 3 Analysis of pulmonar·y neoplasms . 

A considerable effort within the research project has gone Into the analysis 

of large inhalation eAperiments earlier performed by Dr.LaFuma et al. at 

CEN-Fontenay-aux-Roses. The assessment of pulmonary neoplasms in rats is made 

particularly diffic~lt by the fact that these tumours are not correlated with 

mortality and are found only incidentally in sacrificed animals or in animals 

dying for unrelated causes. This condition corresponds to the problem that, 

in statistical theory, is termed the analysis of double censored data. Tests 

and estimation procedures for this type of data are insufficiently developed 

and work along these 1 ines has been a major part of the project (see §§ 6 and 

7). An analysis has first been applied to a particularly important part of 

the extensive data sets, namely to the radon inhalation studies. The results 

are now being submitted for publication. The essential achievement has been 

the estimation of the prevalence for radon induced mal lgn pulmonary neoplasms 

as function of dose and of time after radon inhalation. 

Three models have been tested. The best fit has been obtained with the 

assumption of a dose dependent acceleration factor for the tumour prevalence. 

However, a dose dependent time shift, and the'more commonly considered 
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proportional-hazards model can also be utilized, and it is remarkable that 

mortality corrected integral incidences computed on the basis of the different 

models are in substantial agreement. A risk factor for malign pulmonary neo

plasms in the Sprague-Dawley rat of 2·10-4 per WLH (working level months) of 

radon inhalation is obtained. lt is particularly noteworth~ that even at 

smallest doses where life shortening plays no role the competing risk analysis 

leads to improved results. The reason is the inherent stratifying effect 

that corrects for random fluctuations of life time within experimental groups. 

lt is felt that the methods which have been exemplified in the application 

to the radon results will be equally applicable to other inhalation studies 

or to the assessment of pulmonary neoplasms induced by external irradiations. 

This is important in view of the fact, that extensive experimental data have, 

for a considerable time, remained unutilized, except for a simplified analysis 

in terms of life shortening that is essentially unrelated to the Incidence 

of pulmonary neoplasms. 

§ 4 AnaZysis of Zeukemia and other neopZasms in the survivors of the 
atomic bomb expZosione. 

Extensive methodological work has been done on the evaluation of these data. 

lt has been found that most of the earlier analyses, although highly valuable, 

are in need of a reassessment, particularly with regard to the determination 

of confidence intervals for the dose-effect relations and the RBE-dose re

lation. In view of ungoing far-reaching reevaluatlons of doslmetry (parti

cular the 'Livermore study') it was felt that actual numerical evaluations 

should await the outcome of these dosimetric reassessments. The numerical 

analysis will be the objective of a separate effort In the new research 

period that will be performed as a collaborative task with RERF and with 

Columbia University. 

§ 5 Further deveZopment of microdoeimetric concepts and appZication 
to radiobioZogy· 

The notion of the proximity function has been utilized for a more general 

formulation of the dual-action theory. This treatment Is applicable to 

experiments with short ranged electrons released by ultra-soft x-rays. 
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However, an important application, conducted jointly with Columbia University, 

has dealt with the results of experiments where cells were subjected to pairs 

of correlated deuterons in order to determine the effect as a function of the 

mean separation of the ions. The detailed analysis has been published for the 

cell survival studies; the results for the cytogenetic studies are similar. 

The principal result of the analysis is that the effect is largely due to 

interaction of damage in the cell over short distances up to 0.1 ~m. However, 

it is also shown that independent charged particles interact over much larger 

distances to cause the quadratic component of the dose-effect relation. The 

result is of particular pragmatic interest as it demonstrates that the two 

types of damage, being of different nature, may be subject to different dose 

modifying factors. 

The analysis of the molecular ion beam experiments has been largely based on 

non-1 inear optimization procedures. The same algorithms play an important 

part in the carcinogenesis studies; they have also proved valuable for a non

parametric representation of dose-effect relations, in general. A determination 

of dose-modifying factors that necessitates no assumption of analytical ex

pressions has been applied to numerous experimental investigations in a joint 

investigation with E.Hall, Columbia University. The method can remove the 

often critical problem of the somewhat arbitrary choice of equations in the 

study of dose-effect relations. 

§ 6 Statistical estimation procedures. 

Non-1 inear optimization methods based on maximum 1 ikelihood and on the method 

of steepest descent or on related algorithms have been applied widely in the 

project for the analysis of radiation carcinogenesis. The methods have proved 

essential in estimating the age dependence and the dose dependence of integral 

tumbur rates and of tumour prevalences. They are particularly suitable in 

the comparison of models, such as the proportional hazards model and those 

of time shift or acceleration of tumour rates or prevalences (see§§ 1-3). 

Numerical convergence of the algori-thms can be problematical in the analysis 

of large data sets. Considerable effort has therefore gone into the refinement 

and the thorough testing of the algorithms. They are, by now, a highly im

portant and broadly applicable tool at this laboratory. 



- 113 -

§ 7 Non-parametric tests for the comparison of tumour rates. 

The Hantel-Haenszel test or the equivalent log-rank test and the similar 

tests by Gehan and Breslow are of increasing importance in the analysis of 

radiation carcinogenesis. We have attempted to find corresponding tests 

applicable to double censored data. Certain empirical procedures were found 

that appear to work satisfactorily In a variety of cases. Nevertheless we 

have failed to find a test of general validity. The problem deserves further 

study although tne existence of a solution is not certain. 

We have, however, made substantial progress in developing small sample tests 

applicable to right censored data that are analogous to the log-rank or the 

Breslow test. These tests are valuable for radiation carcinogenesis studies 

with relatively small numbers of animals. The method underlying the small 

sample tests is the computation of exact distributions by successive con

volutions. The power functions of the small sample tests have been Investigated 

for a number of representative cases. The bias of the results due to the 

interdependence of sample sizes in an ungoing experiment has been investigated, 

and it has been found to cause no difficulty in the small sample version of 

the Hantel-Haenszel or log-rank test. For the small sample test analogous 

to the Breslow test the bias can be serious when samples of very different size 

are compared; however, the problem disappears in the usual case of strong

censoring. 

The results are being prepared for publication, and it is felt that they 

will be of importance for those increasingly required carcinogenesis studies 

where multiple factors are tested and multiple small groups of animals 

must therefore be compared. 
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Results of Project No. 2 

Head of Project: and Scientific Staff: Prof.Dr.A.M.Kellerer,Dr.D.Chmelevsky, 
Dlpl.Phys.T.Fekete,Dipl.Math.U.M~der, 
Dlpl.Phys.H.Roos, Dr.R.Si lbermann, 
Dr.W.-H.Thomas, Dr..F.Zilker 

Title of Project: Computation of Microdosimetrlc Distributions for Tissue 
Regions of Diameter 1 to 100 nm 

General remarks: 

The purpose of this project was more narrowly defined than the broader 

objective of project 1. However, the project was not limited to the mere 

computation of mlcrodosimetric data; it was equally dependent on a general 

effort to widen the framework of ~oncepts and quantities utilized in micro

dosimetry and applicable to radiobiology (see§§ 1-3). As an unforeseen 

additional result, close connections between mlcrodosimetry and conventional 

dosimetry have become apparent; this is described under § 4. It is felt that 

the newly recognized interrelations will be fruitful both for dosimetry 

and microdosimetry. § 5 indicates work performed under the project that 

belongs to the field of geometrical probability and that Is relevant both 

to dose calculations and to microdosimetry computations. There are also 

substantial interrelations with problems arising in automatic pattern re

cognition and in texture analysis. 

§ 1 Fu:t>thel' devel-opment of the aoneept of pl'o:r:imity funations. 

The novel concept of the proximity function, i.e. the distance distribution 

between pairs of energy transfers in charged particle tracks, has opened 

various new possibilities in microdosimetry and its application to radio

biology. An application of particular importance to radiobiology generalizes 

the earlier microdoslmetric treatment of the Interaction of sublesions in 

the cell; it has been discussed in§ 5 of the report to project 1. The same 

formalism is applicable to the analysis of other radiation effects, for 

example those on solutions of DNA. In view of such applications the problem 

of diffusion of imparted energy or radiat~on Induced free radicals has been 

studied, and a mathematical formalism has been developed that expresses the 

resulting transformation of the proximity functions. The formalism has been 

utilized for a comparison of computed functions with proximity functions 

observed In cloud chambers; it has also been utilized to evaluate the 

radiobiological implications of energy migration on the nano-meter level. 
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lt has been shown that the proximity functions permit the computation of 

dose-average energy imparted or lineal energy in arbitrary volumes; and 

computation of this type have been performed. 

A particularly straight forward and important application of the proximity 

functions is the assessment of the degree of equivalence between microdoslmetrlc 

spectra obtained with spherical and cylindrical proportional counters. lt 

has been concluded that the more complicated and ·expensive spherical counters 

can be largely replaced by cylindrical counters. The dose averaged mean values 

of the microdosimetric spectra differ by less than 2 % for any type of ra

diations when a detector sphere of equivalent diameter d Is replaced by a 

unit elongation cylinder of height and diameter 0.87 d. The result has obvious 

importance for experimental microdosimetry. 

§ 2 Computation of proximity funetions for eteatrons. 

A systematic evaluation of proximity functions for electrons between 100 eV 

and 10 keV has been performed in a joint project with Drs.Terrissol and Patau, 

Toulouse University. These calculations Include also the determination of 

basic characteristics of the simulated tracks. Furthermore the more conven

tional microdosimetric parameters are computed, and comparisons of the results 

have been performed with data obtained earlier. The work is considered as a 

first step towards the systematic tabulation of proximity functions for various 

radiations. 

§ 3 Proximity funetions for neutrons and related distributions. 

Proximity functions for neutrons have been computed· in the same LET approxi

mation that has been utilized in computations of microdoslmetric spectra by 

Caswell et al. lt has been shown that, for neutrons, the concept of the 

proximity function is subject to restrictions due to saturation effects in 

the biological action of densely ionizing particles. lt has therefore been 

found necessary to deal with a more explicit analysis In terms of distributions 

of energy around energy transfers chosen at random within particle tracks. 



- 116 -

These functions, that can be termed centered distributions, have been 

computed for neutrons and have been compared to the conventional microdosi

metric distributions. 

The results for neutrons will have to be extended by computations that include 

also the fine stru~~re of the tracks. This factor is essential for data 

relating to small distances in the nano-meter region. 

§ 4 Mathematical analogies between microdosimetric computations and dose 

computations with internal emitters. 

Microdosimetric formulae invoke the proximity functions for radiations and 

the analogous proximity functions for receptor volumes. These equations have 

striking similarities to formulae that are important in dose calculations 

with internal emitters. In the dose calculations the concept of the point-pair 

distributions of geometrical objects and the geometric reduction factor have 

earlier been introduced by M.J.Berger and they have attained considerable 

practical importance. it has now been shown in work on this project that 

there are substantial mathematical analogies between the mathematical re

lations in microdosimetry and in dosimetry. The geometric reduction factor 

can be expressed in terms of the proximity function of receptor structures. 

The computations of the proximity functions or the geometrical reduction 

factors are therefore equally relevant to microdosimetry and to dose cal

culations with internal emitters. The problems of geometrical probability 

arising in this context are also closely 1 inked to a field of mathematics 

that has been termed mathematical morphology. These matters have in essential 

points been published, but will require further study. 

§ 5 Proximity functions for general cylinders. 

Proximity functions and the related geometric reduction factors, have been 

computed for cylinders. The solution has similarities to earlier work that 

led to a solution for the so-called chord length distribution for cylinders. 

However, the resulting formulae are substantially simpler than the earlier 

solution for the chord-length distributions. A systematic investigation of 
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the connection between receptor-proximity functions and chord-length 

distributions for different types of randomness has been performed and 

published together with the results for general cylinders. 

The results are of practical importance for dose-calculations and for 

microdosimetric computations for cylindrical detector volumes. As stated 

in§ 1, they are also utilized in the assessment of equivalence between 

microdosimetric spectra obtained with cylindrical and spherical detectors. 
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This project was undertaken to determine the ion dose distribution 
in the vicinity of an interface between two media of different atomic 
number irradiated by a photon or electron beam travelling normal to the 
interface. The local variation of dose is limited to the region of 
electron non-equilibrium which exists on either side of the interface. 
The thickness of the transition region is of the order of the maximum 
range of the secondary electrons. 

In radiological protection for evaluating the effective dose equiva
lent, the mean doses in various tissues or organs are considered by 
using weighting factors. In evaluating the mean doses in various 
tissues of the body the interface effects are not taken into account. 
They may be serious when the atomic numbers are quite different, as in 
the case of bone and cells on bone surfaces. For the blood forming 
cells in the red bone marrow, a weighting factor four times h1gher than 
for the bone itself has to be applied (e.g. ICRU Publ. 26, 1977). 

Measurements of the interface effect are rather delicate. Ionization 
in gaseous layers was used to expand the geometrical dimensions. A 
precision double extrapolation chamber, consisting of two component 
chambers, allowed the gas pressure and the depths of the two component 
chambers to be varied /21· By the compensation of the main portions of 
the currents in both component chambers, the double chamber made it 
possible to measure the changes of the currents in one component cham
ber only. Thus the ionization in thin layers was accurately detectable, 
filling the gap between earlier measurements of the current in vacuum 
chambers and ionization currents in gas filled chambers. Measurements 
at distances between 10 nm and 100 )Jm from the interface have been 
lacking until now. 

At low gas pressure, measurements of the ionization currents are 
disturbed by other currents. A method was developed to evaluate the 
influences of the low-energy non-ionizing secondary electrons liberated 
from the walls. It is based on a model of charge transport within a gas 
which takes into account the effect of back diffusion (the motion of 
chaq~e <-arriers np,ainst the forces of the electric field towards the 
electrode of their origin). With this method it was possible to 
determine the ion dose distribution in the gas close to a tin-air 
interface down to a distance of about 10 nm referred to an air density 

of 1 g/cm3 • The method is suited to the i'nvestigation of interface 
effects for all kinds of radiation (gamma and X rays, electrons and 
perhaps neutrons). 
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Der Dosisverlauf 1m Gas 1n der Nahe von Festkorper-Gas-Grenz-

schichten konnte m1 t H1lfe von Extrapolat1onskammern b1sher nur 

fur Abstande von der Grenzschicht b1s herab zu etwa lOO ~m 

gemessen werden. Darunter l1eBen d1e Unsicherhe1t der Ortsbestlm

mung sow1e storende Elektronenem1ss1onen aus den Wanden ke1ne 

Aussagen mehr uber den Dos 1 sver 1 auf zu. nurch E 1n fuhrung e 1nes 

Kompensat1onsverfahrens fur d1e Kammerstrome und Ubergang zu n1e

dr1gen Gasdrucken konnte der Untersuchungsbere1ch b1s herab zu 

etwa 10 nm Abstand von der Grenzschicht (bezogen auf d1e Gasdlch

te g/cm
3

) erschlossen werden. 

Im Gegensatz zu ubl1chen Extrapolat1onskammern mit zwe1 planpa

rallelen Elektroden wurden h1er drei Elektroden so zusammenge

fugt, daG zwei planparallele Kammern (Doppelkammer) mit gemelnsa

mer Mittelelektrode entstanden; die M1ttelelektrode d1ent als 

MeGelektrode. Durch gee1gnete Wahl der Elektrodenmater1al1en 

tr1tt e1n Ubergangseffekt 1n der Nahe der Grenzschicht nur 1n der 

zuerst durchstrahlten Te1lkammer ~uf, deren Vorderwand aus dem zu 

untersuchenden Mater1al besteht. Die Mittelelektrode und d1e H1n-

terwand der zwe1 ten Kammer bestehen aus e1nem gasaqu1valenten 

Mater1al. D1e durch den Grenzsch1cht-Effekt n1cht bee1nfluGten 

Ion1sationsstrome 1n den Te1lkammern konnen durch Differenzschal-

tung kompens1ert werden. 

Zur Untersuchung der Dos1s 1n der l'renzschlC·htnahen Zone wer

den zwe1 Parameter geandert: das Kammervolumen durch Anderung des 

Elektrodenabstandes und d1e Gasd1chte durch Anderung des Drucks. 

Dazu wurde d1e Apparatur 1n einem evaku1erbaren GefaG aufgebaut, 

1n dem s1ch der Druck zw1schen 0,001 mbar und bar e1nstellen 

l1eB. Be1 ger1ngem Plattenabstand, kle1nem Gasdruck und in Kompen

satlonsschaltung treten sehr kleine Strbme auf, die genau zu 

messen s1nd. Zur Kalibrierung des StrommeGsystems muBte eine 

Referenzstromquelle entwickelt werden /1/. Der MeGaufbau mit der 

Doppelkammer ist 1n der Fig. 1 dargestellt, e1ne ausfUhrliche 

Beschreibung anderweitig veroffentl1cht /2/. Bei vermindertem 

Druck treten in Ionisat1onskammern Stbreffekte durch aus den 

Elektroden stammende Sekundarelektronen auf. Die Energ1e der Elek

tronen reicht nicht aus, urn das Gas zu ion1sieren. Unter Vakuum

bedlngungen laBt sich d1eser Elektronenstrom zwar messen, Jedoch 
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Fig. 1: Schnitt durch die Apparatur. 
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G = GefaB zur Aufnahme der Doppelkammer, Gl = VakuumgefaB , G2 
spirale zur Temperaturstabilisierung und Ausheizung. 

E = Elektroden der Ionisationskammer: 

Heiz-

El = Kohlenstoff-MeBelektrode, umgeben vom Schutzring S, E2 = Zinn-Ein
trittsfenster, E3 = Kohlenstoff-Austrittsfenster, M = Mittelelektroden
halterung, A = AuBenelektrodenhalterung, verschiebbar. 

Verschiebevorrichtung V fUr Kammertiefen. 
VO = Verschiebebank mit FUhrungsschiene Vl und zwei Verschiebewagen V2, 
die auf KugelfUhrungen V3 laufen. Sie werden Uber Motor und Getriebe 
V4, DrehdurchfUhrung V5, Achse V6, Kardankupplung V7, Schneckengetriebe 
V8 und Zugseil V9 bewegt. 

Interferometrische Messung I der Kammertiefen: 
Zwei Laser-Interferometer, j ewei ls bestehend a us Strahl teiler Il und 
Reflexionsprisma 12. Als Lichtquelle dient ein He-Ne-Laser 13, dessen 
in 16 aufgeweiteter Strahl durch e1n Glasfenster 15 auf den Abtastdio
den 14 Interferenzsignale erzeugt, die die Verschiebung und ihre Rich
tung angeben. 

10 Symbol pin mbar 
'V 9.01 
X 18.04 

1 6 

!J 
X 

4 ~M j" eeto. 

eN.._ "' 2 • 

I:J. 27.05 
0 35.82 

* 44.78 
• 94.32 

"' 144.00 
0 194.70 

0 

0 

o~--~----~----~--~----~----~--

0 Q2 Q4 Q6 
Ab stand X----

Fig. 2: Ionendosis Jf in Prozent der ungestorten Ionendosis Ju an 

der Zinn-Luft-Grenzschicht in Abhangigkei t vom Abstand von der Zinn
Elektrode (x = 0). Die Symbole entsprechen unterschiedlichen Versuchsbe
dingungen bezUglich Druck und geometrischer Kammertiefe. 
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wird bei vorhandener GasfUllung ein Tell davon durch Anlagerung 

an diffundierende GasmolekUle gegen die Krafte des elektrischen 

Feldes zu der Elektrode, aus der er hervorgegangen 1st, zurUckbe

fordert (back diffusion). Dieser Ante1l ist druck- und feldstarke

abhangig und wurde ausfuhrlich in e1ner anderen Arbe1t /3/ unter

sucht. Bei der aus drei planparallelen Elektroden bestehenden 

Kammer la13t sich bei gee1gneter 11/ahl der Polar1 taten der be1den 

Teilkammerspannungen eine Einstellung der Kammert1efen f1nden, in 

der sich d1e Storeffekte nahezu aufheben (compensat1on mode). 

Im "compensat1on mode" wurde fUr 
90

sr + 
90

Y-Betastrahlung an 

e1ner Zlnn-Luft-Grenzschicht der Ionisationsstrom in Abhang1gkett 

von der flachenbezogenen Masse der Luft gemessen. D1e 1n Strahl

richtung erste Tellkammer, gebildet durch das Z1nn-E1ntri ttsfen

ster und d1e Kohl ens toff -Mi ttelelektrode, wird im folgenden a ls 

Sn-C-Kammer bezeichnet, wahrend die zweite durch die Mlttelelek

trode und das Kohlenstoff-Austri ttsfenster gebildete Kammer als 

C-C-Kammer beze1chnet wird. Die Ionendosis an der Grenzsch1cht 

kann als die Summe J t (_!otal) der ungestbrten, in der Kammer 

konstanten Ionendos1s J und dem durch d1e Grenzsch1cht zusatz-
u 

lich entstehenden Anteil Jf (folie) aufgefa13t werden. Durch Varia-

tion der Kammertiefe x der C-C-Kammer laflt s1ch be1 konstanter 
c 

Kammertiefe xt der Sn-C-Kammer und be1 konstantem Druck p die 

ungestorte Ionendosis Ju bestimmen. Bel demselben Druck und 

fester Kammertiefe xc lal3t sich dann die auf Ju bezogene Ionendo

SIS Jt der Sn-C-Kammer als Funktion der Kammert1efe xt und damit 

d1rekt die Ionendosisverteilung Jf an der Z1nn-Luft-Grenzsch1cht 

fur 
90

sr + 
90

Y-Betastrahlung ermi tteln ( F1g. 2). V or der Auswer

tung wurde d1e D1vergenz des 13-Strahlenbundels, d1e fur gle1che 

Kammert1efen untersch1edliche Strome in beiden Te1lkammern be

wirkt, durch eine Korrektion berlicksichtigt. 

Da J m1t dem Extrapolationsverfahren sehr genau best1mmt 
u 

werden kann, ruhrt der Hauptante1l der Mel3uns1cherhe1t fur Jf aus 

der Best1mmung von J t her. Eine we1 tere Methode besteht 1n der 

Messung des Ionenstromes bei Variat1on des Drucks des Fullgases 

bei nahezu gle1chen Kammertiefen beider Kammern. Sie l1efert das 

Integral der Ionendosis Uber die flachenbezogene Masse. D1eses 

Verfahren zeichnet sich durch kle1ne Unsicherhe1ten der Me13werte 

aus, besonders be1 niedrigen Gasdrlicken, bei denen die Strbme bei 
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wen1g mehr als 10-15 A liegen. Die Verfahren zur Bestimmung der 

Ionendosisverteilung aus den gemessenen Ionisationsstromen und 

die si eh daraus ergebenden Resul tate fUr eine Sn-C-Grenzschicht 

sind in /4/ veroffentlicht. Das Ergebnis zeigt, daB die Ionisa

tionsmethode geeignet ist, die Energieabsorption in Volumina mi t 

linearen Abmessungen von ea. 20 nm bei einer Dichte von 1 g/cm3 

zu untersuchen. Die Umrechnung der Ionendosis in die eigentlich 

gewUnschte Energiedosis ist z.Z. mcht moglich, da fUr das hier 

vorliegende Spektrum von Elektronen niederer Energie bisher keine 

Werte fUr die mi ttlere Energie zur Erzeugung eines Ionenpaares 

bekannt sind. 

Auch nach dem zei tlichen Auslaufen des Vertrages werden die 

Arbei ten wei tergefUhrt und Grenzschichteffekte fUr andere Strah

lenarten und andere Materialkombinationen untersucht. 
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Introduction. 

Stopping power is a basic physical parameter required for computation 

of the structure of charged particle tracks and of various dosimetric 

quantities such as dose, slowing down spectra, and quantities which may 

represent quality e.g. LET and microdose quantities. Stopping power 

ratios (wall medium to gas filling), required for cavity chamber dosimetry, 

could be influenced by the physical phase and chemical structure of an 

absorber. 

The obJectives of the programme were 

(i) to provide stopping cross-section data for light ions at energies 

near and below the Bragg peak in materials of dosimetric interest, 

(ii) to explore possible differences in the stopping power of a medium 

attributable to (a) its physical state (phase effect) and/or 

(b) the chemical bonding (i.e. resulting in deviations from Bragg 

additivity). Phase and binding effects are expected to be ably 

a few percent and so highly accurate measurements of stopping 

power are mandatory. 

Approach and Results. 

A detailed correlation of all relevant stopping power information 

published prior to 1977 was carried out in a rather powerful way, using 

Lindhard reduced functions, to evaluate existing evidence for a physical 

phase effect and to resolve the conflicting experimental conclusions. ( 2•4) 

Positive evidence was obtained which showed that the stopping powers in 

condensed / 
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condensed media of low atomic number, for H, He and N ions respectively 

were a maximum (near tht Bragg peak) of lo%, 15% and 36% less than in 

the equivalent vapour. The analysis showed also that the spread of published 

data for gases was significantly greater than for solids (thin films) 

demonstrating unequivocally that there were unsuspected systemic errors 

and indicating the•n~ed for more accurate stopping power measurements. 

An effective stopping power ratio (vapour to condensed phase) derived 

for neutrons in tissue-like media decreased from a maximum of 1.08 at 

0.1 MeV to a constant value of 1.03 at energi~s above 5 MeV. (l) ~1e 
magnitude of the phase effect increased with projectile atomic number 

and is greatest in light media. Anomalous results observed in solid 

media are attributed to differences in the degree of atomic order within 

the structure of thin films compared with the bulk medium. 

Bethe theory is found to remain applicable to the condensed phase 

for fast particles if the mean excitation potential I is modified on the 

assumption that inner shell electrons are unaffected by aggregation and 

that a collective excitation energy (e.g. plasmon energy or the maximum 

in the oscillator strength distribution) can be substituted for the 

contribution from the outer eleotrons.(3) 

Two experimental rigs were constructed for measurements of stopping 

power in media of gaseous, liquid and solid phases. The first was an 

indirect method (operational in 1977) in which the measured residual 

particle energy for increasing absorber thickness was fitted by an 

analytical expression and differentiated to yield stopping power. 

Data can be obtained for vapour and liquids in the same apparatus. 

The other method for vapours and solid films yields a direct measure 

of energy loss by particles which are energy selected in a high +esolution 

magnetic analyser (operational in 1980). ( 5) Main problems specifically 

identified and solved were inaccuracies of previous work due to inadequate 

curve-fitting and uncertainty in the role played by multiple elastic 

scattering at low projectile energies. 

Multiple elastic scattering. 

MUltiple elastic scattering becomes of increasing importance with 

decreasing / 
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decreasing particle energy, Detailed information is required in 

dosimetry for track structure calculations; to obtain correction 

factors to energy loss and transmission measurements in thin films 

for stopping power determinations; for separation of electronic 

and nuclear components of stopping power. As no previously 

published information 

greatest interest (a 

to find the multiple 

was available in the energy region of 
Z1Z2/ 

137~ > 1) a new model was developed 

scattering corrections (bEms) to the energy 

loss experienced by heavy charged particles penetrating through 

thin films, This model incorporated the Sigmund-Winterbon theory 

of multiple elastic scattering, (ll,l3) which on detailed analysis, 

was considered to be the most appropriate. 

bEms% was evaluated for various projectile - target - energy 

combinations, namely H, He, Li, C, N and 0 ions at energies in the 

range 0.01 to 2 MeV in H, 0, Al, Ar, Ni, Ag and Au, for circular 

detectors with angles of acceptance ()I) in the range 0, 05 S V S 0, 3 

and for energy losses from 20% to Bo% of the incident particle energy. 

The corrections can amount to a few percent when energy loss in the 

absorber, and/or the detector acceptance an'gles, are large. (l3,l4,l5) 

This work has been successfully extended to cope with compounds. 

Results for water are not much different from, but somewhat smaller 

than, those for oxygen. Calculation of bEms for some hydrocarbon 

compounds is near completion, 

Numerical data is obtained also for the fraction of particles 

(N %) scattered out of the detector acceptance angle. m This parameter 

could have important consequences in transmission measurements and in 

determination of the spatial distribution of radiation damage. N 
m 

has been determined for protons and alpha particles of various incident 

energies, detector acceptance half-angles and target media. In 

general N increases with target atomic number for the same particle 

energy. (l~) 

Cross-section and range measurements, 

Proving experiments were performed by measuring stopping cross

sections for alpha particles (0.2 to 5.5 !1eV) in He, N2, Ar, CH
4 

and 

Air using the indirect method. 

measurement / 

Careful overall assessment of 
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measurement and data analysis procedures was made including comparison 

with other published results and indicated that the absolute 

uncertainty of the techniques employed could be as much as 5% over 

and around the Bragg peak. Ranges are accurate to about ~. 

This work provided additional basic data and established a rigorous 

procedure for accurate use of the indirect method. (7) 

New cross-sections, obtained for the energy loss of alpha 

particles (0.} to 5.5 MeV) in liquid water and vapour, demonstrated 

a clear phase effect of up to 4% increase in stopping for 1.75 MeV 

alpha particles in water vapour. 

towards lower ene~gies. (6) 

The trend continues to increase 

All the major problems of accurate measurement are believed to 

have been overcome and an on-going programme of data accumulation is 

now in progress using both the direct and indirect methods. Measurements 

are being made in a number of hydrocarbons in vapour, liquid and solid 

for.ms. These include single, double and triple bonded straight chain 

compounds. Methods have been developed for the production of thin 

films of accurately known uniformity and thickness. 

During 1980 a study began on the stopping power of electrons at 

energies below 10 keV. Theoretical treatments are self-consistent 

above 200 eV but the published experimental data has serious 

shortcomings being both inconsistent and insufficiently comprehensive 

particularly for organic materials. (lO) An electron accelerator 

has been constructed to provide 20 uA beams of electrons variable 

in energy between 100 eV and 10 keV with an energy resolution of 

about 1%. Energy loss is measured using calorimetry techniques. 

Preliminary measurements now in progress should ultimately yield 

valuable information pertaining to b-rays. 

The programme as a whole has demonstrated successfully the 

existence of phase effects and established the magnitude of these in 

some important instances. New basic cross-section data has been 

obtained for alpha particles. Extension of the work to other media 

and particle types is likely to continue for several more years. 
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Title of project nr. 2: Ionization cross-sections and W values in 

gases for heavy ions (< lOO keV). 

Head of project and scientific staff: S. Hughes, B.~Edmans and D.~.Watt 

This project is aimed at obtaining experimental and theoretical 

integral W(E) and differential w(E) values for the mean energy 

expenditure per ion pair for light ions with energies in the range 

5 - lOO keV in gases of dosimetric interest for application to neutron 

dosimetry. Additionally the work was intended to relate basic 

physical interactions to the production of molecular fragments in 

gaseous molecules for guidance in the development of track structure 

theory and in our understanding of radiation damage mechanisms. 

The relative abundance of positive ion collision products was 

measured for H+ and ~ in CH4 and c2H6• From the trend of the 

individual fragment cross-sections it was concluded that charge 

exchange, both simple and dissociative, was a major process within 

the ion energy range under single collision condi tio'ns. Of the 

ionization processes possible a large proportion of interactions 

result in dissociation oi the target molecule. Production of free 
+ ( -16 2) H ions was unexpectedly large a ,.... !l. x 10 cm • 

For the measurement of W values, a parallel plate detector with 

secondary electron suppression grids was designed, constructed and 

given initial teats. 

Fig. 2.1. 

Details of the construction are outlined in 

Fig.1.1 

'I~ i$.P..P..~.~-~-~ ~ Io• 
.. -..-.,b~e=-=am==--

Suppression Grid 

Insulators 
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Thls detector is 1ntended for measurement of differential W 
values along track segments as well as total W values by collect1on 
of total positive and negative s1gnals generated by colllmated 
beams of ~. ~ 1on in organic gases and tissue equ1valent gases. 
The presence of the two gr1ds enable suppression of secondary 
em1ssion from the collector plates. 

Test measurements, however, indicated faults 1n the assembly 
wh1ch resulted in unacceptably h1gh background signals. This 
detector has s1nce deen re constructed with suitable mod1fications 
and is now ready for use but has not been tested in 1ts modif1ed 
form. A further per1od of t1me will be required for completion 
of the intended measurements. 

In parallel to the above a thorough review has been completed 
of the wide range of theories hav1ng poss1ble relevance to 
produclng cons1stent calculated values of w. 

The objectives of th1s part of the workwere to review the 
ex1st1ng theoretical models for expl1cit calculations of W 
values (e.g. Fowler, Knipp, Gerhart, Garvey & Green) and to 
investigate other methods wh1ch may be more useful for the ener1~ 
reglon and 1on-target consideration of 1nterest to this work. 

The approach adopted has been to calculate 

(i) relevant 1onisation cross sections, and from these 

(il) the number of ion pairs produced, 1nit1ally tak1ng 
account of pr1maries only, Wlth subsequent estimates of 
secondary and tert1ary ionisat1on. 

From these are calculated 

(iii) stopping powers, estimates of 

(iv) W values are produced. 

Comparison of results with experimental data where ava1lable 
will indlcate the usefulness of the methods employed. 

So far results have been obtalned for 1onisat1on cross 
sections for protons in CH4 using modified Gryzinski and Vriens 
and by scaling these for protons in C2H2 , C2Il4-1 • Fig.2.2. 
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Fig. 2.2.. 
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Approximate calculations for He, c, N, 0 have also been 
obtained for CH~ target gas, but are not consldered to be 
reliable, due to the probable effects of projectile ion 
structure, and the shortage of experlmental data for comparison. 

Using the Vriens based cross section for p--CH~ results for 
the total number of ion pairs Vla primary events only, have been 
calculated and seem encouraging. Similar results for Gryzinsk.i 
model are awaited from the university main computer. Estimates 
of secondary and tertiary events have been made using Vriens, 
Gryzinski and Gerjuoy-Vriens indicating by comparlson with 
each other and limited experimental data that they are ln relatively 
close agreement. The Gerjuoy - Vriens method offers some 
computational advantages. 

For stopplng cross sections the methods of Llndhard et al, 
and Flrsov have been used and results comparied Wlth 
experimental data for 

P --'» CH.._ , C2 H2 , C2 H,... , and 

He --7>CH4-, C2H2 , C2 H.._, 

N --'» CH4-

A need for further measurement of stopping powers in the low 
energy region is indicated, although Firsov based calculations 
give encouraging agreement Wlth recent data of Sldenlus and 
lfughes for ~~CH.._ it is felt that Llndhard provides more useful 
methods in general. 

Allowances for alteration in the effective charge of the 
projectiles because of charge exchange lS yet to be lntroduced to 
the final range of these calculations. 

It is intended that the methods identifled as belng of value 
will be used to form a model for estimatlon of W values on a wider 
basis of universal projectlle-target comblnation. 

Relevance The relevance of the work descrlbed above remains that 
of obtaining data of importance to measurements and estimates of 
the effect of heavy ion recoils which occur in neutron lrradiatlon 
of human tissues and it lS intended to pursue these studies further 
beyond the projected terminatlon date. 
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Cross-sections for the inactivation of 
Enzymes by heavy ions (< lOO keV) 

Dr. D.E.Watt, H.M.A. Al-Shaibani, 
A.T. Al-Kazwini and J.W.Cunningham. 

Specification of the quantity and quality of a radiat~on field for 
purposes of radiation protection is intimately linked with models for the 
biological action of radiation. Currently the most successful models are 
the so-called two component (e.g. Katz) and dual-action (e.g. Neary; 
Rossi and Kellerer) models. These have certain features which, apart from 
anomalies in survival curve shapes, may be criticised as all are based on 
energy deposition and take no account of possible different efficiencies 
of action due to the type of phys~cal interaction involved. 

Direct and indirect action are not treated explicitly- which is 
necessary to account properly for the influence of modifying factors 
(e.g. 02, water and rate effects). In addition one might surmise reasonably 
that until we can obtain a model which can satisfactorily account for the 
mechanisms of the action of radiation on enzymes in the dry state and in 
solution i.e. relatively simple systems in biomolecular/biological terms, 
then it is very unlikely that we will be able to derive a model which 
adequately describes the radiation action in the very considerably more 
complex cellular systems. Such thinking inevitably queries the value of 
absorbed dose for the specification of radiation quantity and the use of 
quality factor (and RBE's)"for the specification of quality. The value of 
the energy-based microdose parameters is similarly queried. 

To explore these ideas cross-sections for inactivation of enzymes, in 
the dry state under vacuum, by low energy heavy charged particles (H, He 
and N ions ( 10 keV) were measured. The particle types were selected 
because of their relevance to intermediate energy neutron irradiation of 
tissue and the energy region was chosen because the LET of the particles 
is approximately constant whereas the dominant type of physical interaction 
changes progressively from inelastic to elastic with decreasing energy and 
the total number of collisions of all types associated with a single primary 
target changes rapidly (Fig. 3.1). Also these ions are expected to produce 
widely differing degrees of saturation effects. We wished to know 
(a) whether the inactivation cross-section as a function of incident particle 
energy follows more closely to the trend with LET or to the trend with 
frequency of events and (b) if the efficiency of the radiation action 
depends on the type of basic physical interaction involved 

Experimental Results. 

In principle, the cross-sections for inactivation of ribonuclease 
were / 
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were deduced directly from the measured survival curves. However there 
were severe practical di.fficul ties to be overcome because the range of 
the charged particles at energies < 10 keV is only a few ~/cm2. (A 
100 eV proton barely crosses a single RNase molecule!). Consequently 
true track-segment experiments were impossible at low energy and so we 
elected to perform thick target measurements in which the incident 
particle was stopped in the enzyme layer leaving an indestructible 
fraction. Technical difficulties includedl obtaining a thin uniform 
layer of enzyme which tended to be deposited into crystalline islands 
about 25 IJ8/cm.2 thick i.e. about 50to lOOtimes the nominal thickness; 
determination of the indestructible fraction of enzyme as there was a 
highly skewed distribution of particle penet~tion depths due to straggling 
and channelling, How t~ese problems were overcome is described fully in 
the references ~2, 4, B). 

The experimental surviv~l data were analysed by computer on the basis 
of a least squares fit to the equation 

F - F0 a (1 - Fo) exp(-,.S) (1) 

where ' is the incident particle fluence, F0 is the indestructible fraction, 
F is the surviving fraction and S is the experimental inactivation cross
section. S corresponds to the differential cros~-~ection averaged over the 
mean penetration depth of the incident particle.l2J From the theoretical 
analysis in references (2) and (7) it can be seen that the true differential 
inactivation cross-section can be obtained from the initial slope of the 
survival curve. This was demonstrated more specifically by Si~und and 
Johnson who gave the differential inactivation cross-section a~o) as 

a(o) • I : I· X • {~dB~ J, (2) 

where X is the total thickness of the enzyme layer expressed in mass per 
unit area and Boa ( ~!), = o, is the slope of the survival curve at 
zero fluence.(6) Careful computerised curve-fitting involving statistical 
tests was used to minimise errors associated with the differentiatijl in 
equati~n (2). B0 is related to S, through the relationship Bo • s.X 
where R is the mean penetration depth. 

Knowledge of a(o) enables the detailed spatial distribution of damage 
to be determined whereas knowledge of S enables only the gross damage to 
be calculated. Both quantities are useful. 

In Table~ are presented the most recent experimental results for 
a(o) and S as a function of particle energy for protons, helium and nitrogen 
ions in ribonuclease. These are shown graphically in Fig. 3.2 where it can 
be seen on comparison with Fig. }.1 that the trend of cross-section with 
particle energy strongly favours the frequency of events rather than 
energy deposition as playing the dominant role in the radiation action. 

Other important facts which can be deduced from the data are the mean 
energy (W) expended to inactivate an enzyme mo.leoule, and the threshold 
energy of the incident particle for inactivation by inelastic collisions. 

W/ 

J 
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Fig. 3.2 

Fig. 3. 3 

Cross-section ratios for inactivation of RNase for 

H+ and He+ as a function of particle energy • 

•. 
. 
• 

. .. 
·-· . 

Cross-section ratios for inactivation of enzymes. 

Data for fast particles in various enzymes is 

represented by the diagonal solid line. Data 

for slow H, He and N ions in RNase are represented 

by experimental points. Note the rapid change of 

cross-section for He although the L.o is approximately 

constant near 50 keV/um. 
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W,( • ~(;,) • v) where vis the volume of the molecule and L.o is 
the total stopping power, reflects the efficiency of action of the radiation. 
Reference to Table 3.1 shows that W is not constant as assumed implicitly in 
most descriptions of radiation action and also that inactivation by elastic 
collisions (e.g. protons < l keV) can be up to four times more efficient 
than damage by inelastic (electronic) collisions (e.g. protons > l keV) 
for equal L.o • For protons in this energy region there is no energy 
wastage due to saturation. On the other hand, when compared with 
inactivation data for fast charged particles, it is found that the inelastic 
events in the low energy region are significantly less efficient than the 
inelastic events at higher energies due to the greatly reduced intensity 
of b-rays at energies below the Bragg peak. These conclusions are 
compatible if the radiation action is described in terms of numbers of 
events rather than energy deposition. 

Estimates of the mean threshold energies for inactivation by electronic 
collisions can be obtained by plotting the modified fraction l - exp(-o~) 
of enzyme against primary particle energy for a range of fluences. For 
protons, the threshold is about 3 keV which corresponds to an average 
energy transfer of about 6 eV to a single electron suggesting that rupture 
of a single molecular bo9d is a sufficient criterion for the onset of 
single hit inactivation.~6) 
Theoretical Developments. 

In parallel with the experimental programme, theoretical calculatlons 
of the inactivation cross-sections were pursued. A new model of radiation 
action was evolved as descrlbed in references 1-5 and 9. This model is 
based on the single hit - single target concept involving numbers of 
interactlons and separates direct and indirect effects. It has sufficient 
flexibility to cope with the modifying action of changes in the chemical 
environment (e.g. oxygen, water);~ ~aturation effects and spatlal effects. 
The effect cross-section is givenv9J by 

[ P(Lh .. ) +.[h ..• n .• P(h.)] +LENJ. 
j l,J j l,J J J j 

(3) 

Here P(h) indicates the probabllity of survival for a mean number of hlts 
h. i represents the incident particle and j the secondary particle 
produced in a collision. nj is the number of secondary targets penetrated 
by the secondary and E is the chemical efficiency associated with the total 
number of collisi9n~ Nj• Equation (3) was evaluated using basic physical 
collision theory.\2) Results are seen to be generally conslstent with 
experiment, (Fig. 3.2) bearing in mind the uncertainties in the physical 
theory. The theoretical cross-section ratios (equation 3) are listed in 
Table 3.2. 

From th1s work it is deduced that the physical parameters which may 
best be used to quantify the radiat~on field are the combined fluence ~ 

and the geometric cross-sectional area of the biolog1cal target, og, £ather 
than absorbed dose. For fast ions quality is spec1fied by z*2, ~iz, d 
(the mean chord length through the geometrical target) and Eo (the 
efficiency of chemical action). For slow ions,(t~e ~ality parameters 
are 'tm' (the Lindhard reduced energy parameter 2)), d and E. 

For / 
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For fast ions, equation (2) can be slmpllfled to the form 

___L_ 
a 

g 
(4) 

where A and Bare constants and the quality pac:-ametc>r Q • R
0 

• z*2/~i2· 
R0 is the energy-weighted mean range of the &-rays. Change of E due to 
air or aqueous solution modifies the magnltudes of the constants in 
equatlon (4). Work is continlllng in an attempt to extend the modeL to 
more complex organisms using a phenomenologlcal approach suppo1·ted by 
new experiments. 

Our original intention was to extend these cross-sectlon measurements 
to 100 keY and for other enzymes. The new lOO kY accelerator has been 
commissloned and results from this are expected in l9bl. UthPrwlse all 
orlginal ObJectlves have been attained. Further experiments are pLanned, 
with soft X-rays, for enzymes ln aqueous solutlon. 

The consequences of this work for radlation protectlon could be 
slgnlficant. It demonstrates explicitly the inadequacy of paramet.~rs 
based on absorbed energy for specifying radiation actlon partlcularly 
when the dominant type of physical interactlon involved is other than 
ionization e.g. for lntermediate energy neutrons (< 20 keY), Auger 
electron cascades; at tissue interfaces near ingested alpha emitters. 

Mlcrodosimetry is demonstrated to be lnvalld ln the present context 
(e.g. see He results ln Flg. 3.3). 

Perhaps the most signlficant feature of tr.ls work ls that it pioneers 
the development of a model for the biologlcal action of radiation which 
can circumvent the difficultles experlenced wlth t~e ccrrent models based 
on energy deposition and enable more rellable extrapolation to low doses. 
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0 - INTRODUCTION 

Dans les situations pratiques, une fluence neutronique 

est toujours accompagnee par une fluence photonique. Un systeme 

dosimetrique devra done etre capable de separer quantitativement 

les doses absorbees des deux composantes d'un champ mixte. La mise 

au point d'une methode d'etude dosimetrique de tels faisceaux en

traine des applications importantes tant du point de vue de la 

radiobiologie pour prevoir les variations de l'efficacite biolo

gique relative dans la penombre d'un collimateur par exemple, que 

du point de vue de la radioprotection pour la determination du 

facteur de qualite des rayonnements mixtes. 
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La méthode qui a été étudiée et mise au point est fondée 

sur la mesure des spectres de tailles d'évènement à l'aide d'un 

compteur proportionnel type Rossi, rempli d'un gaz équivalent 

tissu à basse pression et associé à une électronique classique de 

spectrométrie. 

La partie basse des distributions de tailles d'évènement 

mesurées sous irradiation neutronique correspond à la composante 

gamma du champ mixte mesuré. 

Son adaptation à une distribution semblable obtenue dans 

le cas d'un rayonnement photonique pur nousa permis de distinguer 

la contribution due aux électrons de celle due aux particules 

secondaires mises en mouvement par des neutrons. 

Après avoir déterminé les distributions de tailles d'évè

nement pour plusieurs énergies de rayonnement photonique et notamr 

ment pour le 60co et le 24Na et pour différents diamètres simulés 

à l'aide du détecteur de type Let 1/2 de la firme Far West Tech

nology, nous avons mesuré les spectres d'ionisation et déduit 

les courbes de tailles d'évènement pour les configurations d'ir

radiation neutronique suivantes : 

• spectre du réacteur Silène du Centre d'Etudes Nuclé

aires de Valduc 

• neutrons de 14,7 MeV dans l'air, et derrière un colli

mateur ayant des parois intérieures en acier ou en polyéthylène. 

Nous avons pu en déduire à l'aide de la méthode mise en 

oeuvre 

- le rapport H = Dg/Dn des rayonnements mixtes étudiés 

(Dg et Dn représentent respectivement les doses absorbées des 

composantes photonique et neutronique du champ mixte) 

- les valeurs des paramètres microdosimétriques yF, ;D: 
dans le cas du spectre total ou lorsque s.a colnposante gannna est 

soustraite 

- le facteur de qualité effectif du champ mixte mesuré 

à partir du pourcentage d'énergie déposée par les différentes 

catégories de particules secondaires 

-à l'aide de la détermination du rapport H par cette tech

nique, nous avons pu en déduire, de plus, la sensibilité relative 
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neutron-gamma de deux detecteurs que l'on utilise frequemment dans 

la methode dite des chambres associees : le compteur Geiger-Muller 

et la chambre d'ionisation C/C02• 

Associe a une electronique non lineaire et integre dans un 

systeme dosimetrique portable, le compteur proportionnel type Rossi 
~ 

devrait done permettre a la fois la determination de la dose absorbee 

et du facteur de qualite effectif. Tel est l'objet des recherches 

proposees pour la periode 1981-1984. 

1 - PRINCIPE DE LA METHODE 

Une des methodes de discrimination des contributions en dose des 

deux composantes d 1un champ mixte n-y est fondee sur la difference qui 

existe entre le transfert lineique d'energie pour les electrons et celui 

des particules secondaires produites par les neutrons. 

Un instrument sensible a cette difference est le compteur pro

portionnel equivalent-tissu type Rossi. 

En ajustant, comme l'a suggere H.G. Menzel (/1/), la partie la 

plus basse des distributions de tailled'evenement mesurees sous irra

diation neutronique a la distribution de tailles d'evenement obtenue 

pour un rayonnement photonique pur (le 24Na par exemple), il est possi

ble d'obtenir le rapport H = ~par la relation suivante : 
Dn 

Dn An Wn 

(Dg et Dn sont les doses absorbees dues aux contributions photonique et 

neutronique du champ mixte, 

Ag et An sont respectivement les aires des distributions photonique 

ajustee et neutronique ; W et W sont les energies moyennes depensees 
g n 

dans le gaz equivalent-tissu pour chaque paire d'ions creee, lorsque 

les particules secondaires sont issues respectivement d'une irradiation 

gamma ou neutron). 
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2 - SPECTRES DE TAILLES D'EVENEMENT PRODUITS PAR DES RAYONNEMENTS AYANT 

UN FAIBLE TRANSFERT LINEIQUE D'ENERGIE 

Les distributions différentielles f(y) de tailles d'évènement y 

(y est défini comme le quotient de l'énergie déposée € par une parti

cule dans un volume V par la corde moyenne Ï de ce volume : y = :._ 
' • d ' . 1 h~ • 1' 1 sont mesurées à 1 a1 e d un compteur proport1onne sp er1que remp 1 

d'un mélange gazeux équivalent tissu Rossi-Failla à différentes pres7 

sionsselon le diamètre du site (ds) que l'on désire simuler- Son étalon

nage est effectué grâce à une source interne d' 241 Am. Les spectres sont 

enregistrés à 3 ou 4 gains électroniques différents, rassemblés et ajus

tés à l'aide d'un programme de calcul (/2/). 

Appelons 

y;-1e moment du premier ordre de la distribution f(y) 

- -yD le quotient du moment du 2e ordre par yF 

y;= J.m y f(y) dy 

y2 f (y) dy • 
] 

y~ 

Le tableau 1 rassemble les paramètres microdosimétriques impor

tants des différents rayonnements <YÇ, ~) pour le diamètre simulé ds. 

La méthode d' extrapnlation employée est celle présentée dans la réfé

rence /3/. 

Le rapport yF (wall-less)/yF (wall) tabulé dans la dernière colon

ne peut être considéré comme une représentation de l'effet dû à la paroi 

(/3/) : nous constatons une légère augmentation de cet effet lorsque 

l'énergie Ey du rayonnement gamma décroît, moins importante que ne l'in

dique la référence /3/. 

Nous avons reporté la variation des paramètres yF et Yn en fonc

tion de Ey sur la figure 1 : nous observons la transition continue de 

l'effet photoélectrique à l'effet compton comme processus prédominant 

de production des électrons dans la région 50-150 keV. 
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ds -
YF 

()Jm) (keV)Jm-1) 

1 0.28 

2 0.25 

3 0.26 

1 0.325 

2 0.30 

3 0.27 

1 0.43 

1 1.04 

1 1.51 

1 1.37 

1 2.92 

rr2 Yo 
-=--1 
YF2 YF 

-
Yo 

(keV)Jm-1) 

1.78 

1.42 

1.26 

1.915 

1 59 

1.30 

2 22 

3 34 

4.34 

4.17 

5.23 5 

Tableau 1 

.. "" a-2 Yf<WLJ 

Yf2 VF<Wl 

5.36 0 90 

4 68 0.89 

3.85 0 86 

4.89 0.86 

4.30 0 86 

3.81 0 94 

4.16 0.86 

2.21 0.85 

1 87 0.81 

2.04 0.83 

0.79 0.79 

,. ,. Ces valeurs ont ete t~rees de la 
reference /4/. 

Tableau 1 - Parametres microdosimetriques pour differents spectres 
photoniques 

Ln(yF) Ln<yo > t 

1.0 

0.0 

( Yo sont exprimes en keV J.lm-1) 
YF 

.. Nos mesures ( 1 J.lm ) 

-1.0 Mesures de DVORAK avec un 
0 

compteur sans parois (Reference 4 ) 

(0.96J.Im)/ . 

-1,6 L____L__L_l_LLl...LU..___...L...L.L_--L...L_L...l....L~· _....IJ.•__j,__._~·LLLl~--.IL...........L_l 
1 2 10 20 50 102 200 500 103 2000 

EJf(keV) 

1.5 

1.0 

0.5 

Figure 1 - \ t1 t' 1 o t lL r ::: Je YF et y 0 en fonction de EY pour d
5 

= 1 pm 
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Neutrons 14,7 MeV 
Let 1;2 ( ds =2J..lm) 

YF(keV/J..lm) YoCkeVIJ..lm) 

( 1) 1 (2) (1) 1.(2) 

2,9 97,5 

YF,n(keV/J..lm) Yo,n(keV!J..lm) 

(1) 1 (2) ( 1) 1 (2) 

13.3 104,4 
1--· 

1 

Position 1 3,0 3,7 96.0 97.8 12,5 13.0 103.0 102.7 

Position 2 3,1 3,9 99.0 96,0 12,4 12.8 105.3 100,4 

Position 3 1.8 2.3 85,8 81,3 14.6 16.4 97.2 89,7 

Position 4 1.3 1.6 71.8 63.2 18.9 23.7 87.0 73.9 

Position 5 0.9 1,4 45,5 55,0 29,5 25,3 62.7 65,7 

( 1) Collimqteur polyéthylène 

{ 2) Collimateur acier 

Tableau 2- Paramètres r.licrodosim·tt·iques [JOUr En= 14,7 f~eV et d5== 2~m 

Fig: 2 

Figure 2 

\ 
5 \ 
~. \ 

1 \ 

1 5,.__ ~ 2 

____ 1._~ ~~~:.2_ 
1
1 ~~ ~ ~distance 
. :: : :latérale 

)'\ , ' cm Ill 
0 7,3 8,6 10,6 15 r 

Schéma du collimateur 

- Schéma du collimateur utilisé pour les irradiations neu
troniques (En = 14,7 MeV) 
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3 - DISTRIBUTIONS DES TAILLES D'EVENEMENT DANS LE CAS D'TmE IRRADIATION 

NEUTRONIQUE 

Nous avons irradie le meme dispositif experimental pour un dia

metre simule de 2 ~m par des neutrons de 14,7 MeV, sur l'axe du fais

ceau et dans la penombre d'un collimateur (figure 2). 

Pour un meme collimateur, comme d'autres auteurs l'on deja mention

ne (/5/),nous avons pu constater, lorsque l'on s'ecarte de l'axe du fais-

ceau 

un accroissement des evenements d'energie lineique inferieure 
-1 

keV.)llll 

une diminution de la contribution des evenements dus aux pro

tons de grande energie 

une diminution de la contribution due aux particules a et aux 

ions lourds 

. une augmentation de la contribution due aux neutrons d'energie 

degradee, dans la region 30-150 keV.~m- 1 

Pour une meme position laterale et pour des parois interieures 

du collimateur de nature differente, la contribution gamma est plus 

importante dans le cas du polyethylene, le pourcentage des evenements 

dus aux protons de faible energie est plus grand dans le cas de l'acier. 

Dans le tableau 2, nous avons rassemble les valeurs des parametres 

yF, yD, en fonction du deplacement lateral du detecteur par rapport a 

l'axe du faisceau. 

<Y; et~ sent relatifs au faisceau total, yFn et YDn se rapportent au 

spectre composante gamma soustraite). 

Le facteur de qualite effectif de ces differents champs mixtes a 

ete determine de deux manieres differentes : -- par differentiation des spectres mesures (QF) 

- en ponderant lea contributions relatives en dose de trois types 

de particules secondaires (elec~s, protons, ions lourds) par le fac

teur de qualite correspondant (QFc). 
Nous observons une benne concordance entre ces deux methodes sur le 

tableau 3: la valeur du facteur de qualite au centre du faisceau (7,6) 

est en ben accord avec d'autres auteurs (/5/). 
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Tableau 3 -------·- -- -
- (1) (1) -(2) ---(2) 

Faisceau oF or~ oF or:: 
1------ -- --· ---=-

free air (au centre) /7.51// 

Position 1 7,53 7,56 

Position 2 / 7, 58 

Position 3 7, 31 7,16 
1-

Position 4 7,05 6,92 

Position 5 6,17 6,21 

(1) Collimateur Polyéthylène 
(2) Collimateur Acier 

----- -- --

7,76 7,72 

7,66 7,53 

7,80 7,84 
~-

8,03 8,11 
---

8,03 7.97 

o;.: facteur de qualité déterminé à l'aide 
de la table N CR P 

OF =Dg+ (0,8+0,16 LD-) EE_+ 20x~~ 
c Dt p Dt Dt 

Neutrons:14,7 MeV 
Utilisation du compteur Let Y2 
ds = 2fl"m 

Tablea~ 3 - Facteur de Qualité en divers points de la pénombre du 
collimateur 

8.6 

8 

0 

Neutrons 14.7 MeV 
Collimateur acier 

ds (J.lm) 

1 

2 

3 

3.5 

QFC 

8.2 

7.72 

7.50 

7.43 

l 
--------t---i--t--

Figure 3 - Variation de QFC en fonction de d5 pour En 14,7 MeV. 



151 -

Comme on peut le voir sur la figure 3, QFc diminue legerement 

lorsque d augmente, en liaison avec la variation de la quantite L---Dp 
- s (L~, est la moyenne en dose du transfert lineique d'energie pour les 

protons seuls) qui intervient dans !'expression du tableau 3. 

La determination du rapport Ha l'aide du compteur de Rossi permet 

conjointement avec la technique des chambres associees de determiner la 

sensibilite ku de detecteurs peu sensibles aux neutrons. Pour En=I4,7MeV, 

nous avons obtenu pour la chambre C/C02 Ku = 0,26 et pour le compteur 

Geiger-Muller (type Philips 18509) K 1.3.10-2 
u 

4 - CONCLUSIONS 

La methode microdosimetrique s'est revelee bien adaptee a l'etude de 

de la variation de la qualite d'un rayonnement mixte dans la penombre 

d'un collimateur, grace a !'utilisation d'un detecteur de petite taille 

d'une part, par les informations qu'elle permet d'obtenir d'autre part. 

L'interpretation et l'analyse des distributions de tailles d'eve

nement nous ont permis de tirer des conclusions relatives a la composi

tion des differents rayonnements mixtes etudies, en particulier la dis

crimination dose gamma-dose neutron a pu etre effectuee. 

Utilise comme dosimetre absolu, le compteur proportionnel type 

Rossi permet de plus, a l'aide de la connaissance de la contribution 

relative gamma dans un champ mixte n-y, de determiner le facteur de 

qualite effectif, tout en evitant la methode mathematique complexe de 

derivation des distributions de taille d'evenement. Ce renseignement, 

necessaire pour le calcul de !'equivalent de dose, est d'importance pour 

la radioprotection. 
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Collection and evaluation of neutron dosimetry 
data ( CENDOS) 

The results of two international neutron dosimetry intercomparisons, 

notably the International Neutron Dosimetry Intercomparison (INDI) and the 

Europeap Neutron Dos~metry Intercomparison Project (ENDIP) , indicated consi

derable differences in the neutron and gamma-ray kerma and absorbed dose 

values measured by the various groups. Detailed analysis of the calculations 

performed by the different participants showed a divergency in basic values 

characterizing the detector response such as the neutron sensitivity of pho

ton dosimeters, the energy required to produce an ion pair in a gaseous 

detector and the ratio of kerma values in the dosimeter material and in soft 

tissue. 

General agreement on a un~que set of parameters will be one of the 

essential requirements to assure consistency within neutron dosimetry results 

obtained at different institutes. At the initiative of the Commission of the 

European Communities a committee had been set up which would be involved with 

the collection and evaluation of neutron dosimetry data (CENDOS) • The speci

fic task of this committee was to review the current status of the field, to 

compare new results and to encourage and direct new experiments. The scope 

of these activities was to provide essential information for radiation pro

tection dosimetry and associated radiobiological studies aimed at risk esti-

mates. 

During the past contract period the activities of the CENDOS committee 

have been concentrated on the following coordinated actions: 

a. The evaluation of the results of ENDIP was completed. A report of this 

project has been published (EUR 6004). 

b. The experimental results of the three groups participating in the small 

scale CENDOS intercomparison (notably Fontenay-aux-Roses, Neuherberg and 

Rijswijk) have been analyzed. The 1977 results for the responses of the ion 

chambers show a much better agreement that those in 1975. However, none of 
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the three groups are aware of fWldamental changes in experimental techniques 

applied; consequently, the consistency of the measurement procedures over 

the two-year period could be questioned. The result of this CENDOS project 

once again emphasized the need for uniform procedures and techniques for 

measuring chamber response. In addition to the introduction of a secondary 
~ 

standard or transfer dosimeter, agreement should be reached on the procedures 

to convert instrument responses into absorbed dose values. The report of this 

project has been published (EUR 6567). 

c. A number of tissue equivalent ionization chambers have been tested and 

the characteristics of these devices were reported during a workshop on 

"Ion chambers for neutron dosimetry" organized at the Radiobiological Insti

tute TNO, Rijswijk from September 17-19, 1979. During this workshop the 

current knowledge on kerma, stopping power, w values and k
0

, the relative 

neutron sensitivity of photon dosimeters, has been summarized. Conclusions 

were reached on the adoption of a common set of basic physical parameters 

and on the characteristics of neutron dosimetry systems to be used for onr 

site dosimetry intercomparisons. The separate contributions have been pu

blished in a monograph (EUR 6782). 

d. In a cooperative study of AVL (Amsterdam), NPL (Teddington), TNO (Rijswijk) 

and PTB (Braunschweig) the responses of Geiger-Muller counters of different 

types and with different shields have been determined in the standard d+T 
-2 neutron fields at NPL (photon component D<f'DN = 1.17.10 ) and at PTB 

(DG/DN = 0.55.10-2). The k
0

-values derived from the intercomparison are given 

in the table. It can be concluded that k
0 

increases with neutron energy and 

that especially for the higher energies k
0 

depends on shield design and 

probably on counter type. For neutron energies up to 5.5 MeV, k0 of the ZP 

1100 varies between 0.5 and 1.0 per cent. For d+T neutrons in the energy 

range between 14.1 and 15.5 MeV k
0 

values of 1.6 and 2.6 per cent appear to 

be most realistic for the 18529 counter with Pb/Sn shield and the ZP 1100 

Geiger-Muller counters, respectively. 

A considerable amount of information has been collected on W values 

for tissue equivalent gases which could be compiled in a future report. 

Support has been given to small projects concerning the use of lyolumines

cence for neutron dosimetry, the development and testing of a tissue equi

valent calorimeter, the calculation of dose equivalent and connected average 

quality factors in different organs and analysis of dose-effect relationships 

for carcinogenesis. 
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TABLE. 

Results of cooperative CENDOS study (AVL, NPL, PTB and TNO) on relative 

neutron sensitivity, ku, of GM counters with different shield design at 

different neutron energies. 

neutron energy type of 

(MeVl counter 

2.5 ZP 1100 

5.0 ZP 1100 

5.5 ZP 1100 

14.7 ZP 1100 

15.5 ZP 1100 

14.1 18529 

(collimatedl 

14.7 18529 

15.5 18529 

15.5 18529 

A 

c 

composition and dimension 

2nun 

ibid 

ibid 

ibid 

ibid 

1.05 

lead 

ibid 

ibid 

1 nun 

of shield 

tin (perforated} 

nun tin + 0.55 nun 

(perforated) 

tin 

B 

D 
~~ 
1/ \.' 

(f ~ \\ 
I( ) 1

1 

\I ( // 

~(( 
1 1 ~1 

ku 

0.49 + 0.05 (PTB) 

0.96 + 0.08 (PTB) 

0.57 + 0.06 (NPL) 

2:3 + 0.20 (NPL) 

2.84 (PTB) 

1.72 + 0.25 (AVL) 

1.33 + 0.20 (NPL) 

1. 71 (PTB) 

1.48 (PTB) 

Design sketches and X-ray photographs of the four tested tissue equivalent 

ionization chambers manufactured by A: Centre d'Etudes Nucleaires, Fontenay

aux-Roses, CENF, France, B: Exradin, Warrenville, U.S.A., C: Far West Tech-

nology, Goleta, U.S.A. and D: Radiobiological Institute TNO, Rijswijk, The 

Netherlands 
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Contractor International Commission on Radiation Units and Measurements 

Contract No. 181-76-1 BlO C 

Head of the research team Harold 0. Wyckoff 

General subject of the contract : Production of recommendations on quantities 

units, measurements and physical data for clinical radiology, radiobiology, 

and radiation protection 

Title of the project Quantities, Units and Measurement Techniques for 

Ionizing Radiation 

Head of Project and Scientific Staff : Harold 0. Wyckoff 

Pursuant to the contract, the International Commission on Radiation Units 

and Measurements (ICRU) has continued the development of internationally 

acceptable recommendations regarding 

1) Quantities and units of radiation and radioactivity, 

2) Procedures suitable for th~ measurement and application of these 

quantities in clinical radiology and radiobiology, 

3) Physical data needed in the application of these procedures, the use 

of which tends to assure uniformity in reporting. 

The Commission has also considered these aspects of the field of radiation pro

tection. In this connection, its work has been carried out in close cooperation 

with the International Commission on Radiological Protection (ICRP). 

The ICRU has continued its efforts to collect and evaluate the latest data and 

information pertinent to the problems of radiation measurement and dosimetry and 

to recommend the most acceptable values for current use. 

The Commission's recommendations have been kept under continual review in order 

to keep abreast of the rapidly expanding uses of radiation. 

Published 

ICRU Report 
No. 

24 

25 

Title and Year of Publication 

Determination of Absorbed Dose in a Patient 

Irradiated by Beams of X or Gamma Rays in 

Radiotherapy Procedures (1976) 

Conceptual Basis for the Determination of 

Dose Equivalent (1976) 
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Published 

ICRU Report 
No. Title and Year of Publication 

26 

27 

28 

29 

30 

31 

32 

Neutron Dosimetry for Biology and Medicine 

(1977) 

An International Neutron Dosimetry Inter

comparison (1978) 

Basic Aspects of High Energy Particle 

Interactions and Radiation Dosimetry (1978) 

Dose Specification for Reporting External Beam 

Therapy with Photons and Electrons (1978) 

Quantitative Concepts and Dosimetry in 

Radiobiology (1979) 

Average Energy Required to Produce an Ion Pair 

(1979) 

Methods of Assessment of Absorbed Dose in 

Clinical Use of Radionuclides (1979) 

33 Radiation Quantities and Units (1980) 

Nearing Completion 

Reports on the following topics; 

(1) radiation dosimetry : electron beams with energies 

between 1 and 50 MeV 

(2) dosimetry of pulsed radiation 

(3) computer uses in radiotherapy 

(4) microdosimetry 

(5) stopping power 

Initiated During Contract Period 

Work on reports treating the following topics was initiated during the 

contract period and is now underway: 

(1) measurement of low~level radioactivity in humans 

(2) definitions and terminology for computed tomography 

(3) C). and CE 

(4) determination of absorbed dose distribution around a source 

used for interstitial therapy 

(5) practical determination of dose equivalent index 

(6) clinical dosimetry for neutrons 



(7) 

(8) 
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modulation transfer function for screen-film systems 

absolute and relative dosimetry at high doses 

(9) chemical dosimetry 

(10) quality assurance of diagnostic radiology equipment 

(11) quality assurance of external beam therapy equipment 

(12) specification and quality assurance of scintillation cameras 

(13) quantities for use in radiation protection 

Detailed Report 

Objectives: During the contract period the ICRU sought to (1) formulate 

recommendations on various previously identified topics in radiation measure

ment and (2) identify additional areas where the development of ICRU recommen

dations would constitute an important scientific contribution and begin the 

formulation of recommendations on these topics. 

Results: At the start of the contract period the ICRU was engaged in the 

development of recommendations on many topics. The status of these efforts is 

indicated below: 

(1) an international neutron dosimetry 

inter comparison 

(2) assessment of absorbed dose in 

clinical use of radionuclides 

(3) basic aspects of high energy particle 

interactions and radiation dosimetry 

(4) average energy required to produce an 

ion pair 

(5) dose specification for reporting 

(6) dosimetry of pulsed radiation 

(7) fundamental quantities and units 

(8) photographic dosimetry in external 

beam therapy 

(9) radiobiological dosimetry 

(10) scanning 

(11) visual determination of resolution 

in screen film system 

(12) computer uses in radiotherapy 

(13) microdosimetry 

(14) stopping power 

Status 

Published as ICRU Report 27 

Published as ICRU Report 32 

Published as ICRU Report 28 

Published as ICRU Report 31 

Published as ICRU Report 29 

Draft before ICRU for review 

Published as ICRU Report 33 

Work underway 

Published as ICRU Report 30 

Work terminated 

Work underway 

Drafting work nearing completion 

Draft before ICRU for review 

Drafting work nearing completion 
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The ICRU continually s.eeks, to identify areas. in which the revision of 

previous recommendations or the formulation of new recommendations would 

constitute a significant contribution. During the contract period, this 

process resulted in the initiation of new activities concerned with the 

development of recommendations on the following topics: 

(1) radiation dosimetry : electron beams with energies between 

1 and 50 MeV 

(2) measurement of low-.level radioactivity in humans 

(3) definitions and terminology for computed termography 

(4) c). and CE 

(5) determination of absorbed dose distribution around a source 

used for interstitial therapy 

(6) practical determination of dose equivalent index 

(7) clinical dosimetry for neutrons 

(8) modulation transfer function for screen film systems 

{9) absolute and relative dosimetry at high doses 

(10) chemical dosimetry 

(11) quality assurance of diagnostic radiology equipment 

(12) quality assurance of external beam therapy equipment 

(13) specification and quality assurance of scintillation cameras 

(14) quantities for use in radiation protection 

These efforts are in various stages of completion with some nearing 

completion, some in what might be term a umidway" stage, and others just beginning. 

S;i.gn;l.fical)c~ 

An accepted set of quantities and units for ionizing radiation is a 

requirement for effective communication between individuals concerned with radia

tion matters. Similarly, information on the various radiation measurement 

techniques which are appropriate for different purposes can be of immense value 

to all of those involved in programs that require assessment of irradiation. 

Evidence of the value of ICRU publications is given by the fact that 

approximately 28,000 copies of ICRU reports have been distributed to users 

during the period of the contract. 
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Contraente della Commissione: 

COMITATO NAZIONALE PER L'ENERGIA NUCLEARE 

N. del Contratto: 103-76-1 PST I 

Capo del Gruppo di ricerca: 

G. Busuoli 

Tema generale del contratto: 

Studies on New Detectors Useful for Dosimetry 

Tito1o del progetto 

Neutron Dosimetry by Etching Track Hethods 

Capo progetto e collaboratori scientifici: 

A.Cavallini, L.Lembo, O.Civolani 

The aim of this research project has been to study the use of the 
etching track detectors for personal neutron dosimetry along two 
different techniques: detection of albedo neutrons and detection of 
recoils produced by neutrons. Systems based on fission converters 
have not been considered due to radiation protection consideration. 

Plastic detectors have been used for the albedo technique coupled 
with an (n, ~) converter in order to measure the thermal neutrons 
reflected by the human body. 

The dosimeter, schematically shown in Fig. l,consists of cellulose 
nitrate and a converter of natural LiF evaporated on an alluminum base. 
Later on the system has been improved using commercial cellulose nitrate 
coated with lithium tetraborate (Kodak Film CA-80 15 Type B). This 
albedo dosimeter has a dose equivalent threshold of approximately SO 
and 150 mrem for neutron energies of 0.2 and 5.0 MeV rispectively. 

However the dosimeter presents a large energy dependence which, 
even being better than the one of nuclear emulsions, is a strong lim
itation for a practical use in personal neutron dosimetry. 

The second technique, based on measurements of recoils, has used as 
etching detectors polycarbonates such as Makrofol E 300 urn thick. These 
plastics have presented drawbacks due to the presence o~ a large amount 
of background tracks as a consequence of both structure damages during 
the preparation of the polycarbonate and environmental radiation. The
refore it was attempted to reduce this background through either parti
cular thermal treatment or chemical pre-etching performed before the 
irradiations. 

The experimental results have however shown that both techniques pro
duce a large background reduction, but are of no practical application. 
In fact the effects of the thermal treatment are not reproducible and 
the chemical pre-etching (solution of c2H20H plus Na OH) strongly reduces 
the sensibility of the plastic. During tfie same period two different 
devices for the electrochemical etching of the ~akrofol polycarbonate 
have been set up (Fig. 2 and 3); in this case too the results have been 
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largely influenced by the background tracks still present. 
Later on a new polymer 1.5 mm thick, commercially named Polygard 

CR-39 manufactured by Polytech (USA), has been investigated. This 
plastic is provided with both sides coated by a thin plastic film, 
sufficient to eliminate the tracks due to the background radiation. 

The CR-39 dosimeter uses as converter a sheet of poliethylene 
and has been investigated using a chemical etching in a solution 
of Na0H-6N at a temperature of 70°C. The energy dependence of the 
dos1meter, shown in Fig.4, is within a factor of 3 in the range 0.2 
MeV to 14 MeV and can be considered small enough for the practical 
use of the dosimeter. 

Using the above chemical etching the background tracks are (170 + 
30) cm-2; this brings to a dose equ1valent threshold, taken as three 
times the standard deviation of the background, of the order of lO 
mrem for Cf-252 neutrons. 

The above results show that the CR-39 dosimeter is usable in 
practice for personal neutron dosimetry and an experimental program 
has already been planned in order to check its reliability on a rou
tine basis 1n comparison with nuclear emulsion dosimeters. 

However it is essential to continue the research work both for 
a better characterization of the technique and for studying the 
electrochemical etching on thinner CR-39 detectors. 

Incident 

Radiation 

1 
~ , Al 

..::::: 7 Lif 

~ ;p Cellulose nitrate 

~ <? Cd 
I 

L. ? Cellulose nitrate 

< 7 
LiF 

~ 7 Al 

Phantom 

Fig. 1 Albedo dosimeter with etching track detectors 
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Fi g . 2 Prototype of e l ec t rochemical e t ching device 

Fig. 3 Improved pr oto type of electrochemical etching device 

I~ 

'e 

~ 

Fig. 4 

)t 10" 

1.5 

0.5 

0:2 14 

Energy dependence of CR-39 dosimeter, chemically 
etched. 
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Gesellschaft fOr Strahlen- und 

Umweltforschung mbH HOnchen, 

lnstitut fOr Strahlenschutz 

106-76-1-PSTD 

Dr. G. Burger, Prof. Dr. W. Jacobi 

Neutronendosimetrie im Strahlenschutz 

The contractors research group "Radiation Physics and Neutron Dosimetry" 

in the GSF Institute for Radiation Protection is predominantly engaged 

in radiation protection research. 

The long term programme of the Laboratory for Neutron Measurement and 

Technology in the group covers three main topics: 

- the development and application of installations, instrumentation and 

methods to provide standard neutron fields and detectors for perform

ing calibrations, reference measurements and intercomparison studies. 

-the development and improvement of applied techniques for neutron dosi

metry and spectrometry. 

- the performance of radiation transport calculations. 

All these activities were items of the proposal and hence supported 

to different extents by the contract. With respect to the new inter

national dosimetric concepts,that have been introduced,the laboratory 

concentrated mainly, in the past two years, on the third project. 

Several numerical methods were applied to calculate the organ doses 

in inhomogeneous phantoms as well as the index quantities for the 

I CRU-sphere. 

Aside from this, emphasis was given to calibration and intercomparison 

studies and,finally,to the further development of personnel dosimeter 

systems. The working place analysis of occupational neutron exposed 

people could however not be done to the desired extent. 

The contract covered a 12 man-month support per year, about 50 % of 
which was spent for the intercomparison studies and 50 % for the radi

ation transport calculations. 
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1. Calibration facilities, reference fields 

and intercomparison studies. 

During the contract period the neutron calibration facilities of 

the GSF were completed and used for the postal neutron personnel 

dosemeter intercomparison project ENHIP (~uropean ~eutron ~onitor

ring lntercomparison !roject),being held in 1976 and 1977. Hore than 

500 dosemeters from 15 different institutions were exposed and 

the data were analysed in correspondence with a detailed enquiry 

on the systems used and the data evaluation applied. The results 

show clearly the expected shortcomings of the different dosemeter 

types and were by no means satisfying. They indicate clearly that 

such intercomparisons should be repeated more frequently,offering 

not only monoenergetic "calibration radiation" but rather realistic 

stray and leakage fields, and laying emphasis on exposures below 

100 mrem rather than above this value /1, 2, 3/. 

·In addItion a sma 11 i nternat i ona I i ntercompari son of. track etch 

detectors for neutron fluence measurements was organized at the 

end of 1976/'4/. The group participated also in the CEC-sponsored 

neutron monitoring workshop at the PTB-Braunschweig. The instru

mentation used was especially selected with respect to the inter

comparison of reference instrumentation responses. The laboratory 

participated further in an intercomparison of nuclear accidental 

dosimetry in Oak Ridge, Tennessee, mainly to improve its knowledge 

about the albedo dosimeter. The existing monoenergetic reference 

fields at the 3 HeV-Van-De-Graaff-accelerator were complemented by 

leakage fields from a Cf-252 source /5/ being positioned inside 

spherical water tanks of various sizes. 

2. Neutron dosemeter development and application. 

The GSF-albedo type dosemeter /6, 71 was further checked and used 

for the analysis of fields inside reactors. For three reactors, one 

swimming pool research type and two power stations, various personnel 

and areal detectors were used in extended field studies. The result 

showed clearly the shortcomings of the NTA-film and the neces-

sity of calibration of the Albedo-system at the monitored working 

places ;e, 9/. The new track etch detector CR-39 was thoroughly in

vestigated with respect to angular and energy dependence of its 
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response as a function of etching and pre-etching parameters. Con

ventional as well as electrochemical etching was applied. The in

vestigations will result in a combined new track etch plus albedo 

type personnel monitor /10/. 

3. Radiation transport calculations 

Much effort was put into the further development and application of 

codes for the simulation of radiation transport within materials. 

The following codes were implemented, tested and the cross section 

libraries updated: 

- The SN codes ANISN (mainly for the generation of group cross sec

tions) and DOT version 11 and I I 1-B for application in two dimen

sional geometries. 

-The Monte-Carlo-Code SAM-CE for the application in three dimensio

nal geometries as with anthropomorphic phantoms. 

- The CHORD-program for the approximate determination of organ doses 

in anthropomorphic phantoms. 

Both the CHORD-method and the Monte-Carlo-Code were applied with the 

MIRD-phantom and organ doses were determined. The cross sections for 

the MC-code for the 50 organs with 21 different element compositions 

were determined from ENDF-B IV. The primary results were mean spec

tral neutron fluences in the organs. They can be converted into KERMA 

as well as dose equivalent by means of prepared conversion functions 

based upon known kerma tables, recoil particle distributions and 

QF(L)-relationships /11, 12, 13, 14, 15/. 

Both the DOT and the SAM-CE code were applied to the homogeneous 

30-cm-ICRU-sphere. The axial depth dose distributions and hence the 

Index quantities agree well with each other and with the results of 

Chen and Chilton /16/. A superposition program was developed, gener

ating the isodose distributions for widening space angles and de

termining the so called anisotropy factors for the nonadditive index 

quantities. 
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Contractant de la Commission Association pour le Developpement de la 
Physique Atomique 

N• du contrat : 102 76 1 PST F 

118, route de Narbonne 
31062 TOULOUSE CEDEX 

Centre de Physique Atomique 
Universite Paul Sabatier 

Chef du groupe de recherche : Monsieur le Professeur D. BLANC 

Theme general du contrat : Realisation et etude de chambres d'ionisation 
constituees de dielectriques solides, destinees a la detection des rayon
nements e1ectromagnetiques et neutroniques. 

Realisation and study about dielectric solids ionization chambers for X 
rays and neutrons detection. 

Description generale. 

Nous avons etudie les caracteristiques electriques de differents 
dielectriques solides organiques et inorganiques sous rayonnements elec
tromagnetiques et neutroniques. En particulier nous avons fait !'analyse 
systematique du courant induit en foncHon des parametres, champs elec
trique applique, temperature de 1' echantillon et debits d 'irradiation, !'ap
plication etant essentiellement la realisation d'un debitmetre. 

We have studied induced current in mineral and organic dielec
tric solids from electromagnetic rays and neutron beams versus dose rate, 
electric field magnitude and temperature. 
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Re sultats du pro jet n • 1 

Chef du projet et collaborateurs scientifiques : J. BAR THE, Th. BARTHE 

Titre du projet : Realisation et etude de chambres d'ionisation constituees 
de ditHectriques solides, destinees a la detection des rayonnements elec
tromagnetiques et neutroniques. 

Les caracteristiques electriques des structures vitreuses ne sont 

pas d 'une grande sensibilite aux rayonnements ionisants, en particulier la 

resistivite. Ainsi, il faut des doses deposees superieures a 20 Gy pour rele

ver une variation de la resistivite dans les echantillons de silice. ·cette va-

riation met en evidence !'existence de defauts, ou centres, dont les proprietes 

electroniques sont bien exploitees dans le domaine des faibles doses, comme 

par exemple celles de la radiophotoluminescence des verres aux phosphates 

actives a !'argent. 

En debitmetrie la silice pure se revele comme le materiau le plus 

sensible. 

La conductivite induite permet des mesures instantanees des debits 

de dose dans la gamme intermediaire entre les faibles debits {) 1 cGy/h) et 

les debits tres eleves {( 10
3 

Gy/h). 

2 
Avec un echantillon standard (S = 5 cm , e = 0, 2 cm} le debit mi-

nimal correctement mesurable est egale a 1 cGy/h. 

La reponse de la silice ou rayonnement '1 du 
6° Co est proportion

nelle au debit de dose jusqu'a plus 10
3 

Gy/h, de la temperature ambiante a 

ISO" C. Elle depend peu de la temperature et possede une energie d'activation 

de quelques dizaines de millielectronvolts. 

La reponse sous irradiation, deducti~n faite du bruit de fond, ne 

varie pas au cours du temps. Certaines experiences ont ete realisees sur 
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une periode de trois ans avec des lots differents d'echantillons. La conduc

tivite electrique naturelle de la silice peut varier de plusieurs ordres de 

grandeur suivant sa purete chimique. Il est done essentiel de choisir celle 

qui comporte le moins d'impuretes metalliques. 

L'effet de dose integree est particulierement significatif sur les 

echantillons de silice contenant de l'eau. Il en resulte une diminution de la 

resistivite naturelle qui est fonction de la quantite d 'impuretes dans l'echan

tillon, mais l'effet de debit de dose reste inchange. 

Nous considerons comme resolus les problemes technologiques 

relatifs a la detection des rayonnements electromagnetiques de haute energie 

. avec des cellules a geometrie plane. Nous avons, parallelement, effectue 

les m@mes experiences avec des neutrons rapides dans des conditions analo-

gues. 

La reponse de la silice aux neutrons (E ;:: 3, 3 MeV) est sensible

ment proportionnelle aux debits de fluence (<;21~ 15.10
5 

n•/cm
2
/s) pour des 

champs electriques superieurs a 10 kV/cm. Comme avec le rayonnement "/) 

du 
60

co le courant induit est independant de l'epaisseur de l'echantillon 

( e ~ 500 ~m ). 

11 n'a pas ete possible d'observer une eventuelle saturation en fonc

tion du champ electrique, comme dans le polyethylene-terephtalate (Ma-l). 

Avec les debits utilises la mesure du courant induit dans des couches minces 

de silice (epaisseur de quelques micrometres) deposees par pulverisation 

cathodique HF est impossible, etant donne la surface reduite de !'.electrode 

collectrice (Se #= 0, 14 cm 
2

) de telles structures. Avec le rayonnement 

electromagnetique, la valeur absolue du courant induit est independante de la 

polarite du champ electrique de collecte. Par contre, sous flux neutronique, 

son amplitude est fonction du signe du champ electrique exterieur. Le resul

tat des experiences faites avec le flux neutronique implique des phenomenes 

de generation de charges specifiques. 

L'analyse des variations de la conductivite induite dans la silice 

avec le champ electrique et la temperature suggere un mecanisme de dis-
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sociation des paires electron-trou creees qui obeit a la theorie de diffusion 

d'ONSAGER. Ce mecanisme est particulierement bien mis en evidence dans 

les irradiations avec les rayons 'I( du 
60

co pour des debits de dose relative

ment faibles (quelques cGy/h a quelques Gy/h). Un resultat interessant est 

obtenu dans l'hypothese d'une fonction de distribution des distances de sepa

ration des paires electron-trou de symetrie spherique. 

L'approximation aux champs faibles de !'expression de la probabi-· 

lite pour qu'une paire electron-trou dont la distance de separation initiate 

est r, echappe a la recombinaison initiale, prevoit une relation lineaire avec 

le champ electrique E de coefficient p = e 3 I 8'1'1' E E lT2 
0 ,. 

(p = 2, 9. 10-S cm/V a 298•K avec ~ = 3, 8 pour la silice). 
r 

Nous avons etudie plus particulierement le rendement experimen-

tal Y a partir des mesures de la conductivite induite 

bee dans l'echantillon (~) rapportee a 100 eV 

Y = q"i !QQ_ (cm 2 /V) 
e ~ 

(a-.) et de la dose absor
l 

Nous avons demontre que la relation Y(E, T) = Y(O, T) (I + pE) est verifiee 

avec une bonne approximation dans 1 'intervalle de champ electrique 
4 -1 

(0 .. 3. 10 V cm ). 

En dosimetrie, on considere generalement le rendement G en 

nombre de paires electron-trou pour une energie absorbee de 100 eV (ou en 

Coulomb par Joules, dans le systeme international). 

Nous avons done poursuivi cette etude, connaissant par ailleurs la 

duree de vie -t' et la mobilite \:L de 1' electron dans la silice (Hu-1) : 

G(E, T) = Y (E, T) /'C • ~ (T). 

Avec l'hypothese d'une distribution isotrope de paires thermali

sees, dans le cadre de !'approximation aux champs faibles on obtient la rela

tion: 
G(E, T) = G(O, T) (I+ pE) ou G(O, T) = G.exp (-Ea/ kT) 

avec l'energie d'activation E = e
2 

/ 4'1'1'E .. E0 ro et G = 100 / W 
a 
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Nous avons pu ainsi faire une estimation de W energie necessaire 

pour creer une paire electron-trou dans la silice ; nous obtenons (16.± 2) eV, 

en accord avec celle deduite de la theorie des plasmons de Rothwarf (Ro-1). 

(Ma-l) MAEDA H., KURASHIGE M. et NAKAKITA T. : J. Appl. Phys., 52 
n• 2, (1979), p. 758. 

(Hu-1) HUGHES R. C. : Phys. Rev. Lett., 30, (1973), p. 1333. 

(Ro-1) ROTHWARF A. :.J. Appl. Phys., 44 (1973), p. 752. 
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1. Introduction 

The aim is to provide a complete neutron monitoring system for use in 

nuclear-fuel processing plants and other facilities handling high burn-up 

fuel producing significant numbers of neutrons. The essential feature of the 

design is to provide an integrated system in which the parts are used to con

trol and measure the dose equivalent to personnel handling fissionable and 

alpha-active materials. The system consists of five major parts. 

(i) personnel dosimeters for recording the dose equivalent over per~ods up 
to 1 month. 

(ii) pocket alarm neutron dosimeters to provide a warning when a dose equi
valent limit is exceeded in any period of 16h. 

(iii) survey instruments to establish and check changes in bench-mark 
conditions. 

(iv) installed instruments to warn of sudden changes in the dose equivalent 
rate. 

(v) neutron spectrometry techniques to define the degree of complexity 
required in the other parts of the system. 

In addition it was necessary to make some theoretical calculations of 

albedo spectra and the response of some detectors including a new phantom 

design. Calibrations and tests in processing plants and at European inter

comparisons were made as part of this project. 

2. Personnel Dosimeters for Recording the Neutron Dose Equivalent 

It has been found that the neutron spectrum in processing plants is 
highly variable and so dosimeters relying upon the albedo principle alone 
would not be adequate. The dosimeter chosen was based upon (n,fission) 
reactions in 4 mg of Np-237. The fission fragments cause damage tracks in a 
polycarbonate foil which after removal from the dosimeter is etched in hot 
potassium hydroxide solution and counted in a semi-automatic spark counter. 
The theoretical response to a fission neutron spectrum is 40 tracks/mSv 
(400 tracks/rem) which is reduced to 18 tracks/mSv (180 tracks/rem) in the 
practical dosimeter. The dosimeter responds to thermal and intermediate
energy neutrons and, when worn on the body, measures albedo neutrons and so 
gives a dose equivalent response which is within ± 30% for all the neutron 
spectra found in processing plants. The background is about 6 tracks per year 
or 340 ~Sv/yr (34 mrem/yr). There is a small gamma-ray dose to the wearer 
from the dosimeter but this can be reduced to an acceptable level by shielding. 
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400 neptunium dosimeters have been manufactured and are in use in various 
plants in the UK. They are worn on a belt with two albedo dosimeters 
(Harvey et al, 6973) to provide some indication of the neutron spectrum. (A 
single chip of LiF is used in the albedo dosimeter to give both gamma-ray 
and neutron data by measuring the light output at temperatures of 210 and 
260°C.) The system was tested at the ENMIP Intercomparison and compared 
favourably with all existing dosimeters. 

3. Pocket Alarm Neutron Dosimeter (PAND) 

This is based upon a low-pressure proportional counter developed at 
Harwell. Fast neutrons interact with the hydrogenous walls to produce 
protons which are detected in the counter. Thermal neutrons are detected by 
the 14N (N,p) 14c reaction and intermediate-energy neutrons are measured by 
the albedo from the wearer's body. Integrated circuits were developed to 
reduce the weight (600 g) and eliminate spurious pulses. The dosimeter has 
a sensitivity of 1 count per ~Sv (10 counts/mrem), a gamma-ray sensitivity 
of < 5% of the neutron dose equivalent sensitivity and a spurious counting 
rate of < 50 counts (50 ~Sv) in 8 h. The PAND is mounted on a belt with the 
neptunium and albedo dosimeters and will operate for up to 16 h between 
charges. Tests in a processing plant showed that it measured the neutron 
dose equivalent to within ± 30% for all neutron spectra encountered. 

4. Survey and Installed Instruments 

The existing neutron survey instrument (AERE type 0075) (Leake, 1968) 
has been redesigned with modern electronics and a digital liquid crystal 
display (AERE type 0949). Calibrations with mono-energetic neutrons 
(0.1 to 2 MeV) and an antimony/beryllium source have shown that the 
instrument over responds (up to a factor of 5) to intermediate energy 
neutrons but this ~.s of little practical importance when measuring most 
ne~tron spectra in processing plants. Measurements at the PTB, Braunschweig 
during a Euratom Workshop have shown discrepancies between UK and FDR cali
brations at 24 keV and thes~ have still to be resolved. An instrument of 
similar de~ign to the Leak counter can be used as an installed instr1ment 
for measuring sudden changes in the neutron dose-equ~v~lent rate. 

A second survey instrument with a smaller sphere (diameter 63.5 mm) has 
been developed to measure the dose equivalent between thermal and 10 keV 
neutron energies and to locate narrow beams. The ratio of this instrument 
to the dose equivalent as measured by the Leake detector is used to 
determine the response of albedo dosimeters and to provide some information 
on the variations in neutron spectrum in the processing plant. 

5. Neutron Spectrometry in the Field 

The laboratory-type of spectrometer based upon organic scintillators and 
3He counters developed under CEC contract no 167-76-1 BIO UK can be used in 
processing plants for measuring neutron spectra from a few hundred keV to 
15 MeV. For low energies, a multisphere sphere system (Bramblett et al, 
1960) has been developed. Spheres of diameter from 50 to 250 mm have been 
used with a Lii scintillator and more recently with a 3He proportional 
counter to reduce the gamma-ray sensitivity, improve the neutron sensitivity 
and to provide a better isotropic response. Developments in the unfolding 
techniques to produce the neutron spectra have shown that, in general, the 
uncertainty in the dose equivalent spectrum is ten times the counting 
uncertainty thus, for example, at least 104 counts are required for 10% 
precision. Further developments to produce better response functions for 
the 3He detector are proceeding. 
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6. Theoretical Studies and the Development of Phantoms 

All parts of the personal dosimetry system have some sensitivity to 
albedo neutrons reflected from the body and it was necessary to include this 
effect in calculating the response of each dosimeter. A modified version 
of the computer programs developed under CEC contract 167-76-1 BIO UK has 
been used to produce a library of albedo spectra from 10 keV to 14.7 MeV. 

In order to test neutron dosimetry systems, it is necessary to provide 
a suitable phantom and a means of measuring the total integrated dose 
equivalent over periods up to one month. By placing a thermal neutron 
detector (viz a 6LiF TLD) at the centre of water and polythene cylinders it 
has been shown by Monte Carlo methods that both requirements can be ful
filled in one device. Ten polythene phantoms of diameter 250 mm and height 
230 mm are being produced and will be tested in standard fields and in a 
processing plant. 

7. Conclusion 

The main objective has been met in that a complete neutron dosimetry 

system has been supplied for a nuclear-fuel processing plant. It was tested 

before installation in another plant and at various European Intercomparisons, 

For the future, we intend to continue studies on the multisphere system and 

develop more sensitive methods of personnel dosimetry using the measurement 

of recoil ions in CR-39 plastic. We will test these systems in the labora

tory, at European Intercomparisons and in working situation of processing 

plants. 
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THEME GENERAL DU CONTRAT DOSIMETRIE DES NEUTRONS PAR L'UTI
LISATION DE DETECTEURS A L'ETAT SOLIDE, 

DESCRIPTION GENERALE SUCCINCTE DES TRAVAUX -

L'etude a ete engagee en 1977, dans deux directions 

1) Technique de l'Albedo-

La methode consiste a detecter, au moyen de produits thermolumines
cents ou de detecteurs solides de traces, les neutrons lents reemis apres 
diffusion et ralentissement dans le corps humain. Les effets enregistres 
sont relies a l'equivalent de dose. 

2) Emission exoelectronique thermostimulee -

Dosimetrie des neutrons rapides par la mesure dans un detecteur mince 
de l'ionisation due aux protons de recul issus d'un radiateur hydrogene. Ces 
deux voies sont complementaires : l'effet d'albedo est preponderant aux bas
ses energies; la mesure des protons de recul n'est realisable qu'aux ener
gies superieures a quelques keV. 

DESCRIPTION DES RESULTATS -

1) Technique de l'albedo-

Deux voies differentes ont ete explorees 

a) La thermoluminescence -

Le depart de l'etude a consiste a essayer un dosimetre, propose 
par HARVEY, avec des pastilles thermoluminescentes de FLi fabriquees 
par DESMARQUEST-CEC: PTL 710 avec du lithium naturel, PTL 717 avec du 
lithium 7 insensible aux neutrons lents. 

Les essais du dosimetre sur fantome, avec des neutrons monoener
getiques du PTB de Brunswick ont montre que la sensibilite du Li naturel 
etait faible et que la dependance energetique etait tres forte, passant, 
en relatif, de 100 a 1 entre l'.energie thermique et'quelques MeV alors 
que la variation relative de ]'equivalent de dose est de 1 a 35 (voir 
figure n° 1 ) • 
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Nous avons realise en laboratoire des frittes de PTL 716 contenant 
du lithium enrichi au lithium 6. L'evaluation de la sensibilite du PTL 716 
aux neutrons thermiques a ete entreprise aupres de l 'empilement Sigma de 
Cadarache. Le gain de sensibilite du PTL 716 par rapport au PTL 710 est 
de 3,5 pour les neutrons thermiques. Nous avons mis en oeuvre ces pastilles 
dans le boitier PGP1, utilise en routine pour la dosimetrie y avec lec
ture automatique • 11 a ete equipe de 4 pastilles : 2 PTL 717, 1 PTL 710 
et 1 PTL 716 (voir figure no 2 ). Le boitier est place dans un etui de 
cadmium. Le dosimetre est ainsi sensible seulement a la composante epi
thermique des neutrons incidents et reflechis; ce qui reduit d'une part 
la dependance energetique et d'autre part l'influence de la position 
du dosimetre par rapport au corps humain. Des mesures effectuees sur 
fantome aupres du reacteur source SILENE ont montre que le rapport : 
(mesure PTL 716 - mesure PTL 717)/ (mesure PTL 710 - mesure PTL 717) 
variait entre 4 et 9 suivant la durete des spectres. 

Ces resultats etant tres prometteurs, l'etude sera poursuivie en 
utilisant la variation de ce rapport pour determiner les caracteristiques 
energetiques du spectre. 

b) Les detecteurs a traces -

On s'est oriente vers la detection de traces dans le nitrate de 
cellulose. On a d'abord utilise une mince couche (100~m) de nitrate de 
cellulose KODAK CA 80-15 recouverte d'une couche de tetraborate de Li 
(Li2B407). Les a des reactions (n,a) sur le bore et le lithium sont 
enreg1stres dans le nitrate de cellulose, insensible au fond yet comp
tes sur microscope apres attaque chimique. Ce detecteur est pris en 
sandwich entre deux plaques de plexiglas munies d'ecrans de cadmium. 
On definit ainsi 4 plages de lecture : plexiqlas, cadmium "avant", cad
mium "arriere", cadmium des 2 cotes. Une irradiation au PTB de Bruns
wick a montre que les courbes de reponse en fonction de l'enerqie 
etaient sensiblement differentes selon la plaqe. On peut done obtenir 
une indication qrossiere sur l'enerqie des neutrons incidents. (voir 
fiqure no 3 sur laquelle ne sont representes que les plaqes plexiqlas 
et cadmium des 2 cotes). 

Un nouveau nitrate de cellulose (CN 85) a ete utilise par la suite 
et un nouveau convertisseur au bore, permettant un qain de sensibilite 
d'un facteur 4 a ete adopte. 

Le dosimetre actuel consiste en un assemblaqe de trois feuilles 
de CN 85 avec leur convertisseur, separeespar deux ecrans de cadmium 
de 40 mm de diametre. (voir la fiqure no 4 ). 

Bien qu'il soit encore necessaire de realiser de nouvelles expe
riences pour la mise au point, nous considerons que les resultats acquis 
sont tres encourageants. 

En conclusion de cette premiere partie, les resultats obtenus 
montrent les voies a suivre pour mettre au point un dosimetre (a traces 
ou thermoluminescent) dont la variation de la reponse en fonction de 
l'energie serait auto-corrigee. Les etudes en cours montreront l 'interet 
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respectif des 2 techniques AtudiAes. 

2) Emission exoAlectronique thermostimulAe -

D!s le dApart de l'Atude en 1977, on disposait d'un lecteur per
formant pouvant fonctionner en thermostimulation ou photostimulation. Les 
premi~res expArie~es ont servi a vArifier la "faisabilitA" de la mesure 
des ionisations induites dans le detecteur par les protons issus d'un 
radiateur hydrogAnA. Nous avons utilisA pour cela un detecteur compose 
d'alumine a (exoemettrice) et de graphite (conducteur) deposes par simple 
sAdimentation, on a obtenu pour une source Pu-Be un rendement RD-• 0,4. 

n Y 
( R -y-= reponse aux neutrons/rAponse aux y) 

Des essais ont ete ensuite effectues avec de l'alumine a comme 
conducteur ionique; la reponse est accrue : R _n_ = 0,6 grace a l'amelio-
ration de collection des exoelectrons. Y 

Pour des raisons pratiques nos efforts ont egalement porte sur 
la realisation de detecteurs de bonne tenue mecanique et de manipulation 
aisee. 

On s'est pour cela oriente vers la pulverisation des alumines 
a + a dans une fl anme de cha 1 umeau a p 1 asma sur un support en aci er i no
xydable. 

On peut realiser des depOts d'Apaisseur variee et les caracteris
tiques dosimetriques des echantillons sont bien conservees. Les couches 
ainsi obtenues sont bien adaptees a la detection des protons de recul, a 
condition d'eviter qu'une partie de l'alumine a ne soit transformee en 
alumine y non exoemettrice lors de la projection a haute temperature. 
Des traitements thermiques destines a reconvertir la phase y en alumine 
a sont actuellement a l'etude. 

Les resultats sont d'ores et deja satisfaisants. Un lecteur semi
automatique est en cours de realisation. L'etude d'un radiateur hydrogene 
(stratifie de polyethyl~ne et d'aluminium mince), permettant d'obtenir, 
en fonction de l'energie des neutrons, une reponse voisine de l'equiva
lent de dose, est largement avancee. 

En conclusion de ces travaux, on peut considerer que les prin
cipaux obstacles techniques ont ete surmontes; la reussite de ce pro
cede depend desormais uniquement de la mise a~ point du radiateur 
hydrogene destine a corriger la variation de reponse en fonction de 
l'energie. 
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Improvement of methods for neutron 
spectrometry 

In radiation protection from neutrons which can be considered as penetrat

ing radiation, exposure of the whole body is generally_ restricted by the 

limits applying to the "effective dose equivalent" arising in the exposed 

person. However, the effective dose equivalent cannot be determined by 

direct measurements, as it is defined as the sum of weighted average dose 

equivalenuin various organs or tissues. In consideration of this problem, 

ICRP has specified secondary limits for the "dose equivalent index". But 

this quantity, as defined by ICRU, is not additive in respect to different 

radiation components distributed in energy and direction, and hence not even 

an ideal instrument could be designed which would indicate the dose equiva

lent index unambiguously. In order to cope with this situation, operational 

quantities have been introduced for the purpose of practical measurements, 

dose equivalent ceiling being one used for area monitoring of neutrons. How

ever, no primary standards for the realiziation of the unit of this quantity 

exist, as quality factors are involved in the definition of all dose equiv

alent quantities, which are a function of the linear energy transfer at the 

point of interest in the irradiated body. A remedy for this difficulty is 

to relate quantities characterizing the radiation field in the absence of 

the irradiated body to the operational dose equivalent quantity by means of 

calculations. Conversion factors are available as a result of such calcula

tions, relating neutron fluence to dose equivalent for monoenergetic inci

dent neutrons. For the practical calibration of survey instruments, however, 

radioactive neutron sources are frequently used, emitting neutrons of a 

broad energy spectrum. In order to evaluate the conversion factor to be 

applied with such sources, this spectrum has to be known with sufficient 

accuracy. This contract aims at improving the methods used for neutron 

spectrum measurement and testing them with neutron sources suitable for 

calibrating radiation protection instruments. 
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3 Development of a He spectrometer 
for the measurement of the fast 
neutron energy distribution 

Dipl.-Phys. H. Kluge 

3 The aim of the work was to develop a He spectrometer for the determination 

of spectral distributions of fast neutrons. Knowledge of the neutron energy 

spectrum is of importance when radionuclide sources emitting neutrons with 

broad energy spectru~ are used for calibrating radiation protection instru

ments, which must usually be calibrated in units of the general quantity 

dose equivalent. 

As to date no practical and accurate method exists for the direct and 

absolute determination of any dose equivalent quantity for neutrons, it is 

necessary to measure radiation field quantities (neutron fluence, its 

spectral and angular distribution) and to evaluate dose equivalent quanti

ties by means of fluence-to-dose equivalent conversion factors. The energy 

range below 1 MeV is of special interest because of the strong dependence 

of the conversion factors on energy and as in practice, neutrons of this 

energy range may contribute considerably to the total dose equivalent. 

The spectrometer consists of two surface barrier detectors (active area 

450 mm2
, distance 10.3 mm), the space between them filled with 3He and 

operated as a proportional counter /1/ (cf. Fig. 1). If the reaction 
3He(n,p) 3H is induced by a neutron in the sensitive volume and the proton 

and the triton are emitted so that their energy losses 6E are measured by 

the proportional counter and their residual energies El and E2 by the 

semiconductor detectors, then the neutron energy En can be calculated from 

764 keV. 

Metallic sealings were exclusively used in the construction of the spectra

meter in order to prevent loss of Helium-3. After scrupulous surface treat

ment of all inner parts of the spectrometer and a thorough purification of 

the He gas, stable performance of the proportional counter over a period of 

several weeks was attained, which is a prerequisite for the investigation 

of weak neutron sources. 

Total energy resolution of the spectrometer depends mainly on the proper

ties of the proportional counter. Several cathodes of various shapes were 
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investigated finally leading to the design of a rectangular cathode with 

plane walls of quadratic cross-section. A weak 241Am a-particle source 

was mounted in the middle of a side-wall for calibration purposes. As the 

gas amplification process can be stabilized and the drift velocities of 

electrons increased by an admixture of polyatomic gas, the influence of 

carbon dioxide and methane was investigated. The best results were ob

tained with co2 at a relative partial pressure of about 2.3 % when the 

total pressure was 1.3 bar. 

Measurements with monoenergetic neutrons in the energy range from 250 to 

5000 keV confirmed the correctness of the calibration with the built-in 

a-particle source and showed that energy resolution of the spectrometer is 

almost independent of neutron energy with a line width of about 70 keV 

(full width at half maximum). 

Data acquisition was performed by means of a multiparameter analyzing 

system /2/. A PDP 11 computer was used for the on-line analysis of the 

signals from the spectrometer. For coincident signals, a two-dimensional 

matrix of the energy loss ~E of particles in the proportional counter from 

the various possible reactions versus total energy Ei+E2+~E is being set 

up. Parameter-dependent "table cut" conditions /2/ TCTl and TCT2 are de

fined separating signals due to photons (below TCTl) and signals mainly 

from Si(n,a) reactions (above TCT2) from those produced by the reaction 
3He(n,p) 3H and Si(n,p) reactions in the semiconductor detectors (cf. Fig.2). 

Projections on the total energy axis are separately accumulated on-line 

for each region with a four times better resolution. In this way, an almost 

complete separation of photon signals from neutron signals can be achieved 

for exposure rates of about 0.5 R/h, which was the highest value occurring 

in the measurements up to now. The remaining contribution to the background 

pulses which is due to Si(n,p) reactions was measured by filling the spec

trometer with 4He gas, leaving all other conditions unchanged. 

A similar data acquisition system is implemented on a Siemens R30 computer. 

The efficiency of the spectrometer was measured by means of neutrons from 
252 a Cf spontaneous fission source of known source strength by comparing 

the measured pulse height distribution with the theoretical spectrum, which 

can be described by a Maxwell distribution with a spectrum parameter of 

T ~ 1.42 MeV in the energy range from 1 keV to 10 MeV /3/. In the range 
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from 250 keV to 8 MeV, the theoretical spectrum does not deviate from the 

Maxwellian by more than± 5% /4/, but larger deviations of up to 10% 

may arise at its ends /3/. This calibration procedure was checked by meas

urements with monoenergetic neutrons of known fluence in the energy range 

from 250 keV to 5 MeV, showing no significant discrepancies when taking 

into account the uncertainties of the measurements of about 5 % (standard 

deviation). For higher energies, the uncertainty of the measured efficien

cy increases due to the decreasing amplitude in the neutron energy spectrum 

of the 252cf fission. 

241 Two measurements of the neutron energy spectrum of a Am-Be(a,n) source 

(source strength 3·106 s-1, diameter 25.2 mm, height 25.2 mm) were per

formed, the neutrons being unaffected by scattering and attenuation. This 

source is used at the PTB to produce a standard irradiation field for the 

calibration of radiation protection instruments. Fig. 3 shows the result 

of the measurements /5/ compared with a theoretical spectrum calculated by 

Geiger and van der Zwan /6/. Unfolding of the measured spectrum was not 

necessary because of the high resolution of the spectrometer /5/. The 

lower energy limit for these measurements was about lOO keV. 

3 Summary: A He spectrometer has been developed for the determination of 

the fast neutron energy distribution in the range of about lOO keV to 

12 MeV in mixed radiation fields. This range is especially important for 

the neutrons emitted from radionuclide sources with broad energy spectra 

which are frequently used in the calibration of radiation protection 

instruments. 

/1/ Bluhm, H.:A Y-Discriminating 3He-Semiconductor Sandwich Spectrometer. 
Nucl.Inst.Meth. l!1 (1974), 325-337. 

/2/ Klein, H.; Barrenscheen, H.J.; Dietze, G.; Siebert, B.R.L.: The 
Braunschweig Accelerator Facility for Fast Neutron Research, 11. Data 
acquisition and analysis. Nucl.Inst.Meth. 169 (1980), 359-367. 

/3/ Blinov, M. V.: Neutron Energy Spectra of Spontaneous Fission Sources. 
Proc. !AEA Consultants' Meeting on Neutron Source Properties, 
!AEA Vienna 1980, INDC(NDS)-114/GT, 79-106. 

/4/ Grundl, J.A.; Eisenhauer, C.M.: Fission Spectrum Neutrons for Cross 
Section Validation and Neutron Flux Transfer. Proc.Conf.Nuclear Cross 
Sections and Technology, NBS-425 (1975) 250-253. 

/5/ Kluge, H.; Weise, K.; Klein, H.: To be published. 

/6/ ~eiger, K.W.; Van der Zwan, L.: Radioactive Neutron Source Spectra from 
Be(a,n) Cross Section Data. Nucl.Inst.Meth. 131 (1975), 315-321. 
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Figure 3: Measured neutron energy spectrum of a 241Am-Be(a,n) source. 

Full line: Fourier-fit with 30 functions fulfilling X2-test. 
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van der Zwan /6/. En neutron energy, B~ normalized spectral source 
strength. 
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National Radiological Protection Board, 
Rarwell, Didcot, Oxon OX11 ORQ 
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D.F. White 

The development of a rationalised approach 
to the measurement of external beta and 
gamma radiation for radiation protection 
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The development of a rationalised approach 
to the measurement of external beta and 
gamma radiation for radiation protection 
purposes. 

Head of Project and scientific staff: Mr. T.M. Fra.ncis, Mr. D.A.J. Morris 

The objective of this project was to establish experimentally the 

relationships between the 'free-air' radiation quantities hitherto used 

in standards laboratories and radiation protection instruments, and the 

dose equivalent and dose equivalent index quantities defined in ICRU 

Report 25 and ICRP Publication 26. 

The density and attenuation characteristics of a range of materials 

were studied as a result of which a composition coded MS20 (White, 1974) 

was chosen for the construction of a 30 om diameter tissue equivalent 

sphere corresponding to that specified by the ICRU in the definition of 

dose equivalent index. Considerable diffioul. ties were initially 

experienced due to frothing caused by the uothermic nature of the setting 

agent and the fact that the IIIBCha.nical characteristics of the final 

product depended critically on the particular batch of magnesium oxide 

used as an ingredient. The sphere was eventually constructed successfully 

by adding the material in thin layere to the casting vessel and allowing 

each layer to set in vacuo. It was constructed in three parts consisting 

of two hemispheres and a central disc 1.5 om in thickness. Narrow slots, 

each of which would accommodate three thermoluminescent doseliiBtere, were 

machined in the central disc over a range of depthe from 0.3 to 15 om 

and along seven radii spaced 30° apart. Several TLD materials were 

evaluated and LiF-tefion TLD discs of 0.2 or 0.4 mm thickness were chosen. 

The slots can accommodate a total of 90 of these discs. In order to 

obtain the required accuracy and reproducibility each dosemeter was 
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calibrated both before and after exposure in the sphere. 

The dose distributions within the sphere were determined using 

substantially mono-energetic x-rays of energy 16.6 keV, 25.2 keV, 30.9 keV, 

48.8 keV, 74.1 keV and 97 keV obtained from a fluorescent x-ray generator, 

mean energies of 109 keV obtained from a filtered x-ray generator, and 

661.6 keV and 1.25 MeV obtained from 137cs and 60co sources respectively. 

Measurements with x-rays of energies between 120-250 keV are in hand but 

are not yet completed. The free-air dose rates at the position of the 

centre of the sphere were determined in each case by means of ionisation 

chambers, the calibration of which was directly traceable to the national 

standards. In general, the radiation qualities confo:r:med to the 

reference radiation qualities specified by the ISO. As examples of the 

results ottained the central axis dose equivalent distributions versus 

depth within the sphere for energies of 25.2 keV, 48.8 keV, 74.1 keV, 

109 keV and 661.6 keV are shown in Figure 1. These clearly show the 

substantial contribution from scattered radiation within the sphere in 

the inte:r:mediate energy range. The data can be used to obtain a variety 

of dose equivalent quantities related to the ICRU sphere. The deep 

dose equivalent index, which is numerically equal to the dose equivalent 

at a depth of 1 cm in the energy region studied is shown in Figure 2 and 

agrees reasonably well with theoretical Monte-Carlo calculations 

(Dimbylow and Fra.ncis 1979). 

The depth dose distributions in tissue, per unit absorbed dose 

in air, have been measured for the following beta emitting nuolides, 
147Pm, 204n_, 9°sr;9°y and 10~u/10~, using the tissue equivalent 

material MS20 and the extrapolation chamber. Particular emphasis was 

placed on the depths of 0.3 cm (eye lens) and 0.007 cm (skin). The 

variation of the ratio of the doses at these two depths with the Emax of 

the beta radiation source is shown in Figure 2. It may be noted that 

for all values of this ratio which exceed 0.3, it is possible for the 

present ICRP dose equivalent limit to the lens of the eye (150 mSv) to be 

exceeded while the dose equivalent to the skin remains below the current 

ICRP limit of 500 mSv. 

The beta depth dose distributions were measured over a range of 

_angles, o0 -60°, between the source and the no:t'llla.l to the tissue surface 

and Table 1 gives the relative doses, normalised to unity at the surface, 

at two depths of interest for the 90sr/90Y source. The observation that 
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Figure 1. Distribution of dose equivalent with depth aJ.ong the 
central axis of the sphere for a range of photon energies. 
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Surface 1.00 1.00 1.00 

0.007 1.07 1 . 11 1.04 
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Variation of dose aj various depths in tissue with source 
direction for 90srp0y. 
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the dose, even at a depth of 0.3 cm, does not depend markedly on the 

direction of the source indicates the diffuse nature of the incident 

beta particles. 

The results described in this work provide data for the 

estimation of a variety of dose equivalent quantities in the ICRU 

sphere and the determination of the convereion factore between these 

and the free-air quantities currently used for calibration purposes. 

Such quantitative data should be of assistance in deciding on the most 

appropriate quantity for external beta and gaDIII& radiation. A report 

containing all the results and details of the experimental procedures 

used is in preparation. 
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III. 2. 

RADIOAKTIVE KONTAMINATION DER UMWELT 

RADIOACTIVE CONTAMINATION OF THE ENVIRONMENT 

CONTAMINATION RADIOACTIVE DU MILIEU 
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Weitere Forschungsarbeiten zu diesem Thema werden auch in folgenden 
Tatigkeitsbericht beschrieben • * 

Further research work on these subjects will also be described in 
the following progress reports * 

D'autres travaux sur ce theme de recherche sont.egalement decrits 
dans les rapports suivants : * 

272-BIO 

273-BIO 

274-BIO B 

179-BIO UK 

207-BIO D 

233-BIO B 

099-PSA F 

* Siehe auch Punkt IV, 

See also section IV, 

Voir aussi point IV, 

INRA, Dijon (Dalebroux) 

Univ. Toulouse (Delpoux) 

CEN, Mol (Leonard) 

NRPB, Harwell <oennis/Smith) 

GSF, Neuherberg <Kriegel) 

CEN, Mol ( Vanderborg ht) 

CEA, CEN,.Fontenay-aux-Roses (Uzzan) 
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Contraente della Commissione : Comitato Nazionale per 1' Energia 
Nucleare (C. N. E. N.) 

Laboratorio per lo Studio dell' Ambiente Marino 
I 19030- Fiascherino (La Spezia). 

N. del contratto: 172-76-1-BIO I 

Capo dei gruppi di ricerca : Arrigo CIGNA 

Tema generale del contratto "Investtgation for the evaluation of the 
impact of nuclear plants discharges m the marine environ
ment, under the environmental and health protection stand
potnts ". 

Titole del progetto n. 1 : "Description and classification of typical 
martne coastal ecosystems" 

Capo progetto e collaboratori scientifici : Dr. Roberto Boniforti, 
Dr. Aldo Brondt, Dr. Giuseppe Buffoni, Prof. Arrigo 
Cigna, Dr. Alessandro Delle Site, Dr. Alfredo Esposito, 
Dr. Ornella Ferretti, Dr. Antonio Zattera, Dr. Giancarlo 
Zuccaro Labellarte, Dr. Giovanni Zurlini. 

By takmg into account the suggesttons of the Management 
Committee, the program for 1980 as reported in the 1976-1980 research 
program wtth CEC has been modifted into the version included in the 
research contract 1980-1984. In particular the different topics have 
been as far mtegrated as possible in order to improve the output of 
the whole working group . 

A geomorphological classiftcation has been used to select 
the most representative sampling points in the zones investigated, na
mely, Ligurian Sea in front of La Spezia, Tyrrhetlian Sea in front of 
Latma' s nuclear power plant, and T~rhenian Sea in front of Gariglia
no's nuclear power plant. 

As far as the charactenzat10n of ltahan coasts is concerned, 
the followmg results have been obtained. The coasts ( "'7000 km) can 
be classified in cliffed (55 °£) and low ones ( 45 % ). The latter cor-
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respond to delta (20 %) alluv1al (10 %) and dune plains (5 °/:J), as well 
as to emerged marme terraces (10 % ). Only 25 °/:J of the coastal plams 
are less than some hundreds of meters wide. An important part of the 
coasts is subJected to eros1onal processes. A bout 180 samples collec
ted in nvers and on beaches have been analysed. The resulting mme
ralogical composition (quartz, feldspars, carbonatic and clay mine
rals), together w1th the knowledge of the distnbution pattern may pro
vide bas1c mformation on the behaviour of radionuclides in the diffe
rent types of coastal sedimentary environments of Italy. 

The effects of wind on deep waters of the Ligur1an Sea 
and the interactions of deep waters with coastal currents have been 
studied by a barotropic linearized analytical model. 

The d1stribut10n pattern of the water from Magra R1ver is 
also confirmed by the results of the analys1s carried out on sed1ments 
samples collected at the most peculiar sampling pomts selected accor
ding to the geomorphological scheme. In fact, the solid transport of 
the nver is by far the predominant factor controllmg the compos1t1on 
of the sea sediments. 

The analysis of some lacustrme sediments collected from 
the Massaciuccoli lake contaming higher amounts of C org and C morg 
than marine sediments, showed also a concomitant h1gher concentra
twn of Co, Cu and Mn than in the marme sed1ments. 

137 . 
The results of some measurements of Cs concentration 

in ull.d1sturbed core sed1ments samples show higher values in areas 
with h1gher sedimentatiOn rate (e.g., an average value 450 pCi/Kg 
DW 1nside the Gulf vs. 150 pCi/Kg DW m front the Magra river mouth). 
Such higher values are also found in comparable s1tuatwns from the 
pomt of view of sed1mentat10n of small size particles (1. e. Gaeta Gulf 
550 pCI/Kg DW). 

On the other hand 1n the open sea sediments the values are 
qulte s1m1lar to those obtamed along other statwns of the Italian Coast. 
Also the 137 Cs concentratiOn m f1shes and mussels show no difference 
WJ.th reference to other samplmg points along the Italian coasts. 

The relationship between the distnbutwn of artif1C1al radw
activlty levels and local morphological and sedimentolog1cal characte
rist1cs was also established in the Tyrrhenian sea 1n front of the Latl
na nuclear power plant. In particular, the distributiOn of fall-out-bor
ne 137 Cs was inversely related to the gram- SlZe of sed1ments. 

A general trend was observed by which, at higher depths, 
smaller sedimentary particles and htgher rad10activ1ty levels of 1J7cs 
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were present. Deviations from this expected behaviour were due to the 
presence of particular morphological charactenstics or phanerogams 
meadows which enables the sedimentation processes of small particles 
to take place . 

137 
Cs showed maximum activity m sediments collected from 

phanerogams meadows. These sediments are characterized by a high 
organic content and a large amount of small-size particles. The verti
cal profiles of 137 Cs show a maximum activity ( 300 pCi/Kg DW at 
8-10 cm depth). The distribution pattern of 239, 240 PuIS similar, 
but maximum activity (40-50 pCi/Kg DW) occurs at 15-20 cm depth. 

The patterns observed are probably due to the sedimenta
tion processes near the coast mvolving small particles of land origin, 
which appear to scavenge 137cs and 239, 240 Pu at different rates. 

For sediment cores collected from an area with great bot
tom variability (Foce Verde/Latina), the concentratiOn of 1.37cs IS in
versely related to the grain-siZe of sediments and not to the mineralo
gical composition. Sediments collected from zones subJected to a limi
ted hydrodynamism, where mainly particles of small and very small 
size are present, show the highest levels of 137cs, independently on 
the mmeralogical compositiOn. 

Obviously, it cannot be excluded the interventiOn of other 
factors in determining the observed association between small parti
cles and artificial radioactivity levels (e.g. the organic contents of 
sediments, chemical-physical processes, etc. 

Prellminary hydrological measurements have been made at 
the Garigliano site, (facing a nuclear power plant in operation smce 
1963) with the aim of planning the study to be made m 1981. This stu
dy, based on hydrological parameters and current measurements, will 
be aimed at investigating the dispersion of the effluents released from 
the nuclear plant. The results of the dispersion model will be tested 
by using the results of radioactiVIty measurements made in that zone. 

A radioecological survey m the same marine environment 
has been started in cooperatiOn with other CNEN and CN R laborato
ries. The prelimmary results show that 60 Co IS present in many ma
trices of that area (e. g. 150-1600 pCi/Kg DW sediments; 40 pCi/Kg 
FW fish Mugil cephalus; 10 pCi/Kg FW mollusc Mytilus galloprovm
cialis). 

The distribution pattern of 60 Co released from the nuclear 
power plant gives a unique tool for further research on both the path
ways of this radionuclide in the marine environment and applicatiOn of 
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models. 

A twice per year collect10n of abiotic and b1otic samples 
from 5 stations has shown that the only artif1cial rad10nuclide de tecta
ble is 1J7 Cs and that 1t is homogeneously d1stributed along the ltahan 
coasts (e. g. 5-10 pCi/Kg FW f1sh Engraulis encrasicho-lus, 100-.200 
pCi/Kg DW sediments ). 

The final analysis of the data collected at the La Maddalena 
Archipelago during past years showed that currents m the Archipelago 
are strictly dependent of meteorolog1cal conditions. Based on this de
pendence, a numencal model for the circulation of water masses was 
developed. The boundary conditions of the model were established by 
s1mulating the circulation pattern in a wider zone mcluding the Boc
che di Bomfacio. Expected and experimental data agree. 

This environmental research has been started during 1975; 
field investigations were earned on also in the successive years. The 
studies in physical oceanography have been performed in cooperation 
with the Oceanographic Stat1on of S. Terenzo (La Spezia) (Natlonal 
Council of Research). During 1976 four cruises have been made using 
the oceanographic vessels Odahsca (CNEN) and Marsili (CNR), as 
well as vessels of the Navy and rented boats m the followmg years. 

The aim of the environmental survey carried out at La Mad
dalena is the evaluation of the limit capacity of this site from the health 
and, more generally, rad10ecological viewpomts under conditions of 
possible discharges also used for predictions of the behaviour of ra
dionuclides in the sea under accident conditions. 

Samples have been collected on the bas1s of a monthly fre
quency in four stations and of semi -annual frequency in ten stations . 
The following radionuclides have been determined: Ce 144, Ce 141, 
Ru 103, Rh 106, Cs 137, Zr 95, Nb 95, (fission products), Mn 54 
and Co 60 (activation products, detected in extremely low concen
tration m Pinna nobilis). The contamination from fission products is 
related to atmospheric fallout. The max1mum level of rad1oactivity 
measured during 1977 is"' 10 pCi/g (DW) of Ce 144 and occurred m 
Posidonia sp. 

Microbial activity, concentration of sulfate reducing bac
teria, and organic matter content have been determined due to the ro
le that the interplay of these factors seems to have on both the immo
bilization and mobilization of elements in/from sediments. The maxi
mum respiratory capacity of bacteria, the concentration of sulfate
reducing bacteria, and the content of carbon (organic and inorganic) 
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and total nitrogen have been determined. 

Preliminary results indicate that the surface layer of a 
sand sed1ments and mud collected from the La Spezia Gulf have an 
oxygen consumption of about 0.2 and 1.1 micromoles of 0

2 
per gram 

(DW) respectively. 

Titole del progetto n. 2 : "Laboratory studies on the behaviour of 
the long-lived radionuclides m the marine environment". 

Capo progetto e collaboratori scientifici : 
Prof. Arrigo Cigna, Dr. Ernst 
Zattera. 

Prof. Pietro Scoppa, 
Schulte, Dr. Antonio 

The program proposed for the last year of the contract 
1976-80 was replaced with a new one, based on the research priori
ties underlined by the Management Committee and the Radiation Protec
tion Program 1980-84. 

Research on mechanisms determming the behaviour of long
lived radionuclides are certainly relevant in relation to the evaluation 
of collective dose and collective dose committment. 

Activities on technetium began according to the proposal 
for collaborat1on with Dr. Fowler (IAEA, Monaco), tendered by Dr. 
Schulte to the Management Committee (3rd Meeting, Jan. 1980). 
This collaboration made ava1lable to us the isotope Tc-95m, a gamma
emitting nuclide particularly suitable for experiments on accumulation, 
d1stribution and release of technetium by marine organ1sms. The use 
of a gamma -emitting isotope was a great advantage under several points 
of view (low concentrations, existing instrumental facilities, whole
body counting, etc.). The beta-emitting isotope Tc-99 was also used 
in several experiments, where relatively high concentrations of tech
netium proved to be necessary. 

Preliminary experiments showed the high stability of the per
technetate in aqueous solution, over a wide range of pH and dissol
ved oxygen concentration. That anion can be considered as the preva
lent form of technetium in natural waters. Therefore, it was decided 
to use pertechnetate in the first phase of our esperiments with marine 
organisms. 
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Poss1ble interactwns of pertechnetate vllth naturally oc
curing polymers and bwlog1cal macromolecules were stud1ed usmg 
dialysis or diafiltration ( chem1cal mteractions ), filtratwn or cen
trifugatwn (adsorptwn phenomena). Alginates, ch1tm, ch1tosan, hu
m1c substances, albwnm, nuclei ac1ds don't bmd pertechnetate un
der the experimental conditions used m our mvestigatwn. 

The UV -absorption characteristics of pertechnetate were 
determmed using Tc-99, at concentratwns of "'0.1 mM. Working at 
h1gh resolutwn (0 .1 nm) could be resolved into two peaks: the first 
maximum at 244 and 248 nm, the second at 287 and 292 nm. Further 
deta1ls on the UV-spectrum of pertechnetate were obtamed by scan
ning a first derivative spectrum: the presence of many maxima and 
mmima showed that the origmal spectrum contams a relevant number 
of inflectwn points. 

Th1s knowledge was util1zed to have preliminary informa
twn on the spectral modifications produced by reducing agents, such 
as hydrochloric ac1d, stannous chloride, hydroxylamme, hydrazme 
and cysteme. H1gh concentratwns of hydrochloric acid were re qui
red to reduce pertechnetate. Stannous chloride in ac1dic solutwn pro
ved to be very effective, while the sulfates of hydroxylamme and hy
drazme did not produced mod1flcat10ns of the UV- spectrum of pertech
netate. Of part1cular mterest the reaction of pOO"technetate w1th cy
steme: 1t 1s a slow process leadmg to the formatwn of a product ab
sorbing in the vis1ble reg10n (420 nm). 

A spectrophotometric study of th1s process showed that 1t 
is first order with respect to pertechnetate, while a large excess of 
cysteme is required to have measurable rates of A at 420 nm. At 
present 1t is too early to suggest possible mechanisms involved in the 
sequence of reactions occuring when pertechnetate 1s in the presence 
of much h1gher concentrations of cysteine. However, it would be in
terestmg to investigate a possible biological role of this process. 

Short-term experiments directed to evaluate poss1ble che
mical effects of pertechnetate on phytoplanktonic organisms were per
formed. The range of concentration tested was extended up to 10 mg 
Tc/liter. Neither toxic behaviour nor mod1flcations of growth rate 
were observed m cultures of Phaeodactylum tricornutum and Duna
liella sp. 

From these and other experiments with Tc-95 m (concen
tration in the cultures: "'1 pg/1), it could be shown that the phyto
planktonic species taken mto consideration don't accumulate techne
tium to any appreciable extent. 



- 205 -

AccumulatiOn of technetmm from sea water by the shnmp 
Palaemon elegans was studied at two acclimatwn temperatures (10° 
and 20° C). The concentration factor at equilibrium was in both ea
ses rv8, while the turnover was almost doubled at the higher acclima
tlOn temperature. The radwactivity was found mamly m the viscera: 
at the end of the expenment the concentratiOn factor for hepatopan
ere as had a mean value of 150. AccumulatiOn of technetium from con
tammed food (Artemia salma) showed that after two weeks there IS 
little accumulation: approxtmately 20 % of the total activity ingested 
IS still present m the body. The transfer of radioactiVity from sto
mach to hepatopancreas IS very rapid: "'85 °/:, of the daily dose IS al
ready in the hepatopancreas and "'10 °/:, excreted With faeces, 16 h 
after a contammated meal. Considering that the radioactivity accumu
lated at the end of the experiment represents "'20 °/:, of that ingested 
With food, it anses that the technetmm present m hepatopancreas 
should have a relatively short bwlogical half-life. This observation 
had been conf Irmed by an experiment m which Palaemon were fed 
with contammated Artemia for two weeks, then sacnfled at several 
time intervals after last meal, dissected and the organs counted for 
their radiOactivity. The bwlogical half-life of technetmm present m 
the hepatopancreas was"' 120 h. The radwactivlty of the other or
gans was toolow to permit calculations of bwlogical half-hves. The 
loss of technetmm accumulated from sea water or from contammated 
food was also studied in whole shrimp. Although the radwactlvity m 
both cases was almost entirely locahzed in the hepatopancreas, the 
kinetics of ehmmatwn were somewhat different: biphasic when accu
mulation was from water, monophasic when accumulation was from 
contaminated Artemia. Most of the technetium accumulated from wa
ter ( "'70 %) was ehmmated at a fast rate, the remammg fractwn 
bemg excreted at a slower tal amount of technetium accumulated from 
food. Although the presence of the slow phase requires conflrmatwn 
by further expenments with higher concentratiOns of technetmm, 
these observations suggest that m the hepatopancreas of Palaemon 
elegans the technetmm could be transformed to less mobile chemical 
forms. The metabolic converswn does not occur when the Isotope 
had been accumulated from food, probably because the technetmm had 
been previously metabohzed by Artemia. 

Prehmmary experiments on the accumulatiOn of technetmm 
from sea water were performed with other marine organisms. The re
sults can be summanzed as follow3: 
Artemia salina - cone. fact. at equihbnum == "'3 
S cyllarus sp. - cone. fact. after 8 days == "'4 
Palmurus vulgans - cone. fact. after 8 days == "'5 
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Enteromorpha mtestinalis -cone. fact. after 10 days= ,_,Q.6 
Nere1s sp. - cone. fact. after 7 days = "'300 
Marphysa sp. - cone. fact. after 2 days = "' 350 

In despite of the short duration of these experiments, it 
appears clearly that the species of crustaceans taken into considera
twn and the only sea weed tested don't concentrate technetium to any 
remarkable extent, in constrast to the polychaetes in which accumula
tion occurs rapidly and high concentration factors at equilibrium should 
be expected. 

As far as the old program 1s concerned, experiments on 
the accumulatwn of Cr 51 (as chromate) by river and marine sediments 
marme bacteria (probably belonging to the genus Pseudomonas), and 
sediment-supported bacteria has been made for times ranging from 5 to 
99 h. The d1stribut10n coefficients of sediments (DW) are in the order 

of 40, while the concentrat10n factor for bacteria (FW) are in the or
der 12,200 (FW). 

Experiments on the release of Cr 51 from laboratory-conta
mmated sediments on leachmg with different solutions indicate that the 
maJor percentage of Cr 51 1s bound to carbonates and Fe hydroxide 
while the amount of Cr 51 bound to Mn oxides is neglig1ble under our 
ex{Erimental conditwns. 

The mfluence of water temperature on the release of 
chromium by Dicentrarchus labrax was studied. The release of chro
mium 51, administered by stomach tube as a solution of sodium chroma
te, has been followed m two groups o fishes acclimated at 10 and 20°C. 
Two phases of loss could be easily found: a fast phase, accounting for 
"'80 °/:; of in1tial retentwn, and a slow phase accountmg for the remai
ning 20 o/o. The relative contribution of the two phases was not signifi
cantly modified by the temperature, while the half-life of the short li
ved component was strongly affected: 11. 1 ..:t. 0. 9 h at 10° C and 4. 1 
..:t. 0. 2 h at 20°C. In the second phase the biological half-life ("' 150 h) 
was not influenced by the temperature, suggesting that chromium was 
mcor'porated in a body compartment with low metabolic activity. 

The effects of temperature on phytoplankton were studied 
through an mvest1gation "in situ" on natural populations of phytoplan.Js. 
ton in proXImity of the d1scharge canal of an electricity generating 
plant. SurVlval was slightly affected only durmg the summer period. 
The study of long-term effects on grouth and survival of populations 
cultured under laboratory cond1t10ns has shown that Dunaliella sp. 
(Chlorophyceae) resistes at temperature as hi.gh as 30°C, while the 
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thermal resistance (tmax) of the other species taken into considera
tion (/lll diatoms) is in the range of 25-30°C. Median lethal tempe
ratures for different algal species have been obtained from laboratory 
experiments simulating the thermal shock caused by passage through 
a steam condenser. 

The efiects of thermal shock on Leander sguilla were 
investigated. Median resistance time before loss of equilibrium and 
median survival time after thermal shock have been determined for 
individuals acclimated to dUferent temperatures ranging from 5 to 29°C. 
Experimental data wre submitted to probit analyses to obtain slope 
functions and 93. % confidence limits. Regresston lines between ef
fective times and shock temperature have been calculated for each 
acclimation temperature. This procedure allowed :the definition of a 
zone of resistance (time- dependent survival), a zone of tolerance 
(indefinite survival) and a zone of instantaneous death. The upper 
incipient lethal temperature i.e. the boundary between the zone of 
tollerance and the zone of resistance, increases when acclimation 
temperature is raised from 5 to 25°C. For acclimation temperatures 
of 25°C or higher, the upper incipient lethal temperature remains 
constant between 34 and 35°C. Therefore, the value of 35°C can be 
taken as the ultimate upper incipient lethal temperature. 

Experiments on the effects of water temperature on the 
growth of marine algae have been performed, takmg as reference le
vel 18°C. At 25°C the growth of all species examined is not modified. 
The following temperatures for growth inhibition have been observed: 
27° C for Bacteriastrum delicatulum and Leptocylindrus danicus , 
30°C for Nitzschia closterium, 35°C for Skeletonema costatum, 
Glenodinium sp. 1, Nitzschia longissima. At this last temperature, 
the growth of Gyrosigma fasciola, Chaetoceros affinis Dunaliella sp. 
and Tetraselmis suecica is not mfluenced. 

In addition, short-and long-term effects of increases in 
temperature have been measured for artificial populations cultured 
under laboratory conditions. The results show that Chlorophyceae 
are more eurythermic than other groups (e.g. , Diatomeae, Coccoh
thophorideae and Peridineae). Short-term effects (thermal shock) on 
Platymonas suectca show an LT-50 of 28°C under conditions simula
ting the situation existing in the condenser of a heat exchanger., 
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The principal objective has been to further our understanding of the 

environmental behaviour of transuranic nuclides, with particular reference to 

controlled waste disposal into coastal waters, Initially the programme 

concentrated on improving the analytical methodology, particularly for the 

determination of curium, and subsequently on the development of a method for 

neptunium. Although a final document on the methodologies used at FRL has not 

yet been prepared, two issues of importance have been reported on: the possibility 

of supported 242cm in the Windscale area( 1), and the demonstration of two·sets of 

oxidation states of plutonium in Irish Sea water( 2). 

A number of cruises have been made in all coastal waters of the UK in order 

to measure concentrations of Pu, Am and Cm in both filtrate and particulate 

water samples, These data are being evaluated in relation to their concentrations 

relative to 137cs, and in relation to the chemical speciation of Pu and the known 

rates of discharge of each nuclide, Some preliminary data have been published(3) 

which indicate that the association of the three principal transuranium nuclides 

with suspended materials is in the order of Am Cm Pu, and that the last of 

these differs from one area to another, probably as a result of changes in 

oxidation state. 

Sediment core samples have also been taken in large number. These samples 

have been obtained in order to produce an overall 'budget' of the longer-lived 

nuclides discharged by Windscale, and a full evaluation of the hundreds of 

analyses being made will take some time to complete, In the process of making 

this overall assessment, a number of studies have been made in order to identify 

the mechanisms by which these nuclides become incorporated into sediments, and 

the possibility of subsequent remobilisation back to the water column. Using 

the Pu-oxidation technique(4) a number of interstitial water observations have 

been made in the Windscale area(3,5), The general conclusions of these studies 

have been that plutonium is unlikely to be remobilised, once incorporated, due 

to the lower oxidation states predominating in interstitial waters. A more 
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general characterisation of the interstitial environment has also been made 

in relation to the possible effect on oxidation states(6), end the results of 

laboratory experiments using 239Np as a tracer have been presented(7), 

Were it not for the accumulation of transuranium nuclides by biological 

materials, the impact of discharges to the marine environment would be very 

small indeed, Studies on the biological availability of these nuclides have 

therefore concentrated on food species eaten directly by man, Concentrations 

of Pu end Am, with some additional data on Cm, were followed over a two year 

period in the Irish Sea(8 ,9) and the dose to man resulting from alpha emitters 

in general in a vari'ety of fish species has been evaluated ( 10), The consumption 

of fish is considered to be of minor importance relative to the shellfish path

Wicy"S ( 
11 ) and a more thorough examination of concentrations in crustacea has 

been made. Although the data obtained have not yet been published in detail, 

some preliminary observations have been presented( 11 •12), The occurrence of 
237Np in marine biological materials in the Windscale area has also been 

demonstrated( 11 ). 

In order to delineate pathw~cy"s of accumulation by marine organisms, and to 

estimate the rates of uptake and loss, controlled laboratory experiments have 

been made using 237Pu, Detailed studies with fish have demonstrated interesting 

differences between teleosts and elasmobranchs( 13• 14) and some of the studies 

have been extended to a subcellular level( 15), Comparative experiments have also 

been made with crustacea (lobsters and crabs), end some of the initial results 

obtained have been presented( 11 ). 

Finally, to complete our understanding of alpha-emitting nuclides generally 

in the marine environment, and to estimate their relative importance as a source 

of irradiation both to man and to marine organisms, analyses have been made of 

U, Th {and 210Po) in a variety of organisms( 16). These data are not only 

intended to put the introduction of man-made alpha-emitting nuclides into the 

environment into perspective, but will hopefully identifY areas where some 

degree of similarity exists in the behaviour of the actinide elements. 
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The major part of the programme has concentrated on the measurement of 

caesium-137 and caesiu~134 in British Isles coastal waters and adjacent seas 

with the main emphasis on the examination of the distribution of the two radio

nuclides in seawater< 1•4•5), Relationships have been established between 

concentrations in both seawater and biota and the rates of discharge from the 

BNFL fuel reprocessing plant, Windscale, Cumbria( 1•2•3), Measures of the 

inventory of 137 Cs in the seawater compartment of various areas of the Irish 

Sea, based on data obtained from annual cruises of research vessels, have 

enabled estimates to be made of residence times and steady state concentrations 

and a comparison made between pre and post 1976. 

Based on the change in inventory between cruises and from the regular 

sampling of seawater by ferry services, estimates have shown that almost all 

the 137cs discharged from BNFL Windscale leaves the Irish Sea by way of the 

North Channel and a sharp change occurred in the flow of water through the Irish 

Sea in 1976 and continued at least until mid 1979. With an approximate doubling 

of the flow rate of seawater there was a subsequent reduction in the residence 

time and steady state concentration of radionuclides in seawater of the Irish 

Sea, Distributions of 137cs in seawater have been examined on major cruises of 

research vessels off the west and north coasts of Scotland in 1978 and 1979, in 

the North Sea in 1976, 1978, 1979 and 1980 and in the Norwegian Sea in 1980. 

The data to 1979 demonstrate that almost all the 137cs leaving the Irish Sea 

progresses northward around the coast of Scotland to later enter the North Sea 

through the Orkney-Shetland channel and through the Pentland Firth. This is -

followed by a southerly movement down the Scottish and Engiish coasts but with 
0 I 0 

easterly movements from about 58 30 N to 53 N. The data also demonstrate a 

northerly flow of water out of the North Sea closely confined to the Norwegian 

coast into the Norwegian Sea. Analyses of data obtained from the North Sea to 

1979 have shown an increase in 137cs concentrations in seawater of the mid 

North Sea from 1-2 pCi.l-1 in May/June 1976 to 5-10 pCi.l-1 in May/June 1978. 

This follows increased discharges from BNFL Windscale in mid 1974 and increased 

volume flow rates out of the Irish Sea from 1976 onwards. Data from a cruise in 

Aug/Sept 1979 demonstrated a slight reduction to between 5 and 8 pCi.l-1 in 

seawater of the mid North Sea. 

The principal environmental impact in tems of public radiation exposure is 

seen through two pathways - external through use of shoreline areas and internal 
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due t9 consumption of fish and shellfish. Correlations have been derived 

between dose discharge rate and dose to both critical groups and populations 

at large( 1,3) (UK and other countries both within and outside the Community). 

By far the more important pathw~, especially as far as the Community is 

concerned, is that due to fish/shellfish consumption. Direct measurements in 

samples of fish/shellfish, supplemented by values deduced from water 

distributions and appropriate concentration factors, have been used to derive 

estimates of collective whole body dose equivalent. Integrated over the whole 

population of Western Europe these have ranged from 250 man-Sv in 1976, through 

160 man-Sv in 1977 to 210 man-Sv in 1978. Data for 1979-80 will be used to 

derive further estimates when the fish landing statistics from ICES are 

available. The data have been used to deduce values for the collective dose 

commitment, normalised to discharge rate, the most recent evaluations being 

presented in a paper to an IAEA/NEA symposium in 1980(3). The most important 

component of the discharges is 137cs. A value for the collective dose commitment 

to Western European countries from fish and shellfish caught from the North and 

Irish Seas and Scottish waters of about 0.45 man-Sv T.Bq-1 is indicated. 
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En 1980 les transferts de radioactivite a partir de I 'emis
sa ire de re jet de I 'Us i ne de I a HAGUE ont ete su i v i s en ut i I i sant I es sed i
ments I i ttoraux COIIIlle i nd i cateurs. Ces etudes ont ete comp I etees; 
elles ont ete concretisees par une pub I ication : "Sediments as indicators 
of art if i c i a I rad i onuc I e ides distribution West of I a HAGUE" presentee au 
meeting d'ISPRA (24- 28 mars 1980) organise par la Commission des Communau
tes europeennes et I'Agence lnternationale de I'Energie Atomique. Deux ensei
gnements sont a extraire de ce travail : 

1) I I ex i ste un deca I age pouvant attendre un an entre I ' instant ou un re jet 
determine est effectue a I 'emissaire de la HAGUE et I 'observation de 
son effet sur le I ittoral de la baie du MONT SAINT MICHEL (100 a 150km 
a I'Ouest de l'emissaire). La figure 1 qui represente !'evolution comparee 
des rapports 106 Ru/144 Ce dans des sediments directement affectes par 
les rejets industriels (echanti lions du Cap de la HAGUE et FERMANVILLE
CAP LEVY d'une part, echantillons de la baie du MONT SAINT MICHEL) d'autre 
part, temoigne de ce phenomene. 

2) Les teneurs du 239 Pu a FERMANVILLE-ZONE temoin pour etudier les effets 
de I 'Usine de la HAGUE- atteignent dans les sediments 100 a 350 pCi/Kg 
avec un rapport 238 Pu/239 + 240 Pu de 0,30 a 0,40 en 1979. Les resultats 
obtenus sur I a d i str i but ion du 239 Pu dans I es sed i ments de I a Manche 
sont rassembles dans le tableau I. 
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239Pu 238Pul39-240Pu I 06Ru+ I 06Rh I 06Ru+l 06Rhl39Pu 

FERMANVILLE 27/04/78 
a) 68 o·, 50 0, 600 97 
b) 99 0,31 12 500 126 
e) 98 0,23 21 400 218 

FERMANVILLE 12/04/79 
a) 97 0, 30 28 000 287 
b) 350 0, 37 160 000 457 

FERMANVILLE 27/07/79 
a) 242 0, 40 65 000 268 

BAlE DU MONT SAINT MICHEL (GRANVILLE) 24/03/78 
a) I 02 0,22 9 800 96 
b) 134 0,25 13 100 98 
e) 41 0, 49 16 100 393 

BAlE DU MONT SAINT MICHEL 21/08/79 
o) Concole 103 0,22 6 000 58 
b) Le Vivier 288 0,09 7 BOO 27 

BAlE DU MONT SAINT MICHEL 7/09/79 (VIVIER bas estran) 

a) 53 0, 35 2 000 40 

BAlE DE SEINE 20/07/79 
Courseu lies 78 0,33 11 000 141 
Ouistrehom 77 0, 34 10 650 138 
Honflevr 71 0, 38 6 140 86 
Le Havre 74 0,24 9 000 122 
Seine 68 0, 41 7 BOO 115 

TABLEAU I - Teneurs (pCi/kg sec) en 239Pu, 
1 06Ru+

1 06Rh de s~diments littoraux vaseux de la Manche, 

rapparts 238Pul39-240Pu ; I 06Ru+ 1 06Rhl_3~~240Pu ; 1 06R4 144Ce. 

~u / 1~e 

o Cap de LA HAGUE 
o FERMANVILLE 
c GRANVILLE 

A CANCALE 

I 06Ru/ 44C1 

5,5 
3,4 
4,3 

10,7 
10,9 

11 '8 

2, 03 
2,09 
2,07 

4,1 
4,9 

10, I 
9,4 
8, 6 
6,3 
5, 8 

Evaluation des 

Figun 1 • Evolution daa rapport• 106 Ru/ 144 Ce d.,• dea a6dilnanta(couche -IOCIJI)du Cap de La Hagua,da Fermenvilla(N 0 Cotentinl 

atda la baia du Mont Saint M1Ckel(GranvUla,Cancale) 
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En 1980, outre les travaux evoques ci-dessus, on a porte 
une attention toute particul iere sur la distribution des principaux emet
teurs ga11111a dans I es eaux et suspensions de I a Manche. Les donnees re
cuei I lies sont transposables a tous les autres radionucleides a condition 
de fa ire i nterven i r I e comportement phys i eo-eh i m i que qui joue un ro I e 
essent i e I dans I a dispersion. Dans I e cas present I 'anti mo i ne 125 et 
I e 144 Ce constituent respect i vement d' exce I I ents marqueurs des masses 
d'eau et des particules en suspensions alors que le 106 Ru introduit 
I e terme "source" c' est a dire I es caracter i st i ques phys i eo-eh i m i ques 
du rejet. L'interet presente par l'antimoine pour suivre les deplacements 
des masses d'eau est tout a fait remarquable : au moment d'un rejet, 
avec une charge en mat i eres en suspens i ons de I 'eau de mer de 36, 5 mg/ I 
( lors d'une tempete) on a pu constater que la fraction soluble (0,45 m) 
representait 99,8 % du total ; d'un autre cote ce radionucleide, a quel
ques nuances pres, ne se f i xe que tres peu sur I es suspens i ons et I es 
constituants biologiques du mi I ieu. Ainsi en ce qui concerne les sediments 
les rapports 106 Ru/125 sb dix fois plus eleves que dans les eaux illus
trent du caractere conservatif du 125 Sb au sein de la masse d'eau. Les 
ana I yses effectuees au cours de I 'annee 1980 apportent I es pr i ne i paux 
enseignements suivants : 

1) La radioactivite artificielle observee en Baie de Seine est essentielle
ment imputable a I'Usine de la HAGUE. 

2) Par rapport a I a dispersion rap i de freque~~~~~ent re I atee entre I e Cap De 
I a HAGUE i I ex i ste ega I ement une penetration I ente des rad i onuc I e ides 
a I' inter i eur de I a Ba i e de Seine sous I' effet de courants c ircu I a i res 
analogues a ceux decrits par le modele de la plaque tournante de GRENOBLE 
(cf. figure 2). 

3) En baie de Seine, pour les ra1sons indiquees ci-dessus, i I se produit 
un piegeage important du 106 Ru au niveau des enormes stocks de matieres 
en suspensions presents dans cette region (partie reportee sur la figure 
3 del imitee par les points 7 8 9, 11 13 16, 12 14 18 19 20, 17, 28 29 
30) . I I resu I te de cet epu i sement des masses d' eau du 106 Ru que I es 
rapports 106 Ru/125 Sb qui etaient de 20 au Cap de la HAGUE et dans les 
eff I uents de I 'us i ne sont compr is entre 5 et 7 en ba i e de Seine dans 
la partie chargee en suspensions. 

4) Le facteur de di I ut ion d'une zone consideree par rapport a I 'emissaire 
de rejet de la HAGUE peut etre exprime par les rapports entre les activi
tes des divers radionucleides etudies dans les eaux correspondantes. 
Ce facteur en baie de Seine est de 7,5 pour le 106 Ru et seulement de 
2 pour l'antimoine 125 malgre les 150 km qui separent cette zone de l'e
missaire. On doit constater que les etudes previsionnelles qui avan~aient 
un facteur de dilution superieur a 100, sont loin de refleter les observa
tions effectuees sur le terrain car les etudes de model isation ne prennent 
en consideration n 1 I e parametre temps n i I a forme phys i eo-eh i m i que des 
e I ements rejetes. 

5) Les donnees precedentes expl iquent certaines anomalies constatees in 
situ dans la distribution du plutonium et des emetteurs gamma dans divers 
supports biologiques par rapport a I 'emissaire de la HAGUE (faiblesse 
des facteurs de dilution. 

L 'essent i e I des donnees precedentes repose sur une campagne 
oceanographique (2) decrite sur la figure 3 et dont les resultats sont repor
tes dans le Tableau 1. 
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Contractor: Ris0 National Laboratory 

Contract nr: 280-79-1 BlO DK 

Head of the research team: Asker Aarkrog 

General subject of contract: Radioecological investigations 

of an environmental contamination with transuranic elements. 

Title of the project No 1: Radioecological investigations of 

an environmental contamination with transuranic elements. 

Head of Project and scientific staff: Asker Aarkrog; Karen 

Nilsson, Henning Dahlgaard and Heinz Hansen. 

Consultants: Elis Holm, Lund University, Sweden; David N. 

Edgington, Wisconsin University, U.S.A. 

In January 1968 the marine environment at Thule Air Base, 
Greenland was contaminated by plutonium and americium. Ex
peditions in 1968, 1970, 1974, and 1979 have studied this con
tamination; approximately 1 TBq 239 • 2 ~ 0Pu (25-30 Ci) are pre
sent in the marine sediments. In the biota most of the contami
nation occurs in the benthos. 

An aim of the 1979 expedition has been to make a study of 
the time-trend of the environmental plutonium levels, i.e. how 
rapidly the Pu levels decrease in the biota and in sediments. 
Furthermore, the vertical and horizontal'distributions of the 
contamination of the sediments have been compared with those 
of previous years. The higher trophic levels have been reexam
ined to ascertain whether or not they are still uncontaminated, 
and for the first time 2 ~ 1Am has been included in the studies. 

Sediments 
On the 1979 expedition sediments were collected at 17 lo

cations to a depth of 18 cm. The sediment cores were divided 
into 3-cm thick layers and due to the presence of hot spots 
(cf. below) they were analyzed as duplicates for 239 • 2 ~ 0Pu, 
238Pu, and 2 ~ 1Am. Furthermore, all samples were analyzed for 
137cs in order to determine the content of fallout plutonium 
in the samples. The horizontal as well as vertical distribution 
of the activities in the sediments could be described by ex-
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ponential expressions. This was also the case in 1974 and a 
comparison between the two years was made. 

The median distance increased from 5 km in 1974 to 6.5 
km in 1979, i.e. the material moved 300 metres a year during 
this period. The median depth of the activity in the sediments 
increased from 4.8 cm in 1974 to 8.4 cm in 1979, corresponding 
to a vertical movement of 7.4 mm y-1. However, the rate will 
probably decrease in the years to come as the vertical mixing 
is strongly influenced by bioturbation. The inventories by 
1979 were estimated to be 1 TBq 239 ' 2 ~ 0 Pu, 0.1 TB~ 2 ~ 1 Am, 1.6 
GBq 238 Pu, and 2 TBq 2 ~ 1 Pu. The estimate of the 2 9 ' 2 ~ 0 Pu in
ventory was not different from that of previous years. 

Approximately 9% of the samples contained hot spots, i.e. 
the sample deviated by more than a factor of 3 from its dupli
cate. The hot spots were most frequently in the upper 6-cm of 
sediments. Eyen at the most distant sediment location (50 km 
from point of impact) a hot spot was observed. The low value 
of 238 /239 • 2 ~ 0 Pu (= 0.020) in this sample suggested that the 
activity was from the accident rather than from fallout. In 
cooperation with David N. Edqington (Wisconsin University, USA) 
some preliminary studies of the plutonium speciation of the 
sediments have been made. It was shown that the plutonium ac
tivity in Thule sediments was soluble in sodium dithionite, 
which indicates that the activity in the sediments required a 
reducing environment before dissolution could occur. 

Seawater 
Eight samples of total seawater (unfiltered), 4 filters 

(0.45 ~) and 3 samples of filtered water were analysed for 
239 • 2 ~ 0 pu and 2 ~ 1 Am. The samples were all surface samples, ex
cept those collected at the point of impact. These samples were 
taken at 50-, 100-, 150- and 170-m depths. The sample at the 
greatest depth contained accident plutonium; however, all the 
surplus activitr (52 ~Bq ~-1) was present as particulates. The 
mean level of 2 9 ' 2 ~ 0 Pu in all total water samples (except the 
above mentioned) was 19 ~Bq ~-1 (0.51 fCi ~-1), which is com
parable to the fallout level in seawater. The filtered samples 
indicated that approximately 10% of the plutonium activity from 
fallout in seawater was particulate. The mean ratio: 
2 ~ 1 Amj239 ' 2 ~ 0 Pu in seawater was 0.15 and in particulates ap
proximately 0.3. In the sample containing accident Pu the total 
water showed 2 ~ 1 Am/239 ' 2 ~ 0 Pu = 0.06 and the ratio in particu
lates was 0.12, corresponding to 2 ~ 1 Am/239 ' 2 ~ 0 Pu found in sedi
ments. We may conclude that Am is depleted in the water as com
pared to Pu; hence, the ratio of Am to Pu becomes lower in the 
water than in fallout and in particulates. 

Sea plants 
Sixteen samfles of fucus and laminaria were analysed for 

239 • 2 ~ 0 pu and 2 ~ Am. The mean level of all samples were 0.25 
Bq 239 • 2 ~ 0 Pu kg-1 dry weight (6.8 pCi kg-1). The mean value of 
2 ~ 1 Amj239 ' 2 ~ 0 Pu was 0.13. This ratio was not significantly dif
ferent from that in seawater and we conclude that the seaplants 
collected at Thule did not show any difference with regard to 
uptake of plutonium or americium. The concentration factor: 
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Bg 2 39 ' 2 ~ 0 Pu kg-l seaplants, dry weight) = 13 x 10 3 
Bq 239,2 40 Pu ~ 1 seawater 

This concentration factor was two times higher than that ob
served in Danish waters (6 x 10 3 ). 

Benthos 
Eight samples of brittlestars were analysed for 239 ' 240 Pu 

and compared with the concentrations found in 1974. The levels 
were nearly unchanged. The inventory of 239 ' 240 Pu in the bio
rnass of brittlestars at Thule was 28 MBq in 1974 and 22 MBq 
in 1979, corresponding to an effective half-life of approxi
mately 16 years. This is an increase in half-life compared 
with the period 1970-1974 when the half-life was estimated at 
only 2 years. However, additional samples of brittlestars 
should be analysed before more reliable conclusions may be 
drawn. 

Shells of bivalves were analysed for 239 ' 240 Pu and 241 Arn. 
The mean ratio: 2 ~ 1 Arn/239 ' 2 ~ 0 Pu was 0.2 i.e. between that of 
fallout (0.3) and accident debris (0.1). The inventory in 
shells of bivalves was estimated at 250 MBq in 1979 as corn
pared to 300 MBq in 1974, corresponding to a half-life of 
approximately 17 years. This is to be compared with a half
life of 15 years observed from 1970 to 1974. However, if the 
values were corrected for Pu fallout, the estimates became 
130 MBq in both 1979 and 1974. In four samples of urchins the 
239 ' 240Pu levels ranged between 0.2 and 0.4 Bq kg-1 (fresh 
weight) with no apparent defendence ufon distance from point 
of impact. The mean ratio: ~ 1 Arn/239 ' 40 Pu was 0.15. 

Soft tissues of bivalves contained on the average 0.2 Bq 
239 ' 240 Pu kg-1 (7 samples) collected between 7 and 10 km from 
the point of impact; this is approximately one-third the value 
found at similar distances in 1974. However, more samples have 
still to be analysed before a more reliable estimate of the 
decrease in the plutonium inventories from 1974 to 1979 could 
be made. 

Fish, sea birds and sea mammals 
Samples of fish and sea birds were obtained during the 

1979 expedition, and sea mammals were shot by local residents 
in April 1980. 1 Plutoniurn-239,240 (rnBq kg- )fresh weight in higher ani-
mals from Thule 1979-1980 is given below: 

Fish Birds 
Sea scorpion Brunnich's 

guillemot 
Eider 

Meat 1.6 < 0.4-3.4 

Liver < 7 2-55 

Bone 15 < 7-57 

Roe 1.1 

Seal 

< 0.4 

< 4-2800 

< 7 

Walrus 

< 0.4 

1-6 

< 7 
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In 1974 fish showed Pu-levels in the range 4-370 mBq kg- 1 , 
birds were around 14 mBq kg-1 and sea mammals varied between 
< 4 and 20~ mBq kg-1. The liver is apparently the organ where 
Pu is most likely to be detected. A single sample of seal liver 
showed an unexpected high 239 ' 240 Pu concentration (75 pCi kg-1 
~ 2.8 Bq kg-1). However, a high ratio: 238 Pu/239 ' 240 Pu (~ 0.1) 
indicated that the plutonium source could hardly have arisen 
from the Thule accident. The sample will be examined further 
in order to identify the possible source of contamination. 

Conclusion 

The expedition to Ttru.le was accarplished as plarmed and all abiotic 

samples have been analysed. The analysis of the biological naterial will 

first be coopleted by 1981. 

ilbst of our initial objectives have been achieved: 

1) 'lhe inventories at Thule of 239•24oPu, 241Pu, 238Pu and 241J\m fran 

the accident were detennined. 

2) 'lhe a!IO\mt of fallout 2 3 9 ' 
2 4 0Pu in the marine sediments was estinated 

fran the 1 3 7 Cs levels. 

3) The seawater does not contain measurable a!IO\mts of Pu (or J\m) fran 

the accident, except that found in particulates just over the seabed 

at the point of :impact. 

4) The concentration factor fran seawater to brown algae was the saire 

for Pu and J\m. 

5) Pu and J\m behave similarly in the sediments both as regards to vertical 

and horizontal distrirution. Americium is less soluble in seawater than 

plutonium, hence Am/Pu is lower in seawater than in particulates. 

6) 'lhe vertical displacement of the activity in the sediments has been 7-8 

mn y-l since the accident. This indicates that Pu and J\m deposited on 

the seabed (by an accident) becane increasingly unavailable to the bio

ta as they are ruried in the sediments. 

7) Although not all biological samples have been analysed the results ob

tained hitherto indicate that the Pu inventories in the biota have de

creased since 1974. It is, however, prare.ture to give any figures for 

the transfer factors fran the accidental release to the biota. 

8) Plutonium fran the accident was not detected in higher aninals (fish, 

birds and llla!mals) with any certainty. The contamination at Thule 

is confined to the benthic organisms. 

Publications 
Asker .Aarkrog, Henning Dahlgaard, Heinz Hansen, Elis H:>lm, J0rgen Lig:ert 
and Karen Nilsson, Provisional results fran the August 1979 Ttru.le expe
dition~ in Environmental Radioactivity in Greenland in 1979. RiS0-R-423 
p. 31-42 (JUly 1980). 
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Contractant van de Commissie: 

Institute of the Association EURATQM-ITAL, Wageningen, the Netherlands 

Nummer van het contract: 185-76-1 BIA N 

Hoofd van het (de) researchteam(s): Dr.lr. D. de Zeeuw, subsequently 
Dr.lr. A. Ringoet 

Algemeen onderwerp van het contract: 

- The s.tudy of various aspects of the effects of radiation on I iving cells 
making use of plant cells and related material. 

-Behaviour of radiocontaminants in soils and vegetations of specific sites. 

Dosimetry intercomparison studies were made to enable coordination of research 
on late effects of radiation, especially on partial body irradiation of rats. 
Lyoluminescence studies demonstrated that mannose and glutamine can be used 
as suitable dosimeters for intermediate doses. The clear perspex dosimeter 
was investigated for its dependence of oxygen diffusion, temperature and 
humidity during storage. 

Haplopappus gracilis cell cultures were developed for cellular radiobiological 
studies and cell survival and mutations were studied. A very pronounced repair 
of potentially lethal damage was found. In SaintpauZia ionantha the regeneration 
of epidermal cells was used to study a radiation stimulated repair of potentially 
lethal damage for X rays and neutrons. Analysis of literature data demonstrated 
a close correlation between survival, utations and chromosomal aberrations. 
In Oenothera organensis, mutation studies at the S-locus suggest that low 
doses of radiation induce heritable changes. 

A scheme to examine the possibilities for decontamination of agricultural 
areas after severe nuclear accidents has been prepared. The study takes into 
account both the short term pathway (grass- cow- milk- man) and the long 
term pathway (soil -grass- cattle- milk/meat- man). Numerous measures are 
discussed with special attention being paid to their practicability. 

The possibility to fix 90sr in soil with alginates was studied. The 
perspectives are disappointing. 

The migration of 90sr, 137cs, 23Bpu and 239,240pu in soils was studied by 
laboratory column elements and for 90sr and 137cs since 1957 by sampling 
pastures. Models to describe the migration were refined and tested. Results 
are satisfactory. 

Soils and sediments of the river Rhine delta were analysed to determine a 
possible contamination of Pu and Am, Some slight enrichment could be observed; 
a soil of the forelands of the Rhine had a 239,240pu content of 500 mBq·kg-1 
versus 300 mBq in a soil which was never flooded with Rhine water. 

Tetren (tetraethylenepentamine) appeared to be a chemical ligand which 
considerably decreases the availability of transition metals in clay 
containing soils. The roots cultivated in a to-6 molar Cu solution contained 
20 times as much Cu as the roots of plants which were grown in a to-6 molar 
Cu-tetren solution. The Cu-tetren complex once taken up by the roots, is 
very mobile within the plants. A drawback of using such synthetic ligands 
is that they do not react specifically with radioactive transition metals. 
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Transfer coefficients and (re)distribution of some radiocontaminants 
(corrosion products and transition metals) in plants have been determined 
on nutrient solutions and two soils·. The transfer coefficients are 
apparently functionally dependent on the stable isotope concentration 
and the plant age, but independent on the water uptake at the given 
concentrations. The mobility of the radiocontaminants is different, being 
for example very low for 65zn, but fast for 60co. The transfer of 6Szn 
from soils contaminated in their top layer is rare due to limited depth 
migration. 

In 1974 an unexpected phenomenon was observed in our laboratories. lt 
seemed that two isotopes of Cs, at very low concentrations, behaved 
differently. All samples of this experiment were stored and they were 
recounted during this contract period; the aberrant behaviour seemed 
consistent. All experiments thereafter did not show, however, any 
different behaviour of the two Cs isotopes. 
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INSTITUTE OF THE ASSOCIATION EURATOM-ITAL 

P.O. Box 48, 6700 AA Wageningen, The Netherlands 

Board of Governors 

J,B. Ritzema van lkema 

P. van der Schans 

G. Wansink 

T.J. Barendregt 

H.N. Hasselo 

H.F. Linskens 

Management Committee 

P. Bourdeau 

G. Wansink 

R. Craps 

H.N. Hasselo 

F. van Hoeck 

H. F. Li nskens 

P. van der Schans 

chairman 

vice-chairman 

secretary 

chairman 

secretary 

The meetings of the International Scientific Advisory Council {ISAC) 

were discontinued. 

Changes in Scientific Staff 

Dr. W.A.A. Bergers, Dr.lr. L. Damen-Dellaert, Dr.lr. F. van Dorp and 

Dr. J.W.G.M. Wilmer left the Institute to accept research duties else

where. 

lr. P. Poelstra died in July 1980. 

Several guest-workers have spent 6- 12 months at the Institute. 



- 236 -

Resultaten van het project No. 

Hoofd van het team en wetenschappelijke medewerkers: 

K.H. Chadwick, H.P. leenhouts, P.A.Th.J. Werry, K. Sree Ramulu. 

Titel van het project: 

A study of dose effect response and the inter-relationship between 
cell survival, mutation and chromosomal aberration in plant cells. 

Beschrijving van de resultaten: 

1. HapZopappus gracilis (Nutt.) Gray cell cultures 

A. Ib~-~~~~rl~~~!~l-~x~!~~ 
A replating efficiency of 80% was obtained for single cells of 
Haplopappus gracilis by using a replating technique in which 
small aggregates of cells were replated on top of a feeder 
layer. The small aggregates were grown from single cells plated 
at high density in soft agar on top of a feeder layer. This 
technique was used for survival studies. 
A different technique was used for mutation studies when much 
larger numbers of cells needed to be treated. In this case 2 ml 
of cell suspension culture in stationary phase was plated on top 
of B-5 agar containing the selective agent cycloheximide. 

s. ~~r~l~~l-~!~ql~~ 
a) ~c~t~ J.r.!.a~i~tJ.o~,_i_!!!m~dJ.a_!_e_p_!_a_!_i~g_ 

Measurements of cell survival have been made using exponent
ially growing cells and stationary phase cells using X-rays 
and fission neutrons. 

- Fission neutrons are more effective than X-rays and an RBE 
value of 3 to 5 is found, in accordance with data reported 
for mammalian cells. 

-Cells in stationary phase are more sensitive to both X-rays 
and fission neutrons than cells in exponential growth. 

- The plating efficiency (PE) of cells irradiated with doses 
of less than 4 Gy (400 rad) of X-rays exceeded that of the 
control cells-. 

-This "stimulated" PE was ascribed to an increase in cell 
elongation possibly caused by radiation induced endogenous 
cytokinine production. The increased cell growth improved 
the cells chance to form small aggregates in the first phase 
of the plating process. 

- The "stimulated" PE was found to be dose rate dependent for 
X-rays, extending to a higher dose at lower dose rate. 
Acute neutrons did not give an observable "stimulation" but 
it was found for low dose-rate neutrons. 

b) ~e_!_aye~ £1~tJ.n~ ~n~ ~e~r~a~e~~o~e_r~t~ 

The repair of both potentially lethal damage (PLO) and sub
lethal damage (SLO) was observed in the in vitro cultivated 
cells. 

-Repair of PLO after X-irradiation is completed after a 
delay of plating of 12' hours under normal conditions; at low 
temperature the repair process is retarded. 

-Repair of PLO after irradiation with fission neutrons 
follows a bi-phasic pattern with respect to the reaction 
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rate of the repair process and with respect to the 
sensitivity to low temperature. 

- The stimulation effect at low dose of X-rays is not 
manifest when the cells- after the irradiation- are 
kept in condition that allows full repair of PLO.· 

c. ~~!~!12~-~!~~l~~ 
Mutation st~ies in the HapZopappus cells have been initiated 
making use of the induction of resistance to the antibiotic 
cycloheximide. 

a) lh~o.r.e!i.£a.!..J?.a~i~ _£f_t.!:!e_C!!_R_sys_!e_!!! 

Cycloheximide is a potent inhibitor of protein synthesis: 
it prevents elongation of the peptide chain "growing" at 
the ribosome by competitively binding to the ribosome. 
A change in the molecular structure of the ribosome - based 
on a change in the DNA coding for the ribosomal structure -
prevents such binding and renders the cell resistant to a 
concentration of cycloheximide, that would normally kill 
the cell by protein deprivation. 

b) ~o~e_eif~c! !_e.!_a_!i_£n~hlp_ait~r_i.r.r~dla_!i_£n_wlt!!. !-.r.ays_a~~ 

if~slo~ ~e.t:!_t!_O~~ 

The cell killing effect and the mutation induction effect 
are both correlated to the applied dose in a strictly similar 
way. Fission neutrons are more effective in cell killing and 
mutation induction than X-rays, however, the net yield of 
mutants at the optimum dose for mutation induction is similar 
for both types of radiation. The optimum dose for net mutation 
induction is 10 Gy (10.00 rad) for X-rays {3, 1 Gy.min-1 (310 rad. 
min- 1)) and 5 Gy (500 rad) for fission neutrons (1 Gy.min-1 
(100 rad.min-1)). 

c) lh~ ~fie£t_of. 51_e.!_aye51_ .e.l~tln_g_ io.!.l.£wln.9. !-.r.ay~ 

When the plating of the cells is delayed such that PLO repair 
can be completed, it appears that concomitantly with PLO 
repair, the mutation frequency decreases. However, since PLO 
repair is more pronounced than the decrease in mutation 
frequency, the net increase of mutants as a result of delayed 
plating is observed. 

2. Saintpaulia 

A technique was developed to quantify the effect of radiation on 
the stationary (G0 ) epidermal cells at the base of several leaves. 
Using this technique the effect of radiation on the regeneration 
of these cells was found to be similar to cell survival. A dose 
rate effect was measured and in a fractionation experiment the 
repair of sub-lethal damage was found to be efficient, a first order 
process with time having a half-life of 2 hours. 
Very little repair of potentially lethal damage was detected un
less the leaves were pretreated with a small radiation dose 24 hours 
prior to a challenging dose. In this case the stimulated repair 
process enabled the cells to repair a considerable amount of 
potentially lethal damage. The development of the repair process 
was time dependent and was optimal at 12 - 24 hours after the pre-
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treatment dose. The repair process was dependent on the size of 
the pretreatment dose and could be induced by both X-rays and 
fission neutrons. Analysis indicated that the repair process 
was induced in a single-hit process and had a neutron RBE of 
unity. lt was shown that with delayed cultivation of the leaves 
after a single irradiation the repair process can develop and 
eventually repair some potentially lethal damage induced by the 
irradiation. This process is more efficient at low doses of X
rays and leads to a change in the shape of the X-ray dose 
response curve for regeneration which develops a flat shoulder 
at low doses. Very little effect on the fission neutron response 
curve is seen and this stimulated repair process combined with 
delayed plating results in an increase in the low dose RBE for 
neutrons from 10 for immediate cultivation to 35 for delayed 
cultivation. This increase in RBE is solely due in this case to 
a decrease in the effectiveness of the X-rays. 

The induction by a low pretreatment dose of a "protective" 
effect in the epidermal cells correlates very closely with the 
effect found at the plantlet level in SaintpauZia previously. 
The plantlets are apparently derived from single regenerating 
epidermal cells and the results indicate that the effect found 
at the plantlet (organism) level can be ascribed to an effect 
occurring at the cellular level; it is not due to a cell 
competition or tissue organizational effect. The facts that plant
lets are derived from single epidermal cells and that they can be 
grown to full plants and scored for mutations made it possible to 
study the effect of the stimulated repair process on the frequency 
of mutations. The results showed that the pretreated leaves gave a 
lower mutation frequency than the untreated leaves at each dose 
indicating that the repair of potentially lethal damage led to a 
reduction in the mutation frequency. However, the reduction factor 
for the mutation frequency was smaller than the increase in cell 
survival (regeneration) induced by the pretreatment and this 
indicates that whilst part of the repair of potentially lethal 
damage might be error-free, part of the repair is not error-free 
and sti 11 leads to mutations, 

3. Analysis 

In the model developed over the past eight years it is assumed 
that radiation induced DNA double strand breaks (dsb) are the 
crucial lesions responsible for biological effects such as cell 
reproductive death, chromosome aberrations and mutations. This 
assumption implies that in experiments where different biological 
end-points are determined from the same population of treated 
cells direct correlations between the different end-points should 
exist. The model predicts quantitative correlations between the 
end-points as follows: 

if the number of double strand breaks (N) induced by a dose (D) 
of radiation is given by 

N = aD + SD 2 

a dsb leads to cell ki 11 i ng; 

(1) 

and p is the probability that 
q is the probability that 
c is the probability that 
chromosomal aberration; 

a dsb leads to a specific mutation; 
a dsb leads to a scorable 
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then cell survival S = exp[-pN] 
mutation frequency M= 1 - exp [-qN] " qN 

and aberration yield Y = eN 

(2) 
(3) 
(4) 

N, the number of crucial lesions, is common to the equations 2, 3 
and 4 and elimination of N between these equations leads to the 
correlative equations: 

In S = -.2. M (5) q 

In s = -.2. y (6) c 

M1 
q1 

= qz M2 (7) 

y1 
C1 (8) =- y2 C2 

Figure 1 illustrates the various straight-line correlations between 
the different end-points which are predicted by equations 5, 6, 7 and 
8 for data taken from a small sample of suitable experiments published 
in the literature. 

These correlations also mean that comparable effects of dose-rate, 
fractionation, radiation quality and sensitizers and protectors will 
be found for these different end-points. At low doses of radiation, 
where the linear (a) term in dose dominates the dose responses, the 
I imiting relative biological effectiveness (RBE0 ) will be the same 
for different end-points measured in the same cell population. This 
RBE0 is relevant for the quality factor used in radiological 
protection. 

The model has also been developed to provide a qualitative analysis 
of the synergistic interaction between ionizing radiation and other 
DNA damaging agents. The analysis of data on the interaction of UV 
and X-rays, and an alkylating ~itrosourea compound (BCNU) and X-rays 
has shown that the experimental results are compatible with the 
synergistic interaction model. The quantitative analysis predicts 
that the interaction between a DNA damaging agent and radiation leads 
to an increase in the linear component of the radiation response 
which is significant at low doses. 

4. Genetic effects of the very low doses of X-rays and fast neutrons 

on the S-Iccus of OenothePa OPganensis Munz. 

The analyses on the genetic effects after treatment of pollen mother 
cells with low doses (0,025- 0,2 Gy (2,5- 20 rad} of fast neutrons 
and X-rays in clone I 11-4/55 of OenothePa oPganensis Munz. were 
further continued. The results showed that fast neutrons and X-rays 
produced significantly higher frequencies of seeds and seedlings 
than those obtained spontaneously "(table 1). The genetic analysis of 
79 progeny plants revealed that the low doses of fast neutrons and 
X-rays induced both permanent mutations (pollen-part) and reversible 
mutations at the S locus, while spontaneously only reversible 
mutations occurred (inspite of screening approx. 25 million pollen 
grains), the frequency being significantly lower than that induced 
by fast neutrons or X-rays. Among the 50 progeny plants der:ved from 
the treated series, so far analysed, 47 showed reversible mutations 
and 3 permanent mutations. Thus, the present data suggest that the 
low doses of radiations induce heritable changes. 
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The implications of these results for Radiological Protection 
are: 

1. the repair of sublethal damage is a different process than 
the repair of potentially lethal damage; 

2. one common type of lesion seems to be responsible for different 
biological end-points; 

3. in general a comparable effect of dose rate, fractionation, 
radiation quality, sensitizers and protectors can be anticipated 
for different biological end-points; 

4. the limiting RBE at low doses will be the same for different 
end points in the same cell population; 

5. in testing cells radiation can stimulate a repair process which 
is not entirely error-free; 

6. the stimulated repair can affect the low dose RBE value; 

]. synergism between a chemical mutagen and radiation can lead to 
an increase in the linear dose component which is effective at 
low doses; 

8. very low doses of X-rays and neutrons can induce permanent 
inheritable mutations. 

Table 1 • Frequencies of capsules and seeds after crosses between unirradiated s3s4 plants, used as female 
parents and irradiated and control S3S4 plants in Oenothera organensis Hunz. 

Caosu les Seeds I Viable seeds 

With seeds With viable seed No. Freauencv No. Freauencv 
Irradiation Flowers Per treatments pollinated No. No. per 100 No. No. per 100 Per Per Per 

poll inations pollination pollination 
mi 11 ion 

pollination 
mill ion 

pollen pollen 
grains* grains 

Control 5380 54 1,00 23 0,43 147 0,027 6, 75 44 0,008 2,02 

Fast neutrons 

.§y rad 
0,025 275 1081 51 4,72 17 1,57 60 0,055 13,97 17 0,016 3,96 

0,05 5 1056 36 3,41 15 1,42 37 0,035 8,95 15 0,014 3,63 

0,1 10 889 26 2,92 11 1,24 33 0,037 9,50 11 0,012 3,17 

X- rays 

.§y rad 
0,025 275 787 23 2,92 32 0,041 9,09 

0,05 5 869 36 4,14 47 0,054 12,05 

0,1 10 824 29 3,52 44 0,053 11,92 

0,2 20 768 31 4,04 60 0,065 14,53 

'"The mean no. of pollen grains per pollination was 4483 _:: 121. 
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Resultaten van het project Ho. 2 

Hoofd van het team en wetenschappelijke medewerkers: 

K.J. Puite and K.H. Chadwick 

Titel van het project: 

Developrolent and improvement in accuracy and reproducibility of 
dosimetry systems•for X-ray intercomparison, neutron and high 
level gamma irradiation. 

Beschrijving van de resultaten: 

1. Dosimetry intercomparison for evaluation of late effects of ionizing 
radiation. 

A prerequisite for coordination of research programmes to study the 
late somatic effects of ionizing radiation in mammalian organisms is 
the standardization of experimental methods, such as the dosimetry. 
Investigations in radiation biology and radiation therapy have 
demonstrated that differences of 10 per cent in absorbed dose will 
produce clearly observable variations in biologic response. In general, 
cell survival analyses do not allow the prediction of variations in 
absorbed dose determinations smaller than 5 per cent. lt has bee11 
suggested therefore that an accuracy of 5 to 6 per cent and a precision 
of 2 to 3 per cent is required for the determination of absorbed dose 
in biologic applications. 

For the institutes cooperating within the European Late Effects Project 
Group (EULEP) intercomparisons of doses and dose distributions have 
been performed in 1971, 1973, 1976 and 1930. These studies have 
resulted in improvements with regard to the accuracy and precision of 
the X-ray dosimetry at these EULEP laboratories. The third and fourth 
intercomparison 1~as considered to be essential for a periodical check on 
the dosimetry procedures and for the benefit of new groups joining 
EULEP in the intervening years. The intercomparisons were carried out 
using mailed thermoluminescent (TL) dosemeters. 

The fourth dose intercomparison was organized in close cooperation 
with the llational Institute of Public Health at Bilthoven. The dosemeters 
were evaluated both at this institute and at ITAL. Future work on behalf 
of the EULEP programme will be carried out by the Institute of i'ublic 
Health. 

Late effects caused by the irradiation of specific organs, e.g. lung 
and 1 iver, are also studied in the EULEP research programme. For these 
studies collimated X-ray beams have to be employed, since it is 
necessary to restrict the dose to other essential organs in the animal. 
In connection with these programmes it was decided to initiate an 
intercomparison of the X-ray dose and dose distribution for partial 
body irradiation in 1978. The exposures at the participating institute 
had to be performed under conditions similar to those actually employed 
for rat partial body irradiations. The dose in the irradiated organs as 
well as the scattered doses in the phantoms have been measured and 
compared with the dose values from a standardization laboratory. On 
the basis of these partial body X-ray dosimetry studies (Fig. 1) a 
number of conclusions can be drawn: 
(1) Dual capsules with LiF and CaFz:Hn TL powder appear to be well 

suited for this type of dosimetry with X-ray beams having an HVL 
above 1,3 mm Cu. However, one should be aware of the disturbance 
caused by the capsules in the lung and 1 iver equivalent material. 



- 247 -

Pl?rc.e-nt dev•ohon w1th respect to standard dose 

30 ~ 
1
: ~-Jl~Before consultatoon 

--yr 0 Lung exposure 
-10 1}1 

lnst•tute nl•ver exposufl!' 
-20 A B c 0 E G H 

~=~ 0 i 0 fi, After c.onsultot•on 

u u 

Fig. 1. Diagram shm1ing the results of the EULEP partial body 
X-ray dose intercomparison before and after consultation 
with the participating institutes. 

~- ~~'!"''"'"" 
JN2 N2 inlet 

----~------~~ ---- .__ 

water bath 

Fig. 2. Lyoluminescence apparatus. 
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(2) At an FSD of 50 cm large dose gradients are present in case of 
unilateral irradiations and minimal backscatter conditions: for 
example 23% for an HVL of 1,5 mm Cu in the lung substitute 
material and 51% in the liver substitute material. Full back
scatter geometry reduces the dose gradients in the lung to 18%, 
but hardly influences the gradient in the Jiver. One should 
realize that the dose variation over the lung and Jiver (3 cm 
depth) will be equal to 12% due to the inverse square law alone. 

(3) The scattered doses in the central part of the phantom are of the 
order of 1 to 5% of the dose in the primary beam, depending on 
the scatter material (lung or liver material) and the presence 
of backscatter material. The scattered dose in the distal part 
of the phantom amounts to 0,1 and 0,5% of the dose in the direct
ly irradiated part. 

(4) The main objective of this study was to obtain information on the 
accuracy of X-ray dosimetry and the adequacy of exposure arrange
ments for partial-body irradiations of rats. The doses delivered 
by the participants in the two sessions sho1~ed good reproducibi I ity; 
however, large discrepancies were observed (up to 36% from the 
standard value). In a number of cases the sources of error were 
rather elementary, and it is to be expected that the results of 
this intercomparison will inspire the participants to perform 
better and more careful measurements. Four of the eight institutes 
generally perform partial body irradiations of rats by unilateral 
exposure. The large dose gradients (up to 68%) are unacceptable 
for radiobiological studies. Consequently for these institutes 
the introduction of a bilateral exposure arrangement is strongly 
recommended. 

2. lyoluminescence dosimetry. 

- The lyoluminescence (Ll) dosimetry technique is based on the pro
duction by radiation of free radicals in organic, closely tissue
equivalent, materials. Upon dissolution of these materials in 
water light emission can be recorded due to excited states of re
action products. This light signal is a measure of the absorbed dose 
in the material. Due to the low material costs, simple equipment, 
extended dose range and tissue equivalency, use of the ll technique 
in the field of radiobiology, radiotherapy, fast neutron dosimetry 
and high dose level dosimetry offers distinct advantages over systems 
in current use. 

- A luminescence measuring system has been developed at ITAL which has 
a closed water circuit under gas pressure to carefully control the 
experimental conditions (Fig. 2). The monosaccharide mannose and 
the amino acid gluta~ine have been investigated as potential LL 
dosemeters. 

- Hannose can be used in the dose range of 0,1 Gy up to 500 Gy 
(10 rad - 50 krad) in photon and fast neutron beams. The variation 
of the dose values above 3 Gy (300 rad) is 3 to 4%. The relative 
effectiveness of neutrons ranges from 0,34 (fission neutrons) to 
0,74 (15 11eV neutrons). 
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- Glutamine can in principle be used in the dose range of 0,01 to 
100 kGy (1 - 10000 krad). The glutamine system at ITAL has been 
tested for doses of 0,1 to 25 kGy (10- 2500 krad). The variation 
in the dose determination is less than 5%. Therefore this dosi
metry system seems to be very valuable for high-dose standardization 
and intercomparison for industrial radiation processing. The IAEA 
(International Atomic Energy Agency) has initiated research for 
the development of a dosemeter suitable for high dose dosimetry. 
During a dose intcrcomparison (dose range 0,01 to 3 kGy (1 - 300 
krad) organized by the IAEA in 1980 the use of mailed LL dose
meters has also been tested. The results showed that the largest 
deviation of the dose values obtained with the ITAL glutamine 
dosemeters fron the nominal doses was 3% for doses above 0,1 kGy 
(10 krad). In 1981 the lyoluminescence system will be tested in 
a dose intercomparison under radiation processing plant conditions 
using a dose range of 0,01 to 100 kGy (1 - 10000 krad). 

-After 1930 no lyoluminescence dosimetry research will be performed 
at ITAL. The state of art of LL dosimetry will be described in a 
joint review article together with Dr. K.V. Ettinger of the 
University of Aberdeen. Although no LL dosimetry readers are 
available commercially it is possible to use some existing com
mercial apparatus after simple modifications e.g. the LKB Lumina
meter 1250 and the Packard Pico-Lite Luminometer. 

3. Clear Perspex Dosimetry 

The influence of two environmental factors, temperature and humidity, 
on the stability, reproducibility and accuracy of the clear perspex 
dosemeter system have been studied. The results can be summarized 
briefly: 

- oxygen diffusion which causes a fading of the radiation induced 
absorbance A (optical density, OD) at all \~avelengths is 
temperature dependent. lt proceeds more rapidly at higher temperatures. 
The speed of oxygen diffusion is also dependent on the batch of 
perspex; 

when the diffusion of oxygen is prevented by treatment in vacuum 
the conversion of the induced free radical species Rt to the 
secondary free radical species R2 can be studied. R1 and R2 have 
different optical absorption spectra and the Rt to R2 conversion 
alters the optical density spectrum, in general low wavelengths 
increase and higher wavelengths decrease. lt has been found that 
the R1 to R2 conversion is also temperature dependent and proceeds 
more rapidly at higher temperatures. At 45 °C under vacuum the 
cross-over wavelength caused by the spectral change is not constant 
but is dose dependent, under these conditions of storage it is 
not possible to select one wavelength for stable OD measurement 
and accurate dose estimate; 

-on storage in air at different temperatures a reasonably stable 
cross-over wavelength has been found for at least 24 h after 
radiation at 35 OC.•Dose estimates at this wavelength can be made 
with 3- 5% reproducibility at 99% confidence limits and an ab
solute accuracy of less than 5% should be achievable even when 
irradiation takes place at 45 oc. This is not true for 305 nm 
measurements made 24 h after radiation, the OD at this wavelength 
at 24 h is very temperature dependent and errors of 10% can 
easily be made; 
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- irradiation at 45 °C for 16 h to a total dose of 35 kGy (3,5 Mrad) 
indicated no oxygen diffusion induced fading during irradiation 
and the OD was the same as 35 kGy (3,5 Mrad) given at 20 °C in 
3 h when measured at 314 nm. This indicates that the OD-dose 
relationship remains constant for irradiation temperatures up 
to 45 °C and irradiation times of less than 20 h when measure
ments are made at 314 nm; 

- the neHer batch 5 of the HX dosimetry perspex is thicker (1,75 mm), 
has a slower 02 diffusion induced fading and demonstrates no build 
up of OD at 305 nm after a short irradiation at room temperature. 
Irradiation at 45 °C for 10 h or 20 °C for 3 h to the same dose 
gave the same OD at 314 nm but a different OD at 305 nm. This means 
that although the OD at 305 nm is more stable after irradiation 
prolonged irradiation at higher temperatures can lead to errors 
if dose estimates are made at 305 nm. At 314 nm the OD remained 
constant for 9 days at 45 °C under vacuum. The new batch 5 HX 
perspex is a more stable dosemeter than the previous batches; 

- perspex takes up water to 2% in weight, the increase is initially 
quite rapid even at room te~perature but proceeds more rapidly at 
higher temperatures. At 20 oc saturation takes several days, at 
80 °C saturation takes l18 h. The water molecules are absorbed as 
quickly from water vapour or water; 

-comparison of the dose response of samples saturated at different 
levels of relative humidity at 20 oc has demonstrated very 1 ittle 
differences from 0% RH to 100% RH water vapour although the 
higher RH samples tended to give a slightly higher OD reading. 
Samples saturated in water at 80 °C for 48 h prior to irradiation 
showed a radically different radiation response above 10 kGy (1 11rad) 
the dose curve saturating rapdily; 

-measurements with samples saturated with water at 20 °C, at 80 oc 
for 48 h or treated at 80 oc for 48 h in air have revealed that 
it is neither the water saturation nor the 80 °C treatment but 
the combination of water and 80 °C that leads to the alteration 
in the dose response relationship and that this treatment mainly 
reduces the unstable free radical component of the induced optical 
density. Since pre-saturation of perspex with water at 80 °C is 
unlikely to occur in practice it can be concluded that humidity 
differences should not affect the response of the clear perspex 
dosemeter in practical applications. 

Since 1977 the institute has cooperated in the IAEA High-Dose 
Standardization and lntercomparison Programme by irradiating several 
dosemeter packages to known doses in intercomparison trials and 
providing consultant expert advice on programme development. 
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Resultaten van het project No. 3 

Hoofd van het team en wetenschappelijke medewerkers: 

F. van Dorp, H.J. Frissel, P. Poelstra, A. Ringoet 

Titel van het project: 

Scheme for decontamination of agricultural areas after severe nuclear 
accidents 

Beschrijving van de resultaten: 

In 1980 this project ~1as completed by preparing the final report 

"AgricuZturaZ measupes to Peduce radiation doses to man caused by 

sevel'e nucZeal" accidents", wh i eh wi 11 be pub 1 i shed ear 1 y 1980. This 

report contains all the information collected in the period 1976-1980. 

lt is divided into three parts. The first part describes models to 

calculate radiation doses to ~an from deposited radionuclides via 

agricultural pathways. The second part describes possible measures 

to reduce the radiation dose to man, their limitations and their 

practicability. The last part describes fields for future research. 

A summary of this report is included in the following pages. 

Experimental work in 1980 has been carried out in cooperation 

with Dr. D. van der Borght (CEN/SCK, Mol, Belgium) concerning 

te~porary fixation of 90sr in soil with alginates. Alginates in 

combination with Sr ions form insoluble compounds, therefore it was 

expected that alginates could immobilize 9Dsr in soil. Experiments 

with undisturbed soil columns showed, however, that the alginates 

are decomposed by microbial activity in soil. Therefore the 

perspectives for the application of alginates are disappointing. 

The results of this experir.1ent are also presented in the following 

paqes. 

F. van Dorp, R. Eleveld, M.J. Frissel 

AGRICULTURAL 11EASURES TO REDUCE RADIATION DOSES TO MAll CAUSED BY 
SEVERE NUCLEAR ACCIDENTS 

Agricultural land and products may become contaminated after a severe 
nuclear accident. If radiation doses to man caused by the ingestion 
of contaminated agricultural products from such areas 1~i 11 be un
acceptably high, measures to reduce this radiation dose will have to 
be taken. Radiation doses to man can be estimated by using models 
which describe quantiatively the transfer of radionuclides through 
the biosphere. The following processes and path1~ays are described 
in this study: 

- accidental reZeases into atmospheric environments and subsequent 
nearby deposition (=not worZd wide faZZout) (atmospheric 
dispersion and deposition models are not included in this study) 
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- contamination of cPops by diPect deposition and the subsequent 
shol"t tePm pathway (e.g. gPass-cow-milk-man) 

- contamination of soil and the subsequent long tel"m pathway (e.g. 
soil-cPop-man, soil-gPass-cattle-milk/meat-man). 

Depending on the degree of contamination (to be predicted by atmos
pheric dispersion models, or to be determined by direct measurements), 
and depending on the estimated radiation doses to man (to be calculated 
by using the models described in this study) measures can be advised. 
The most important measures are the following. 
Short term measures: 

- feeding cattle with uncontaminated food if possible 
- p1•oduction and stoPage of milk powdel" when the contamination 

consists of 1311; 
- ac~inistPation of bentonite to cattle to Peduce the uptake of 

cesium fPom feed; 
- administPation of calci1~ to cattle to Peduce the uptake of 

stPontium fPom feed; 
- decontamination of milk by Pemoval of stl"ontium and cesium on 

ionexchange eo lw;ms. 

Long term measures: 
- Pemoval of contaminated cPops if pPesent; 
- Pemoval of the contami1wted top layeP of the soil, applicable 

only on stable and smooth soils; 
- application of lime Ol" gypsum to Peduce the uptake of SP by 

cpops fPom soil; 
- pPoducing cPops with a low tl"ansfel" of Padionuclides fPom soil to 

edible pPoducts; 
- Peduction of the Padionuclide content in the final consumable 

pPoducts by pPocessing tPeatments. 

Special attention has been paid to the practicability of the measures. 
A cost-analysis, however, was not carried out. 

Some of the fields for future research are: 
- the impPoVement of tPansfel" models; 
- the determination of Pealistic pal"ametel"s to be used in these models; 
- the study of moPe efficient methods to measuPe contamination levels 

in the field; 
- the study of the effects of application of some complexing agents 

to soils Ol" cattle to Peduce the tPansfeP of Padionuclides; 
- the study.of pPoduct tPeatments which Peduce the Padionuclide content 

of the final pPoduct. 

0. van der Borght, M.J. Frissel, P. Poelstra, D. Bannink 

TEt1PORARY FIXATIOU OF 90sr Ill SOl L \IlTH ALGitJATES 

Alginates react easily with Sr ions forming insoluble compounds. 
Therefore it was expected that alginates could temporarily immobilize 
90sr in soils. Alginates are extracted from seaweed and consist mainly 
of polyguluronic acid and polymannurcnic acid. The Na-form is soluble 
in water. A 4% solution in water is somewhat viscous, but still easy to 
handle, so from a technical point of view the method seemed promising. 

An experiment has been carried out on four soil columns. Two soil 
columns were treated with alginates, t1~o were used as controls. The 
soil was a sandy soil with a low organic matter content, so a 
soil in which 90sr migration is rather fast compared to other soils. 
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The experiment was carried out in the ITAL soil column installation 
(Bannink et al., 1977); the main characteristics of this installation 
are that the soils are not saturated with water and that artificial 
rain is supplied as droplets by a rain simulator. The length of the 
columns was 100 cm, the diameter 12 cm and the soils were undisturbed. 

At the beginning of the experiment the soils were brought to water 
equilibrium (i.e. efflux equals influx). Thereafter the soil surface 
was contaminated "'with [8 5Sr] Cl2 by applying a carrierfree solution 
of 10 ml (0,1 ml cm- 2~ After 24 h 113 ml of a 4% alginate solution 
(1 ml cm- 2) was supplied. Again after 24 h, leaching started by 
applying 1 cm of artificial rain (composition rain 6,9 x 10-5 N CaCl2, 
2,3 x 10- 5 N NaCl, 2,3 x 10- 5 N KCl, acidified with H2S04 to pH 4,5). 
For half a year the columns were scanned every 14 days with a soil 
column scanner. The results of the scannings after 16 and 184 days are 
shown in fig. 1. After 16 days there is a slight indication that the 
85Sr in the ~olumns with alginates moved a little faster than in the 
columns without alginates. Because the experiments were carried out 
in natural, undisturbed, soils, such slight differences can also be 
caused by natural differences between the soil in the different columns. 
After 168 days a real difference became clear: in the columns with 
alginates the migration was delayed by a factor of about 1/3, compared 
to the controls; increased tailing counteracted this effect. 

Additional observations were: measurement of the redox potential 
within the column 10 cm below the soil surface and measurement of 
the pH of the effluent. These observations showed that in the columns 
without alginates no significant changes of redox potential or pH 
occurred, indicating no important microbiological activity. In the 
columns with alginates the redox potential dropped from about 730 mV 
to about 500 mV, while the pH of the effluent increased from 4,6 to 6- ]. 
This indicates significant microbiological activity. lt must therefore 
be assumed that alginates were decomposed. This would explain the small 
differences between the two sets of soil columns. The tailing which 
was observed in the columns with alginates may be ascribed to small quantities 
of complexing agents which were formed during the decomposition of the 
alginates. 

So far, the perspectives for the application of alginates for the 
temporary fixation of 90sr on soils seem disappointing. Of course 
it could be attempted to sterilize the soils, but in practice such 
a sterilization is not possible. 
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85sr (arbitrary units) 

Fig. 1. 
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The migration of BSsr in soil columns. Curves 1-4 position 
of BSsr after 16 days of leaching, curves 5-8 position 
after 184 days of leaching. The total amounts of 85Sr differ 
slightly from column to column. Amounts of BSsr are 
corrected for decay, therefore they are expressed as 
arbitrary units. 

Pub 1 i eat ions 

Bannink, D.W., P. Poelstra, H.J. Frissel. An installation for 
leaching and accumulation studies on undisturbed soil columns. 
tleth. J. of Agric. Science 25 (1977): 126-133. 

Dorp, F. van, R. Eleveld and M.J. Frissel. A new approach for a 
soil-plant transfer calculation. Proceedings of the International 
Symposium on Biological Implications of Radionucl ides 
Released from Uuclear Industries, in Vienna 26th - 30th March 
1979, Vol. 11, pp. 399-406, IAEA, Vienna 1979. 

Dorp, F. van, R. Eleveld and M.J. Frissel. Agricultural measures to 
reduce radiation doses to man caused by severe nuclear 
accidents (X+ 114 p, 7 figs, 13 tables, 93 refs, in English), 
submitted for publication to the Commission of the European 
Communities, Brussels. 
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Resul taten van het project llo. 4 

Hoofd van het team en wetenschappelijke medewerkers: 

H.J. Frissel, P. Poelstra, 11. van der Klugt, F. van Dorp. 

Titel van het project: 

Migration of 90sr, 137cs and Pu in soils. Verification of a computer 
model on the behaviour of these radiocontaminants in soils of ~estern 
Europe. 

Beschrijving van de resultaten: 

This project was based on and is partly a continuation of an earlier 
project which started in 1957. From that time on four pastures were 
surveyed for their 90sr content. Four layers at depths of 0-5, 5-10, 
10-15 and 15-20 cm were analysed. From these field data and from 
laboratory column experiments a model was derived to predict the 
behaviour of 90sr in soil. Gradually the number of sampling sites 
increased and also attempts were made to survey 137cs. 

At this stage of the investigations the 1976-1980 project started. 
Aims were: 
1. Verification of the 90sr model. 
2. Development of a simple method to determine 137Cs. Development 

and test of a model for the behaviour of 13 7cs in soil 
3. Development of methods to determine 238pu and 239,240pu in soil. 

Development and test of a model for the behaviour of Pu in soil. 

In general it can be stated that all these aims have been achieved. 

Further a method to determine 241Am (at fallout levels) is also in 
the process of development. 

During the course of the project 25 different sampling sites were 
used, but only a limited number of sites could be continuously 
used during the whole period from 1957 until the present. 
The results from 14 sites, together with simulation results have 
been described in the report "Modeling of the transport and 
accumulation of the radionuclides of Sr, Cs and Pu in soil. Experimental 
verification by Frissel, Jakubick, Van der Klugt, Pennders, Poelstra 
and Zwemmer, which will appear early 1981. Table 1 summarizes the 
data for Pu and Am. 
Three representative graphs of the concentration of 90sr, 137cs and 
239,240pu in the course of time are shown in the Figures 1, 2 and 3 
respectively. These figures show also the simulated results, i.e. 
the curves which were calculated using the models. There are, however, 
considerable differences in the degree of sophistication of the models 
for Sr, Cs and Pu. The model for Sr is a simulation model. In 
principle all parameters can be obtained from independent measurements. 
In practice it appears that some adaptation is necessary. 
The models for Cs and Pu are pseudo residence time models. The 
reason why these simpler models were used was the difficulty in 
predicting irreversible adsorption/desorption phenomena. Relevant 
data for the model have therefore to be determined from the site 
under study. In fact the model is a kind of extrapolation model. 

A literature study showed that observed data for 90sr and other 
theories confirmed the model developed. For l37Cs there are less 
data available, but there is no reason to assume that the model is 
not genera 11 y 
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applicable. For 239, 24 0Pu the number of observations in soi 1 is very 
limited, only part of the existing data support the residence time 
model. A study of Pu chemistry shows that so many complications may 
occur that it must be assumed that in numerous situations the model 
will not be applicable. 
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Fig. 1. 90 Sr activity concentration in a mucky peat soil near 
Groot Ammers. Dots refer to observations. Curves to 
calculations based on a simulation model. The upper 
curve refers to layer 0-5 cm, the second one to layer 
5-10 cm, etc. 

Table 1- Concentration of Pu and Am in the upper layer of three soils. Mean values mBq/kg (pCi/kg) 

Location Groot AIMlers Hooglanderveen Schoonebeek 
Nuc I ide 239,240pu 241Am 23Bpu 239,240pu 23Bpu 239,240pu 

Depth 
cm mBq/kg pC i /kg mBq/kg pC i /kg mBq/kg pC i /kg mBq/kg pCi /kg mBq/kg pCi /kg mBq/kg pC i /kg 

0 - 5 655 17.7 340 9.1 22 0,6 240 6,4 7 0,2 800 21,6 

5 - 10 400 10,8 190 5,1 30 0,8 560 15,1 

10 - 15 110 2.9 100 2, 7 11 0,3 126 3,4 11 0,3 130 3.5 

15 - 20 26 0. 7 70 2, 0 4 0.1 11 0,3 4 0.1 15 0, 4 

20 - 25 26 0. 7 7 0,2 7 0,2 22 0,6 

25 - 30 11 0. 3 7 0,2 4 0.1 7 0,2 

30 - 35 26 0. 7 7 0,2 7 0,2 <4 <0 t 1 

35 - 40 18 0. 5 4 0.1 

40 - 50 15 0. 5 7 0,2 

50 - 60 7 0,2 7 0,2 

60 - 70 4 0,1 

70 - 80 4 0.1 4 0.1 
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Fig. 2. 137cs activity concentration in a mucky peat soil near 
Groat Ammers. Dots refer to observations. Curves refer 
to calculations; pseudo residence time 3 a•cm-1. 
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Fig. 3. 239,2 40Pu activity concentration in a podsol soil from 
Hooglanderveen. Dots refer to observations. Curves refer 
to calculations; pseudo residence time 2,5 a·cm-1. 
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Resultaten van het project ~o. 5 

Hoofd van het team en wetenschappel ijke medewerkers: 

P. Poelstra, H. van der Klugt, M.J. Frissel 

Titel van het project: 

A survey of the contamination of plutonium, amer1c1um and radio
active metals in soils of the Rhine river delta. 

Beschrijving van de resultaten: 

The first years of the contract period were utilized to develop reliable 
methods to determine a-emitters at fallout and waste out levels. 
Two problems had to be solved: 1. The chemical separation of Pu and 
Am from the sediment samples and 2. The development of suitable counting 
techniques. The determination of Pu has been reliable since 1979, the Am 
determination is in development. In the last years attention was mainly 
focussed on the determination of Pu and to a lesser degree of Am in 
sediment samples of the Rhine river. Samples were taken from a clay-type 
soil from the forelands of the river Rhine near Valburg. This area is 
from time to time flooded by 1~ater of the Rhine. During such floods 
considerable deposition of clay and other particles occurs. Because it 
must be assumed that almost all Pu and Am is adsorbed on clay and other 
particles, the Pu content of the soil will reflect the presence of Pu 
and An in the river. At Valburg five sites were sampled. Differences in 
Pu content may be caused by analytical difficulties and/or actual 
differences. 

At the moment the standard deviation of the 239, 24 0Pu data when determined 
from one {homogenized) soil sample and with the same chemicals and 236Pu 
standard is 45 mBq/kg {1,2 pCi/kg) for levels of 0,5 Bq/kg {15 pCi/kg). 
(236pu recovery varies, depending on soil type, between 30 and 80%). The 
reported differences must therefore be attributed to actual differences 
of Pu levels. 

The second sampling location was in the Biesbosch, an area consisting of 
reed banks, old and recent river deposites, creeks and streams. Four 
sites were sampled, some consisted of clay/sand mixtures, others 
contained almost only organic matter. In another research programme we 
had found remarkable accumulation of heavy metals at some of these 
sampling sites. Therefore we expected similar results for Pu and Am. 

A third sampling site was taken outside the delta, namely a sandy soi 1 
near Amersfoort. This area has never been flooded and is used as a 
reference. Results for all three locations are shown in the tables 1 - 3. 
From the tables it appears that the 239,2 40Pu content of the upper 
soil layer from Valburg has a somewhat higher Pu content than those 
from Amersfoort {500 mBq/kg {13,4 r>Ci/kg} versus 300 mBq/kg {8,06 pCi/kg), 
mean values for the 0-5 cm layer). Pu content decreases with depth in 
both so i 1 s, but the difference between the so i 1 remains {for examp 1 e in 
the 20-25 cm layer 70 versus 11 mBq/kg {1,9 versus 0,3 pCi/kg)). A 
slight enrichment of Pu in the foreland soils of the.Rhine might there
fore be present. The enrichment of Pu and Am is certainly less than 
that of heavy metals such as Hg. 

The values for the Biesbosch are again slightly higher than for Valburg. 
Pu is also observed at greater depth {610 mBq/kg {16,4 pCi/kg) for the 
upper 40 cm) and considerable enrichment seems to occur. lt can, however, 
not be concluded that considerable accumulation occurred. The density 



- 262 -

of the sediment from the Biesbosch is only one quarter of that of the 
soil from Amersfoort. Therefore the enrichment expressed per unit 
surface area is only 1,2. Because of the great heterogeneity of the 
Biesbosch sediments this value has an indicative meaning only. 

Further research on possible accumulation of transuranium elements 
in the Rhine and Scheldt deltas will be carried out in cooperation 
with the Delta Institute at Yerseke. 

Table 1 - Pu and fvJ1 contents of soils from v.:dburg 

Radionucl ide: 2 3Bpu 239,240pu 241Am 

Sampling site: 1 2 3 1 2 3 5 4 5 

Sampling date: 1/78 4/78 4/78 1/78 4/78 4/78 10/78 4/80 10/78 

Oepth 
cm mBq·kg" 1 mBq. kg-1 mBq·kg" 1 

0 - 5 44 !6 26 600 415 445 420 120 160 

30 560 415 435 240 

630 

560 

5 - 10 30 26 26 545 545 70 

30 545 

10 - 15 18 18 125 145 38 

18 125 

15 - 20 7 7 70 78 74 21 

7 70 

20 -25 15 78 33 

7 96 

25 - 30 30 

Table 2- Pu content of sed1ments from the B1esbosch 

Rad1onucl•de 23Bpu 23'3, 240pu 

Sampling Site: 2 J 4 1 2 J 4 

Sampl1ng date: 2/78 2/78 J/78 4/76 2/78 2/78 J/78 

Depth 
cm mBq·kg-l mBq kg- 1 

,-
0- 5 48 560 

6] 555 

6] 550 

600 

0 - 20 56 850 475 

59 775 465 

52 805 545 

53 850 470 

0 - 10 56 460 

10 - 20 >56 >460 

20 - ]0 ]] 700 

]0 - 40 22 610 

40 - 50 11 220 

50 - 60 7 81 

60 - 70 11 48 

70 - 80 7 52 
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Table 3 - Pu and Am content of a soi I from Amersfoort 

Rad i onuc 1 i de: 238pu 239,2'+0pu 241Am 

Samp I i ng site: 1 2 1 2 2 

Sampling date: 5/77 11/79 5/77 11/79 11/79 

Depth 
cm mBq·kg-1 mBq • kg-1 mBq· kg- 1 

D - 5 22 7 310 255 96 

22 15 365 237 

22 285 314 

26 335 

5 - 10 330 92 141 

330 

10 - 15 11 155 66 70 

11 150 

15 - 20 7 15 7 15 

4 11 

20 - 25 4 11 

4 

25 - 30 7 7 

4 

30 - 35 7 

35 - 40 4 

40 - 50 7 

50 - 60 7 

70 - 80 4 

80 - 100 < 4 < 4 

Publications 

Frissel, M.J., Oorp, F. van, Poelstra, P. Use of residence time 
models in ecological studies of transuranics. Proceedings IAEA
CEA meeting "Behaviour of transuranics in the aquatic environ
ment and sediment-water exchanges", ISPRA, (1980). 
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Resultaten van het project Uo. 6 

Hoofd van het team en 1~etenschappel ijke medewerkers: 

J. Sinnaeve, F. Smeulders, 11.J. Frissel, A. Ringoet, P. Poelstra 

Titel van het project: 

Immobilization and reduction of the availability of radiocontaminants 
in soi Is. 

Beschrijving van de resultaten: 

The aim of the project ~1as to investigate to what extent synthetic 
ligands could be used to reduce the availability of radiocontaminants 
for plant uptake and the percolation to ground~1ater. A polyamine-type 
ligand, tetraethylene-pentamine (tetren or T), was used. lt forms 
stable complexes with some transition metals, to which some radio
contaminants belong. The complex obtains an extra-stabilization when 
adsorbed on alumino-silicates. The basic assumptions underlying the 
extra-stabilization effect were described in extenso in the 1976 
annual report. Throughout the study, a pure clay mineral, illite, 
characteristic clay mineral of most West-European soils, a sandy-
loam soil from Horst, The Netherlands and a clay soil from Winsum, The 
Netherlands, have been used. 

A. Soil physico-chemical aspects 

Data of adsorption experiments are given as isotherms and as the 
natural logarithms of the stoichiometric equilibrium constant as 
a function of the adsorbed fraction. Figure 1 illustrates the 
effect of complex formation with tetren on the ion exchange selectivity 
of Zn, Ni, and Cd in the Winsum soil. These results are similar to 
those found for Cu (partly depicted (Fig. 1)). In the absence of 
tetren, a high selectivity is observed at low coverage: the 
selectivities decrease in the order Cu > Zn > lli > Cd. The tetren
complex selectivity data roughly correspond to a two-order-of
magnitude increase of the stability constant. 
Figure 2 illustrates the results obtained with the Horst soil. In 
contrast to what is observed for the Winsum soil, complex formation 
with tetren results in a shift of the metal (-complex) into the 
liquid phase, the effect becoming more pronounced with increasing 
coverage. This indicates that the stability of the tetren complexes 
is higher than the stability of the metal-humus complexes. Evident
ly, if the metal complex is less retained by the humic fraction and 
if only minor amounts of clay are available, the equilibrium 
concentration levels of the complex in the I iquid phase are bound 
to increase. 

B. Stoichiometric aspects of the uptake of cu++ and Cu-tetren by 
plants 

lla i ze p !ants (Zea mays L. cv. spec.-) 1-1ere grown for three weeks on 
a complete Hoagland-Arnon (HA-1) nutrient solution. After pre-
conditioning during 24 hours on a two times refreshed nutrient 
solution without microelements, the plants were transferred to a 
10 times diluted HA-1 solution Hithout microelements but containing 
10-6 mole/! Cu(tw3) 2 labelled with 64cu or lo-6 mole/! Cu-tetren 
labelled with 6 4cu and 14C-marked tetren. The plants were harvested 
after an uptake period of 26 hours (of which 13 hours light). The 
results are summarized in table 1. 
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Fig. 2. ~- Ion exchange i~otherLrs fur the Cu T-Ca, Zn T-Ca and 
Cu-Ca, Zn-Ca pairs of the Horst sandy loam soi 1. 
B. Selectivity coefficients for the exchanges Cu-Ca and 
Zn-Ca in the absence and presence of tetren as a function 
of the metal ion surface composition. 
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Complex formation leads to a marked decrease of the Cu-content of 
the roots (195 ~mole/kg versus 3,6 r.1mole/kg, the reverse being 
observed for the stem (39 versus 3,4 p~ole/kg) and for the leaves 
(9 versus 0,4 pmole/kg). 

Table 1 - Stoichiometry of the uptake of Cu and tetren supplied 
as CuT 10- 6 mole/1 and comparison with the uptake of 
Cu supplied as Cu(N03) 2 10-6 mole/1 by 3 v1eeks old maize 
plants after a 26 hours absorption period. Mean values 
(and standard deviation) for 3 replicates in nmole-g-1 
per 26 h. 

HA-1 1 I 1 0 so I uti on 
without microelenents 

Plant organ 

Roots 
Stem 
Leaves 

Cu-tetren 10-6 mole/1 Cu(I-I03l2 
10-6 mole/1 

Cu 

195 + 23 
39 ::f: 2 

9 ~ 3 

tetren 

167 ~ 15 
37 ~ 4 

3 + 2 

tetren/Cu Cu 

0,86 + 0,13 3645 + 641 
0,94 ::f: 0,11 3,43 + 0,1 
0,87 ~ 0,35 0,43 ::f: 0,1 

The ratio tetren/Cu is only slightly different from unity and this 
provides evidence that Cu enters the root system as a Cu T complex 
and because of the higher ste~ and leaves contents, it is also 
translocated as such. In vivo measurer.1ents of the 64 cu translocation 
with semi-conductor radiation detectors placed along the stem re
vealed that translocation of the Cu-tetren was five ti~es higher. 
This was also evidenced by the distributions of cu++, CuT++ and 
THj+ (protonated tetren) in a papyrus stem (Cypel'US pap!fl'US L. cv. 
spec.), to which labelled solutions were supplied for 330 minutes. 
Copper supplied as Cu(~03l2 concentrated in the lower part of the 
stem whereas chelation of the Cu ion resulted in a lower con
centration at the base of the stem and a distribution over its length 
(figure 3). 
The mobility of the trivalent TH~+ is between that of cu++ and that 
of Cu T++. 

C. Growth experiments using a natural clay soil 

The final growth experiments, using the heavy clay soi I (1/insum) 
were carried out in the Experimental Soi I Plant Atmosphere System 
(ESPAS) at !TAL. Four treatments were considered: 1) the control 
soi 1, b) a Cu contafilinated soi 1 (9,5 meqikg or 300 mg/kg), c) a Cu T 
treated soi I (9,5 fileq/kg Cu 1-1ith a molar ratio tetren/Cu equal to 1,5) 
and d) a tetren treated soil (7,1 mfilole/kg, i.e an equal afilount of 
tetren as in treatment c). 11aize seeds ;~ere germinated directly in 
soil columns and after 20, 34, 44 and 55 days respectively, three 
plants were harvested. The yields of root and shoot are depicted 
in figure 4. lt is readily seen that chelation of Cu neutralizes 
metal toxicity. Comparison of the yield data of control and tetren 
treated soi I shm-1s a lo1-Jer relative grm1th of the latter up to 35 
days and a higher relative growth in the following period. This 
was due to a delayed senescence of the oldest leaves of the plants 
growing on the tetren treated soil. The application of tetren on 
a copper contaminated soil resulted in a drastic decrease in the 
copper concentration of the root (175 versus 430 mg/kg) and a 
normal concentration in the shoot (10 versus 21 mg/kg). Unchelated 
tetren decreased the Cu concentration of the roots; Zn and Mn 
concentrations increased but the iron concentration was hardly 



- 267 -

modified. This demonstrates the very beneficial effect of tetren 
at toxic concentrations of transition metals (e.g. Cu, Co, Zn) 
1~hereas no deficiency symptoms occur at trace levels. 

D. Biodegradation of chelated and unchelated tetren in soils 

In the clay soi 1 (Hinsum), the total amount of [1 4C) Oz recovered 
after 1 year, suggested an overall degradation of about 20% of 
the chelated tetren. The decomposition of unchelated tetren was 
much faster and reached about 50% after 1 year. The extra
stabilization effect of the chelated form may account for this. 
In both cases, increasing humidity and higher temperature 
accelerated the breakdown. The presence of a root microflora 
also enhanced the degradation. In soil columns with a dense 
root system, the [1 4 C) Oz recovery was 6,2 and 5,2% for Cu T and 
T respectively, whereas without cropping it was 1,2 and 1 ,5%. In 
the sandy loam soil, the rate of degradation was much faster. 
After 1 year, the amount of [1 4 ~02 recovered indicated a total 
degradation of about 70% per year. 

E. In situ experiment 

A field experiment on a Zn-contaminated soil (about 100 mg/kg Zn 
in the top layer) is in progress. The first results indicate a 
favourable effect of a tetren treatment on plant growth and the 
treatment eliminates Zn toxicity symptoms. The preliminary results 
confirm the conclusions drawn from the above reported laboratory 
experiments. 

F. General conclusion 

In the light of the reported results, some important conclusions 
may be drawn. 

1) Due to the lm~ chemical concentrations of radiocontaminants 
even after accidental contamination and due to the presence 
in the soil of carrier ions, it is impossible to immobilize 
the radiocontaminant in a selective way. 

2) In cases of local contamination, complexing agents of the 
polyamine type (e.g. tetren plus clay mineral) may be used as 
a strong "temporary sink" for stabilizing the situation in 
order to prevent further spreading before adequate measures 
(e.g. removal of the top soil layer) can be taken. 

3) Complexing agents, although not suited to reduce completely 
the availability of radiocontaminants for uptake by plants, 
may be used to reduce the soil-plant transfer without 
provoking nutrient deficiencies. 

4) In case of contamination of agricultural land, the appropriate 
measures to be taken must be evaluated in the light of the 
local circumstances. The use of complexing agents can 
contribute to limit the collective dose commitment by ingestion. 



yoeld (g) 
141 

121 

1()1 

al 
I 

61 

- 268 -

i RANSPORi PI: RIO()( 5hXlmon 

Fig. 3. Distribution of Cu or C-tetren in a papyrus stem 
after 330 minutes of absorption. The solutions were: 
A: Cu-Tetren lo- 6 mole/1, Ca(ND3l2 5.15- 4 mole/1 
B: Cu(ND3l2 3+ 10- 6 mole/1, Ca("D3l2 S.lo- 4 mole/1 
C: tetren H3 10- 6 mole/1, Ca(tJD3l2 5.10- 4 mole/1 

Control Cu 300 ppm CuT 300ppm Control Tetren 

sl· •. :'\:'t 

age 

Fig. 4. Yield of maize plants (g) as a function of time (days) 
grown on a clay soil at a Cu(-tetren) level of 300 mg/kg. 
The "control tetren" treatment was amended ••i th the same 
amount of tetren as the Cu T treatment. 
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Resultaten van het project No. 7 
Hoofd van het team en wetenschappelijke medewerkers: 

G. Desmet, J. Sinnaeve, S.C. van de Geijn, A. Ringoet 

Titel van het project: 

Root and fol iar uptake of radioactive contaminants by crops; their 
transport and redistribution in different plant organs (e.g. edible 
parts, reproductive organs). 

Beschrijving van de resultaten: 

The aim of this project has been the determination of transfer 
coefficients and (re)distribution of some radiocontaminants in plants. 
The subject has been assessed in two different ways. Firstly ex
periments have been performed with plants growing on nutrient solutions 
to deal with problems of growth mechanisms which often provoke con
flicting interpretations of transfer functions, and secondly ex
periments have been performed in soils in order to obtain insight into 
the order of magnitude of the transfer coefficients. 

The nutrient solution experiments utilized both spinach (Spinacea 
oleracea L. cv. Verbeterd Breedblad) and tomato plants (Lycopersicon 
esculenium Mill. cv. Moneymaker). The data on spinach relating age 
and transfer are presented in table 1. The 54Mn and 6Dco transfers 
have been studied at one fixed stable isotope concentration and the 
65zn transfer at three stable isotope concentrations. Large differences 
among the three radioisotopes' transfers were observed with a clear 
dependence on the age of the plants. 
Moreover in the 65zn experiments a dependence on the stable isotope 
concentration was established. In tomato plants the roots and even 
more the fruits were the most important sites of accumulation of 65zn 
(table 2). 
For all plant organs, the amount of 65zn accumulated varied 
considerably with the degree of maturation at harvest time. All these 
data are firm evidence of the existence of predictable transfer functions 
instead of randomly occurring transfer factors. 

A comparison between the amount of Zn "supplied" with the water taken 
up and the actual Zn consumption of a spinach plant rules out the 
opportunity to utilizewater-uptakedata for transfer calculations of 
radiocontaminants in forecasting models (table 3). 
The mobility in spinach leaves of 65zn and 6Dco has also been studied 
by investigating the redistribution of 65zn after a short period of 
contamination, and by measuring the time necessary for 65zn and 6Dco 
to exchange with stable Zn and Co in mature non-growing leaves. The _ 
latter method will be published in detail elsewhere. Both approaches 
showed a strong binding of zinc, with almost no redistribution and 
with very slow isotopic exchange rates. The 6Dco in contrast showed 
a very rapid exchange rate. In order to study the distribution of 
65 Zn within tomato plants a natural sandy-loam soil column was 
contaminated over its complete length at different times after the 
appearance of the first flowers. The 65zn content of the lower part 
of the stem was higher than of the upper part and this difference 
sharply increased with a shortening of the contamination period (a 
factor 4 for a 40 days contamination period compared to a factor 15 
for an 18 days contamination period). However, the 65zn distribution, 
being mainly in the seeds and the peel was hardly influenced by time 
of the contamination. 
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Prior to the determination of transfer coefficients of 65zn from 
a well defined clay soil to the spinach, several introductory studies 
of some important parameters have been done. These included the growth 
rate of spinach at various soil humidities, the rate of extraction of 
stable Zn and the total availability of the native Zn and of the 
artificially supplied 65zn. In this soil about 40% of the 65zn 
appeared to be tightly adsorbed, the other 60% being extractable by 
the commonly used soil extractant DTPA. 
The transfer of 65zn after both a top and a bottom layer contamination 
of the clay soil has been investigated in pot experiments. The top 
layer contamination caused rather small contaminations of the leaves 
(table 4) because of the very small depth migration of the 65zn (also 
verified by soil column scanning experiments) and the fact that the 
roots were rapidly penetrating the soil. This penetration was verified 
in the bottom layer contamination experiment. 
Comparative transfer studies of different radionuclides were performed 
with several plant species growing on a sandy-loam soil. The plants 
used were tomato, maize (Zea mays L. cv. spec.), bean (PhaseoZus 
vulgaris L. cv. Witte Krombek), barley (Hordeum vulgare L. cv. Piccolo), 
lupine (Lupinus luteus L. cv. Barpine), wheat (Triticum sativum L. cv. 
Tundra), clover (Trifolium repens L. cv. Retor), spinach and ryegrass 
(Lolium perenne L. cv. Pelo). The tomato plants were grown in a 
uniformly labelled soil whereas for the other cultures only the upper 
7 cm of the soil were contaminated. The results are presented in table 
5. The transfer coefficients of the divalent cations with the exception 
of iron are rather high, being on average higher than of the monovalent 
cation Cs. Calculations of transfer coefficients are hazardous hitherto 
in top layer contamination since no certainty exists about the radio
contaminants' concentration at the sites where it is picked up by the 
individual roots. They depend moreover on soil water content. Further 
research is therefor urgently needed to assess these problems. 

Table I - The dependence of the transfer coeffictent (TC) upon age or 
concentratton. TC • cpm per kg fresh weight/cpm per 1 nutrient 
solut1on 

Age of Transfer coefftctents 
plants 
days ; cotyledons , first leaves second leaves 

Stable Zn 
concentratton 
mole/1 soln. 
1,76.10- 7 108 176 

ID 46 16' 238 
13 56 80 167 
17 '9 58 118 
22 '7 " 127 

lj,4D 10-r. 6 23 " ID 33 " 55 
13 32 3' 36 
17 29 29 " 22 23 22 22 

z,64 Jo-s 6 6,7 ID 
10 8,8 ID 8,6 
13 ID 11 8,7 
17 8,8 9,2 6,5 
22 10 9,2 6,9 

Stable Join 
concentratton 
1,1610-5 9 13 12 

11 19 17 13 

" 21 18 " 18 3' " 16 
21 57 " 15 

Stable Co 
concentration 
1.10-8 1 1,1 

8 2,3 5.1 
13 2.3 3,, 5,2 
21 2,6 1,6 1,5 
27 2,1 1,, 1,2 
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Table 2 - 65zn content in plant organs at different ages 

65zn content, expressed in the dry matter 
Age or part of 

plant organ leaves petioles stem 

~Ci /g MBq/kg ~Ci/g MBq/kg ~Ci/g MBq/kg 

Old 0,59 22 1,55 57 

Medium 1 '13 42 2,58 95 
Young 2,23 83 2,93 108 

Base 0,43 16 

Top 1,36 50 

Table 3 - Comparison between the amount of zinc present in the daily 
water consumption by a spinach plant at different zinc 
concentrations and the total amount of zinc accumulated in 
one day. The mean and standard deviation are presented, 
n = 4 with 9 plants on a holder at 5 days, and 3 per harvest 
at 17 days. - means shortage; + means surplus. 

Concentration of Zn 
Parameter 

1,76 X 10- 7mole/1 4,40 x 10-Gmole/1 2,64 X 10- Smole/1 

Age of plant: 5 day 

Zinc in daily water 
consumption, nmolE 0,07.!. 0,00 1,77.!_ 0,02 10 ,4.!_ 0,48 

Zinc accumulated in 
one day, nmolE 4,15.!. 1,98 9, 15.!. 3,44 20,2.!_ 8,6 

Difference, nmole -4,08.!. 1,98 -7.38.!. 3,44 -9,8.!. 8,6 

% -98 -81 -48,5 

Age of plant: 17 days 

Zinc in daily water 
consumption, nmol 1 ,67.!. 0,14 54,6.!. 3,4 372 .!. 31,4 

Zinc accumulated in 
one day, nmole 57 .!.36,4 147 .!_67,5 350 .!_253 

Difference, nmole -55,3 .!_36,4 -92,4 .!_67,6 +22 .!_255 

% -97 -63 +6 

Table 4- Depth migration of 65zn after a top layer contamination 
and transfer coefficients (counts in 5 min per g dry 
weight of plant I counts in 5 min per g dry soil top 
layer} in spinach. 

Soi I 

I water Depth migration Counts in 5 m in Transfer 
content layers per q dry soil Plant part coefficient 

% cm tot a I extract 

15 0 - 2 23740 15850 cotyledons 0,50.!. 0,18 

2 - 4 628 407 first 1 eaves 0,60.!. 0,04 

4 - 6 55 34 second I eaves 0,57.:t0,16 

6 - 8 14 5 

25 0 - 2 21510 12350 cotyledons 0' 11 .!. 0' 02 

2 - 4 289 199 first 1 eaves 0' 15 .!. 0' 11 

'4 - 6 210 137 second 1 eaves 0,14.!. 0,09 

6 - 8 so 32 
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Table 5- Mean transfer coefficients of the shoot (activity concentration 
of dry matter divided by activity concentration of dry soil) and 
standard deviations (four replicates) for different radionuclides 
and different plant species. 

Plant Transfer coefficient of the shoot 
species 60co 6Szn 59 Fe 54Mn 90sr 134Cs 

tomato lit 0,03_:!:0,02 2,46_:t1 '15 - 2,60_:!:1,04 - 2,22_:!:0,24 

bean 3' 29_:!:1 '1 0 0,52_:!:0,24 o,o6** 1,33_:!:0,68 1 ,47+0,28 0., 05_:!:0' 03 

barley 0,64_:t0,08 0,30_:!:0,18 0,09_:!:0,03 0,38_:t0,18 0,38_:!:0,14 0, 11_:!:0, OB 

maize 0, 17_:!:0,09 0' 41_:!:0' 09 0,03** 0,70_:!:0,41 0,30_:!:0, 14 0,05+0,02 

Jupine 6,66_:!:3,13 0,42_:!:0,34 0,10_:!:0,08 1 '15.:!:_1 ,21 1,32_:!:0,93 0, 15_:!:0, 14 

wheat 0 ,41_:!:0, 11 0,28.:!:_0,04 0,06.:!:_0,02 0' 56.:!:_0' 13 0,27.:!:_0,07 0' 11.:!:_0 ,04 

clover 2,76_:!:1,68 0,53.:!:_0,14 0,09.:!:_0,02 0,76.:!:_0,20 0,94.:!:_0,17 0,14.:!:_0,06 

spinach 2,97.:!:_0,95 2,00.:!:_0,72 0,04.:!:_0,01 2,70.:!:_0,56 0,64.:!:_0,23 0,04.:!:_0,01 

ryegrass 0,64.:!:_0,44 0,38.:!:_0,08 o,o7** 0,44.:!:_0,02 0,42.:!:_0,13 0,07.:!:_0,01 

homogeneous contamination of the soil 

**mean value of two replicates 
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Resul taten van het project No. 8 

Hoofd van het team en wetenschappelijke medewerkers: 

J. Sinnaeve, S.C. van de Geijn, M.J. Frissel, ll. van der Klugt 

Titel van het project: 

Behaviour of radionuclides in biological and non-biological 
processes at very ~ow concentrations. 

Beschrijving van de resultaten: 

The aim of the project was to investigate an observed aberrant be
haviour of two isotopes of the same element at very low concentrations. 
These results were reported in 1974. The data discussed here were 
obtained under experimental conditions identical throughout the study. 
llowever, new counting equipment, i.e. a germanium-lithium drifted 
detector with a resolution of 2,1 keV at the 1,31 HeV photopeak of 
GOco, has been used. For all counting results, the peak areas of the 
identified photopeaks (corresponding with they-photons with 605 and 
796 keV for 13 4Cs and 662 keV for 137cs) were computed by Gaussian 
fitting and base-! ine correction using a modified "GASPAU" fitting 
procedure. After correction for radioactive decay, the Z-value of 
the sample, i.e. the ratio of the activity concentrations of 13 4Cs 
and 137cs in the plant material divided by that ratio in the 
reference sample, mostly the nutrient solution, was computed. 

A. Biological aspects. 

Plant uptake experiments were carried out with intact tomato plants 
(Lycoper>sicon exculentum tli 11., cv. Ma ret te VF). During the ex
perimental period, the nutrient solution contained stable caesium 
(mostly between 0,3 and 3 mg per !iter), and 13 4Cs and 137cs at the 
indicated activity ratio. The results of the key experiment (re
ported in 1974) clearly indicated aberrant Z-values for the root 
samples at different activity ratios. After four years of storage 
of the samples, they were recounted with the new counting equipment. 
An extract of the results is given in table 1. The second counting 
confirmed the anomalies reported previously and this led to several 
experiments in order to answer specific questions. 

1. Is an absorption step involved which is linked to metabolism? 
Absorption experiments were carried out with nutrient solutions 
labelled with 1,9 kBq/1 (0,05 11Ci/l) 134Cs and 90 kBq/1 (2,5 11Ci/l) 
137cs and kept at 22, 12 and 2 °C respectively during the ex
perimental period. To investigate whether a time dependent 
phenomenon was involved, two plants of each treatment were harvested 
after 150, 300, 450 and 600 minutes. The results are given jn 
table 2. As no influence of time was observed, the mean values of 
the eight replicates per treatment are given. Taking into account 
the rather large standard deviations (can be up to 8%), it can be 
concluded that none of the Z-values is significantly different 
from 1. 

2. Are different physico-chemical forms of the isotopes involved? 
Plants were grown on a mixture of a weak acid and a weak base ion 
exchanger saturated with the nutrient elements. 11, 7, 5, 3 and 
1 day before harvest of the plants (age 30 days), 20 ml of a 
solution containing 24 ng stable caesium per !iter, 1,9 kBq (0,05 
11Ci) 13 4cs and 900 kBq (25 11Ci) 13 7cs, were applieJ on top of the 
substrate. The Z-values were computed using as a refecence sample 
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Table 1 - llean Z-values and their standard deviations (five replicates) 
for root samples using different labelling procedures 

134cs Mean Z-values + standard deviation -Counting photo-
date peak 134cs;l37cs activity concentrations in kBq/1 (J.JC i I 1) 

1,85/92,5 18,5/185 185/18,5 92,5/1,85 

keV (0,05/2,5) (0,5/5,0) (5,0/0,5) (2' 5/0' 05) 

Dec. 1973 796 2,11 .:: 0,05 1 '00 .:: 0, 01 0' 78 .:: 0,02 0,35 .:: 0,04 

Dec. 1977 796 1 '92 .:: 0,09 1 '02 .:: 0,03 0,77.:: 0,05 0,36.:: 0,10 

Dec. 1977 605 1,73 .:: 0,11 1 '02 .:: 0,03 0 '78 .:: 0,06 0,36.:: 0' 10 

Table 2- Mean Z-values and their standard deviations for roots (R), 
stems (S) and leaves (L) using different photopeaks of 13 4Cs 

Plant 
l34cs photopeaks used 

Temperature 
organ 605 keV 796 keV 605 + 796 keV 

R 1 '00 .:: 0,02 1 '02 .:: 0,04 1 '01 .:: 0,02 

22 °C s 0,99.:: 0,01 1 '00 .:: 0,01 0,99.:: 0,01 

L 1 '00 .:: 0,01 1,00.:: 0,02 1 '00 .:: 0,01 

R 0,98 + 0,03 1 '00 + 0,03 0,99.:: 0,03 - -
12 °C s 0,99.:: 0,03 1 '01 + 0,03 1 '00 + 0,03 - -

L 1 '02 .:: 0,01 1 '1 0 .:: 0,05 1 '05 .:: 0,02 

R 1 '00 + 0,03 1 '01 + 0,02 1 '02 + 0,02 
2 °C 

- -
s 1 '00 + 0,02 1 '00 .:: 0,06 1 '01 .:: 0,04 -

the equilibrium solution of the substrate and the substrate itself. 
Given the extreme activity ratio used, no significantly deviating 
Z-values were found. 

3. Are biophysical exchange phenomena involved? 
Exchange chromatography using biological exchange columns (cut 
papyrus stem- Cyperus ~apyrus L. spec. -with a cation exchange 
capacity of about 8,10- eq/m and a length of about 90 cm) was 
carried out to check whether different isotopic behaviour at the 
solution-membrane interphase might occur. Untreated, protonated and 
potassium charged "exchange columns" v1ere used. In total, some 
fifteen experiments with different acitivty ratios were carried out 
but no aberrant behaviour could be observed. 

B. ~on-biological aspects. 

1. Exchange chromatography 
To test whether aberrant behaviour at the solution-root interphase 
might occur, exchange chromatography experiments with glass pearls, 
having a low cation exchange capacity, 1vere carried out. Prior to 
exchange with a solution containing 1,9 kBq/1 (0,05 11Ci/l) l3 4cs 
and 900 kBq/1 (25 11Ci/l) 13 7Cs- with and without 25 mg/1 stable 
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Fig. 1. Deviations of activity ratios. 
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Fig. 2. l34Cs/13 7Cs ratio of a sample (based on the 795 keV photopeak 
of 13 4Cs) as a function of counting rate (decreasing with in
creasing distance). 
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caesium-, the exchange sites were brought in the H•-form. The 
Z-values of all percolated fractions were normal 

2. Counting equipment 
The response of the counting equipment towards various 134cs;l37cs 
activity and concentration ratios in the absence of any physical, 
chemical or biological effects has been tested. The ratio of the 
activity concentrations A of both isotopes varied in geometric 
sequence ranging from 13-2,5 to 132,5 (1,6 x 10-3 to 610) by 
exponential increments of 0,5. The logarithmic base 13 being equal 
to the ratio of the decay constants, the activity series can be 
superposed to a mass concentration ratio ranging from 13-1,5 to 
133,5 (0,02 to 7900). The deviations of the measured activity 
ratios from the prepared ones, expressed in percentage of the 
theoretical values, are represented in figure 1. A systematic 
effect exists which reduces the 13 7Cs/13 4cs ratio when the activity 
ratio is greater than SO. 
In collaboration with Drs. Myttenaere and Ronneau (U.C.L., Louvain 
la l~euve, Belgium) and Dr. Gui llot (CEC, Brussels, Belgium) the 
influence of counting rate on the ratio of the activity 
concentrations of 13 4cs and l3 7cs was checked. The results given 
in figure 2 illustrate a slight systematic shift over the entire 
range of counting rates of the samples. These deviations cannot 
explain the reported anomalies. 

C. Conclusion 

In the light of the reported data, it may be concluded that systematic 
differences in biological and non-biological processes of isotopes and 
stable elements at extreme concentration ratios are absent. The 
anomalies observed before must therefore be attributed to an artefact 
- most probably a difference in physico-chemical form - and this 
conclusion stresses the necessity of careful use anq interpretation 
of experiments on and with radiotracers. 
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Contractant de La Commission Institut d'Hygiene et d'Epidemiologie 

Ministere de La Sante Publique, Bruxelles. 

N° du contrat : 258-77-7 BIO B. 

Chef du groupe de recherche : G. CANTILLON 

Theme general du contrat : Etude de L'impact des rejets provenant des centrales 

nucleaires de type PWR sur La biocenose dulcicole. 

Titre du projet n° 1 Etude de L'impact des rejets provenant des centrales 

nucleaires de type PWR sur La biocenose dulcicole. 

Chef du projet et collaborateurs scientifiques : G. CANTILLON, J.P. DESCY, 

H. DE CLERCQ, A. EMPAIN, M. GENIN, R, KIRCHMANN, 

M. MEURICE, G. VERFAILLIE 

Les rejets d'effluents provenant des centrales nucleaires peu

vent modifier les caracteristiques thermiques, radioactives et 

chimiques du cours d'eau recepteur et done agir sur les ~tres 

vivant dans ce milieu. Le site de la centrale de Tihange se 

pr~te relativement bien a une etude comparee des ~tres vivants 

de la Meuse, en amont et en aval du point de rejet de l'efflu

ent considere, afin de deceler les alterations eventuelles 

subies par l'ecosysteme. Afin de mieux preciser l'impact reel 

et global des rejets sur les organismes aquatiques, le pro

gramme prevoit l'installation de supports et cages contenant 

divers types d'organismes (producteurs primaires, consomma

teurs primaires et secondaires, decomposeurs) dans le canal 

d'amenee de l'eau de refroidissement de la centrale ainsi que 

dans le canal de rejet des eaux usees. Cette etude faite ainsi 

sur les rejets de la centrale PWR de Tihange I peut servir de 

modele pour les eaux douces d'autres regions europeennes ayant 

des caracteristiques comparables et peut s'appliquer a la 

plupart des installations nucleaires actuelles ou prevues dans 

la Communaute. En outre, des experiences en laboratoire visant 

a etudier le comportement de vegetaux verts cultives dans les 

effluents produits par la centrale. 
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1. Impact des rejets thermiques. 

Le fonctionnement de la centrale PWR de Tihange I (870 MWe) 

provoque une augmentation moyenne de la temperature de l'eau 

de la Meuse de 2 a 3° C; cette difference amont-aval s'accen

tue en ete et atteint 5 a 6° c pendant la periode d'etiage. 

Jusqu'a present, il ressort des analyses que cet echauffement 

n'a pas eu de consequences importantes en aval immediat de 

la centrale au niveau de l'oxygene dissous et des parametres 

qui lui sont lies mais elles se manifestent plus en aval, ou 

le cumul d'autres rejets thermiques (centrale electrique con

ventionnelle et industries) cree des situations critiques. 

Les etudes in situ des peuplements de diatomees et de bryophy

tes aquatiques montrent une evolution qui est bien correlee 

avec les resultats des analyses physico-chimiques : aucune 

degradation n'est observee immediatement en aval mais elle se 

manifeste au-dela; de plus, !'augmentation de temperature et 

la turbidite importante de l'eau deplacent l'equilibre photo

synthese/respiration vers un deficit de synthese et done aussi 

vers un deficit de liberation d'oxygene. Par contre, !'influ

ence du rechauffement de l'eau ne semble avoir aucun effet 

delectable du point de vue qualitatif sur la faune des inver

tebres et sur le peuplement piscicole de la Meuse. Cependant, 

la croissance des macro-invertebres a ete modifiee mais non 

celle des poissons (gardens); chez ces derniers, !'etude du 

cyle de reproduction en amont et en aval des rejets de la 

centrale nucleaire a permis de constater des differences entre 

les populations amont et aval. En ce qui concerne le phyto

plancton dont !'etude a commence en 1979 seulement, les resul

tats ne mettent pas en evidence un effet marque de la centrale 

sur les teneurs en chlorophylle et en phaeophytines, bien que 

souvent les teneurs observees en chlorophylle sont legerement 

plus elevees (15 %) en aval; de m~e, une legere difference 

(10 %) a ete observee dans l'activite photosynthetique. 
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2. Impact des rejets radioactifs. 

A l'inverse des mollusques, les poissons concentrent par ordre 

decroissant le 137cs, le 60co et le 54Mn dans leurs tissus. 

A noter que le 137cs se repartit selectivement suivant les 

differents organes, la rate et les gonades accusant les teneurs 

les plus elevees. Parmi des differentes especes de poissons 

etudiees, les perches, consommatries secondaires et meme 

tertiaires, presentent des teneurs en 137cs les plus elevees. 

L'homme constitue le maillon final de la chaine alimentaire; 

en effet, la peche recreative est developpee sur le secteur 

etudie. Il a ete constate que la forte diminution des activi

tes volumiques en 137cs ajoutees dans la riviere (1978 et 1977 

par rapport a 1976) s'est traduite par une diminution des acti

vites mesurees dans les poissons, confirmant la qualite de ces 

derniers en tant que bio-indicateurs. 

Par ailleurs, la culture d'algues (Scenedesmus obliquus) en 

laboratoire sur des milieux contenant des effluents liquides 

de Tihange I a permis de conclure que la disponibilite biologi-
. d d' ~1~ 58 ; 60c t 134c 't 't · · que des pa~res e ra ~o~ ~ments eo o e s e a~ s~m~-

laire. Ces cultures ont d'autre part mis en evidence, par bio

accumulation, la presence de certains radionucleides, non de{ec

tables par la mesure directe. 
3. Impact des rejets chimiques. 

Le biocide utilise par la centrale Tihange I, pour empecher le 

developpement des algues dans les tours de refrigeration, etant 

!'hypochlorite de soude, les experiences en laboratoire ont 

porte sur ce produit. Les courbes "Dose-effets" ainsi que le 

taux de "recuperation" ont ete etablies pour l'algue Scenedes

mus obliquus. Par ailleurs, les travaux de laboratoire portant 

sur la physiologie des bryophytes ont montre que l'impact d'une 

chloration (40 minutes) ne se decele sur la capacite photosyn

thetique que lorsque les concentrations en chlore libre sont de 

l'ordre du mg/1. Lors d'une chloration reelle a la centrale, la 

capacite photosynthetique d'une culture experimentale a ete 

diminuee de 15 a 20 % apres un temps de recuperation de 24 h. 

De meme, une reduction progressive de la biomasse algale a ete 

constatee a partir de juillet dans le canal de rejet alors 

qu'elle se maintient a une valeur normale en amont; cette 

degradation progressive parait surtout liee a la periode des 

chlorations hebdomadaires des eaux de rejets de la centrale. 
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Contractor : Facultes Universitaires Notre-Dame de la Paix (Namur) 

Results of contract n• : 265-79-3 BIO B 

Project Leader : Prof. Dr. J.-c. Micha, A. Detollenaere 

Title of project Effects of Thermal Pollution of a Nuclear Power Plant 

on Aquatic Organisms (Macroinvertebrates and Fishes) 

of the River Meuse. 

The object of this research was to determine the thermal 

impact of a nuclear power plant (PWR type) Tihange I (872 MWe) on macro

invertebrates and fish living in the river Meuse. 

Temperatures recorded 

The water temperature of the Meuse was continuously recorded 

upstream and dowstream of the nuclear power plant. At the recording 

station downstream, effluent and river water are fully mixed. The change 

in the average daily temperatures of the water which was calculated with 

reference to the data taken at midnight, 6 a.m., midday and 6 p.m., 

revealed a seasonal thermal cycle which ranged from o• to 21•c upstream 

and from o• to 24°C downstream (1979-1980). Thermal discharges of the 

nuclear power plant fluctuated from 70 Meal/sec to 400 Meal/sec according 

to temperature and flow conditions and resulted a perceptible heating of 

about 2-3•c. In general, the thermal differences between the two parts 

of the river are very small during the winter (end of November to beginning 

of March), increase in Spring and reach 3-4°C in Summer and in Autumn. 

The maxima-minima range of daily temperatures is generally more important 

downstream (0,8°C instead of 0,3•c upstream in November 1979). 

Effects on macroinvertebrates 

So far, about 44 taxa of nacroinvertebrates have been identified 

from both areas. With few exceptions, Oligochet~e (2), Triclads (6), 

Hirudinae (3), Molluscs (8) , Crustacea (5), Insect larvae (20) have been 

recorded upstream as well as downstream. However, Triclad Dugesia 

tigrina was regularly found in greater abundance downstream. 

In 1978, investigations on aquatic invertebrates populations 

showed that molluscan bivalve Dreissena polymorpha and shrimp Atyaephyra 

desmaresti which were living at the lower sampling site, seemed to grow 
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at a higher rate during Spring. Furtbermore, artificial water heating 

appeared to extend the growing season beyond October, this is true for 

both species. In 1979-1980 unf=tunately, Dreissena polymorpha and 

Atyaephyra desmaresti were seldomly found along the river banks, and 

were especially very rare at the upstream of the nuclear power plant • .. 
It's the reason why no comparison was realized throughout that period. 

Nevertheless, data available. downstream, for mussels as well as for 

shrimps, allowed us to confirm first results on growth and reproduction 

pattern of these two species. Moreover, inventories on feeding and 

fecundity of Atyaephyra desmaresti were carried out. In other respects, 

preliminary experi~nts concerning Atyaephyra desmaresti suggest a 

lethal temperature (TL 50/24 h) of 25"C, the acclimatation temperature 

being 15"c. 

Effects on .fish 

Thermal elevation o.f water seems to have no noticeable effect 

from a qualitative point ofviewon the fish populations of the Meuse. 

In fact, in the monthly catcnes (March 1977 to October 1980) at upstream 

as well as downstream, the presence of 23 species belonging to 8 families 

(13 Cyprinidae, 1 Percidae, 1 Esocidae, 1 Anguillidae, 1 Centrarchidae, 

1 Gasterosteidae, 1 Salmonidae, 1 Cobitidae) was noted. Among these 

species, roach Rutilus rutilus L. (Cyprinidae) is found in particular 

abundance and is the lllOst easily caught with our equipment (mesh nets 

and electro.fishing). It is the reason why more emphasis has been placed 

on growth, feeding and reproduction o.f this species. 

The length-frequency distributions were obtained throughout 

the year .from 200 young roach samples {< 17 cm) collected along the 

upper river banks and revealed a seasonal growth pattern : average length 

increase was minimal between October and June and remained relatively slow 

during summer months. On the other hand, the weight-length relationships, 

calculated .for 1979 and 1980, separately for young roach (< 17 cm) and 

females <~ 19 cm) caught in both areas, revealed no significant differen

ces between coefficients b of roach populations living upstream and 

downstream of the nuclear power plant at Tihange. 

Contents of the alimentary canal of 656 roach, collected 

throughout 1976 and 1979-1980 were examined. Inventories showed that 
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- Filamentous algae, diatoms, detritus, molluscs and arthropodes 

provided the bulk of roach diet. Slight upstream-downstream differences 

appear in food composition, particularly in "1976" samples : higher 

frequency of molluscs and algae downstream,and detritus upstream. . " - There is an increase in the frequency of empty stomachs during 

the winter months. This seasonal change is less pronounced at the lower 

site. 

Examination of the reproduction of roach, based on the develop

ment of gonado-somatic relationship (RGS) reflected, in the female and 

male roach, the seasonal cycle of the temperature and of the photoperiod 

spawning occured during the latter half of May when temperature reached 

14,5"-15°C, and was followed by a quiescent period of male and female 

gonad activity until September when elaboration of gonad tissue restarted. 

OVary weight steadily increased during the winter and peaked in April-May. 

At the end of May, beginning of June, a sudden fall in the roach RGS was 

noted which coincided with the end of spawning period. The thermal dis

charges of the nuclear power station slightly influence this development. 

By December, the average RGS of the females is already higher downstream. 

This difference is ~aintain;d throughout the winter and generally increases 

till May just before reproduction. Explanation for this phenomenon has 

been found by making investigations on fecundity of 225 females caught 

in April-May 1979 and from January to May 1980. Higher RGS observed 

downstream seems to co=espond ~ore to an earlier development and to a 

greater proportion of large ripening eggs that to a greater number of eggs. 

In May 1979 and 1980, artificial spawning "areas" were set up at various 

places along the river banks and were checked daily. Observations revealed 

that 

- The eggs just laid down finally by downstream and upstream females 

had the same diameter ( 1 , 70 ~) . 

- In opposite to 1977 when breeding period occured two weeks earlier 

downstream, reproduction took place around mid-May at the upper site as 

well as the lower's. 

- Close to reproduction period, thermal differences between the two 

sampling sites were very small in 1979 (~ 2"C) and didn't exist in 1980 

(as a result of the non-functioning of the nuclear power station). 
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In conclusion, tne installation of a first reactor (872 MWe) 

of the nuclear power plant at Tihange causes, especially in Autumn, 

a perceptible heating of the river Meuse. So far, this slight modifica-

tion in the thermal rate of the river does not greatly affect macro-

invertebrates and fish populations living in the river Meuse. The few 

differences observed between the upper and lower sampling sites are 

comparable with natural changes between two isolated populations. 

This work has attempted to collect a maximum of informations 

and to put the emphazis on growth, feeding and reproduction cycles of 

macroinvertebrates and fish living in the river. The interest of this 

study was to draw up a balance of the situation in Meuse at the present 

time since no work has been done before, with regard to this problem. 

It is the reason why such a search must be carried on as the construction 

of new reacto~is in process and when they'll become into operation 

(1981 and 1983) the hydro and thermal balance of the river Meuse will 

probably be disturbed at an increasing rate. 

Publications 

- Detollenaere, A. and Micha, J.-c., 1979. Thermal pollution of a nuclear 

power plant on fishes of the river Meuse. 3eme Congres Europeen des 

Ichtyologistes, Varsovie, 18-25 septembre 1979. 

- Detollenare, A. et Micha, J.-c., 1980. Effets des rejets thermiques 

d'une centrale nuc~eaire sur les poissons de la Meuse. Revue des 

Questions Scientifiques, 151 (1). 
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Contractant of the Commission: Delta Institute for Hydrobiological Research 

Royal Netherlands Academy of Sciences 

Vierstraat 28 

4401 EA YERSEKE 

The Netherlands 

Contract number: 268-79-1-BION 

Head of Research team: Dr. E.K. Duursma (coordinator) 

General Subject: Plutonium in the Rhine-Meuse-Scheldt delta; 

analysis of estuarine sediment, salt-marsh soil and vegetation 

samples. 

The Rhine-Meuse-Scheldt estuaries might be envisaged as sinks for many 

substances which are transported by the rivers Rhine, Meuse and Scheldt to 

the sea. Identically through tidal movements contaminants transported by the 

North Sea might arrive in these estuaries. 

A research was made to determine 238 • 239 and 240Pu concentrations in 

sediment, particulate matter, salt-marsh plants and lichens from various lo

cations of the Delta area (Fig. 1). The objectives were to trace the sources . 
of plutonium for this area, either being fallout, up-river nuclear instal-

lations or the reprocessing plant in La Hague (transport along the coast). 

Not all 1980-samples have been analysed yet,which are in particular the 

particulate matter samples taken outside the Western Scheldt area and the 

lichen samples. 

Sub-Project 1. Delta Institute for Hydrobiological Research 

Head research team: Dr. E.K. Duursma 

General subject: Collection and preparation of samples, 

and additional analysis by chemical methods. 

For 1980 additional salt-marsh sediments, particulate matter and old 

salt-marsh sediment samples from our stock have been analysed on humidity, 

salinity, caco
3

, POC' (particulate organic carbon), total nitrogen, potassium 

(K), clay, total a-radioactivity and pH. 

The total a-radioactivity reflects all natural and possible artificial 



- 286 -

11 

Fig. 1. Rhine-Meuse-Scheldt estuaries. 

Sampling stations: (0) Ellewoutsdijk, (1) Waarde, (2) Borssele, 

Nuclear Power Station, (3) Kaloot), (4) Spieringschor, (5) Noord

sloe, (6) Stroodorpepolder, (7) Springersgors, (8) Zuidland, (9) 

Salt marsh Bergen op Zoom, (10) Mouth Eastern Scheldt, (11) Wie

lingen, (12) Nauw van Bath. 
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Fig. 2. Concentration relationship between 
137

cs and 
239

• 
240

Pu of estuarine 

sediments and suspended material for three estuaries: Rhine-Scheldt 

delta (this study), the Seine Bay and estuary and Gironde estuary 

(other studies Martin and coworkers). 
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a-emitting radionuclides, where the total a-radiation is about two to three 

orders of magnitude higher than the plutonium-a-radiation. 

The 1980 results are presented in Table I, divided into three sections: 

Fresh salt-marsh sediment at Waarde and Borssele (Western Scheldt), old 

salt-marsh samples from Delta Area and seston (suspended matter) obtained 

by centrifugation of sea water (50 gram requires about 2 days shiptime). 

The results are not yet related with the plutonium data since these are 

not yet complete. 

Sub-Project 2. Association Euratom-ITAL 

Head research team: Dr. F.I. Frissel 

General subject Analysis of Pu in field samples 

The analyses for plutonium have been concentrated in 1980 on a few vege

tation samples (Aster tripoLium) and on a number of salt-marsh sediment samples 

from the stock of the Delta Institute at Yerseke. The results obtained for 
239

Pu in Aster tripolium (Table II) agree with those obtained in 1979,but the 

ratio 
238

Pu;
239

Pu is higher (0.14-0.27) than the values found in salt-marsh 

sediments (0.08-0.14). At present these results need to be re-evaluated against 

other results, but the 239Pu (normalized to clay) values for the sediments 

sampled from 1961 show that at one place (e.g. Springersgors) the concentrations 

have a maximum at or before 1968, related probably with fallout peaks from the 

bomb-testing series which ended in 1962. 

Sub-Project 3. Laboratoire de Geologie, Paris 

Head research team: Dr. J.M. Martin 

General subject Homogeneity tests of intercalibration 

samples, intercalibration programme 

and analyses Pu in field samples 

As already mentioned in the introduction not all plutonium- and other 

radionuclide analyses have been completed for the 1980 samples. On the other 

hand a comparison can be made of the so-far obtained results with measurements 

from other areas. 
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Table Il. Results on Pu measurements in Aster t:ripoh.wn and salt-marsh sediments 
-I 

sampled from 1961-1978 {in pCi kg l 

Samples 
238Pu/239Pu 239Pu 238Pu Tracer 

recovery 

' 
Aster .. Ellewoutsdijk <9'79>*<o>-* 0.14 0.29 0.04 46 

Aster .. Sprinqersgors (9'79) (7) 0.14 0.14 0.02 46 

Aster, Stroodorpepolder (9'79) (6} 0.18 0.11 0.02 60 

Astel', Waarde (9'79) (I} 0.27 0.41 0.11 84 

Kaloot (5'62) (3} 0.08 2.5 0.2 32 

Spieringschor {7'62) (4} 0.05 17.9 0.9 32 

Noordsloe (8'62) (5} 0.14 0. 7 0.1 13 

Stroodorpepolder (3'65) (6} 0.08 2.3 0.2 18 

idem (7'68) (6} 0.10 1.9 0.2 32 

Sprinqersqcrs (8'62) (7} 18.0 41 

idem (7'68) (7} 0.06 53.7 3.3 47 

i- (7'70) (7} 0.05 36.4 1.9 22 

idem (10'72) (7} 0.06 34.3 2.3 33 

Zuidland (8'61) (8} 0.04 5.1 0.2 20 

Salt marsh Bergen op zoom (3'64) (9} 0.5 0.2 0.1 33 

idem (6'75) (9} 0.1 9.4 0.9 18 

idem (5'78) (9} 0.09 6.5 0.6 12 

:. 9'79 • Sept. 1979 
} (0} see Fig. I 

Table Ill. Average results of 
239

• 240Pu and 137cs measurements in 

vegetation from d1.fferent regions. The actiVJ.ties are nor

malized to the potassium contents of the plants in fCi g-l 

potassium for 
239

• 240
Pu and pei g-l potass1.um for 137cs. 

Aster tl"i.polium 

(Rhine-Scheldt delta) 

Grass 

(Nord Cotentin Brittany) 

Grass 

{La Hague area) 

137cs 

pCr g"'1 

239,240Pu 137Cs 

12.5 54 

34 

222 17 

o- ·-o Seone Boy and estuary 
+-+ Rtnne- Scheldt Delta 

Glronde estuary 

150 

239Pu 

normalized 
to clay 

13.2 

31.8 

1.9 

21.5 

15.3 

59.8 

165.2 

61.8 

57.6 

34.0 

13.3 

52.2 

24.4 
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Vegetation 

Specific activities, normalized to potassium of Aster tripolium, a salt

marsh plant also used as vegetable, have been compared to those of grass 

samples from 2 French areas located in North Cotentin and La Hague. The last 

location is near to the La Hague Nuclear Reprocessing Plant, while the first 

one is from an area only contaminated by atmospheric fall-out from the 1958-

1962 nuclear bomb-testing.The results are summarized in Table III. 

In all samples, the activities appear to be very low, especially those 

measured in Aster tripolium of the Rhine-Scheldt delta. These are very close 

to grass samples from the Northern Cotentin Brittany area, both primarly con

taminated by fall-out from bomb-testing. It is worthwhile to note that the La 

Hague grass samples Pu activities are higher by more than one order of magni

tude. This is mainly due to the atmospheric recycling of marine aerosols 

(MARTIN, THOMAS and JEANDEL, in press), rather than due to direct contamina

tion. 

A first assessement of the transfer coefficient between soils and Aster 

tripolium shows that less than 5% can be accumulated by this species. 

Sediment samples 

In Fig. 2 
137

cs and 
239

-
240

Pu activities of deposited and suspended 

sediments from the Rhine-Scheldt delta are compared to those of other estuarine 

environments (i) the Gironde estuary (which can be assumed as a background 

for atmospheric fall-out and (ii) the Seine Bay estuary (which is notably 

contaminated by the La Hague Centre and possibly by Windscale nuclear plant 

wastes). 

For both isotopes, the Rhine-Meuse-Scheldt estuary samples show in 

general similar activities as compared to those measured in the Gironde 

estuary. A very few number of samples appear to have slightly higher con

centrations. However, it must be kept in mind that due to the well known 

affinity of trace metals and radionuclides for clay-size fractions the spe

cific activities representative of suspended sediments (i.e. with a similar 

matrix to the Seine and Gironde samples) might be higher and therefore pro

bably intermediate between the fall-out level (Gironde) and the contaminated 

Seine estuary. 

It is also expected that the general pattern of the plutonium geochemical 

behaviour in the Rhine-Scheldt delta might be similar to that observed in 

French estuaries, i.e. a systematic increase of particulate specific activity 

along with salinity (JEANDEL, MARTIN and THOMAS, 1980). 
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Theme general du contrat Projet commun de recherches sur le cycle de 
l'eau et celui du tritium 

Titre du projet n° 1 ETUDE DU CYCLE DE L'EAU ET DU TRITIUM DANS LES 

ESPECES MEDITERRANEENNES 

Chef du projet et collaborateurs scientifiques Yves BELOT, Claude CAPUT, 

Les doses a l'homme resultant de rejets d'eau tritiee dans les 

systemes aquatiques ou l'atmosphere ne peuvent etre predites correcte

ment que si on connait le comportement du tritium dans les differents 

maillons de la chains alimentaire. Il est necessaire en particulier d'a

voir des donnees sur le comportement du tritium dans le systems sol

plants-atmosphere. Les travaux executes dans le cadre du present contrat 

ont ete principalement consacres a des etudes sur le comportement du tri

tium dans une espece mediterraneenne (Vitis vinifePal et a titre compara

tif dans deux especes plus largement repandues (Zea mays et Solanum tube

POsumJ. Ces plantes ant ete choisies en tant que composantes importantes 

de l'alimentation animals et humaine. 

Transfert de l'eau tritiee entre l'atmosphere et les feuilles des plantes 

Des experiences de terrain ont ete realisees pour etudier le 

transfert de la vapeur d'eau tritiee entre l'atmosphere et des plants de 

vigne cultives in situ. La cinetique du transfert a ete explores en rela

tion avec la resistance stomatique et la temperature des feuilles. Pour 

cela, des plants de vigne ont ete exposes a des concentrations connues 
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de vapeur d'eau tritiee produites au moyen d'un dispositif mobile spe

cialement conQU pour cette experience. Pendant et apres l'exposition, 

des echantillons foliaires ant ete preleves a differents moments, et 

leur contenu en eau tritiee a ete determine. En meme temps, des mesures 

ant ete faites de la resistance stomatique,de la temperature et de l'hu

midite relative de l'air ambiant. 

Les resultats obtenus montrent que le transfert de l'eau tri

tiee entre l'atmosphere et les feuilles se fait par echange gazeux a 
travers les orifices stomatiques des feuilles. La captation, mais aussi 

la perte d'eau tritiee par la plants, sent plus rapides pendant le jour 

que pendant la nuit, et plus rapides au printempe qu'en automne. De faQon 

generals les echanges d'eau tritiee sent d'autant plus actifs que les 

stomates sent plus ouverts, et que le flux de transpiration est plus im

portant. 

Dans le cas d'une plants exposes a une concentration constants 

de vapeur d'eau tritiee, on observe que l'activite de l'eau foliaire sup

poses nulle au depart, augments avec le temps et se rapproche exponen

tiellement d'un etat d'equilibre. L'activite de l'eau foliaire, en condi

tions d'equilibre, est en general beaucoup plus petite que l'activite de 

l'eau atmospherique. Ce resultat indique qu'une partie de l'eau foliaire 

provient d'un echange avec la vapeur d'eau atmospherique et qu'une autre 

partie provient de l'eau non contaminee du sol qui est apportee aux 

feuilles par le flux de transpiration. 

Un modele a pu etre developpe, qui tient compte des resultats 

experimentaux ainsi acqui~, et qui donne la concentration de tritium 

dans l'eau des feuilles en fonction du temps, connaissant la resistance 

stomatique et la temperature. Ce modele permet une evaluation de la con

centration atteinte a l'equilibre, et une evaluation de la periode biolo

gique du tritium contenu dans l'eau tissulaire. Ce modele pourra etre 

integra dans un modele plus vaste de dispersion du tritium au sein des 

divers compartiments du milieu naturel. 
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Incorporation du tritium dans la matiere organique de plantes terrestres 
(en collaboration avec l'~quipe du Or Kirchmann). 

Les deux dernieres ann~es du contrat ant ~t~ plus sp~cialement 

consacr~es a une ~tude de l'incorporation du tritium dans la matiere or

ganique de plantes terrestres expos~es a des rejets de vapeur d'eau tri

ti~e de courte duree. Pour cela, des plants de vigne, ma!s et pomme de 

terre ant ~t~ expos~s pendant plusieurs heures a un courant d'air conte-

nant de la vapeur d'eau triti~e. ainsi que du gaz carbonique marqu~ par 

le carbone-14. Le gaz carbonique radioactif a ~t~ utilis~ comma marqueur 

de la photosynthese. A la fin de la p~riode d'exposition, les feuilles 

ant ~t~ collect~es, le tritium et le carbone-14 ant ~t~ mesur~s dans 

l'eau et dans la matiere seche des feuilles. 

Ces essais ant montre que les quantites de tritium et de car

bone-14 incorpor~es dans la matiere organique des feuilles sent ~troite

ment correlees entre elles. Ce r~sultat d~montre que l'incorporation 

depend exclusivement de la photosynthese et que la quantite incorporee 

est limitee par l'activit~ photosynth~tique. C'est ainsi que dans des 

conditions de beau temps et par cons~quent d'activite photosynthetique 

elevee, l'activit~ specifique de la matiere organique, apres une heure 

d'exposition, est ~gale a 0,015 fois environ l'activite sp~cifique de 

l'eau. L'activit~ specifique de la matiere organique peut etre presque 

nulle lorsque l'exposition se fait dans des conditions ou la photosyn

these est tres peu active ou meme nulle. Ces r~sultats permettent une 

prediction plus realists de l'incorporation du tritium en cas d'exposi

tion accidentelle de courte duree. Les donnees obtenues seront publiees 

dans le courant de l'ann~e 1981. 
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p. 419, Vienna 1979. 
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Contractant Centre d'Etude de 1 'Energie Nucleaire 

N° du Contrat : 236-77-1 BIO B 
Chef de projet : Ir. R. KIRCHMANN 

Titre du projet Etude du cycle de l'eau et du tritium dans les 
regions temperees. 

----------·------------------------

Le present rapport concerne les experiences et les resultats obtenus 

dans le cadre d'un programme de recherche mene au CEN/SCK en collabo

ration etroite et suivie avec le Service d 1 Etudes et Recherches sur 

l'Environnement Fontenay-aux-Roses, France et la Landbouw Hogeschool 

(Wageningen, Pays-Bas). 

Les recherches conduites au CEN/SCK poursuivaient les objectifs ini

tiaux suivants: 

a) Etude de la contamination des vegetaux comestibles. apres dep5t 

d'eau tritiee (eau d'irrigation, vapeur d'eau atmospherique); 

b) Etude de !'incorporation du tritium dans les differents organes 

ou tissus d'animaux de ferme ayant ingere du tritium, !'incor

poration dans certains constituants cellulaires necessitant la 

mise au point de ~echniques d'isolement et de purification (DNA). 
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1. Contamination des Vegetaux 

1.1. Veqetaux consommes par l'homme 

1.1.1. Depot unique d'eau tritiee 

Ce type de depot, representant le cas de rejet accidentel ou 

concerte, a ete applique au moment ou le besoin en eau des 

vegetaux etudies (betterave, pomme de terre, pois, carotte) 

etait le plus elev~ Des echantillons de sol et de vege

taux ont ete recoltes a intervalles determines depuis le 

moment du depOt de l'eau tritiee jusque la recolte finale 

afin de determiner !'incorporation du tritium dans les frac

tions de l'eau tissulaire et de la matiere organique ainsi 

que la distribution de l'eau tritiee dans le profil du sol. 

Les valeurs du rapport de l'activite specifique (pCi 3H/gH) 

dans la matiere organique et dans l'eau tissulaire varient 

de 5,2 dans le grain de pois a 0,84 dans le tubercule de 

pomme de terre; ces resultats montrent que chez les especes 

vegetales etudiees, !'incorporation du tritium dans la frac

tion organique a un temps de residence generalement plus long 

que celui du tritium contenu dans la fraction d'eau tissu

laire 

Par ailleurs dans la couche superficielle (0-10 cm) du sol, 

on observe un pie dans la teneur en 3H de l'eau du sol quel

ques heures apres le depOt mais, un mois apres le dep6t, la 

concentration dans cette couche de sol avait diminue d'un 

facteur 100 environ: par contre une infiltration dans les ho

rizons plus profonds. Pour l'ensemble des parcelles culti

vees, 41% du dep6t initial etait encore present dans le sol 

39 jours plus tard dont 0,3% seulement dans la couche super

ficielle (0-10 cm). D'autre part une bonne correlation a 

ete observee entre la teneur de l'eau du sol superficiel · 
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(0-10 cm) et la teneur en tritium de l'eau tissulaire de la 

partie aerienne des vegetaux etudies. Par contre aucune re

lation significative n'a ete trouvee entre les teneurs en 

3H, de l'eau des tubercules de pommes de terre, des racines 

de betteraves et des grains de pois, et les teneurs en 

tritium de l'eau du sol jusqu'a une profondeur de 80 c~ 

1.1.2. Fixation de tritium a partir de la vapeur d'eau at

mospherique (exposition unique) 

En collaboration avec l'equipe de Fo~tenay-aux-Roses(Projet 

N° I) qui a mis en oeuvre un fumigateur equipe d'un genera

teur de 3H et de C02 (marque au 14c), des experiences sur 

des vegetaux (pomme de terre et mais) qui different par leur 

mecanisme de photosynthese ont ete realisees en vue de re

chercher la vitesse d'incorporation du tritium dans la matiere 

seche en fonction de l'activite photosynthetique (dans la 

partie aerienne), Apres exposition (de 4 l/2h a 7h) les 

niveaux de tritium mesure, chez les especes vegetales, dans 

l'eau tissulaire (TFWT) et dans la matiere organique (OBT) 

etaient similaires. 

1.1.3. Translocation et evolution du 3H et 14c fixes par les 

vegetaux 

Des experiences ont debute en 1980 sur des vegetaux (pommes de 

terre, mais) cultives sous abri plastique et exposes. au cours 

de la croissance, pendant quelques heures a une contamination 

unique par du gaz carbonique (14c) et de la vapeur d'eau tri

tiee, de fa~on a contaminer le feuillage a un niveau relative

ment eleve permettant de suivre le transfert des radionucleides 

dans les autres compartiments du milie~ Les mesures de 3H 

et de 14c sur les echantillons de sol et des divers organes des 

vegetaux sont en cours, 
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1.1.4. Transfert du 3H des dechets organiques aux plantes 

cultivees 

La forme initiale du tritium dans le sol (eau tritiee ou ma

tiere organique) ne semble pas influencer la repartition cente

simale du tritium dans les organes des plantes recoltees (pommes 

de terre) ni le taux de transfert dans les tubercules lequel 

est d'environ 13%. 

1.2. Fourrage tritie 

Une parcelle (1440 m2) de prairie a foin et une parcelle (864 m2) 

de mais fourrager ont ete irriguees par de l'eau tritiee lorsque 

l'humidite du sol tombait en dessous des 2/3 de la capacite au 

champs. L'activite totale deposee a ete de 4,5 Ci d'eau tritiee 

durant cette periode; la production de foin a ete de 277,8 kg 

(1250 pCi 3H/g mat. seche) et celle du mais fourrager de I tonne 

(1350 pCi 3Hfg mat. seche). Ces fourrages ont servi a nourrir 

des vaches laitieres (voir projet 3) en vue d'etudier le transfert 

du tritium dans les constituants du lait. 

2. Contamination des animaux de ferme 

Le but des experiences realisees est de rechercher le "devenir" du 

tritium ingere, avec des aliments liquides ou solides, par des ani

maux de ferme. 

2.1. Incorporation du tritium dans les macromolecules biologiques 

Afin d'etudier la repartition du tritium dans les differents 

composants subcellulaires ainsi que dans le DNA lui-mame et 

les autres composants etroitement lies a la macromolecule, 

il a ete precede a la mise au point de methodes de preparation 

et d'analyse du DNA. 
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Deux methodes de purification, respectivement ultracentrifugation 

en gradient CsCl et filtration moleculaire sur gel d'agarose, ont 

permis de preparer du DNA pouvant @tre considere comme relative

ment pur et propre, contenant tres peu de proteines et de traces 

de RNA. 

2.2. Incorporation dans les organes du pore 

2.2.1. Ingestion de pommes de terre tritiees, lyophilisees 

Au total 12kg450 de pommes de terre tritiees et lyophilisees 

ont ete administres a un porcelet pendant 21 jours, ce qui 

represente une activite totale administree de 42,5 uCi. 

L'excretion fecale et urinaire a ete suivie sur base d'un 

echantillonnage journalier de faeces et d'urine. Au sacri

fice l'activite en tritium de l'eau tissulaire et de lama

tiere organique de differents organes a ete determinee. 

2.2.2. Ingestion d'eau tritiee chez la truie en gestation 

Pregnant sows were given tritiated water during the entire 

pregnancy and for 43 days thereafter.' The young pigs were, 

in part, left with their mother, in part, they were swapped 

with uncontaminated new-horns in order to follow tritium oxide 

and organic tritium in different organs with respect to con

tinuing uptake after birth, uptake from milk, loss of activi

ty after birth. 

In summary, tritium oxide in pigs exposed continuously dis

plays also a slow metabolic component representing not more 

than 5% of the total. About 70% of the body water is derived 

from ingested water, the rest originates from water in food 

or formed by metabolism. This value is about the same in 

adult and neonatal pigs. No difference is found between or

gans with respect to metabolism of tritium oxide between organs. 
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Organically bound tritium attains an equilibrium value of 

about 11% of that of the tritium oxide given. Only brain 

has a significantly greater specific activity (about 17%) 

in agreement with observations by others authors. Turnover 

of organic tritium varies among organs, it is slowest in 

brain, followed by muscular tissues, it is most rapid in 

liver and intestine. Serum proteins have about the same 

turnover and the same equilibrium value as organs. From 

these values, one can estimate that continuous exposure to 

tritium oxide during pregnancy results in a dose from orga

nic tritium which in most organs is only about one third to 

two third of that due to tritium oxide alone. In brain, this 

dose from organic tritium may, however, be as large ore even 

slightly exceed that from tritium oxide. 

--------------- ----1<..., 
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0.1 ·-·- ·-..... · 
.............. 

.............. 

0.01 
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~igure. Activity ratio tritium oxide and organic tritium to tritium 

oxide ingested in org~ns of young pigs whose mother had re

ceived tritium oxide and which during lactation were main

tained with the contaminated mother but later given noncon

taminated water. 
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Contractant of the Commission: Landbouwhogeschool, Wageningen, Netherlands 

No. of the contrac~ 237-76-7 Bio N 

Head of the research team: Dr. Jan VAN DEN HDEK 

Title of the project: METABOLISM AND BEHAVIOUR OF THD AND OF H
2

0 IN 

HERBIVOROUS ANIMALS 

The metabolism of tritium has been studied in lactating cows after 

administration of tritiated water and of organically bound tritium 

(tritiated corn and tritiated hay). Milk was chosen as the product in 

which tritium metabolism was to be investigated. There are two main reasons 

for this choice. Firstly, milk is an important animal metabolite in which 

a protein (casein), a fat (milk fat) and a carbohydrate (lactose) are newly 

synthesized continuously. Incorporation of tritium in these important macro

molecules can thus be studied in relation to the chemical form in which 

tritium is administered to the animal. Secondly, milk is an important food 

item and has a particular significance as a vector of radionuclides to man. 

The digestive processes in a polygastric herbivorous animal such as the cow, 

are so particular in a number of ways that the results obtained in this 

study can not always be extrapolated to monogastric animals, including man. 

Tritium in milk after administration of THO 

Tritium from orally ingested THO becomes incorporated into all the or

ganic constituents of cow's milk which have been studied. At steady state 

conditions, milk water has the highest concentration of tritium which 

amounts to about 83% of the tritium concentration of the ingested water. 

As far as the organic compounds are concerned, the highest tritium concen

tration (pCi 3H/g of product) is found in milk fat, closely followed by 

lactose whereas about half the amount of tritium is present in casein. 

Our data, obtained in 2 animals, show only minor differences. It can be 

concluded from these data that, when tritiated water of constant specific 

activity is ingested by a lactating cow, from 1.5-1.7% of the daily in

gested tritium is secreted in each litre of milk. Of this, no more than 5% 

is organically bound, the remaining 95% is in milk water. It follows that 
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the dose to man which results from drinking milk from cows which have been 

drinking tritiated water, comes predominantly from the THO in milk. 

When the administration of THO is stopped, tritium activity in milk water 

and also in organic molecules decreases rapidly. The half-life for the fast 

component is 3.6 days for water and lactose, 4.0 days for casein and 4.1 

days for milk fat. The long-lived components are 43.8 days for milk water, 

224.8 days for milk fat and 18.2 days for casein. The contribution of the 

long-lived components to the total dose represent about 4% of the total 

dose. 

Tritium in milk after ingestion of tritiated corn 

When feeding non-dehydrated tritiated food to an animal, it ingests both 

THO and organically bound tritium (OBT). The resulting tritium levels in the 

tissues and products from the animal will depend on several variables such 

as the water content of the food, its content on precursors for synthesis of 

organic molecules and so on. 

In the case of tritiated corn, milk fat was found to have the highest . 

specific activity (pCi 3H/g Hl, followed by milk water. The specific activ

ities of casein and lactose were similar and about 60% of the value found 

for milk fat. Since the water content of milk is so high (about 87%), the 

dose to man, also in this case, will be derived primarily from ingested THO 

although the contribution from organic compounds in milk will be more im

portant than in the case of milk from cows ingesting tritiated water. 

Tritium in milk after ingestion of tritiated hay 

Tritiated hay had been obtained from grass which was repeatedly sprayed 

with tritiated water during its growing period. After complete evacuation 

of the THO, the hay was administered twice daily to a lactating cow until 

near steady state conditions had been obtained. 

The highest tritium activity was found in milk fat. It was about 2.5 

times the activity in casein and about 16 times that in lactose. The tritium 

activity in milk water was low and comparable to that in lactose. 

The transfer of the daily ingested tritium, secreted per litre of milk, 

can be estimated to range between 1.0-1.5%. More than half the tritium is 

found in·milk water on a per litre basis and about one third in milk fat. 
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Figure 1. The evolution of Tritium activity in milk water and in some 
organic milk constituents after continuous ingestion of tritiated 
water by a lactating cow for 25 days • 
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Figure 2. The evolution of Tritium activity in some organic milk constitu
ents and in milk water after continuous administration of organi
cally bound tritium (tritiated hay) to a lactating cow for 25 
days. 
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When the administration of tritiated hay is stopped, tritium in organic 

compounds decreases very rapidly initially but much more slowly later. The 

disappearance curve of tritium in milk fat can be represented by three com

ponents with half lives of 2.9 days, 13.3 days and 89 days respectively. The 

long-lived component represents only 2% of the total tritium activity. 

Summarizing the results, it can be concluded that the objectives, out

lined at the beginning of the contract period, have been achieved. Sufficient 

data have accumulated to understand the water or grass-milk-man pathway for 

tritium. 

VAN DEN HDEK, J., KDRANDA, J.J., MDRGAN, G.B., KIRCHMANN, R., BUSTAMANTE
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cisco, 1978. Paper IAEA-SM-232/48, p. 433, Vienna 1979. 
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lations. Proceedings of a Symposium on the Behaviour of Tritium in the En
vironment, San Francisco, 1978. Paper IAEA-SM-232/99, p. 419, Vienna 1979. 

VAN DEN HOEK, J., KIRCHMANN, R., VAN BRUWAENE, R. Tritium contamination of 
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E.S.N.A. Annual Meeting, Belgrade 1979, Environmental Pollution Working 
Group News Letter, p. 9. 
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bound tritium. Proceedings of a EULEP Symposium on "The Metabolism and 
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Contractant de la Commission Biologie, Radioprotection et 

Recherche Medicale XII 4 B 

N° du Contrat : 231 - 76 - 7 - BIO F - VEN 1201 - 01 
Chef du (des) groupe (s) de recherche : GRAUBY A. DPr/SERE 

Theme general du contrat Transfert du Pu dans l'environnement 
sous climat tempere 

Titre du projet n° 1 

Chef du projet et collaborateurs scientifiques 
BOURREAU C. - GILLE M. - MORELLO M. 

SAAS.A. 

L'etude de !'evolution des transuraniens en particulier du 

plutonium dans l'environnement terrestre a ete abordee sous 

plusieurs aspects : mise au point d'une methode d'extraction et 

de dosage ; definition de la solubilite des transuraniens dans 

les eaux d'irrigation; transfert sol-plante a long terme 

transfert en fonction du depot et evolution des transuraniens dans 

les sols. 

1 - EXTRACTION ET DOSAGE DES ACTINIDES DANS LES SOLS ET LES VEGETAUX 

L'experimentation du transfert sol-plante sur les actinides 

a necessite dans un premier temps la mise au point d'une methode 

d'extraction et de dosage pour des quantites allant de 1 pCi a 
lOO pCi par echantillon. Les methodes utilisees pour l'environ

nement sont certes tres sensibles mais de mise en oeuvre longue 

et souvent specifique a un isotope ou groupe d'isotope. La technique 

retenue consiste d'abord a extraire les isotopes du milieu par 

voie humide (HN0 3 - HR), de fixer ensuite les transuraniens sur 

une colonne de bille de verre ; !'elution a l'aide d'une solution 

acide est suivie d'une precipitation au fluorure de lanthane sur 

filtre millipore ; la detection se fait a l'aide d'une chambre a 
grille. LSs figures suivantes illustrent quelques resultats 

obtenus sur des sols renfermant un melange de 4 isotopes. 
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~ : Spectre obtenu par separation sur billes de verrre, 

des 8metteurs alpha extraits P4r 50 ml de pyrophosphate de 

sodium sur 5 ; de sol renfermant du neptunium 237, du plutonium 

239, de l'americ:iwa 241, du curium 244. 

2 - DEFINITION DE LA SOLUBILITE DES TRANSURANIENS DANS LES EAUX 

D'IRRIGATION 

Les experirnentations poursuivies sur des cultures subrnergees 

(riz) ont rnontre un passage relativernent important au niveau 

des basses tiges (subrnergees) et aux racines. Ceci ne peut etre 

lie qu'a la presence de formes cornplexees ou pseudosolubles. Nous 

avons done suivie le potentiel de rnobilite des transuraniens dans 

les eaux superficielles. Une fraction allant de 1 a 10 % est plus 

ou rnoins soluble dans les eaux et peut rnigrer rnerne sur gel de 

silice en milieu neutre. Cette fraction rnigre dans le sol et est 

transferee au sol par les eaux d'irrigation. La presence de corn

poses organiques favorise la cornplexation et la rnobilite des 

transuraniens en milieu terrestre. 

3 - TRANSFERT SOL-PLANTE A LONG TERME POUR LES TRANSURANIENS 

Les essais de transfert a long terrne pour les actinides se 

sont poursuivis sur 4 ans afin de definir avec precision les valeurs 

a prendre en consideration sur le plan de la radioprotection. 

Dans nos conditions experirnentales (sol brun calcaire - haricot 
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vert et haricot sec) les taux de transfert obtenus sont rassembles 

dans le tableau ci-apres. 

TABLEAU!: Facteurs de transfert des actinides apres 4 ans 
de culture 

Isotope 

Plutonium 

.Anericium 

Curium 

Neptunium 

'Iransfert aux parties aeriennes 
5.10-3 a 1o-3 

5.1o""2 a. 1o-2 

5.1o""2 a 1o-2 

5.1o""2 a 10-1 

TranSfert aux frUits 
10-4 a 10-3 

10-3 a 10-2 

10-3 a 10-2 

5.10-~ a 1o-2 

L'evolution du transfert du plutonium en fonction du nombre 

de culture est illustre par la figure 3. 

Il apparait par ailleurs qu'il existe un effet de synergie 

entre les differents transuraniens dus d'une part a l'activite 

specifique des isotopes et d'autre part au potentiel d'oxydo

reduction. De plus, la matrice uranium-thorium qui accompagne 

les rejets est capable de modifier partiellement le transfert 

sol-plante. 

FACTEUR DE TRANSFERT 
10-5 pCi kg v~g~tal frais/pCi kg sol sec 

NOMBRE DE CULTURES 

5 6 

FIGURE 3 : Evolut1on du facteur de transfert du plutonium dans 

le haricot frais en fonction du nombre de cultures. 
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4 - TRANSFERT SOL-PLANTE DES TRANSURANIENS EN FONCTION DU DEPOT 

AU SOL 

Le transfert sol-plante mesure dans diverses conditions notam

ment a l'aide d'apport au sol eleve (~Ci/kg de sol) faisait appa

raitre des valeurs plus faibles (10- 5 ) que celles obtenues avec 

des depots peu importants (pCi-nCi/kg de sol) . Nous avons done 

teste pour un meme sol, le passage au haricot vert du plutoniun 

pour differents apports. Les valeurs rassemblees dans le tableau II, 

permettent de constater que le depot joue effectivement un role 

non negligeable ; cet effet peut etre attribue a !'evolution 

physico-chimique dans le sol et une migration rapide des formes 

complexees et pseudo-solubles. 

TABLEAUII:Facteur de transfert en fonction du depot 

Depot au sol (nCi/kq de sol) Facteur de transfert pCi/kg haricot 
- - vert 

.:.P-=c"'i-=/;,.k-g_s_o_l:---s-e-c 

0, 1 
1 
10 
50 
100 

10- 0 

8.10- 4 

3.10- 4 

8.10-s 
7.10- ~ 

5 - EVOLUTION DU DEPOT DE TRANSU&~NIENS DANS LES SOLS 

Apres 4 annees de culture, la determination des formes physico

chimiques par extraction successive a permis de mettre en evidence 

qu'une certaine quantite restait biodisponible. Sur sol calcaire 

les valeurs suivantes ont ete obtenues. 

TABLEAU III: BiodisponibiJ.ite et fraction organigue 

Isotope 

Plutonium 
Americium 
curium 
Neptunium 

%
0 

biodisponible 
(Ac.Acet.2.5%) 

0,8 
1, 3 
0,8 
4,4 

%
0 

organigue 
(NaoH-PyroNa) 

28,0 
:n, 0 
22,0 
20,0 

On constate que le neptunium est plus disponible que les 

autres transuraniens ce qui est confirme par les valeurs de 

transfert plus eleves pour cet isotope. Par ailleurs, sauf pour le 

neptunium, la fraction incorporee dans la matiere organique 

extractible (acides humiques et fulviques) est 20 a 30 fois 

superieure a la fraction assimilable. La mineralisation des 

composes organiques par voie microbienne peut done fournir a long 

terme des isotopes directement assimilables par les vegetaux. 
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6 - CONCLUSIONS 

Sur le plan de la radioprotection, !'ensemble de cette etude 

experimentale apporte une contribution importante sur les.'points 

suivants : 

- presence de formes solubles ou pseudosolubles dans les eaux 

superficielles, 

- evolution dans le temps du transfert sol-plante, 

- accroissement de la biodisponibilite dans le sol lie au role 

de la matiere organique et de la vie microbienne, 

- influence du depot sur le transfert sol-plante. 

7 - LISTE DES PUBLICATIONS EN COURS 

1) Extraction et dosage des emetteurs alpha en melange dans 

des conditions experimentales. 

2) Potentiel de mobilite des transuraniens dans les eaux de 

fleuve. Health Physics sous presse. 

3) Transfert a long terme des transuraniens dans les vegetaux. 

4) Transfert sol-plante des transuraniens en fonction du 

depot au sol. 

5) Formes physico-chimiques des transuraniens dans un sol 

brun calcaire. 
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Yertragspartner der Kommission: Gesellschaft fUr Strahlen- und Umwelt
forschung MUnchen 

Nr. des Vertrags: 260-77-7 BIO D 
Leiter der Forschungsgruppe(n): Prof.Dr.W.KUhn 

Allgemein~Thema des Vertrags: Inventory of lodine-129 in the Thyroid 
Glands of P.asture Animals in the European Communities. 

Titel des Projekts Nr. 1. 

Inventory of lodine-129 in the Thyroid Glands of Pasture Animals in the 
European Communities. 

Leiter des Projekts und wissenschaftliche Mitarbeiter: 
Prof.Dr.W.KUhn, Dr. J. Handl 

The primordial unstable iodine-129 with a half-life of 1.7 x 107 years has 
decayed. However, in the earth crust a considerable number of fission pro
ducts including 1-129 are formed by spontaneous fission of the actinides 
incl.U-238.It is found in the earth crust at a mean activity concentration 
of 75 f Cilkg. Additionally , I-129 is produced in spallation processes of 
xenon in the high atmosphere by the interaction of primary cosmic radiation 
with xenon. It is also generated by neutron capture reactions from tellurium. 
On the basis of estimations of all production processes an equilibrium 
ratio of I-1291I-127 of about 3 x 1o-14 is assumed in the hydrosphere, 
lithosphere and biosphere. 
Human thvr

1
oid glands from 1936 showed an isotope ratio of I-1291I-127 

< 4x1o-1 .Since the beginning of the nuclear age, approximately since 1945, 
larger amounts of iodine-129 are produced by neutron-induced fission of 
U-235 and Pu-239. About 12Ci have been generated by tests of nuclear 
weapons. The production rate of I-129 in reactors (regardless the reactor 
type) by fission processes is about 0.4CiiGW(e) x year, and it is released 
into the atmosphere mainly during the reprocessing of spent fuel. As a 
result of this the isotope ratio of I-1291I-127 increased in the USA, for 
example, between 1950 and 1952 to a value of~ 10-fi, measured near repro
cessing plants. The ratio also increased in the thyroid glands of pasture 
animals to 10-8 and 10-7 even at greater distances from the emitting source. 
In comparison with the pre-nuclear times the present isotope ratio found 
in pasture animals (cattle) and in man in the USA is given as follows: 

Pre-nuclear times 1.5 x 10-14< I-1291I-127~9.8 x 10-14 

Biosphere (1947), USA: I - 129 I I - 127 = 7.6 x 10-10 

Missouri (Biosphere) - 129 1 - 127 = 5.9 x 10-9 in cattle 
Missouri (Biosphere) : - 129 1 - 127 = 2.3 x 10-9 in man 
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The investigations on the appearance of iodine-129 in the vicin1ty of 

nuclear installation and especially near reprocessing plants showed that 
it is necessary to determine the transfer of iodine-129 through the food 
chain. While the different paths and the burden resulting from iodine-131 
have been studied extensively, essential informations on the large scale 
ecological behaviour of iodine-129 are still missing. 

The aim of the work is concerned with the stocktaking of iodine-129 in the 
thyroids of pasture animals at selected sites of the European Communities, 
where reprocessing plants are planned or already in operation. 

To coordinate the cooperation of the different institutions of the Commu
nities a meeting took place in Hannover. The participants from different 
countries decided on a uniform procedure of collection and preparation of 
the thyroids around nuclear power and reprocessing plants and free areas 
in certain distances from the plants. For the purpose of the measurement 
a sufficently sensitive and relatively quick method had to be developed 
for 1-129 and 1-127, so that for each thyroid gland the results could 
be given as the ratio of both isotopes. The extraction procedure of iodine 
from the thyroid glands of pasture animals and the method to determine the 
iodine-129 has been selected under the point of view that after about 
1947 the isotope ratios of 1-129/1-127 generally reached a value of 10-9 

to 10-8• Therefore, the absolute limit of the sensitivity for the whole 
method was fixed at about these values. The method outlined in detail 
in (1) consists of a chemical extraction with adsorption of the iodine at 
a special kind of charcoal and activation analysis by thermal neutrons with 
gammaspectroscopy. During the running time of the project from July, 1977, 
to the end of 1980, the method was developed, and 77 thyroid glands from 
pasture animals have been measured. The results obtained in the different 
countries in the Communities are given in Table 1 referring to animals. 

In addition to this 4 thyroid glands of bovi nes were cut into about 300 
pieces each, and the distribution of the total iodine in the thyroid 
glands was measured by activation analysis. The same procedure was carried 
out with 4 human thyroid glands. This way one gets the quantitative distri
bution of the iodine-127 in the organ. ~shows how iodine is typically 
distributed in the bovine, while Fig.2 refers to human thyroid glands. 
For that purpose more than about 2000 activationanalytical determinations 
have been carried out. 
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Bovine Thyroid 

5 

Human Thyroid 

. '7 

·& FIG, 2 
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Discussion: 

The investigations on the stocktaking of iodine-129 in some countries 
of the European Communities show that the concentrations are generally 
in the same range as those measured in the USA with cattle and humans. 
This suggests the existence of a worldwide equilibrium level, which can be 
considered valid also for the Communities. There are, however, certain 
areas, e.g. around Mol in Belgium, where higher concentrations are found. 
This may be due to the spent fuel (~200t), which has been reprocessed 
there until 1975. As only there and only up to a distance of 5.5 km from the 
plant 1-129 was found, it can be concluded that in the near vicinity of 
such plants 1-129 levels above the mean value have to be expected, and that 
1-129 is still present in the vicinity, at least several years after 
shut down of the plant. The investigations show the necessity of an 1-129 
stocktaking in human and animal thyroid glands expecially in areas, where 
reprocessing plants are planned or in operation. 

The iodine distribution in thyroid glands exhibits an uneven incorporation 
of the element into the organ. This phenomenon has not been studied endo
crinologically until now. Therefore, we suggest to continue these investi
gations to be able to draw ~edical or radiological conclusions from this 
observation. 

The following institutions participated in the delivery of thyroid glands: 

~Centre D'Etude de L'Energie Nucleaire 
C.E.N./S.C.K. Mol, Belgique. 

~ Institute for Atomic Sciences in Agriculture 
Wageningen, The Netherlands. 

~ Comitato Nationale Per L'Energia Nucleare, Roma 
Centro Di Studie Nucleari, Della Casaccia, Italy. 

~ Forschungsanstalt fUr Landwirtschaft, Mariensee, FR-Germany 
~ Medizinische Hochschule, Hannover, Inst.f.Pathologie, FR-Germany 

Publications: 
(1) Handl,J., KUhn,W.: Activation Analytical Determination of Iodine-129 

in Bovine-Thyroid Glands. J. of Radioanalytical Chemistry 56, 213-219,(1980) 
(2) Handl,J., KUhn,W.: Jod-129 im Biozyklus; Statusbericht Uber den Trans-

fer von Radionukliden 1980; Bundesministerium des Innern (1980). 
(3) Glubrecht, H., Handl,J. and KUhn,W.: Studies on 1-129 in Bovine Thyroid 

Glands and Investigations on Remobilisation of Iodine. 
Proc. of Iodine-129-Symp. Chiba, Japan, 1980 
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The Royal Veterinazy and Agricultural 
University, Copenhagen. 

269-79-3 BIO DK 
Niels Erik Nielsen 
Icxline uptake by plant roots with special 
reference to I-129 in the enviroill't'eilt. 

Title of project m. 1 : The kinetics of iodine uptake by plants in 
water culture. 

Project leader and scientific staff : Henning Kaufholz 

1.1. Introduction. -----------
Small quanti ties of radioactive iodine, produced in nuclear reactors, rray 

be released to the enviroill't'eilt from nuclear fuel reprocessing plants . Radio

active icxline, especially I-129 (half-life = 1. 7 10 7 years) , accumulated 

in the food-chain rray ultirrately result in radiation damage to the human 

thyroid. Plant and soil factors governing iodine uptake via the soil-soil 

solution-root-top pathway are rather incorrpletely krx:Mn. Doubt has, there

fore, been thrown on the validity of the accumulation factor (0.02 pCi I/kg 

fresh plant per pCi I/kg dry soil) oorrrally used in the prediction of I-129 

accumulation via the soil-soil solution-root-top pathway. 

As the concentration of iodine, dissolved in the soil solution, is very low, 

i.e. less than 10-5 M, the rate determining step in the uptake by the plant 

is presumably located at the active root surface. In this case the rate of 

iodine uptake by plants from soil will depend on the factors: a) the area 

of the active root surface, b) the concentration of iodine in the soil solu

tion at the active root surface, and c) the conductivity of the active root 

surface for iodine. (Nielsen 1972). 

'lhe project contaired a study conducted in o:rder to show if the factors a to 

c detennine the rate of icxlide and iodate uptake by intact plants from a 

nutrient solution of approxilllately the sane crnposition as the soil solution 

of a fertile agricultural soil. In addition it was plarmed, but oot realized, 

to investigate rrethyl icxlide uptake by plants. 

1.2. Materials and rrethods.:. 

Barley (Hordetnn vulgare L. var. Nordal) was grown in a growth chanber in water 

culture with a balanced nutrient solution excluding iodine. When the plants 

were five to seven weeks old batches of nineteen plants were transferred to 

1.5 1 nutrient solution with a low concentration of iodide or iodate kept 

aerated. The concentrations of icxlide and iodate in the nutrient solution 

during depletion were determined. '1he concentrations of ions in the nutrient 

solution except for iodine were maintained. constant during depletion by fre

quent ajust::nents. 'lhe volUI!e of solution was maintaired constan<t during deple

tion by addition of water from a Mariotte's bottle. Iodine was determined by 
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a catalytic ~tric rretb:xi or by an iodide electrode. 

1.3. Results. 

In order to obtain a curve fitting the experinental. results ani expressing 

concentration of iodide in solution as a function of tirre, the paraneters of 

a logistic ~tion ...ere optimized by use of a non-linear curve fitting pro

cedure. Fran this ~tion ani its first derivative values ...ere <XX!plted 

respectively for the concentration of iodide in solution ani for the rate of 

depletion of iodide fran solution at various t1rres during in the experirrent. 

Rates of iodide uptake per unit of root length ...ere calculated fran the rates 

of depletion of iodide fran solution. Corrections ...ere introduced as well for 

iodide taken out for chemical analysis during the experirrent as for iD=rease 

in root length during the experirrent. An exponential iD=rease in root length 

was assumed. 

In an analysis of the results iodide net uptake rate per unit of root length 

was related to the concentration of iodide in solution by the equation: 
~ (c- cmin) 

I = (1). 
n :1\n+c-cmin 

In derotes net influx or net uptake rate per unit of root length (f noles 

an-lsec-1 ), I aniK aremaxi.malnetinflux (fmoles cm-l sec-1 ) 
max m 

and Michaelis-Menten constant for net influx of iodide (J.IM I-) respectively. 

c is the concentration of iodide in solution (J.IM), ani cmin is the concen

tration of iodide in solution at which I ~ 0 (J.IM) • K = c - c . where n m llllll 

In = !.z Imax . Values of Imax ani Km' obtained by a oon-linear curve fitting 

procedure, ani cmin, rrean value of the concentration of iodide in solution 

during several hours of depletion after net uptake of iodide had ceased, are 

listed in table 1. Table 1 shows, that a lowering of the J:i!-value of the depletion 

solution fran about 7 to about 4 effected an eighteen fold increase in the Imax

value and a 2. 5-fold decrease in the cmin -value. 'lhe value of Km did oot change 

significantly with the ptl-value of the solution. Thecoefficientofvariance va

lues in table 1 are associated with the variation between experiments. 

Net influx paraneters ...ere oot cooputed fran the iodate depletion experirrents. 

Instead, the values of iodate net influx at 0.4 J.1M iodate in solution were 

detennined at J:ii ~. 2 ani pH 6 . 2. 'lhese net influx values are listed in table 2 

together with the values of iodide net influx at 0.4 J.IM iodide in solution at 

J:ii 4. 2 ani J:ii 6. 9. Net influx of iodate in::reased when the J:i!-value of the 

nutrient solution decreased. Coopared at the sane J:il-value the net influx of 

iodate was only about 5% of the net influx of iodide. 

!.:.1· Discussion ani conclusion. 

Results by Selders ani Rediske (1954) showed that iodide uptake by plants in 
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nutrient solution culture was less fran neutral than fran acid solution 

(pH 4-7). Present results agree with this. Furthenrore, if the kinetics of 

iodide uptake by intact plants is expressed in a Michaelis-Mmten type 

relation it was found that only the parameters Imax and cmin are non-trivial 

functions of the pH-value of the nutrient solution. Both the fall in Imax 

and the increase in cmin, observed when the [.fl-value increases, will cause 

In to decrease according to equation 1. 

Iodide ooncentrations in solutions were found. below which net uptake of 

iodide by plants ceases. However, additional stu:lies are needed in order to 

oonfinn that iodide accumulation by plants fran soil during a grcMth period 

is nil when the ooncentration of iodide in the soil solution equals or is 

less than cmin. 

Iodide net uptake parameters obtained in the present kinetics study are im

portant plant factors in roodels used to simulate iodine and I -129 uptake by 

plants fran soil. Agreelllent between predicted and ooserved uptake of I-129 by 

plants fran soil can only be achieved if reliable values of plant and soil 

factors, governing iodine uptake by plants fran soil, are known. 

!.:. 5. References. 

Nielsen, Niels Erik 1972. Plant and Soil 36, 505-520. 

Selders, A.A.; Rediske, J.H. 1954. u.s.-report HW-33681. 

Table 1 Iodide net uptake characteristics of barley plants grown in 

solution culture for 35 or 49 days. 

Exp. No. pH-value I 
*) 

K cmin max m 

l.iM 
1 (35 days) 4.2 2.4 1.1 0.06 

2 (35 days) 6.9 0.15 0.9 ND **) 

3 (49 days) 7.3 0.13 1.1 0.15 

c.v. 
IRRF} 

40 23 7.7 

*) fnoles cm -l sec -l 

**) ND = not determined 

***) CV= lOO s'Jt' (}{ /2) 



Table 2. 

Elq?. No. 

1 

2 

4 

5 

*) fnoles 

Table 3. 

Elq?. No. 

1 

2 

3 

4 

5 

*) c.v. 
n -) 

*) CV 

**) n 
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Net influx, In' of iodide (I-) and iodate (I03 -) into barley 

roots at 0.4 )JM iodide or iodate in solution. 

pH-value Chemical fonn I *) 
n 

4.2 - 57.0 10-2 I 

6.9 I - 3.2 10-2 

4.2 I03 
- 3.0 10-2 

- 10-2 6.2 I03 0.12 

-1 -1 cm sec 

Shoot and root characteristics of barley plants rreasured 

:i.rmediately after detennination of iodine uptake characte

ristics in solution culture. 

Root length 
Dry weight per 9: of Average root 

Shoot Root Root Plant radius ro 

g/plant -- --m/g-- -cm--

2.47 0.25 616 57 0.0041 

2.58 0.26 561 52 0.0041 

3.33 0.28 467 37 0.0050 

2.35 0.32 485 56 0.0043 

2.86 0.32 471 53 0.0041 

5.6 9.9 5.0 6.1 2.3 

34 1.8 1.8 1.8 1.8 

= 100 s,; (x lii.) 
= average number of replicates. 
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Title of Project no. 2 : 'lhe kinetics of iodine uptake by plants 
fran soil. 

Project leader am scientific staff Henning Kaufholz 

~ .1. Introducti!?!!.:. 

Stuli.es on the kinetics of iodine uptake by plants in nutrient solution culture 

may provide plant factors (parameter values) which can be applied in nodels to 

be used in predicting the quantity of I-129 accumulated by plants fran soil. In 

order to test the validity of this approach, the initial cbjectives of the pro

ject were to study the kinetics of iodide am iodate uptake by plants fran soil. 

Quantitative detenninations of iodate in isolated soil solutions were started but 

due to tine shortage they had to be abandoned for the tine being. The exper:ilrents 

reiXJrted in the follCMing were conducted in order to 1) obtain the kinetics of 

iodide uptake by plants fran an acid soil,- and 2) study if the fall in accumula

tion of iodine by plants with increasing adli tions of l:ilre to the soil is due to 

changes in plant factors and/or in soil factors. 

~.:.~-~~t _!.:_!he kinetics of iodide uptake by plants fran soil. 

The exper:ilrent was conducted in a greenhouse according to a standard IXJt experi
rrent technique. Main properties of the soil are given in table 1. Treat:nents were: 
0, 0 . 5, 10 and 15 wn iodine applied as KI • There were four replicates • In one IXJt 
from each treat:nent soil solution was isolated by introducing a glass suction cup 
according to Nielsen (1972a). Six weeks after mixing basal dressing, CaCO~ and KI 
with the soil 0.1 g seed of perennial :ryegrass (Lolium perenne L. var. vi2~r) was 
SCMn per IXJt with a capacity of 18 1 of soil and a surface area of 500 an • At in
tervals during the grCMth period soil solution was isolated. 'Ihe pH and concentra
tion of iodide in the soil solution were determined. 'lhe plant tops were harvested 
56 days after germination. Dry matter yield and iodine concentration in d:ry matter 
were determined. 

'Ihe main results are set out in figure 1 which shCMS iodine content accumulated in 
plant tops during the entire grCMth period as function of the nean iodide concen
tration in the soil solution fran the 28th to the 56th day. During this tine inter
val 90% of the total d:ry matter yield was produced. 'Ihe final yield was independent 
of iodine treat:nent. 'Ihe experirrental IXJints were fitted to the relation 

-
* * ~- cmi.n 

vm t>t = Vm t>t 
Km+~- cmi.n 

(2). 

* * -1 vm and Vm are ~e nean rate (].Jg days ) of iodide uptake and the nean maximal 
rate (].Jg days- ) of iodide uptake respectively by aerial parts of :ryegrass in 
one IXJt in the tine interval t>t. For details see Nielsen (1972b, 1976) . <b• c.min' 
and K denote the nean concentration of iodide in the bulk soil solution (JJMJ, 
the &ncentration of iodide in the bulk soil solution at which "m = 0, and Michae
lis-M:mten constant for iodide uptake respectively. Values of the parameters 
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* ~ t.t, Km• Cm;...,, an:1 the Ii{ of the isolated soil solution are given in figure 1. 
'!ne values of·"ffie paraneters Km an:1 Cmin differ only slightly fran those ootained 
with barley in nutrient solution culture experirrents at the sane Ii{ (see Project 
oo.l). 

b_l:_~irrent 2. Effect of liming a soil on the ooncentration of iodide an:1 
!gtal iodine in the soil solution an:1 iodine uptake by plants.:. 

'!he experirrent was oonducted in a greenhouse. 'lhe pot experirrent technique, the 
soil, an:1 the pots used were identical with those in experirrent 1. Treatrrents 
were: o, 15, 30 an:1 60 g caco3 with o, and 1 ppn iodine, applied as KI, per pot. 
'!here were four replicates and in each treatrrent two plant species were grown: 
perennial ryegrass (IDlium perenne L.var. Vigor) an:1 barley (Hordeum vulgare L. 
var. Nordal) • Iodine was added to the soil three weeks before lirre and basal dres
sing. 'lhe soil-iodine-lirre-fertilizer mixture was left in the pots for three weeks. 
Soil sanples were then taken out fran each treatnent and 0.1 g seed of ryegrass 
or 24 seeds of barley were sam per pot. After gennination barley was thirmed to 
20 plants per pot. 
In the soil sanples Iif in 0.01 M cac12 suspensions an:1 iodide extractable with a 
strongly basic anion exchange resin (J::lar.'ex 2 x 8, NOrfollll) were detel:mined. 
Plants were harvested and soil solution isolated by displacercent with 0.01 M 
cac12 on oolumns 44 days after germination. 'lhe soil solutions were filtered 
through a 0.2 J,an rrenbrane filter and the total ooncentration of iodine as well as 
the concentration of iodide were detel:mined in the filtrate. 

Results of detellllination of Ii{ an:1 resin extractable iodine in soil an:1 of iodide 
an:1 total iodine ooncentration in soil solution are given in table 2. 'lhe concen
tration of iodide in the filtered soil solution oonstituted only a mioor part of 
the total iodine present as organic and/or iorganic iodine. The total ooncentra
tion of iodine in the soil solution did oot change significantly due to lilning of 
the soil oor did the ooncentration of iodide except at the largest application of 
caco 

3
• Furthern'ore, iodide in the soil solution oonsti tuted only about 1% of the rrobile 

pool of iodide in the soil estimated by resin extraction. concentration of iodine 
in dry matter of perennial ryegrass decreased with increasing addition of caco3 
at both levels of iodine as it is seen fran table 3. By an:1 large the iodine oon
centrations in dry matter of barley for various treatrrents were the sane as oor
responding concentrations in ryegrass. 

~-=-~-=--~cussion and ~lusion. 

'!he relationship bet:lrleen iodide aCCUIIIll.ation by aerial parts of soil grown rye
grass during the entire gi:OI\'th period and the mean ooncentration of iodide in the 
bulk soil solution oould be expressed by an equation of the Michaelis~ten type. 
The values of the pararceters Km and Cmin were very similar to those ootained in 
stu:lies on the kinetics of iodide uptake for barley plants in nutrient solution 
culture described in report of results in Project oo. 1. 'lhe results support thus 
the view that the rate determining step in iodide uptake via the root system is 
located at the sane site for iodide uptake by aerial parts of plants during a 
gi:OI\'th period as for iodide uptake by entire plants in short-tine experirrents pro
vided the ooncentration of iodide in solution is within the concentration range 
studied here. 

Further support of the view nentioned above is provided by results fran experirrent 
2. In agreerent with work by others, e.g. Whitehead (1975), the present results 
showed that increasing application of lirre decreases the anount of iodine accumu
lated by plants fran soil. Furthern'ore, results of experirrent 2 shc:Med that the 
ooncentration of iodide in the soil solution did oot change with noderate line 
applications. Total root length was oot neasured but changed presumably less 
than yield of top dry matter as a result of liming. Results in water culture ex
perirrents showed that I , the net uptake rate of iodide per unit o! root length, 
decreased, even at oons~t iodide concentration,with increasing pH of the nutri
ent solution as ~decreased and c . increased with increasing Ii{ of the nutri· 
ent solution (see equation 1 in Proj~ no. 1). The ootained fall in uptake of 
iodine fran soil with increasing application of lirre is thus to be expected provi· 
ded that 1) iodide is a chemical species of iodine of predaninant i.z~tx>rtance in 
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uptake of iodine by plants from soil, 2) changes in root length with application 
of line are negligible, and 3) iodide concentration in soil solution rerrains 
unaltered. 

A rrodel describing iodine and I-129 uptake by plants fran soil should only incor
porate parameters related to those chemical species of iodine in the soil solu
tion which contribute significantly to iodine uptake via the root system. A=r
ding to Saas and Grauby (1976) srrall iodinated organic rrolecules, present in soil 
solution, rray, in addition to iodides, be taken up by plant roots. Present results 
shcM that reliable values of iodide uptake parameters, necessary prerequisites 
in predicting iodide uptake by plants, can be obtained from solution culture expe
rinents. A study of the correlation between predicted iodine uptake, assuming 
that only iodide is taken up, arrl observed iodine uptake by plants grown in a 
range of different soils would further aid in clarifying the irrportance of iodide, 
relative to other chemical forms of iodine, in uptake of iodine arrl I-129 by 
plants from soil. 

~.:l:__Eefer~~.:. 

Nielsen, Niels Erik l972a. Plant and Soil 36, 505-520. 
Nielsen, Niels Erik 1972b. Plant and Soil 37, 561-576. 
Nielsen, Niels Erik 1976. Plant and Soil 45, 659-677. 
Saas, A.; Grauby, A. 1976. Health Phys. 31, 21-26. 
Whitehead, D.C. 1975. J. Sci. Fd. Agric. 26, 361-367. 

Tabel 1. Main properties of the virgin heath sandy soil used 

J.I.Echanical fractions in % 

2.0 - 0.2 0.2 - 0.02 0.02 - 0.002 <0.002 O.M. *) 
mm mm mm mm 

75.7 14.7 2.1 3.1 4.4 

*) 0 .M. = organic rratter. 

pH Iodine 

3.9 3 

Fig. l. Iodide accum.llation (~ lit) in ].lg/pot in perennial ryegrass during 
a 56 days grc;Mth periOd as a function of the nean iodide concentra
tion c;_, in~ soil solution fran the 28th to the 56th day. (e)denotes 
exper:i.fl'ental values • The curve was calcc:ulated by use of equation 2 
after insertion of the parameter values \l! lit = 295 ].lg I/pot, Km= 
0.77 11MI-, and c. = 0.07 ].!MI-. pH (sOh solution)= 4.3. 
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Project results 

Titel of project 

Final Report 1977-1980 

Investigations about the distribution of Tritium 
and Carbon-14 and their compounds in the aqueous 
and organic phase of various links of aquatic and 
terrestric food chains. 

Project director and Scientific staff 

Dr. rer. nat. G. KISTNER, 

Dr.-Ing. S. STRACK, 
Dr.-Ing. E. CLAUSEN, 
Dipl.-Ing. W. LEISTER, 
Dr.rer.nat. L. GOKE 
Dipl.-Biol. I. BOCHE, 
Dipl.-Biol. E. NORNBERGER. 

With the increasing use of radioactive subtances in research and tech
nology, an enlarged knowledge in the field of radiobiological evaluation 
and assessment is of vital importance for decreasing the radiation 
risk of workers and that of the general population. 

On account of the type of fixation in the various organic phases of 
the ecological food chains, problems concerning the effects of a possible 
environmental contamination with Tritium and Carbon-14 are of major 
importance. 

An examination of the effects on biological systems is essential for 
the assessment of future risks. Only with sufficient knowledge of health
related consequences may a reduction of risk be effectively recognized 
when compared to the risks of daily life on one hand and in view of 
the costs involved in the technological realization on the other. 

1. Organically bound tritium (literature study) 
(L. Gb"ke) 

Incorporated tritium is rapidly distributed in organisms to the aqueous, 
and - with a certain delay- - also to the organic components, replacing 
the existing hydrogen (protium). Also, when administering gaseous tritium 
in its elementary form, tritiated water as well as more or less stable 
organically bound tritium will always develop in the organism. While 
tritiated water is quite rapidly eliminated (T112 b" 1 :Mice= 1.8 
days, man•lO days), organically bound tritium remain~01n the organism 
for a longer period of time and, specifically, may be quite efficiently 
exchanged for hydrogen-atoms of the organic substance. The latter is 
particularly important for the metabolism of single organismus and 
for the transport via the food chains. While the literature contains 
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quite extensive reports about the influence of a tritiation on the 
genetic system, relatively few studies are available as, for instance, 
in the areas concerning the mechanismus of tritiation during the metabolic 
and catabolic processes, the regular retention conditions of organic 
tritium compounds, their reutilization after cell death and the 
interactions of cells and tissues in the hydrogen-metabolism. The 
isotopic-and transmutation effects in biological systems have not been 
sufficiently elucidaeed to correctly assess findings which indicate 
their significance. 
2. Experimental investigations: 

The following may be considered as aquatic or terrestric pathways for 
tritium and C-14: 
HTO--

..- phytoplankton 
14CO (green algae) 

2 
HTO 

plant 

~ zooplankton ~ fish 
(daphnia) 

- cow -man 
14co .,...... (infant). 
Thus~ the experimental investigations may oe 11mtceo to assess1ng tne 
transition into the following structural units and their metabolic 
processing: 

HTO) algae protein ~ daphnia protein ~fish protein 

14co 
2 

HTO 
~plant protein ~milk protein ~ human excretion 

14co 
2 

The following partial steps were examined in model trials: 

2.1. Aquatic pathway 

2.1.1. Kinetics of tritium incorporation in algae 
(S. Strack) 

Under stationary conditions, a discrimination occurs between tr1t1um 
and normal hydrogen (protium) of up to 25% because of differing mass 
relationships. During the metabolic process, larger amounts of tritium 
are fixed in a manner that maintains their stable incorporation in 
organic molecules over weeks and months and permits their transport 
in the food chains in a usable form. 
Under dynamic growth conditions - single injection into the growing 
culture - tritium is incorporated according to the pharmacologically 
well-known Bateman function. Accordingly, the derived values for the 
specific activity may be considerably higher than 1 under continuous 
trial conditions, if the various compartments are voided at varying 
rates. The particular form of concentration, occurring in natural eco
logic systems as accumulation, may thus be explained. (Fig. 1 - 3). 

It becomes evident that an accumulation in the various trophic levels 
depends on the type, frequency and timely supply of the examined substance 
to the system. If these parameters are known, an assessment is possible. 

Repeated injections in the growing culture are followed by a cumulative 
adjustment of the maximum weight balance for organically bound tritium, 
depending on each time interval between injections and regular con
ditions, as they are also known for pharmaceutical maxima in blood 
(Fig. 4). 
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2.1.2. Kinetics of C-14 incorporation in algae 
(W. Leister) 

Growth cunditions in stagnant waters may be simulated 
in batch cultures. Here, the C-14 incorporation with NaHC03 as C-source 
1nto the b1omass was not equivalent to the remaining carbon. The C-14/C-12 
relationship in algae logarithmically increases up to 96% from the 
initial value as a function of the newly formed substrate cell mass 
(Fig. 1). 43% of the C-14 activity is organically bound and may thus 
reach consecutive trophic levels. 

Because of the concentration processes, the value of 0.96 is only tempo
rary. In order to facilitate a comparison to isotopic effects when 
incorporating tritium in a modified batch culture, the C-14/C-12 amount 
was kept constant during growth by simultaneous permeation. This permit
ted a model of a C-14 incorporation solely in relationship to the growth 
function, whereby the isotopic effects of a 12% C-14 discrimination 
are measurable without an apprecia~le tendency towards decrease (Fig. 
5). 

Under the conditions of a dynamic C-14 exposure, the transfer from 
compartment to compartment at the time of increase until the C-14 acti
vity decreased could be observed at continuous growth conditions. The 
model functions similarly to repeated C-14 emissions into running waters. 
The C-14 elimination from the medium into the bio-mass follows a kinetic 
of the first order. This resulted in a decreasing exponential func-
tion for the elimination from the medium and in a Bateman-function 
for the C-14 invasion of the biomass (Fig. 6). Respective differences 
in the values of the kinetic constants were evident. Following a poten
tially increasing course with the time of the experiment, the C-14 
activity in the algae was 65 times higher at the end of the experiment 
than that in the medium (Fig. 7). The value of the C-14 discrimination 
decreased logarythmically with time to 4% (Fig. 8). One third of the 
C-14 activity used was organically bound. In comparison to tritium, 
this resulted in a 16oo times higher incorporation at the same amount 
of activity. 

A model of permanent infusion simulated the case of a permanent C-14 
emiSSIOn in running waters. The adaptation phase for the C-14/C-12 
relationship irt algae and medium at continuous growth was examined 
until "quasi stationary" values were reached (Fig. 9 and 10). For this 
state it took about 8 1/2 doubling times. More than 1/4 of the activity 
used was organically bound. The C-14 discrimination assumed similar 
values to those of the dynamic C-14 exposure model. 
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Fig. 10 
Permanent infusion precedure, 
projected theoretically, i.e. 
without isotopic effects 

2.1.3. Translocation of tritium from algae to Zooplankton (daphnia) 
(I. Boche) 

Under natural conditions, green algae are the main food supply for 
daphnia (small crustaceans, water fleas). The algae cells are absorbed 
by the daphnia by filtration and decomposed in the intestine by di
gestive fermentation. Proteases, for instance, effect the decomposition 
of algae protein down to the single amino acids which, in turn, serve 
the small crustacean for the build-up of its body substance. 

It was demonstrated that the feeding of tritium labeled green algae 
leads to a measurable incorporation of tritium into the natural sub
stance of the crustacean. Even if the food supply is large, only the 
amount of tritium corresponding with the existing body substance of 
the daphnia is incorporated. 

2.1.4. Optimization of culture methods for an increased 
tield in the cultivation of algae 
E. Niirnberger) 

The growing culture of green algae provides the basis for studies of 
the aquatic food chain (algae - daphnia - fish) in regard to the distri
bution of tritium and C-14. To assure a qualitatively and quantiatively 
satisfying reproduction, a modern fermentation unit was put into operation. 
Precisely functioning measurement -and control systems result in well 
reproducable growth patterns. The danger of cdntamination was limited 
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by introducing electrodes that could be sterilized, a procedure which 
is particularly advantageous for long term operation. The continuous 
pH-measurement during growth enables a good control of deviations in 
the carbonate-bicarbonate-relationship and thus acts as a steering 
mechanismus for the food supply. 

The introduction of an electronic particle counter for the direct deter
mination of cell numbers is an essential improvement. A unit designed 
for hematological purposes was succesfully employed for algae counting. 
Because of the formation of zoenobia with Scenedesmus quadricauda, 
counting poses a problem in the correction of coincidental losses. 
Counting results can be reproduced with great accuracy. The growth 
rate, which is an important parameter for the reproducability of the 
growth conditions of a culture, may now be quickly and simply estimated 
by correlating cell mass (dryweight) with the cell number as determined 
by this counter. 

2.2. Terrestric pathway: 

2.2.1. Tritium distribution in the structure units of proteins 
(E. Clausen) 

Connected with investigations concerning the distribution of tritium 
within the terrestric transfer chain (grass-cowmilk-infant), necessary 
methods were developed for determining the tritium content of aminoacid 
components in milk protein by employing ion exchange chromatography. 

According to the mode of feeding, either as tritiumwater or as tritium
labeled hay, a varying incorporation in milk casein takes place. The 
tritium distribution in aminoacid components achieved by acid hydro
lysis is demonstrated in (Fig. 11) 

Similar investigations concerning the distribution of tritium and C-14 
within algae protein have been instituted in order to determine which 
precursory combinations might occur on the next trophic level and what 
might be the total balance in man after passing through the food chain. 
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Kuhmilch nech Aufnlhme von Tritium-w-

Kuhmilch nach Aufnahme von Tritium-hlltiglm Gra 

Fig. 11 
Amino-acid combination and tritium in casein 

2.2.2. Assessment of radiation exposure to tritium using 
compartment models 
(E. Clausen) 

·• 

-· 

On hand of mathematical models, the quantitative behaviour as to distri
bution and dose received has been assessed. The available hydrogen 
is divided into 3 compartments: 67%, which exist as water and are eli
minated at a biological half life of rd. 10 days, 3% which have a bio
logical half life of 30 days and the remainder which is more solidly 
bound and is exchangeable with tritium in water to a limited extent.The 
biological half life amounts to rd. 350 days. 

The incorporation of tritium from HTO in the organic compounds of the 
body is challenged by the substitution of such substances from foOd 
components. Therefore, one compartment was chosen for both and used 
for the assessments of long lived organic substances. 
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700pC1/d 
10100 pC1 

1) The total hydrogen content 
of the body is divided 
into 3 compartments. 
2.8 g hydrogen per day 
are transferred from food 
into long-lived body sub 
stances. The remainder 
of the food is oxidized 
and channeled into the 
water compartment. 

2) Standardized model: 
total hydrogen = 1 

3) Example: 
According to Bogen (1978), 
the nutritional tritium 
concentration for the 
New York population amoun
ted in 1978 to approximately 
200 pCi/1 water for free 
tritium and 6oo pCi/1 water 
for bound tritium. This 
results in a daily intake 
of 520 pCi free tritium 
and an additional intake 
of 165 pCi oxidation water. 
15 pCi are channeled into 
the long lived pool. 
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Equilibrium in the organism establishes the following ratio of specific 
activities 

9450 
OBT 0.33 

ea.: 2 
HTO 10100 

0.67 

This indicates that the specific acttvtty in organic substances is 
twice as high as that in water. The result is in agreement with values 
observed elsewhere. Similar model assessments may also be made for 
other links of the food chain. 

The intake and photosynthetic incorporation of tr1t1um and C-14, admini
stered in the form of water or C-14 o2 to green algae, has been in
vestigated in regard to their biokinetic patterns. It was shown that 
for tritium as well as for C-14, isotopic effects which are the cause 
of discrimination at intake and varying conversion rates of the 
compartments loaded with these radionuclides, are resulting in specific 
activity ratios that may appear as accumulation or concentration processes. 
The level of balance that is achieved after repeated incorporation, 
corresponds with pharmacologically known patterns. In additional model 
examinations, the size and conversion rate of compartments within the 
food chains will have to be determined in order to arrive at the nesessary 
total balance for the assessment of radiation exposure to man by tritium 
and C-14. 
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Crntractor: United Kingdom Atomic Energy Authority 
Harwell, Oxon. OX11 ORA, UK 

Contract Nr. 187-76-1-BIO UK 

Head of Research team : Dr. A.C. Chamberlain 

General subject of Crntract : RESUSPENSION OF PARTICLES FROM 

GROUND SURFACES 

Title of the project nr.: RESUSPENSION OF PARTICLES FROM GROUND 

SURFACES 

Head of project and scientific staff : Dr. A.C. Chamberlain 

J.A. Garland, A.C. Wells, P.F. Muxlow 

1. Resuspension from land surfaces by the wind 

Previous work indicated that resuspension could be an important source 

of airborne contamination in arid regions. Little work had been 

performed in moist temperate climates typical of North-west Europe, 

and this project was undertaken to determine the magnitude of 

resuspension in such conditions. A wind tunnel was set up on grassland 

or on bare soil contaminated with suitable tracers, and the variation 

of resuspension with wind speed, particle size, vegetation cover and 

moisture content of the soil was to be investigated. 

The first results concerned sub-micron tungstic oxide powder, deposited 

by settling from the air. It was found that changes in wind speed and 

in the duration of weathering by the wind (Table 1, see also Garland 

1979, 1981) caused most of the variation. in resuspension. The 

resuspension rate decreased in proportion to the reciprocal of weathering 

time and increased with the wind speed to the third or fourth power. 

No consistent pattern of variation with moisture content of air or 
' ' ' 

soil was apparent, and the difference between bare soil and grass 10 cm 

high did not exceed a factor of three. 
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Table 1 also compares results obtained with other particle sizes, 

with silt, and with Fec1
3 

so~ution sprayed onto grass. Resuspension 

rates differed by less than a factor of 10 for a wide range of tracer 

materials. However, 5 ~m iron oxide particles resuspended more readily 

than any other tracer tested, suggesting an effect of particle size on 

resuspension rate. The resuspension rates reported for silt from grass 

(Garland 1979) may be used to predict resuspension from salt marshes. 

If the results are to be applied to estimate concentrations that 

might occur due to resuspension from extensive contaminated areas of 

the countryside, it will be necessary to allow for upward diffusion 

and deposition of the resuspended material. The importance of deposition 

of resuspended particles was illustrated in an experiment over grass, 

where 60 percent of the resuspended particles were deposited again within 

4 m of travel. l1easurements have been made of the deposition of 

particles released at various heights within an artificial grass canopy. 

These may be used to develop a method for calculating the rate of 

deposition of resuspended particles, and the concentration resulting 

from resuspension over extensive contaminated areas. 

An experiment was undertaken to determine the effect of weathering 

by the natural wind and rain on resuspensian rate (Garland 1981). The 

rate of resuspension at windspeeds of 11 to 12 m s- 1 declined progressively 

during seven months from about 10-5 s-1 to 10-10 s-1. 

It was shown that the fraction of deposited material that is 

resuspended does not exceed a few per cent; most of the resuspension 

occurs within the first few hours or days after deposition, predominantly 

during periods when the wind speed is higher than average. It follows 

that the total airborne dose due to resuspension must be a small 

fraction of the dose which would occur from the primary cloud if no 

deposition occurred. The diluting effect of high winds is likely to 

reduce the fraction even further. It is unlikely that an airborne 

release which does not lead to a significant inhalation hazard from the 

primary plume will give rise to a significant resuspension problem 

later. Nonetheless the period for which oontrol measures are necessary 

after an accident may be determined in part by resuspension. In this 

connection the results show that the potential for resuspension declines 

rapidly at first, and more slowly later; the time variation is better 

described by a reciprocal law than by an' exponential' one. 
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2. Resuspension by raln splash, mechanical disturbance, etc. 

Occasional observations during the wind tunnel experiments showed that 

water drops striking the surface, or mechanical disturbance could lead 

to resuspension rates a few times higher than could be attributed to 

the wind alone. Further work in the laboratory showed that raindrops 

can disperse particles from the surface of dry, or of very wet soil, 

and from grass blades. Resuspension in the field could include contri

butions due to rain splash and traff1c as well as the wind. These 

cannot yet be quantified for recently deposited material. For deposits 

as old as weapons fallout (~15 years) trace element measurements show 

that the resuspension factor due to all causes cannot exceed 7 x 10- 11 m- 1 

on average in Britain (Garland 1979). 

3. Plutonium suspension from seawater 

Laboratory experiments demonstrated that plutonium is concentrated 

at the surface of seawater and other solutions. It was also shown that 

tetravalent and hexavalent plutonium is enriched in seaspray by one or 

two orders of magnitude (Garland 1981b). This enrichment in the 

laboratory suggests that a similar effect should be anticipated when 

deriving acceptable limits of discharge to sea. 

Publications 

J.A. Garland, 1979. 

and soil. 

Resuspension of particulate matter from grass 

AERE-R 9452. 

J.A. Garland, 1981 Resuspension of particulate material from grass: 

experimental programme 1979-1980. AERER 10106, to be published. 

J.A. Garland and R.C. Chadwick, 1981. Plutonium suspension from 

seawater. Health Physics, to be published. 
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Contractor : Universite Catholique de Louvain 

Contract nr : 234-77-1 BIO B 

General subjet of contracts : Translocation of radionuclides absorbed by the 
roots (redistribution) and subsequent release 
from leaves into the atmosphere (biological re
suspension). (one project). 

Title of the project nr. Trans~ocation of radionuclides absorbed by the 
roots (redistribution) and subsequent release from 
leaves into the atmosphere (biological resuspension). 

Head of Project and scientific staff: MYTTENAERE C., DELMOTTE A., HORVATH F., 
MOUSNY J.M., RONNEAU C., ROUCOUX P., 
VANDECASTEELE C., VAN HOVE C. 

I. DE'TERMINATION OF Tc IN PLANT MATERIAL. ------------------------------------------
Preparation of samples and determination of Tc activity require a special 

attention due to the volatilization of some Tc chemical forms. In our 

experiments, contaminated plant material was dried, gently digested 

(HN0
3 

+ H
2
0

2
J and counted for 

99
Tc by liquid scintillation. 

- The digestion method was tested on known contaminated living ma-
• 

terial (Azolla plants cultivated in Packard's flaks, filled with 
99Tc contaminated nutrient solution) : no Tc loss was observed du

ring the preparation of the samples. 

- A mathematical model was built to estimate the quenching percen-

tage of Tc contaminated biological samples measured by the liquid 

scintillation technique (Channels ratio). 

II. DETERMINATION OF RADIONUCLIDES RELEASED FROM PLANTS INTO THE -------------------------------------------------------------------
ATMOSPHERE. 

1. The volatile exudates from vegetation consti tue "a priori" a way of 

transport of elements in the biogeochemical cycle and such a mecha

nism needed to be evaluated in the framework of the transfer of 

pollutants. Our experimentation aimed at the study of the role of 

volatile exudates in the transfer of different radionuclides absor

bed by the roots and transported to the aerial parts. Different 

species were cultivated in nutrient solution or in soil contamina

ted with 
65

zn and 
134

cs. The aerial parts of fully labelled plants 
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tightly isolated from the root medium were transfereq to a perspex 

chamber clean dry air was passed through the chamber and the out-

going air passed through a cold finger trap ; samples were analysed 

for radioactivity by S spectrometry. 

None of the radioactivity measurements has revealed a significant 

contamination of the samples collected and the results obtained have 

not consequently confirmed those recently published in the litteratu-

re. 

The same method was applied to plants growing on a 
99

Tc contaminated 

soil ; the outgoing air was passed through a finger trap containing a 

reducing medium : 

thiosulfate Na solution 114M 250 cell 
++ solution 1110M 100 cell Cu Aco

2 
Dithionite Na solution Bgll 100 cell 

H
2
so

4 
solution 2N 1 1 

Samples were analyzed for radioactivity by S spectrometry. First experiments 

revealed that very low percentage of the plant-substrate activity is detected 

in the trapping solution. Experiments in cour~will attempt to dissociate 

the role of the ecosystem components and to quantify the Tc loss. 

III. DETERMINATION OF RADIONUCLIDES LEACHED OUT OF THE FOLIAGE ---------------------------------------------------------------
It has been demonstratedthat organic and inorganic metabolites may be leached 

from foliage by rain, dew and mist and the study was designed to investigate 

the leachability of technetium from foliage by rain. The amount and variety 

of ways technetium leaching occurs may have in fact an important bearing on 

food contamination. The results obtained indicate that leaching may be con

sidered as an important mechanism in the redistribution and concentration of 

Tc in the environment. The predominant form of Tc leached is the same as 

those present in nutrient solution ; nevertheless a small quantity of Tc leached 

is modified and some cationic forms were observed in the leachates. 

,"oreover t!Je nore tile plant is contaminated, the greater the percentage 7'c 

leached (percentage of the activity in the aerial part). 
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Activity of the leachates in percent of the total activity of the aenal parts 
of plants grown in contaminated solutions: 10 pCi-5pCi-lpCi/l. 

IV a. Tc AND SOIL MICROFLORA. ------------------------
Results obtained in our laboratory and found in the litterature seem to indi

cate that technetium wich is absorbed by living organism, is present in the 

cells partly on a more reduced chemical form than the form available (TcO~). 

Some metabolites having a high reducing power issued from the photosynthesis, 

respiration and~2 fixation process, may be responsible of such a reduction. 

Two microorganisms were used to study the behaviour of Tc (Rhizobium japonicum 

and Azotobacter chroococcum) ; the first one is only able to fix N2 in microa-

erobic conditions meanwhile the second may fix N2 in presence of o2 The 

effect of the Tc was studied in a controlled liquid medium containing or not 

a combined N source in order to underline the r6le of this radionuclide on 

the N
2 

fixation. Results obtained for A.chroococcum (concentrations studied 
-3 2 -5 

10 to 10 ppm Tc N 10 to 1 mM or 17 nci to 1, 7 mCi/1) sh-:Jw that a negati-

ve effect is observed on the growth for a 1 mM concentration if the medium con

tains some nitrates (N
2 

ase -) ; such a reduction is already observed at 1 ~M 

without any N combined source in the medium. The last effect is associated 

with a higher concentration factor and a reduction of N
2 

fixation. These 

results demonstrate clearly the r6le of the Tc on some important biological 

mechanisms. The concentration factors obtained for the different organisms 

are given in the following table I. 
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IV b. 

When A.cylindrica is cultivated in a free combined N medium,growth and N fixa-
. -~ 

t~on are reduced severely when the growing med~um only contains 3,16 10 M Tc 

If N03- ~s added to the medium after two days, growth is again observed and 

reach rapidly a normal level. Concentration factors were calculated at the end 

of the experiments ; they are clearly higher in the medium wich does not contain 

combined N source ; Moreover these values decrease with the increase of the 

medium concentration. Accumulation of Tc is observed in the heterocyst cells, 

site of the N2 fixation. After desorption (biological half - life of Tc is 

short) growth and N2 fixation show again the normal trend. 

IV c. ABSORPTION OF Tc BY SOYBEAN PLANTS. 

Young Soybean plants are much more sensible to Tc than plants of 15 days. 

Such a phenomena which was observed for other species requires a carefull 

study (germination and first steps of growth) and is considered in colla

boration with our colleagues of the "Unite de Morphologie et de Cytologie 

Vegetales ". The Tc transfer factors observed in controlled conditions are 

20 times lower in roots than in leaves but the Tc is 3.5 times more concen-

trated in the nodules than in the rooting system (table 1 ). The analysis 

of the plant sap shows that Tc is mostly on the Tco
4 

form, which explains 

its very high mobility in the plant. In the leaves, according to the re

ducing power of the cell, most of the Tc (~ 80%) is bound to some molecu

les of MW wich range from 4000 to 10000. A large fraction of the Tc fixed 

in the roots is found in the bacteroids. Present in the solution as Tc0
4 

this element is transfered through the cell membrane by active transport 

(energy requiring process).~otwithstanding the fact that Cd induces the for

mation of sulfur amino acids (which can reduce the TcO~ and fix it in the 

cellular medium), Cd incorporated before any Tc contamination of the medium, 

reduce the absorption of this element ; the reduction is a function of the 

Cd content of the plant. These results ask for more work in the field of 

the stability of the complexes formed by Tc or Cd and some metabolites. 
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V. TRANSFER OF Tc FORM SOIL TO PLANT. 

Plants of Pisum sativum (var. Merveille de Kelvedon) were grown on 

seven typical european soils contaminated with different levels of 
99Tc (0,17; 1,7 and 17 ~Ci/Kg). Added initially as pertechnetate, 

the technetium absorption has been studied for three successive cul

tures. The translocation of technetium from soil to plant leaves is 

high, but its transfer is reduced in soils rich in organic matter 

(Fen) or poorly drained (Braunerde). Aging reduces the technetium 

transfer and modifies its relative distribution in plant (relatively 

more technetium is found in fruits) ; these results let suppose some 

modification of the technetium chemical form in soils with time. 

(table 2). 

Table 2. C:oncentrat1on factors for leaves lcpm per gr dry metter/cpm per 

gr dry soil) , 

I Mean ~ standard arror), 

Soils 
concentration Cultures 
level In pprn 

II III 

Alluv. Gley 0.01 198 .:. 12 104 .:. 8 84.!. 8 

0.1 192.!. 35 109.!. 10 105.!. 27 

408 .!. 12 217 .!. 5 242.!. 6 

Pseudogley 0.01 267.!. 10 139.!. 12 87.!. 10 

0.1 371 .!. 20 156 .!. 19 140.!. 20 

446 .!. 45 166.!. 29 138.!. 28 

Braunerde 0.01 73.!. 62 30.!. 20 23.!. 15 

0.1 53.!. 25 28.!. 16 21 .:. 12 

172.!. 40 71 .:. 30 57.!. 21 

Terra fusca 0.01 216.!. 18 127.!. 2 100.!. 13 

0.1 249 .:. 20 ,., .:. • 94.!. • 
232.!. 17 159.!. • 109.!. 16 

Rendsina 0.01 203.!. 33 119.!. 7 78.!. 7 

0.1 201 .:_34 124.!. 3 93!. 7 

206 !. 35 126!. 10 n.:.. 11 

Podsol 0.01 246 .!. 30 107.!. 7 66!. 7 

0.1 305!. 21 117!. 10 n.:.. 7 

273!. 34 135!. 2 91 .:. • 
••• 0.01 118 .:. • 74!. • se.:.. 6 

0.1 129!. 12 7S!. 7 ss!. • 
141 .:. 5 78!. 5 67!. 2 
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Hoofd van het researchteam: Prof. Or. A.J. Oeruytter 

Algemeen onderwerp van het contract : Measurement and analysis of the evo

lution of the 85Kr activity in the atmosphere, and study of the synergistic 

effect of 85Kr and chemical pollution. 

Titel van het project nr 1 : Measurement and analysis of atmospheric 85Kr
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The objectives of this project are the monitoring of the 85Kr 

concentration in the atmosphere on the one hand, and the evaluation of the 

potentialityof observable effects of low-level radiation on atmospheric 

aerosols on the other hand. The project was set up in the light of the ex

pected growth of nuclear power in the next decades, and continuation of the 

total release of 
85

Kr in the reprocessing plants. This irreversible pollu

tion could yield a signific~nt B-radiation skin dose to the world popula

tion, and secondly an effect on the atmospheric aerosol could be expected 

from the measurements performed by Vohra (Vohra,K.G.,Symposium IAEA-SM-181 

(1974),109). Thus it was thought to be necessary to start in time the syste

matic monitoring of the 85Kr-concentration and the evaluation of its ef

fect,to support the radiation protection policy in this matter. These ob

jectives have fully been met by the results of the work performed during 

the two years of the contract (1979-1980). 

SAMPLING AND COUNTING METHOD 

A technique for the chromatographic separation of Kr has 

been developed (Ref.1) allowing a recovery of more than 50%. About m3 

of air is sucked to and absorbed on a cooled activated charcoal trap during 

1 h, traversing cooling traps for H
2
o and co

2 
removal(immersion in liquid 

nitrogen is applied for any cooling). Then the charcoal trap is heated and 
0 

purged with helium, for transfer of the gases to a cooled SA molecular 

sieve (MS). After removal of the cooler, the MS is eluted in a helium car

rier flow to a thermal conductivity detector, monitoring the sequence of 

gases. Short after the observation of the Kr-signal, this fraction is 

directed to a second MS-trap, the residual gases being vented. This proce-
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dura is repeated two times, thus augmenting the purity. It is found to be 

necessary to standardize the switching of the valves to eliminate the spora

dic presence of residual N
2

-gas. 

Helium is pumped off from the last cooled trap, but there re

mains a residual pressure which has to be corrected for, in order to deter

mine the mass of the sampled Kr-gas. This residual pressure has been deter

mined very accurately by mixing a known mass and activity of Kr in the he

lium stream (Ref.4). The Kr-gas is then condensed in a scintillation vial 

through a glass conduct with a narrowing which is fused afterwards. The 

scintillator liquid (Instafluor ) is injected through a Teflon-coated sep

tum under the screw cap of the vial. Thus we work with a closed system,and 

the Kr mass is determined very accurately. The 85Kr-activity in the vial is 

counted, and the atmospheric concentration is derived through the known 

amount of Kr in air. 

MEASUREMENTS AND DISCUSSION 

In the course of the years 1979 and 1980 a large number of 

atmospheric measurements have been performed, which are reported on Fig.1. 
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Fig,1.: 85Kr-activities measured from January 1979 to December 1980 

Is is noteworthy that the background activity seems to be constant, 

although in the period 1970-1980 an increase of the concentration from 

about 0.5 Bq m- 3 to 0.7 Bq m- 3 has occurred, due to the world repro

cessing activities, 

A number of peak concentrations have been measured, mainly 
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in June and from September to February (see Fig.1). In regard of the pre

dominant S-W wind direction during measurement of the increased activities, 

their origin was promptly situated as the reprocessing centre of La Hague, 

France. This hypothesis has been verified. Fi_rst, calculations of the tra

jectories have been performed, from synoptic data in 22 stations, and puf

model calculation~ with gaussian dispersion of the plume (Ooury,A. et al., 

Rapport OSN 84) have been applied to a hypothetical release (3000 Ci in 

3 h, official data being withheld). All the calculations show that the tra

jectories pass sufficiently close to Ghent to yield a concentration of at 

least 10 pCi m- 3(0.37 Bq m- 31. A programme is elaborated for drawing con

tourlines on the map for given concentration levels, and for plotting the 

time profile of the concentration in Ghent (Ref.2). 

Secondly a statistical analysis of the frequency of the peak 

concentrations has been performed. A Monte-Carlo simulation is used, based 

on the distribution of wind directions and velocities in Mol,Belgium, and 

on a hypothetical release pattern, corresponding to an average release of 

2500 Ci/day. The frequency of samples with an activity larger than 0.2 Bq 

m- 3 is of the order of 5%, which is in rather good agreement with the ac

tually observed picture. 

EFFECT OF U.V. AND IONIZING RADIATION ON FORMATION AND EVOLUTION OF 

AEROSOLS. 

It is known that U.V.-illumination of air containing SD2 
and N02 causes through the formation of OH radicals the oxidation of so2 
to so3• After reaction with H20, sulphuric acid is formed which nucleates 

to form tiny droplets (aerosol). It is presumed that synergism of U.V. and 

ionizing radiation can affect the formation of aerosols through an enhanced 

transformation of so
2 

to H2so4 and through an accelerated nucleation in the 

presence of ions. To study these effects a flow reactor has been built.The 

N0
2 

and so2 concentration in pure air and the humidity are controlled.The 

gas passes through a 40 cm long quartz tube for illumination with U.V. 

(1500 ~Wcm-2 ) and with a Co-60 y source (250 ~Gy h- 11. The flow-rate is 

variable and determines the passage time. Measurement of the particle con

centration is performed with a TSI continuous condensation nuclei counter. 

The flow reactor thus allows to measure the evolution of the 

particle concentration as a function of [passage) time. In Fig.2 this 

function has been plotted for illumination with U.V. on the one hand, and 

for simultaneous irradiation with Co-60 on the other hand. The ratio of 
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Fig.2.: 
Particle concentration as a func-

tion of passage time, for air con-
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the latter to the former decreases from about a factor 3 to unity for lon

ger passage times. There is thus a pronounced effect in the nucleation 

phase. The effect in the condensation phase will be studied in the future 

with use of particle distribution measurements and chemical analysis. 
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I I I. 3 

GENETISCHE WIRKUNGEN IONISIERENDER STRAHLEN 

HEREDITARY EFFECTS OF IONIZING RADIATIONS 

EFFETS HEREDITAIRES DES RAYONNEMENTS IONISANTS 
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Weitere Forschungsarbeiten zu diesem Thema werden auch in folgenden 
Tatigkeitsbericht beschrieben 

Further research work on these subjects will also be described in 
the following progress reports 

D'autres travaux sur ce theme de recherche sont egalement decrits 
dans les rapport~ suivants : 

185-BIA N ITAL, Wageningen (de Zeeuw/Ringoet) 

232-BIO B CEN, Mol (Maisin) 

101-PST I ENEL, Torino (Farulla) 

099-PSA F CEA, Fontenay-aux-Roses (Uzzan) 



Contractor: 

Contract No.: 

Head of Research Team: 

- 355 -

University of Aarhus 

204-76-1 BIO DK 

0. Westergaard 

General Subject of Contract: Studies of the interaction between 
DNA repair and replication in the 
eukaryotic organism Tetrahymena 
pyriformis 

Title of the Project: 

Head of Project and 
Scientific Staff: 

Molecular events of ionizing 
radiation on specific genes 

B. Bonven, S. Borchsenius, 
B. Borkhardt, M. Carin, E. Gocke, 
C. Herskind, B. Grabowska, 
D. Jentsch, J. C. Leer, 
K. A. Marcker, 0. F. Nielsen, 
D. Tiryaki, 0. Westergaard 

Understanding of the effect of ionizing radiation on the 

genetic material requires detailed knowledge of the action of 

radiation and of the DNA repair process at the molecular 

level of chromatin. In order to obtain such detailed inform

ation we have studied the effect of radiation and repair on 

the molecular level of a single gene: 

A. Isolation of a single gene in its functional chromatin 

form and the effect of ionizing radiation on isolated 

material 

The genes coding for the ribosomal rRNA precursor in 

Tetrahymena exist as small extra chromosomal genes. This has 

allowed us to isolate the gene in its functional chromatin 

form (3, 6, 7). The structure of the extra-chromosomal DNA 

is given on figure 1. The DNA exists as a giant palindrome 

consisting of two genes. 

The DNA molecule is a replicative unit with the origin 

of replication near the middle of the molecule. It contains 

two transcriptional units, as demonstrated on the map. Each 

unit has an intervening sequence with a size of 400 bases 

in 255 region of the gene (21). 
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5.as 

We have developed techniques which allow isolation of 

the ribosomal gene in its functional chromatin form. Studies 

of the isolated chromatin has revealed the following pro

perties (9, 12, 3): 1) The chromatin structure of the active 

region differs from the inactive region on the DNA (18). 

2) The endogenous RNA polymerases on the active region of 

gene transcribe the gene faithfully in vitro (14). 3) The 

process of transcription termination can be regulated in 

vitro (15, 16, 20). Thus, the polymerases can transcribe 

both the active and the inactive region on the DNA. 4) The 

processing (splicing) of the intervening sequence in the 

transcript can occur on the level of the isolated chromatin 

(19, 21). 

As the isolated chromatin mimics the in vitro situation, 

it has been used for studies of the effect of radiation on 

the molecular level. Three different approaches have been 

undertaken in order to study the radiation damage: 

~) Techniques have been developed which allow visualization 

of the exact position of single strand breaks on the gene 

by electron microscopic studies. The technique takes advantage 

of the fact that the isolated chromatin is a giant palindrome 

and that it therefore can form snap back molecules. The 

technique has made it possible to compare the relative 

radiosensitivity of (i) the gene in vivo, (ii) the isolated 

gene in its biologically active chromatin form and finally, 

(iii) on the level of the naked DNA (22, 17). 

El Radiation induced damages can also be monitored by the 

endogenous RNA polymerases on both the active and the inactive 

regions as the signal for transcription termination can be 

controlled in vitro. Using the different fidelity of the RNA 

polymerase observed in the presence of different divalent ions 

we are able to monitor different types of radiation damages 
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on the gene. Both direct and indirect radiation effects 

have been monitored on the chromatin. Also a number of ra

dioprotective agents and sensitizers have been tested on 

the system. 

£) Digestion experiments with various nucleases have demon

strated three hypersensitive sites on the isolated chromatin. 

One sensitive site is located at or very near the origin of 

replication, while the remainins two sites are located at 

the promotors. Experiments are now in progress on a further 

characterization of these sites in relation to the functional 

activity of the gene. In addition it is investigated if 

nuclease experiments can be used to monitor radiation induced 

lesions and repair on the level of the· DNA (1, 2, 4). In 

conclusion, the three described methods makes it• possible 

to develope sensitive and precise in vitro assays for 

radiation induced lesions (5, 22). 

B. Structure and function of genes coding for radiation 

induced DNA polyrnerases 

Irradiation of exponentially growing cultures of ~

hyrnena with electrons induced a DNA polymerase up to SO 

fold in the cells. The polymerase is located in the mito

chondria but encoded for by the nuclear genome. The induced 

polymerase has been purified and specific monoclonal anti

bodies are beeing raised against the enzyme. The synthesized 

monoclonal antibodies will allow a detailed study of the 

cellular localization of the enzyme under different conditions. 

In addition the synthesized antibodies will make it possible 
to characterize and study the structure and the function of 

the gene(s) coding for induced repair polymerases(S, 8). 
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Contractor: Aarhus University, Department of Chemistry 

Contract nr: 262-78-1 OK 
Head of the research team(s): Julio E. Celis .. 
General subject of contracts: "Search for the biochemical events leading to the 

lethality of mammalian cells irradiated with X-rays". 

Titfe of the project: Search for the biochemical events leading to the lethality 
of mammalian cells irradiated with X-rays. 

Head of project and scientific staff: J.E. Celis, R. Bravo, A. Celis, J. Bellatin 
and S.J. Fey. 

The aim of this contract was to search for sensitive assays to determine 
radiation damage at the level of polypeptide synthesis, protein-nucleic acid 
interactions and cell cytoarchitecture. 

Summary 
Our studies in human Hela cells have revealed a nuclear (IEF 49, MW 36K) and 

a cytoplasmic polypeptide (IEF 52, MW 34K) whose relative proportions are sensitive 
to changes in the growth rate produced by lethal doses of X-rays. Given the common 
occurance of IEF 49 and 52 in most human, hamster, mouse and rat cell lines studied 
and their coherent behaviour in response to different conditions under which the 
rate of cell proliferation declines, it is suggested that these proteins may play 
important if not key roles in cell proliferation. These polypeptides represent 
potential markers for determining radiation damage at the level of gene expression. 

We did not find any significant protein-DNA crosslinking or damage to cyto
architectural components as a result of X-ray irradiation, at least to the limit 
of sensitivity of the methods used. 

Results 

Identification of two polypeptides whose rate of synthesis are sensitive to changes 
in growth rate caused by X-ray irradiation 

During the tenure of this contract we have carried out a detailed study of 
the polypeptides synthesized by human Hela cells irradiated with X-rays in an effort 
to search for the biochemical event leading to cell death. Using newly developed 
labelling techniques and high resolution two dimensional gel electrophoresis 
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(refs 1,4 and 7) it has been possible to separate and catalogue 1169 po
lypeptides (855 acidic and 314 basic) from as few as 100 control Hela cells 
labelled with [35sJ-methionine (Fig. 1). 

A comparison of the [35s]-methionine labelled polypeptides synthesized 
by active Hela cells and giant cells produced by irradiation with lethal 
doses of X-rays (1100 rads) revealed a nuclear (IEF 49; MW 36K; Fig. 1) 
and a cytoplasmic polypeptide (IEF 52; MW 34K; Fig. 1) whose relative pro
portions (rate of synthesis) correlate well with the proliferating state 
of the cells. The relative proportion of IEF 49 is high in proliferating 
control cells but is 5-6 fold lower in non-dividing irradiated cells. 
Conversely, the relative proportion of IEF 52 increases following irra
diation. Studies of other physiological conditions in which there is a de
crease in the rate of cell proliferation (ageing for example) also led to 
the same results. The relative proportion of IEF 49 has also been shown to 
change inS phase of Hela cells (ref. 3) and during transformation of mouse 
and hamster fibroblasts (ref. 5). 

Irradiation of Hela cells with lethal doses of X-rays does not result in 
crosslinking of IEF 49 to DNA. 

To determine whether cell death was due to crosslinking of proteins 
to DNA we irradiated prelabelled Hela cells with different doses of X-rays 
and analyzed their polypeptide patterns by means of high resolution two di
mensional gel electrophoresis and quantitated the major spots. Crosslinked 
polypeptides were expected to remain at the origin of the first dimension. 
Quantitation of 150 major polypeptides including many nuclear and cyto
architectural polypeptides failed to reveal significant crosslinking of 
any of the studied proteins (Fig. 1) (ref. 8). 

Conclusions 
Our studies revealed polypeptides that may be involved in controlling 

cell proliferation and that constitute usefull markers in assessing radiation 
damage at the level of polypeptide synthesis. Whether radiation affects 
directly or indirectly the synthesis of these proteins remains to be elucidated 
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Molecular Aspects of Repair Phenomena in 
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The excision repair process: its genes, 
enzymes and regulation. 

Dr. P. van de Putte, Dr. H. Pannekoek, 
Drs. E.A. Poot-van den Berg, Dr. C.A. van 
Sluis, Drs. J.A. Brandsma 

Organisms have the capacity to eliminate damaged segments of their 

genetic material (DNA) which can arise upon irradiation with UV-light. 

In the bacterium Escherichia coli, and possibly in other organisms as 

well, the excision repair process constitutes a major pathway for main

tenance of the integrity of the DNA. Due to this process, pyrimidine 

dimers, induced by UV-irradiation, are efficiently removed and substi

tuted by normally basepaired residues. The initial and most crucial 

step is the recognition of this specific lesion, followed by introduc

tion of a single-stranded break adjacent to the lesion. This reaction is 

catalyzed by an enzyme-complex, composed of three different polypeptides, 

i.e. the UvrA, UvrB and UvrC proteins. Our goals are: 

i) to study the mechanism of action of the UvrA-UvrB-UvrC enzyme-complex, 

ii) to study the regulation of expression of the three ~ genes which 

encode th~ proteins involved in this so-called incision-reaction. 

Although the basic principles of the excision repair process have 

been known for several years, no specific ~ gene product had been iden

tified, nor had anything been learned about the regulatory elements con

trolling the ~genes. Studies had been hampered by the extreme low 

amounts of the incision enzyme in the cell and by the rapid dissociation 

of the enzyme-complex upon purification with chromatografic techniques. 

The development of recombinant DNA technology enabled us to overcome these 
drawbacks. At present, we have constructed recombinant plasmids which 
carry the uvrA+ gene (pJA-series), or the uvrB+ gene (pNP-series) or the 
uvrc+ gene (peA-series). During the contract period these plasmids have 
greatly facilitated our investigations concerning the structure, function 
and regulation of the uvr genes. 

For the isolation-of the uvr genes we have employed either trans
ducing phages (AuvrB+) or the E:Coli 'colony bank'. The colony bank is 
a collection of about 2,000 strains harbouring different plasmids (colEI
derivatives; pLC-series) carrying each a random fragment of the E.coli 
genome. 
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Mobilization of these colony bank plasmids to an uvr recipient strain 
showed that pLC25-23 contains the uvrB+ gene, whereas pLCI3-12 and pLC 
7-18 carry the uvrc+ gene. The collection of strains does not contain 
a plasmid harbouring an intact uvrA+ gene. 

We developed a novel procedure to clone genes (or mutant genes), 
located on the chromosome, for which no direct selection is available. 
The method is based on homologous recombination in a recA+ polAts strain 
at non-permissive temperature between a colony-bank plasmid, carrying a 
bacterial segment originated from a chromosomal site adjacent to the gene 
to be cloned, and the chromosome. The bacterial segment was made to con
tain an easy selectable marker (e.g. transposon Tnl (Apr)), resulting in 
a high co-transduction frequency of Apr and the desired gene. This proce
dure was successfully applied to the cloning of the uvrA+ gene by a par
tial digestion of total E.coli chromosomal DNA with Sal! and subsequent 
insertion of an uvrA+/Apr-containing Sal! fragment on a multicopy plasmid. 
The resulting plasmid, pJAOI, was shown to harbour the ubiA+, lexA+, ssb+ 
and uvrA+ genes. Derivatives (pJA02, pJAOS and ~JA08) were constructed 
lacking all of these genes, except for the uvrA gene. Complementation of 
the uvr phenotype of uvrA- strains with pJA-plasmids has been carried out 
and the location and orientation of the uvrA+ gene on the plasmids has 
been established. 

Molecular cloning of the uvrB+ gene has provided us with many data 
concerning its complicated regulation and possibly dual function of its 
gene product. The uvrB+ gene has been cloned both by EcoRI-digestion of 
a transducing phage (Ab2att2 bioFCD+uvrB+) and by Pstl or Psti/BamHI
digestion of the colony-bank plasmid pLC25-23. The 'phage derived' recom
binant plasmid, i.e. pNPS, was shown to carry the C-terminal part of the 
uvrB+ gene fused to an effective promotor of the vector pMB9 of this plas
mid. In the presence of either one of the non-sense suppressors supF and 
sup6 plasmid pNPS was found to fully complement the UV-sensitivity of 
~uvrB strains. Moreover, the incision activity in extracts of ~uvrB/pNPS 
strains was restored to the level of wild-type uvrB+ strains. We conclude 
that in an appropriate genetic background (sup6/supF ~uvrB) plasmid pNPS 
encodes a truncated UvrB protein (MW 62,000-ailton}, lacking an N-terminal 
fragment, which has enzymatic properties in the incision reaction equiva
lent to the intact UvrB protein (MW 80,000 dalton). Hence, the C-terminal 
part of the protein is involved in determining UV-resistance, in concert 
with the UvrA and UvrC proteins, whereas the N-terminal part is implicated 
in regulation as indicated by preliminary experiments. This conclusion is 
further strengthened by the observation that the N-terminal part of the 
uvrB gene can be mutated without loss of its enzymatic function. Evidence 
has been derived from the results of a procedure, developed in this labora
tory, to relieve the polar effect of a transposon (TnS (Kmr)), integrated 
in the cloned uvrB gene. This procedure consists of an in vitro elimination 
of a major part of TnS and a subsequent in vivo propagatio~the resul
ting products, yielding recombinant uvrB-plasmids with a site-specific non
polar mutation. We have demonstrated that a non-polar mutation in the N
terminal part of the gene does not affect the enzymatic function of the 
UvrB protein. Other relevant data, concerning the uvrB+ gene, obtained 
with plasmid pNPS are e.g. the establishment of the orientation (both on 
the plasmids and on the chromosome), the size of the gene and, moreover, 
a determination of the localization and the DNA-sequence of the pMB9 pro
motor required for the expression of the cloned uvrB+ gene. 
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The 'colony-bank derived' uvrB+-recombinant plasmids pNPIO (= pBR322-
uvrB+) and pNP12 (= pACYC177-uvrB+) were shown to contain the entire uvrB+ 
gene, including its transcriptional- and translational regulatory elements. 
The position of the elements (i.e. promotor, initiator codon) has been de
termined by DNA-sequence analysis of a restriction fragment, comprising the 
entire uvrB+ regulatory region and a N-terminal part of the structural gene. 
A comparison of the proteins encoded by pNPIO (pNP12) DNA with 'mutant' uvrB 
plasmids (e.g. pNPIO::TnS), allowed us to identify the uvrB+ gene product to 
be a protein with a MW of about 80,000 dalton. Currently, this protein is 
purified to study in vitro both its regulatory and its enzymatic function. 

Cloning of the-uvrc+ gene has been accomplished using a Psti-fragment, 
derived from the colony-bank plasmid pLC13-12, which has been inserted into 
several multicopy plasmids (i.e. pCA32 (= pBR322-uvrC+), pCA79 ~pACYC177-
uvrc+)). These uvrc+-recombinant plasmids fully complement the UV-sensitivity 
of uvrc- strains and, moreover, restore the incision activity on UV-irradiat
ed DNA in extracts of uvrc-/pCA32 strains. We have shown both in a 'mini
cell-' and in a 'maxi-cell system' that the uvrc+ gene encodes a prote~n ~ith 
a MW of about 28,000 dalton. Employing the results of a detailed restrLctLon 
enzyme analysis of plasmid pCA32, numerous 'mutant' uvrC derivatives have 
been constructed which enabled us to establish both the localization and the 
orientation of the uvrc+ gene on plasmid pCA32. 

Recently, we have reported on another function of the UvrC protein, 
besides its enzymatic role in the UvrA-UvrB-UvrC complex. In a maxi-cell 
system, containing compatible recombinantplasmids carrying the uvrB+ and the 
uvrc+ genes, evidence has been obtained that the UvrC protein reduces the 
biosynthesis of the UvrB protein. This effect is exerted at the level of 
initiation of transcription of the uvrB+ gene. We have established that the 
site of interaction of the UvrC protein is located within the regulatory re
gion of the uvrB+ gene. In view of the observation, made by another laborato
ry, that the uvrA+ gene is controlled by the lexA-recA system, we conclude 
that the expression of the E.coli uvr genes is strictly regulated, while 
different repair pathways (excision;-recombination, SOS) are intimately 
connected as far as their regulation is concerned. 

The results obtained by our laboratory during the past contractperiod 

and the contribution of two other laboratories (Dep. of Therapeutic Radio

biology, Yale University, New Haven, U.S.A. and the Norwegian Defense 

Research Establishment, Kjeller, Norway) has provided valuable information 

concerning structure, function and regulation of genes essential for the 

excision repair process. Now that all three~ genes have been cloned on 

multicopy plasmids, it is conceivable that the gene products will soon be 

purified and available for biochemical studies. It is anticipated that the 

main questions, concerning the regulation and the mechanism of action of 

the UvrA-UvrB-UvrC complex on UV-irradiated DNA will be clarified in the 

next 4 years. Finally, we support the notion that the data with the model 

organism Escherichia coli are valuable information for understanding corres

ponding processes in other organisms, such as humans. 
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The mechanism of mutation induction and 
its relation to cellular repair processes. 

Dr. P. van de Putte and Dr. B.W. Glickman. 
Drs. J. Brouwer, P. Todd and Ir. M.R.M. Schaaper. 

The object of this research project is to determine the molecular 

mechanisms underlying mutagenesis and to evaluate the role of cellular 

repair processes in determining the fate of chemically induced premu

tagenic lesions. The research of the last 5 years has been aimed at the 

study of mismatch repair, the influence of mutators on mutation induction 

and on the mutation specificity of mutagenic agents. 

I. Mismatch repair 

It was shown that DNA-methylation at position 6 of adenine residues in 
DNA, which is defective in a Danlmutant, plays a role in post-replication 
error avoidance in E.coli. (I). Danfmutants exhibit a 20 x enhanced spon
tanous mutation frequency, mainly due to a strong stimulation (140 x) of 
GC~ AT transition events. (2). Furthermore second-site revertants of 
Dam-mutants were isolated by selection on resistance against 2 amino
purine. These mutants, which all map on the known mutator loci mut H, 
mut L and mut S, show mutator activity on their own, when separated from 
the dam mutation and all exhibit a hyperrecombination phenotype. Experi
ments-with heteroduplex A-DNA, which contains a methylated- and a non
methylated strand, showed a preferential loss of markers on the non-methyla
ted strand, after infection of a E.coli host with mut H, L or S mutation. 
(3). Screening of the spontanous mutation frequencies for four different 
markers revealed that the mutator activity of the dam mutation is different 
from that of the mutation enhancing plasmid p~l-10~4). 

2. R46-pKMIOI 

Using a system which allows partitioning of !!£+revertants of E.coli 
ABII57 into four classes, it was shownthat plasmid R-46, from which pKMIOI 
is a derivative, alters the mutational specificity of MMS in E.coli. (5). 
Furthermore it appeared that protection against UV-irradiation by pKMIOI 
is dependent on the UvrE and Reel functions, whereas plasmid enhanced 
UV mutagenesis is not. (6). 

3. Mutagenic agents 

a) Alkylating agents 

A few years ago, work in our laboratory revealed the existence of a 
repair pathway for the removal of bases that had been misincorporated 
during DNA replication. This 'methylation instructed error avoidance 
process' involves the recognition and excision of mismatched bases and 
differentiated between the 'correct' parental- and error containing 
daughter- DNA strands on the basis of the methylation level of the 
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DNA. Parental DNA strands are fully methylated whereas daughter 
strands, following DNA-replication are not or incompletely 
methylated. Dam-mutants of E.coli are defective in DNA-methylation 
and therefore discrimination between the DNA-strands is impossible 
in these cells. As was shown earlier the alkylatingagent MMS is not 
capable to induce mutants in cells of a Dam-strain, whereas it 
does induce mutants in w.t. cells. 
This study ha& been extended to other alkylating agents i.e. EMS, 
MNU, ENU and MNNG. All these agents do induce mutants in~t. cells, 
although with various efficiencies. We showed that MMS, MNU and 
MNNG, in contrast to EMS and ENU, do not induce mutants in cells 
of a Danistrain. This suggests that a mismatch correction mechanism, 
which is impaired in a Dam-strain, is essential for the fixation 
of mutations induced by methylating agents. 
Recently the characterization of a Alk-mutant of E.coli has been 
described. This mutant exhibits increased sensitivity towards 
alkylating agents but not to UV or y-ray irradiation. This mutant 
is though therefore to be defective in the specific repair of 
alkylation damage. We showed that the Alk-mutant is much more 
sensitive to MMS than w.t. cells, whereas this difference does not 
excist for EMS. Furthermore the Alk-mutant is hypermutable with 
MMS, whereas mutation induction with EMS occurs on the same level as 
in w.t. cells. The Alk-mutant is probably defective in a pathway 
for repair of methylation damage. Using the Laci-system, the muta
genic spectrum for the Alk-mutant after treatment with MMS was made 
and compared with the spectrum for w.t. cells. 
Examination of these spectra revealed that mutagenesis on GC base 
pairs is not greatly affected by the alk mutation. However, it 
appears that 20% of the mutants inducea-in the cells of the Alk-strain 
derive from substitutions in AT basepairs. In w.t. cells there is no 
significant mutation induction on AT basepairs after treatment with 
MMS. Therefore it seems likely that the repair pathway affected by 
the alk mutation operates on methylated AT basepairs. 

b) Base analogs 

Using the Laci-system, the mutagenic spectrum induced by N4-hydroxy
cytidine was examined. It appeared that, in contrast to other known 
base-analogs, N4-hydroxycytidine induces mainly if not exclusively 
AT+ GC transitions. (7). 

c) y-irradiation 

Examination of the mutagenic specificity induced by low (Skr) and 
high (30kr) dose y-irradiation revealed that the spectrum changes 
with dose. Basepair substitution is the major type of mutagenesis 
after y-irradiation and was shown to be RecA-dependent. (8). 

The mutagenic specificity of cis-Pt(NH~) 2Cl 2 was examined. 
Like several other cis-platinum compounds,c~s-Pt(NH ) 2cl2 exhibits 
antitumor activity,-whereas the trans-isomer-is inetfect~ve. Plati
num compounds exert their antitumor activity by inactivating the 
DNA-template and although the precise nature of the induced lesions 
is still unknown, it is thoughtthat bifunctional binding to guanine 
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bases in the DNA is essential for their action. For this bifunctional 
mode of action several models have been proposed, which involve inter
or intra-strand crosslinks or interbase chelation on guanine bases in 
the DNA. It has been shown that a correlation exists between the 
induction of mutants in bacteria and the antitumor activity of planti
num compounds. Therefore examination of the nature of the mutants 
ind~ced by cis-Pt(NH3) 2cl 2 might reveal the site of action of this 
ant1tumor compound. 
Our results obtained sofar show that the specific action of cis-Pt(NH3) 

2c1 2, as compared to the ~-isome~ is only clearly seen in repair 
def1cient UvrB or RecA cells. Therefore the sensitivity of certain 
types of tumor cells towards cis-Pt(NH

3
) 2Dl 2 might due to a repair 

deficiency in these cells. 
Furthermore, we showed that cis-Pt(NH

3
) 2Cl 2 appears to induce only 

basepair subsitution mutants in repair proficient cells. Probably the 
lesions which lead to this type of mutants are lethal in repair deficient 
cells. Since, at 6 % survival, 13 % of the induced mutants appear to be 
amber of ochre mutants basepair substitution mutagenesis forms a sub
stantial part of the total mutagenesis induced by cis-Pt(NH3) 2cl2 . 
Examination of the nature of the induced basepair substitut1on mutants, 
using the Lacl system, revealed that 70 % of these mutants arise from 
GC~ AT or GC~TA substitutions at sites where the substituted guanine 
was part of a GAG or GCG sequence in the DNA. These results strongly 
suggest that basepair substitution mutants result from intrastrand 
crosslinks on two guanine bases separated by a third base. Since this 
type of mutants are not induced in UvrB or RecA cells, the repair of 
the proposed intrastrand crosslinks, leading to basepair substitutions, 
is probably dependent on both excision repair and a RecA mediated 
process. 
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The integration mechanism of bacteriophage Mu. 

Dr. P. van de Putte, 
Dr. M. Giphart-Gassler, Drs. N. Goosen, Drs. T. 
Goosen, Drs. E. van Leerdam. 

The mutator phage Mu causes polar mutations by random insertion into 

the genome of its host Escherichia coli by an illegitimate recombination 

process. In contrast to other phages this integration step is a prerequi

site for Mu development and new rounds of integrations occur during Mu re

plication. The genetic rearrangements, such as deletions and inversions, 

found after thermoinduction of a Mu prophage show striking similarities 

with those found with other transposable elements (IS or Tn elements and 

retrovirusses). Genetic rearrangements are an important source of sponta

neous mutations and, in some systems, probably also of radiation induced 

mutations. As transposition with Mu is a part of its effective replication 

machinery, Mu is used as a model system to study transposition and genetic 

rearrangements. Besides the recombination system for Mu integration, Mu has 

a second, although site specific, recombination system which can invert a 

part of its genome, the so-called G region. We have aimed during this 5-year 

contract period to study: 

I. The Mu integration and replication process and the functions and struc

tural sites involved. 

2. The regulation of the Mu transposition process. 

3. The functional role of the G region. 

la. Organization of early Mu genes and their expression 

The genes essential for Mu integration and replication are located in 
the early region of the Mu genome. We have found by transcription studies 
in vivo and in vitro that this early region is transcribed as a single poly
Cistranic messenger of approximately 6 kb long. Expression of late genes, 
involved in head and tail morphogenesis, is controlled by the product of 
gene C which we have shown to contain its own promotor ( 16), We have deter
mined-in the past that the two early genes A and B are essential for Mu in
tegration and replication. Of these two, A Is the-Mu transposase and B the 
Mu replicase. By isolation of Mu mutants containing polar ISI insertion we 
discovered four new non- or semi-essential early functions located beyond B. 
These are: cim, a function which stimulates repressor synthesis of Mu; kil 
a function involved in killing of host cells in the absence of the righ~nd 
(a end) of Mu; ~' which codes for an anti ATP nuclease and sot, involved 
in the stimulation of Mu transfectio~ Ql-13~ At present it is thought that 
one or more of these functions play a role in the regulation of the Mu trans
position process. 
To reach our intended goals concerning the study of early genes and their re
gulation it has been essential to obtain recombinant plasmids containing at 
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least the Mu genes A and Band their regulatory elements. 
The plasmids pGPI and pGPZ constructed in our laboratory have been of great 
value for further studies. These plasmids contain 5100 bp of the immunity 
end of the Mu genome linked to pMB9 and pBR322 (3,4,18). Due to the presence 
of a thermoinducible repressor activity the Mu genes A and B can be express
ed at 42° C. Also the kil gene is expressed on these plasmids at 42° C. This 
property enabled us to-rBolate various kil- plasmid mutants, insertion as 
well as deletion mutants (3,5). Moreover also host mutants were isolated in 
which the kil function is blocked (3). This hek (host expression of kil) mu
tation has~en mapped between Dna G and ~-c-on the host chromosome. 
pGPI subclones and mutants of pGPI have also contributed to the physical 
mapping of early genes and their regulatory structures and have been used 
for the identification of gene products in E.coli minicells (see figure) 
(5,6). 

early Mu RNA ... _ ......... --
Pr_,. 

cim gam 
repressorf A I I kil I I sot Mu DNA 

' 
6 - kb 

____ ., ............ 
26k 33k 14k 10k 

• • . . . Cgene 10k 

70k 7k 19-22k 8k 

6k 8k 20.5k 6.5k 
11.5k 

5k 

The early Mu promotor-operator region (PR OR) has been mapped around the 
Hindlll site, whereas the repressor promotor is located 900-1000 bp from 
the immunity end (5,16). We have determined that, in contrast to the remain
der of the Mu genome the repressor is transcribed on the 1 strand (18), as 
found also for repressors of Tn elements. -

lb. Integration and replication. 

During the past 5 year period the problem of integration and replica
tion has been studied in many laboratories. One of the main points resul
ting from these studies is that Mu replication involves a transposition pro
cess similar to that of other transposable elements. Experiments performed 
in our laboratory have contributed to a large extent to the models on trans
position presented in 1979. 

We have determined that Mu replication is unidirectional starting at 
or near therepressor end (8,21). We determined also that Mu replication 
stops at the a end and does not run into the adjacent DNA (8). As replica
tion and reintegration are strongly coupled processes it has been impossible 
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to isolate replication intermediates. Also heterogeneous circles, contain
ing E.coli DNA and Mu DNA, turned out not to be intermediates of Mu repli
cati~eir origin is independent of the E.coli and Mu recombination 
systems (recA and~) and should be explained by the transposition event 
itself. 

The presence of the left Mu end and the expression of genes A and B 
are not sufficient for Mu replication. Neither defective prophages lacking 
the S end nor pGPI containing cells do show any Mu specific replication. 
Plasmids derived from pGPI containing also the S end (9) do, however, repli
cate after induction but only when the s end is correctly orientated towards 
the Mu c end. The Mu specific replication of such plasmids appears to be low 
compared with Mu phaaareplication, which could be due to the absence of one 
or more early functions. 

Besides replication, pLPI17 and its derivatives appear useful plasmids 
to study Mu integration. After induction at 42° C pLPII7 disappears, presum
ably by integration in the host DNA. The same effect of induction has been 
observed in E.coli Dna B mutants, which suggests that integration and not 
replication 1s the first step in the transposition process. 

2. Regulation of Mu transposition. 

As products involved in transposition presumably interfere with the 
integrity of the host cell DNA, the transposition process should be strict
ly controlled. By studying the regulation of the expression of Mu early 
genes we might get better insight in how transposition in general is regu
lated and how transposase levels remain low. 

Transcription studies have revealed that the total amount of early Mu 
RNA synthesis remains at a constant low level, independent of the number 
of Mu copies present (16). Also cells containing pGPI show after induction 
this low transcription level despite the presence of 30 plasmid copies per 
cell (4). Thus, Mu contains besides the repressor an early gene with re
pressor activity. We could determine that this cro-like gene, ner, located 
between the repressor and gene A, negatively regulates transcription of 
early genes and negatively controls repressor synthesis. The Mu repressor 
synthesis is controlled positively by cim and is regulated by the repressor 
itself (autogenous regulation) ( 6). ro-Btudy the regulation in detail va
rious recombinant plasmids have been constructed in which various early 
genes were fused to the promotor of the kanamycin gene (Pkm)• Expression 
of Mu phage is blocked completely in cells containing Pkm ner or Pkn ner+A+ 
plasmids. The pseudo-repressor activity of ner can be overcome only when 
both A and B products are provided. Plasmids containing Pkm A, which leads 
to a constitutive expression of the Mu transposase, also interfere with the 
replication of Mu. The level of the Mu transposase is of extreme importance 
in transposition. 

The availability of the plasmids described above and also of host mu
tants which fail to support growth of Mu enabled us to isolate specificly 
Mu regulation mutants. Some of them (pip mutants) show enhanced lev~ls of 
early transcription (3,16). Preliminary sequence data indicate that these 
mutations are located in the early Mu promotor. Other mutants (ner-indepen
dent) have presumably mutations in binding sites for Mu repressors. 

The study of Mu integration will be highly facilitated when we have 
purified the Mu transposase A. However, despite the fact that most of the 
regulation of early mRNA takes place at the level of transcription, the 
amount of A gene product, as appears on SDS gels, is very low compared to 
B gene product. Also no increased levels of A could be found when the A 
gene is fused to the km promotor. Our results therefore suggest that A is 
regulated also at the level of translation. 
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3. The function of the invertible G region. 

The 3000 bp long G region of Mu is situated approximately 1700 bp 
from the right end of Mu and is flanked by short IR-sequences. Only Mu 
phage with the G region in the.(+) orientation infects E.coli K12. We have 
determined that Citrobacter freundii, E.coli C and Shi~ sonnei are 
also Mu sensitive and the infectious phage contains Mu DNA with the 'G' 
region in the (-) orientation. The invertible 'G' region therefore deter
mines host specificity (14). We have substantial evidence that two sets of 
genes are located in 'G', one being expressed in the (+) the other in the 
(-) orientation. The products of these genes (at least three of them) 
could be identified in minicells with amber mutants of G+ and G- Mu phages. 
These and other observations have resulted in the presentation of two mo
dels for G organization. We are currently investigating the correctness 
of the models and the role of the gene involved in the inversion process. 
Gene regulation by the inversion of structural genes represents a novel 
regulation mechanism which may be operative in other organisms as well. 



- 378 -

LIST OF PUBLICATIONS IN THE PERIODJ976-I980 

I. Breepoel, H., Hoogendorp, J., Mellema, J. and Wijffelman, C: Linkage 
of the variable end of the bacteriophage Mu DNA to the tail. Virol. 
~ (1976) 279-286 

2. Giphart-Gassler, M. and van de Putte, P: Early gene products of bacterio
phage Mu; identification of the~ gene product. J. Mol. Biol. 120 
(1978) 1-12 

3. Giphart-Gassler, M., Goosen, T., Van Meeteren, A., Wijffelman, C. and 
van de Putte, P.: Properties of the recombinant plasmid pGPI con
tatntng part of the early region of bacteriophage Mu. Cold Spring 
Harbor Symp. Quant. Biol. 43 (1978) 1179-1185 

4. Giphart-Gassler, M. and van de Putte P.: Thermoinducible expression of 
cloned early genes of bacteriophage Mu. Gene 2 (1979) 33-50 

5. Giphart-Gassler, M.: Gene products of bacteriophage Mu; molecular cloning 
as a tool in the study of early phage functions. Thesis, Leiden 1980 

6. Giphart-Gassler, M., Reeve, J.N. and van de Putte, P.: Polypeptides en
coded by the early region of bacteriophage Mu, synthesized in mini
cells of Escherichia coli. J. Mol. Biol. ~ (1981) 165-191 

7. Giphart-Gassler, M., Wijffelman C. and RPeve, J.N.: Structural polypep
tides and products of late genes of bacteriophage Mu. Characterization 
and functional aspects. J. Mol. Biol. ~ (1981) 139-163 

8. Goosen, T.: Replication of bacteriophage Mu: Direction and possible loca
tion of the origin. In 'DNA synthesis: present and future' I. Molineux 
and M. Kohiyama (eds~ Plenum publishing corporation, 1978 

9. Van Leerdam, E., Goosen, T., Plasterk, R.H.A. and van de Putte, P.: 
Cloning of both ends and the thermo-inducible genes A and B of bacte
riophage Mu on a multicopy plasmid. Gene (1981) in press -

10. Van der Meide, P.H., Borman, T.H., Van Kimmenade, A.M.A., Van de Putte, 
P. and Bosch, L.: Elongation factor Tu isolated from Escherichia coli 
mutants altered in tufA and tufB. Proc. Natl. Acad. Sci. USA 77 (1980) 
3922-3926 --

11. Van de Putte, P., Westmaas, G.C., Gassler, M. and Wijffelman, C.: On the 
kil gene of bacteriophage Mu. See ref. 21 pag. 287-94 

12. Van de Putte, P., Westmaas G.C. and Wijffelman, C.: Transfection with Mu 
DNA. Virology~ (1977) 152-159 

13. Van de Putte, P., Giphart-Gassler, M., Goosen, T., Van meeteren, A. and 
Wijffelman, C.: Is integration essential for Mu development? In 'Inte
gration and excision of DNA molecules. Hofschneider, P. and Starlinger, 
P. (eds). Springer Verlag, Berlin-Heidelberg (1978) pp. 30-40 

14. Van de Putte, P., Cramer, S. and Giphart-Gassler, M.:Invertibele DNA de
termines host specificity of Bacteriophage Mu. Nature 286 (1980) 
218-222 

15. Van de Putte, P., Giphart-Gassler, M., Goosen, N., Goosen, T. and van 
Leerdam, E.W.: Regulation of integration and replication functions of 
bacteriophage Mu. Cold Spring Harbor Symp. Quant. Biol. (1980) 



- 379 -

16. Van Meeteren, A.: Transcription of Bacteriophage Mu. Thesis Univ. of 
Leiden (1979) 

17. Van Meeteren, A. and Van de Putte, P.: Transcription of bacteriophage Mu. 
I: Hybridization analysis of RNA in vitro. Mol. gen. Genet. ~ (1980) 
177-183 ---

18. Van Meeteren, A., Giphart-Gassler, M. and van de Putte, P.: Transcription 
of bacteriophage Mu. II: Transcription of the repressor gene. Molec. 
gen. Gen.~ (1980), 185-189 

19. Westmaas, G., Maas, W., van der and Van de Putte, P.: Defective prophages 
of bacteriophage Mu. Mol. gen. Genet. ~. 81-S7(1976). 

20. Wijffelman, C and Lotterman, B.: Kinetics of Mu DNA synthesis. Mol. gen. 
Genet. ~. 169-74 (1977). 

21. Wijffelman, C. and Van de Putte, P.: The direction of replication of 
bacteriophage Mu.In:"DNA insertions, Elements, Plasmids and Episomes", 
Bukhari, A.I., Shapiro, J.A., Adhya, S.L. (eds.). Cold Spring Harbor 
( 1977) 329-34. 





- 381 -

contractor: State University of Leiden 

Department of Radiation Genetics and Chemical Mutagenesis 

Contract Number: 195-76-1 BIO N 

Bead of Research Team: Prof.Dr. F.B. Sobels 

General Subject: The effects of radiation on genetic and biochemical systems 

Title of Project No. 1 The genetic response of a £· melanogaster mutant 

strain (ebony) which is sensitive to UV and which 

has a low photoreactivating (PR) ability 

Project Leader and Scientists: Prof.or. K. Sankaranarayanan and w. Ferro 

In 1978, Yegorova, Levin and Kozlova (Mutation Res. 49, 213-218) 

reported a study in which a mutant ebony and a wild-type (Canton-S) strain 

and their hybrids were compared with respect to UV sensitivity and PR 

ability. The eggs were UV-irradiated at the zygote stage (15 ~ 2.5 min 

after oviposition) or at the blastoderm stage (180 + 2.5 min after ovi

position) and survival was measured with and without photoreactivation. From 

the results the authors concluded that: (i) the ebony strain was more sensi

tive to UV and also had a \OW PR-ability relative to Canton-S; (ii) the 

uv-sensitivity and PR-ability of the F1 zygotes were different depending 

upon the nature of the cross: for instance the zygotes from ~ <!d x CS !f!f 
were similar to CS while those from CS ~~x ~~were similar to~· i.e., 

there was evidence for a maternal effect; (iii) the genes governing UV 

sensitivity and PR ability were probably located in the autosomes and (iv) 

the effects observed were not due to pleiotropic action of the ~gene. 

These two strains of flies were kindly provided by Or. Levin. The aim 

of our work has been: (i) to investigate whether the greater UV-sensitivity 

and lower PR-ability of the ebony strain (with respect to killing) still 

persist in later developmental stages (i.e., first and second instar larvae) 

and to study the molecular biology of uv sensitivity in embryonic cells 

in vitro; (ii) to explore whether the ebony strain is also more sensitive to 

X-ray-induced larval killing and to X-ray mutagenesis; (iii) to check 

whether maternal effects of the kind noted by the Russian workers are also 

obtained for genetic end-points and (iv) to localize the genes involved. 

UV-induced killing of first and second instar larvae and PR abilities 

First and second instar larvae of the two strains (ebony and canton-S) 

were irradiated with short-wave UV followed by exposure to PR light. After 

the completion of the treatment, the larvae were transferred to food vials 
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and allowed to complete their development. The ratio of the numbers of 

flies to those of larvae irradiated provided a measure of UV sensitivity. 

The results show that the ebony larvae are indeed more UV sensitive; however, 

with respect to PR ability, no firm conclusion can be made, as yet, in view 

of the variations between the replicate experiments. 

X-ray-induced kilfing of first and second instar larvae 

In experiments with X-irradiation, similar in design to those with uv, 

it was found that the ebony larvae are also more sensitive to the killing 

effects of X-rays. 

x-ray mutagenesis 

Irradiated (1000-3000 R) males of each of these strains were mated to 

females of each of these strains (in dominant lethal studies) or to Muller-5 

females (in sex-linked lethal studies) or to Oster females (in sex-linked 

lethal and translocation studies) and sampling was restricted to mature 

spermatozoa. The results of dominant lethal studies show that mature sperma

tozoa from ebony males are more sensitive than those from Canton-S males 

and furthermore, the maternal effects of the kind noted by the Russian 

workers were also observed; the frequency of dominant lethality is highest 

when irradiated ebony males are mated to ebony females and lowest with the 

Canton S system; the reciprocal crosses fall in between. 

In studies involving irradiation of stage 7 oocytes of e and CS females, 

(mated to Berlin-K males) , the frequencies of dominant lethals in the ebony 

strain were consistently higher than in the other at all the exposure levels 

(1000, 2000 and 3000 R) tested. 

The data on the induction of sex-linked recessive lethals demonstrate 

that mature spermatozoa of ebony males are more sensitive (1000, 2000 and 

3000 R; several replicate experiments each involving between 600-1000 tested 

chromosomes per group per experiment) . When irradiated Muller-5 males are 

mated to ebony or CS females and the induction of sex-linked lethals studied, 

it is found that these frequencies in general, are higher when ebony 

females are used. 

Other results thus far obtained show that: (i) there is no sensitivity 

difference between the two strains with respect to the induction of auto

somal translocations in mature sperm, the induction of X-chromosome losses 

in stage 7 and stage 14 oocytes and the induction of X-ray-induced ring-X 

chromosome losses. (In the last mentioned experiments, irradiated ring-X 

males were mated to ebony or Canton-S females.) 
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Gene localization 

Strains containing chromosome 2 of the ebony strain and chromosome 3 

of the Canton-S strain or chromosome 2 of Canton-S and chromosome 3 of the 

ebony strain were constructed and along with the parental strains tested 

for sensitivity to UV-induced killing of larvae and PR-ability. The limited 

data collected show that the strains containing chromosome 3 of ebony have 

a higher sensitivity to killing, i.e., similar to the parental ebony 

strain, which suggests that UV sensitivity may be due to a gene or genes 

located on chromosome 3; PR-ability, however, seems to be controlled by a 

gene or genes on chromosome 2, but more data would be needed to establish 

this. 
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Title of Project No. 2: Is there a proportionality between spontaneous and 

radiation-induced mutation rates? 

Project Leader and Scientists: Dr. P.T. Shukla, Prof.Dr. K. Sankaranaraya

nan, Prof.Dr. F.H. Sobels and Dr. A. Schalet 

One of the methods currently employed in quantifying genetic hazards 

to humans from exposure to ionizing radiation involves the use of the so

called "doubling dose method". The doubling dose is the amount of radiation 

required to double the rate at which genetic events under consideration 

originate spontaneously and is estimated by dividing the spontaneous rate by 

the average rate of induction per rad of radiation. One of the assumptions 

implicit in the use of the doubling dose method for hazard evaluation is 

that there is a proportionality between spontaneous and induction rates; 

if this is not true, then it will be incorrect to apply the doubling dose 

across species boundaries (as it is done in estimating hazards to humans 

from mouse data) • One way to test the validity of the assumption of pro

portionality between spontaneous and induction rates is to examine the 

average induction rates of mutations in related species or strains of 

organisms that differ from one another in their spontaneous rates. Another 

method is to examine, within a species, whether or not such a proportionali

ty between spontaneous and induction rates is obtained on a locus-by-locus 

basis for a number of gene loci. The present work has employed the latter 

approach in two ways. 

In one study, the X-ray-induction of recessive visible specific locus 

mutations at 14 X-chromosome loci was investigated using the "Maxy" 

technique. The X-ray exposure was 3,000 R to 5-day-old males and the sampling 

of germ cells was restricted to mature spermatozoa. Presumptive mutant 

females recovered in the F
1 

generation were tested for transmission, allelism, 

fertility and viability in males. The different loci were ranked according 

to the number of mutants recovered and the rank order so established was 

compared with a rank order that can be established for the spontaneous 

mutation data at the same loci collected by one of us (A. Schalet, Ph.D. 

Thesis, Indiana University, 1960). 

Considering first mutation frequencies and rates that can be estimated 

for the present data, a total of 128 mutations (115 completes and 13 mosa-

ics) recovered among 38,898 female progeny were found to be transmitted. 
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On the basis of the above frequency, the average mutation rate can be 

estimated as 7.8 x 10-8/locus/R; for mutations that were viable and fertile 

in males, the rate is 3.0 x 10-8/locus/R. The frequency of mutations at the 

different loci encompassed a wide range; while no mutations were recovered 

at the raspberry and carnation loci, at others, the numbers ranged from 1 

at echinus to 31 at garnet; in addition, the proportion of mutations that 

was male-viable was also different, depending on the locus. 

Schalet's extensive data on spontaneous mutations at 13 (of the 14 

loci) employed in the present study) loci permit an estimate of the 

spontaneous rate which is 6.1 x 10-6/locus (a total of 39 mutations in 

490,000 progeny); for mutations that were viable and fertile in males, the 

rate is 3.0 x 10-6/locus. The mutability of the different loci varied over 

a nine-fold range. 

When the different loci are ranked according to their relative muta

bility (for spontaneous and induced mutations), it is found that, in general, 

loci that mutate spontaneously relatively more frequently are also those 

at which more mutations have been recovered in the radiation study; like

wise, those that are less mutable spontaneously are also those that mutate 

less after irradiation. Since these data are limited, it is concluded that 

the above finding is not inconsistent with the assumption of proportionali

ty between spontaneous and induction rates of mutations. On the basis of 

the above results, a doubling dose of about 100 R can be calculated for the 

x-ray induction of specific locus mutations in Drosophila spermatozoa. These 

results have since been published (Shukla, Sankaranarayanan and Sobels, 

Mutation Res. 61, 229-248, 1979). 

Another test of the validity of the assuption of proportionality between 

spontaneous and radiation-induced mutation rates was attempted by a com

parison of spontaneous and induced X-linked recessive lethals. This was 

possible because of the availability of allelism data, (from Lefevre, U.S.A.), 

for x-ray-induced mutations, which consists of some 600 lethals distributed 

among approximately 250-300 loci in x-chromosome regions for which avail

able duplications permitted allelism tests. During the period of this 

report we did not accumulate as many spontaneous lethals as we had ex-

pected to, so that the 155 spontaneous lethals from more than 95,000 tests 

yielded only 69 lethals tested for allelism in the "covered" regions 

studied by Lefevre. !23 additional lethals in "covered" regions not re

presented in the x-ray data were also subjected to allelism tests.) Among 

the 92 "covered" lethals, with the exception of a single locus, there were 

at most only 2 mutations per locus in 12 cases. The exceptional locus, 
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lethal Jl near the tip of the X-chromosome, which yielded 5 mutations in-

eluding 3 that appear to involve small deficiencies, also mutates relative

ly more frequently with X-rays. Accordingly, the limited data from lethals 

agree with the results of the study with visible loci in being consistent 

with the assumption of proportionality between spontaneous and X-ray

induced mutation rates. The information obtained from the spontaneous 

lethals has been useful in providing a basis for comparison with the "MR" 

induced lethals (see project 7b) and useful in confirming the equivalence 

of average spontaneous rates for visible and lethal loci. 
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Title of Project No. 3: Radiation induced changes in meiotic and post

meiotic germ cell stages 

Project Leader and Scientists: Dr. B. Leigh, Dr. R.H. Maddern, 

Drs. A.M.A.J. Veerkamp-van Baarle 

The basic theme of this project has been to investigate mechanisms 

underlying radiation induced chromosomal changes. 1) Oocytes were irradiated 

to study mechanisms of induced autosomal non-disjunction. 2) In another 

study oocytes were irradiated to induce compound autosomes and provide more 

information about selective processes that operate during the recovery. 

3) The formation and recovery of rearrangements from irradiated spermatozoa 

has been considered in detail and the information gained has been used in 

other projects. 

The aim of the non-disjunction study was to determine whether the 

mechanisms of induced sex-chromosome non-disjunction, proposed by Parker, 

can be used to explain the induction of autosomal non-disjunction. In the 

first part of the report period, earlier work was rounded off and this was 

reported in two publications (Leigh, 1979). An extension of the work re

quired the construction of stocks with complex chromosome constitutions. 

This was necessary to permit an analysis of the products resulting from 

the induction of autosomal quasibivalents, i.e., the structures assumed to 

cause non-disjunction. In practice it was found that the stocks could not 

be put together. At critical points in the mating schemes lethality or 

sterility prevented completion. This part of the project has not been 

abandoned, but cannot be continued until a workable genetic scheme can be 

found. 

Compound autosomes usually segregate at random during meiosis in the 

Drosophila male. During one of the earlier studies, on induced non-dis

junction in oocytes, no exceptional progeny of the expected type were 

recovered when the treated females were mated to one specific type of male. 

This type of male carried the compound chromosome described as C(2R)RM,cn. 

Testing confirmed that these males produced regular gametes only. As a 

working hypothesis it was proposed that this compound contained an unusually 

long proximal duplication of 2L, which included one or more meiotic pairing 

sites. A series of new C(2L)RM chromosomes were induced by irradiating 

stage 7 oocytes and mating the treated females to males carrying C(2R)RM,cn. 

20 of these chromosomes were tested with C(2R)RM,px, and 3 were inviable 

with this chromosome. These three chromosomes were used for the next stage 

of the experiment. Stage-7 oocytes of ORK females were irradiated and these 

females then mated to C(2L)RM, lethal; C(2R)RM,cn 1+ males. The total yield 
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was 154 C(2L) chromosomes and 12 new C(2R) chromosomes. Presumably both 

types of C(2) are induced at equal rates and the inequality is a secondary 

effect dependent on compatibility with the C(2) received from the unirradi

ated male. These data can be interpreted as providing support for the hypo

thesis that the induction of compound autosomes requires a break on either 

side of the centromere. Each new chromosome thus has a duplication/deficiency 

for proximal regions. These data have been published as an abstract (Leigh 

and Veerkamp-van Baarle, 1976). 

Studies, on the fagments recovered in sex-chromosome loss experiments, 

were completed and the data published (Maddern and Leigh, 1976). A develop

ment of the model, proposed to explain the formation and recovery of com

pound autosomes, has been extended to account for the induction of centric 

fragments capped by a duplication of paternal chromosome material (Leigh, 

1978) • According to this model, radiation induces breaks in the chromosomes 

of the sperm nucleus. Repair occurs in the male pronucleus during part of 

the pronucleus S-phase. Some broken chromosome ends are joined together 

before replication and others after replication. This accounts for the 

production of both chromosome and chromatid rearrangements. An alternative 

hypothesis has been suggested and tested (see project No. 6) . Publication 

of this work has focussed attention on the fact that the process of 

fertilization in Dro&ophila is not a unique process but most parts of the 

process are found in many organisms including mammals. At Oak Ridge (USA) 

it has been shown that irradiation of mouse spermatozoa is also followed by 

the formation of at least a few chromatid rearrangements. 
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Title of Project No.4.1: The effects of butylated hydroxytoluene on 

radiation-induced genetic damage in Drosophila 

germ cell stages 

Project Leader and Scientists: Prof.Dr. K. Sankaranarayanan 

Butylated hydroxytoluene (BHT) is a commonly used food-additive. With 

respect to its effects on radiation-induced genetic damage in Drosophila, 

conflicting reports have appeared in the literature. Kamra (Int. J. Rad. 

Biol. 23, 295-297, 1973) and Prasad and Kamra (Int. J. Rad. Biol. 25, 67-

72, 1974) reported that injection of BHT into Drosophila males led to a 

sensitization of spermatozoa to the gamma-ray-induction of sex-linked 

recessive lethals, X-chromosome losses and autosomal translocations. Guzman 

et al. (DIS 50, 140-141, 1973) reported that BHT had a protective effect in 

mature spermatozoa, i.e., the frequencies of sex-linked recessive lethals 

were lower in the "BHT+gamma-rays" group than in the "gamma-rays alone" 

group. Ives and Demick (DIS 51, 133, 1974) obtained clear indications that 

BHT acted as a radioprotector when Drosophila males were raised on a medium 

containing BHT, irradiated and then tested for the induction of translocat

ions. The work reported below was initiated to resolve the contradiction 

between these different findings. 

In the first set of experiments, wild-type Berlin-K flies were reared 

in a medium containing 0.05% BHT (in 0.5% DMSO) or in 0.5% DMSO alone and 

then tested for the X-ray-induction of dominant lethals (from treated mature 

spermatozoa, stage 7 and stage 14 oocytes) and sex-linked recessive lethals 

(from treated male germ cell stages). In the second set of experiments, 

female flies that were lethal-free for their second chromosomes were reared 

in the above two kinds of media and tested for the x-ray-induction of 

recessive lethals in their second chromosomes. In the third set, flies of a 

suitably marked strain were raised in the above media and the males were 

used to study the loss of their sex-chromosomes following X-irradiation. 

The results demonstrate that: (i) the frequencies of X-ray-induced 

dominant lethals in mature spermatozoa and stage 7 oocytes are lower in the 

BHT-raised flies; such an effect is not observed in stage 14 oocytes; (ii) 

in sex-linked lethal and autosomal translocation experiments, BHT has a 

protective effect in germ cell stages sampled in brood c (corresponding to 

early spermatids) ; (iii) the frequencies of chromosome 2 recessive lethals 

were similar in both groups (stage 7 irradiation) and (iv) there were no 

significant differences in the frequencies of sex-chromosome losses in 

mature spermatozoa of males raised in the two media. 
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Title of Project No.4.2: The role of mutator genes on radiation-induced 

mutability in female germ cells of Drosophila 

Project Leader and Scientists: Prof.Dr. K. Sankaranarayanan 

The genesis of this work can be traced back to the publications of 

Green (Mutation Res. 10, 353-363, 1970), Green and Lefevre (Mutation Res. 

16, 59-64, 1972) and of Gold and Green (Genetics 80, s35, 1975). The main 

findings, relevant for our investigation were the following: (i) the chro

mosome 3 mutator gene (symbol u) described by Green 1970 caused the 

recessive X-linked mutant genes y 2 and f 3N revert to wild type at a very 

high rate; the effect of the mutator was restricted to females; (i~) the 

mutator gene also increased the frequency of sex-linked lethals in females, 

but not in males; about half of the mutator-induced recessive lethals 

occurred in clusters, suggesting a premeiotic origin, and a sizeable pro

portion of these lethals were associated with cytologically detected chro

mosomal deficiencies; (iii) the X-ray-induced (100 R) frequency of sex

linked recessive lethals in u/u females was higher than in control (+/+) 

females; most of the lethals recovered in the former type of females 

occurred as clusters. The investigation reported below was aimed at veri

fying the findings with respect to the effects of radiation and extending 

the observations to other criteria of genetic damage and to other germ cell 

stages in the females. 

From the stock containing the mutator gene (u/u) , supplied to us by 

Prof. Green, a "control" stock was derived in which the mutator-containing 

third chromosomes were replaced by normal chromosomes. In these two stocks 

we studied the X-ray induction of sex-linked recessive lethals, sex-chromo

some losses and dominant lethals in stage 7 oocytes, but only the X-ray 

induction of sex-linked recessive lethals in oogonial stages. (For oogonial 

experiments, 24 hr-old female pupae rather than young flies were irradiated.) 

The results showed that: (i) the frequencies of induced chromosome 

losses were uniformly higher in the u/u stock than in the +/+ controls 

(5 exposures ranging from 750 R to 3,750 Rand a total count of over 

100,000 flies); (ii) the frequencies of radiation-induced dominant lethals 

and of sex-linked recessive lethals in stage 7 oocytes were similar in 

the two stocks; (iii) after oogonial irradiation (2,000 R), the frequencies 

of sex-linked recessive lethals, the number of clusters and cluster size 

distribution were all similar in the two stocks. The last-mentioned ob

servation is at variance with what has been reported by Gold and Green 

(1975); it is not clear to what extent this result is due to the different 

exposures used in the present studies as compared to those of Gold and 

Green. 
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Title of Project No. 4a: Molecular nature of the lesions which lead to 

X-ray and spontaneous null-enzyme mutations: a 

combined genetic and biochemical investigation 

Project Leader and Scientists: Dr. C.S. Aaron 

The original long-term purpose of this project, initiated late in 

1977, was to exploit the favorable biochemical features of the Alcohol 

dehydrogenase (Adh) locus and the selective methods available for detecting 

forward and reverse mutations in order to investigate the X-ray-induced 

and spontaneous mutation process in Drosophila melanogaster at the 

molecular level. Although a firm basis for such a study was provided by the 

worksummarized below, the project was terminated in 1979 following the 

departure of Dr. Aaron from our laboratory. 

The selective methods of Sofer were used to screen more than 300,000 

progeny of X-rayed spermatozoa (500, 1000 and 3000 R) and more than 400,000 

progeny in un-irradiated controls to establish induced and spontaneous 

forward mutation frequencies for transmitted mutants. The total induced 

null-enzyme mutation frequency was 7.1 x 10-8 per rad per locus, and the 

exclusion of those null-enzyme mutations associated with deletions yielded 

an induced "gene" mutation frequency of 3 x 10-8 per rad per locus. These 

data for a "biochemical" locus show good agreement with the average of the 

mutation frequencies found for 14 "visible" loci (see project 2) where the 

comparable figures were 7.8 x 10-8 per rad per locus and 3.0 x 10-
8 

per rad 

per locus. The estimated doubling doses for "gene" mutations at the Adh locus 

and the 14 "visible" loci are 73 R and 100 R respectively. The foregoing 

portion of the Adh work has been published (Aaron, Mutation Res., 63, 

127-137, 1979). 

The presumed Adh gene mutations recovered in these experiments were 

crossed inter se and with previously known complementing null-enzyme 

alleles and the resulting compounds were subjected to biochemical tests 

for allele complementation, but no complementation was detected among the 

induced mutants. However, immunological tests of 11 mutants provided strong 

evidence that at least 6 of them do, in fact, produce a non-functional 

protein, and therefore represent X-ray-induced intragenic changes. 
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Title of Project No. Sa: How are the marked sensitivity changes from immature 

(stage 7) to mature (stage 14) oocytes brought about? 

Project Leader and Scientists: Prof.Dr. K. Sankaranarayanan 

Most of the radiation-genetic studies with female Drosophila have 

focused attention on two stages, namely stage 7 and stage 14. Stage 7 

oocytes are in prophase I of meiosis while stage 14 oocytes are in metaphase 

I of meiosis. These two manifest striking differences in radiosensitivity. 

For instance, for the x-ray-induction of dominant lethals, stage 14 cells 

are about 10 times more sensitive than stage 7 cells; for the induction of 

sex-linked recessive lethals, the former stages are about three times as 

sensitive as stage 7. The present investigation was aimed at examining 

whether the change in sensitivity between stage 7 and 14 is abrupt or gradu

al. 

To sample oocyte stages between 7 and 14, the age of the female at ir

radiation was rigidly controlled. It is known that in a newly-eclosed female 

the most advanced stage is stage 7; in females aged two or more days, stage 

14 oocytes, (the stage in which the eggs are laid), are found. Virgin 

females were irradiated with either 3,000 R of 500 Rat different ages 

ranging from about 4 hrs after eclosion to about 48 hrs and the amount of 

radiation-induced dominant lethality was assessed following standard proce

dures in one set of experiments. In another set, females which were lethal

free for their second chromosomes were irradiated with 500 R of X-rays and 

the frequencies of chromosome 2 lethals were assessed. 

The results showed, that for the induction of dominant lethals, sensi

tivity remains at a nearly constant level for oocytes sampled from females 

of ages 4 hrs to about 18 hrs; from then on there is a rather steep rise in 

sensitivity, (an increase of about 3% dominant lethality for every 1 hr 

increase in age), for oocytes sampled from females up to about 36 hrs. 

Beyond this, the increase, if any, is more gradual and a plateau is reached 

by the time the female is 48 hrs old. There is no further change in sensi 

tivity in oocytes sampled from females that were 72 hrs old. 

The results of the recessive lethal tests show a similar pattern of 

sensitivity changes, although, as would be expected, it is less striking 

than that observed for dominant lethals. 
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Title of Project No.Sb: Further studies on the mechanism of repair of 

chromosome breaks in Drosophila sperm, the role 

of repair processes 

Project Leader and Scientists: Dr. B. Leigh 

The construction of appropriate stocks is often a problem with Droso

phila. This was the case with a project designed to provide more information 

about the observations of Falk (1962) and Sobels (1969), that enhanced 

frequencies of induced paternal autosomal translocations are recovered when 

irradiated male-germ cells are sampled using females with attached X.Y 

chromosomes. Wild-type ORK Drosophila melanogaster were given an exposure 

of 3000 R X-radiation. Mature sperm were sampled by mating to X.Y/X.Y, 

X.Y/X, or X/X females that carried markers on the second and third chromo

somes for the detection of induced autosomal translocations. TWo pairs of 

maternal stocks were used and heterozygous X.Y/X females were obtained by 

making both reciprocal crosses. The problem of stock construction was to 

obtain suitable combinations of X.Y chromosomes that suppressed crossing 

over in the heterozygote and yet carried similar combinations of markers 

on the autosomes. The highest frequencies of induced translocations were 

obtained with X/X females. In one series these frequencies were higher than 

those obtained with either X.Y/X or X.Y/X.Y females. In the other series 

a uniform frequency of translocations was obtained with all types of 

female, except for one of the two types of heterozygous female, which gave 

lower frequencies. This experiment has provided data which show that the 

addition of Y-chromosomes to the maternal genome does not have a specific 

effect on the recovery of induced paternal autosome translocations. Maternal 

Y-chromosomes increased the proportions of fertile F1 males, this effect 

being consistent in direction but varying in degree. The data obtained in 

these experiments have been published (Leigh, 1979). 
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Title of Project No. Se: The role of repair processes in the induction of 

mutations and chromosomal aberrations by X-ir

radiation 

Project Leader and Scientists: Prof.Dr. F.H. Sobels, Prof.Dr. K. Sankara

narayanan, Dr. B. Leigh, Dr. J. Eeken, 

Drs. W. Ferro, Dr. H. Frei 

This project was initiated in 1979 because we expected that the newly 

available mutants and combinations of mutants deficient for biochemically 

well characterized repair processes would prove useful for a re-examination 

of our long-standing research interest in the study of factors (e.g. post

irradiation variations in o
2 

concentration; caffeine or actinomycin effects) 

influencing the repair (in spermatids, spermatozoa or at the time of 

fertilization) of radiation-induced lesions which lead to mutations and 

chromosomal aberrations. 

The bulk of our initial experiments involved the irradiation (X-rays 

or neutrons) in air, o
2 

or N
2 

of spermatids or spermatozoa in standard type 

~~which were subsequently mated to one of four kinds of~~: !)repair pro

ficient; 2) excision-repair deficient mei-9, and two different types of post

replication-repair mutants, 3) mei-41, 4) mus-101. Three different types of 

genetic end-points were scored: 1) ring-X chromosome loss, which for the 

most part results from chromosome breakage related phenomena; 2) trans

locations, which are produced by chromosome breakage and rejoining, and 

3) recessive X-linked lethals, which consist of point mutations and 

mutations associated with chromosome breakage and rejoining. 

mei-9 

mei-41 

mus-101 

Lethals 

1' 

Table 1 

Translocations Ring-X Loss 

1' 

The first results for mature sperm irradiated in air are summarized 

in Table 1, which shows the magnitude of the X-ray-induced genetic damage 

relative to repair proficient controls, (1'; larger; .j,; smaller; ; no 

difference), for each combination of repair deficiency ~ used and genetic 

end-point scored. Thus, the biochemical characterizations which 

differentiated the 3 repair-deficient mutants is matched by a genetical 

characterization which discriminates among the 3 repair deficient mutants. 

The ability of the mei-9 and mus-101 mutant bearing ~~ to effect the 

magnitude of the damage indicates that the two repair processes for which 

they are deficient operate in repair proficient ~~ at the time of 

fertilization. 
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The first results from a series of experiments in which mature sperm 

from adult 8e irradiated in air, N
2 

or o
2 

was sampled for recessive lethals 

after matings to repair proficient ~~ or mei-9 ~~ also yielded significant 

information. As compared to repair proficient ~~. more lethals were obtained 

from mei-9 ~~ after irradiation in air or N2, but similar lethal frequencies 

were obtained after irradiation in o 2 . These data suggest that there is a 

qualitative difference in the damage induced in air or N
2 

vs. the damage 

induced in o
2

, and are in accord with the interpretation of Sobels 

(Mutation Res., 2, 168-191, 1965) that lesions induced in o
2 

are of a 

different kind. Furthermore, a limited amount of data was obtained from the 

irradiation of spermatozoa in N
2 

followed by post-treatment in N
2 

or o
2 

and subsequent matings to repair proficient ~~ or mei-9 ~~. Although the 

data are insufficient to demonstrate the previously established contrasting 

effects of different post-treatments on the frequency of x-linked recessive 

lethals (Sobels, 1964, 1965), we can conclude, at least, that the defective 

repair process in mei-9 ~~ does not lead to an enhancement of the post

treatment effect. 

The initial results from experiments to determine the manner in which 

mei-9 ~~ and mus-101 ~~ deal with X-ray damage as compared to neutron-in

duced damage in spermatozoa indicate that the neutron damage is being handled 

differently by these mutants. Especially noteworthy are the observations 

that mus-101 strongly reduces both lethals and translocations induced by 

neutrons, whereas, as shown in Table 1, mus-101 reduces translocations 

but is ineffective in modifying the frequency of lethals induced by X-rays. 
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Title of Project No. 6a: Exposure-fractionation effects for X-ray-induced 

dominant lethals in immature (stage 7) oocytes of 

Drosoph1la: a re-analysis 

Project Leader and Scientists: Prof.Dr. K. Sankaranar~yanan 

Two of the main findings that have emerged from radiation studies with 

immature (stage 7; prophase I) oocytes of Drosophila are: (i) for acute 

X-ray exposures, the data on egg-survival give a satisfactory fit to a 

classical multi-target dose-response relationship defined by the equation: 

where SD survival at dose D, S
0 

= survival in controls, K = target sensi

tivity and N = the number of targets to be hit (usually found to be not 

significantly different from 2) and (ii) fractionation of the X-ray dose 

into 2 or more fractions (with intervals of between 10 and 20 min) leads to 

an increase in egg survival relative to that after single acute exposures 

(Parker, Biol. Cont. Univ. Texas Publ. 5914, 113-127, 1959; Sankaranarayanan, 

Mutation Res. 25, 39-51, 1974; Traut and Schmidt, Int. J. Rad. Biol. 13, 

405-415, 1968). Traut and Schmidt found that when X-ray exposures ranging 

from 1,000 R to 6,000 R were delivered singly or in two equal fractions 

(separated by 1 hr intervals) to stage 7 oocytes, the reduction in dominant 

lethal frequencies ("repair") was exposure-dependent because it decreased 

with increasing exposures. In addition, a comparison of the effectiveness 

of a single 6,000 R exposure with the same exposure delivered in either 2 

or 6 fractions showed that, with 6 fractions, the amount of repair was 

higher. 

Our investigation was designed to extend the observations of Traut and 

Schmidt on fractionation effects for X-ray-induced dominant lethals in 

stage 7 oocytes and more specifically to demonstrate that (i) the observed 

dose-dependence of repair recorded in their study is implicit in the kine-

tics of induction of dominant lethality in stage 7 oocytes, i.e., the dose

dependence is another way of describing a curvilinear dose response and 

(ii) the amount of observable reduction in dominant lethality (relative to 

unfractionated exposures) is predictable for any given fractionation regime 

from data on unfractionated exposures. 

Young (0-4 hr old) Drosophila females were X-irradiated with single or 

fractionated exposures over a range up to 6,000 R and the induction of 

dominant lethality in stage 7 oocytes was studied. The results showed that: 
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(i} the frequencies of dominant lethals are higher after acute than after 

fractionated exposures; (ii} at any given exposure level, the higher the 

number of fractions, the lower the frequency of dominant lethals; (iii} the 

reduction in dominant lethality relative to single exposures increases with 

increasing number of fractions and (iv} this relative reduction in dominant 

lethality approaches a maximum value when the amount of X-irradiation 

approaches zero (i.e., when the egg-survival after single X-ray exposure 

approaches 100%}; the maxima however, are different for the different 

fractionation regimes, being higher with increasing number of fractions. 

Using statistical formulations it has been possible to show that the 

expected relative reduction in dominant lethality after fractionation is 

predictable from appropriate dominant lethal data on single exposures. 

These data have been published in full (Sankaranarayanan and Volkers, 

Mutation Res. 69, 249-262, 1980}. 

Title of Project No.6b: Investigation of the qualitative effect of neutrons 

Project Leader and Scientists: Prof.Dr. F.H. Sobels and Dr. B. Leigh (with 

Dr. A.S. Robinson (ITAL}, Dr. J.J. Broerse 

(TNO}, Dr. A. Schalet, Dr. H. Frei, Drs. 

A.M.A.J. Veerkamp-van Baarle, and G.J. 

van Steenbrugge} 

Comparative studies on the genetic effects of X-rays and neutrons were 

initiated in 1977. The practical aim was to find out whether neutrons might 

be more suitable for the induction of translocations to be used for animal 

and plant breeding. It is known that neutrons have a higher relative bio

logical effectiveness for the induction of chromosome rearrangements. 

Because of the different induction kinetics, this advantage is greatest at 

low dose levels. The question asked was whether the rearrangements induced 

by neutrons have higher rates of associated recessive lethality than those 

induced by x-rays. This study was carried out in co-operation with Dr. A.S. 

Robinson using neutrons generated by the reactor of ITAL (Wageningen} . Dro

sophila was selected as a test organism because of the easily available 

genetic schemes. The first part of the study was to establish a dose

frequency response for the induction of II-III autosomal translocations by 

the reactor neutrons. 
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The data gave the expected linear relationship with a remarkable con

sistency between two sets of radiations. For the comparison between neutrons 

and X-rays, males were constructed carrying lethal-free second and third 

chromosomes. The original experimental protocol consisted of inducing trans

locations and then testing translocated and non-translocated autosomes for 

the rates of lethality. This was found to be impracticable and only the 

induced translocations were tested for viability and fertility. 116 neutron 

induced and 152 X-ray induced translocations were tested as homozygotes and 

no significant difference was found ~n the ratio, lethal : fertile : sterile. 

The lethality could not be split into translocation - break-linked and 

translocation - independent components. With this qualification, it was 

concluded that similar rates of lethality are associated with the trans

located chromosomes. This study has now been written up and will soon be sub

mitted for publication. 

The second comparative study on the genetic effects of neutrons and 

X-rays, was initiated from a theoretical question; whether chromosome and 

chromatid rearrangements are derived from double (DSB) and single (SSB) DNA 

strand-breaks respectively. Th~s question came from the observation that 

X-irradiation of Drosophila spermatozoa induces both types of rearrangement. 

Recent cytophotometric studies have proven that sperm nuclei contain un

replicated chromosomes. Maddern and Leigh (1976) argued that, in the male 

pronucleus, repair of radiation damage and replication of the chromosomes 

are at least in part synchronous processes. An alternative explanation can 

be constructed on the basic assumption that the two types of rearrangement 

are derived from DSB's and SSB's. This can be tested by comparing the 

effects of types of radiation that are known to induce different DSB : SSB 

ratios. Neutrons and X-rays are two such types of radiation. High linear 

energy transfer (LET) neutrons induce relatively high rates of DSB's and 

low rates of SSB's. The genetic system used for this study was derived from 

the system used by Maddern and Leigh. Males carrying a doubly marked Y-chro

mosome were exposed to radiation and the progeny scored for losses and 

duplications of the Y-markers. At dose levels that yielded similar fre

quencies of exceptional progeny, the spectra of exceptional types were 

identical. This result has been interpreted as an indication that the chro

mosome and chromatid rearrangements were not derived directly from DSB's 

and SSB's, respectively. 
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These two studies were each designed to answer a specific question that 

formed part of the question about qualitative differences between the bio

logical effects of neutrons and X-rays. The failure to demonstrate a 

difference in these two studies was considered a puzzle. It is knoWlthat 

there are qualitative differences between the primary effects of these two 

types of radiation. Nevertheless, taking into account other genetic studies 

reported in the literature, it appears very difficult to demonstrate any 

qualitative effects at the genetic level. The most positive report is 

contained in a book chapter by Muller (1954), but this does not contain any 

data. One of the simplest and most logical continuations of the comparative 

study was to repeat the experiment cited by Muller. This has now been 

started with an analysis of neutron induced mutations at the yellow, white, 

and forked loci. Preliminary data are interesting, but not yet sufficient to 

base any conclusions on. 

Another approach is also being used. This is based on the knowledge 

that there are qualitative differences in the primary damage and indications 

from other studies that there are differences in the repairability of this 

damage. Using Drosophila sperm it is possible to treat a uniform population 

of nuclei and then by mating males to different kinds of females to expose 

this damage to variously modified repair mechanisms. Another project being 

carried out at this laboratory is concerned with the effects of repair 

deficient mutants. The question now being asked is whether modification of 

the oocyte repair system by these mutants causes a differential response to 

X-ray and neutron induced damage in spermatozoa. Data have been obtained 

with two mutants mei-9a and mus-101D1 . The genetic end points being studied 

are recessive sex-linked lethals and autosomal translocations. Qualitative 

differences have been found, but further work will be necessary to confirm 

these effects and to provide a basis for interpretation. 

This series of comparative studies, on the genetic effects of neutrons 

and x-rays, originated with two specific questions. New approaches are be

ginning to provide information about differential effects of these two types 

of radiation. This project has achieved the aim of providing answers to the 

original questions and has provided a basis for planning new studies. 
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Title of Project No.7a: The effects of several x-ray qualities on the in

duction of genetic damage in the spermatocytes of 

Drosophila. The effect of oxygen tension on the 

induction of sex-chromosome losses in Drosophila 

males 
Project Leader and Scientists: Drs. A. v.d. Wielen (with Prof.Dr. F.H. 

Sobels and Dr. B. Leigh) 

Many "facts" become established in radiation genetics, indeed in 

science in general, when several investigators have obtained confirmatory 

data. The aim of this project was to investigate reports of data that did 

not conform to established expectation. One of the earliest observations 

of Muller was that over a wide range there is no effect of quality of 

X-rays on the induction of genetic damage. In 1971, Haendle reported an 

effect of X-ray quality on the induction of somatic recombination. One of 

the aims of this project was to find out whether this observation could be 

confirmed and extended to the induction of meiotic exchange, which is 

genetically more relevant. 

The experimental protocol, designed for testing the effect of radiation 

quality on the rates of induced meiotic recombination, required the con

struction of stocks carrying suitable markers on the sex chromosomes and 

one of the autosomes. In practice a lot of time and energy was spent trying 

unsuccessfully to obtain these stocks. It was decided to use only markers 

on an autosome, the second chromosome. The 55 kV and 100 kV X-rays used 

were similar to the qualities of radiation used by Haendle. The data 

obtained did not provide any indication of a quality effect. Analysis did 

reveal that the distribution of crossovers varied according to the age of 

the time of radiation. The simplest way to sample irradiated spermatocytes 

is to expose young pupae, in which spermatocytes are the most advanced germ 

cell stage in the testis, and then sample the first sperm from the adult 

males. For technical reasons, there were unavoidable 2-5 hour variations in 

the age of the pupae at the time of exposure. In the youngest pupae there 

was a deficiency of induced centric exchanges. One experiment was considered 

insufficient to establish this interesting observation. Carefully timed 

pupae were irradiated at 2, 4, or 6 hours. The data showed a significantly 

different pattern in 2-hour old pupae. This finding indicates the complicat

ions that can arise when a rapidly developing system is irradiated. 

In one experiment the induced recombinant chromosomes were tested for 

homozygous viability. Exchanges in the centric region, that is between 

black (£) and cinnabar (en) , had a higher frequency of homozygous viability 

than distal exchanges. This difference, however, was not significant. 
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This part of the project has been reported in Mutation Research, 59 

(1979) 189-193. The most important observation is that there is no 

indication of a radiation-quality effect. 

Baker (1957) reported that there is no oxygen enhanced effect for the 

induction of sex-ch5emosome loss when the sperm of R(1)1 (ring X-chromo

some) and In(1)EN (rod X-chromosome) males are irradiated. Leigh has con

:fi.rmed this observation with R(1)2 (ring X-chromosome), at the same time he 

showed that there was an oxygen enhanced effect for the induction of 

recessive sex-linked lethals and autosomal translocations in the same germ 

cell populations. 

A common property, of the ring-X chromosomes and In(1)EN, is the large 

blocks of heterochromation on either side of the centromere. To find out 

whether this distribution is the critical factor, males carrying a variety 

of differently rearranged X-chromosomes were irradiated in oxygen or nitro

gen and the progeny scored for sex chromosome loss. For 8 chromosomes the 

oxygen enhancement ratio was between 2 and 3. For In(1)EN a value of 1.7 

was obtained and for R(1)2 a value of 1.2. This study confirmed that there 

is only a minimal oxygen enhancement effect on induced ring-X loss. The 

corresponding value for an opened ring (In(1)EN) was lower than that for 

other rod chromosomes, but the difference was not significant. 

Title of Project No.7b: Analysis of mutations by a frequently occurring 

mutator gene 

Project Leader and Scientists: Prof.Dr. F.H. Sobels, Dr. J. Eeken, 

Dr. A.P. Schalet 

A detailed analysis of the spontaneous mutation process is of con

siderable importance for understanding the origin of mutations and for being 

able to reliably relate induced mutations to spontaneous ones, as for 

example is being done by the doubling dose method. Recent investigations 

have shown that factors which greatly enhance the spontaneous mutation 

frequency, in an extremely specific way, are very common in nature. These 

factors are observed in bacteria, yeast, higher plants and Drosophila. In 

all natural populations of Drosophila melanogaster about half of the indi

viduals app~ar to carry such a mutator gene (mutation-recombination factor 

"MR"). This MR factor causes visible mutations specifically at only a 

limited number of loci (including singed, raspberry, yellow and carmine) at 

a rate which is 500-1000 times higher than the ordinary spontaneous fre-
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quency. The induction of X-chromosome linked recessive lethal mutations 

occurs with a frequency which is 4-5 times higher than the ordinary sponta

neous frequency. The high locus-specificity for the induction of visible 

mutations by MR and the apparent instability of these mutations led to the 

hypothesis that MR causes breaks at specific sites, where, subsequently, 

insertion sequences become integrated. 

The investigation during the past two years has been centred around the 

following questions. 

I. Does there exist a locus-specificity for the induction of lethal mu

tations by MR and is the frequency distribution of these lethals com

parable to the distribution as shown by ordinary spontaneous and 

radiation-induced lethals? 

To analyse the distribution of MR-induced lethals, MR was introduced into 

males with the genetic constitution of y mei9a mei41 D5 (a double DNA-

repair deficient mutant) , y w In49 f or Berlin K (both repair proficient) , 

and the induced X-chromosome linked recessive lethals were recovered. 7423 

chromosomes of the double DNA-repair deficient, MR males were tested and 

yielded 106 X-chromosome linked recessive lethals (frequency 1.43%). 12563 

chromosomes of the repair proficient, MR males were tested and 151 lethals 

were recovered (frequency 1.35%). Nearly 150 of these 257 lethals are covered 

by duplications of the X-chromosome and could be further localized using 

duplication/deficiency mapping and tested for allelism with ordinary 

spontaneous or radiation-induced lethals. Despite the still relative small 

number of MR-induced lethals collected versus the number of lethal genes on 

the X-chromosome (a maximum of 800) a number of loci could be identified 

showing more than 1 MR-induced lethal where only 1 or no lethals were found 

in the sample of ordinary spontaneous lethals (Table I) . These results 

suggest that there exists a locus-specificity for the induction of lethals 

by MR and that the frequency distribution is different from the distributions 

shown by ordinary spontaneous and radiation-induced lethals. 

II. Does the MR factor influence the frequency of radiation-induced 

lethals? 

To investigate the interaction of MR with radiation-induced lesions, the 

induction of X-chromosome linked recessive lethals was measured in 

irradiated and non-irradiated MR males, and an irradiated (2000 R) non-MR 

control group. The frequencies of lethals observed are: non-treated MR 

males 0.9% (55/6167), treated MR males 7.3% (343/4693) and treated non-MR 

males 5.5% (279/5062). The irradiation of MR males yielded significantly 

more lethals than the sum of the lethals produced by MR alone and those 

obtained from the irradiated non-MR males. 
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Ill. What is the effect of DNA-repair deficient mutations on the action 

of MR? 

To examine whether excision and incorporation of insertion sequences by MR 

is possibly associated with enzymatic pathways involved in DNA repair, the 

following experiments were carried out. MR was introduced into males 

deficient for excision (mei
9

a) or post-replication repair (mei4105 ) or into 

males carrying both repair-deficient mutations. MR activity was recorded by 

the induction of visible mutations at the sn (singed) and ras (raspberry) 

loci. The ordinary spontaneous mutation frequency for~ is 0.2 · 10 -5 

(1/490000) and 0.4 · 10-5 (2/490000) for ras (Schalet, Proc. Xth Int. Cong. 

Genet. (Montreal) Vol. 2, 252, 1958). When MR is introduced into repair

proficient males the frequency of sn mutations is 51 · 10-5 (16/30795) and 

of ras 19 · 10-5 (6/30795). In males deficient for both excision and post

replication repair (mei9a mei
4105

) MR mutator activity is significantly 

enhanced; in two independent experiments the frequency of sn is 304 ·· 10-
5 

(93/30542) and 239 • 10-5 (73/30554) and of ras is 170 · 10-
5 

(52/30542) and 

134 · 10-5 (41/30554). By contrast neither mei
9

a or mei
4105 

alone resulted 

in such a dramatic change of the MR-induced mutation frequencies; with 

mei
9
a, 123 · 10-5 (50/40583) sn and 54 · 10-5 (21/40583) ras mutations were 

-:- 41D5 -5 --
recorded, anq in combination wLth mei , 111 • 10 (30/27127) ~and 

52 · 10-
5 

(14/27127) ras mutations were observed. It would thus appear that 

the mutator activity of MR is significantly increased in the presence 

of both repair-deficient mutations as compared to the frequencies of MR

induced mutations in the presence of each repair-deficient mutation alone. 

In order to see whether, perhaps, the combination of mei
9

a and mei
4105 

was 

responsible for the observed enhancement, ~and ~mutation frequencies 

were determined in double mutant males without MR; no ~and only 2 ras 

mutations were found among 119671 tested chromosomes. The mechanism of 

mutation induction of MR seems a rather specialized form of mutagenesis as 

expressed in its extraordinary locus-specificity and the very nature of the 

mutations themselves. However, we have clearly shown that modified DNA

repair pathways influence the mutator activity of MR and that vice versa 

the presence of MR affects the rate of repair of X-ray induced damage. 

This indicates a similarity in the enzymatic pathways of ordinary DNA-repair 

and MR directed mutagenesis. 



Table I. 

Region 

1A6 

1F4 

2E1-2F5 

3C7 

6C11-7A2 

7B3-7C1 

7C4-7C9 

10C2-10E2 

11A2-11A7 

19E6-19E8 

rest 
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Comparison of the distributions of MR induced lethals 

(sample size 257) and ordinary spontaneous lethals 

(sample size 150) 

MR-induced alleles spontaneous alleles 

0' 1 
1) 5 

3 

3 0 or 

> 5 2 

4 0 or 

2 0 or 

2 0, 1 or 2 

2 0 

3 0, 1 or 2 

2 0 

0 or 0 or 

1
) The sample size of MR-induced lethals including locus 1A6 is 173 
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Title of Project No. 8: Development and improvement of mutational assay 

systems in mammalian cells. 

Project Leader and Scientists: Drs. A.G.A.C. Knaap, Drs. A.J. de Kok, 

Dr. J.W.I.M. Simons, Dr.Ir. A.A. van Zeeland 

For a reliable assessment of the radiation induced mutation frequencies 

in mammalian cells it is necessary to determine dose-response relationships 

for mutations induced in a variety of different loci. For the validity of 

the extrapolation of the data obtained with somatic cells to damage induced 

in germ cells it is furthermore necessary to compare the mutation induction 

in a number of cells from different origins. Therefore the research during 

the contract period was focused on the development of mutational assay 

systems, which would allow the determination of induced mutation frequencies 

at different loci and in different species. The markers under study were 

HGPRT (hypoxanthine-guanine-phosphoribosyl-transferase)-deficiency, TK 

(thymidine kinase)-deficiency and APRT (adenine-phosphoribosyl-transferase)

deficiency. These markers were investigated in three cell lines: human 

diploid skin fibroblasts (HSF), L5178Y mouse lymphoma cells and V-79 Chinese 

hamster cells. 

Preceding this contract period our laboratory had already determined 

the mutation induction per rad at the HGPRT-locus in V-79 Chinese h~mster 

cells (1.3 x 10-7/rad) and in L5178Y mouse lymphoma cells (1.4 x 10-7/rad). 

These determinations became po~sible via extensive studies on the time 

needed for the expression of induced mutants. As at that time the expression 

times found (6-8 days) appeared surprisingly long, experiments were carried 

out with L5178Y cells on the effect of drug concentration on the length of 

the expression time and it was determined how long after irradiation 

mutations became fixed. The results were in agreement with a mutational 

origin of the mutants. In HSF the expression of HGPRT-deficient mutants 

appeared shorter (3 days) and the mutation induction per rad amounts to 

2.3 x 10-7 . This suggests that the human cells have a somewhat higher 

mutation induction than rodent cells. At the same time the mutation in-

duction per rad for widely different cells from widely different species 

are remarkably similar. 
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The marker for HGPRT is X-linked and therefore per cell only one active 

gene copy is present. To study mutation induction for an autosomal recessive 

marker it ~s a prerequisite to obtain a cell line first with only one intact 

gene. A mouse lymphoma cell line was received, which was presumably hetero

zygous for TK. A mutational assay has been developed with these cells. The 

expression time for induced mutants proved to be 2 days whereas for HGPRT 

7 days were needed. The mutation induction per rad was 2.1 x 10-7 for TK 

and 1.1 x 10-7 for HGPRT. 

Experiments have further been carried out to develop mutational assay 

systems for APRT. A human cell line heterozygous for APRT-deficiency became 

available derived from skin biopsies of the parents of an APRT-deficient 

patient. The conditions for the mutational assay system have been sorted 

out. Data on X-ray induced mutant frequencies are not yet available. In 

V-79 Chinese hamster cells and L5178Y mouse lymphoma cells rare double 

mutants, completely deficient in APRT, have been isolated. Until now it 

appeared not possible to select revertants from these cells, which would 

have possessed one active APRT-gene and could have been used in subsequent 

mutation studies. Another approach is now being followed in which, by the 

use of moderate toxic concentrations of the selective agents, mutants have 

been isolated with reduced APRT levels. It will be investigated whether 

this reduction in APRT is due to the loss of one APRT-gene. 

Another objective has been the development of a mutational assay 

system using cells directly from the animal so that comparisons can be made 

between cells which have been treated in vivo within the organism and cells 

which have been treated when cultured in vitro. First mouse bone marrow 

cells have been used. Although the conditions for culturing these cells 

have been sorted out and the conditions for selection of mutants were 

probably such that mutants would have grown into visible clones no HGPRT

deficient mutants have been observed. An explanation could be that the 

HGPRT-gene is essential for the formation of bone-marrow colonies. 

Secondly cells have been used, which had been taken from 12-day old 

embryos from the golden hamster. These cells proved to be useful and the 

conditions for the selection of mutants from these cells (e.g. cell culture 

methods, drug concentration during selection, cell density during selection, 

degree of metabolic corporation, expression time} have been sorted out. 
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Title of Project No. 9a: Correlation between chromosome aberrations, 

mutations and cell killing 

Project Leader and Scientists: Dr. P.P.W. van Buul, Dr. A.T. Natarajan, 

Dr. J.W.I.M. Simons, Dr. A.D. Tates, Dr.Ir. 

A.A. van Zeeland 

For a quantitative comparison between the induction of mutations and 

chromosome aberrations in vitro, it is essential to synchronize the cultured 

cells with respect to the cell cycle. So far no method for the synchroni

zation of cells has been sufficiently successful. Therefore the rate of 

mutation induction in V-79 Chinese hamster cells was compared with chromo

some aberration frequencies in the same cells using different sampling 

times for the determination of chromosome aberration frequencies. The ratio 

between breaks per cell and mutations per cell was 25000 after 400 R, 450 

after 2.5 J/m2 and 1150 after 5 J/m2. This suggests that the mechanisms 

underlying mutation and chromosome aberration induction are at least 

partly different and that simple correlations between chromosome breakage 

and mutation induction probably do not exist. 

Experiments with fractionated doses of UV {2.5 J/m
2 

+ 12.5 J/m
2

) 

separated by a 2 hour interval of UV suggested also that the response for 

mutation is different from that for the induction of chromosome 

aberrations. 
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Title of Project No. 9b: Studies on the discrimination between point 

mutations and deletions in mammalian cells 

Project Leader and Scientists: Drs. A.G.A.C. Knaap, Dr. J.W.I.M. Simons 

Mutations at the HGPRT locus can be generated both by base changes and 

small deletions. Knowledge about the origin of the observed mutants will be 

important to obtain a better insight into the mutational process and is 

also of importance for the evaluation of genetic risk because small deletions 

are supposed to constitute a greater genetic risk than base changes. Mutants 

caused by base changes are in principle revert~ble, whereas mutant caused 

by small deletions will be non-revertible. Reverse mutation was shown to 

occur in a HGPRT-deficient mutant, which had been induced by the mis

matching agent 6-hydroxy-amino purine. The conditions for the quantitative 

determination of reversion frequencies will be sorted out. 

Another approach to the same problem involves the staining for G6PD. 

If large deletions are viable, the gene for G6PD, which is located on the 

x-chromosome close to HGPRT, might be deleted together with the gene for 

HGPRT. The presence of G6PD can be ascertained by a staining reaction in 

which nitroblue tetrazolium is reduced to formazan. This method has been 

applied to V-79 Chinese hamster cells. Reconstruction experiments in which 

G6PD-deficient clones were present among G6PD-proficient clones failed to 

produce a clear distinction between the two types of clones, although 

cultures of both types of cells can be d~stinguished easily. This latter 

observation will allow the test of a limited number of HGPRT-deficient 

clones for the presence of G6PD. 
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Title of Project No. 10: Studies on chromosomal non-disjunction 
Project Leader and Scientists: Dr. A.D. Tates 

After the development of a cytological technique for the detection of 

sex-chromosome non-disjunction and diploid spermatids in male germ cells 

of the field vole Microtus oeconomus (Tates et al., 1975) we set up a 

breeding colony and carried out a series of experiments using X-rays and 

a group of chemicals as potential non-disjunction inducing agents. The 

summary of results in this report only pertains to studies with X-rays. 

In the early series of experiments we demonstrated that X-rays (25, 50, 

100 and 200 rad) significantly increased frequencies of non-disjunction 

and diploid spermatids (Tates et al., 1979; Tates, 1979; Tates, 1980). 

Data from these experiments suggested variations in sensitivity between 

different germ cell stages. Furthermore, it was found that more non-dis

junction was induced in the early experiments and that some males were more 

sensitive than others to the induction of non-disjunction and diploid sperma

tids. At the time these experiments were carried out, the number of 

available animals in the newly established Microtus colony was quite small, 

especially in the initial experiments. Therefore, it was possible that the 

observed variabilities were at least partly attributable to the small 

sample size in the early experiments. 

Recently, a much larger experiment has been carried out which involved 

4 different doses of x-rays (25, 50, 100 and 200 rad), 6 different sampling 

times (1, 4, 6, 7, 9 and 12 days after irradiation), and 6 animals for each 

combination of dose and sampling time. In contrast to earlier findings, 

there was no induction of non-disjunction above control levels. A possible 

explanation for the differences in results between earlier and later ex

periments might be that genetic changes have taken place in the Microtus 

colony that was initiated with animals trapped in the wild, but which now 

has become highly inbred. In the same large experiment where non-dis-

junction induction could not be detected it was found that diploid sperma

tids were frequently induced. The dose-effect relationships for the 

different time intervals were linear, but the slopes were different, 

indicating stage-specific differences in sensitivity. The average doubling 

dose is of the order of 12 rad with a range of between 5-30 rad for the 

individual time intervals. 

Recently, a new breeding colony has been started, but the animals for 

this colony come from another region of Scandinavia than the animals used 

for the old colony. Preliminary data from an experiment with the new colony 

seem to indicate that non-disjunction induction is negligible, and diploid 

spermatids are frequently induced. Thus, the prospects for studying 

radiation-induced non-disjunction in the new colony are not encouraging. 
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Title of Project No. 11: Structural chromosome aberrations in somatic and 

germ cells of mammals 

Project Leader and Scientists: Dr. P.P.W. van Buul, Prof.Dr. A.T. Natarajan 

and Dr. A.D. Tates 

The potential of using the chromosomal radiosensitivity of mammalian 

somatic cells for assessment of genetic radiation risks in man has extensive

ly been investigated. In the mouse the induction of reciprocal translocations 

in bone-marrow cells was compared with that in spermatogonia (as scored in 

the descending spermatocytes). Dose-response relationships (0 - 600 rad 

X-rays) were constructed for both cell types (van Buul, 1977a) and the 

effect of changes in the exposure-rate (0.0287- 130 rad/min¥-rays) was 

studied (van Buul and Roos, 1977). The results obtained can be interpreted 

as indicating that dividing somatic cells react qualitatively in a similar 

way as mitotically dividing premeiotic male germ cells, when scored for 

the same type of chromosome aberrations (van Buul, 1976c, and van Buul, 

1976d) . Frequencies of X-ray-induced dicentric chromosomes and deletions 

were studied in peripheral blood lymphocytes of man, the rhesus monkey and 

different mouse chromosome mutants. The following mouse stocks were used 

(a) normal laboratory mice; (b) T70H translocation heterozygotes; (c) 

tertiary trisomic mice bearing an extra T(1:13)70H translocation chromo-

some but with a normal phenotype; (d) T(1:13)70H tertiary trisomic mice 

with a clearly aberrant phenotype (teeth trisomies) and (e) tobacco mice 

(Mus poschiavinus), with 26 chromosomes instead of the normal mouse chromo

some number of 40. The mouse work (100, 150 and 200 rad X-rays) indicated 

no differences between normal mice, translocation heterozygotes and trisomic 

mice of normal phenotype, whereas the induction of dicentrics was higher 

in the 'teeth' trisomic mice and the deletion induction was higher in the 

tobacco mouse (van Buul et al., 1977). In further investigations we were 

unable to confirm the results obtained with the 'teeth' trisomic mice (van 

Buul and de Boer, 1977). The results with monkey and human blood lympho

cytes show about equal radiosensitivities for these species when cells were 

analysed at their first division after stimulation only (van Buul, 1976b, 

and van Buul et al., 1980b). In addition the human data indicated that the 

mixing of first and second cell cycle cells at the usual fixation times 
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cannot explain the observed variation in the frequencies of chromosomal 

aberrations but that donor-to-donor variation is the predominant factor 

influencing yields of aberrations. The condition of a donor seems to be most 

important because repeats with the same donor also showed marked variabili

ty (van Buul and Natarajan, 1980). Comparison of aberration frequencies 

obtained in mouse and man showed that normal mice were as equally sensitive 

to the induction of dicentrics as man thus refuting the "arm number" hypo

thesis of Brewen et al., 1973 (van Buul, 1977b). 

Translocation induction in stem-cell spermatogonia in most of the 

above mentioned mouse 'chromosomal mutants' revealed that only the trans

location heterozygotes were clearly less sensitive whereas all the other 

strains had similar radiosensitivities (van Buul and de Boer, 1977). These 

results suggest that the sensitivity of a given mammalian species to the 

induction of dicentric chromosomes after in vitro irradiation of peripheral 

blood lymphocytes may not be indicative of the recovery of induced reciprocal 

translocations from its spermatogonia. 

The induction of reciprocal translocations in stem-cell spermatogo~ia 

of the rhesus monkey (Macaca mulatta) was studied after single (50, 100, 

200, 300 and 400 rad) or fractionated (200 + 200 rad with 24 h interval) 

X-ray exposures. The observed frequencies of aberrations were 0% at 0 rad, 

0.46% at 50 rad, 0.86% at 100 rad, 0.99% at 200 rad, 0.68% at 300 rad and 

0% at 400 rad, suggesting a humped dose-response relationship without a 

dose quadratic component of the yield in the pre-humped dose range (van 

Buul, 1976b and van Buul, 1980). These frequencies were lower than those 

reported for the other investigated primates, the marmoset and man. At 

present it is not clear whether the differences are attributable to true 

species differences or to differences in technical procedures. The recovery 

of translocations after dose-fractionation (0.71%) was higher than after 

exposure to the total single dose (0%) , but much lower than expected on the 

basis of additivity of the two parts of the dose (1.98%). These data suggest 

a difference in split dose effects in the rhesus monkey compared to the 

mouse, the guinea pig and the golden hamster. Long term recovery experi

ments in the rhesus monkey, using doses of 300 or 850 rad X-ray and re

covery times of from 4-13 years, demonstrate that even 7 years after an 

exposure to 300 rad a highly significant increase in the translocation 

frequency can be observed (up to 4.6% due to clonal proliferation), but 

that after 850 rad no translocations could be recovered. 
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For both the rhesus monkey and the normal laboratory mouse, the ratios 

between the frequencies of dicentric chromosomes in blood lymphocytes and 

the frequencies of reciprocal translocations in stem-cell spermatogonia 

were calculated at doses of 50, 100 and 200 rad X-rays (van Buul et al., 

1980b). In the mouse this ratio was about 4 but in the rhesus monkey this 

ratio is greater than 10. These results, together with the earlier mentioned 

ones for the T70H translocation heterozygous mouse, strongly suggest that 

for mammals the chromosomal radiosensitivity of blood lymphocytes does not 

seem to have a predictive value for the frequency of recovered trans

locations from stem-cell spermatogonia. Hence, in our opinion only direct 

observations on induced chromosomal aberrations in germ cells of higher 

primates and man can play a decisive role in estimating human genetic 

radiation risks arising from chromosomal aberrations. Recently some ex

periments were initiated to investigate the effects of low doses (25 rad) 

and of low dose rates (0.2 R/min) on translocation induction in rhesus 

monkey spermatogonia. The induction of translocations in stem-cell spermato

gonia of the marmoset (Callithrix jacchus) is also under investigation. 

6 marmosets received single doses of 50, 100 and 200 rad X-rays and most of 

them showed reasonable recovery 1-2 years after irradiation. Some 

castrations have been made and the scoring of slides is in progress. From 

part of the rhesus monkeys and all marmosets castrated so far smears from 

epididimal spermatozoa have been made to analyse for sperm head abnormali

ties, but the scoring of these has not yet been started. 

A program to analyse induced translocations in testis biopsies from 

human patients exposed to therapeutic X-ray doses is, due to its nature, 

progressing very slowly. So far a total of 132 cells from 4 different 

irradiated donors and 84 cells from 2 different controls have been analysed, 

but no translocation configurations have been detected. 

Translocation induction in stem-cell spermatogonia of multi-generation 

irradiated mice (200 rad X-rays per generation for 69 generations) turned 

out to be the same as in the controls (van Buul, 1976a); therefore no 

sensitization or resistance could be demonstrated. Spermatogonia consist of 

heterogeneous cell populations with respect to cell killing and the in

duction of chromosomal aberrations. To get more insight into this complex 
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system fractionation experiments were performed in the mouse both for 

translocation induction in stem-cell spermatogonia analysed at the spermato

cyte stage many cell generations after induction and for chromosomal 

aberration induction in mitotic dividing spermatogonia immediately after 

irradiation. Previous studies (van Buul and Leonard, 1974) have shown that 

a small conditioning dose of X-rays (100 R) sensitizes the spermatogonial 

population to the induction of translocations by a second one applied 24 h 

later. In follow up studies (van Buul and Leonard, 1979, and 1980) we demon

strated that sensitization does not occur when the first exposure is lower 

than 100 R and the threshold dose for sensitization must be between 75 and 

100 R. Similar experiments with other strains of mice and other radiation 

circumstances indicate that these factors probably have an effect on the 

level of the threshold dose. Experiments on mitotically dividing spermato

gonia revealed that with this approach no sensitization could be demonstrated 

(van Buul and zwetsloot, 1980) . Extensive fractionation studies with con

tinuous sampling of cells (0-48 h) combined with cell proliferation analysis 

via in vivo BrdU chromosome labelling lead us to the conclusion that the 

sensitization effect as observed for trapslocations and mutations is 

characteristic for the stem-cell spermatogonia and does not occur in the 

more differentiated premeiotic male germ cells. With the aid of bleomycin 

we were able to show that in contrast to most chemical mutagens, so-called 

radiomimetic agents are able to induce reciprocal translocations in the 

genetically important stem cell spermatogonia (van Buul and Goudzwaard, 1980). 

In germ cells, reciprocal translocations (symmetrical aberrations) 

are often used to measure genetic damage, whereas in somatic cells dicentric 

chromosomes (asymmetrical aberrations) are most frequently used for this 

purpose. Therefore the ratio between x-ray-induced symmetrical and asymmetric

al chromatid exchanges was studied in Chinese hamster cells in vitro and in 

vivo. The results indicate that this ratio is independent of the stage of the 

cell cycle in which the aberrations are induced (van Buul et al., 1977, and 

1978), but that addition of Neurospora endonuclease seems to favour the 

formation of asymmetrical exchanges. 

In our rhesus monkey spermatogonial studies the induction of translocat

ions by x-rays turned out to be correlated with the FSH blood level at the 

time of irradiation. Efforts to change the radiosensitivity of mouse sperma

togonia by chronic tr~atment with FSH have been negative but in vivo experi

ments with pituitary deficient dwarf mice and preliminary in vitro experi

ments with Chinese hamster cells suggest a possible relation between hormones 

and the induction of chromosomal aberrations (van Buul et al., 1980a). 
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Title of Project No. 12: Molecular aspects of the origin of chromosomal 

aberrations with special reference to DNA repair. 

Project Leader and Scientists: A.T. Natarajan, A.A. van Zeeland, P.P.W. van 

Buul 

Introduction 

About 12 in 1000 human newborns have numerical or structural chromo-

somal aberrations and a large proportion of spontaneous abortions in humans 

are associated with chromosomal aberrations. In mammalian cells ionizing 

radiations are very efficient in inducing chromosomal aberrations, but very 

poor in inducing point mutations. Thus, genetic hazards due to ionizing 

radiation in humans are more likely to appear in the form of chromosomal 

aberrations rather than point mutations. An understanding of the basic 

mechanisms involved in the formation of chromosomal aberrations, especially 

following ionizing radiations, is very important and this project was started 

with the aim of elucidating these mechanisms. We have tried during this 

report period (1976-1980), to quantify DNA primary lesions, their repair and . 
correlate with biological endpoints, such as chromosomal alterations 

including sister chromatid exchanges. In addition to ionizing radiations, 

ultraviolet rays of different wavelengths were also used in some experiments, 

in view of the specificity with which short wave UV induces pyrimidine dimers 

in DNA, and the accuracy with which the fate of pyrimidine dimers can be 

monitored. 

In this project we have employed the following approaches, utilizing: 

1) DNA repair deficient or mutagen sensitive human cell lines, mainly radio

sensitive ataxia telangiectasia (AT); 2) mammalian cells made permeable for 

large molecules (endonucleases) following irradiation; 3) cell lines such as 

fibroblasts from chicken embryos or Xenopus laevis, which possess photo

reactivating enzyme, capable of photoreactivating UV induced pyrimidine dimers; 

4) cells which have been sensitized to ionizing radiations and UV by growing 

in medium containing 5-bromodeoxyuridine (5-BrdUrd) for one or two cell 

cycles prior to irradiation. 
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1) Studies with repair deficient cell lines 

It is known that cells derived from patients suffering from the human 

recessive disease Ataxia telangiectasia are more sensitive to the biological 

effects of ionizing radiations when compared to normal cells. Biochemical 

investigations have not been able to detect any specific defect in DNA 

repair in these cells, except in some cell lines, there was a deficiency 

in repair of base damage induced by X- or~-rays. However, cytologically AT 

cells respond with higher frequencies of chromosomal aberrations for a 

given dose of X-rays, when compared to normal human cells. In contrast to 

normal cells, which respond with chromosome type of aberrations (dicentrics, 

rings and chromosome fragments) when cells in G
0 

or G
1 

stage are irradiated, 

AT cells respond with both chromosome and chromatid types of aberrations 

(Natarajan and Meijers, 1979). Studies involving ionizing radiations, UV and 

alkylating agents, have shown that damages which require a DNA replication 

dependent repair ('S' dependent) lead to chromatid type of aberrations even 

after treatment in G
1 

stage, whereas damage which can be repaired independent 

of 'S' stage lead to chromosome type of aberrations and chromatid type of 

aberrations following treatment in G
1 

and G
2

, respectively. On this basis, 

after irradiation of G
1 

cells of AT we would expect increased frequencies of 

chromosomal aberration, especially of the chromatid type, if the aberrations 

were due to defective repair of X-ray-induced DNA base damage, a type of 

lesion which requires on 'S' dependent repair. We would not expect an 

increased frequency of aberrations following G
2 

irradiation of AT cells. 

In fact, it was found that G
2 

cells from AT were also more sensitive to 

aberration induction by X-rays. This indicates that probably a defect in 

repair of X-ray induced DNA strand breaks is responsible for the increased 

sensitivity of AT cells (Natarajan and Meijers, 1979). In this study it was 

also found that AT cells are extremely sensitive to induction of chromosomal 

aberrations induced by {3 -rays from incorporated tritiated thymidine 

(Natarajan and Meijers, 1979). EYperiments with neutrons (0.5 MeV, with an 

RBE of 7 to 10) indicate that irradiation of G
2 

cells induces about a 10-fold 

increase in the frequencies of chromosomal aberrations in AT cells when 

compared to normal human cells. This magnitude is similar to that obtained 

following X-irradiation (Natarajan et al., 1981). These results imply a 

defect in the repair of DNA double strand breaks in AT cells, as DNA double 
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strand breaks have been shown to be responsible for the production of 

X-ray induced chromosomal aberrations (Natarajan and Obe, 1979; Natarajan 

et al., 1980a) • 

If DNA strand breaks are not effectively repaired in AT cells, then 

more breaks should be available for the influence of agents which interfere 

with repair, such as caffeine, in AT cells compared to normal cells. 

Experiments to check this possibility were conducted with peripheral blood 

lymphocytes of AT patients and normal individuals in which G
0 

cells were 

irradiated with X-rays and challenged at different times (representing G
1

, 

S, and G
2

) with 10-3 M caffeine (Natarajan et al., 1980c). These results 

demonstrated that the frequencies of X-ray induced chromatid and isochromatid 

breaks could be effectively increased in AT cells irrespective of the cell 

stage in which the post treatment with caffeine was done, and indicate lesions 

sensitive to caffeine persist for a long time in AT cells. 

From the accumulated cytogenetic data we conclude that (a) compared to 

normal human cells, AT cells are more sensitive to all types of radiations 

tested so far, and (b) the defect in AT cells is probably a deficiency in 

repairing DNA strand breaks. 

2) Studies with permeabilized cells to identify the primary DNA lesions 

involved in the production of chromosomal aberrations induced by ionizing 

radiations 

Among X-ray induced DNA lesions, single strand breaks (SSB), double 

strand breaks (DSB) and base damage have been implicated in the formation of 

chromosome aberrations in eukaryotic cells. The facts that (a) the cells are 

extremely efficient in repairing single strand breaks, and (b) densely 

ionizing radiations are very efficient in producing chromosome aberrations 

(high RBE) have lead to the concept that DSB's are the important lesions 

leading to chromosome aberrations. There was no direct experimental evidence 

for this. To elucidate this problem, we have exployed mammalian cells which 

have been made permeable to large molecules following treatment with in

activated Sendai virus. Chinese hamster ovary cells (CHO) in G
2 

stage have 

been irradiated with X-rays (50, 100 and 200 R) and immediately treated with 

inactivated Sendai virus and Neurospora endonuclease (E.C. 3.1.4), an enzyme 

that specifically cleaves single stranded regions in DNA. x-rays induce 10 

to 20 SSBs to 1 DSB, and it is expected that during the repair of X-ray 

induced SSBs, small stretches of single strand regions (gaps) will become 

available and some of them will be converted into double strand breaks by 
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the Neurospora endonuclease (NE) . The results obtained showed that the 

frequencies of X-ray induced aberrations (gaps, breaks, exchanges) increase 

3 to 4-fold by the Neurospora endonuclease. This indicates that some of the 

single strand breaks are indeed converted into double strand breaks by this 

enzyme (Natarajan and Obe, 1978). When cells which have been irradiated with 

0.5 MeV neutrons in G
2 

are post-treated with NE, there was no increase in 

the frequencies of all classes of chromosomal aberrations. Thus, this enzyme 

cannot affect the yield of neutron induced chromosomal aberrations. This is 

not unexpected as densely ionizing radiations induce predominantly DNA double 

strand breaks. 

Employing neutral sucrose gradient centrifugation we have also measured 

the induction of DNA double strand breaks induced by X-rays in CHO cells, 

with and without NE post-treatment under conditions in which the cytological 

experiments were conducted. The number of double strand breaks induced by 

x-rays increased by a factor of 2, following NE treatment (Natarajan et al., 

1980a), an increase similar to the one obtained in cytological experiments. 

Taken together these results can be interpreted to indicate that the 

major DNA lesion induced by ionizing radiations which leads to chromosomal 

aberrations is a DNA double strand break. 

Using the above technique we have investigated the duration of the 

availability of single strand gaps for the action of NE, in G
2 

cells following 

X-irradiation. The results showed that such gaps are available for the action 

of NE till prophase of mitosis; however the proportion of breaks vs. ex

changes varied and depended on the time of treatment with NE. The prophase 

cells showed a dramatic increase in breaks, however there was no increase in 

the frequencies of exchange type of aberrations. This indicates that the 

breaks are spacially separated from each other due to condensation of chromo

somes, and are unable to interact with each other to give rise to exchange 

aberrations (Natarajan et al., 1980c). NE treatment in G
2 

did not influence 

the frequencies of aberrations in cells which were irradiated in early or 

late S phase, which indicates that no single strand gaps were available for 

the action of NE, and all breaks are efficiently repaired in S (Natarajan et 

al., 1980a). 

When synchronized G
1 

cells are X-irradiated and post-treated with NE, 

in addition to an increase in the frequencies of chromosome type of 

aberrations, we also observed a proportional increase in chromatid type of 

aberrations. This mixture of chromosome and chromatid type of aberrations 

obtained after G
1 

irradiation is similar to that obtained in AT cells 
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following G
1 

or G
0 

irradiation (without NE post-treatment). This may indicate 

some single strand lesions not repairable in G
1 

persists till S to be 

repaired or misrepaired during replication and give rise to chromatid type 

of aberrations (Natarajan et al., 1980a). 

3) Role of pyrimidine dimers in UV-induced chromosomal aberrations and 

sister chromatid exchanges (SCEs) 

The major DNA lesion responsible for most of the biological effects 

following short wave UV (254 nm) is probably a pyrimidine dimer. Direct 

evidence for this came from photoreactivation experiments in which it was 

shown that, when cells were exposed to visible light following UV irradiation, 

the biological effects induced by UV were reduced. While some data on the 

effects of photoreactivation (PR) exist for the induction of chromosomal 

aberrations by UV, there have been conflicting reports about (PR) in the 

literature on the induction of SCEs. UV-induced pyrimidine dimers can be 

quantified by treating the DNA from UV irradiated cells with UV endonuclease 

from T4 to induce breaks - near the dimers, and the efficiency of this 

technique has been improved in our laboratory by employing freezing and 

thawing of the cells (van Zeeland et al., 1980a). Using this technique, we 

have quantified the number of pyrimidine dimers in CHO cells, following 

irradiation with UV of different wavelengths, namely 254 and 290. The doses 

were adjusted to get a similar number of dimers for both types of UV and the 

frequencies of SCEs were determined in the same experiment (Reynolds et al., 

1979). The frequencies of SCEs increased linearly with the increase in the 

number of pyrimidine dimers induced, irrespective of the wavelength of the 

UV light employed, which indicates that pyrimidine dimers are most probable 

lesions responsible for the SCEs induced by UV. In order to obtain further 

evidence for this, we employed chicken embryonic fibroblasts, which are 

capable of photoreactivating UV-induced pyrimidine dimers (Natarajan et al., 

1980c). The number of pyrimidine dimers was quantified before and after PR, 

and at the same time the frequencies of chromosomal aberrations and SCEs 

were determined. These results indicated that on photoreactivation there was 

a reduction in the frequencies of dimers, chromosomal aberrations and SCEs. 

Chicken embryonic fibroblasts are characterised by (a) small chromosomes, 

including a large number of microchromosomes, which are difficult to analyse 

cytologically; and (b) the frequencies of SCEs tend to saturate around 

25/cell if the large chromosomes alone are scored. Accordingly, it is 

necessary to work at very low doses. In order to overcome these difficulties, 
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we employed cells from Xenopus laevis which also possess PR enzyme. In an 

extensive study using these cells we have demonstrated that PR reduces the 

frequencies of UV-induced pyrimidine dimers as well as all biological 

effects studied, namely cell killing, chromosomal aberrations, SCEs and 

point mutations to ouabain resistance (van Zeeland et al., 1980b). This is 

the first demonstration of the influence of PR on uv induced point mutations 

in higher eukaryoms. These result indicate that following UV irradiation all 

biological effects so far studied are probably induced by pyrimidine dimers; 

however, not every dimer gives rise to a biological effect since large 

number of dimers (about 20,000 per SCE) are needed for a single event. This 

would indicate that the location of the dimer in the DNA (linkers vs. nucleo-

somes) as well as its interference in DNA replication are important factors 

contributing to the biological effects observed. 

4) Studies on the mechanisms of chromosomal aberration formation using cells 

with chromosomes containing 5-BU substituted DNA 

By growing cells in a medium containing 5-BUdR for one or two cycles, or 

one cycle in 5-BUdR followed by another cycle in thymidine, one can obtain 

cells containing chromosomes in which the chromatids are of different 

constitutions, namely TT-TT (thymine-thymine), TB-TB (thymine-bromouracil), 

TB-BB, TB-TT. Incorporation of BU into the DNA of a chromatid alters the 

staining property, as well as increasing the sensitivity to chromosome-

damage by UV and X-rays. The same x-ray dose produces about 3 times more 

breaks in a unifilarly BU substituted chromatid than an unsubstituted one. 

Long wave UV (350-390 nm) produces aberrations exclusively in a chromatid 

containing BU substituted DNA (Kihlman et al., 1978). On this basis, we 

developed a system in which we can induce mainly X-rays lesions or exclusive

ly long wave UV lesions in one of the two sister chromatids of a chromosome, 

provided that one of these chromatids contains unifilarly 5-BU substituted 

DNA, while the other contain unsubstituted DNA. The sister chromatids of 

these chromosomes can be distinguished by differential staining (Kihlman et 

al., 1978, Natarajan et al., 1980d). In Vicia faba root tip cells and also 

in CHO cells, we found that the sensitivity to the production of aberrations 

by x-rays increased with an increase in the number of 5-BU substituted DNA 

strands, i.e. TT-TT~ TT-TB ~TB-TB< TB-BB. Using this system we investigated 

whether a damaged chromatid may interact with an undamaged one to form an 

exchange by making use of the finding that in cells with chromosomes of 

TT-TB constitution, long wave UV produced no breaks in TT chromatids whereas 
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x-rays produced about 3 times as many breaks in TB as in TT chromatids. 

The results of both uv and x-ray experiments clearly indicated that two 

lesions are required to produce one exchange; this provided direct evidence 

in support of the conclusion derived indirectly long ago from the dose

effect relationship for radiation-induced exchanges (Kihlman et al., 1978) · 

Title of Project No. 13: Studies on the induction of pyrimidine dimers, 

cell killing and mutation induction by sunlight 

Project Leader and Scientists: Drs. P.M. Burger, Dr. J.W.I.M. Simons and 

Dr.Ir. A.A. van Zeeland 

In principle it is possible to predict the mutagenicity of sunlight 

or of a solarium lamp when the spectral composition of the light source and 

the relative effectiveness of light of different wavelengths in inducing 

mutations is known. This was investigated by measuring the mutation induction 

and the induction of pyrimidine dimers by monochromatic light of 254, 297, 

302, 313 and 334 nm. These data were used to construct an action spectrum 

for the induction of mutations and endonuclease sensitive sites. These 

action spectra were subsequently used to predict the mutagenicity of the 

Philips TL-12 solarium lamp. The data indicate that the number of endo

nuclease sensitive sites induced by the solarium lamp can be estimated from 

the action spectrum for endonuclease sensitive sites, but that the number 

of induced mutations is underestimated. An underestimation appears to be 

present also for the estimation of the mutation induction by sunlight. 

The data obtained so far suggest that the action spectrum for endonuclease 

sensitive sites can be used to pred~ct the mutagen~city of a solarium lamp. 
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Title of project 1: Studies in the mechanism of repair of radiation 
damage in mammalian cells 

Projectleader and scientist: Prof.Dr.A.J. van der Eb, Dr. P.J. Abrahams 

We have investigated a number of genetic diseases in man which are 

characterized by defective repair mechanisms of DNA damage. The method 

used to study these syndromes consists of determining the extent of 

host-cell reactivation of SV40 virus or SV40 DNA treated with radiation 

or a DNA damaging agent, after infection of the mutant cells. (Abrahams 

and Van der Eb, Mutation Research 12, 13-22 (1976). The following types 

of cells were used: 

I. Xeroderma pigmentosum (XP), 7 complementation groups. In all XP lines 

tested as well as in a XP variant line, reactivation of UV-irradiated 

SV40 was reduced to different extents. 

2. Ataxia telangiectasia (AT), 3 cell strains were tested, using Oso4-

treated SV40 as the probe (Oso4 causes damage in DNA resembling 

X-ray damage). All 3 cell strains showed a decreased capacity to 

reactivate Oso4-treated SV40. This work will be extended by using 

bleomycin-treated SV40 DNA. An alternative possibility to use BK 

virus as a probe rather than SV40 virus will be investigated (BK virus 

can be assayed on human cells by direct plaque-titration, in contrast 

to SV40 which can only be assayed using an infectious-centreassay. 

3. Cockayne's syndrome. Survival of UV-irradiated SV40 was tested in 

one cell line; the survival was found to be reduced in this line 

compared to that in normal cells. 

4. In order to study cells from Fanconi's anemia (FA) pat~ents which are 

defective in their ability to repair cross-links in DNA, conditions 

are being tested to introduce cross-links in SV40 DNA by exposure 

to psoralene + 360 nm UV light. 
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These studies form the basis for experiments in which genetic 

heterogeneity will be investigated by testing host-cell 

reactivation in heterokaryons of representative cell lines of 

a particular genetic syndrome (AT, FA or Cockayne's syndrome). 



- 433 -

Contractor: State University of Leiden 
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Scientist: Dr.J.H. Lupker 

General subject:Studies on the relationship between repair mechanisms 

of radiation damage in DNA and oncogenic transformation. 

The purpose of this project was to search for inducible and error

prone repair mechanisms in mammalian cells, comparable to"SOS-repair" 

in !·coli, and to study the possible relationship,with induced reactivation 

and mutagenesis on one hand and the sensitivity to oncogenic trans

formation on the other hand. 

InduaibZe reaativation of UV-irradiated SV40 in monkey aeZZs. 

The studies on the occurrence of inducible repair mechanisms of 

UV-damage were carried out with BSC-I monkey cells, using SV40 virus 

as the probe. It was found that the survival of UV-irradiated SV40 

is higher in cells that were treated with a low UV dose than in 

untreated cells. Similar results were obtained when SV40 DNA was 

used rather than intact virus, suggesting that reactivation acts on 

the viral DNA and is not a consequence of enhanced virus adsorption 

or uptake. Enhanced reactivation is maximal when infection is delayed 

for 2-3 days after irradiation of the cells. It was also observed 

that UV-treated cells produce more virus (i.e. allow more viral repli

cation - rounds) than unirradiated cells. The time course of this 

process is similar to that found for enhanced virus reactivation 

which suggests that facilitated virus production and reactivation of 

damaged virus are manifestations of the same process. 

UV-induaed mutagenesis in SV40 after repZiaation in monkey aeZZs. 

Studies were also carried out to determine whether irradiation of 

BSC-I or CV-I monkey cells with a low UV dose results in an increased 

mutagenic activity, as measured by the rate of reversion to the wild 
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type (wt) phenotype of a t~mperature sensitive (ts) SV40 mutant. 

The production of wt revertants in the progeny of unirradiated 

ts BC245 was followed by infecting cells at various times after 

infection. Mutation frequency reached a maximum value when infection 

was delayed for 3-4 days after irradiation of the host cells and 

declined gradually thereafter. Virus grown in unirradiated cells 

did not show such an alteration in the mutation frequency. The 

temporal increase of the mutation frequency of SV40 in UV-irradiated 

cells is due to a transient mutagenic activity rather than to an 

increased number of replication rounds in UV-irradiated cells. This 

suggests that signals are produced in UV-treated cells which are 

responsible for the observed generation of mutations in undamaged 

virus. 

The generation of mutants following irradiation of the virus alone 

is greater when infection is delayed for some days after the cells 

reached confluency. When, in addition, the host cells were irradiated 

with UV,no further increase of the rate of mutation was observed. 

Since similar time courses were obtained for reactivation of UV

damaged SV40, capacity of virus production and mutagenesis, 

it is suggestive that these phenomena are manifestations of the same 

general process, which possibly may be an inducible error-prone repair 

mechanism. Further studies are in progress to determine whether intro

duction of UV-irradiated non-viral DNA into monkey cells also results 

in an increased mutagenesis in the progeny of unirradiated SV40 virus. 

Inducible and error-prone repair processes in human cells. 

We have also investigated whether human cells contain inducible and 

error-prone repair mechanisms similar to those detected in monkey cells 

(see above). It was found that the survival of UV-irradiated SV40 DNA 

was higher in UV-pretreated human cells than in untreated cells. 

Enhanced reactivation is maximal when infection was delayed for 48 h 

post-irradiation of the cells, suggesting that the activity was in

duced by UV treatment. The kinetics of this process are very similar 

to those in monkey cells suggesting that the phenomena are manifestations 

of a similar mechanism. To investigate whether exposure of human cells 

to low UV doses also induced a mutagenic activity, the rate of reversion 

of the SV40 ts BC245 mutant to the wild type phenotype is presently 

being studied, both in UV-irradiated and unirradiated human fibroblasts. 
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Preliminary results suggest that such an activity may indeed be 

present in UV-irradiated fibroblasts. 

Conditions are also being worked out to identify inducible 

and error-prone repair mechanisms in repair-deficient cells (XP, AT). 

If such activities are found we will investigate whether these 

pathways play a relatively more important role in repair-deficient 

cells than in normal cells. 

Preliminary experiments have been carried out to assess the 

relationship between induced repair or mutagenesis on one hand, 

and oncogenic transformation on the other. A reproducible method 

to assay transforming activity in human cells has been worked out, 

in which SV40 DNA cloned in a bacterial plasmid was used as trans

forming agent. 
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Theme general du contrat: Effects of irradiation on the stability and 
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as studied by Electron Spin Resonance. 
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The eventual effects of radiation on living systems result fran a c:a~plex 

chemistry induced on their constituent macrarolecules virtually at the time of 

exposure. The least interference with the intricate pattern of these radiation

-induced chemical reactions may have extrare consequences on the eventual respon

se of the whole organism to radiation. Although a protection against the delete

rious effects of ionizing radiations is theoretically possible at each stage 

of their cellular and sanatic developnent, chanical protection at the level of 

primary chemical effects represents the earliest external intervention which may 

successfully be accanplished. Thus, the relevance to radiation protection of 

studies aiming at an elucidation of the ll'Olecular Il'echanisrns governing the so-cal

led "Primary Effects" and their possible control by rreans of suitable non toxic 

additives is self-evident and does not need to be further emphasized. 

In the framework of the concerted research prograrrrre established by the :rrem

bers of the "European Group for the Study of the Pr:i.rrary Effects of Ionizing 

Radiations on Nucleic Acids", our planned contribution consisted of FSR studies 

of the free radical intermediates produced by 'Y -rays on DNA, their reaction 

pathY~ays and their dependence upon several chemical and confo:rrna.tional factors. 

To attain this objective, the c:atplexity of the system studied was progressively 

increased,fran the constituent nucleotides through their randan stacking c:atple

xes to the DNA I!Olecule itself. The result obtained at each step of the research 

are briefly s\l!l'll\:ITized below. 
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1) y-radiolysis of nononucleotides in frozen aqueous solution. 

dA.MP and dG1P. The two purine nucleotides may be treated together a.ving to 

the great similarities in their radieal structures and reaction pathways. 

Irradiation at 77 K produces in both cases radical anions (A-, G-) and radi

cal cations (A+, G+). All these species are stable at 77 K and their ESR 

spectra have been resolved. With increase in tenperature, ionic radicals pro

gressively enter conversion reactions: ;,_- and er protonate at ea to fonn 

the corresponding H-addition radicals (AH, GI); ;,_+ undergoes OH-attachment to 

CB, (AoH), while c,+ decays without aH_:>arently converting into a secondary ra-
·+ '+ dical. On the other hand, since at alkaline :Pi both A and G do transfonn 

into the corresponding 00-addition radicals (AoH, GJH), we conclude that this 

reaction pathway is not forbidden to radical G+, but that, at neutral :Pi, the

re is a preferential pathway, probably involving non radical species. 

diMP. Irradiation at 77 K produces anionic ('r-) and cationic species ('r+). 

Under heat treatnent, T- undergoes protonation at CG to fonn the correspon

ding H-addition radical (TH) • The conversion pathway of T + is less clear. 

First of all, T+ is not stable at 77 K, such that conversion products should 

already be form:rl. In fact, an ESR pattern, probably associated with the 

radical of H-abstraction fran the methyl group at CS, is detected at 77 K. 

This radical may be considered as the secondary radical fran T +. Ha.vever, with 

increase in temperature, another radical is progressively form:rl: this radical 

has unambiguously been identified as the radical of OH-addition to CG (Too), 

another very strong candidate to be the secondary radical frcrn T+. Another pos

sible explanation could imply a two-step conversion reaction of T +: deproto

nation of the methyl group, T(CH2), and conversion of this radical to the radi

cal of 00-addition to CG ('iDH). The mechanism of the later reaction is, how

ever, unclear. 
dQ.1P. Irradiation at 77 K and further annealing produces canposite ESR spec

tra which are not resolvable in tenns of elerrentary canponents. The only unam

biguous finding is that C- radicals are form:rl and stabilized at 77 K. Their 

protonation at CG is possible if the activation energy is furnished in the 

fonn of white light illumination. This pathway is in fact forbidden under ther

mal annealing which seems to favour a conversion reaction involving non-radi

cal species. 

All the results described above are SUl!Uiarized in the folla.ving Table. 
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2) y-radiolysis of randan costacking c:artplexes of DNA nucleotides. 

The data concerning the y -radiolysis of single nucleotides in frozen aqueous 

soluticn has been used to elucidate the energy degradation pathways in oore 

ccmplex systems, such as the randan costacking ccmplexes obtained by freezing 

at 77 K aqueous solutions containing different nucleotides in different oolar 

prc.portions. The overall conclusicn was that the radiation chemistry of these 

heterogeneous systems canrot be considered to be s:inply the sum of the radia

tion chemistries of the constituent subunits. z.t:>re specifically, it has been 

shown that: 

(i) :i.ntJortant charge migration phenatena take place in all the nucleotide 

c::x::nplexes: positive charges migrate toward guanine, while negative char

ges migrate toward cytosine. 

(ii) the above point is consistent with the asS1.l!IPtion that electron affinity 

increases in the order G <A< T < C, with the converse true for electron 

donor properties. 

(iii) as a consequence of charge redistribution, a large excess of cytosine 

anions and of guanine cations is fonned. Secondacy radicals and end-pnr 

ducts are therefore selectively localized on the same constituents. 

3) Radiolytic pathways in r-irradiated DNA. Influence of chemical and con
fonnational factors. 

This point was the ultinate objective of our research prograrrme outlined in 

197 6. No carprehensi ve knowledge was indeed available at that time: the results 

in the literature being highly conflicting and arising fran analyses of data 

obtained under disparate and sanetirnes extreme experimental conditions. After 

a very systanatic study of the different DNA building blocks of increasing 

carplexity, our experimental approach thus culminated in a detailed investiga

tion of the DNA oolecule itself. 

As for the previous investigations, the 'tlOrk on DNA was also heavily groun

ded on the ar:plication of a canputer-assisted technique f= the analysis of 

canposite ESR spectra developed in our laboratory. This permitted us to eluci

date the mechanisms by which free radicals are fonned in the DNA macrarolecule 

at yields depending on several chemical and confm:mational factors, so produ

cing extreme variations in the resulting ESR spectra. Nevertheless, carputer

-assisted analysis of all of these spectra revealed the following camon carrpo

sition: a doublet fran thymine anions ('r-); a singlet fran guanine cations 

(G+); an octet fran 5-thymyl radicals (TH) and an asymretric doublet fran thy

mine located peroxyl radicals (TO)). This fonnal interpretation of the experi

mental spectra (see Fig. 1), permitted us to elucidate the folla.rr.i.ng basic fea

tures for DNA radiolysis in frozen aqueous solution: 

- Neutral DNA solutions frozen at 77 K are phase-separated systems. Radiation 

damage to DNA does not result fran the indirect effects of radiation. 
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- Primary radicals on DNA are ions of both signs, randcmly produced on the 

constituent bases. 

- Charge migration cx::curs via the stacked bases. Thymine is the eventual sink 

of the loog-range electron migration. Guanine is the eventual sink of the 

short-range positive hole migration. Migration '(i1encmena may be partially 

or totally hindered by various interfering factors. 

- With increase in teflllerature, ionic radicals enter conversion reactions: 

(/ decays without reacting with the surrounding water nnlecules, whereas T
does react to fo:rm the 5-thymyl radical. 

- In the presence of oxygen, peroxyl radicals TO) are fonred rather than 5-

-thymyl radicals. 

- No sugar-located free radicals have been detected in the course of the pre-

sent investigation. 

Figure 1. 

Reconstruction of typical DNA spectra by rreans of linear canbinations 
of the pure el~~ patterns associate.9 with thymine anions (T-), . 
guanine cations (G ) , 5-thy!t¥1 radicals (TH) and peroxyl radicals (RX>) 
respectively. Before reconstruction work, the foor input patterns were 
normalized with respect to a c:cmron double-integral value. In the recon
structed spectra, the relative weights of the spectral canp:ments also 
give the radical yields of the corresponding radicals. 
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1} Microorganisms 

During the last four years the research of our group was aimed at 
elucidating the phenomenology of the repair of radiation damage to DNA, 
induced and spontaneous mutagenesis, and recombination in procaryotes and 
eucaryotes. We have further investigated the genetic controls of the 
inducible erroP-prone DNA repair (SOS repair} which is mainly responsible 
for the mutagenic effect of radiations and of a great majority of chemical 
mutagens (1 ,5,6,7,12 }. The results of our attempts to identify inducing 
signals for the mutagenic functions in the irradiated cells allowed us to 
conclude that cellular "alarmons" (Ames} such as cyclic nucleotides (AMP 
cyclic or ppGpp} do not play a critical role in the induction of SOS muta-
genesis (Caillet-Fauquet, Defais-Villani, Brotcorne-Lannoye, to be published}. 
using lysogenic cells permeabilized by toluene treatment, we have developped 
a method to detect the expression of one of the SOS functions (i.e. the 
inactivation of the A prophage repressor}. We were not able to observ~ any 
inducing effect on the level of A repressor by metabolites of DNA replication such 
as dXMP or dXTP. 
Genetic and biochemical studies of mutagenesis led us to postulate the 
existence of an SOS inducible factor which suppresses a fidelity function 
in the replicative complex. This fidelity function was originally supposed 
to be the proof-reading 3' to 5' exonuclease ( 3 }. We have developed 
a method to visualize DNA chain elongation on single-stranded ~X174 phage 
DNA template using gel electrophoresis. As was reported last year, several 
DNA polymerases (E.coli polli Hela cell ~polymerase; Drosophila embryo 
~polymerase and ~myeloblastosis virus, AMV, reverse transcriptase) 
were shown to be unable to elongate nascent chains across pyrimidine dimers, 
the principal UV-induced lesion in the DNA. We conclude from these results 
that the suppression of the 3'~' exonuclease may be necessary but is not 
sufficient for the mutagenic pyrimidine dimer by-pass synthesis (see also 
contract 224-76-1 BlOB in this laboratory-ref. n°11 and 2D in 1976-80 report} 

- Search for a SOS constitutive mutator mutant : genetical and bio
chemical characterisation of E.coli mutator mutants in the polC 
gene(Sevastopoulos and Glaser) -A. Brotcorne-Lannoye 

E.coli temperature-sensitive mutator mutants mapping in the polC gene 
(DNA polymerase Ill, replicase} demonstrates a strong mutator effect, 
independent of the recA gene which is known to regulate SOS mutagenesis 
functions. We have found that UV induced mutation frequency is about ten 
fold higher in these strains than in the wild type parent. However in all the 
mutants tested, the UV induced mutagenesis is dependent on the recA and lexA 
gene products. The mutator effects of UV irradiation and the polC mutation 
appear to have a synergistic effect on mutation frequency, at least for one 
type of mutation studied (valine resistance}. The level of Weigle reactivation 
of A phages is the same in all pole mutants tested and is not different from 
that observed in the wild type parent. 
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Using the method we developped to detect DNA chain elongation with single 
stranded ~X1?4, we have examined crude extracts of the different polC 
mutator mutants using this system, for the presence of a polymerase 
activity able to synthesize past pyrimidine dimers, No such activity has, 
as yet, been detected, 

Evidence for a new pathway for phage DNA repair (G. Maenhaut-Michel 
and P. Caillet-Fauquet) 

If E.coli are grown in the presence of the base analog 2-amino purine 
(2AP) they~it an increase in the ability to reactivate UV or 

-irradiated A phages, This reactivation appears to be independent of recA 
and lexA genes but requires functional mutS gene (mutS bacteria appear to 
be deficient in mismatch-correction, see contract 224-?6-1 BIOB), Therefore 
it appears that the observed increase in survival of A phages is not due 
to the induction of SOS functions which require the expression of recA and 
lexA genes and which are expressed normally in mutS bacteria, In addition, 
the increase in viability observed is not accompanied, as in the case of 
SOS repair, by a major increase in mutagenesis, 

2) Mammalian cells 

Tumor promoters, somatic recombination and carcino enesis (M. Radman, 
A, Kinsella, P, Jeggo, S. Osborn and A, Mogg - see also contract 
224-?6-1 BIOB 

Carcinogenesis can be considered as the sequence of initiation (one or 
several somatic mutations) followed by promotion (not necessarily induced by 
a DNA damaging agent). This second step can be considered as a mechanism 
through which (a) recessive mutation(s) become(s) expressed in a diploid 
cell, This could be the consequence of an aberrant chromosomal segregation 
event, 

The potent tumor promoter 12-0-tetradecanoylphorbol-13-acetate (TPA) 
has been shown to induce sister chromatid exchanges (SCE's) in cultured 
cells, A non-promoting TPA derivative (4-0-methyl-TPA) does not induce SCE's. 
TPA-induced SCE formation is inhibited by inhibitors of tumor promotion,which 
also inhibit the formation of MNNG-induced chromosomal aberrations, These 
findings support the idea that chromosomal rearrangement may be involved in 
carcinogenesis, perhaps as a means to allow the expression of recessive 
mutations by rendering them homo- or hemizygous, A heterozygous line of 
V?9 chinese hamster cells has been constructed to allow the screening of 
certain carcinogens and promoters, such as TPA and X-rays, for the ability 
to induce mitotic recombination or other chromosomal rearrangements leading 
to the expression of a recessive mutation, Preliminary results suggest that 
TPA may be positive in this system, 

Induced repair in mammalian cells (J, Cornelis and J. Rommelaere, in 
collaboration with Dr. J, van der Eb, Leiden, and Dr. Ward, Yale University) 

If the problem of induced error prone repair is well documented in 
bacteria, the case of mammalian cells is much less established, However 
general reviews have appeared by members of our group (19??, 1980), The 
problem has been approached with 2 DNA viral systems : the double stranded 
SV40 and the single stranded autonomous parvoviruses MVM and H-1, the latter 
giving the possibility to be used on human cells, 
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SV40 

Preirradiation of confluent monkey host cells with U.V. light increases 

1o~ the production of irradiated virus 
2° the survival of irradiated virus, and 
3° the reversion rate of normal but not of irradiated tsBC245 virus, 

The effects observed were maximal if infection is delayed for 3-4 days after 
the irradiation of host cells and the increased mutation frequency of normal 
virus can be explained by the induction in the host cells of transient 
mutator activity rather than increased number of viral replications performed 
in the irradiated host cells, 

- Autonomous parvoviruses 

1) U.V.-irradiation of synchronised host cells in Go induces the 
activity of effector proteins increasing normal virus production and 
survival of U.V. irradiated virus ; a bell-shaped kinetics of the induced 
process is found as for SV4D. The comparison of related cell hybrids has 
demonstrated that these responses can be dissociated from one another and 
that they are therefore probably accomplished by different proximal effectors, 

2) Irradiation of the host cell does not affect prereplicative steps 
of the viral cycle (penetration, decapsidation, etc.,,) but increases the 
capacity of the host cell to convert the single stranded damaged viral DNA 
into a double stranded replicative form : this could explain the reactivation 
process, 

3) Mutation of a normal or irradiated viral probe can be induced 
directly (irradiation of the host cell) or indirectly (infecting an intact 
cell by an irradiated non infectious signal) (SV40 or Parvovirus) showing 
that damage of a specific host target is not a necessary step, 
There is no necessary relationship between the increased survival of 
irradiated virus and increased mutations, The radiation lesions introduced 
in the host cell by the non infectious virus apparently constitute (a) 
signal(s) which induce the expression of a host cell mutagenic function, 
suggesting that a diffusible effector is implicated in the activation 
process, 

- Immunological detection of DNA damage in cultured mammalian cells 

(J. Cornelis) 

To understand radiobiological effects and DNA repair it is important 
to know the fate of the damage and the time during which it persists, 
Therefore we devoted some time to the preparation of antibodies against 
radiation damage, Antibodies against pyrimidine dimers were obtained quite 
successfully and permitted the study by radioautography of their elimination 
by photoreactivation and enzymatic mechanisms ; however a non negligible 
proportion of pyrimidine dimers persisted for more than one generation 
period, It should also be emphasised that the method is able to detect 
damage obtained with low dosages of radiation of the order of magnitude 
leaving up to ± 90 p,c, survivors, 
Antibodies against damage caused by y radiation were less successful!, 
Antibodies obtained with irradiated DNA as antigen cannot discriminate between 
irradiated DNA and single stranded unirradiated DNA. Denatured DNA treated 
with osmium tetroxide,which should give high amount of pyrimidine glycols, 
elicites antibodies which were not specific, Therefore another approach should 
be used like using purified damaged bases as antigens, or increase antibody 
specificity by preparing them in hybridomes, 
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1) Genetic, biochemical and logical analysis of regulatory nets, including 
those involved in DNA repair, recombination and replication 

(c. Dambly, c. Deboudk, D. Espion, z. Toman ; R. Thomas, J. Richelle et 
P. Van Ham) 

As noted in the project, a number of studies in many laboratories deal 
with the identification of the genes and of the enzymes involved in DNA 
repair, recombination or replication, and in the assignment of which gene 
codes for which enzyme subunit ; but although these efforts are entirely 
justified, it is remarkable to see how little has been done about the 
structure and operation of the regulatory nets which control expression of 
these genes. 

A major aim of the project was to contribute to filling this gap, with 
special attention to the circuits involved in the development of temperate 
bacteriophages, a process in which DNA lesions, recombination and 
replication are involved. This was achieved by a combined genetic, bio
chemical and logical approach. The main results are 

a) Identification of the positive control protein ell 

The viral gene ell is involved in the decision for or against 
lysogenization. Its product which had not been isolated so far, was 
identified as follows. First, it must be mentionned that another gene,ciii, 
also takes part in the decision, presumably in an indirect way, by 
stabilizing the ell product. We isolated a bacterial mutant (lycB) in which 
ciii-deficient mutants of bacteriophage A can lysogenize at an almost normal 
rate. Extracts of infected lycB culture contain a protein which is absent 
in the extracts from wild type E.coli infected cultures. This protein was 
conclusively shown to be the ell product ; it is absent if the phage carries 
a nonsense mutation in gene ell, but it reappears if the bacterial host 
carries a proper nonsense suppressor. 

b) Mechanism of the positive control by protein N 

The crucial role of protein N in the viral development was demonstrated 
in this laboratory several years ago. In order to permit a quantitative 
analysis of the regulation exerted by the N product on early expression, 
c. Dambly inserted genes from the galactose operon in the "early rightwards 
operon" of bacteriophage A ; in this way, the expression of the viral operon 
can be measured by titrating the activity of enzymes of the galactose 
metabolism. It was shown that the N product interferes with transcription 
termination, not with initiation. The recognition site for the N protein 
is distinct from the promoter and located between the promoter and the 
first terminator. 
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c) Epigenetic vs genetic damages in the stability of immunity (in 
collaboration with M. Radman , 

One of the regulatory loops which take part in the choice between 
the immune and non-immune states in temperate bacteriophages is a so-called 
"positive loop" (see section d) involving genes ci (which codes for the A 
repressor) and cro, The product of gene ci prevents the expression of gene 
cro, and vice versa ; this is why the system can persist indefinitely in 
either of two stable epigenetic states (immune or non-immune), at least 
when proper mutations prevent the loss of immunity to result in phage 
development an~ cell death, C. Dambly, who had connected gal genes with 
the cro region , is now able to check the state (immune or non immune) of 
the cells from their colour on gal indicator, Various agents (radiations 
or chemicals) can bring about the transition from the immune to the non
immune state, either by a genetic mechanism (mutational inactiv,ation of 
gene ci) or by an epigenetic mechanism (permanent loss of immunity as a 
result of a transient inactivation of the repressor), 

d) Logical analysis of regulatory nets 

A very efficient tool has been developed for the analysis of complex 
regulatory circuits involving feedback loops, During this 5 year period, 
this tool has been used first for the analysis of the circuits involved in 
the decision between lysogenization and the lytic development in temperate 
bacteriophages, More recently, it was applied by us to problems of normal 
differentiation and malignRnt growth in mammalian cells, and by others 
(e,g, Brygoo thesis, Paris, to epigenetic problems in protozoa~ 

The method has been greatly refined, and in addition most of its 
steps have been automatized (by P. Van Ham) in order to permit the 
treatment of systems with many variables, Conclusions of general in'terest 
have emerged, For instance, it has become reasonably clear that the 
homeostatic type of regulation is dependent on the presence, in the logical 
structure of the system, of a so-called "negative feedback loop", that is, 
a loop with an odd number of inhibitoty steps ; in contrast, the 
diversificative types of regulation (including cell differentiation) require 
"positive feedback loops", that is, loops with an even number of inhibitory 
steps, 

An EMBO course on the logical analysis of systems has been organized 
in 1979, The proceedings have been published in "Lecture notes in 
Biomathematics" under the title "Kinetic logic" (R, Thomas, editor, 507 pp,) 

2) Studies on the mechanism of illegitimate recombination 

(A. Toussaint, M. Faelen, A. Resibois, N. Lefebvre, F. Van Gijsegem and 
L. Desmet) 

A sizeable fraction of the genetic damages induced by ionizing 
radiations consists of non-homologous ("illegitimate") exchanges 
(translocations, deletions, etc ••• ). So far, the mechanisms of illegitimate 
recombination had remained completely unknown. During this contract they 
have been studied with a remarkable success, using the "mutator phage" Mu-1. 

a) Mu-mediated inversions, duplications and deletions 

As mentionned in the project, A. Toussaint and M. Faelen had shown 
previously that phage Mu can efficiently connect two DNA sequences devoid 
of any homology, and promote transposition between unrelated genetic 
~~~ A model proposed to account for these results predicted that 

*these strains are distinct from those mentionned in section 1, b. 
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in addition phage Mu should also promote inversions, deletions and 
duplications, Each of these predictions was verified experimentally, The 
occurrence of inversions was demonstrated in an especially elegant way 
advantage was taken of the idea that when an Hfr strain undergoes an 
inversion of the region carrying the integrated F factor, the direction of 
the transfer of the chromosome is reversed, 

b) Genes involved in Mu-mediated chromosomal rearrangements ; miniMu, 
miniMu-mediated transduction, miniMu-duction 

The Mu group soon reached the conclusion that the elements absolutely 
required for the chromosomal rearrangements are the terminal sequences of 
Mu DNA and the product of the viral gene A. If this is correct, one should 
be able to isolate deleted Mu prophages which have kept only the termini 
and gene A and are nevertheless still able to promote chromosomal 
rearrangements, Such deleted prophages ("miniMu") were indeed obtained, 
Gene A itself may even be deleted, if one provides the A product in trans, 

The next step consisted in obtaining miniMu virions, This can be done 
by inducing a strain carrying both an inducible miniMu and an inducible Mu; 
about 10% of the virions contain a miniMu genome, Since a Mu virion contains 
a constant amount of DNA - the Mu genome itself flanked by two sequences of 
bacterial DNA, a very short one and a longer one, it was anticipated that 
the miniMu DNA, in which the Mu genome itself is very short, would contain 
a very long sequence of bacterial DNA. The idea was demonstrated by electron 
microscopy by A, Resibois (very long "split ends") and resulted in the 
discovery of generalized transduction by miniMu. In addition a new type of 
transduction was discovered at the same time : "miniMuduction", a process 
which occurs when the piece of DNA included in a virion happens to contain 
two miniMu of the same orientation, separated by a section of bacterial DNA. 
This piece of DNA behaves in fact as a transposon which would be 
encapsidated, 

c) 0108, mini 0108 

0108 is a phage related to Mu, but of a different specificity of 
immunity, We could show that it promotes the same chromosomal rearrangements 
as Mu,and isolated mini 0108, which behave essentially as miniMu, The 
transposition enzymes are ~ interchangeable in the two systems, 

d) Mechanism of replication of Mu 

In collaboration with B. Waggoner and M, Pato, we used the deleted 
derivatives of Mu to study the mechanism of replication of the phage, 
Earlier observations indicated that two viral functions, the products of 
genes A and B, are required, Our recent results strongly suggest that a 
third viral gene (~) located between B and C, is involved, 

e) Mini-Mu induced mobilization of the host chromosome by plasmid RP4 
intergeneric rearrangements, 

We wanted to extend to bacterial species other than E,coli the method 
of mini-Mu induced mobilization of the chromosome, and incl~of 
chromosomal segments into transmissible plasmids, This goal was reached by 
integrating a mini-Mu into RP4, a transmissible plasmid with a wide host 
range, In contrast with RP4 itself,_§P4::mini-Mu induces the transfer of the 
host chromosome at a high rate ( 10 ) and generates "RP4-primes" (that is, 
RP4 which carry_~ segment of the host chromosome) at frequencies of the 
order of 5 x 10 for a given marker, RP4::mini-Mu has been introduced 
into strains of Salmonella typhimurium, Klebsiella pneumoniae and 
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Proteus mirabilis, These strains were crossed with a strain of E,coli, 
and in each case, exco~~ugants ~~rrying RP4-primes were found at ____ __ 
frequencies between 10 and 10 : thus, genes from the three alien 
genera could be transferred in E,coli, in which they are expressed, 
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------------------
1. We have shown that oocyte maturation can be divided into two steps according 

to their radiosensitivity the radioresistant one corresponding to the 
germinal vesicle breakdown and the highly radiosensitive one to the first 
polar body extrusion. Moreover, it was interesting to note that intermediate 
doses of X-rays (450R) exert effects similar to that of cyclohex~mide and 
may be therefore tentatively correlated with the inhibition of the microtubule 
assembly at metaphase I. Lower doses, which do not affect the apparent normal 
resumption of meiosis, induce dose-proportional chromatid deletions, resulting 
in severe teratogenic risks. 

The relative radiosensitivity of the uridine, deoxyuridine and thymidine incor
poration into DNA at different preimplantation stages of the mouse embryo, has 
clearly indicated that both thymidilate synthetase and ribonucleotide reductase 
activities are more radiosensitive than the DNA polymerase activity, at all 
stages studied. Moreover, these pyrimidine metabolic pathways radiosensiti
vities decrease progressively from the 2-cell to the late morula-early blastocyst 
stage, as a result of the ontogeny of involved enzymes. 

On the base of irradiation experiments, cytological examinations, autoradio
graphy and in vitro inner cell mass differentiation, we proposed a general 
explanation of the various kinds of defects caused by irradiation of preimplan
tation embryos : no select1ve effect of irradiation on inner cells of the 
early morula can be considered; preimplantation abortion is due to a very 
early cell killing, early postimplantation abortion is due to an abnormal 
low cell number of the nascent blastocysts and, finally, teratogenic risk should 
be due to chromosomal abnormalities in almost normal sized blastocysts (very 
low percentage). 

In close relation with this explanation, we studied in more details the 
factors determining cavitation in mouse morula mainly in two experimental 
conditions : metabolic quiescence induced by a transient inhibition of polyamine 
synthesis and, specific inhibition of nuclear DNA replication by aphidicolin. 
We clearly confirmed that the blastocyst formation is unrelated to the cell 
number and we showed that both inhibitory systems are, in that point of view, 
radiomimetic. This enabled us to study the differentiation of blastocysts made 
of a low cell number, without embryonic derivatives. However, cytodensitometric 
measurements have shown that the nucleo-cytoplasmic ratio seems to be an important 
prerequisite if not a trigger for cavitation. 
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2. Somatic cell hybrids have been used as a tool to elucidate factors and 
mechanisms involved in mammalian cell radioresistance. The main conclusions 
of these studies are that resistance to X-rays, as well as UV light, may 
behave in a dominant way and that the survival capacity of mammalian cells 
after X- or UV- irradiation is not related to chromosome number. We have also 
observed that cell hybridization may generate, in some cases, valuable systems 
for repair studies suah as hybrids between L5178Y mouse lymphoma cells and A9 
mouse fibroblasts. Indeed, these hybrids exhibit an increase in resistance 
to either X-rays and UV (hybrid clone 3) or X-ray alone (hybrid clones 1 and 2) 
compared to parental cells. Several possibilities have been examined to 
understand the UV response of hybrid clone 3. It was found that the increased 
resistance of this hybrid was not related to changes in cell size and growth 
rate; nor was it related to an enhanced recovery of the capacity to synthesize 
high molecular weight DNA after UV-irradiation (tested indirectly by the use 
of caffeine) and or to an altered regulation of an inducible repair pathway 
(studied by UV-Reactivation of Minute-Virus-of-Mice). However, hybrid clone 3 
was found to be distinguishable from more UV-sensitive parental and hybrid 
(clones 1 and 2) cells by its greater capacity for UV-induced unscheduled DNA 
synthesis. Hence, it is possible that hybrid clone 3 would have a better 
excision ability, which could explain its resistance to UV. On the other hand, 
an interesting finding has been made on L5178Y x A9 hybrids with regard to 
the mechanisms of UV-induced repair pathways in eukaryotic cells. We have 
demonstrated that the expression of Enhanced Capacity (EC) (i.e. the UV
enhanced ability of irradiated cells to replicate intact virus) can be disso
ciated from that of Enhanced Reactivation (ER) (i.e. the higher survival of 
irradiated virus in preirradiated cells). Moreover, we have shown that the 
expression of both EC and ER required de novo protein synthesis shortly 
after cell irradiation. Finally, hybrid clones 1 and 2, which display EC but 
are devoid of ER activity, show promise as systems for studying the correlation 
between EC and mutagenesis. 

In an earlier work, we showed that X-ray-sensitive mouse lymphoma cells sustain 
more chromosome damage, mitotic delay and spindle defects than X-ray-resistant 
mouse lymphoma cells. We suggested that a) chromosome aberrations contribute 
much more to lethality than spindle defects and b) that DNA lesions are less 
effectively repaired in the sensitive cells and give rise to more G2 mitotic 
delay and chromosome aberrations. To test these hypotheses, we then investigated 
the magnitude of these various end-points in human diploid fibroblasts with 
reported differential sensitivity to ionising radiation (i.e. normal donors 
and patients with ataxia telangiectasia and retinoblastoma). Our results 
on human fibroblasts support the first hypothesis since we observed a positive 
correlation between chromosome aberration frequencies and cell killing, and no 
induced spindle defects. Our second hypothesis is however not substantiated 
since X-ray-sensitive fibroblasts from the ataxia patient suffered less 
mitotic delay than cells from normal donors. A common lesion for mitotic delay 
and chromosome aberrations can still be assumed by adopting the hypothesis 
of Painter and Young (1980) that the defect in ataxia cells is not in repair 
but in a failure of DNA damage to initiate mitotic delay. 
In contrast to other workers, we found the retinoblastoma cells to be of normal 
radiation sensitivity (cell killing and aberrations). 

3. We have analyzed various types of hybrid cells derived from hepatoma cells. 
We have shown that the synthesis of some serum proteins (albumin, ~-foetoprotein) 
is switched off in hybrids formed between these hepatoma cells and fibroblasts 
(either tetraploid fibroblasts from permanent cell lines, or normal diploid 
fibroblasts). Such hybrids do not contain detectable sequence of albumin 
messenger RNA. "Extinction" thus seeems to be due to regulatory molecules which 
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negatively operate on the hepatoma genome, possibly at the level of gene 
transcription. Unlike hepatoma x fibroblast hybrids, hybrids formed between 
hepatoma cells and normal aduit hepatocytes (which do not produce AFP) retain 
the production of ..; - foetoprotein coded for by the hepatoma genome but do not 
exhibit activation of the production of ~-foetoprotein coded for by the normal 
hepatocyte genome. This lack of interaction between the two genomes indicate 
that cis-acting control mechanisms also operate in differentiated cells. The 
hepatoma x hepatocyte hybrids (called "hepatocyte hybridomas") secrete serum 
proteins (such as albumin, transferrin etc ••• ) coded for by the hepatocyte 
genome : immortalization of the production of serum proteins is thus achieved 
in such hybrids. On the other hand, these hybrids segregate rat chromosomes 
and can be used for mapping studies. 

The study of hepatoma cell x normal diploid fibroblast hybrids has also shown that 
the transformed phenotype of the hepatoma parent is suppressed after fusion with 
the normal partner. Similarly, hybrids formed between two fibroblasts, a normal 
one, and a (spontaneously) transformed one exhibit a normal phenotype, indicating 
that correction of the transformed phenotype is not due to peculiar interactions 
("extinction" of differentiated functions) between the genomes of cells derived 
from different tissues. Different X-ray transformed fibroblast clones have 
been isolated and we have shown ti:Bt unlike spontaneously transformed fibroblasts, 
these X-ray transformed fibroblasts possess a matrix of pericellular fibronectin; 
a lack of fibronectin matrix is thus not a periquisite for the expression of 
transformation, especially of X-ray induced transformation. The expression of 
transformation has also been studied in hybrids derived from X-ray and found to 
be suppressed 
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The results which we have obtained during this research program 
should be understood in the frame of new developing concepts of immunology. 
We shall first introduce these concepts. 
During the last years, the classical concepts of immunology have been 
challenged and replaced by new ideas, strongly supported by a bunch of 
hard data. The new facts and the new concepts establish the need for 
a revision of the effects of low dose irradiation on immune response. 
A short summary of the new intellectual framework is necessary before 
discussing the effects of mild irradiation. A more complete survey can 
be found in a recent review written by J. Urbain, C. Wuilmart and 
P.A. Cazenave (Contemporary Topics in Molecular Immunology 1980). 

a. Old Immunology 

In old immunology, the classical clonal selection theory (Jerne, 
Lederberg, Burnet) was the main paradigm among immunologists. Essentially, 
the immune system was viewed as a library of small uncoupled immune sys
tems (lymphocyte clones). Each clone is bearing immunoglobulin receptors 
of one specificity (two V genes are actually expressed (VH and v1 ). When 
antigen is introduced in the system, it selects clones bearing receptors 
which happen to fit with antigen and promotes the amplification (proli
feration and differentiation) of those precommitted clones. Each clone was 
believed to respond independently of the other clones. This was essen
tially a "prokaryotic" or "unicellular" view of the immune system. The 
proliferation needed for an immune response was an evident target for 
irradiation. 

b. The new visage of immunology 

We can only give here a very rough outline of the new concepts of 
immunology. It is now almost certain that the immune system is a complex 
cellular and idiotypic network. Clones are not independent entities but 
each lymphocyte gives and receives signals from some other lymphocytes. 
The connectance within the network forms the basis of important immune
regulatory circuits of the immune systems. 

1. In the case of T dependent antigens (this corresponds in fact to 
all antigens which are not polyclonal B or T cell activators), a 
B lymphocyte never transforms into an antibody producing cells 
unless it receives some differentiation signals from T helper 
lymphocytes. 
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2) The world of T lymphocytes is subdivided into subsets committed and 
performing different physiological functions. T helpers promote the 
differentiation of B cells and T suppressor lymnhocytes are induced 
when the number of helpers reach a certain threshold of concentra
tion In other words, induction of an immune resnonse leads automa
tically to activation of a feedhack loop (qupnreqsor loop) which 
dampens the ongoing immune response. Regulation of an immune response 
does not depend only on external signals (antigen) bnt is also due 
to signals Penerated within the immune system- Dampening of the 
immune response by suppressor ~ lymphocytes leads to a decrease in 
binding affinity. Theqe suppressor T lymnhocytes are especially 
radiosensitive during certain stages on this differentiation (even 
to low dose irradiation) and they develop less efficiently in irra
diated animals. It should be stressed that even doses as low as 25 
Rads have a significant effect on antibody affinity (see also below). 

3) T lymphocytes use a dual recognition system : one immune receptor 
(V anti-X) does recognize antigen or idiotypic specificities and a 
physiological receptor (R anti-H) does recognize membrane self mar
kers encoded within the major histocompatibility complex. The two 
receptors are functionnaly linked. The physiological receptor of T 
lymphocytes is not genetically programmed but is selected or acqui
red during ontogeny of the T lymphocyte, within the thymus. The thy
mic epithelium seems to dictate the restrictive specificity. 

4) The immune system is a functional idiotypic network. Idiotypic inter
actions can take place within the system. For example, helper T cells 
bearing autoantiidiotypic receptors can promote the differentiation 
of B cells bearing receptors displaying complementary idiotypic 
specifici ties. 

5) The immune system is not a collection of clones waiting for an antigen 
but an enormous turnover takes place within the immune system. This 
means that an immune response is not due simply to activation of al
ready present clones but is also due to "recruitment" of newly dif
ferentiation stem cells which constantly replenish the immune system. 
This property has dramatic consequences in the field of radiobiology 
of the immune system. 

6) Suppressor T lymphocytes are not only responsible for feedback suppres
sion of an ongoing immune response but determine also the size of the 
repertoire which is accessible to one antigen. Suppression is dominant 
in the immune system. Silent clones are not insignificant minor1t1es 
but are kept under active suppression. Since suppressor T lymphocytes 
are especially radiosensitive, this fact has also obvious consequences 
with considering the effects of low dose irradiation on the immune 
system. It is beyond the scope of the short introduction to give an 
unified picture of the new concept. Such views are discussed in several 
publications of this laboratory. 
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Suppressor T lyrnphocytes : radiosensitivity, function and induction 

during the immune response. 

When spleen cells of immune mice are transferred together with antigen 
into normal syngeneic recipients, the differentiation and expression of 
memory cells is counteracted by suppressor T cells which develop in the 
recipient. 
This has been repeatedly observed with different antigenic systems 
(TMV, Hemocyanine, DNP-OVA, arsonate ... ). 
This phenomenon which has been called the isogenic barrier is an exception 
to the classical laws of transplantation : since donor and recipient 
mice belong to the same inbred strain. Such an inhibition is not observed 
in nude mice who lack functional T cells. The isogenic barrier can be 
prevented if recipient mice are irradiated at low dose (lSOR) before 
all transfer, or if antigen is injected several times. 
The same inhibition phenomenon can be studied in vitro by coculturing 
immune cells and non immune cells. 
It is therefore clear that this phenomenon represents a state of 
transient inactivation which is clearly different from tolerance. 
The results which have been obtained so far suggest that the isogenic 
barrier is in fact an amplification of the normal feedback mechanism 
which occurs in any normal immune response. This feedback mechanism 
seems to be associated with a decrease in binding affinity perhaps 
partly due to lymphocytffibearing autoantiidiotypic receptors. 
The role of suppressor T lyrnphocytes in enhancing tumor growth has been 
evaluated. Low dose irradiation (lSOR) at 6 days after tumor implanta
tion leads to an important reduction of tumor growth. Moreover, isolation 
of suppressor T lymphocytes which appear after tumor inoculation and 
preimmunization of syngeneic recipients with these suppressor T lympho
cytes results in a state of specific immunity against the tumor. 

Protection of normal individuals and radiation chimaeras by high 

affinity antibodies. 

The protection of individuals against infection relies on the efficiency 
of the immune system. This efficiency depends on the affinity of anti
bodies and T cell receptors for antigen. Irradiated rabbits grafted with 
allogeneic lymph node, spleen and bone marrow cells from donor rabbits 
hyperimmunized against TMV synthesize immediately high affinity antibo
dies, displaying recipient allotypic specificities. Recipient rabbits 
from non immune donors synthesize antibodies of lower affinity. However, 
in radiation chimaeras, the average affinity was always greater than 
in normal animals immunized against the same schedule. This higher average 
binding affinity is probably due to the partial absence of suppressor 
T lymphocytes, some of which recognize autoantiidiotypic receptors. 

It seems clear that the average affinity of antibodies depends on 
the control exerted by different T subpopulations, characterized by 
different radiosensitivities. 
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We have purified and investigated two proteins, of Mr 70 000 
and 47 000, which separately bind to DNA polymerase I of 
Mycobacterium smegmatis to form loose complexes with altered 
affinity for single-stranded DNA and modified catalytic properties. 
Howev~r, the biological significance of the formation of these 
complexes is not yet clear. Some evidence has been found that 
DNA polymerase I of Escherichia coli can also complex loosely 
with other proteins to give forms with altered properties. 

We have tried to relate our findings on the deoxyribonucleases 
of Aspergillus nidulans to findings with these enzymes in 
mammalian cells, but this has made clear the severe shortage of 
information on the neutral endodeoxyribonucleases of mammalian 
tissues other than the bovine pancreas. We have started an 
investigation of these enzymes in different tissues of several 
mammals. 

Studies on the toxicity of tritiated compounds for the mouse 
embryo in vitro have continued in collaboration with the group 
of Dr. ~ Campagnari. Results have generally been compatible 
with the concept that toxicity in this system is related to 
the extent of incorporation into DNA or histones. HowevPr, some 
a~omalous results have been obtained, particularly with 
[ H)tryptophan. 



- 466 -

Further work on the DNA polymerase activity of Mycobacterium 
smegmatis has led to the revision of some of the conclusions 
contained in the 1979 report. DNA polymerase I activity from 
this organism has been resolved into three peaks with different 
affinities for single-stranded DNA. All active fractions 
contained a Mr 109 000 polypeptide, identical in size with DNA 
polymerase I ot E. coli. Complement-fixation assays have shown 
that this polypeptide reacted well with antibody to E. coli DNA 
polymerase I. Material from the peak of activity with lowest 
affinity for DNA could be resolved into two regions by gel 
filtration: one of these contained a large amount of a dimer 
of the 109 000 polypeptide, devoid of polymerase activity, while 
the second contained the 109 000 polypeptide in loose binding 
with a 47 000 polypeptide, showing specific polymerase activity 
higher than that reported for E. coli polymerase I. Material 
from the peak with highest affinity for DNA contained the 109 000 
polypeptide in loose binding with a 70 000 polypeptide, again 
showing very high specific polymerase activity. Examination of 
material from the peak with intermediate affinity showed a more 
complex situation in that region. Thus, the results provided 
evidence for the presence of at least two complexes of the DNA 
polymerase polypeptide with other proteins, in addition to a dimer 
of the polymerase which retained DNA-binding capacity without 
polymerase activity. 

Ion-exchange cellulose chromatography of the fractions containing 
the complexes separated the 109 000, 70 000 and 47 000 poly
peptides and gave each in homogeneous form. This confirmed 
that the complexes of the polymerase with the other polypeptides 
are fairly loose ones. Neither the 70 000 nor the 47 000 poly
peptides showed polymerase activity, nor did their presence 
substantially affect the level of polymerase activity of the 
109 000 polypeptide with DNA as template, though both affected 
the kinetics of its action, particularly with poly d(AT) as 
template. Both the 47 000 and the 70 000 polypeptides possessed 
some nuclease activity with native DNA, but it was inhibited by 
deoxyribonucleoside triphosphates. Both increased the 5'~3' 
nuclease activity shown by the 109 000 polypeptide, but their 
effects on its 3'~'-nuclease activity were slight. Their 
effects on accuracy of incorporation have varied, and need further 
investigation. Preliminary results indicate that the increased 
polymerase activity which follows DNA damage in this organism is 
accompanied by an increased amount of the 70 000 polypeptide. 

Similar investigations with extracts of Escherichia coli have 
shown that, in these also, the polymerase I activity could be 
resolved into at least two forms with different affinities for 
DNA and somewhat different catalytic properties. However, the 
properties of the forms differ from those found with M. smegmatis 
and need further investigation. 
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Our previous investigations on the DNAases of Aspergillus nidulans 
had shown that this organism contains two acid DNAases similar 
to mammalian DNAase II, a DNAase rather tightly bound to chromatin 
similar to the Ca, Mg-endonuclease of mammalian chromatin, and two 
DNAases similar to mammalian DNAase I. One of the two latter 
DNAases has an endogenous inhibitor similar to actin, the endogenous 
inhibitor of DNAase I. One of the purposes of our characterization 
of the A. nidulans DNAases was the hope that their comparison 
with mammalian DNaases would facilitate the recognition of those 
involved in universal functions, such as replication and repair, 
as distinct from functions peculiar to the way of life of the 
organism concerned. However, knowledge of mammalian endodeoxy
ribonucleases, apart from a few such as bovine pancreatic DNAase, 
spleen DNAase II and some of the enzymes specific for damaged 
DNA, is very fragmentary, so that we have had to initiate our 
own study of mammalian DNAases, using several tissues from each 
of four unrelated mammals. This work is at too early a stage 
for general conclusions. 

Studies on the toxicity of tritiated compounds for the growth 
of the mouse embryo in vitro have continued in collaboration 
with the group of Dr:-F. Campagnari. Results with tritiated 
nucleosides, amino acids and water have generally been compatible 
with the concept that the relative toxicity of such compounds 
for the growing embryo is related mainly to the extent of 
incorporation of these compounds into DNA or histones. Inhibition 
of blastula formation required incorporation into DNA of the 
order of 10 dpm per embryo, while inhibition of blastula hatching 
required substantially less. Anomalous results were obtained 
with [3H]tryptophan, which was more toxic than expected and 
prevented embryos from developing beyond the 2-cell stage. 
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The cyanobacteria or blue-green algae are a unique group of organisms and they 

constitute the largest, most diverse and widely distributed group of photo-

synthetic prokaryotes. They contain a photosynthetic apparatus which is 

similar in structural, functional and molecular respects to the system found 

in eukaryotic chloroplasts. However, striking similarities in cellular 

organization, cell division and cell wall structure between cyanobacteria and 

bacteria clearly indicate that the two groups are very closely related. 

The cyanobacteria thus contain, within a prokaryotic cell, a photosynthetic 

mechanism which resembles in most respects that found in eukaryotic chloroplasts. 

Indeed, it has been suggested that the chloroplasts of higher plants evolved 

from an endosymbiotic cyanobacterial cell which developed within a colourless 

cell and carried out its photosynthetic activities. The cyanobacteria are 

consequently of immense phylogenetic significance and play a key role in our 

understanding of biological evolution. Furthermore, the cyanobacteria are a 

very ancient group and they evolved before the development of an oxygen 

atmosphere on Earth and it was largely the photosynthetic activities of these 

organisms that produced the Earth's oxygen atmosphere. It has thus been argued 

that the cyanobacteria evolved at a time when there was little protection from 

solar irradiation and their survival was due to the development of efficient 

radiation repair processes. Similar systems are present in many different 

bacterial and eukaryotic cells. Studies on cyanobacterial repair, therefore, 

provide information on the development and evolution of radiation repair 

mechanisms in both prokaryotic and eukaryotic systems. 
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In this project the effects of radiation on a unicellular cyanobacterium 

Gloeocapsa alpicola were investigated and the radiation repair systems studied. 

In the early stages of the project UV survival was examined and its effects 

were found to differ markedly depending on whether a far (254 nm) or near 

(300-350 nm) UV source was used for cell irradiation. Near UV had a much 

greater inhibitory on cell survival and photoreactivation was inefficient. 

Carotenoid pigments played an important role in protecting the cells against 

near UV damage since reduction in carotenoid levels reduced the near UV 

survival rate. The photosynthetic rate of G. alpicola dropped sharply after 

cellular exposure to UV irradiation. Near UV had a greater inhibitory effect 

on photosynthesis than far UV. Following irradiation, far UV irradiated 

cells quickly recovered their pre-irradiation rate whereas near UV irradiated 

cells were much slower to recover their photosynthetic activity. The results 

of this section of the project indicated that near UV had a damaging effect 

on the photosynthetic system of the cell and carotenoids played a protective 

role. The major effect of far UV was on the DNA of the cell and this was 

investigated in great detail. Studies on the repair of far ultraviolet 

light (FUV) damaged DNA have revealed that ~· alpicola has an extremely 

efficient photoreactivation system. Exposure to blue light for 60 min 

immediately after irradiation restored viability to pre-irradiation levels 

even when viability had been reduced to 0.001%. Work has continued on the 

isolation, purification and characterization of the photoreactivating enzyme 

and the technique of flash photolysis has been used to determine the number 

of enzyme molecules per cell and the kinetics of the enzyme/dimer complex. 

In the cyanobacteria, whilst there is evidence from a number of species for a 

photoreactivation system, no conclusive evidence of dark repair has been presented. 

In this project, the presence of an efficient pre-replication dark repair 

system in~ alpicola has been successfully demonstrated. The evidence for 

this system was initially derived from studies on the loss of photoreversibility 

in dark liquid held (DLH) cultures. After a delay of 4h, the ability to 

photoreverse lethal FUV lesions was gradually lost during DLH in non-growth 

conditions. Unirradiated controls and non-photoreactivated, FUV-irradiated 

cultures maintained constant viability during this holding period. Split-dose 

experiments indicated that the activity of the photoreactivating enzyme did 

not decrease during DLH and so it was concluded that the loss of photoreversibility 

was due to competition for the FUV induced thymine dimers by the photoreactivating 

enzyme and an excision repair endonuclease. This was substantiated by the 

induction of a delay in the onset of loss of photoreversibility when the excision 

repair inhibitors caffeine, coumarin and pyronin Y were incorporated into the 
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DLH medium. This indirect evidence prompted an investigation into direct 

biochemical proof of the presence of an excision repair system in £· alpicola 

by the isolation of the enzyme involved in the first step of the pathway. 

Having developed a suitable lysis procedure for Q.alpicola, a UV-endonuclease 

with activity towards FUV-irradiated lambda DNA and no activity towards 

unirradiated DNA was isolated from a crude lysate using ammonium sulphate 

precipitation and ion exchange procedures in the purification. The uv
endonuclease was found to have a molecular weight between 15,000 and 18,000 

when estimated on Sephadex G-75. The enzyme had no absolute ~equirement for 

Mg++ in the reaction mixture but ATP was essential for maximum activity. 

Caffeine was found to decrease the activity of the enzyme supporting the 

view that the delay in the loss of photoreversibility by caffeine is due to 

interference with the excision repair system. DNA repair systems were also 

investigated by analysing the induction and removal of radioactively labelled 

pyrimidine dimers. As cyanobacteria are obligately photoautotrophic, difficulties 

were encountered in the labelling of the genetic material but this was 

successfully achieved. Pyrimidine dimers were induced in a fluence dependent 

manner. Dimers were not detected in irradiated cells after 15h incubation 

in non-photoreactivating conditions. The efficiency of the photoreactivation 

system of ~ alpicola was also demonstrated by the elimination of pyrimidine 

dimers from irradiated DNA by exposure to blue light. Studies have also 

continued on the effects of ionizing radiation by the measurement of the 

production and repair of strand breakage. Radiation resistant and sensitive 

mutants have been isolated and their radiation repair processes are being 

studied to establish the biochemical and genetic control of these processes. 

During this research programme, investigations have been underway on the 

genetic control of radiation repair in the cyanobacteria. Very little information 

was available on the genetics of ~ alpicola. A detailed investigation of 

mutagenesis has been completed and has indicated that whilst ~ alpicola is 

more sensitive than !· coli to the lethal effects of chemical mutagens, it is 

more resistant to ultraviolet light and ionizing radiations. Ultraviolet 

light was found to be the most efficient mutagen for £• alpicola provided that 

the treated cells were rigorously protected from exposure to light of 

photoreactivating wavelengths. In order to study the effects of radiation 

on genetic exchange in cyanobacteria, the process of transformation has been 

investigated. The first example of this process in £· alpicola has been 

reported and intergeneric transformation between £• alpicola and A. nidulans 

has been demonstrated for the first time, Cyanobacterial plasmids are also 

being studied and their role in radiation repair processes are being investigated, 
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In metaphase preparations of human chromosomes, the acrocentric chromosomes of 

groups D and G may often be observed associated together with their satellites 

directed towards each other and in close proximity. This phenomenon of 

satellite association is thought to be the result of the involvement of the 

acrocentric chromosomes in nucleolus formation. In man, the genes coding 

for 18s and 28s ribosomal RNA are located in the nucleolus organizer regions 

of the satellited acrocentric chromosomes. As the nucleoli are formed after 

telophase, they coalesce together to form the common nucleolus of interphase. 

When the cell starts to divide, the nucleolus disappears but it is thought that 

the viscous nucleolar material tends to keep the chromosome arrangement held 

together and this is observed as satellite association in metaphase. The 

frequency of satellite association varies within the population and it has been 

suggested that a tendency towards increased satellite association may be an 

inherited trait. Other factors have also been suggested to affect the frequency 

of satellite association including age, sex, chemical exposure and chromosome 

culture technique. It has been repeatedly suggested that satellite association 

may be one of the determining factors in the causation of chromosome abnormality 

in man. It has been argued that satellite association may keep the acrocentric 

chromosomes together during mitosis and meiosis and could thus lead to chromosome 

non-disjunction. Furthermore, mechanical stretching of the associated 

satellites could increase the risk of breakage and lead to translocation. It 

is therefore suggested that the participation of the acrocentrics in association 

increases their vulnerability to chromosome non-disjunction, DNA exchange and 
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rearrangement. These hypotheses have stimulated investigation of satellite 

association in normal, Down's syndrome and other chromosomally abnormal 

populations. Since non-disjunction is usually a pre-zygotic event, the 

parents of aneuploid children have also been studied to determine if they 

have abnormal frequencies of satellite association in their cells. Some 

studies have shown significant increases in association in Down's syndrome 

children and their parents. Other studies have failed to show significant 

differences between Down's patients, their relatives or controls. The role 

of satellite association in the origin of non-disjunction is still, therefore, 

unresolved. 

In recent years it has become possible to study the activity of the nucleolus 

organizer regions (NOR) using the techniques of in situ hybridisation and 

silver staining. In the latter technique, only those NORs which were trans-

criptionally active in the previous interphase stain with silver. It is now 

clear that only acrocentric chromosomes with active NORs participate in 

satellite association. 

In this contract, the effects of radiation on satellite association and NOR 

activity have been investigated in order to establish whether radiation may 

play a role in the induction of satellite association-related chromosomal 

non-disjunction in man. 

In the first stage of the contract, the effects of a range of radiation sources; 

including UV, gamma rays, X-rays, electrons, neutrons; on the frequency and 

composition of satellite association complexes in cells from normal males 

and females of various ages, Down's syndrome males and females, the parents 

of children with trisomy and translocation Down's syndrome and patients with 

other chromosomal aberrations were studied. The data were analysed to 

determine whether radiation had any effects on the total numbers of chromosomes 

participating in association, the numbers of different individual chromosomes 

participating, the number of association complexes per cell and the number 

of chromosomes involved in each association complex. The distribution of the 

numbers of complexes in the cells was also determined. The results of this 

study clearly show that radiation has no significant effects on satellite 

association in human somatic cells. In situ hybridization and silver staining 

studies on NOR activities were also carried out to determine whether it was 

possibleto detect any effects of radiation on NOR activity which might then be 

expected to lead to changes in satellite association frequency. Using these 

techniques it was not possible to detect any changes. To determine whether 

the techniques being investigated were sufficently sensitive to detect small, 
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radiation-induced changes in NOR activity, studies were undertaken on the 

effects of chemicals known to have an effect on secondary constrictions or 

rRNA synthesis. These included actinomycin D, mitomycin C, caffeine, 

hydroxyurea, 5-bromodeoxyuridine, chloramphenicol, 5-fluorodeoxyuridine and 

2-deoxyadenosine. Actinomycin D inhibits rRNA synthesis and has been shown 

to reduce the silver stain ability of nucleoli in human fibroblasts. However, 

in this study it was found that whilst it caused morphological changes in the 

nucleoli, no consistent changes in NOR activity or satellite association 

patterns were detected. No effects could be detected using these other 

inhibitors of rRNA synthesis. Similarly, seminalplasmin, a protein recently 

isolated from human semen and known to inhibit rRNA synthesis in microorganisms, 

was investigated. No observable effects on NOR activity or satellite 

association frequencies in normal or chromosomally abnormal cells were 

identified. The effects of other factors have also been investigated. 

In particular, it has been suggested that satellite association frequency 

decreases with the numbers of cell cycles in culture. Using cells taken 

from normal and chromosomally abnormal individuals, the relationship between 

satellite association frequency, NOR activity and the number of nucleoli in 

interphase cells has been established following irradiation Cultured cells 

in first and subsequent mitoses were determined using the BUDR technique and 

observations suggest that thelength of time that cells spend in interphase 

influenced the association of the NOR chromosomes. Radiation had no 

significant effect on this relationship. 

Further studies have been carried out to determine whether any regulatory 

mechanisms were present to maintain the level of NOR activity, the control of 

NOR activity was studied in patients with abnormal numbers of NORs as a result 

of acrocentric chromosome aberration. The results clearly indicated the 

absence of a mechanism for stringent control of NOR activity. 

The investigations carried out during the course of this contract achieved their 

aims in that they clearly demonstrated that the effects of radiation on 

satellite association and its consequent effects in increasing the risk of 

chromosome non-disjunction may be discounted in assessing the risks of 

irradiation in man. 
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General subject of 
-contract: 

Tb identify and characterize variant strains of 
mammalian cells deficient in repair of DNA damage 

Six years ago we set ourselves the task of attempting to understand how 

lruman beings deal with DNA damage produced by agents such as ionizing 

radiation both at the cellular and biochemical levels. Qlr strategy was 

to isolate and characterize mammalian cell variants showing differences in 

sensitivity that might be due to deficiencies in DNA repair. The col

laboration between the contracting laboratories has resulted in the success

ful identification of several Dlltations. The first hmnan Dlltation (ataxia

telangiectasia) conferring cellular sensitivity to ionizing radiation has 

been established. Fibroblasts cultured from patients with ataxia-telan

giectasia show a Do of 57 ! 15 rads caqmred with a control mean of 126 

rads. In addition, intermediate radiosensitivities are shown by a number 

of hereditary human conditions such as Hutchinson Gilford progeria, familial 

retinoblastana, Fanconi's anaemia, at least sane Huntington's chorea, 

Blackfan-Diamond disease (pure red cell aplasia) and some ataxia-telangiectasia 

heterozygotes. HlJnan variants sensitive to other DNA damaging agents have 

also been identified and studied since experience with lower organisms has 

shown that deficiencies in different steps in the pathways of DNA repair may 

manifest themselves as hypersensitivity to different types of mutagen. 

Repair of radiation damage, therefore, cannot profitably be considered except 

in the context of DNA repair as a whole. Many cell strains with enhanced 

ultraviolet light sensitivity have, for example, been studied, including 

patient 11961, Cockayne's syndrome, and nine phenotypically or genotypically 
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distinct types of xerodenna pignentosum (XP). Of the latter, the seventh 

complementation group of excision-deficient XP was identified and charac-

terized in our laboratories. Work has continued on the characterization 

of variant XPs that appear to possess nonnal excision repair but are 

defective in DNA synthesis after UV irradiation. 

We have also isolated radiation-sensitive mutants of Chinese hamster cells 

since many repair-deficient mutations would be expected to be incompatible 

with human life and are, therefore, only to be studied in culture. Chick 

cells have also proved useful for the study of repair of UV damage as they 

possess photoreactivating ability. 

The identification and characterization of radintion-sensitive and other 

variants is not, however, an end in itself. Our studies have led to three 

distinct applications. Firstly, radiation-sensitive variants constitute 

the raw material for fundamental studies on human DNA repair and muta

genesis. We are currently shifting the emphasis of our programne away 

fram the isolation of repair-deficient mutants (of which a large collection 

already exists) and towards (a) genetic and biochemical characterization of 

the radiation response of nonnal and sensitive cultured cells and (b) the 

elucidation of the pathways of DNA repair and mutagenesis, and their 

control using more sophisticated approaches (among them the use of recom

binant DNA techniques) . 

A second important application of our work has been the revelation of the 

natural range of radiosensitivities among the human population at the 

cellular leve not merely the established sensitive variants, but also 

among the "normal" population, Do values for cultured fibroblasts fram which ex-

tend from 97 to 180 rads. Suspicion is growing that same of this 

variability may be ascribed to individuals heterozygous for same of the 

major hereditary conditions thought to involve deficiencies in DNA repair, 

e.g. ataxia-telangiectasia. There is evidence that individuals heterozygous 

for this disorder may be abnormally cancer prone. We are currently placing 

more emphasis on the study of heterozygotes. In the long term the 

possibility exists that potential radiation workers might be screened 

to detect hypersensitivity to ionizing radiation but we shall require a 

much better understanding of the genes involved before such a screening 

approach C<X~ld be contemplated with any confidence. 
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A third application of our work is in clinical medicine, in particular 

the development of methods for prenatal diagnosis. This is now possible 

for excision-defective XP individuals and as knowledge grows of the biochemical 

deficiencies it should be possible to extend the range of conditions for which 

prenatal diagnosis is possible. In addition, it is likely that our work 

will prove to have other clinical implications and not only in the conditions 

which we study. 

The studies detailed in the following pages illustrate the various genetic 

and biochemical approaches which the collaborating laboratories have pursued 

as part of the integrated progranme of research. 
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Contractor Department of Cell Biology and Genetics 
Erasmus University, Rotterdam, The Netherlands. 

Contract nr 196-76-1 BION 

Head of the Research teams : Prof. D. BOOTSMA 

General subject of contract : To identify and characterize various strains 
of mammalian cells deficient in repair of DNA 
damage. 

Title of Project N° 1 Isolation of radiation-sensitive mutants 

Head of project and scientific staff: Prof.Dr. D. Bootsma and 

Drs. Westerveld, Jaspers, Kleijer and Kei 

Three different categories of cell 1 ines have been isolated or collected in 

this project: 

1. Primary fibroblasts derived from individuals suffering from genetic 

diseases in which defective DNA repair may play a role. Cell strains were 

obtained from about 120 different xeroderma pigmentosum patients. Other 

strains of interest originated from patients having ataxia telangiectasia, 

progeria, Werner syndrome, Bloom's syndrome, Fanconi 's anemia etc. 

In three cases of pregnancies at risk for xeroderma pigmentosum we 

performed prenatal diagnosis in cultured amniotic fluid cells (Halley et 

al. 1979). 

2. Chinese hamster mutant cell 1 ines sensitive to ultraviolet irra

diation (UV) have been isolated from CHO cells by using a newly developped 

replica plating technique. The 3 lines that have been characterized showed 

decreased levels of unscheduled DNA synthesis, impaired postrepl ication re

pair and decreased colony forming ability after UV exposure. 

3. Large panels of proliferating human-Chinese hamster and human-mouse 

hybrid cell lines have been isolated. These hybrids have been used for 

the localization of genes on human chromosomes for the characterization 

of the Philadelphia chromosome translocation in chronic myeloid leukemia 

and for the genetic analysis of DNA repair mechanism in human eel ls (see 

project 3). 
We have investigated the induction of sister chromatid exchanges (SCE) 

by UV exposure of XP cells of different complementation groups (de Weerd

Kastelein et al., 1977). XP cells belonging to the groups A, B, C and D 

showed an increased sensitivity compared with normal cells. Group E cells 

did not differ from normal cells in that respect. In an XP variant cell 

strain it was found that SCE formation is increased after exposure of 

the cells during the S-phase of the eel 1 cycle. 
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Biochemical characterization of radio
sensitive mutants 

Head of Project and scientific staff: Prof.Dr. D. Bootsma 

1. Xeroderma pigmentosum. 

Drs. N.G.J. Jaspers, J.J.H. Fortuin, 

W. Keijzer, J. de Wit. 

Cell strains from patients presumed to have a genetic defect related to 

ultraviolet radiation hypersensitivity (project 1) were tested with respect to 

a number of biochemical parameters. 

As mentioned in more detail in previous research reports a large number 

of XP cell strains was diagnosed by the unscheduled DNA synthesis test as 

being excision deficient. 

In 24 cell strains we measured postrepl ication repair after UV exposure. 

Ten of these showed the pattern of excision-defective XP, among which were 

the strains XP230S and XP2BI from the new complementation groups F and G, 

respectively; six strains had the XP-variant phenotype and eight were normal. 

In addition it was demonstated, that postreplication repair could be measured 

in human amniotic fluid cells as well, which made it possible to carry out 

prenatal diagnoses on three fetuses at risk of XP, using both UDS and post

rep] ication repair tests. 
Evidence was obtained for a sensitivity to ionizing radiation in a number 

of XP-variants. Two variants showed an increased amount of micronuclei induced 

by X-irradiation or tritium beta-rays. However, their cellular survival, and 

the repair of DNA breaks (both single and double stranded) were normal after 

X-ray exposure. 

2. Ataxia telangiectasia 

After exposure of ataxia telangiectasia (AT) cells tm ionizing radiation 

or bleomycin the rate of semiconservative DNA replication was depressed to a 

significantly lesser extent than in normal eel ls. After treatment with a 

variety of other carcinogenic agents AT fibroblasts responded normally. These 

observations were made on al 1 AT fibroblast strains tested, both excision 

repair deficient and proficient. The differences in DNA synthesis inhibition 

correlated with the cellular sensitivity to a particular agent. Similar effects 

could be seen in AT lymphocytes, which means that the DNA synthesis 

measurement can be used as a clinical test to support the diagnosis of AT. 

Lymphocytes from AT heterozygotes showed near-normal rates of DNA synthesis 

after exposure to bleomycine or X-rays. Using this test we identified a 

Dutch patient with clinical symptoms different from AT (79RD27). Its bio

chemical and cytogenetic characteristics were like those in AT patients. 
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Title of project N° 3 Genetic studies on DNA repair mutants 

Head of Project and scientific staff: Prof.Dr. D. Bootsma and 

Drs. A. Westerveld, N.G.J. Jaspers, 

S. Matsukuma, A. Geurts van Kessel, 

B. Zel le, J.J.H. Fortuin, W. Keijzer 

M. Stefanini, J. de Wit 

The genetic studies include two main approaches: 

(1) Genetic characterization of DNA repair mutants by complementation 

analysis and 

(2) Localization on human chromosomes of genes involved in DNA repair. 

1. Complementation analysis 

la g~~!!l9~_r!Q!ir_~!f!~!!~!-!~ 

At the start of this project in 1976 we had identified 5 different com

plementation groups in xeroderma pigmentosum. A large number of new XP 

cell strains from al 1 over the world was subjected to complementation 

analysis by cell fusion. This resulted in the detection of a new group, 

the G-group, represented by cell strain XP2BI (Keijzer et al., 1979) and 

XP3BR. 

From 8 Egyptian XP strains 5 were assigned to group C and 3 to group A. 

(Hashem et al. 1980). These strains were of interest because of previously 

published evidence by El-Hefnawi et al. of a 1 inkage between XP and the 

ABO blood group, based on studies of Egyptian families with XP. Russian XP 

strain XP4LE was assigned to complementation group C. The complementation 

pattern after exposure to UV was compared with that after treatment with 

4NQO (in collaboration with Dr. Lohman and coworkers). A similar pattern 

of complementation was obtained following both treatments (Zelle et al., 1980). 

The kinetics of complementation in heterokaryons after fusion of XP cells 

from different complementation groups was investigated. The defect of XP 

strains of the A group was complemented at a fast rate after fusion with 

normal or C-group cells. Slow complementation was found with regard to the 

C-group defect. 

Complementation was also observed after fusion of XP cells with cyto

plasts derived from normal cells or complementing XP cells. The occurrence 

of complementation in these socalled cybrids demonstrated the presence of 
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the repair proteins in the cytoplasts of cells. A similar kinetics of 

complementation as shown in heterokaryons was found in these cybrids: 

the A group factor being readily available and the C-group factor acting 

at a much slower rate. 

A difference in complementation kinetics of A and C group cel)s was 

also observed after fusion with chick erythrocytes. In contrast with 

earlier published data by Darzynkiewicz et al. we found restoration of 

the repair activity in the XP nuclei during or after reactivation of the 

chick erythrocyte nucleus. In these heterokaryons complementation of the 

A group defect started within 2 days after fusion at a time that reacti

vation of the chick nucleus was not yet completed, whereas it took at 

least 4 days in the case of the C-group defect. 

These different sets of data clearly demonstrated that A and C group 

XP cells are deficient in different gene products and that restoration of 

DNA repair after fusion of A with C group cells is due to intergenic com

plementation. 

A procedure was worked out to measure postreplication repair after 

UV irradiation of fused cells. After fusion of XP variant cells with 

normal cells or with excision-repair deficient XP cells from group A, 

C, and D a normal pattern of postreplication repair was observed in 

the heterokaryons, indicating complementation. In contrast, no complemen

tation was evident after fusion of six different XP variant strains from 

unrelated donors with varying clinical manifestations of the disease. 

This suggests, that the XP variants comprise a single genetic complemen

tation group different from group A, C and D. 

The diminished inhibition of DNA synthesis after X-ray exposure is a 

biochemical abnormality common to all AT cells strains (see project 2). 

Based on this abnormality a procedure for complementation analysis of AT 

was developed, that could be used for all AT strains. The technique used, 

was a single-cell autoradiographic assay for the rate of DNA synthesis. 

In addition to the two complementation groups (A, B) found by Paterson et 

al. earlier, we identified two new groups sofar: C (AT4BI and AT262) and 

D (AT5BI). These observations indicate that also in AT there is extensive 

genetic heterogeneity comparable to XP. 
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2. Localization of human (repair) genes. 

In this part of the project emphasis has mainly been on the development 

of techniques which could be used ultimately for the localization of genes 

involved in DNA repair. Several approaches have been followed: 

a) the transfer of genes by means of isolated metaphase chromosomes and 

isolated DNA; 

b) the characterization of human-human microcell hybrids; 

c) the characterization of the repair capacity in proliferating human-rodent 

somatic hybrid cells; 

d) the characterization of DNA-repair in cybrids obtained after fusion of 

XP eel ls with cytoplasts of human-Chinese hamster hybrid cells. 

a). Transfer of the genes coding for hypoxanthine phosphoribosyl transferase 

(HPRT) and thymidine kinase (TK) was achieved by incubating HPRT or TK defi

cient rodent cells with chromosomes isolated from human Hela cells (see 

Wullems et al., 1976 and 1977). After selection and isolation of the HPRT 

and TK positive clones it was shown that the selected rodent cell lines 

did express human HPRT or TK. In the experiments showing human HPRT transfer 

a few clones also expressed the X-I inked phosphoglycerate kinase (PGK) gene. 

This cotransfer of genes was shown for TK as well. With the aid of specific 

chromosome staining techniques it was shown that some of the transfer clones 

possessed pieces of human chromosome material. Last year gene transfer could 

be obtained by introduction of isolated DNA fragments into mammalian acceptor 

cells. Using this DNA-transformation technique we were able to transfer human 

TK and HPRT to rodent acceptor cells. These transfer techniques can be used 

for each gene which can be selected for. We are applying these techniques 

in our experiments which aim the transformation of UV sensitive XP eel Is into 

UV resistant cells by incorporation of the wild type XP gene. 

b). Characterization of microcell hybrids. 

The microcells were isolated from Hela cells or from a diploid human 

fibroblast cell strain. They were fused with diploid XP fibroblasts, HPRT 

deficient fibroblasts derived from a Lesch-Nyhan patient or HPRT deficient 

SV40 transformed XP cells. Restoration of the HPRT-activity and DNA-repair 

was observed in some of the hybrid cells as measured by 3H-hypoxanthine in

corporation and unscheduled DNA-synthesis following UV-irradiation. 
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Only the fusion of XP SV40 HPRT- XP cells with microcells derived from 

human diploid fibroblasts resulted in repair positive hybrid clones. However, 

the variability in the chromosome set of the SV40 transformed XP cell lines 

did not allow the identification of the chromosome(s) being introduced by the 

microcell. We concluded that this technique cannot be used for the assignment 

of repair genes on human chromosomes. 

c). Characterization of proliferating human-rodent hybrids. Human chromo

somes are preferentially lost in these hybrids and many homologous gene 

products of man and rodents can be distinguished. Correlation between loss 

or retention of human chromosomes and human gene products has resulted 

in the localization of a large number of genes on human chromosomes (see 

Westerveld er al., 1976 and other publications). We have tried to use a 50% 

difference in UDS level between human and Chinese hamster cells as a repair 

marker in hybrid cells. A number of hybrid eel 1 1 ines isolated after fusion 

of normal human and Chinese hamster cells were characterized for their UV 

induced repair capacity. The data did reveal different repair values in 

hybrids with different human chromosome content. However, we were unable to 

correlate a specific level of UDS with the retention or loss of one specific 

human chromosome. This system will now be modified by using Chinese hamster 

repair deficient mutant cells in the fusions (see project 1). 

d). During the last year of this contract we have developed a new procedure 

for mapping of one of the XP mutations on a human chromosome. This procedure 

is based on our studies of complementation kinetics in heterokaryons and cybrids. 

The fast rate of complementation of the A-group defect is used as a marker in 

cybrids obtained after fusion of UV exposed XP A group cells with cytoplasts 

of human-Chinese hamster hybrid cells. Our Chinese hamster parental cells 

were unable to achieve fast complementation of the A group defect. 

Therefore, restoration of DNA repair in the UV exposed XP nucleus in the 

cybrids is dependent on the presence of the human wild type gene product 

in the cytoplasts of the human-Chinese hamster hybrid. Correlation of 

presence or absence of human chromosomes in the hybrids with UDS levels 

found in the cybrids may reveal the human chromosome that carries the gene 

which is mutated in XP patients belonging to the A group. 
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1. Progress in the study of DNA repair processes is largely connected with 

the availability of repair deficient cells. Therefore, during the contract 

period, efforts have been directed at the isolation of repair deficient 

mutants in Chinese hamster cells. The first approach which has been followed 

was the isolation of 158 clones after a strong mutagenic treatment with 

EMS. From these clones 123 were tested for survival after a single dose 

of X-rays (800 k) or UV (10 J/m
2
). An indication for radiation sensitivity 

was found in 27 clones, which have been retested with the determination of 

their survival curves after X-raysand UV. In this way a stable radiation 

sensitivity has been confirmed for five clones. Two of them (no. 1 and 

no. 145) were UV sensitive, one (no. 93) was X-ray sensitive and two (no. 

24 and no. 36) were sensitive for both UV and X-ray. Because the evidence 

for a repair-deficiency in these clones appeared poor (see project 2 and 

3) and because their radiation-sensitivity is only about 2-fold enhanced, 

experiments have been carried out to develop a method which would allow the 

isolation of rare radiation sensitive mutants. Excision repair deficient 

cells in G
1 

will incorporate less BUdR after UV irradiation due to 

diminished repair replication. Because of this the cells are less vulnerable 

to the killing effects of UVA (long wave ultraviolet irradiation) . Moreover 

this killing effect of UVA can be enhanced considerably by the addition of 

Hoechst stain. Reconstruction experiments are being carried out in which 

unirradiated cells represent repair deficient cells and irradiated cells 

as repair proficient cells. In this way it appears possible to sort out 

the optimal conditions for the selection of repair deficient cells. The 
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results so far obtained suggest that repair deficient cells can be 100 -

1000 fold enriched in a population by this procedure. 

2. A patient diagnosed as Black fan Diamond (pure red cell aplasia) was 

examined for the response to UV mitomycin C and X-rays, as studied by increase 

in frequency of chromosomal aberrations, micronuclei and sister chromatid 

exchanges in the peripheral blood lymphocytes. The spontaneous frequencies 

of chromosomal aberrations in this patient is abou~ 3 times higher than 

control. While the response to UV and MMC was normal in this patient, 

the frequencies of x-ray-induced aberrations and micronuclei were 2-fold 

higher. 

3. The radiation sensitivity in hum?-n diploid skin fibroblasts was 

determined in nine wild type cell lines derived from normal individuals and 

in nine age-matched cell lines der~ved from patients with Huntington's 

Chorea. The D
0 

of the normal strains was 111.2 + 13.3 with an extrapolation 

of 1.00 + 0.14 while the D
0 

of the Huntington strains amounted to 

113.2 + 12.9 with an extrapolat~on number of 1.11 + 0.25. These results 

show that the radiation sensitivity of cells from patients with Huntington's 

Chorea cannot be distinguished from the radiation sensitivity of normal 

cells. Moreover they do confirm that heterogeneity in the radiation response 

is present in the normal human population. 
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Title of Project No. 2: Biochemical Characterization of radio-sensitive 

mutants 

Project Leader and Scientists: Dr.Ir. A.A. van Zeeland, Dr. J.W.I.M. 

Simons 

1. Analysis of excision repair of pyrimidine dimers in mammalian cells. 

Quantification of pyrimidine dimers in DNA is important for the in

vestigation of the repair mechanisms utilized by cells after irradiation 

with ultraviolet light. A widely used method for such purposes involves the 

chromatographic separation of acid digestion products of DNA containing 

radioactively labelled thymine residues. Because the technique relies upon 

resolution of very small amounts of dimerized bases from the unaffected 

bases, its sensitivity decreases at pyrimidine dimer frequencies lower than 

those produced by irradiation of about 10 J/m
2

. However, the biological 

significant dose range for mammalian cells and repair deficient bacterial 

mutants lies below 10 J/m2 • A more sensitive assay has been developed in 

which UV specific endonucleases are used to introduce single strand scissions 

in DNA at the sites of pyrimidine dimers. The molecular weight reduction of 

such DNA, usually analyzed by velocity sedimentation on alkaline sucrose 

gradients, may be used to determine pyrimidine dimer frequencies. The 

sensitivity of this assay is limited by the difficulty of isolating DNA of 

high molecular weight. This difficulty has been circumvented in bacterial 

systems by introducing the endonuclease directly into cells permeabilized 

by detergent and then lysing the cells directly atop the alkaline sucrose 

gradients used for the analysis of molecular weight. 

In this project we have developed an analogous technique for intro

ducing endonuclease V from phage T4 injected ~· coli directly into mammalian 

cells. This technique involves permeabilization of the cells by rapid 

freezing and thawing them twice, thereby rendering about 50% of the pyri-

midine dimers accessible to T4 endo V. The percentage of pyrimidine dimers 

which are substrate for T4 endo V can be enhanced to nearly 100% by treat-

-ment of the permeabilized cells with a high concentration (2M) of NaCl 

prior to incubation with the enzyme preparation. Since the number average 

molecular weight of DNA from unirradiated cells is usually around 2 x 10
8 

daltons, frequencies of pyrimidine dimers induced by very low doses of UV 

(less than 0.5 J/m2) can be detected. 
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Loss of endonuclease sites from cellular DNA was observed during post

irradiation incubation of V79 Chinese hamster cells and several human cell 

strains. V79 Chinese hamster cells were able to remove about 25% of the 

UV-induced endonuclease sensitive sites from their DNA in 24 hours (5 J/m
2
). 

This small but reproducible removal of dimers is in accordance with our 

measurements of the amount of repair replication in the same cells carried 

out with bromodeoxy uridine labelling and CsCl density centrifugation. 

In contrast to Chinese hamster cells, normal human fibroblasts are 

able to excise pyrimidine dimers at a much higher rate (33% in 6 hr and 

70% in 24 hr after 10 J/m
2
). Under liquid holding conditions pyrimidine 

dimer frequencies were measured in normal human fibroblasts as well as in 

xeroderma pigmentosum cells (XP7BE, complementation group D). In the normal 

cells (10 J/m2) 63% was excised in 1 day, 80% in 2 days and 91% in 7 days. 

In the XP-cells (1 J/m
2

) 11% was excised in day, 14% in 2 days and 31% 

in 7 days. Mutants No. 24 and 36 which were isolated from mutagenized 

populations of V79 Chinese hamster cells and showed enhanced sensitivity 

to UV-irradiation for cell survival, were analyzed for the amount of repair 

replication induced by 5 J/m2 • The extent of repair replication was not 

different from the amount detected in wild type V79 cells. 

2. Analysis of post replication repair in mammalian cells. 

Changes in size of nascent DNA strands after UV irradiation have been 

followed in order to analyze the capacity of mammalian cells to synthesize 

DNA on a damaged template. It has been shown that DNA synthesized at early 

times following UV-irradiation is relative small compared to DNA synthesized 

in control cells, whereas at late times cells are able to synthesize high 

molecular weight DNA even though the parental strand still contains UV-damage. 

This phenomenon is usually referred to as "post replication repair". We have 

studied the question whether pyrimidine dimers are blocking the elongation 

of daughter strand DNA and if so, how long these blocks persists, since 

eventually the cells are able to synthesize high molecular weight DNA. 

Addition of 3s-thymidine to cells immediately following UV-irradiation will 

result in radioactively labelled daughter strand DNA that is covalently 

bound to unlabelled stretches of daughter strand DNA which were already 

present at the moment of UV-irradiation. These preexisting stretches of 

daughter strand DNA will therefore contain pyrimidine dimers. By 

permeabilizing the cells and adding T4 endo V we were able to cut off these 

dimers containing pieces of daughter strand DNA. The size of the remaining 

radioactively labelled daughter strand DNA was analyzed on alkaline sucrose 
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gradients and compared with the interdimer distance which was visualized by 

prelabelling parental DNA with 
14

c-thymidine. The results show that in V79 

Chinese hamster cells as well as in normal human fibroblasts daughter strand 

DNA synthesized during the first 15 minutes after UV-irradiation has a 

size equal or slightly larger than the interdimer distance. At later times 

this newly synthesized DNA is rapidly elongated up to 7 times the interdimer 

distance in 4 hou~s. Therefore pyrimidine dimers are only causing a block 

for the growth of daughter strand DNA during the first 15 minutes after UV 

irradiation. 

3. Photoreactivation of pyrimidine dimers in Xenopus laevis cells in culture. 

The capacity of Xenopus laevis cells to remove pyrimidine dimers by 

photoreactivation was analyzed using UV doses of 2-10 J/m
2 

(254 nm). The 

cells were subsequently exposed to photoreactivating light (Phillips 

TL09 lamp, predominantly emitting 350 nm). 80-95% of the pyrimidine dimers 

were removed when the cells were exposed for one hour to this photo

reactivating light. The effects of photoreactivation on biological endpoints 

such as survival and the induction of ge~e mutations was analyzed (see 

Project No. 3) . 
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Title of Project No. 3: The consequences of DNA damage and repair 

Project Leader and Scientists: Dr. P.P.W. van Buul, D.R. A.T. Natarajan, 

Dr. J.W.I.M. Simons, Dr.Ir. A.A. van Zee

land 

1. The radiation sensitive mutant isolated from V-79 Chinese hamster cells 

(see Project No. 1) were tested for the induction of mutations, chromosome 

aberrations and SCE's. Mutants No. 24 and 36, which are sensitive to both 

UV and X-ray showed no difference in mutation induction after X-rays com

pared with wild type while after UV-irradiation mutant No. 24 was slightly 

more mutable and mutant No. 36 appeared normal. Experiments with mutants 

No. 1 and 145, which are sensitive to UV indicated that mutant No. 145 was 

not different from normal in mutation induction after UV-irradiation where

as mutant No. 1 appeared slightly less mutable. Mutant No. 93, which is 

sensitive to X-ray appeared normal in mutation induction after X-rays. 

The induction of chromosome aberrations appeared strongly enhanced, com

pared to normal cells in mutants Nos. 24 and 145 after UV-irradiation and in 

mutants Nos. 36 and 93 after X-irradiation. Mutant No. 1 appeared normal 

after UV-irradiation in this respect. The spontaneous SCE frequency appeared 

only enhanced in mutant No. 24 whereas mutant No. 36 had elevated levels 

in some of the experiments. The data together provide no hard evidence for 

the presence of a repair deficiency in these mutants (see also project 

No. 2) but they do show that different cellular processes are involved in 

the production of mutations, chromosome aberrations and SCE's. 

2. Four experiments were performed to study mutation induction after X-ir

radiation in air in human diploid skin fibroblasts derived from patients 

with Ataxia telangiectasia (AT). The cell line used was AT5Bi. Induction of 

mutation has not been observed. If the enhanced radiation sensitivity of 

the cells would correspond with an enhanced mutation induction, as appears 
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to be the case for cell lines from patients with classical Xeroderma pig-

mentosum the mutation induction would have been 3 times higher than in 

normal cells and such an enhanced mutation induction would not have been 

missed in these experiments. Therefore it is indicated that the induction 

of mutation after X-rays is not enhanced in AT cells. No information was 

obtained on the question whether AT cells are mutable by X-rays. Because of the 

extreme radiosensitivity of the AT cells the dose which could be applied was low. 

As under anoxic conditions much higher doses of ionizing radiation can be 

administered than under oxic conditions it was tested whether it was 

possible to obtain higher frequencies of induced mutation by high doses of 

x-ray in the presence of cysteamine and in nitrogen (experiments in 

cooperation with Dr. v.d. Schans, TNO, Rijswij~. The results indicated that 

in normal human skin fibroblasts much less mutants are induced per rad 

under anoxic conditions than after X-irradiation in air, which rendered 

this approach not suitable to study mutation induction in AT cells. When 

the cytotoxicity of AT and normal qells was determined after irradiation in 

air and after irradiation in nitrogen and in the presence of 20 mM cyste-

amine the ratio of the Do's from normal to AT cells changed from 3.1 when 

irradiated in air to 4.0 when irradiated in nitrogen in the presence of 

cysteamine. This means that the lesion(s) for which AT cells are sensitive 

became relatively more frequent under anoxic conditions. Under the anoxic 

conditions used the number of breaks per rad is about 7-fold reduced while 

the number of base-pair changes per rad remains unaltered. Therefore the 

data suggest that AT cells are defective both in the repair of base damage 

and of breaks. AT cells and normal cells do not appear to differ in their 

frequencies of spontaneous mutations. 

3. When DNA-replication is inhibited in mutagenised cells excision repair 

can take place over an extended period, which modifies the initial DNA

damage and which will have consequences for the frequencies of biological 

endpoints. Such a liquid holding method has been developed for human diploid 

skin fibroblasts by keeping confluent cultures stationary over periods of 

7 days or longer by means of conditioned medium. Under this condition 

recovery from radiation damage induced by ultraviolet light or X-rays is 

observed as an increase in cloning-efficiency. The repair-deficient human 

cell strains XP25Ro and XP7Be (Xeroderma pigmentosum from complementation 

groups A and D respectively) exhibit less but still discernable recovery 

after UV-irradiation and the same was observed for AT5Bi after X-irradiation. 
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Experiments on mutation induction indicated that the repair which takes 

place during liquid holding of UV-irradiated XP7Be cells practically 

abolishes the mutation induction while after liquid holding of wild type 

cells irradiated with UV (254 nm and 313 nm) still some induction of 

mutations is observed. 

4. Photoreactivation of UV induced cell killing and mutations in Xenopus 

laevis fibroblasts. 

Cells from Xenopus laevis in culture have the capacity to remove UV-induced 

pyrimidine dimers upon exposure with photoreactivating light (see Project 

No. 2). One hour exposure to fluorescent light (Phillips TL09 lamps with 

an emission from 305-450 nm and a maximum at 350 nm) causes a reduction of 

about 90% in the frequency of pyrimidine dimers. In parallel experiments, 

the extent of UV-induced cell killing detected by colony forming ability of 

the cells was strongly reduced. A technique to detect ouabain resistant 

mutants in these cell populations was developed. The frequency of mutants 

resistant to 10-6 M ouabain could be measured and UV-induced mutations to 

ouabain resistant were fully expressed after a post UV expression time of 

2 days. Exposure of UV-irradiated cells for one hour to photoreactivating 

light reduced the mutant frequency with 96%. These results indicate a direct 

correlation between pyrimidine dimers and the induction of gene mutations 

as well as cell killing in this system. 
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During the contract period the collection of human and Chinese hamster cell 

lines mutated in different DNA repair mechanisms has been expanded. 

Human cells. 

In 1978 we have described that cells derived from patients with ataxia 

telangiectasia (AT) are sensitive to ionizing radiation. DNA damage in cells 

irradiated with 
60

co-y-rays was studied in these cells and in normal human 

fibroblasts. The induction and removal of DNA lesions was followed by seve

ral teclmiqUA'l· 

In the first place we used the in vitro enzymatic assay to monitor the 

presence of base-damage in the DNA of eukaryotic cells after y-irradiation. 

In this method the lesions are recognized by specific endonucleases (present 

I 
in an extract from Microco-::cus luteus bacteria) which cause single-strand 

nicks close to the lesions. The number of nicks is then determined. We tried 

to improve the sensitivity of this method by attempts to increase th~ ratio 

between the base-damages caused by Y-rays and the directly induced DNA 

'breaks, by varying the experimental conditions of irradiation. Irradiation 

under N2 instead of 0
2 

had a favourable effect, since it hardly influen

ced the number of base damages per Gy, but led to a 2-fold decrease in the 

number of radiation induced breaks, resulting in a approximately 1:1 ratio 

for single-strand breaks and base-damages. In the second place, the effect 

of the presence of sensi tizers (viz. TAN and PNAP) during the irradiation 

was studied. As expected, these compounds enhanced the sensitivity of the 

cells toY-rays resulting in less survival per Gy. They also gave an increa

se in the number of base-damages, as judged by the y-endonuclease assay, but 

the number of radiation induced breaks increased as well, so the 1:1 ratio 

under anoxia was maintained. The sensitivity of the method was considerably 

improved, however, when protective agents were used during irradiation. With 
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the protective agent cysteamine, present at 20mM during )'-irradiation, the 

absolute nwnber of base damaees per unit dose as scored by the in vitro en

zymatic assay was not affected, whereas the number of single strand breaks 

in DNA was greatly reduced. 

The improved assay was used to study normal cells and ataxia telangiec

tasia cells for their capability of removing base drunages. We found that the 

presence of the protective aeent during irradiation did not affect the sub

sequent repair of the base-damages, neither in normal nor in ataxia cells. 

In the contract period we have extensively tried to find a possible 

difference between normal human cells and ataxia cells in the capacity of 

removing base damages induced by y-rays. However, in contrast to the results 

described by Paterson et al. (Nature 260, 444, 1978), we never have found 

any sienificant difference in the response of both cell lines. This failure 

in detecting difference in repair capacity between ataxia cells and normal 

human cells also occurred when the same cell lines, identical methods and 

the same materials were tried as were used by the group of Paterson in Cana

da. Therefore, at the moment we believe that ataxia cells and normal human 

cells do not differ in their capacity to remove y-ray induced base damages, 

as recognized by the in vitro >,enzymatic assay with the endonucleases of Hi

~~£~-~ lute~ 

As a second approach to investigate the repair of DNA dam~ged hy ioni

zing radiation in ataxia cells we studied the amount of repair-replication 

as measured by the incorporation of ( 3H)-thymidine in damaged DNA regions. 

In agreement with the previ~usly described results of the group of Paterson, 

we found a decreased capacity of ataxia cells to perform repair replication 

in comparison to normal hwnan cells, when both were trradia ted with compara

ble doses of ionizing radiation. This reduction was independent of the dif

ference in the duration of generation cycle between ataxia cells and normal 

human cells. These results indicate that the enhanced sensitivity of ataxia 

cells as measured by the survival of the cells may indeed be attributed to a 

DNA repair defect. With normal humrun cells )'-irradiation in the presence of 

cysteamine resulted in a decreased repair-replication, after irradiation. 

Most probably this is due to a protection against the induction of certain 

DNA damages that normally give rise to repair-replication. Also with AT

cells (AT3BI) a decreased repair-replication was observed after irradiation 

in the presence of cystt!~<rnine, in addition to the lower repair-replication 

that these cells already show due to the defect in their repair mechanism. 
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In a third approach ;re studied the repair of y-irradiation induced DNA 

breaks in nonnal hwnan and ataxia cells. Indications have been found sofar 

that the enhanced sensitivity of ataxia cells might be attributed to the 

fact that a sl'lall fraction of y-rays induced DNA breaks is not repaired b, 

these cells. In attempts to identify more specifically the repair defect in 

ataxia cells, we study the induction and repair of DNA breaks with different 

techniques, »ncluding a more sensitive one which allows the use of low irra

diation doses. To this purpose three techniques have been introduced. Sedi

mentation in alkaline sucrose gradients after direct lysis of the cells on 

top of the gradients, and alkaline elution from membrane filters are used 

for the detection of single-strand breaks and possibly also cross-links, and 

for the detection of double-strand breaks the neutral elution method is 

applied. 

When the repair of single-strand breaks induced by moderate to high 

doses (20-150 Gy) of y-rays was studied, a rapid and slow repair could be 

distinguished, representing two different types of lesions. The induction of 

the rapidly repaired single-strand breaks could be prevented by the presence 

of cysteamine during irradiation. Both types of single-strand breaks were 

also observed in irradiated AT3BI cells; they are repaired at the same rates 

as in normal cells. 

After low irradiation doses (~ 4 Gy), in normal cells more than 50% of 

the single-strand bceaks were found to be repaired within 2 minutes after 

irr~uiation, whereas preliminary results with AT3BI cells indicate that here 

some 3-6 minutes are needed to reach this percentage. 

With the sensitive neutral elution method double-strand DNA breaks ap

peared to be detectable at radiation doses (10-50 Gy) which are only slight

ly higher than biologically relevant doses for mammalian cells (the 37 % 

survival dose is of the order of magnitude of 2 Gy). Also for the y-rays 

induced double-strand breaks we found a remarkably rapid repair of a large 

part of the lesions (50% is repaired within 10 minutes after irradiation), 

but repair does not continue at this high rate. A significant fraction of 

the breaks is repaired much more slowly ( t t about 60 min) • Our results 

indicate that in general 80-97% of the breaks has disappeared after 2 h of 

incubation. The repair of double-strand breaks in two strains of ataxia te

langiectasia (AT3BI and AT2BE) did not differ significantly from that in 

normal cells. 
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When normal cells were irradiated in the absence of oxygen, a four 

times decreased induction of double-strand breaks was observed, whereas ir

radiation under nitrogen in the presence of cysteamine resulted in an eight

fold reduced induction of double-strand breaks. Repair of these breaks fol

lowed the same time-c~urse as observed after irradiation in air. 
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stitute EMBO Lecture Course: Chromosome damage and repair. June 1980, 
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Biochemical characterization of radio
sensitive mutants 

Head of project and scientific staff : Dr. P.H.M. Lohman 

In the past it has been found that DNA repair pathways in mammalian 

cells are of great complexity. Not only are the enzymatic steps very complex 

in nature, but also there exists a number of lesion-specific pathways. The 

objective of this study has been to identify lesions in DNA after either UV

or y-irradiation and to follow the repair of these lesions in mammalian 

cells. 

Ionizing radiation damage: DNA breaks versus DNA base damage. 

As described under project 1 and 3, we studied the differences in re

pair of DNA breaks and DNA base-damage in human and Chinese hamster cell 

lines irradiated with y-rays. This approach was shown to be considerably 

more successful when protective agents are used during the irradiation to 

modify the ratio between y-rays induced DNA strand-breaks and DNA base-dama

ge. The continuation of ~ese experiments will hopefully lead to a better 

understanding of error-prone lesions in the DNA of mammalian cells treated 

with ionizing radiation. 

Ultraviolet radiation (UV). a. Dimer- versus non-dimer lesions. 

In this contractperiod we have completed our first study on the induc

tion and repair of dimer- and non-dimer DNA lesions in Chinese Hamster Ovary 

(CHO) cells irradiated either with 254nm UV or with broad spectrum "near UV" 

.(in the latter case two irradiation conditions were used, with peak wave

lenghts of 290nm and 313nm respectively). The radiation sources used induce 

dimers and, depending on the wavelenght, a various amount of other, so far 

unknown, lesions in the DNA of CHO cells. A comparative study was made of 

the induction of pyrimidine dimers, survival, the amount of excision repair, 

the induction of sister chromatid exchanges (SCE) and the induction of muta

tions leading to 6-thioguanine resistance. 
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With all three radiation eourcee it was found that in CHO cella the 

measured amount of DNA excision repair and the production of SCE's was di

rectly correlated with the presence of dimers in the DNA. However, when sur

vival and mutation induction were measured in the UV-irradiated cells, it 

was found that not only pyrimidine dimers, but also other, unknown, DNA le

sions are of biological significance. These lesions are of particular impor

tance for the "near UV" sources because of their relative abundance in rela-

~tion to the dimers. 

b. DNA repair and survival in UV-irradiated chicken embryo fibroblasts. 

The role of the pyrimidine dimers in cell killing and DNA repair has 

been studied in 254nm UV irradiated chicken embryo fibroblasts. In contrast 

to human fibroblasts, these cells possess an active photo-reactiviting sys

tem (PR), i.e. a visible light requiring system for the monomerisation of 

pyrimidine dimers. By comparing UV-irradiated cells either illuminated or 

kept in the dark after irradiation, the importance of dimers could be stu

died. 

Survival was increased when the cells were exposed to PR light. At the 

same time the number of induced dimers in the DNA of chicken cells decrea

sed. In this way it could be demonstrated directly that dimers are primarily 

responsible for the deleterious effects of 254nm UV on the survival of em

bryonic chicken cells. The effect of PR on the amount of repair replication 

lTas less clear. PR had little effect on repair during the initial period, 

but in a prolonged experiment a strongly reduced repair replication was 

found. Probably dimers are responsible for the majority of repair synthesis, 

but in the initial phase the number of dimers left unrepaired by PR is suf

ficient for a normal rate of excision repair. 

c. Repair of UV damage in xeroderma pigmentosum cells (XP). 

The biochemical nature of the repair defect in XP was investigated by 

using a sensitive (enzymatic) assay for the detection of pyrimidine dimers, 

the predominant lesion induced in the DNA by 254nm UV. Seven XP-strains, 

chosen from the 7 complemen ta tion groups A through G, and one XP-varian t 

were compared with normal human fibroblasts. The XP-variant showed a normal 

level of dimer removal, whereas 6 of the other XP-strains had a greatly re

duced capacity to remove this DNA damage, in agreement with the level of 

unscheduled DNA synthesis (UDS) in these cells. The F group strain (XP230S), 

however, was found to remove more dimers from its DNA than was expected from 

the low level of UDS in thin strain. 
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Both the F group strain (XP230S) and an E group strain (XP2RO) were 

studied in more detail. In XP230S, UDS was followed over a longer period 

than the two or three hours normally used in UDS analysis. It appeared th11-

in these cells the rate of UDS remains constant, whereas in normal cells the 

initially high rate decreases after prolonged incubation to about the same 

level as the constant rate in XP230S. When compared over the same repair-pe

riod, dimer removal and UDS in XP230S showed approx. the same reduction in 

relation to these phenomena in normal human fibroblasts. In XP2RO it was 

shown that the reduced level of UDS is not caused by a shorter length of the 

repair regions in XP2RO DNA, but is solely due to reduction in the number of 

sites/unit of time removed by excision repair. 
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3. DNA repair in human xeroderma pigmentosum and Chinese hamster cells. 

B. Zelle, Ph.D. thesis, Erasmus University, Rotterdam, The Netherlands 
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Title of Project No. 3: Genetic studies on DNA repair mutants 

Head of project and scientific staff : Dr. P.H.M. Lohman 

The influence of thiol-compounds on the induction of mutants in Chinese ham

ster cells by ionizing radiation. 

Parallel to the studies with human cells described under project no. 1, 

the effect of ionizing radiation on Chinese hamster cells was investigated. 

Also with these cells the presence of protective agents during exposure to 

y-rays results in a remarkable decrease in the number of directly induced 

single-strand breaks, whereas the number of certain DNA base damages is not 

significantly affected. With these cells, also the induction of mutations 

leading to 6-thioguanine resistance was measured. It was found that 1mder 

the applied irradiation conditions (in a ni troeen atmosphere), at the same 

level of survival, the mutant fretJ.uency under the survivors is enhanced by 

the presence of the protective agent cysteamine during irradiation. It is 

concluded that probably base-damages that can be detected as y-endonuclease 

susceptible sites are predominantly recponsible for the induction of mutants 

in the Chinese hamster cells. Experiments are in progress to study whether 

also when irradiation is carried out in the presence of oxygen, DNA base 

damages play an important role in the induction of mutations. 

Complementation analysis in xeroderma pigmentosum cells. 

In cooperation with the other four contractors mentioned in the pream

ble of this report, we continued the characterization of, at present, 7 dif

ferent complementation groups in XP. 

The genetic basis of complementation in XP is still obscure. The 7 

groups may represent mutations in 7 different genes involved in excision 

repair (intergenic complementation). However, the possibility of complemen

tation between different mutations in the same gene (intragenic complementa

tion) cannot be ruled out. In collaboration with the University of Rotterdam 

ve have approached this problem indirectly by studying complementation in 

the case of repair of lesions produced by the carcinogen 4-nitroCJ.uinoline-1-

oxide (4NQO), for which XP cells are also hypersensitive. The experiments 

revealed that the classification of the XP strains into complementation 
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groups with respect to 4NQO-induced repair coincides with the classification 

based on the repair of UV damage. In this respect the results obtained with 

4NQO do not oppose the concept of intergenic complementation, but still the 

intragenic complementation cannot be excluded. Furthermore the results indi

cate that the gene products being defective in these XP complementation 

groups have a similar effect on the repair of different types of DNA le

sions, revealing that these gene products operate in steps in the DNA repair 

process which do not show a lesion specificity. 

Publications. 

1. A seventh complementation group in excision-deficient xeroderma pigmen

tosum. w. Keijzer, N.G.J. Jaspers, P.H. Abrahams, A.M.R. Taylor, c.F. 

Arlett, B. Zelle, H. Takebe, P.D.S. Kinmont and D. Bootsma. Mutation 

Research 62, 183-190, 1979. 

2. Repair of DNA damage after exposure to 4-nitroquinoline-1-oxide in he

terokaryons derived from xeroderma pigmentosum. B. Zelle and D. Bootsma 

Mutation Research 70, 373-381, 1980. 

3. Influence of thiol-compounds on the induction in Chinese hamster cells 

of y-endonuclease sensitive sites and of mutants by ionizing radiation. 

G.P. van der Schans, H.B. Centen, P.H.M. Lohman. Abstract of the· 

meeting of contractants of the EEC. Biochemistry and Genetics of DNA 

repair. Gif-sur-Yvette, France, January 24-25, 1979. 
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Prof. B. A. Bridges, Sussex, 
United Kingdom 

To identify and characterize variant strains 
of mammalian cells deficient in repair of 
DNA damage 

Title of Project No. 1: Isolation of radiation-sensitive mutants 

Head of project and scientific staff: Dr. C. F. Arlett 

On the basis of our original aims of establishing a collection of human 

cells which might prove defective in the repair of DNA damage, we now 

have ava~lable for study a bank of some 300 cell strains or lines. 

These are representative of normal individuals and a wide range of 

patients suffering from genetic diseases. They have been catalogued 

in the various research reports and represent our source material. 

A major effort has been devoted towards establishing the limits of 

in vitro sensitivity for human cells towards a range of agents which 

damage DNA in various ways. Cellular sensitivity for ioni~ing radiation 

had been studied in a variety of cell strains (Arlett and Harcourt, 1980). 

The overall range in observed Do values was 38-180 rads suggesting consider

able variation in radiation sensitivity in human cells. The lower limit 

is represented by a set of 10 ataxia-telangiectasia (A-T) cell strains 

(mean Do 57 :!: 15 rads). We consider the mean Do value for normal cells 

to be 127 :!: 17 (S.E.) rads. Inte:rmediate sensitivity has been observed 

in cells from familial retinoblastoma patients, Fanconi's anaemia and 

Hutchinson-Gilford progeria. Since making these original observations 

we have found similar intermediate gamma-ray sensitivity in same but not 

all Huntington's disease cell strains (Arlett, 1980a), a single 

Friedreich's ataxia cell strain (l.ewis et al., 1979) and one (XP3BR) 

out of seven xeroderma pigrnentOSI.III (XP) cell strains (Arlett et aZ. , 

1980b). 
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Cellular sensitivity to the lethal effects of UV light has also been 

studied in a ntmlber of cell strains (Lelinann et at., 1977; Arlett, 1979, 1980b). 

All XP cell strains defective in excision repair show a considerable 

hypersensitivity to the lethal effects of UV when compared with cells 

from normal individuals. The excision competent but post-replication 

repair defective 'variant' XP cell strain show little of any enhanced 

sensitivity (Arlett, 1979, 1980b). Cell strains originating from Cockayne 

syndrane(CS) have also been confi:nned in their UV sensitivity by us 

(Marshal! et al. 1980; Arlett, 1979, 1980b). A unique cell strain with 

cellular sensitivity to UV (11961) has been isolated (Arlett et al., 1978). 

A number of conditions with an undoubted actinic involvement such as 

Rotlinund-'ll"OOJpson syndrane, Da.riers disease and Ferguson-Smith syndrane 

have also been investigated. No enhanced cellular sensi ti vi ty to UV light 

has been detected in fibroblast strains from patients suffering from these 

diseases. 
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Title of Project No. 2: Biochemical characterization of radio-sensitive 
mutants 

Head of project and scientific staff: Dr. A. R. Lehmann 

At the end of the last programne we had identified a biochanical defect 

in post-replication repair (now often called daughter-strand repair) in 

the variant fonn of xerodenna pigmentosum (XP). This provided the 

stimulus for a search for defects in DNA repair in cells derived from 

donors with other genetic disorders with possible indications of mutagen 

sensitivity, for exrunple with multiple skin cancers or with light 

sensitive disorders. Most of these cell strains had nonnal responses 

at the cellular level. All XP variant strains had the pronounced defect 

in post-replication repair, and all the excision-defective XP' s except 

those fran canplanentation group E, had an intennediate defect (I.ehmann 

et aZ. 1977). One cell strain, derived from a sun-sensitive child 

(11961), was hypersensitive to the killing action of UV. No defect was 

found in this strain in either excision or post-replication repair 

(Arlett et aZ. 1978). S:imilar properties were also found in other 

laboratories for cells fran individuals with Cockayne syndrome (CS), 

another autosomal recessive sun-sensitive disorder. We instigated 

further studies on DNA synthesis in CS and 11961 cells. We showed that the 

overall rate of DNA synthesis was initially inhibited to the same extent 

in the nonnal and the defective cells, but in nonnal cells it recovered 

dramatically about five hours after UV-irradiation. This recovery was 

not seen either in 11961 or CS cells (l.ebnann et aZ. 1979). The response 

in Cockayne heterozygotes was nonnal. The recovery in nonnal cells was 

not inhibited by fluorodeaxyuridine, an inhibitor of WA synthesis, but 

it was prevented by cyclohex:imide, an inhibitor of protein synthesis. 

These results suggested that the recovery of DNA synthesis might be 

inducible (Lehmann et aZ. 1979). 

We have also continued studies on the mechanisn of post-replication repair 

in human cells. We investigated in detail the suggestion fran the \\Ork 

of others, that recanbinational exchanges might be associated with post

replication repair. We were able to reproduce the observations fran 

other laboratori!'S, that pyrimidine dimers were associated with daughter 

DNA strands, but extension of these studies suggested that this coold 

well be an artefact caused by attacbnent of labelled DNA to pre-

existing dimer containing strands rather than by exchanges (Lehmann, 
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Kirk-Bell and Arlett, 1977; Lehmann and Kirk-Bell, 1978). We also 

showed that the frequency of pyrimidine dimers in the region of the 

replication fork was similar to that in bulk DNA in normal cells, and that 

in XP variants toe size of daughter-strand DNA after UV-irradiation 

corresponded accurately to the inter-dimer distance in parental strands 

(Lehnann, 1979). 

The discovery of cellular hypersensitivity to ionizing radiation in 

ataxia-telangiectasia (A-T) (Taylor et al. 1975) stimulated a search for 

a biochemical defect in the repair of radiation-induced damage in these 

cells. No defect was found in the repair of single- (Taylor et al. 

1975) or double-strand breaks (Lehmann and Stevens, 1977). An assess

ment of these and other data on A-T cells led to the hypothesis that the 

radiosensitivity in A-T cells could result from an inability to rejoin a 

very enall fraction of the total strand-breaks, which had some special 

structure (Lehmann, 1977). This was consistent with the finding of 

hypersensitivity in A-T cells to bleomycin, an agent known to produce 

strand-breaks, rut not altered bases in DNA. As with the radiation 

studies, however, no gross defect in the repair of strand breaks could 

be detected biochemically after treatment with bleomycin (Lehmann and 

Stevens, 1979). 

Many of our routine assays for defects in excision repair were aided 

by the development of a rapid simple procedure for its measurement, and 

extension of these studies have provided a rapid complementation assay 

for XP cells (Lehmann and Stevens, 1980). 
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Title of Project No. 3: Genetic studies on DNA repair mutants 

Head of project and scientific staff: Dr. c. F. Arlett 

Three classes of experiirents are employed in this project:(i) routine 

dose response survival curves which measure the lethal effects of a 

particular DNA damaging agent in a human cell strain. These experi

ments have allowed us to screen out mutagen sensitive cell strains 

fran Project 1: (ii) nutation induction to 6-thioguanine resistance. 

Such experiirents are demanding in both resources and tUne but do allow 

us to measure the consequences of any nutagen sensitivity or defect in 

DNA repair. Both excision repair-defective and post-replication repair

defective XP cell strains are hypernutable when treated with IN (Arlett, 

1980b). XP3BR, a cell strain from the second representative patient 

fran canplanentation groop G (Keijzer et aZ.. 1979) is important in 

providing us with the first cell strain with any indications of a 

hypersensitivity to the nutagenic as well as the lethal effects of 

ionising radiation (Arlett et aZ. • 1980b). Indeed these cells differ 

markedly from A-T cell strains which appear to be hypomutable following 

treatrrent with ionising radiation (Arlett and Harcoort, 1978; Arlett, 

1980b). The absence of hypermutability following treatment of A-T cells 

with ionising radiation may be contrasted with the hypernutability of 

XP cells on treatment with IN light (Arlett et at.. 1980b; Arlett, 1980b). 

This difference suggests that the enhanced tumour incidence observed in 

A-T patients is not related in an obvioos way to the cellular sensitivity 

to ionising radiation and may, perhaps, be a consequence of defects in 

the innrune systan which are characteristic of these patients. 

(iii) Cytological tests to measure sister chranatid exchanges (~). 

These experiirents have been important in allowing us to distinguish cell 

strain 11961 from Cockayne syndrome. 11961 cells have a wild-type 

sensitivity to the induction of SCE whereas CS cells are hypersensitive 

to the induction of SCE by IN (Marshall et aZ. • 1980). These cytological 

observations on untransformed skin fibroblasts from CS contrast with 

results obtained with CS lymphoblastoid cell lines (Cheng et aZ., 

Cancer Res., 38 (1978) 1601-1609). A similar discrepancy between the 

results obtained for transformed and untransformed XP fibroblasts in 

response to the induction of SCE by ethyl methanesulphonate has also been 

recorded (Heddle and Arlett, 1980). There are thus significant dif

ferences in the results obtained fran the t\\0 cell types which suggests that 

transformed cells may have very different properties fran untransformed 

cells and that caution must be exercised in the extrapolation of results 

obtained with such cells. 
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Contractor: The University College of Swansea. 

Contract No.: l63-76J.BIO.UK. 

Dr. James M. Parry. 

Genetic change and DNA repair mechanisms in the yeast Saccharomocces cerevisiae 

(1976-1980). 

During the course of the contract we have undertaken the development of 

genetic and technical systems capable of assaying in the yeast Saccharomocces 

cerevisiae the induction of DNA damage and genetic change after ionising 

radiation exposure. 

Yeast strains were constructed capable of detecting the induction of 

recombination (both between and within genes), point mutation (both base 

substitution and frameshift) and chromosome aneuploidy after radiation 

exposure. Such strains were constructed in both repair proficient and 

repair deficient genetic backgrounds. Using such strains we are able to 

determine the role of the various repair enzymes of yeast upon the production 

of each genetic event. 

Extensive studies have been performed of the induction of the above 

genetic events after irradiation of cells during specific stages of the 

mitotic and more recently the meiotic division cycle. The studies indicate 

that there are considerable differences in cellular sensitivity during the 

division cycle and the maximur induction of al·l t~e genetic events occurred 

in yeast cells irradiated in the G1 phase of cell division. For future work 

under the contract we are now performing similar comparative studies in cells 

undergoing meiotic cell division. Such studies will enable us to determine 

the relative consequences of radiation induced DNA lesions during both somatic 

and reduction division. 
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Results of Project No. 1. 

Head of Project and Scientific Staff: Dr. James M. Parry, Dr. Elizabeth M. Parry, 
Dr. Dav1d Sharp and Dr. R. S. T1ppins. 
Title of Project: The study of radiation induced chromosome aneuploidy in the 
yeast Saccharomyces cerevisiae. 

The major aims of this project have been the development of strains of yeast 
capable of detecting at high efficiency the induction of chromosome aneuploidy 
in cultures undergoing both mitotic and meiotic cell division after radiation 
exposure. During the period of the project the major emphasis of our research 
effort has been placed upon the development of systems capable of detecting 
the products of abnormal chromosome segregations during mitotic cell division 
and the mostimportant results of the project have been produced by our work in 
this area. However, 1980 has seen the completion of our effects to develop 
suitable meiotic assay systems which will in future provide the experimental 
basis for our study of the mechanism of radiation induced chromosome aneuploidy 
during meiotic cell division. 

Mitotic chromosome aneuploidy in yeast may be assayed by the use of strain 
06. This culture has been used to detect, using selective medium, the induction 
of monosomic colonies (2n-l) produced by chromosome loss during mitosis after 
radiation (both UV and ionising radiation) exposure. Although the experimental 
procedure routinely assays only the production of cells in which chromosome loss 
has occurred we have shown that on non-selective medium trisomic colonies (2n+l) 
are also detectable in half sectored colonies that result from chromosome non
disjunction (Parry et !l 1979). 

The results of our work with yeast strain D6 indicate that mitotic chromosome 
aneuploidy was induced by UV, X-rays and 6-irradiation. The irradiation of 
stationary phase yeast cells with UV and X-rays results in the induction of mitoti 
aneuploidy only at doses which produced high levels of cell lethality. In contras 
B-irradiation (using tritia~d water) results in the production of monosomic coloni 
at doses producing only low levels of cell lethality. 

Variation in the culture age of radiation treated yeast strains (i.e. during 
the stationary at the exponential phase of growth) indicate that cells undergoing 
exponential growth show maximum sensitivity to radiation induced mitotic aneuploi~ 
When exponential phase cells were separated into discrete phases of the cell cycle 
on a zonal rotor we were able to demonstrate that the G1 phase of cell division 
was the most sensitive stage to the induction of radiation induced chromosome 
aneuploidy. 
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The role of DNA damage and its repair in radiation induced mitotic 
aneuploidy has been shown by a number of experiments. Yeast cells exposed to 
radiation treatment and held under liquid holding conditions before plating 
and assayed for mitotic aneuploidy showed increases in cell viability and 
decreases in the frequency of monosomic colonies. After UV exposure, cells 
exposed to photoreactivating light treatment showed increased cell viability 
and reduced frequencies of monosomic colonies. Yeast strains defective in 
excision-repair were shown to be extremely sensitive to the induction of 
mitotic chromosome aneuploidy. The results obtained indicate that at least 
a fraction of the monosomic colonies produced after radiation exposure were 
the consequence of DNA damage and that this damage was subject to the action 
of cellular repair systems. However, it should be emphasized that a proportion 
of the yield of induced monosomic colonies were not sensitive to the action 
of DNA repair systems and the study of the mechanism of induction of such 
colonies will be of considerable interest. 

Our studies upon radiation induced meiotic chromosome aneuploidy involve 

the assay of the production of disomic spores (n+l} produced by non-disjunction 

during the process of yeast sporulation under controlled conditions. Initial 

results have demonstrated that the maximum sensitivity of yeast cells to the 

induction of aneuploidy occurs when cells are irradiated immediately prior 

to metaphase. Comparative studies are also being performed of the rates 

of chromosome non-disjunction in cultures genetically marked for chromosome 

VII (developed by us) and for chromosome V (developed by Professor Magni). 

Such studies provide the experimental basis for the future analysis of the 

kinetics of radiation induced chromosome aneuploidy during both mitosis 

and meiosis. 
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Results of Project No: 2 

Head of Project and Scientific Staff: Dr. R. S. Tippins, Miss T. North and 
Dr. James M. Parry. 
Title of Project: An investigation into the role of the cell cycle in the 
response of yeast cells to the induction of genetic damage by ionising 
radiation. 

The major aim of this project has been the development of experimental 
systems capable of assaying the effects and consequences of radiation damage 
during specific stages of the mitotic cell cycle of the budding yeast, 
Saccharomyces cerevisiae. Such systems provide the basis for the determination 
of the consequences of genetic damage during the cell cycle and the role of 
the various stages of the division cycle in the production of genetically 
modified cells. The necessary requirements of this project have been the 
development of systems capable of isolating sufficiently large numbers of 
cells at specific stages in the mitotic cell cycle and a series of yeast 
strains capable of assaying the induction of a wide range of genetic events. 

To provide the cells necessary for the project we have made use of the 
technique of gradient separation on a zonal rotor. Exponential phase yeast 
cells have been separated on the rotor into cell populations made up 
predominantly of the discrete stages of the cell cycle, i.e. G1, Sand G2, 
which may then be utilized in our radiation studies. 

The literature contains many reports that describe stationary phase 
yeast cells as being in the G1 stage of the cell cycle. However, our studies 
have demonstrated quite clearly that stationary phase cells and G1 phase cells 
derived from the exponential phase of culture growth are significantly different 
in their radiobiological responses irrespective of their genetic background. 
We were able to demonstrate that G1 cells were consistently more sensitive to 
the lethal effect of radiation exposure than stationary phase cells and that 
such stationary phase cells are more appropriately described as G0 as they are 
outside the normal cell cycle. 

As the zonal rotor separates cells on the basis of cell size an essential 
part of the calibration of the system has been the determination of the 
possible role of cell size upon the radiobiology of yeast cells. For this 
purpose we have separated yeast cells from both the exponential and stationary 
phase of cell growth on the basis of cell size (3.4 to 6.0 microns). In the 
case of cells derived from the stationary phase of the culture growth there 
was no evidence of any significant variation in the radiobiological effectiveness 
of radiation exposure across the range of cell size classes. In contrast, in 
the case of separated fractions of an exponential culture significant differences 
in sensitivity were observed which correspond to the proportions of cells 
present in each of the characteristic stages of the cell division cycle. 

To assay the genetic effects of radiation exposure during the cell cycle 
we constructed a series of yeast strains capable of assaying the induction of 
the following parameters:-

a) the induction of mitotic crossing-over by the detection of homozygous 
products of recombination in heterozygous diploids. 

b) the induction of mitotic gene conversion by the detection of prototrophs 
produced in heteroallelic auxotrophic diploids. 
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c) the induction of base substitution and frameshift mutation by the 
detection of prototrophs produced in auxotrophic haploid and diploid 
cultures. 

d) the induction of mitotic aneuploidy by the detection of monosomic colonies 
in a culture carrying an extensively marked heterozygous chromosome pair. 
(described in detail in Project No. 1). 

Strains were constructed carrying both repair proficient (RAD) alleles 
and repair deficient cultures carrying defective alleles of the-genes 
regulating DNA repair in yeast (rad). 

After treatment with both ionising and non-ionising radiations cyclic 
variations were observed in the induction of a number of genetic end points. 
In general, radiation exposure was found to produce maximum induction of 
mitotic recombination (both crossing-over and gene conversion) and mutation 
(both base substitution and frameshift) during the G1 phase of the cell cycle 
when the cells were at their maximum sensitivity to the lethal effects of 
radiation. These observations were in contrast to those obtained with 
chemical mutagens which have their maximal effects upon S phase cells. The 
association observed between the maximum induction of lethality and the 
induction of the various genetic end points leads to the conclusion that 
similar DNA lesions lead to different genetic consequences during the cell 
cycle. 

Of all the repair deficient yeast strains assayed for their cell cycle 
sensitivity a significant response was observed only in cultures carrying 
defective alleles of the RAD 50 gene. In such strains the resistance of S 
and G2 was abolished. These results indicate an involvement of the gene 
products of the RAD 50 and the close association of sister chromatids in 
the repair of rad1at1on induced DNA damage in yeast. 

To provide further information on the nature of the cyclical changes 
in radiation sensitivity we have investigated the effects of a number of 
modifying treatments. Yeast cells incubated in the presence of the repair 
inhibitor caffeine after radiation exposure show reduced lives of cell 
viability and mitotic recombination during the cell cycle, particularly 
during the G1 phase of maximum induction of both events. Similar experiments 
have also been performed in which irradiated cells were incubated in the 
presence of the protein synthesis inhibitor cycloheximide. Such incubation 
results in reductions in the lethal and genetic effects of radiation exposure. 
Such changes indicate that enzyme systems leading to a wide range of genetic 
events after radiation exposure are inducible and require the action of 
post-irradiation protein synthesis. 

The work performed on this project over the past four years has 
provided us with a much improved understanding of the relationship between 
radiation exposure and genetic change during cell division in yeast. Further 
development of the project will involve the detailed study of nature and 
rates df repair of DNA lesions during the cell cycle. Such studies will 
complete the series of inter-related experiments and enable us to predict 
the potential genetic consequences of radiation induced DNA lesions in 
mitotically dividing cells. 
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Results of Project No: 3 

Head of Project and Scientific Staff: Mr. A. Hussain and Dr. James M. Parry. 

Title of Project: The sensitivity of excision repair defective yeast 

cultures in ionising radiation. 

The genes RAD1, RAD2, RAD3 and RAD4 of yeast have been shown to code 

for gene products involved in the excision repair pathway of UV induced 

pyrimidine dimers. Stationary phase cultures of strains carrying defective 

alleles of these genes show very large increases in cellular sensitivity 

to UV light exposure but are essentially wild type {RAD) in their response 

to X-irradiation. Wild type yeast cultures harvested during the exponential 

phase of growth show an increased resistance to X-ray induced cellular 

lethality compared to cells harvested from the stationary phase of growth. 

This exponential phase resistance of yeast cells to radiation exposure has 

been ascribed to the presence of budding cells. We have further investigated 

these "culture age" effects using a series of mutant cultures defective in 

each of the 4 genes involved in excision-repair described above. In all 

four mutant cultures called rad1, rad2, ~and rad4 the exponential phase 

resistance was not only abolished but the mutant cultures showed increased 

sensitivity to X-ray induced cell lethality compared to stationary phase 

cells and to wild type cultures. 

We have further investigated the effects of X-irradiation in excision

deficient yeast strains by using assays of the induction of point mutation 

in a range of such strains. A series of assays have been performed of base 

substitution mutation at the isoleucine-] locus. Typical data obtained from 

such experiments using exponential phase cultures are shown in Figure 1. 

The results demonstrate that the repair proficient RAD culture was relatively 

insensitive to the induction of base substitution mutation. In contrast, 

all four excision deficient strains showed increased sensitivity to the 
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induction of mutation. The results obtained indicate the involvement of 

the genes RAD1,2,3 and 4 in the repair of potentially lethal X-ray induced 

lesions. The RAD4 gene was particularly interesting in this respect as 

strains carrying defective alleles of this gene were refractive to the 

induction of base substitution mutation after treatment with chemical 

mutagens. 
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Results of Project No. 4 

Head of Project and Scientific Staff: Dr. James M. Parry, Dr. R. Waters, 

Dr. R. S. Tippins, Mr. C. Merrill and Mr. S. Kelly. 

Title of Project: Stydies upon the induction of DNA damage and genetic change 

during the meiotic cell cycle of yeast. 

The aims of this project which was initiated in 1980 are the characterisation 

of ionising radiation damage produced by irradiation during the meiotic cell cycle 

and the determination of the genetic consequences of this damage. During 1980 we 

have undertaken a series of preliminary experiments designed to provide us with 

suitable genetic systems and experimental techniques capable ofsupplying us with 

information on the relative effects of radiation during both mitotic and meiotic 

cell division. 

During the year we have undertaken calibration studies to develop suitable 

protocols for the extraction of high molecular weight DNA from yeast cells 

undergoing meiotic cell division. With the successful completion of these 

studies weutilized our protocols to determine the relative rates of DNA strand 

breakage and its repair across the cell cycle. Preliminary experiments have 

already indicated very considerable variation in the formation of single strand 

breaks and their repai~ dependent upon the time of irradiation of a culture 

during meiosis. 

To enable us to correlate the induction of DNA damage with genetic change 

in yeast we have undertaken a construction programme to produce strains capable 

of assaying the induction of point mutation {both base substitution and 

frameshift} and gene conversion during meiosis. As many of the yeast strains 

used for mutation experiments undergo meiotic cell division only at low levels 

it has been necessary to undertake considerable strain modifications to improve 

sporulation frequencies. 
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Results of Project No. 5 

Head of Project and Scientific Staff: Dr. R. Waters and Miss J. Meredith. 

Title of Project: DNA repair in irradiated human fibroblasts. 

A number of projects are in progress concerning the replication and excision 

repair of DNA in irradiated human fibroblasts, and have been undertaken in 

collaboration with Drs. A. R. Lehmann and C. Arlett of the M.R.C. Mutation 

Research Unit, Sussex. The above processes have been studied in normal, various 

radiation sensitive homozygous cell lines, and in their heterozygous parents. 

Essentially three projects have been undertaken: 

a) A study of the kinetics of excision repair and DNA replication in excision

deficient XP homozygotes and their heterozygous parents. 

b) An investigation of DNA replication in normal and excision deficient XP 

cells receiving split doses of UV irradiation. 

c) A study of the kinetics of DNA excision repair in both normal and UV 

sensitive Cockayne's syndrome fibroblasts. 

Although still in progress, some general trends are apparent. To date: 

i) No differences in the kinetics of excision repair (as measured with ara C), 

the extent of repair replication (3H Brd Urd incorporation), or the amounts 

of DNA replicated after UV have been detected between normal and XP 

heterozygote cells. 

ii) The application of split UV doses to excision deficient XP cells does not 

increase the total amounts of DNA replicated as seen with single doses. 

Sucrose sedimentation of pulse labelled DNA indicates that the first UV 

dose inhibits some replicon initiation that would occur if the second 

dose alone had been applied. Essentially, the data thus fit Painter's 

"model" for DNA replication events after split UV doses and do not support 

an inducible "by-pass" mechanism as proposed by D'Ambrosio and Setlow. 
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iii) Some changes in the kinetics of DNA repair have been observed in 

Cockayne's syndrome fibroblasts. However, these differences are 

not a characteristic of many of Cockayne's cell lines, and are 

under further investigation. 
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Head of the contract Prof.G.E.Magni 

MECHANISMS OF REPAIR AND MUTATIONS INDUCED BY X RADIATION IN 

SACCHAROMYCES CEREVISIAE 

Project n. 1 

Head of Project and scienti~ staff G.E.Magni 

L.Panzeri 

s.sora 

Study of repair mechanisms on insertion/deletion and base substi-

tution mutation induced by X-radiations. 

The general aim of this investigation was to obtain evidence on 

the effect of repair mechanisms on the induction by X radiations 

of point mutations of known molecular nature, namely insertion/ 

deletions (causing frameshift mutants) and base substitution(mi~ 

sense and non-sense mutations). 

The .approach consisted in determining preliminarly the precise 

molecular nature of point mutations to be investigated for the 

induced reversion. As a second step sensitive and resistant sta

ge of yeast cell cycle were investigated and finally mutations 

affecting radiation sensitivity were introduced in our strains, 

the effect of X-radiations on the reversion of point mutations 

was analyzed. 

1. The molecular nature of point mutations used for reversion 
studies 
The exact knowledge of the molecular nature of point mutations 

used for reversion analysis and of their supressibility by exter 
nal suppressor was an absolute prerequisite for the entire work~ 
Par~icular attention was therefore dedicated to this subject as 
in §accharomyces cerevisiae is often not easy to obtain clearcut 
evidence on the type of DNA change responsible for individual mu 
tations. 
To be utilized for our investigation each mutation had to satisfy 
to following requirements : 
Non-sense mutations. It was considered sufficient their suppres
sibility by known non-sense suppressors. Such was the case of 
tyr7-1 (UAA) and tyr7-1 (UAG) completely suppressed by UAA and UAG 
suppressors respectively. 
Missense mutations. The two mutants used ura4-10 and arg4-18 we
re classified according to the following criteria; ura4 10 was 
induced by 2-Aminopurine (proven by us to induce in yeast only 
AT-> GC transitions); arg4-18 is know to show non polarized 
complementation. Both mutants are not suppressible by non-sense 
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suppressors, revert at very high frequency to treatments with 
base substitution inducers (MNNG and HN0

2
) and are practically 

insensitive to insertion/deletion inducers (ICR-170 and HYC). 
Insertion/deletion mutations; his4-519 was induced by ICR-170, 
hom3-10 arose spontaneously during meiosis; they are both suppre~ 
sible by frameshift suppressors and unsuppressible by non-sense 
suppressors; they both revert efficiently to treatments with 
ICR-170 and Hycanthone and are almost insensitive to MNNG and 
HN02 . 

2. Effect of X-radiation on point mutations during the sensiti

ve and resistant stage of cell cycle. 

Yeast cells undergo a very significant variation of sensiti

vity to the killing action of X-radiation during their division 

cycle. From synchronized cultures it is possible to~isoiate by~dif 

ferential centrifugation cells showing maximal sensitivity (mean 

lethal dose 3.3-3.5 Krad, called from now on "sensitive")and a 

fraction at the maximal resistant stage (m.l.d. 35-45 Krad indi 

cated as "resistent") . 

The mutagenesis data have clearly indicated that sensitive and 

resistant cells show no differences for anyone of the investiga

ted genetic changes induced by X-radiation. The rates of induc

tion are linear throughout a large range of doses and are repo~ 

ted in Table 1. 

As far as mutations in non-sense triplets, both the rates of sin 

gle base substitutions and of triplets changes are within the 

frequency estimated for E.coli. 

For the reversion of missenses and frameshifts, the high rever

sion rates of the two frameshift mutations could be due either 

to a greater probability of induction of single-base insertions/ 

deletions per rad or to a rather large number of mutable sites 

capable of restoring an acceptable frame. We prefer the latter 

hypothesis as it is highly probable that any base insertion or 

deletion could be compensated by other events in a rather large 

set of nearly bases. 

If, for the sake of theoretical discussion, one assumes an equal 

sensitivity of all pre-mutational damage leading to base substi

tution, or base gain, or loss, our data could indicate that the 

two missense can be reverted by 1-3 base changes,whereas the fra

meshifts can be reverted by 10-20 base insertion or deletions. 
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Table 1 
Rates of X-radiation induced mutations 

UAA 

UAA 

UAG 

Genetic event 

UAG 

sense 

ura3-10 ~ URA+ 

+ arg4-18 -4 ARG 

his4- 519 ~ HIS+ 

hom3-10 ~ HOM+ 

Induced frequencies x 1o11 

0.2 - 0.4 events/base/rad 

1.8- 3.0 events/tripletjrad 

0.69 reversions/rad 

0.44 reversions/rad 

2.10 reversions/rad 

5.6 reversions/rad 

3. Effect of rad mutations on reversions induced by X-radiation. 

The aim of this part of our research was to investigate the 

effect of some rad mutations (affecting the survival of yeast 

cells to X-rays and/or U.V. light) on the reversion of frameshift 

and missense mutations induced by X-radiation. The following rad 

mutations were inrtoduced in our strains : 

rad 1 : lack of excision repair 

rad 18: belonging to the rad 6 group probably affecting an 

error prone repair . 

rad 50 and rad 51 : probably lack of single strand breaks 

repair 

rad 52 : lack of double strand breaks repair 

The effect of such rad mutations on the survival to X-rays is 

not reported, as our data are in agreement with those already 

well known. 

Two of the rad mutation are endowed with a significant mutator 

effect as it shown in Table 2. 

As far as the X-radiation induced mutations rad 1, rad 50, rad 51 

and rad 52 have no effect on the induction of reversion in all 

four mutants analyzed. For rad 1 this was expected as it causes 

a lack of excision repair and it effects only U.V. induced muta

tion. 
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Table 2 Average of SEontaneous reversion freguencies (x1o9 ) 

Marker Wild type RAD+ rad 51 rad 52 

arg4-18 1. 45 5.5 7.0 

ura4-10 2.40 13.5 10.6 

his4-519 1.80 30.5 25.3 

hom3-10 33.0 56 89 

N.B. The mutator effect of rad 51 and 52 seems to be rather 
aspecific as it is evident on bot~missense and frame
shift mutations. 

The negative evidence on the rad 50 group indicates on the other 

hand that repair of single or double strand breaks is not invol

ved in point mutations of whatever nature. 

As shown in Table 3 the effect of rad 18 on X-radiation induced 

reversions is uniform in the sense of a reduction of mutation 

rates but with quantitative differences between missenses and 

frameshifts. The reduction of the reversion rate for mutants 

arg4-18 and ura 4-10 is in the order of 8-10 fold while that for 

his4-519 and hom3-10 is about 4 fold. 

It is therefore confirmed that the gene RAD 18 is responsible for 

an error prone repair,possibly a little more efficient on base 

substitution mutations than on frameshifts. 

Table 3 Induced reversion/rad (from 2.5 to 15 Kr) (x1o12 ) 

Marker RAD+ rad 18 

arg4-18 3 0.36 

ura4-10 2.86 0.36 

his4-519 10.6 2.6 

hom3-10 30.0 7.6 

We can conclude that the initial objectives of this project have 

been achieved,although the results did not turn out particularly 

exciting.X radiation is a very specific mutagenic agent as it 

can induce any type of mutational change in the gene either base 
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substitution of the transition and transversion type or base loss 

and gain with almost equal efficiency. 

Repair mechanisms which are fully expressed in yeast "resistant" 

stage do not affect the rate of point mutation induced by X-ra

diation and this confirmes the hypothesis that such mechanisms 

repair lesion of the chromosome or chromatid breakage type. On 

the other hand most of genes involved in repair systems do not 

affect the action of X-radiation from either a qualitative or a 

quantitative point of view. 

When they do so (rad 18) it seems that they affect base substitu 

tions and base deletion/insertions more or less at the same rate. 
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Project n. 2 

Head of Project and scientific staff G.E.Magni 

G.Lucchini 

s.sora 

Study of chromosomal mutations induced by X-rays in Saccharomyces 

cerevisiae. 

The aim of the proposed program was to investigate whether chro

mosomal deletions and translocations can be induced in yeast by 

X-radiation and to asses a fast procedure for their detection. 

1. Chromosomal translocations 

The possibility of making use of pseudolinkage during meiosis 

(the classical Drosophila procedure) was not taken into account 

due to the large number of chromosomes in Saccharomyces cerevisiae. 

An other typical character of heterozigous translocations is semi 

lekhality of meiotic products. From direct tetrad analysis one 

would expect namely tetrads with spore survival of 4:0, 2:2,0:4 

the first and last class beeing expected in almost equal amount, 

while 2:2 living/dead spores would be the result of X-over between 

the centromere and the translocation. 

Some years ago we isolated a mutant which was widely investigated 

by Mac Kay and by us for the present project. The results of the 

two sets of experiments are given in the following table 

Cross 

1375 (mutant) x wild type 

1375 x 10225 (wild type) 

Spore survival in tetrads 

4:0 3:1 

23 3 

1 1 

2:2 1:3 

54 5 

10 8 

0:4 

15 

6 

(Mac Kay) 

(our results) 

These data indicate that translocations can be obtained in Saccha

romyces cerevisiae but that the expected segregation for spore 

survival is strain dependent and therefore the analysis of this 

character must be restricted to a small number of presumptive 

translocations as a final check but cannot be used as first dia

gnostic parameter. 

We then studied a selective procedure which was supposed to per

mit a selection of translocations between one arm of chromosome 

VII and any other chromosome. Out of 2750 clones analyzed in 

detail three turned out to satisfy the genetic requirements for 

a translocation. Further careful! analysis of the clones hetero-
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zygous for a translocation,however, proved that they are too 

unstable. The great variability of genetic balance in cells of 

the same clone makes quantitative analysis too laborious. The 

line was therefore abandoned in 1978. 

2. Chromosoma~deletions 

The system for detecting long chromosomal deletions was based 

on the pseudodominance effect on recessive genes carried in het~ 

rozygous state on chromosome VII. The detailed genetic analysis 

of more then 4000 clones after X-rays treatment proved that it 

waspossible to isolate few (three) aberrant clones carrying ei

ther point lethal mutations or very short deletions on chromosome 

VII. These three events were the final result of a series of re

checks on 132 presum~d carriers of a heterozygous deletiou. 

This loss of aberrant clones is very relevant as it has been pr~ 

viously described and interpreted as due to mitotic rearrange

ment in strains carrying chromosomal aberrationsand leading to 

the loss of the heterozygous aberration. Shounld such rearrange

ments have occurred in our material we lost most of the searched 

deletions,thus making a quantitative investigation very laborious 

and practically impossible. 

We therefore conclude that our initial aim was not achieved. We 

got good evidence that translocations and deletions can be indu

ced in yeast by X-radiation, but the general instability of cells 

unbalanced by chromosomal rearrangements makes any quantitative 

estimation tecnically impossible. 

The project was consequently closed in 1979. 
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FONOATION CURIE 
Institut du Radium 
Paris 

Chef du (des) groupe(s) de recherche : R. LATARJET 

Theme general du contrat : Lesions genetiques produites par les radiations 
et des polluants chimiques et leurs reparations. Comparaisons qualita
tives et quantitatives en vue d'obtenir les "rads-equivalents". 

Titre du projet N° 1 
Repair of nuclear and mitochondrial genetic damages induced in yeast by 
radiations and chemicals. 

Chef du projet et collaborateurs scientifiques : E. MOUSTACCHI, R. CHANET, 
F. FABRE, M. HEUDE, J.A.P. HENRIQUES, N. MAGANA-SCHWENCKE and C. CASSIER 

The fate of yeast mitochondrial DNA (mitDNA) after irradiation. 

The interactions between the nuclear and the mitochondrial genomes 
for the repair of radiation-induced lesions as well as the fate of mitDNA 
after several conditions of treatment were studied both genetically and bio
chemically. The situation can be summarized as follows : 

1) The photoreactivation of mitochondrial UV-induced lesions occurs, 
and it is under the control of one nuclear gene PHR1. 

2) The excision-repair process which is governed by 10 nuclear genes 
(RAD3 type) does not act on damaged mitDNA. The integrity of the mitochondrial 
genome is however required for an efficient repair by the excision process at 
the nuclear DNA level. 

3} The fate of mitDNA after damaging treatments is strictly depen
dant upon the growth stage at the time of treatment : 

a) when cells are treated in stationary phase the mitochon
drial genetic markers are lost and a concomittant degradation of mitDNA is 
observed. It is concluded that mitDNA is not repaired in such conditions. 

b) when cells are treated in exponential phase of growth a 
rescue of mitochondrial genetic markers is observed if an immediate plating 
is compared to delayed plating following a period of dark liquid holding. This 
is accompanied by a limited degradation, a reduction of mitDNA molecular 
weight and a restitution of the normal molecular weight. An accurate repair 
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system of the recombinational type appears to be involved in growing cells. 
This is under the control of several nuclear genes including the RAD6 type 
and at least three genes (uvsp5 type) specifically involved in mitDNA 
repair. One mitochondrial determinant uvsp72 is also concerned. 

4) A genetic analysis of spontaneous and induced "petites" (rho
mutants shows that a portion of the mitochondrial genome is lost with a 
high probability. This preferential loss, related to the structure of the 
mitDNA (AT rich region) is likely to reflect a particular feature of this 
region in relation to replication as indicated by the restriction enzymes 
analysis of the mitDNA. 

Recombination and repair. 

The conditional cell division cycle yeast mutants cdc have been 
used to demonstrate that intragenic recombination induced by ultraviolet or 
y-rays occurs in diploids arrested in Gl (cdc4) a short time after irradia
tion and before the initiation of the S phase. This implies that pairing of 
homologous chromosomes does not require duplicated chromatids. 

On the other hand, the cdc9 mutant is known to be defective, under 
restrictive conditions, in the rejoining in Okasaki fragments due to a 
ligase defect. X-ray induced recombinants within the cdc9 locus are produced 
with kinetics indicating that most if not all of the conversion events 
require the cdc9-controlled ligase. Thus the same DNA ligase is involved in 
DNA replication and in induced gene conversion. 

Inducibility of a repair system in yeast. 

1) Recombination between unirradiated chromosomes was induced by 
irradiation (UV and X-rays) of haploids followed by mating with heteroalle
lic diploids. The results show that recombination is repressed in mitotic 
cells and that one effect of radiation is to release a factor necessary for 
recombination. Lesions in the DNA do not participate to the recombinogenic 
events but are responsible for the induction of the recombinational ability. 

2) A split-dose protocol shows that both UV mutability and resis
tance to killing are enhanced in cells liquid held after a "conditioning" 
dose of radiation ; these effects are blocked by the presence of cyclohexi
mide during the liquid holding period. The magnitude of this enhancement in 
mutability is dependant upon the proportion of cells inS. Our results are 
consistent with the existence in yeast of major constitutive components of 
error-prone repair and a minor inducible component. 
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Radiation equivalence concept (REC), an example : formaldehyde. 

The genotoxicity of formaldehyde (FA) as well as the major induced 
lesions in yeast DNA in comparison toy-rays were determined in order to 
critically evaluate the REC notion. Some important differences in the res
ponse to FA and radiation are encountered depending upon the cells position 
in the cell cycle, the degree of ploidy and the repair ability of the 
strains. In general FA is a weaker mutagenic and recombinogenic agent than 
ionizing radiations. 

The major lesions induced by FA in DNA include strand breaks and 
DNA-protein cross-links. Both types of lesions are repairable in wild type 
cells. 

The establishment of meaningful rad-equivalent values requires 
appropriate knowledge relating to the differences in the mechanisms of' 
action of the chemical mutagen and radiations. 

Isolation and characterization of a novel class of mutants~ sensitive 
to photo-addition of psoralen derivatives. 

1) We have shown that the three major pathways involved in the 
repair of radiation induced lesions are also required for the repair of 
psoralens photo-induced inter-strand DNA cross-links and monoadducts. A 
class of mutants specifically sensitive to psoralens plus 365 nm radiation 
has been isolated. Three of these~ mutants were analysed. They represent 
three new recessive genes as indicated by meiotic analysis and complementa
tion tests with existing rad mutants. The defect in repair capacity concerns 
Gl and early S-phase cells. The pso2 mutant is also defective in G2 repair. 
The three mutants are mutationally defective and consequently govern an 
error-prone pathway. The interaction studies with the rad6 type mutants 
show that the~ genes define different steps. 

2) The biochemical analysis of the induction of DNA cross-links 
and their repair in both nuclear and mitochondrial DNA was performed in 
wild type, rad3 (exc-) and~ mutants. 

The rad3 type mutant is defective in the incision of cross-links 
whereas the pso2 is blocked in the restitution of high molecular DNA which 
follows the cutting of DNA. 

The major difference with the mechanism proposed for the repair 
of cross-links in E.coli resides in the fact that double-strand breaks are 
detected as an intermediary step in the repair of yeast DNA. 
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Titre du projet N° 2 
Genetic effects and repair in Saccharomyces cerevisiae of furocoumarin 
plus 365 nm radiation {UVA) induced lesions and the rad-equivalent 
notion. 

Chef du projet et collaborateurs scientifiques : D. AVERBECK and M. DARDALHON. 

Furocoumarins are photosensitizing agents receiving much interest in 
fundamental and medical research work. The relatively high specificity of 
furocoumarin reactions towards DNA in the presence of 365 nm radiation {UVA} 
offers favorable circumstances for quantitative studies on the lesions pro
duced in the genetic material and their repair. Furthermore, the world wide 
use of furocoumarins in cosmetics and in the photochemotherapy (PUVA) of cer
tain skin diseases reinforces the interest in furocoumarin research work. 

In this study special interest was focused on the genetic activity of 
mono- and bi-functional furocoumarins, the effects of dose-rate and the 
evaluation of rad-equivalents. 

Genetic effects of mono- and bi-functional furocoumarins and UVA radiation 
and repair in the yeast Saccharomyces cerevisiae. 

Two types of furocoumarins were used : mono-functional furocoumarins 
capabie of inducing only mono-additions in DNA, and bi-functional furocouma
rins capable of inducing mono- and bi-additions (interstrand cross-links) in 
DNA. In order to investigate the biological effect of the different types of 
lesions induced by furocoumarins, i.e., mono-additions and cross-links, we 
employed the bi-functional compounds psoralen and 8-methoxypsoralen (8-MOP) 
used in photochemotherapy and the mono-functional compounds 3-carbethoxypso
ralen (3-CPs) (synthesized in our Institut by Dr. E. BISAGNI and eo-workers), 
and angelicin. Our work focused on the genotoxicity of the compounds, and 
especially on that of 3-CPs which was shown to be also therapeutically active. 
Later on other mono- and bi-functional furocoumarins were included. 

Survival data obtained in haploid and diploid yeast indicated that the 
cells were more resistant to the photo-addition of mono-functional furocou
marins than to that of bi-functional furocoumarins. A denumbering of the 
photo-induced lesions in DNA using a biochemical analysis showed that the 
higher resistance of cells to the induction of mono-additions was not due 
to differences in the number of lesions but mostly due to the differences 
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in the type of lesion induced. From this, it was concluded that the DNA 
cross-links induced by bi-functional furocoumarins such as 8-MOP are less 
efficiently repaired than the mono-additions in DNA produced by mono-func
tional furocoumarins such as 3-CPs and uvA•. 

In this respect it was interesting that certain radiation-sensitive 
mutants showed different sensitivity patterns after treatments with mono
as compared to bi-functional furocoumarins indicating that some of the 
genetically controlled repair pathways for radiation-induced damage were 
operating in a differential way on the two types of photo-induced lesions. 
It was established that at least two different pathways, i.e., the 
excision-resynthesis pathway and a recombinational pathway contributed to 
the repair of furocoumarin plus UVA induced lesions. Very recently, this 
work was extended in Dr. Moustacchi's group and it appears that four 
pathways, the rad3 type excision resynthesis pathway, the rad6 type 
error-prone pathway, the rad50 type X-ray dependent pathway and a specific 
pso-gene dependent pathway are involved in this type of repair. The repair 
was shown to be dependent on growth phase. 

In view of the different repair capacities for mono- and bi-additions 
the study of genetic effects of mono- and bi-functional furocoumarins was 
or particular interest. We measured the induction of nuclear genetic 
events in haploid and diploid yeast. Per unit dose of 365 nm radiation 
bi-functional furocoumarins were always more effective for the induction 
of reversions than the mono-functional furocoumarins. The same appeared to 
be true for the induction of forward mutations when for example, the action 
of 8-MOP {bi-functional) was compared to that of 3-CPs (mono-functional) 
in haploid yeast. These results hold also when expressed as a function of 
survival. These findings are in accord with the idea that in yeast the 
repair of lesions photo-induced by bi-functional furocoumarins is more 
error-prone than the photo-addition by mono-functional furocoumarins. 

Per viable cell, the induction of mitotic crossing-over in diploid 
yeast was more efficient after treatments with bi-functional furocoumarins 
than after treatments with mono-functional furocoumarins. The induction 
of gene conversion was comparable in both cases. 

• The notion that furocoumarin induced bi-additions are less efficiently 
repaired than mono-additions was also verified with mammalian cell 
systems. -
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The potent mutagenic activity of bi-functional furocoumarins, such as 
8-MOP, correlates well with their known carcinogenic activity in mice, 
whereas the reduced mutagenic activity of the mono-functional furocoumarin 
3-CPs correlates well with its non carcinogenic effect in mice. Since 
this relation holds for the induction of mutations as well as for crossing
over (but not for gene conversion) carcinogenicity may be more related to 
the induction of mutations and intergenic mitotic recombination than to 
intra-genic mitotic recombination. 

Mono- and bi-functional furocoumarins could be also distinguished by 
their different efficiency for the induction of cytoplasmic "petite" muta
tions (rho-). At comparable survival levels mono-functional furocoumarins 
were always more efficient inducers of rho- cells than bi-functional furo
coumari ns. 

The differences observed in the genetic effects of the two types of 
furocoumarins permitted to characterize new photoreactive furocoumarins. 
The fact that the mono-functional furocoumarin 3-CPs was poorly mutagenic 
and non carcinogenic but therapeutically active on psoriatic lesions 
opened the way for the development of new psoralen derivatives which are 
less dangerous than the psoralens in actual use in PUVA-therapy. 

Dose-rate effects observed with furocoumarins plus UVA in yeast. 

Knowing the importance of dose-rate effects in radiobiology, it was 
interesting to investigate the effect of furocoumarins using low dose-rates 
of UVA radiation. When high (HDR) and low (LDR) dose-rates were compared, 
yeast cells appeared to be much more resistant to the action of 8-MOP (bi
functional) and 3-CPs (mono-functional) at LDR than at HDR. It was shown 
that the LDR-effect for 8-MOP is due to active repair processes involving 
to a large extent excision-resynthesis repair (rad3} but also other repair 
functions (rad6, rad9}. 

In the presence of 8-MOP the frequency of induced nuclear reversions 
and of mitotic crossing-over was lower at LDR than at HDR. In contrast, 
the induction of rho- mutations at LDR was higher than at HDR for 8-MOP, 
but as high as that for 3-CPs at HDR when expressed as a function of survi
val. These findings suggest that in conditions of LDR 8-MOP induced 
damage in nuclear DNA is very efficiently repaired. This repair appears 
to be very limited in the case of 5-MOP which has a higher cross-linking 
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efficiency than 8-MOP. 
Recently, also low dose-rate effects for gamma and UV (254 nm) radiation 

on yeast were demonstrated in our laboratory. The differences in repair 
kinetics observed make it appear worthwhile to pursue this program as 
proposed in the EURATOM project for 1981. 

Evaluation of rad-equivalences for mono- and bi-functional furocoumarins. 

Knowing that certain furocoumarins have been proven to be carcinogenic 
in mice and to enhance the risk for the induction of carcinoma in human 
patients treated with PUVA-therapy, it was thought to be useful to under
take a quantitative estimation of the genotoxic risk induced by different 
furocoumarins used in PUVA-therapy and in cosmetology. Since permissive 
doses and regulations do exist for ionizing radiation but not for mutage
nic chemicals the task to establish rad-equivalences, i.e., a quantitative 
equivalence between a "dose" of a chemi ea l mutagen and a dose of i oni zi ng 
radiation producing the same effect in one or several biological systems 
of reference under well defined conditions, appeared to be of interest. 

In yeast (Saccharomyces cerevisiae) we determined rad-equivalences for 
lethal effects, the induction of mutations and of intra- and intergenic 
recombination for four mono- and bi-functional furocoumarins, two of them 
(8-MOP and 3-CPs) of therapeutical interest. With the exception of inter
genic recombination the rad-equivalences for genetic effects lay in the 
same range. Using data obtained on cultured mammalian cells a rad-equiva
lence could be also estimated for the phototoxic effect (cell killing) of 
8-MOP in PUVA-therapy. The rad-equivalent value suggests that PUVA-therapy 
with 8-MOP should be handled with great caution with regard to long term 
genotoxic effects. 

It is interesting to note that extrapolation of the rad-equivalence 
data to the genetic effects of PUVA-therapy gave about the same estimation 
of genetic risks as that already estimated on the basis of mutation 
studies in Chinese Hamster cells. 
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Radiation-induced chromosome aberrations 

The effect of changes in temperature 
and oxygen tension on the yield of 
radiation-induced chromosome 
aberrations in human peripheral blood 
lymphocytes 

Dr. D. C. Lloyd, Dr. R. J. Purrott, 
J. S. Prosser 

Variations in dose rate, dose fractionation and radiation quality are known 

to influence the shape of radiation-induced cell survival curves. Corresponding 

changes in the shape of dose response curves for cytogenetic damage induced by 

radiation to cells in vitro can be obtained. Such observations have con-

tributed to the hypothesis that much of the cell killing in dividing cell systems 

can be related to the induction of gross chromosome anomalies which lead to 

genetic imbalance. It has thus become apparent that chromosome studies play 

a useful role in understanding several radiobiological phenomena of interest to 

radiology and radiological protection. 

Much data exist on the effect of oxygen concentration on radio-sensitivity 

as measured by cell survival. Early experiments with Tradescantia indicated 

that oxygen enhancement ratios (OER) could be produced for cytogenetic damage 

but there are few reliable data on this derived from human or indeed from 

animal cells. This project was undertaken to provide experimental data on the 

effects of radiation on the chromosomes of normal human cells under conditions 

of different oxygen tension. 

An apparatus was devised which permitted the oxygen concentration of 

heparinised samples of human blood to be varied and monitored over the corn-

plete range from anoxic (2 ppm) to fully oxygenated. The blood was main-

tained throughout at a constant temperature and then irradiated. 
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Dose response curves for dicentric aberrations with 250 kVp X-rays were 

produced under the two extreme conditions of equilibration with oxygen-free

nitrogen and with pure oxygen(l, 2). The data were fitted to the linear 

quadratic model. Measurements of the OER from these curves ranged from 7.2 

at zero dose to an almost constant level of about 3 at doses above about 

1 gray. This variation is probably due to a differential effect of oxygen 

concentration on the a and the 8 yield coefficients. Although the constant 

dose modifying factor theory of oxygen action cannot be rejected on statistical 

grounds, application of the linear quadratic model to the dicentric data 

favours a constant effect modifying factor hypothesis. In the presence of 

oxygen the dicentric yield induced by a given X-ray dose is increased at all 

levels of damage by a constant factor of about 7. 

Variation in dicentric yields by a given dose of radiation was examined 

at different oxygen tensions< 1>. This showed that chromosome damage is par

ticularly dependent on oxygen concentration over a limited range (102 - 104 ppm). 

At both high and very low concentrations the dicentric yields tend towards 

constant values. 

Linear quadratic dose response curves were also obtained for aberration 

induction by 14 MeV neutrons. The OER of 3.7 at zero dose and 1.6 at high 

dose was shown to deviate statistically from a constant indicating that oxygen 

was not acting as a dose modifying agent. RBE values obtained by comparing 

these neutron data with the 250 kVp X-ray results were larger at low neutron dose 

where the presence of oxygen did not influence the value obtained. At high 

doses the RBE was greater for anoxic irradiation, probably as a result of the 

greater contribution of single track damage induction by neutrons than by X-rays 

under these conditions. 

The research was extended to consider the effect of adding to the system 

2 hypoxic cell radiosensitising drugs, Metroindazole and Misonidazole, both 

electron affinic oxidising agents. The latter has shown more promise in 

clinical trials. Both drugs significantly raised the yield of induced 

aberrations, although had no enhancing effect on the· yield in blood at normal 

venous oxygen tension. Over the dose range studied (0.25 - 5 gray X-rays) 

enhancement ratios ranged from 2 to 1.5 for Metronidazole and 2.8 to 2.2 for 

Misonidazole(3,4). Similar values have been obtained with other biological 

systems in vivo and in vitro and therefore with the cytogenetic end point 

Misonidazole also appears to be the more effective drug. The effect of these 
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radiosensitisers on neutron induction of chromosome damage was also examined. 

Initial results suggest that any enhancement of dicentric induction will be 

small as expected for radiations having a low value of OER. 

An experiment was carried out on the effect of simultaneous X-radiation 

and hyperthermia (39 and 41°C). Neither temperature showed a significant 

effect on the induction of aberrations from that found at 37oc. Oxygenated 

and anoxic blood held at 20, 37 or 41°C was also exposed to X-rays and examined 

for chromosome aberrations. There is some evidence from cell survival assays 

to suggest that hyperthermia may have a greater radiosensitising effect on 

anoxic blood. This was not confirmed by our results which showed the same 

aberration yield at each temperature. It is intended to repeat efforts to 

culture lymphocytes irradiated at temperatures greater than 41°C. 

The examination of the effect of oxygen and the two radiosensitisers on 

the chromosomes of irradiated lymphocytes has provided enhancement ratios for 

normal human cells in agreement with values derived from animal experiments. 

In addition, because of the ability of the cytogenetic technique to provide 

results at doses below 1 gray, the applicability of the dose modifying theory 

~f oxygen was shown to be limited. This theory cannot satisfactorily explain 

results over the entire dose range if aberration yields are fitted to the 

linear quadratic model, and this was particularly illustrated by results from 

teutron irradiation. Metronidazole and Misonidazole were found to sensitise 

1nly anoxic lymphocytes to X-rays with Misonidazole showing the greater effect. 
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The dependence of radiation-induced 
chromosome aberrations on radiation quality 
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Dr. R. J. Purrott, J. S. Prosser 

The objectives of this study were to obtain data on the yield of 

radiation-induced aberrations in human lymphocytes as a function of radiation 

dose and quality; and to use these data to test models of biological effects. 

On the basis of previous studies(l, 2), the dicentric yield (Y) for X, Y and 

neutrons was found to vary as a function of dose (D) as:-

y aD -~< 8D2 

a and 8 being coefficients. 

This equation ~s consistent with several microdosimetric models, uotably those of 

Neary and also of Kellerer and Rossi, ~1hich attempt to explain the formation of 

aberrations. Alternatively, the concept that the ability of lesions to repair 

is dependent on the dose received by a cell also leads to models which approximate 

to the equation. 

For fission spectra a good fit results when the 8 coefficient is zero. 

For 14 MeV neutrons, 7.6 MeV neutrons generated by the bombardment of 16 MeV 

deuterons on beryllium and the low LET radiations, 8 was constant within 

the experimental error. However, the a coefficient increased as neutron energy 

decreased and, in fact, there appeared to be a linear relationship with track 

average LET. 

The more recent work with 14 MeV neutrons agreed well with previous 

measurements. The yield using californium-252 fission spectrum was linear with 

dose and the value of the a coefficient fitted well the relationship between a and 

track average LET previously derived empirically(3). Results for irradiation 

with 30, 60, 120 and 150 KeV X-rays were obtained. The dicentric yields were 

similar to those obtained with 250 kVp X-rays of mean energy about 100 KeV. 

Analysis in terms of the equation failed to show any marked systematic variation 

of the a coefficient with X-ray energy. 



- 561 -

A major contribution to this project has been the irradiation of blood with 

a particlesC4•5•6). A thin (32 ~m) layer of blood was irradiated at normal 

incidence by 4.9 MeV a particles derived from 242cm. In another experiment 

239pu citrate was added to blood for 24 hours and removed by centrifugation. 

Both experiments resulted in a linear dose effect relationship but with the 

a coefficient about a factor of three lower than that observed after exposure to 

fission neutrons. The RBE, for example, for 4.9 MeV a particles with respect to 

250 kVp X-rays at low doses was 6. A model predicting this lower than expected 

value of RBE was proposed. It assumes that there is a selective removal of 

damaged cells by interphase death or as a result of mitotic delay, leading to an 

underestimate of dicentric yield. This model was tested by a method which 

measures these two phenomena and it was shown that they depress the RBE v'alue by 

approximately a factor of three. 

The distribution of aberrations in cells irradiated with various qualities 

of radiation was also examined( 7). For X-rays, y-rays and fission spectra 

neutrons the distribution of dicentrics accords with Poisson statistics but for 

higher energy neutrons and a particles, over-dispersion was observed. The pos-

sibility that over-dispersion results from the variations of dose in sensitive 

sites leads to the conclusion that for dicentric formation the site size is about 

7 ~m diameter, that is close to the size of the cell nucleus. 
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1. Introduction 

This work was undertaken to improve the measurement of neutron dose in 

radiobiological studies, which were aimed at providing underlying data rele

vant to the establishment of radiological protectlon norms. Paired ionisa

tion chambers have been widely used for the dosimetry of the mixed neutron 

and gamma-ray fields. A major problem in their use is the lack of informa

tion on the variation of the mean energy loss per ion pair (W) in the chamber 

gas with the type and energy of the secondary particles produced by neutrons. 

In order to investigate this problem, measurements of the specific ionisation 

in acetylene and carbon dioxide, using ionisation chambers of CH equivalent 

plastic and graphite, and monoenergetic neutron beams, have been made and 

compared with calculation. The need for this work became more apparent from . 
an analysis of the Harwell measurements made at the ENDIP internatlonal inter-

comparison (Delafield, Boot and Holt, 1976), which showed that the technique 

was limited by uncertainties in the W and kerma values. This project was 

terminated in December 1977, and therefore this final report covers the 

years 1976-7. 

2. Technique 
A hydrogeneous chamber is used to measure the total dose, together with 

a neutron insensitive chamber for measuring the gamma-ray dose. The neutron 
dose, Dm, to the wall of the ionisation chamber is derived from the measured 
ionisation per unit mass of gas, J, by the Bragg-Gray theorem, 

Dm = S WnJ/e m,g 

Where Wn is the mean energy loss per ion pair in the gas, Sm is the mean 
stopping power ratio for the wall and the gas and e is the e1gctroniccharge 
(ICRU). The neutron dose in tissue Dt is then derived from Dm using a theo
retical kerma ratio Kt/Km calculated for the neutron spectrum. For a homo
geneous chamber Sm,g is usually assumed to be unity, and so the accuracy ~f 
the technique is dependent upon a knowledge of the appropriate values of Wn 
and Kt/Km. 
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Extensive calculations of Qn values were performed by Dennis (1973),and 
Dennis and Edwards (1975), who used an empirical model for the variation of 
W(E) with ion energy. 

The overall uncertainty of calculated kerma factors has been steadily 
decreasing (ICRU 1977). For hydrogeneous materials at neutron energies below 
~ MeV, the uncertainty in the kerma ratio Kt/Km is small (<3%) whilst that in 
Wn is larger (8o/o). At higher neutron energies (~15 MeV) kerma values are less 
well known, reflecting the uncertainty in the cross-sections for the inelastic 
and non-elastic reactions in carbon and oxygen (Dennis 1973). However relative 

-measurements by Delafield, Chuang and Holt (1975)* of the ionisation produced 
by 15 MeV neutrons in various gases (acetylene, ethylene, T.E. gas, carbon 
dioxide and ethylene/carbon dioxide) commonly used in neutron dosimetry showed 
good agreement (<5%) with the calculations of Dennis. This provides confidence 
in both the relative cross-sections and W values used in the calculations at 
15 MeV. 

Measurements of the specific ionisation in acetylene and carbon dioxide 
were therefore made at neutron energies below 2 MeV where the value of W is 
least well known. The overall objective was to compare these measured values 
of ionisation with calculated values of Dennis (1973) and Dennis and Edwards (1975). 

3. Ionisation measurements in acetylene and carbon dioxide irradiated 
with neutrons 
Ionisation measurments were made with a homogeneous chamber having walls 

of a CH-plastic and an acetylene filling, and with a second chamber having a 
graphite wall and carbon dioxide filling (Delafield and Harrison, 1979). 
Four neutron energies were used between 0.24 and 1.7 MeV, the neutron fluences 
were measured with a de Pangher Long Counter which had been previously cali
brated at the UK National Physical Laboratory and the spectra were checked by a 
time-of-flight technique. The measurments were corrected for gamma-ray conta
mination of the neutron beam with an energy-compensated GM counter. 

The measurements are compared with the calculations based on the W models 
of Dennis (1973) and Dennis and Edwards (1975) in Fig 1. For acetylene the 
good agreement shown in the figure between experiment and theory is consistent 
with both W models and an assumed stopping power ratio of unity. The revised 
model of Dennis and Edwards (1975) is however to be preferred as it gives a 
better fit to the most recent experimental data on W for protons. A revised 
W model employing three parameters to obtain a better fit to the data was 
constructed by us from the most recent experimental data on W. However, this 
model did not give a significant improvement in the agreement between experi
mental and theoretical values of ionisation in acetylene over that obtained 
(±8%) by the later W model of Dennis and Edwards (1975). 

Larger discrepancies (~25%) were observed between the calculated and 
measured ionisation in carbon dioxide (Fig 1). This is thought to reflect 
both larger uncertainties in the measurements and, in particular, larger 
uncertainties in the calculation of kerma resulting from significant resonances 
in the oxygen cross section for three of the neutron spectra used. 

4. Derived gn ~ 

'Experimental' values of Qn have been derived from the quotient of the 
calculated kerma (Dennis 1973) and the measured specific ionisation. In 
Table 1 these experimental values are compared Wlth calculated values after 
*Supported in part by Euratom under Contract No. 128-74-1 BIO UK 
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Table 1 Comparison of derived and theoretical values of W~ 

Mean 
Acetylene Qn/Ws( 1) Carbon dioxide Qn/W~1) 

neutron 
Dennis and Dennis and energy Experiment Edwards (1975 Experiment Edwards (1975) (Me V) 

0.236 1.14±0.07 1.15 1.57±0.20 1.72 

0.554 1.22±0.07 1. 13 1. 69±0. 17 1. 53 

1.12 1.13±0.08 1.11 1.65±0.20 1. 36 

1. 72 1.07±0.09 1.10 1.42±0.18 1.30 

1. Date normalised to w
8 

25.7 eV/ip for acetylene 

Ws 32.9 eV/ip for carbon dioxide 
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FIG t RATIO OF CALCULATED TO MEASURED VALUES OF SPECIFIC IONIZATION IN ACETYLEN.E AND 
CARBON DIOXDE a, CALCULATION BY PROGRAM OF DENNIS 119731. •. CALCULATION BY PROGRAM 
OF OENNIS AND EDWAROS I197S).WITH ERROR BARS REPRESENTING UNCERTAINTY IN MEASURED 
IONIZATION ONLY 
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normalisation to theW value for electrons (Ws)· The experimental results 
are consistent with an increase in Wn with decreasing neutron energy as 
expected from theory. 

5. Conclusion 

The direct comparison between the experimental and calculated values of 

the specific ionisation in acetylene and carbon dioxide irradiated with neutrono 

has provided both general confirmation of the theory (Dennis 1973, and Dennis 

and Edwards 1975) from the good agreement observed in acetylene, and shown up 

the limitations of the theory when applied to carbon dioxide. 

For the neutron energy range studied (0.2-2 MeV) the observed agreement 

of better than ±8% between the calculated (Dennis and Edwards, 1975) and 

measured values of ionisation in acetylene gives confidence in using the CH 

chamber for neutron dosimetry, since the additional uncertainty in deriving 

kerma in tissue from that measured inCH-plastic is very small (2-3%). A 

representative value of Wn/Ws in acetylene for this energy range may be given 

by the mean of the experimental observations as (1.14±0.03) since the ratio is 

not markedly energy dependent (Table 1). 

In contrast the neutron sensitivity of the graphite chamber filled with 

carbon dioxide is not so well known, and its use to measure the gamma-ray 

contamination of neutron beams cannot be recommended. The mean value for 

Wn/WB of (1.58±0.06) derived from the measurements in carbon dioxide (Table 1) 

provides direct experimental evidence that wn is significantly greater than ws 
as predicted from the calculations of Dennis and Edwards (1975). 

For gamma-ray measurements it is recommended that further studies should 

be made of other detectors with a much lower neutron sensitivity, such as an 

energy-compensated GM-counter, thermoluminescent dosimeters and photographic 

film. 
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Title of project nr 2: Neutron and LET Spectrometry in a Man-Phantom 

Head of Project and scientific staff: K G Harrison, Mrs A J Taylor, 
P D Holt, S J Boot 

1. Introduction 

The aim of this project was to improve our knowledge of the neutron 

spectrum, dose and dose-equivalent in a homogeneous phantom, and to check by 

an independent method the depth-dose and depth-dose equivalent Monte Carlo 

calculations of Auxier, Snyder and Jones (1,2), which form the basis of the 

fluence to dose-equivalent conversion factors recommended by the ICRP (3). 

Techniques for both calculating and measuring neutron spectra in a phantom 

were therefore developed and used. An existing computer program which calcu

lates dose and dose-equivalent from the neutron spectrum (4) was also tested 

by comparing the event-size spectra it predicts with those measured experi

mentally using a Rossi counter. 

Following the publication of a further ICRP report (5) in 1977 (which 

introduced a concept in which the dose-equivalent imparted to individual organs 

of the body are weighted by risk factors and summed to give the total 

(effective) dose-equivalent~ it is apparent that future work ought to be under

taken on realistically-shaped heterogeneous phantoms. This has been con

sidered in the conclusions arising from the project. 

2. Work prior to 1976 
The project was started in 1974 (128-74-1 BIO UK), and during these first 

two years an organic scintillator spectrometer was developed. This consisted 
of a 1 cm diameter x 1 cm high stilbene scintillator on a 30 cm quartz light
pipe connected to a photomultiplier and a sophisticated pulse-shape dis
criminator (Harwell type 8850 ; Link Systems Model 5010). A suitable inter
face to a transportable multi-channel analyser (Canberra 8100) was also built 
and tested, and a computer program was written to deduce the neutron spectrum 
from the pulse height spectrum using a differentiation method. 

At the same time, a mixed transport and diffusion program was written to 
treat the irradiation of a rectangular block of material by a plane-parallel 

'beam of neutrons from an arbitrary direction. In this program the first few 
collisions of each neutron are solved algebraically using the full transport 
equation which takes explicit account of the directions of the neutrons as 
well as their energies. After two or three scatterings it is assumed that 
the angular distribution of the neutrons is isotropic, and the spectrum is 
used as a source for the numerical solution of a set of coupled diffusion 
equations corresponding to a set of energy intervals. The material is assumed 
to be a rectangular block with Cartesian lattice points at unequal intervals. 
The diffusion equations for the lattice points yield matrix equations which 
are solved with the use of sparse matrix techniques developed at AERE. The 
neutron spectrum is thus derived for each point of the three-dimensional lattice. 
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3. Work during the contract 1976-1980 
3.1 Experimental work using the organic scintillator spectrometer 

In the first programme of experimental work the organic scintillator 
spectrometer was tested with monoenergetic neutrons in the energy range 0.5-
6 MeV to investigate the validlty of the unfolding method and to obtain data 
on the (non-linear) relationship between the recoil proton energy and the light 
output of the scintillator. Experimental measurements were then made of the 
neutron spectra inside a 30 cm x 30 cm x 15 cm rectangular water phantom 
irradiated by a point source of neutrons lncldent on the larger face. Two 
incident energies (3 and 6 MeV) were used. 

These results were compared with calculations (see section 3.2) in a 
paper presented at the IIIrd Symposium on Neutron Dosimetry in Biology and 
Medicine (1977)(6). Some additional work using 1 MeV neutrons and a spherical 
3He proportional counter spectrometer was also included in the paper, in which 
it was concluded that, because of its high sensitivity to low-energy neutrons, 
a 3He spectrometer was unsuitable for in-phantom use. 

Before the second programme of spectral measurements could be undertaken 
an investigation of the background neutrons was necessary, and the scintillator 
had to be replaced. A new series of response functions were then measured 
for neutron energies from 0.5-7.0 MeV. Various modifications to improve the 
unfolding program were also made. A least squares program based on GASP (7) 
was also tried as an alternative unfolding method for deducing the neutron 
spectrum from the pulse helght spectrum; this gave disappointing results. Also 
it was determined that the spectrometer was unreliable below about 1.5 MeV 
because of the effect of the light-pipe; other considerations showed that for 
the energy range 1.5 MeV-9 MeV a program based on differentiation would be 
adequate. These conclusions, and a full descrlption of the spectrometer are 
to be published as a Harwell report (8). Preliminary measurements with 
14.8 MeV neutrons confirmed that the differentiation method of analysis would 
not be valid at this energy because of contributions to the response functions 
from other charged-partlcle reaction products (in addition to recoil protons). 

Spectra inside the rectangular water phantom were measured for 3,5 and 7 
MeV incident neutrons from a point source in front of the large face. 

3.2 Calculations using the transport/diffusion program 
Calculations were initially undertaken using the transport/diffusion 

program for plane-parallel beams of neutrons having energies of 3 and 6 MeV 
incident on the large face of a 30 x 30 x 15 cm rectangular water phantom. 
Comparison with the experlmental measurements (6) was difficult because a 
plane-parallel beam could not be realised experimentally. 

Improvements were subsequently made to the treatment of the oxygen cross
section which is oscillatory above 1 MeV, and to the number and separation of 
the energy points used by the program. To confirm the validity of the program, 
it was decided that it would have to be adapted to treat a point source of 
neutrons (at any distance) rather than a plane-parallel beam. This would also 
have a useful application in radiotherapy studies. These modifications have 
just been completed and the new program has now been used to calculate spectra 
in the phantom for 3,5 and 7 MeV neutrons incident from a point source as in 
the experimental studies. A folding program to broaden the calculated spectra 
to match the resolution of the spectrometer has also been written. 

A comparison of these calculated spectra with those measured using the 
organic scintillator spectrometer will be made in 1981, outside the term of 
this contract. 



- 569 -

3.3 Tests of the program to calculate dose and dose-equivalent from the 
neutron spectrum 
The computer program which calculates dose and dose-equivalent from the 

neutron spectrum (4) can also be used to calculate event-size distributions 
in a Rossi counter (9). Event-size spectra have been measured using a Rossi 
counter irradiated by 2,3,5 and 16 MeV neutrons, and these have been compared 
with those predicted by the program. Discrepancies close to the peak in the 
proton event spectrum can only be explained by errors in the proton stopping 
powers or W-values used in the program. Larger discrepancies in the predicted 
and observed numbers and sizes of the heavy-ion events indicates substantial 
errors in heavy-ion cross-sections or wall stopping powers, and W-values or 
gas stopping powers. These observations were briefly reported at the European 
Dosimetry Group Meeting at Dundee (1979) and are being prepared for outside 
publication (10). 

4. Conclus~ons 

This work has shown that an organic scintillator spectrometer using a 

long light-pipe works quite satisfactorily, although with a relatively high 

energy-threshold. The transport/diffusion method of calculation has proved 

to be quite complex to set up. A full comparison between existing measured 

aHd calculated spectra will be made in 1981. There have been found to be some 

shortcomings in the input data (cross-sections, stopping-powers and W-values) 

in the Edwards and Dennis program (9), which require further investigation. 

For future work it is recognised that realistic heterogeneous models of 

the human body are required. Such calculations are in principle possible 

using the present transport/diffusion program, as different compositions 

(including void) can be assigned to each point of the three-dimensional mesh. 

However, considerable development work would be required and it is thought 

that good statistical sampling codes with the necessary geometrical versatility 

already exist and are probably preferable. 

The organic scintillator spectrometer is suitable for use in any phantom, 

although it will be exceedingly difficult to develop the tissue- and organ

equivalent materials to construct a realistic human phantom for experimental 

studies with neutrons, so further work with it is not envisaged in the near 

future. 
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Title of project nr 3: The mutagenic and lethal effects of neutrons and 
y-rays on mammalian cells 

Head of Project and scientific staff: J C Asquith, P D Holt, A H Reading 
J A B Gibson 

Introduction 

The main aim of this programme is to obtain experimental data on dose

response relationships for cellular radiobiological end-points which can be 

-used to construct microdosimetric models of the effects (Project No 4). The 

models are utimately intended to allow extrapolation of high-dose data on the 

risk to man of carcinogenesis to the low doses and dose-rates of concern in 

radiological protection. 

The cell lines used have been (i) a l~ne of V79-4 Chinese hamster fibro

blasts, (ii) L5178Y mouse lymphoma cells and (iii) three primary human lines, 

obtained from a foetus, an infant (foreskin sample) and an adult respectively. 

The radiations used have been gamma-rays (60co) and fast neutrons from the 
9Be(d,n) reaction, Wlth a bomQarding energy of 3 MeV, and also from 252cf. 

Some work has been carried out on mutagenesis and chromosome aberration but 

the greater part has been concerned with cell killing. 

In order for the fitting of microdosimetric models to cellular radio

blological data to be useful it is necessary to know whether more than one 

mechanism contributes to an observed radiobiological endpoint, and, if so, 

to obtain the variation of the separate components of effect with dose and 

radiation quality. Thus much of the work has been carried out using syn

chronlzed cells since the effect observed in an asynchronous culture is a 

superposition of the effects at different stages of the cell cycle. A pro

gramme of work has also been carried out on the effect of the repair-inhibitor 

caffeine on survival. 

Survival curves of synchronized cells 

Survival curves of synchronized cells have been obtained for the Chinese 

hamster cells for both neutron and gamma-ray irradiation and for the mouse 

cells for neutron lrradiation. The survival curves of the asynchronous mouse 

cells show a negati-ve curvature, whereas those of the synchronized cells are 

all exponential. The sum of several different exponential curves will be a 

survival curve which has negative curvature when plotted on the usual logari

thmic-linear scales. The survival curves of the Chinese hamster cells show 

a variatlon through the cycle for neutron irradiation which lS qualitatively 

simllar to that for gamma-ray irradiatlon, but less pronounced. For neutron 

irradiation in G2 the survival is exponential with dose. At other stages in 

the cycle the neutron survival shows a small shoulder (extrapolation number ~2) 

whereas the gamma-ray survival shows a large shoulder at all stages (extrapo

lation number ~20). 
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The effect of repair-inhibition by caffeine on cell survival 

Extensive experiments were carried out on the effect of repair inhibition 

by post-irradiatlon treatment with caffeine in Chinese hamster cells. Follow

ing single-doses of gamma-rayscaffeine lncreased the sensitivity but did not 

appear to alter the extrapolation number, whereas after single doses of neutrons 

the shoulder was removed entirely. In experlments in which caffeine was added 

at various times to cells irradiated at the G1/S boundary it was found that 

caffeine inhibited repair at two different times in the cell cycle, namely in 

early S-phase and in G2 phase. 

A repair-saturation model of cell damage 

The results of both the caffeine experiments and the synchrony experiments 
in Chinese hamster cells were tentatively explained by a model in which the 
shoulder on the survival curve results from the saturation of a repair system 
at high doses, causing an increase of radiosensitivty with dose. The sensiti
zing effect of caffeine was postulated to arise from lts reduction in radiatlon
induced division delay, giving less time for the repair system to complete the 
repair of damage. On thls model it is not necessary to assume the existence 
of "sub-lethal damage"; the sparing effect of fractionation can be accounted 
for by the recovery of the repair enzyme system in the split-dose interval. 
Thls model is supported by the survlval curves obtained for the human cells; 
a shoulder was obtalned for the adult line for both neutron and gamma-ray 
irradiation but no shoulder was obtained for the foetal cells for either type 
of radiation. The natural inference is that a repair system was operating in 
the adult cells which did not operate in the foetal cells. 

Chromosome aberrations in Chinese hamster V79 cells 

Dose-response relations were measured for chromosome aberrations in the 

Chinese hamster cells. In order to avoid the problem of the variation of radio

sensitivity through the cell cycle, cells were irradiated in stationary phase 

where they are arrested ln G1 and hence partially synchronised. The cells were 

scored fordicentries, centric rings, acentric fragments, chromatid gaps, chromo

some gaps and breaks. Unexpectedly, it was found that the RBE of neutrons at 

low doses for the production of dicentrics and acentric fragments was only 

about 6, compared with the value of about 30 found by Lloyd, Purrott, Dolphin 

and Edwards (1976) for human lymphocytes. Dicentrics and acentric f~agments 

would be expected to be lethal to the cell and graphs of the fraction of cells 

without these aberrations as a function of dose were very close to typical 

survival curves of this cell line, for both gar.rra-ray and neutron irradiation. 

It seems likely therefore that, in these cells at least, killing can be 

accounted for by the production of gross chromosome changes, and a model for 

killing based on Neary's chromosome aberration model (see Project No 4) may be 

preferable to our tentative explanation in terms of the saturation of a repair 

system. The effect of caffeine on chromosome aberration production, however, 

has not been examined. 
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Conclusion 

Extensive data have been obtained on survival curve slopes at different 

phases of the cell cycle for neutron and gamma-ray irradiation, and data have 

also been obtained on the effect of repair-inhibition by caffeine on cell 

survival. Chromosome-aberration dose-response curves for neutron and gamma

ray irradiation have been obtained in a line of cells for which there are 

already survival data, enabling the relationship between the two end points 

to be studied. Two models have been used to interpret the data; it has not 

been possible within this period to decide conclusively between them. 
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Title of project nr 4: Microdosimetric models for the interpretation of 
mutation and cell killing in mammalian cells 

Head of Project and scientific staff: P D Holt 

Introduction 

It is a common feature of cellular radiobiological effects, such as 

killing, chromosome aberration and mutagenesis, that the dose-response 

relationship is superlinear, i.e. that the response per unit dose increases 

with dose. The ultimate aim of this work is to understand the mechanisms 

responsible for radiation carcinogenesis, and the induction of heritable 

defects, ~ufficiently to be sure whether this superlinear dose-response 

relationship holds also for them. This question is of great importance for 

the nuclear industry because the answer affects very strongly the estimate of 

the risk to man of very low doses of radiation, since observations are availa

ble only at high doses and the low-dose estlmate therefore has to be made by 

extrapolation. 

During this period the field of study has been restricted to cell killing, 

mutagenesis and chromosome aberration. Experimental data have been obtained 

from this work (Project No 3) and from the literature. Two different models 

have been studied for superlinearlty ln dose-response: (l) The Dual-Action 

Model of Kellerer and Rossi (1972, 1978) and (il) the exhaustible repalr model 

(Alper 1977). 

It has been shown(Holt, 1975) that the Dual-Action model is equivalent to 

Neary's (1965) chromosome aberration theory. It preqicts that the dose-response 

relationship will be quadratic and that the linear, or "one-track" component 

will be proportional to LET; thus RBE values of 30-50 are predlcted for 

neutrons with respect to gamma-rays; the RBE will decrease with lncreasing 

dose. From the ratio between the linear and dose-squared terms Kellerer and 

Rossi calculate an interaction distance and this comes out to be typically 

0.5 ~· Thus the linear term in the response to very soft X-rays, where the 

range of the photo-electron is less than 0.5 ~,would be expected to be very 

small. 

However this is not found to be the case, at least for cell killing and 

mutagenesis (Cox, Thacker and Goodhead, 1977). Further, the RBE values at 

low doses for cell killing and mutation are 5-10, instead of in the expected 

range 30-50. 
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The exhaustible repair theory of cell-killing 

There are therefore difficulties in the way of accepting the Dual

Action Theory as a satisfactory account of killing and mutation in mammalian 

cells, and so consideration was given to the exhaustible-repair model. 

According to this model superlinearity is due to the exhaustion or saturation 

of a repair enzyme system. Caffeine is known to be a repair inhibitor and 

so the effects of post-irradiation treatment with caffeine on single-dose 

and split-dose killing in Chinese hamster (V79) cells were studied experi

mentally (Project No 3). It was possible to account qualitatively for the 

results by assuming that the sensitizing effect of caffeine was due to its 

reduction of division delay and hence of the time available for the repair 

system to act, and that this effect was more critical for neutron than for 

gamma-ray irradiation because of the much larger average number of lesions 

in a cell nucleus through which a charged particle had passed. Similar 

considerations would account for the experimental results on the variation 

of survival curve shape with the stage in the cell cycle at which the cells 

were irradiated, for both gamma-ray and neutron irradiation. 

The chromosome aberration theory of cell-killing 

However this exhaustible-repair model is not without difficulty since 

it is necessary to assume that the repair system is saturated by a very 

small number of lesions (less than 10). Further, experimental data from 

Project No 3 on chromosome aberration in Chinese hamster (V79) cells gave a 

neutron RBE similar to that found for cell killing, which is much lower than 

the neutron RBE's found for chromosome aberration in Tradescantia microspores 

(Neary, 1965) and in human lymphocytes (Lloyd, Purrott, Dolphin and Edwards, 

1976), and so it appeared that virtually all the killing in V79 cells could 

be accounted for by the production of dicentric chromosomes and acentric 

fragments. For these two reasons renewed consideration was g~ven to Neary's 

chromosome aberration theory, which is equivalent to the Dual-Action Theory. 

The sensitivity at low doses is predicted to be proportional to the LET only 

up to a certain value of LET and then to begin to fall. This value depends 

on the efficiency with which an energy-loss event produces a primary lesion 

in a chromosome, and thLs may vary (for example, due to the presence or absence 

of repair) between species. Thus a low value of this efficiency leads to the 

usual prediction of a low-dose RBE of 30-50 for neutrons with respect to 

gamma-rays, but a high value of the efficiency will lead to a lower value, 

such as is found experimentally for cell killing. 
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Neary's prediction of an interaction distance of ~0.5 ~m between primary 

lesions results from his assumption that thls distance is the same when both 

lesions are produced by the same charged partlcle as when they are· produced 

by two different charged particles. We assume, in the present work: following 

Virsik, Blohm, Hermann and Harder (1980) that a "fast" interaction between 

two lesions produced by the same particle occurs only if these are very close 

together. Interactions between lesions produced by different charged partlcles 

occur slowly after diffusion over much larger dlstances within the nucleus. 

It also appears that these slow long-range interactions have a low probability; 

repair of a lesion is much more likely than interaction. 

Conclusion 

It is concluded that cell killing ln V79 cells is due almost entirely 

to chromosome aberrations and that both phenomena can be understood using 

a modification of the model of Neary and Kellerer and Rossi. This model 

should thus provide a useful frame-work for the correlation of data on killing 

and chromosome aberration in different cell lines and it is hoped that it will 

also be useful in interpreting data on mutation and malignant transformation. 

It remains, however, to see whether the experimental data on caffelne and on 

survival curve shape at different phases of the cell cycle can be incorporated 

into this chromosome-aberration model of cell killing. Thus we have not been 

able, within this period, to decide conclusively between the two models we 

have considered. 
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Title of project nr 5: Track Parameters of Ionizing Radiation 

Head of Project and scientific staff: M Marshall, T Budd, C S Kwok, 
D A Williams 

1. Introduction 

The cloud chamber is designed primarily to investigate the spatial distri

bution of ionisations in the tracks of charged particles. The aim is to pro

duce data and parameters which are relevant to biological modelling (e.g. 

project 3) and microdosimetry (e.g. project 4). 
' Prlor to 1976 photographs of the ionisation distributlons produced by 

Al K X-rays in a convenient gas mixture had been obtained and converted to 

3-D coordinates. Preliminary analysis of this limited data had been made to 

obtain a W-value and event size distributions. A tissue-equivalent (T.E.) 

gas mixture was being developed. 

Work in the period 1976-80 is presented below. 

2. Cloud Chamber Gas Mixtures 

A modified nucleation theory has been developed which predicted that 

lower density (and therefore higher resolution) gas mixtures could be used 

in the chamber. The theory takes into account the bulk heating of the gas 

by the walls and the heating of droplets during growth. The predicted values 

of supersaturation required for condensation agree well with the experimental 

values for a T.E. gas and for water vapour. 

The T.E. gas was chosen to have the same elemental composition (in H, 

0, C and N) as soft tissue and consists of water, ethanol, hydrogen, oxygen 

and nitrogen. The lowest density currently achievable is 9.5x10-J kg m-3 

after expansion which is a factor of six lower than for the original 

mixture. The magnification is 105 compared with unit density tissue. 

There are difficulties in measuring the composition accurately. An 

infra-red spectroscopic technique has been developed to measure the partial 

pressures of the two vapours in the present mixture with an uncertainty of 

about 10%. This has involved extensive calibration since water vapour 

affects the alcohol absorption bands and oxygen affects the absorption of 

both water and alcohol. Together with other physico-chemical techniques 

(mass spectrometry and gas chromatography) this is used to determine the 

gas composition before and after a series of experiments. 
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3. Radiation 

A simulated cloud chamber has been used to study the energy and intensity 

of radiations at the position of the active volume in the cloud chamber. A 

glow-discharge electron gun has been developed to produce carbon X-rays 

(284 eV) at the high intensity required. Aluminium and other X-rays are also 

generated by this method. For alpha particles (from a 244cm source) the 

energy and energy straggling after passing through various absorbers has 

been determ1ned using a high resolution silicon diode (FWHM 19 keV) in the 

'dummy' chamber. A collimating system with a fast photographic shutter was 

designed to introduce alpha particles into the chamber during the sensitive time. 

4. Determination of Coordinates 

A Quantimet-720 image analyser is now available and has been programmed 

to produce 2D coordinates rapidly. Interactive computer programs are be1ng 

developed which will facilitate matching of orthogonal photographs to 

produce 3D coordinates. 

5. Analysis of X-ray Data 

Methods of analysis have been developed to enable Rossi 'Y' distributions 

and distributions of inter-droplet distances (proximity distributions) to be 

plotted separately for the various photo- and Auger electrons produced by 

aluminium K X-rays. Results for the non-T.E. gas mixture have been scaled 

for W-value and range and compared with theoretical data from Toulouse and 

Neuherberg. Satisfactory agreement has now been obtained after allowing for 

diffusion in the cloud chamber. Similar studies in the current T.E. gas 

mixture will be performed shortly. 

W-values have been obtained in the various gas mixtures. In the present 

T.E. gas W-values for electrons from aluminium and carbon X-rays of 

(31.0±0.5) and (35.9±0.2) eV/ion pair have been obtained. These are similar 

to values obtained by other workers using different techniques. 

6. Analysis of Alpha Particle Data 

The coordinates of 38, 32 and 30 pairs of two orthogonal views of well 

focused track sections, each containing about 200 droplets and produced 

respectively by 5.0, 3.4 and 1.1 MeV alpha particles, have been obtained 

and are available to anyone interested, 

Because of the high density of ionisations in alpha-particle tracks it 

is not generally possible to match sets of orthogonal data to obtain sets 
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of 3-D coordinates. Methods of analysis of the 2-D data to obtain micro

dosimetric distributions directly are being developed. Radial ionisation 

distributions have so far been obtained. 

Differential W-values for alpha particles in the current mixture are 

32.5±5.5 eV/ion pair at 4.98 MeV, 30.2±3.0 eV/ion pair at 3.46 MeV and 

33.7±3.5 eV/ion pair at 1.14 MeV. The errors (1 std. dev.) are due mainly 

to uncertainties in the gas composition. A paper on W-values for the X-rays 

and alpha particles is being prepared. 

1. Diffusion 

A theoretical model to predict the effect of diffusion on the position 

of droplets condensed on positive ions has been derived. The average increase 

in separation between two ions is estimated to be about 200 ~m in the chamber, 

in reasonable agreement with measured values. 

8. Collaboration with Other Groups 

Monte-Carlo data for the distribution of ionisations produced by 

electrons in air and water vapour has been obtained from colleagues at the 

University of Toulouse and at GSF, Neuherberg. Programs from both sources 

have been transferred to the Harwell computer. To facilitate comparisons 

with such data we have attempted to operate the cloud chamber onpurewater 

vapour. 

g, Water vapour 

The operating conditions required to obtain satisfactory condensation 

of droplets have been calculated using the modified nucleation theory 

(Initial pressure 1.3 kPa at 14°C). A small number of alpha-particle tracks 

have been photographed but the tracks of low energy electrons have so far 

been unrecognisable. An instrumental fault is suspected and this work will 

be repeated when opportunlty permits. 

10. Concluslons 

Theories have been developed to predict the supersaturation required 

for condensation in different gas mixtures in a cloud chamber and to determine 

the extent of diffusion. The chamber has been operated with a tissue

equivalent gas with a density six times less than that of the former 

mixture. Alpha particles and X-rays of appropriate energies and intensities 

can be produced during the sensitlve time of the chamber. Coordinates of 

the droplet images can be measured automatically using an image analyser 

and 3D coordinates can be obtained using interactive computer programs. 

Proximity distributions and 'Y' distributions have been obtained for 

ionisations produced by X-rays. Results have been compared with theoretlcal 
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distributions produced by colleagues in other laboratories. W-values have 

been produced for X-rays and alpha particles. Radial ionisation distri

butions have been obtained for alpha particle tracks. 

Preliminary studies have been made on the operation of the chamber with 

water vapour alone. 
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GENETIC EFFECTS OF HIGH NATURAL RADIOACTIVITY AND 

RADIOSENSITIVITY TESTS ON PLANTS AND PLANT CELLS 

IN/FROM AREAS WITH VARIOUS LEVELS OF NATURAL 

RADIOACTIVITY 

In southwest France, there are uranous outcrops over which abnormally 

high radiation dose rates can be measured : up to 15 mrd/h., i.e., 

135 rd/y., whereas usual dose rates range between 0.010 and 0.035 mrd/h., 

i.a., 90 and 300 mrd/y., approximately. It should be kept in mind, 

however, that these relatively high dose rates still lie within the 

i,fralethal range. 
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I - STUDIES ON PLANT SPECIES PRESENT ON THE OUTCROPS 

I.1 - THE FLORA 

The flora is adapted to submediterranean climatic conditions 

and to various regional soil characteristics. Among the numerous species 

that tolerate uranium in the substrate, no uranium-specific species was 

identified. However, careful observation showed that the distributions 

of certain species were somewhat affected by that of uranium (A.R. 1976, 

316-317; A.R. 1977, 390-391 ; A.R. 1978, 401). A few cytological 

abnormalities were also observed in Cerastium brachypetalum Desp. 

(A.R. 1977, 391). 

I.2 - RADIOSENSITIVITY OF PLANT SPECIES 

Perennial plants living on radioactive sites, even delivering 

very low dose rates, do receive high total doses. In order to find out 

whether or not some adaptation could occur in the long run, seeds were 

collected on several species both from radioactive and control areas, 

and set to germinate. Seeds or plantlets were artificially irradiated 

at high doses by means of a Cs-137 source. 

Plantlets of Quercus pubescens Willd. (A.R. 1977, 386; A.R. 1978, 396; 

A.R. 1979, 414) from seeds collected on a radioactive site and its close 

surroundings were more radiosensitive than control plantlets issued from 

seeds harvested in nonradioactive areas. 

In Aegilops ovata L., seeds collected on a radioactive site were found 

to be less radiosensitive than those collected in a control area. 

These results will be thoroughly discussed in future publications. 
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!.3 - ALBINISM IN GaLactites tomentosa Moench. 

In order to explain the presence of white capitula on plants that also 

carried normal lilac-colored capitula, it was suggested that mutation(s) 

had been induced by radiations emitted by the uranium present in the 

site on which these abnormal individuals were found CA.R. 1979, 415). 

This hypothesis was genetically verified, and detailed results will be 

presented in a future publication. 

All these interesting data may be regarded as a confirmation of those 

obtained by DELPOUX (State Doctoral Thesis, University of Toulouse, 1974). 

Although suggesting that various biological and genetic effects can be 

attributed to the action of ionizing radiations, external and/or internal, 

produced by uranous outcrops, the findings mentioned above do not 

constitute a clear-cut demonstration. Only external irradiation, applied 

at the same dose rates to well known markers, can provide convincing 

evidence. This was the scope of the experiments described in Section II 

below. 

II - IRRADIATION OF MATERIAL GROWN OVER URANOUS OUTCROPS OR DEVICES 

Two marker systems were utilized. 

+ + 
II.1 -THE a1/a1 a2fa2 SYSTEM OF TOBACCO 

This genetic system consists of a double heterozygote, 

a;!a1 a;;a2, of Nicotiana tabacum L. var. xanthi n.c •• The two loci are 

homeologous a~d involved in chloroplast differentiation. The mutant 

factor a1 antagonizes both a; and a; whereas mutant a2 is amorphous. The 

double heterozygote can be readily obtained by crossing line a;/a; a
2
!a

2
, 

phenotypically normal, with partially chlorophyll deficient line 

a
1

ta
1 

a;;a;. The F1 has greenish-yellow leaves. Either spontaneously or 

under the action of chemical or physical mutagens, the genetic composi

tion of the system can be modified, yielding mostly reverted green cells 

the frequency of modifications to white and yellow cells is negligible 

and hence may be disregarded. As an individual grows, each reverted 

cell yields a clone that appears as a green spot in the palisade tissue 
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of the greenish-yellow leaf. Since a very large number of cells can be 

observed in one single individual (1000 to 2000 cells/mm2 of leaf), this 

marker system is particularly handy for detecting effects of low and 

very low doses of radiations with very good statistical precision. The 

genetic effect of a given dose can be expressed as average reversion 

rate per cell cycle on the basis of the number of reverted cells or, 

equivalently, of reverted leaf area. It has been shown [Dulieu and 

Dalebroux, MUtation Res. 30(1975)63-70] or reminded [Fabries and 

Delpoux, MUtation Res. 49(1978)377-382] that, for a given individual, 

there exists a simple relationship between the total leaf area S and 

the reverted area S on one hand, and the reversion rate p on the other g 

p t
s _ s ~ 1/t 

1- __ g 

s 

where t is the number of cell cycles that actually took place during the 

chronic irradiation, and, since spots smaller than 0.05 mm2 cannot be 

detected by the observation method used CFabries and Delpoux, 1978 above), 

is equal to 

log N 
log 2 - 7• 

N is the total number of ceLls observed that corresponds to the total 

leaf area S with cell density d (number of cells per unit area), so 

that N = dS. 

It was shown that the reversion rate on plants grown over different 

uranous outcrops was significantly higher than that observed on 

individuals placed over inactive control sites CA.R. 1977, 384 ; 

A.R. 1979, 412-413). The study of the dose-response relationship was 

undertaken. For dose rates ranging between 0.3 and 0.4 mrd/h. as well as 

for higher rates ranging up to 1.00 rd/h., the response was found to be 

linear CA.R. 1976, 312-313 ; A.R. 1977, 385 ; A.R. 1978, 392-393) 

below the 0.3-0.4 mrd/h. range, no significant increase of the sponta

neous reversion rate was observed CA.R. 1977, 385 ; A.R. 1978, 393-394). 

It should be pointed out that the effective dose received by the material 

is simply that delivered in 24 h. ; indeed, since continuously dividing 
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material is involved, the reversion of a given cell takes place during 

cell division, so that the effective irradiation period is at most equal 

to the duration of a cell cycle, which lasts about 24 h. 

II.2 -THE waxy SYSTEM OF BARLEY 

Locus waxy is involved in the synthesis of starch, the 

composition of which is modified when the wild-type gene mutates. Mutants 

are sought out in pollen populations of Hordeum vulgare var. Monlon. As 

is well known, wild-type pollen grains turn dark brown in the presence 

of iodine, whereas mutated grains turn red. Evaluation of the frequency 

of waxy mutants in pollen populations constitutes a mutagenicity test for 

various factors ; in this case, the effects of low chronic dose rates 

of ionizing radiations were investigated. 

As for tobacco, it was repeatedly demonstrated that the frequency of 

waxy mutants in plants grown over uranous outcrops was significantly 

higher than that observed in individuals placed over control sites. 

The results obtained so far from studies undertaken to determine the 

shape of the dose-response curve are still incomplete. It seems that 

there is a linear response within the higher range of the low dose rates 

investigated up to now (A.R. 1976, 314 ; A.R. 1977, 385 ; A.R. 1978, 

394-395). Below this range, it appears that the response is somewhat 

more complex and is being investigated (A.R. 1978, 395-396 ; 

A.R. 1979, 414). 

Ill - INTERNAL IRRADIATION 

Two experiments were carried out that consisted in growing tobacco 

and barley individuals directly in substrates with different radio

activity levels. 

Tobacco was grown in three calcareous and one granitic substrates in 

Sault Region (Pays de Sault, Aude>, characterized by dose rates of 

0.010 mrd/h. (first three substrates> and 0.020 mrd/h., respectively. 
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The reversion rate observed on plants cultivated in the calcareous 

substrates was twice that on plants grown in the granitic soil (A.R. 1978, 

394; A.R. 1979, 413). 

The frequency of waxy mutant pollen grains significantly increased when 

barley was grown in soil originating from uranous rocks (A.R. 1976, 314). 

IV - GENERAL CONCLUSIONS 

IV.1 - FUNDAMENTAL INTEREST OF THE RESEARCH 

The research carried out has contributed to a better 

knowledge of an unknown - or at least poorly known - component of the 

regional natural environment. Indeed, whereas a good deal of research 

has been performed on zones showing abnormally high radioactivity in 

India, Brazil, U.S.A., U.S.S.R., ••• , uranous areas in southwest France, 

though well known by specialized geologists, were ignored by biologists 

and ecologists. The experiments performed allowed a better knowledge of 

them, especially from the dosimetry standpoint ; they also contributed 

to make a larger number of people realize that areas with really high 

natural radioactivity do exist in southwest France. 

Also, through this research, it was possible to acquire information on 

genetic effects of low and very low dose rates of ionizing radiations 

delivered by uranous outcrops. Mainly by means of the a;!a
1 

a;;a
2 

system 

of tobacco and, to a lesser extent, the waxy locus of barley, 

reproducible and statistically reliable results were obtained. On their 

basis, it was possible to 

- confirm and comfort the preliminary findings of DELPOUX 

(State Doctoral Thesis, University of Toulouse, 1974>, 

- assess and describe the dose-effect relationship at low 

and very low doses ranging down close to the zero point, 

- reveal thresholds under which radioactivity seems 

to be ineffective. 
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These experiments also suggest the possibility of designing further 

research in order to 

-assess the effects of internal irradiation by radionuclides 

incorporated in, or ingested by, living organisms, 

- compare the effects of low and very low doses of ionizing 

radiations to those of other environmental factors (substrate, micro

climate, pollutants, etc.), 

- assess the synergic effects, positive or negative, of the 

different factors mentioned above. 

Finally, from a more general standpoint, since it was shown that low and 

very lowdoses of ionizing radiations emitted by active substrates do 

have genetic effects, it is not unreasonable to imagine that such factors, 

acting upon biological differentiation and speciation, can play an 

important role in those biological and biogeographical phenomena that 

are most fundamental for the diversification, renewal and development 

of the genetic potentialities of the biosphere. 

~om all these experiments, the role of low radioactivity in these 

processes could be evaluated without hazardous, or even unjustified, 

extrapolation made from results obtain with high and very high doses. 

IV.2 - PRACTICAL INTEREST OF THE RESEARCH 

The knowledge acquired on the basis of the results can be applied 

to problems related to radioprotection. So far they can help assess 

effects of low and very tow doses of external irradiation, and 

thereafter contribute to the knowledge of the detriment caused by 

ionizing radiations. The experimental designs employed can be utilized 

to tackle the problems raised by the development of nuclear energy, 

like that consisting in validating, on experimental grounds, the 

norms of radioprotection and so contribute to the nuclear safety in 

and around power and industrial plants using atomic energy. 
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Titre du projet : CYTOGENETIC INVESTIGATIONS ON MAMMALS EXPOSED TO 

HIGH NATURAL RADIOACTIVITY. 

It is generally difficult, or even impossible, to determine the exact 

doses of radiation received by humans or animals living in regions of 

high natura~ radioactivity. This explains why genetic and cytogenetic 

investigations performed so far on animal species have yielded 

conflicting results. The present study was carried out on laboratory 

animals maintained in captivity over "hot spots" near Lodeve in 

southwest France, where the dose rate from external terrestrial sources 

can reach 100 rd/y. Under such conditions, it was possible to accurately 

determine the exposure dose and so compare the data with adequate controls 

as well as with laboratory experiments. 

Over a site where the dose rate amounts to about 8 mrd/h., a hut was 

built on the floor of which cages with laboratory rabbits were placed. 

The Gamma doses were determined by placing an individual lithium fluoride 

dosimeter around the neck of each animal. The rabbits were kept in the 

hut for a 28-month period and blood samples were taken after 4, 8, 12, 

16, 20 and 28 months in order to study chromosomal aberrations in 

somatic cells Clymphocytes). Air samples inside the hut were taken in 

spring and fall and the 222Rn contents measured. In order to find out 

whether 222Rn and its daughter products could participate in the 

production of chromosome aberrations, model experiments were performed 

under controlled conditions of radon exposure. Induction of chromosome 

aberrations in male germ cells was studied in mice placed in the hut 

during summer, a longer stay being impossible due to the sensitivity 

of mice to climatic variations. Control animals were kept near the 

radioactive site as well as in the laboratory. 
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The dose of y rays received by the rabbits during the 28-month period 

varied from 43 up to 163 rd, while that of the control was 0.3 r~. 

The incidence of unstable chromosome aberrations, such as fragments 

and dicentrics, increased during 8 months, but was very variable 

thereafter. It ii ~ikely that the lack of correlation between dose and 

chromosome aberrations is partly due to the very short half-life of 

rabbit lymphocytes. Model experiments with rabbits whole-body irradiated 

with 300 rd X-irradiation showed, indeed, that the numbers of dicentrics 

and chromosome fragments decrease with time after exposure. A plot of 

log-abnormalities against time suggests a single exponential decline 

A(t) = A
0 

exp (- t/1.359 T112>, where A is the percentage of aberrations 

as a function of time, A
0 

is the percentage of aberrations at time t
0

, 

and T112 is the half-life time of aberrations, for dicentrics and 

fragments, although there are somewhat more aberrations than expected 

Left after Long periods of time. The half-Life time of dicentrics and 

fragments were not very different from one another (70 and 46 days), so 

that a slope could be calculated for both types of aberration together 

by nonlinear regression, yielding a half-Life time of 58± 14 days for 

time ranging from 2 h. to 140 days. Consequently, one should expect the 

Level of aberrations to quickly reach a plateau. Most Likely, the Large 

variations observed after 8 months resulted from death of Lymphocytes 

which also caused Lymphopenia and a reduced response to mitogens ; this 

kept us from observing a sufficiently Large number of mitoses. 

In the model experiments with radon exposure, five male rabbits were 

exposed to a total of 10.66 WLM (Working Level Month) of radon split 

into 13 exposures of 15 to 20 h. distributed over one month. One working 

Level month (WLM) corresponds to an exposure of 170 h./month. The 

rabbits in the cages at Lodeve received a continuous exposure of 0.27 WL 

from short-Lived radon daughter products, i.e., 0.27 x 4 x 12 12 WLM 

during one year. The model experiments were, therefore, carried out 

with 10.66 WLM since maximal chromosome aberrations were observed after 

8 months. Since no chromosome aberrations were detected in the Lymphocytes 

from those animals, it should be concluded that the chromosome aberra

tions observed in the rabbits maintained in Lodeve were not due to the 

radon exposure but essentially to gamma irradiation. 
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The three series of experiments performed on male and female mice kept 

in the hut during the summer period demonstrated that doses of 10 to 

70 rd of gamma radiation delivered at low rate influenced the subsequent 

fertility of the exposed animals, the number of offspring being higher 

when the males were exposed and lower if the females were irradiated. 

The following conclusions can be drawn : 

1. Relatively low doses of gamma radiation delivered at low rates 

(± 8 mrd/h.) 

a) increase the frequency of chromosomal aberrations in the somatic 
cells of rabbits ; 

b) increase the fertility of male mice whereas that of the females is 
reduced. 

2. Radon 222 and its daughter products are not responsible for the 

chromosome aberrations observed in rabbits maintained in an area of 

high natural radioactivity. 

3. Small mammals such as rabbits cannot be considered as a good model for 

biological dosimetry based on chromosome aberrations induced in 

peripheral blood lymphocytes. 
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The assessment of the effects of radiations and radiomimetic 

agents on human male and female meiosis, i.e., on genetic recombina

tion and chromosome disjunction requires a detailed knowledge of 

chromosome pairing and chiasma formation at the ultrastructural level. 

It has been the purpose of the present research project to analyze 

chromosome pairing as mediated by the synaptonemal complex at zygotene

pachytene and chiasma formation from the synaptonemal complex at 

diplotene in primary spermatocytes. Meiotic nuclei at the relevant 

stages have been sectioned serially, electron micrographs of these 

sections taken, and three dimensional reconstructions for all 

bivalents prepared with the specific aim to count recombination 

nodules as well as the number of incipient chiasmata recognizable 

at early diplotene by short retained pieces of synaptonemal complex. 

The number of nodules and chiasmata determined in this way has been 

compared with the number of chiasmata countable at late diplotene, 

diakinesis and metaphase I in the light microscope. 

To date 76 nuclei from 6 human males have been analyzed com

prising leptotene, zygotene, pachytene, metaphase I, and anaphase I. 

At leptotene a lateral component is organized along each chromosome 

and the telomeres attach to the nuclear envelope. At early zygotene 

the attachment sites aggregate and a bouquet is formed. Synaptonemal 
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complex formation is in most cases initiated from both ends of the 

homologues. Pairing of the short arms of the acrocentric bivalents 

and the X and Y chromosomes is delayed compared to the remainder of 

the genome. Prior to and during pairing homologous regions are fre

quently widely separated, hence demonstrating the absence of pre

synaptic alignment of homologues in human spermatocytes. 

Sixty percent of the analyzed late zygotene nuclei contained 

one or more chromosome or bivalent interlockings. It has been unequi

vocally demonstrated that these interlockings are resolved by breakage 

followed by a precise reunion of the broken ends. A comparative study 

of Bombyx spermatocytes have confirmed that breakage and reunion of 

chromosomes and bivalents are naturally occurring phenomena during 

chromosome pairing. At early pachytene all bivalents are fully paired 

with continuous synaptonemal complexes. 

Present evidence assignes meiotic recombination to be associated 

with electron dense nodes, socalled recombination nodules, attached 

to the central region of the synaptonemal complex. In human spermato

cytes recombination nodules are present from early zygotene. At late 

zygotene, an average number of 101 nodules per nucleus is found. 

Assuming that all regions of the complex have equal probabilities of 

receiving a nodule about 144 nodules are expected to be present at 

the moment of complete pairing. At early pachytene the mean number 

of nodules is 75. Generally, nodules appear to be distributed at 

random among and along the bivalents. Nodules are present, however, 

in excess in the telomere regions and in the XY bivalent, while the 

centromere region, the secondary constrictions, and the short arms 

of the acrocentric bivalents are relatively depleted of nodules. In 

these regions the nodule distribution is similar to the chiasma 

distribution at diakinesis. For the remaining regions differences 

between the two stages are revealed, probably signifying terminaliza

tion of the chiasmata. An analysis of the number and distribution 

of meiotic recombinational events is thus feasible at the ultra

structural level and allows also a prediction of the level of non

disjunction in human spermatocytes. This is illustrated by the 

agreement between the observed number of sex bivalents without recom

bination nodules and the frequency of precocious separation of 

the sex chromosomes at diakinesis. Absense of nodules is pre-
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valent among the shorter bivalen~s, in particular the acrocentric 

bivalents. Hence these are expected to be more often involved in non

disjunction than the other autosomes. 

During pachytene a progressive condensation of the chromatin 

takes place, particularly prominent in the centromeric regions of all 

chromosomes and in the secondary constrictions of chromosomes 1, 9, and 

16. These chromatin condensations provide suitable chromosomal markers 

which in combination with absolute length measurements permit the 

identification of individual bivalents. The relative length of indivi

dual chromosomes as determined from the synaptonemal complex length 

was compared with the relative length of diakinesis bivalents and 

somatic metaphase chromosomes as determined by light microscopy. Good 

agreement is obtained and allows in combination with the markers an 

identification of 14 of the autosomal bivalents, while the remaining 

8 bivalents can be assigned to the C and D groups. 

The potential of the technique of serial sectioning and three 

dimensional reconstruction for analyzing chromosomal rearrangements 

has been assessed. A translocation, which by light microscopy was 

judged to be non-reciprocal (46, XY, t (5p-; 22p+)), has been invest

igated. At early pachytene, a quadrivalent is present with a synapton

emal complex between the short arm of the normal chromosome 5 and the 

segment translocated to the short arm of chromosome 22. At mid 

pachytene the pairing specificity is suppressed and the segment trans

located onto chromosome 22 may engage in non-homologous associations. 

The telomere region of the translocation chromosome 5 was observed to 

consist of a 200 nm region of condensed chromatin. This region is 

recognized as the telomere region of the short arm of chromosome 22, 

revealing that a reciprocal translocation has occurred. 

Three dimensional reconstructions of prometaphase I, metaphase I 

and anaphase I cells have been performed. At prometaphase IJfragments 

of synaptonemal complexes are present within the bivalents. At meta

phase I, these fragments are expelled from the bivalents and at early 

anaphase I, the bivalents are almost completely devoid of fragments. 

Further studies will show whether in human spermatocytes these 

synaptonemal complex chiasmata at metaphase I substitute for the 

chromatin chiasmata observed in other organisms at this stage or 

whether they represent an additional safety device which insures a 

regular disjunction. 
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Cand.med. J.G. Berthelsen has analyzed the effects of different 

hormones on the ultrastructure and behaviour of meiotic prophase 

chromosomes using biopsies taken 1n a project dealing with the search 

for a male contraceptive. Pachytene spermatocyte nuclei exposed to 

long-term treatment with d-norgestrel and testosterone enanthate have 

been reconstructed 1n a feasibility study of the use of this technique 

in assessing the effect of radiation and cytostatica on the formation 

of the synaptonemal complex and the evolvement of chiasmata. No damage 

was revealed by the hormonal treatment in comparison to the reference 

material. The technique was found usable for the purpose. Seventy five 

biopsies from patients with testis cancer prior to treatment with 

radiation and cytostatica have been fixed and embedded. New biopsies 

will be taken at the end of the treatment and constitute a material 

for the analysis of long-term effects of radiation on gonads. 

To gain more insight into the two phase pairing system previously 

reported in triploid Bombyx oocytes and in a human translocation hetero

zygote, chromosome pairing and synaptonemal complex formation has been 

analyzed in tetraploid oocytes of Bombyx mori in which crossing over 

and chiasma formation is lacking. At early pachytene, quadrivalents 

are frequent whereas at mid-late pachytene, most of the quadrivalents 

have resolved into bivalents. The process of pairing and synaptonemal 

complex formation thus consists of two distinct phases: l) a specific 

zygotene pairing with synaptonemal complex formation restricted to 

homologous chromosome regions and 2) a correction of irregularities 

in this pairing by partial dissolution of the central region of the 

synaptonemal complex succeded by a second round of synaptonemal complex 

formation. 

Since a time course interpretation of the ultrastructural data on 

diplotene, diakinesis and prometaphase in human spermatocytes at present 

is not possible, inter alia because of lack of suitable reference mate

rial in any other organism, chiasma formation has been studied in the 

male Bombyx. In this organism, chiasmata evolve in bivalent regions 

which at mid-late pachytene contain a large recombination nodule. By 

regional chromatin condensation around the nodule, a domain of 

condensed chromatin forms during diplotene, at first in association 

with a retained synaptonemal complex fragment, later by format1on of 

a complex circular structure which in combination with two regions of 

condensed chromatin gives the chiasma a tripartite appearance. At late 

diakinesis, the number of chiasmata decreases and by metaphase I very 

few remain. 
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In conclusion, the research plan outlined in the original propo

sal has been followed and the major goal achieved, namely to provide 

detailed knowledge of chromosome pairing and chiasma formation at the 

ultrastructural level in human spermatocytes. It has also been shown 

that the technique is suited for the analysis of long-term effects of 

cytostatica and radiation. The similarity of the meiotic prophase at 

the ultrastructural level in Bombyx and Homo renders the analysis of 

for example the short-term effects of radiation in Bombyx relevant also 

for human spermatocytes. 
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I. COLLECTION OF HUMAN OVARIES 

Since 1964 human ovaries have been collected from autopsies and 
operations at various hospitals in Denmark, Great Britain, Switzerland, 
Israel and U.S.A. Approximately 23oo ovaries from fetuses, children 
and adults with information about diagnosis and treatment (radiation, 
cytotoxic treatment etc.) which have now been registrated systematical
ly at a computer. 

a. The normal development was studied on ovaries rece1ved from 
the coroner's office of autopsies performed on young women who died a 
violent death or after a short illness. 

b. Fresh ovaries were received after surgival removal (usually 
during treatment of breast cancer). Follicles from these ovaries were 
used to study growth and atresia by assaying the hormonal content of 
the follicle fluid and the variation in the DNA content in the granulo
sa cells by flow cytometry. 

c. Fetal gonads prepared from abortion material were received 
from the University Hospital of Copenhagen. The gonads were cultured 
for different time with and without hormones to serve as a model for 
studying the radiation effect on growth and differentiation of fetal 
ovaries. 
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2. THE NORMAL DEVELOPMENT OF THE HUMAN OVARY 

The differentiation and growth of the oocyte and the follicle has 
been described during fetal life, childhood and in the adult woman. We 
have defined the early follicle formation which start already in the 
fetus, the progressive stages of follicle development and atresia during 
infancy and the events which last to th'e first ovulation. These studies 
enable us to define changes of the ovary after different influences as 
radiation, diseases and drugs. 

Attempts to define the spatial relationship between follicular 
growth and atresia have been Initiated but so far without definite con
clusion although there are indications of centers growth or atresia. 

3. THE DEVELOPMENT OF THE OVARY AFTER RADIATION 

The infant ovary is particular sensitive to radiation and thera
peutic radiation during childhood with the ovaries in the field causes 

severe damage. Follicle growth is inhibited and the number of small 
fall icles is in most cases reduced when examined I week to 12 months 
after irradiation. 

In order to evaluate the long term effect of therapeutic irradia
tion with the ovaries in the field information on all patients in Den
mark who have been treated for Wilms tumor was obtained. Only few ova
ries have been available. All known cases have been traced and the gy
necological history was studied. The menarche started at the expected 
time, but none of the children were yet at an age where a possible ste
rility was recognizable. 

It appears quite evident that further studies on radiation effects 
of human ovaries after therapeutic treatment of malignant diseases can 
give no quantitative information. During the last lo years practically 
all tumor patients have been treated both with radiation and chemothe
rapy. 

4. THE ABNORMAL OVARY 

Spontaneous abnormalities had to be studied before it was possible 
quantitatively to evaluate radiation effect. 

In some diseases the growth pattern and differentiation appear to 
be disturbed in a way not dissimilar to radiation effects. That is the 
case in Down's syndrome. It was shown that both the pool of non-growing 
small oocytes but also the larger ones are smaller than in normal ovaries. 
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5. CHEMOTHERAPEUTIC INFLUENCES ON THE OVARY 

Ovaries from children with leukemia, that had received cytotoxic 
drugs for varying length of time were examined. Those drugs caused damage 
to all ovaries except in cases where drugs had only been used for a very 
short time (I week). 

The ovary collection has also been useful in studies of a number 
of non-radiological problems in a more quantitative way, as f.i. hormo
nal anticonception. It has been claimed that follicular growth was in
hibited by this treatment, findings which we can not confirm. 

6. EXPERIMENTAL APPROACHES 

In studies on mice we have found that gonadotrophins protect 
large, growing follicles from becoming atretic. 

About 95% of the total number of follicles in the mouse ovary 
are small, non-growing follicles.These follicles are extremely sensi
tive to radiation. It was therefore tested whether the small follicle 
in the irradiated ovary could be protected against atresia by injec
tion of gonadotrophin. Ir;adiating mice at the age of 14 days and 
treatment with gonadotrophin (PMSG) in the dosis administered had no 
protective or healing effect on radiation damage in small follicles. 

Other hormones, f.i. testosterone, are said to induce follicular 
atresia. Treatment of 21 days old mice with physiological doses of te
stosterone showed however, that the percentage of atretic follicles 
was not influenced; but the start of growth of small follicles was ac
celerated. 

Attempts to extend the studies by use of monkeys as the nearest 
analogue to human ovaries failed due to lack of monkeys in most of the 
primate facilities which we have approaced. 
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The contract research has focussed particularly on the 

mechanism of the DNA-dependent ATPase/ATP-dependent DNAase 

of Micrococcus lysodeikticus, especially the processivity 

and the role of ATP analysed by kinetic methods. 

In a study of the steady-state kinetics we found a 

surprising Michaelian dependence of velocity on DNA concen

tration (1). Other workers have since found a similar effect 

with E. coli enzyme. A novel type of kinetic analysis of the 

detailed dependence of velocity on ATP concentration and DNA 

length supported a processive mechanism, with formation of 

the enzyme-DNA complex being ATP-dependent. (1) In the same 

publication a new method of purification of the enzyme was 

described. The mechanism has been further analysed by studies 

of the randomisation of the enzyme molecule on molecules of 

DNA, studied by mixing at appropriate times radioactively 

labelled and nonradioactive DNA in incubations with the 
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enzyme. The results (2-7) have given direct evidence for 

the hypotheses made in (1), in particular of the processivi

ty on double-stranded DNA and the ATP-dependence of the 

enzyme-DNA complex formation step. This step is slow but is 

essentially irreversible in the presence of ATP-Mg and may 

involve ATP hydrolysis since nonhydrolysable ATP analogues 

have no effect on either formation or stability of the com

plex. The action of the enzyme on single-stranded DNA on 

the other hand is not processive. Processivity is probably 

an important aspect of the participation of this and other 

enzymes in the repair process, as it could be a mechanism 

enabling the enzymes to find efficiently their way to the 

site of repair. 
Tests of the enzyme with synthetic homopolydeoxynucleo-

tide have shown little or no specificity with regard to bases. 

Recently we have worked with pyridoxal phosphate and deriva

tives of this synthesised here with a view to obtaining spe

cific-site-directed inhibitors for various of the sites of 

the enzyme. Preliminary results (unpublished) have been 

encouraging. 
During the contract period we undertook a review of 

all the DNA-dependent ATPases (8,9) emphasizing the unity 

of the mechanistic principles of these enzymes, and the 

close co-operation of the DNA-dependent activity with other 

enzymic activities such as polymerases, nucleases, ligases, 

methylases and proteases. 
Other work has concerned the mathematical analysis of 

complex interactions in models of enzymes with particular 

reference to allosteric control. Important results achie

ved are: the simplification of forms and derivations of 

steady-state equations for complex mechanisms (10) and their 

application in steady-state analysis (11, 12); a novel graph

theoretical algorithm for analysis of steady-state proper

ties (13-15) an analysis of macroscopic criteria of co-ope

rativity (16) and of the microscopic conditions for this 
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(17) which has given for the first time the full conditions 

for every possible type of co-operativity in tetrameric pro

teins; and the relation of protein symmetry to co-operat

ivity (18), 
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Contractor The Polytechnic of Central London 

Contract nr: 168-76-1 BIO UK 
Head of the research team(s): Professor G Holt 

General subject of contracts: 

Assessment and analysis of genetic damage in eukaryotes 

Title of the project nr. 1. The use of model systems in 
Aspergillus nidulans and Chinese hamster cells for the detection 
of genetic damage induced by irradiation. 

Head of Project and scientific staff: 

Dr P Cohn, Ms. R Chambers, Ms. J Wood, Mr C Igwe 

In this study the eukaryote Aspergillus nidulans was used to 
estimate the degree of chromosomal non-disjunction, mitotic crossing 
over, chromosomal deletion, gene conversion and point mutation 
caused by ionising radiation of different quality including fast 
electrons, soft X-rays, 8-particles and ~-particles. Depending on 
the genetical end-point being considered, the calculated RBE values 
for the raditions were markedly different. For example, following 
~-irradiation, the RBE values varied from 1.69 for mitotic crossing
over to 150.36 for non-disjunction. 

With respect to chemical modification of the response of A.nidulans 
to radio-induced genetic damage studies have been made with the 
phorbol esters, 12-0-tetradecanoylphorbol-13-acetate (TPA), a tumour 
promoter, and its inactive (i.e. non-tumour promoting) derivative 
phorbol-13-acetate (PA) and two radiosensitisers, metronidazole and 
misonidazole. Conflicting data exist on the ability of TPA to 
induce sister chromatid exchanges in mammalian cells after 
initiation by mutagens. Our study has shown that while TPA and 
PA have no effect on the viability of the cells TPA, but not PA, 
increases the frequency of gene conversion after initiation by 
Co-60 y-rays. Moreover, no such increase in the frequency of 
point mutation was found with either TPA or PA. 

In terms of radiosensitisation to electrons the enhancement ratios 
for misonidazole were always higher than those of metronidazole 
and varied from 1.64 for crossing-over on linkage group I to 2.96 
for crossing-over on linkage group VIII, compared with 1.16 and 
2.42 for metronidazole. The oxygen enhancement ratio again 
depended on the particular genetical system being assayed and 
varied from between 2.43 for non-disjunction and 8.33 for gene 
conversion. 

Work has progressed to establish a system in mammalian cells, 
which will demonstrate the genetic consequences of mitotic 
recombination at the X-linked hypoxanthine guanine fhosphoribosyl 
transferase (HGPRT) locus. To date, mitotic recombination in 
mammalian cells has only been demonstrated cytotogically and 
biochemically. 
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The single copy of the HGPRT gene in V79 cells allows the 
effective production of a diploid locus, when two such cells 
are fused. Non-complementing and independently derived 
variants at the HGPRT locus may thus be selected for, using 
a forward selective system, resistance to 6-thioguanine (6TG) , 
an analogue of guanine, whose intermediate products are lethal 
when 6TG is taken up by cells possessing normal or near normal 
HGPRT activity. Conversely the complete or partial presence 
of a wild-type phenotype may be selected for, with hypoxanthine, 
azaserine, thymidine (HAT) medium, a system permitting back 
selection. Azaserine blocks de novo synthesis, allowing only 
cells with active HGPRT to survive, since these cells can 
utilize hypoxanthine and thymidine as exogenous purine and 
pyrimidine sources. The introduction of autosomal markers into 
the parental cell types before fusion, allows the isolation of 
biparental hybrid cells, without subjecting the HGPRT locus to 
undue selective pressures. 

The protocol for selection of the parental cell types was a 
follows. A subline was isolated from the male, established 
Chinese hamster lung line, V79, to ensure that ensuing treatments 
were administered to an isogenic population. Following 
ethyl lll.ethane sulphonate (EMS) mutagenesis, wild-type cells 
were challenged with ouabain (Oua), hydroxyurea or cycloleucine. 
Mutant clones resistant to any one of these compounds by single 
step selection were isolated, but only clones resistant to Oua 
remained stable, and were taken to constitute a parental stock, 
type I. These cells were treated with one of three mutagens: 
EMS, inducing predominantly point mutations; ICR-191, inducing 
predominantly frameshift mutations; or 3H-chymidine inducing 
predominant~r chromosome breaks, before being challenged at 37° 
with 5~g ml 6TG. By electrophoretic and chromatographic 
characterization and comparison with wild-type cells, 6TGr 
clones possessing approximately 5% of the wild-type enzyme 
activity were isolated. 

R 
Parental type I : Oua 6TGr (5% HGPRT) 

An alternative marker or system allowing the identification of 
a s3cond parental cell type was sought. Following EMS, ICR-191 
or H-thymidine mutagenesis, wild-type cells were challenged at 
39°C with 5~g ml-1 6TG. Resistant cells (6TGr) are usually 
sensitive to HAT medium, but it was thought some might be HAT
resistant if their HGPRT activity was temperature sensitive. 
Of the 6TGr clones isolated at 39°C, 3% continued to proliferate 
in HAT-medium at 34°C. Subsequent testing showed that these 
cells were also able to proliferate in HAT-medium at 39°C, and 
6TG-containing medium at 34°C. The HGPRT of these cells was 
not temperature sensitive, therefore they were not suitable 
as the second parental type. In view of the few suitable 
dominant or codominant markers available, a two step selection 
procedure was used to isolate cells resistant to lmM hydroxyurea 
(HuR). Following EMS mutagenesis, 6TGr cells possessing 
approximately 5% of wild-type HGPRT activity were cloned to 
comprise the second parental stock, type II. 



- 617 -

Parental type II : OuaS HuR 6TGr (5% HGPRT) 

Parental types I and II were fused by treatment with polyethylene 
glycol. By plating in the presence of Oua and Hu, biparental 
hybrids were selected for. The presence of tetraplcid cells 
may be confirmed by karyotype analysis . .. . 
By determining the frequency of restoration of HGPRT activity 
following the induction of crossing-over by ionizing radiations 
and chemical agents, these cells will serve as a system to study 
intragenic recombination. 
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CONTRACTOR: College of Technology, Kevin Street, Dublin 8. 

CONTRACT NO: 183/76/1 BIO EIR 

HEAD OF RESEARCH TERMS: J.F. Malone. 

GENERAL SUBJECT: Influence of agents encountered in normal physiology on the 

capacity of cells to repair and recover from radiation damage. 

The project set out to investigate the radiobiological effects of physiological 

substances with a view to applying any significant effects observed to clinical and 

mechanistic studies of radiation damage and repair. Substances investigated include 

Vitamin A, Vitamin C, cAMP, Ethanol, Oxygen Deprivation, Lactate and Glucose 

metabolism. The results confirm the idea that useful radiobiological modifiers can 

be found among the relatively non-toxic physiological substances. It has also 

identified several new effects and added to the literature on previo~sly known 

modifiers. 

From the detailed results can be seen that the cellular metabolic state has a 

considerable influence on the radiation response of the cell. Work with oxygen 

deprivation, lactate and glucose metabolism reveals effects which could influence 

the interpretation of the oxygen effect, tumour radiobiology, as well as pointi~g 

to the importance of culture conditions in radiobiological experiments based on 

• tissue culture systems. The work with Vitamin A, cAMP and Ethanol could suggest 

membrane involvement in radiation response since these substances all effect the 

membrane stability, but new results showing influences of these substances on 

the nucleus must leave the matter in doubt. 

The curve fitting portion of the project involved \.rt"iting a suite of programmes 

to provide Maximum Likehood estimates of the parameters of commonly used radio

biological models. The goodness of fit of data to the models was quantified and 

and index which could be used to discriminate between models was developed. A 

second phase of the project was concerned with optimising experimental design to 

obtain the most useful data to fit dose-effect curves in the required region. 
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J.F. Malone 
C. !1othersill 
M. Moriarty 

J.K. Taaffe 
A. Murphy 
C. Seymor 
M.K. O'Connor 

TITLE: Influence of agents encountered in normal physiology on the capacity of 

cells to repair and recover from radiation damage. 

GENERAL 

The project commenced in 1976 and continued through to December, 1980 

The major aims were (a) to investigate the radiobiological effect of physiological 

substances which generally have well documented effects on cellular metabolism with a 

view to elucidating the mechanisms involved in radiation damage and repair and (b) to 

study the possibility of usine these substances in the management of victims of acute 

radiation accidents, radiotherapy patients and patients subjected to frequent diagnostic 

radiography. It was hoped that the use of physiological substances would permit more 

manipulation of concentrations and a more informed approach to mechanistic studies than 

the use of cytotoxic drugs whose effect on cellular metabolism is both more severe and 

less well understood. 

The results over the last five years show that without doubt, physiological agents 

can alter the radiobiological response of mammalian cells. No clear mechanisms 

emerged but the results lend further support to some established ideas regarding the 

expression of radiation damage. These include the relevance of membranes and cell 

energy metabolism. As a direct result of the project, clinical trials were established 

to investigate the levels of Vit.C in the blood, tumours and normal tissues of 

radiotheraph patients. Trials were also established using a Vit. A analogue - Tigison 

and the Vit. A levels in the blood of patients is being monitored. The results may 

also have contributed to an understanding of the radiobiology of hypoxic tumours. 

RESULTS IN DETAIL 

The following substances or conditions were investigated: Vitamin C, Vitamin A, 

hydrocortisone, CAMP elevating agents, Ethanol, Lactate, Oxygen deprivation, glucose 

analogues and glycolysis inhibitors. 

VITAMIN C. 

Vitamin C was found to be radioprotective when present during irradiation, the 

effect was seen as an increase in the D0 of the survival curve. Because of the 

nature of Vitamin C and published reports the mechanism is thought to be radical 

scavenging. This was the first substance investigated and has led to the most 
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follow up work so far. Studies on levels of Vitamin C in patients with tumours 

indicated that Vitamin C was accumulated by tumours but low in surrounding 

tissues. This fact could promote radioresistance in tumours. 

VITAMIN A 

An extensive investigation of the complex radiobiological effects of Vitamin A 

was performed. Exposure of cells for 24 hrs. to low levels of the Vitamin proved 

radioprotective, with an increase in the D0 of the survival curve. High levels of 

Vitamin A reduced the survival curve shoulder and inhibited recovery of cells when 

given immediately before irradiation and during the recovery period. Long term 

exposure to high levels of the Vitamin reduced both the D
0 

and the shoulder of the 

curve but the Vitamin was so toxic under these conditions that interpretation of the 

results is difficult. Neither of the Vitamin A analogues (Retinoic acid or Tigison, 

a phenyl derivative) had any radiobiological effect. Fig. I shows the two most useful 

radiobiological effects of Vitamin A. Clinical work with Vitamin A has commenced. 
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Experiments with hydrocortisone under a wide range of conditions showed no 

radiobiological effect. 

cAMP 

Several agents which raise or lower cAMP in cells were tested, !be most effective 

were prostaglandin E and Isobutyl Methylxanthine. Long exposure(24 hrs.) prior to 

irradiation led to a large increase in extrapolation number. Short exposure(within 

3 hrs before or after) led to very variable results and both extrapolation number 

and D
0 

could be increased or decreased depending on the exact fming of the experiment. 

Recovery experiments following 24 hrs exposure showed that where a dose was split by 

a 3-4 hr interval,increased recovery could be demonstrated but a 1-2 hr. gap between 

doses did not lead to any increase. 
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Fig. I shows the survival and recovery potential of cells following 24hrs. exposure 

to isobutyl methyl xanthine 
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Prolonged (24 hrs.) deprivation of oxygen of cells in tissue culture was known 

to reduce the survival curve shoulder at the beginning of the project but details 

of o2 levels below which the effect occured were unknown and no limits were available 

as to possible mechanisms. Wbrk in the last five years confirmed the effect and also 

uncovered what may be a possible biochemical mechanism. Since lactate is the ~jor 

end product of anaerobic glucose metabolism this was added to cultures and it producec 

a clear reduction in the extrapolation number of the survival curve, similar in 

magnitude to that observed with oxygen deprivation. The effect occured at levels 

obtained in tissue cultures and had no effect on growth rate, As an attempt to 

clarify the mechanism, other substances which reduce energy production but not 

through oxygen deprivation or lactate accumulation, were examined, These included 

non utilisable Glucose analogues and inhibitors of glycolysis. These also reduced 

cell survival following irradiation. Taken in conjunction with published information 

on the effects of ATP and respiratory and respiratory uncouplers on radiation responsE 

the results suggest an involvement of energy metabolism in the expression of radiatiot 

damage. The picture is complicated considerably by the effects of lactate on split 

dose recovery. A reduction in survival curve shoulder is normally associated with 

a reduction in recovery but prolonged lactate treatment increased the recovery 

of cells. The results were confirmed with secondary survival curves. Where the 

primary curve shoulder was reduced by lactate but the secondary curve shoulder 

was increased by lactate. This occurred at initial doses.of 6, 7.5, 10, and 12.5 

Grey. The figure shows the primary and secondary curves where the initial dose for 

the secondary curve was 10 Gy. 
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An understanding of this complicated effect (which may involve feedback effects 

resulting from energy demand) could help the understanding of the factors which 

lead to the production of a shouldered survival curve. 

ETHANOL 

Studies with ethanol resulted from it's use as a solvent for Vit. A work. 

It was found to have a radiobiological effect resulting in an increase in D
0 

when added between 3 and 6 hrs. prior to irradiation. No effect is seen if 

ethanol is added within 3 hrs. of irradiation. This effect may result from 

a stimulation of cellular energy metabolism since it occurred to a lesser 

degree in flasks which were simply given fresh medium within the 3 - 6 hr. 

period prior to irradiation. 

GENERAL CONCLUSIONS 

The results confirm the initial idea that useful radiobiological modifiers 

can be found among the relatively non-toxic physiological substances. The 

project has been successful in identifying or adding to the literature clear 

effects associated with Vitamin A, Vitamin C, prolonged oxygen deprivation, 

Lactate(Sodium and Calcium Salts), Ethanol and cAMP elevating substances 

(prostaglandins and methyl xanthine), From the detailed results in this 

report it can be seen that the cellular metabolic state has a considerable 

influence on the expression of radiation damage. Work with Oxygen 

deprivation, lactate and Glucose metabolism suggests an effect which could 

influence the interpretation of oxygen effects and tumour radiobiology as 

well as pointing to the importance of culture conditions in radiobiological 

experiments based on tissue culture systems. The work with Vitamin A and cAMP 

could suggest membrane involvement in radiobiological response but since both 

substances have documented effects on the cell nucleus, it is not possible to 

draw firm conclusions. 



- 624 -

RESULTS OF PROJECT: NO. 2 

HEAD OF PROJECT AND SCIENTIFIC STAFF: I.A. Kinsella 

TITLE: Quantitative methods for fitting dose-effect curves and their 

extrapolation to low doses. 

The initial phase of this project involved the writing of a 

computer programme suite to provide Maximum Likelihood estimates of the 

parameters of commonly used radiobiological models. The goodness of fit 

of these models was quantified and an index which could be used to discriminate 

between alternative competing models is computed. The method of estimation, 

due to the non-linearity of the parameters, used a search algorithm and is 

suitable for implementation of small to medium size main frames with double 

precision FORTRAN 4. 

The second phase of the project involved explanation of the techniques 

available to aid optimum radiation dose choice to maximize the information 

available relating to the parameters. A co~puter programme was written which 

allows the user examine the effect of varying the spacings of the radiation doses 

across the viabli experimental range and, in general, the results indicate a 

plateau effect occurring quite rapidly. Information on costs could be used to 

optimize in the budgetary sense the experimentation regime and investigate 

alternative dose spacings. 

The problem of extrapolation to low dose regions proved difficult to solve 

due to the inherent non-linearity of the parameters. An approximate solution 

involving the use of parameter confidence bounds with systematic evaluation of 

the survival modes was tried. 
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Contractant de la Commission : Universite Libre de Bruxelles 

N° du contrat : 224-76-1 BIO B 

Chef du groupe de recherche : Hiroslav RADHAN 

Theme general du cdntrat : Genetic Effects of Radiations and Chemical 
Qarcinogens : Molecular Mechanisms common to DNA Repair, Recombination, 
Mutagenesis and Viral Induction in Bacteria and Mammalian Cells. 

Titre du projet n°1 : Enzymology-and Genetics of Mutagenesis and Recombino-
genesis in E.coli and Mammalian Cells. 

Chef du projet et collaborateurs scientifigues : M. Radman, s. Boiteux, 
F. Bourguignon-Van Horen, A. Brandenburger, C. Dambly, c. Dohet, O.P. Doubleday, 
P. Jeggo, A.R. Kinsella, P. Lecomte, z. Toman, N. Tomilin. 

This project, one of four internationally coordinated projects in the 

GERCC programme, was directed toward.the study of (1) the chemical nature 

of the radiation and chemically-induced DNA lesions responsible for the 

induction of mutagenic repair and/or acting as targets for mutation 

fixation, (2) the accuracy and exte'nt of DNA replication in !!.!E. and ~vitro 
upon radiation and chemically modified DNA templates (i.e. the mechanisms of 

mutagenesis at the molecular level}, (3) the enzymology and genetics of the 

various systems responsible for the remarkable fidelity of DNA replication in 

bacteria and mammalian cells, (4) the mechanisms of the various modes of DNA 

recombination (rearrangements} and their relationship to mutagenic and 

carcinogenic cellular events and (5) the involvement of DNA alterations in 

the process of carcinogenesis. 

The results of the last few years of our work in these five areas of 

research can be summarized as follows : (1) Our studies of UV and y-ray 

induced mutagenesis, involving DNA sequencing of numerous mutations in phage 

M13 of E.coli suggest that a major portion of radiation induced base 

substitutions are due to 11 untargeted11 mutagenesis resulting from the SQS 

induction of the host cell (ref 28). Lesions that arrest DNA synthesis and 

miscoding and non-coding lesions in UV irradiated poly(dC) homopolymers 

have been identified (ref 33). The treatment of homopolymers poly(dC) and 

poly(dA) with the active metabolites (epoxide and aldehyde) of the vinyl 

chloride monomer cause high frequencies of specific misincorporations during 

DNA synthesis (refs 27, 29). In !!.!E. experiments have demonstrated a direct 

(50S-independent) mutagenic potential of vinyl chloride metabolites. The 

exact nature of the SUS-inducing signal has not yet been established 

(collaborations with Drs. N. Godson, Yale University USA ; B.W. Glickman 

and L. van Sluis, University of Leiden Netherlands ; A. Barbin and H. Bartsch, 

W.H.o., !ARC Lyon France). 
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(2) A fiBldamental experiment with single-stranded ~X174 phage showed that 

in vivo mutagenesis by UV light, and probably by any mutagen causing non

coding DNA lesions, requires SOS induction which allows erroneous copying 

of the DNA lesions i.e. "bypass" synthesis ( ref 5 ). The inducible nature 

and induction kinetics have also been determined ( ref 1 ). In an attempt to 

produce UV mutagenesis in vitro, an important role of the 3' to 5' exo

nuclease "proof reading" has been elucidated (ref 11). While a transient 

inactivation of this "editing" function of bacterial DNA polymerasesmay be 

necessary for the mutagenic "bypass" synthesis, it appears that the loss of 

exonuclease is not sufficient for mutagenesis which may require also a loss 

of base selection capacity (ref 30 ). An exonuclease with some "proof 

reading" properties has been identified in calf spleen (refs 13, 15, 20). 

Mutagenic metals Be++ and Mu++, which affect base selection by DNA polymerases, 

cause increased in vitro mutagenesis on irradiated templates (refs 15, 34) 

(collaboration with Dr. s. Spadari, University of Pavia, Italy) 

(3) Major progress towards an IUlderstanding of the molecular mechanisms 

responsible for the high fidelity of DNA replication (10-10 errors per 

nucleotide replication) has been achieved. Our research has showed that 

replicative and post-replicative "proof reading" mechanisms operate in 

conjiBlction with DNA replication in vivo. 

Replicative proofreading consists of polymerase base selection and renewal 

of incorrectly incorporated nucleotides by a polymerase-associated 3' to 

5' exonuclease activity tef 20). The fidelity of the replicative eukaryotic 

DNA polymerase a is inversely proportional to the speed of replication (ref 31) 

which may expla,in the slow rate of replication in mammalian cells. 

Postreplicative proofreading involves repair of replication errors (mis-

matched base pairs in the newly synthesized DNA) by mutH, mutL, mutS and 

mutU gene product.& of E.coli (ref 2~. The chemical basis for the enzymatic 

discrimination between the parental and newly synthesized DNA strands 

appears to be the methylation of adenine in 51 GATC 31 sequences (ref 21) 

the newly synthesized strands are transitorily IUldermethylated. 

This conclusion is derived from an analysis of progeny phages obtained from 

various ~ strains transfected with heteroduplexes constructed in vitro 

from methylated and unmethylated phage A DNA and containing mismatches at 

known sites(refs 21,31). Methylation-instructed postreplicative mismatch 

correction accoiUlts for three to four orders of magnitude of replicational 

fidelity (ref 22) (collaboration with Drs. M. Meselson and R. Wagner 

(Harvard University, USA) and B.W. Glickman, University of Leiden, The 

Netherlands) 
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(4) Homologous recombination, both spontaneous and radiation-induced, seems 

to be a highly accurate process generating few if any mutations in ~ (refs 

12, 35). Non homologous recombination generates altered DNA sequences 

and is therefore mutagenic (translocations, inversions, deletions). Non

homologous recombination is the major source of genetic instability in 

mammalian cells. We have provided initial evidence (based upon the 

selective inhibition of chromosomal aberrations by antipain) that chromo

somal aberrations induced by a chemical (MNNG) may be the result of an 

inducible process, hence subject to prevention(ref 23).The formation of 

X-ray induced chromosomal aberrations does not appear to be inhibited by 

anti pain. 

(5) The observation that a tumor promoter (TPA) induced SCEs which were 

inhibited by antipromoters (ref 18), led us to propose that promoter

induced or carcinogen-induced chromosomal rearrangements may be involved 

as one rate-limiting step in carcinogenesis (ref 24). 

Relevance to radioprotection. 

The demonstrated inducibility of radiation mutagenesis in bacteria (ref 1) 

and the possibility that mutagenesis and chromosomal aberrations may also 

be caused by inducible processes in mammalian cells (refs 23, 25) suggests 

that radiation-induced genetic alterations may be preventable. The fact 

that a protease inhibitor, antipain, inhibits : (1) UV mutagenesis in 

E.coli,(2) chromosomal aberrations in hamster cells,(3) in vitro trans

formation of X-ray irradiated or chemically treated mouse cells and (4) 

in vivo carcinogenesis on mouse skin may indicate that the prevention of 

genetic damage to man may become subject to prevention in a manner formally 

analogous to prevention of infective diseases. We can estimate that 

chromosomal aberrations, both spontaneous and radiation-induced, present 

several orders of magnitude higher genetic risk than does base change 

mutagenesis. As an initial application of the results of our work, we have 

constructed an ~ tester strain, which simultaneously detects all 

genetic effects of DNA lesions : SOS induction, mutagenesis and recombina-

tion (refs 26, 32). Compared with UV light and several chemical mutagens, 

ionizing radiation ( y rays) is a much more potent recombinogen and SOS 

inducer than mutagen. Our tester strain is highly sensitive and can be 

adapted as a biological dosimeter for monitoring environments where people 

are working at high radiation risks. (see contract 156-76-1 BIO B, project 3,1c). 
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During the past five years (1976-1980) we have pursued 

the following goals: 

1) Study of the properties of DNA enzymes presumably involved 

in DNA repair and/or replication in human cells; this basic 

work is essential to describe the molecules available. 

2) Study of the functions of the enzymes acting on DNA in ani

mal cells in the different aspects of DNA metabolism. In

formation about their most likely role can be achieved by 

determining their levels in different physiological condi

tions, studying their distribution within the different 

cell compartments, understanding their responsibilities in 

the reparative and replicative processes. 

3) Study of the properties of the cells derived from patients 

affected by inherited diseases involving DNA repair. These 

can be considered as human mutants of DNA repair and the 

description of the alterations of their properties at the 

cellular and molecular levels could give unique insights 

into the most important aspects of the repair processes. 

4) Reconstruction of the DNA repair processes in vitro. The 

study involves the isolation of subcellular systems capable 

of functioning as "DNA repair complexes". The characteriza-
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tion of the systems is to be ascertained in their capacity 

to respond to radiation damage in the presence of cellular 

or nuclear extracts and/or with purified protein fractions. 

The results we have achieved can be summarized as follows: 

We have purified from 

and y, the DNase VI, 

ing proteins and the 

The characterization 

animal cells the DNA polymerases a, 8 

the DNA-dependent ATPase, the DNA bind

terminal deoxynucleotidyl transferase. 

of these enzymes has been very impor-

tant for the precise setting of specific assays, thus ena

bling the determination of the activities in tissue and cell 

extracts. We have described the distinctive properties and 

the requirements of such enzymes permitting a better evalu

ation of their functions and a better comparison with simi

lar enzymes described in bacterial systems. 

b) Understanding of the functional roles of animal DNA polym

erases in DNA replication and repair. Our work on the var

iations of DNA polymerase levels in stimulated lymphocytes 

has pointed out for the first time a direct indication of 

an involvement of 8-polymerase in the process of DNA repair. 

This finding has been further substantiated by the results 

obtained with neuronal rat nuclei where UV irradiation re

sults in 7-10 fold stimulation of DNA repair synthesis at

tributable uniquely to DNA polymerase 8. Concerning the DNA 

polymerase y, we have demonstrated that the enzyme is loc

alized in the mitochondria, is responsible for the replica

tive synFhesis of mitochondrial DNA, and presents a common 

phylogeny in all vertebrate classes. Of particular interest 

are the results obtained by using aphidicolin, a specific 

inhibitor of the replicative DNA polymerase a, showing that 

DNA polymerase 8 is indeed responsible for the repair of 

nuclear DNA. We have demonstrated that the DNA-dependent 

ATPase purified from human cells is capable of enhancing the 

activity of a-polymerase on growing fork-like structure, 

and is stimulated by the presence of a DNA binding protein 

purified from calf thymus. 
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c) Study of DNA en4ymes and DNA repair capacity in inherited 

diseases affecting DNA repair. We have found that the three 

DNA polymerases in fibroblasts of Xeroderma Pigmentosum, 

Fanconi's anemia, Bloom's syndrome, Ataxia telengiactasia, 

Progeria and Werner's syndrome are the same as in controls 

and suggested that the deficiency in DNA repair is not a 

DNA polymerase. In F.A. the capacity to repair UV damage 

was found to be lower than in normal subjects. Two sibs 

with XP group A were found to differ markedly in the re

sidual repair synthesis showing in one case a mosaic dis

tribution of autoradiography label. The capacity to repair 

UV in DNA damage has been found in 7 cases of Fanconi's 

anemia to be lower than in normal subjects. 

d) Isolation of complex structures mimicking DNA replication 

and repair in human cells. The mechanism of DNA synthesis 

at the growing fork has been investigated in vitro with 

the aid of DNA-dependent ATPase and DNA binding protein al

lowing a 30 fold increase in the rate of DNA polymerase a 

on BK DNA molecules. The reconstruction of DNA repair pro

cesses in subcellular systems has been attempted in cel

lular lysates, isolated nuclei and isolated metaphase chro

mosomes. The systems have been partially characterized in 

their capacity to respond to radiation damage and to func

tion as "DNA repair complexes". In particular, we have 

shown that the utilization of aphidicolin allows a rapid 

and simple ·evaluation of DNA-repair synthesis in damaged 

human cells. This repair assay, based on the complete in

hibition of DNA replication due to a-polymerase is partic

ularly promising for the detection of effects caused by 

mutagens in human cells. 

The contribution of our group to the understanding of 

the functions of DNA polymerases a, Sand y and of DNA-dependent 

ATPase in DNA replication and repair has been very important 

and has largely exceeded our initial objectives. A great effort 

has been made in the characterization of human mutant cells, 

leading to a better definement of their physiology and defi-
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ciency. 

We think that the extreme importance of the molecules, 

biological processes and structures in the response to radia

tion damage completely justify our efforts of investigation 

and will continue to be fundamental in governing the problem 

of radioprotection of man. 

The setting of a simple and precise method for the in 

vivo determination of DNA repair synthesis has been achieved. 
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SUMMARY OF RESULTS OBTAINED FROM 1976 TO 1980 

A. RELEVANCE TO RADIOPROTECTION 

As radiation biologists, we are aware that the use and 
development of nuclear energy will be made safer if any possible radiation 
damage can be prevented. We feel it our duty to provide tools that will 
ensure better biological protection against radiations. Efficient 
protection against radiations depends on the recognition of the following 
radiobiological axioms: 

1- DNA is one of the most important target of radiations. DNA is 
the hereditary material of all living cells. Athough X rays, gamma rays and 
other radiations hit all the components of cells in a random manner, the 
genetic material is the most radiation-sensitive cellular target. DNA 
constitutes a minor fraction of the chemical components of a cell, but 
direct or indirect damage to it has great impact en the cell's future, 
whereas damage to proteins and other cellular components has much less 
effect. That is because DNA is the memory of the cell. DNA replicates to 
beget DNA, and so errors in DNA are transmitted from cell generation to 
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cell generation. 
2- It is impossible to prevent every radiation damage. A flow of 

radiations reaches the earth. All living cells are exposed to a natural 
background of radiations. In principle, there is no threshold for the 
effects of ionizing radiations, nevertheless life has evolved successfully 
on earth. Even though DNA is relatively protected from radiation damage by 
many cell constituents, its stability is mainly maintained not by shielding 
mechanisms but by processes that restore the integrity of the damaged 
structure. Recent progress in our knowledge of repair processes has been 
spectacular whereas that concerning biological protection has been poor in 
spite of numerous past efforts. 

3- Radiation da•age can be efficiently repaired. At low doses, 
most of the damage can be erased by the action of a variety of repair 
processes. To cope with the deleterious effects of radiations, Nature has 
invented a variety of repair processes that restore the damaged biological 
structures. 

4- Repair of radiation damage cannot be dissociated from repair 
of damage induced by chemicals. A recent scientific breakthrough is the 
discovery that some natural antibiotics and many metabolized chemicals can 
damage DNA in a way similar to X-rays whereas some other of these compounds 
produce DNA lesions that are repaired by the very repair system that excise 
pyrimidine dimers from UV-damaged DNA. More generally, normal metabolism in 
man leads to the production of a variety of short-lived radicals that 
damage DNA. Recently accumulated knowledge has provided a wealth of data 
that underline the fact that radiations are not unique in their way of 
damaging DNA. The chemistry of how primary DNA lesions are produced has 
gained much from the study of chemical radicals formed in the course of 
metabolization. 

5- All repair processes !mown to occur in man have been identi
fied first in bacteria. Although the ultimate aim of radiation biologists 
is to heal DNA damage occurring in man's cells, bacteria still provide an 
invaluable tool to molecular radiation biology. For instance, it has been 
recently found in mammalian cells a process similar to inducible error
prone repair observed in bacteria. 

Not only was our work based upon the above-mentioned axioms but 
it contributed to the formulation of the last 3 of them. 

B. SUMMARY OF M3JLTS OBTAINED 

1- RecA protein, keystone of cellular radioresistance. We now 
know that RecA protein, induced by DNA damage, will constitute up to 10 % 
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of the total of cellular proteins (Paoletti, pers. comm.; Moreau et al., 
1981). There is no other cellular protein induced by any cell treatment to 
such an extent. Cellular radioresistance (cell survival) to DNA damage 
produced by X-rays, UV light and chemicals is roughly proportional to the 
cellular concentration of RecA protein. Cellular radioresistance can be 
enhanced if the normal level of RecA protein is artificially increased. 
RecA protein is important not only quantitatively but also qualitatively. 
It controls constitutive processes such as genetic recombination as well as 
processes induced by DNA damage such as inducible error-prone repair (SOS 
repair). We (Quillardet et al., unpublished) demonstrated that inducible 
error-prone repair is independent of the cell concentration in RecA 
protein. In contrast, LexA protein, the repressor of the recA gene, plays a 
major role. The LexA protein controls genes other than recA that regulate 
repair and the fidelity of DNA replication such as umuC. The type of repair 
promoted by plasmid genes conferred by plasmid R46 and its derivative, 
pKM101, looks like but is different from SOS repair as we demonstrated it. 
Repair promoted by pKM101 escapes the control of LexA protein. 

2- Mapping and complementation of n:£A mutations. We found that 
the~ gene can be divided into two parts according to the phenotypes of 
mutations called for that reason lexB and recA ~. Such mutations may 
reveal the existence of two main domains in RecA protein. The ~ domain 
may direct the constitutive functions of RecA protein (binding to DNA, 
control of exonuclease V) whereas the ~ domain may be more specifically 
involved in inducible functions (proteolytic action on repressors). 
Radioresistance can be restored in ~- mutants by complementation of two 
altered non-functional RecA proteins. 

3- RecA-protein controls prophage induction. 
Roberts et al. discovered that RecA protein inactivates prophage 

repressors by cleavage. RecA protein appears to be the "inducer" of dormant 
viruses postulated by Jacob and Monod. 

We observed that there is no correlation between the kinetics of 
~ repressor cleavage and the kinetics of accumulation of RecA protein. 
Since Little and associates found that RecA protein cleaves LexA protein, 
the repressor of RecA protein, it has been widely surmised that induction 
of RecA protein was required for prophage induction to occur. We 
demonstrated that full induction of RecA protein is not required either for 
prophage 7\ or for prophage 80. 

A mutation in the ~ gene, ~. that we isolated has little 
effect on recombination but renders prophage ~ non-inducible. We observed 
that prophage 80 can be induced in a~ lysogen. This mutation may 
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affect the binding affinity of RecA protein to repressors but not 
necessarily RecA protease activity. 

4- Initiation of DNA replication and prophage induction. We have 
recently found that a portion encompassing the origin of the F sex factor 
controls indirect induction of prophage ~ (Devoret, Couturier and von 
Meyenburg, to be published). Following DNA damage, an essential region near 
the origin of replication regulates DNA replication and repair. 

5- Tests for potential carcinogens. 
We have shown that prophage induction can be used as an efficient 

test to detect physical and potential chemical carcinogens. Our test is now 
being used by numerous public institutions as well as pharmaceutical 
companies. 

C. CONCLUSIONS. 
Five years ago, we proposed a project concerning the study of the 

recA gene and of the protein coded by this gene. The results obtained by a 
few international groups, including ours, on the cellular role of RecA 
protein have more than fulfilled the expectations. RecA protein is unique. 
It associates the activities of a protease with those of a DNA binding 
protein. RecA protein plays a unique role in the cell. It controls numerous 
basic cellular functions. The knowledge of its involvement in the 
mechanisms of the various repair processes can provide a valuable goal 
within the frame of a programme aimed at contributing to ensure radiation 
protection of mankind. 

What is the mechanism whereby each radiation or chemical affects 
DNA? How are DNA lesions repaired? Only basic knowledge can breed real 
safety. 
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Head of Project: G. Olivieri 

The bulk of the work done in the past four years can be sUJillll3.rized as follows : 

l) We developed and defined the "diplochromosome test" ( 2, 3) : 

Experiments have been performed in order to study the spontaneous appearance of 

cells with diplochro.rrosomes (endoreduplicated cells) in Chinese Hamster cultures. 

Endoreduplicated cells are present in sub-cultures (sub-M-cultures) prepared by 

trypsinising cultures (M cultures) in the plateau phase of growth. Two conditions 

are particularly important for the appearance of endoreduplicated cells: a change 

of medium 3 days before trypsinisation and the growth of the M-cultures in a clo

sed at.rrosphere from that moment on. The maximum frequency of endoreduplicated cells 

ccurs when the M-cultures are grown in bottles that have been stoppered also during 

the 6-9 days prior to the change of medium. In these conditions the frequency of 

endoreduplicated cells found in the sub-M-cultures 26-30 hours after trypsinisa

tion varies around 8%. In the crowed M-cultures, which grow in closed at.rrospheres, 

the change of medium is followed by an unbalanced cell growth that leads to a gre~ 

ter protein content per cell. 

Endoreduplicated cells perform the first DNA synthesis before trypsinisation and 

the second after it; therefore these cells were blocked or slowed down at the mo

ment of trypsinisation in a stage of the cycle with 4C of DNA. This stage is pro

bably comparable to a G
1 

stage that follows a first cell cycle that has concluded 

without a normal mitosis. 
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2) The variation of symmetrical/asymmetrical ratio was analyzed in relation to: 

a) cell cycle (4,14,17): 

The relative frequencies of X-ray-induced symmetrical and asymmetrical chromatid 

interchanges were analysed as a function of the cell cycle in somatic cells of 

Drosophila melanogaster. 

In exchanges between autosomes, during the S phase, a clear prevalence of asym

metrical rejoining was observed. later, this prevalence became reduced as the 

cell approached mitosis. On the other hand, in the exchanges between X-chromos~ 

mes in the females there were no significant variations in the type of rejoining 

through the cell cycle, there being a slight but consistent preference for sym

metrical rejoining. 

The symmetry of radiation-induced chromatid exchanges was studied in relation to 

the cell cycle in Chinese hamster cells in vivo and in vitro. Both in vivo and 

in vitrO, the ratio between symmetrical and asymmetrical chromatid exchanges was 

about 1 to l during G
2 

and S phase of the cell cycle. 

We studied the variation of the symmetrical/asymmetrical ratio in chromatid inter 

changes during the various phases of the cell cycle of human lymphocytes in vitro. 

In the cells irradiated in S phase (labelled) there was a significant prevalence 

of asymmetrical exchanges, whereas in the cells in G
2 

phase (unlabelled) there was 

no such prevalence. 

b) type of cell treated (4,10,14,17): chinese hamster cells in vivo and in vitro, 

human lymphocytes, spe:rnatocytes I and somatic cells ofD.melanogaster we studied. 

c) type of mutagen treatment (Mut. Res. 33: 201): 

Third instar larvae of the Oregon R stock were treated for 25 or 30 min with va

pour of methyl methanesulphonate (MMS). At various times after the treatment (4,8 

and 12h), microscope specimens of the nerve ganglia were prepared. At all the ti

mes of fixation, only aberrations of a chromatid type were found, but with diffe

rent frequencies in the two sexes. The females were about 3 times more sensitive 

than the males to MMS. 

An analysis of the distribution of the breaks between and within chromosomes sho

wed that they were not localized at random but were clustered in the heterochromatic 

centromere of the X chromosome and the autosomes. The Y chromosome, although ent~ 

rely heterochromatic, on the other hand, was highly resistant to MMS. However, this 
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phenomenon had only a very weak effect upon the variation with sex of MMS-indu 

ced clm:mosome darrage. 

Arn:>ng the aberrations induced, although interchanges were nonnally present, nei 

ther intra-exchanges nor triradials were found. In the interchanges, there was 

a greater tendency for the hoJIPlogous chroJIPsomes to be involved, and these rejo~ 

ned symmetrically. 

d) type of genetic constitution (24): 

Repair- and recombination-defective mutations at two loci (mei-9 and mei-41) of 

Drosophila melanogaster have been examined for their effects on the induction of 

chroJIPsome aberrations by x-rays and the formation of sister chromatid exchanges 

(SCEs). Irradiation of larval neuroblast cells during the S phase with x-rays she 

wed that mutants at both of these loci are about 10 times JIPre sensitive than wild 

type to the induction of chroJIPsome aberrations. The pattern of induced aberrat

ions was characteristic for each mutant locus: in cells bearing mei -9 mutations 

JIPst breaks were chromatid deletions, whereas in the presence of mei-41 mutations 

similar frequencies of chromatid and isochromatid deletions were observed. Furthe£ 

JIPre, chromatid interchanges could not be induced in cells carrying mei-9 alleles; 

therefore these mutations define a step necessary for chromatid rejoining. mei-l+l 

alleles also define a function involved in the formation of chromatid interchanges; 

total exchanges were less frequent than expected from nonmutant controls; and the 

proportion of exchanges arising by symmetrical rejoining was markedly reduced. Th~ 

se data indicate that chromatid and isochromatid deletions have different JIPlecular 

steps in their formation, and that different JIPlecular mechanisms are also involved 

in the symmetrical and unsymrnetrical rejoining in chromatid interchanges. 

Taken as a whole our results indicate that, although physical proximity of chromo

somes is an essential prerequisite for the formation of exchanges, the type of rejoi 

ning is determined at JIPlecular level. 

3) Important conclusions were also drawn on studying sister chromatid exchanges in 

Drosophila melanogaster (20,23,24,25): 

Neural ganglia of wild type third-instar larvae of Drosophila melanogaster were in-
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ubated for 13 hours at various concentrations of BUdR (1,3,9,27 
1
ug/ml). M:!tap~ 

ses wer>e collected with colchicine, stained with Hoechst 33258, and scor>ed under 

a fluor>escence microscope. M:!taphases in which the sister chnlrnatids wer>e clear

ly differentiated wer>e scor>ed for the pr>esence of sister-chnlrnatid exchanges 

(SCEs). At the lowest concentration of BUdR (1/ug/ml), no SCEs wer>e observed 

in either male or female neuroblasts. The SCEs were found at the higher concen

trations of BUdR (3,9 and 27 
1
ug/ml) and with a greater frequency in females than 

in males. Therefore SCEs are not a spontaneous phenomenon in DrDsophila :rrelanoga

ster, but are induced by BUdR incorporated in the J:NA. A striking nonrandOI!D1ess 

was found in the distribution of SCEs along the chromso:rres. 1-bre than a third 

of the SCEs were clustered in the junctions between euchrona.tin and heteroc~ 

tin. The rerraining SCEs were preferentially localized within the heterochnlrnatic 

regions of the X chro!rosome and the autosames and primarily on the entirely hete~ 

chrorratic Y Chro!roso:rre. -In order to find an alternative way of measuring the fre

quency of SCEs in DrDsophila meuroblasts, the occurrence of double dicentric rings 

was studied in t\,K) stocks carrying mnocentric ring-X chro!roso:rres. One ring c~ 

some, C(l)TR 94-2, shows a rate of dicentric ring formation corresponding to the 

frequency of SCEs observed in the BUdR-labelled rod chromosomes. The other ring 

studied, R ( 1) 2 , exhibits a frequency of SCEs higher than that observed with both 

C(l)TR 94-2 and rod chro!rosomes. 

Taken as whole these results indicate a lack of spontaneous SCEs in neuroblast :rre 

taphases of DrDsophila melanogaster.In addition some insight was gained into the 

relationships between SCEs, chromsome aberrations and DNA repair. 

Numbers in brakets are referred to the publications. 
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Project n.2: Study of factors (genetic and environmental) nodifying the frequency 

and type of chronosonal aberrations 

Head of Project: M. Gatti 

a) The effect of the state of nutrition on radiosensitivity in Drosophila melano

gaster was studied (8): 

Body-weight has been shown to influence the final expression of genetic damage 

by X-rays in Drosophila melanogaster. If larvae of Drosophila were raised up to 

the third instar in media containing different amounts of the same nutrient and 

in different conditions of crowding a positive correlations was observed between 

body-weight and frequency of chromosome aberrations induced by a given dose of 

X-rays in the somatic cells of their nerve ganglia. This effect, present in both 

sexes, is most plausibly attributed to a different capacity of big and small lar 

vae for repairing radiation damage. 

b) The radiosentivity of Drosophila somatic chronosomes irradiated in C-metaphase 

was analyzed in comparison with that of interphase chromosomes (19): 

Neural ganglia of Drosophila liE lanogaster were placed in saline containing colclti: 

cine. After two hours, they were irradiated and then samples were fixed at 5,15,25, 

35 minutes from the beginning of irradiation. The results obtained show the aber

ration level increases with time subsequent to fixing. This increase takes place 

first for chromatid deletions and then for isochromatid deletions and chromatid 

exchanges. Gaps and subchromatid exchanges do not, on the contrary, show any ~ 

crease with time. 

c) The mutagenic action of caffeine in Drosophila melanogaster was investigated(22): 

Nerve ganglia of third-instar larvae were treated with various doses of caffeine 
-4 -3 -3 -2 -2 

(5xl0 , 10 , 5xl0 , 10 and 2xl0 M) for 2 hat 25!l°C. The ganglia were fi-

xed at set time intervals after treatment so that the effect of caffeine in dif

ferent stages of the cell cycle could be observed. Chromatid aberrations were indu 
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ced only when the caffeine was administered in G
2 

or approaching mitosis. No aber 

rations were observed after treatment in S or early G
2

.In relation to the diffe

rent doses administered, a threshold effect was evidenced, the number of aberrat-
-3 

ions increasing in a marked way at doses exceeding 5xl0 M. These data indicate 

that the effect observed in Drosophila melanogaster is similar to that described 

by Kihlman in animals and plants treated with caffeine at temperature below 30°C. 

d) The relations between premutational darrage, DNA repair processes, chromosome 

aberrations and SCEs were in part clarified (16,19,22,23,24,25): 

Eight X-linked recombination-defective meiotic mutants (representing five loci) 

and 12 X-linked mutagen-sensitive mutants (representing seven loci) of Drosophila 

melanogaster have been examined cytologically in neuroblast metaphases for their 

effects on the frequencies and types of spontaneous chromosome aberrations. TWelve 

mutants, representing five loci, significantly increase the frequency of chromos~ 

mal aberrations. The mutants at these five loci, however, differ markedly both in 

the types of aberrations produced and the localization of their effects along the 

chromosome. According to these criteria, the mutants can be assigned to four groups: 

(i) mutants producing almost exclusively chromatid breaks in both euchromatin and 

heterochromatin; ( ii) mutants producing chromatid and isochromatid breaks in both 

euchromatin and heterochromatin; ( iii) mutants producing chromatid and isochroma

tid breaks primarily in euchromatin; and (iv) mutants producing chromatid and iso 

chromatid breaks clustered in the heterochromatin. 

Neuroblast cells of larvae bearing mei-9 and mei-41 alleles were also treated for 

13 hr with 5-bromodeoxyuridine at 9
1
ug/ml in order to differentiate sister chro

matids for the scoring of SCEs. Whereas mei -41 had a norm:li level of SCEs, mei -9 

exhibited a frequency of SCEs that was about 70% that the control. Because both 

mei-9 and mei-41 mutations result in defective meiotic recombination, these data 

suggest that they define steps shared by symmetrical interchange formation and 

meiotic recombination that do not participate in the formation of most SCEs. 

These studies are been currently-continued and expanded in our laboratory ( 2 4) . 

Numbers in brakets are referred to the publications. 
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Project n.3: Study of the transmission of chromosomal aberrations 

Head of Project: A. De Marco 

The relative frequencies of X ray induced chromosome aberrations in Drosophila 

neuroblast cells, and in spermatocytes of females irradiated with 625R X-rays we 

re cytologically compared ( 10) . 

The spermatocytes were more sensitive than the gangliar cells to radiation: the 

aberrations induced in the spermatocytes I were three times more frequent than 

those induced in the ganglia. The distribution of the aberrations was, however, 

similar. The most important variable element lies in our observing no symnetri

cal exchanges in the spernatocytes. 

Now we intend to study how many and which aberrations are transmitted to the r
1 

in the case of the germinal line and to subsequent cell generations in the case 

of the somatic line. 

Numbers in brakets are referred to the publications. 
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Project n.4: Study of the relationships between structure of the chromosome and 

aberrations produced 

Head of Project: M. Gatti 

A series of experiments were carried out in order to obtain a better resolution 

in chromosome banding and understand the chemical basis of banding. These expe

riments were focused on Drosophila (1,5) and other diptera (12,21) and addressed 

to differentiate the heterochromatic regions. 

A number of preliminary experiments have shown that the fluorescence pattern of 

Hoechst 33258, as opposed to that of quinacrine, varies with the concentration of 

dye. The metaphase chromosomes of Drosophila melanogaster, D.similans, D.virilis, 

D. texana, D.hydei and D.ezoana have therefore been stained with two concentrations 

of H. 33258 (0.05 and 0.5
1
ug/ml in phosphate buffer at pH7) and with a single co~ 

centration of quinacrine (0.5% in absolute alcohol). The three fluorescence pattern: 

so obtained were shown to be somewhat different in some of the species and the 

coincide in others. All three stainings gave an excellent longitudinal differentia! 

ion of heterochromatin wr~le euchromatin fluoresced homogeneously. -Living ganglion 

cells of the six species mentioned above were treated with quinacrine and H.33258. 

Quinacrine induced a generalized lengthening and swelling of the chromosomes and 

H. 33258 the decondensation of specific heterochromatic regions.- A correlation of 

the base composition of the satellite DNAs contained in the heterochromatin of the 

species studied with the relative fluorescence and decondensation patterns showed 

that: 1) the extremely fluorochrome bright areas and those decondensed are present 

only in species containing AT rich satellite DNA; 2) the opposite is not true s~ 

ce some AT-rich satellite DNAs are neither fluorochrome bright nor decondensed; 

3) there is no good correspondence between Hoechst bright areas and the decond~ 

sed ones. -AT richness therefore appears to be a necessary but not sufficient co~ 

dition both for bright fluorescence and decondensation. Some cytological evidence 
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suggests that similarly AT rich satellite DNA's respond differently in fluore

scence and decondensation because they are bound to different chrorrosomal p~ 

teins~·- A ccmbination of the results of fluorescence and decondensation revealed at 

least 14 types of heterochrorn3.tin; 4-7 of which are simultaneously present in the 

sane species. Since closely related species (i.e. D. nelanogaster and D. simulans; 

D. virilis and D. texana) show marked differences in the heterochrorn3.tic types they 

contain, it can be suggested that within the genus Drosophila qualitative variations 

of heterochranatin have played an ~ant role in speciation. 

Tile C- and N-banding patterns of Drosophila nelanogaster, D.simulans, D.virilis, 

D. texana, D.ezoana and D.hydei were studied in comparison with quinacrine and Hoechst 

banding patterns. In all these Drosophila species the C bands correspond to the ~ 

terochramatin as revealed by the positive heteropycnosis in the prometaphase chraffi£ 

somes. The N bands have the following characteristics : 1) they are always localized 

on the heterochromatin and generally do not C:Orrespond to the C bands; 2) they do 

not correspond to the nucleolar organizing regions; 3) they are inversely correl~ 

ted with fluorescence, i.e., they correspond to regions which are scarcely, if at 

all, fluorescent after Hoechst 33258 or quinacrine staining; 4) they are localized 

both on regions containing Kr rich satellite DNA and on those containing GC rich 

satellite DNA. 

Tile banding nechanisrns of Chrcm:mtycin and Olivomycin were also investigated in 

human and IIPUse chraiDsomes (18) : 

Htmlan and IIPUSe chronoscm=!s, stained with either chrorromycin A
3 

or olivomycin, 

which bind preferentially to G C -rich DNA (where G is guanosine and C is cytos~ 

ne ) , exhibit a Q or a reverse banding pattern, depending on the wavelength used 

for excitation. The two complenentary banding patterns can be observed in the s~ 

ne netaphase simply by changing the ccmbination of excitation filters. These data 

suggest, therefore, that in addition to base composition, other factors are invo! 

ved in the production of chronoscm=! banding by chrom:>mycin A
3 

and olivomycin. 
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Moreover several compounds affecting chromosome condensation were tested in vitro 

for their effects on Drosophila, human and Chinese hamster chromosomes (6,7,9,15). 

These studies have permitted us to reach some conclusions on the relationships bet 

ween chrormsome structure and distribution of induced aberration ( ll) . 

The distribution of chromosolll3.l aberrations between and within chromosomes of Jll3. 

le D.melanogaster solll3.tic cells after treatment with UV has been analyzed. 

Distribution of the breaks between chromosomes was largely nonrandorn since we found 

a higher aberration frequency than that expected on the Y chromosome. Moreover, 

within the chromosomes the aberrations are clustered in the pericentromeric het~ 

rochrolll3.tic regions. The above distribution compared with that of the breaks in

duced by X rays and methyl-methane-sulphonate (MMS) suggests that there are two 

classes of heterochrolll3.tin in D.melanogaster. The first class, which includes the 

heterochrolll3.tin of the X chromosome and of the autosomes, has a consistently gre~ 

ter sensitivity than euchromatin, independent of the mutagen used. This class p~ 

bably has a base composition on the average not very different from that of euc~ 

Jll3.tin, and its "sensitivity" could be related to factors such as its greater corn

paction in interphase (Smith and Evans,l976) or to its peripheral location in the 

nucleus (Hsu,l975) or possibly to different repair mechanisms (Falk,l96l). 

The Y chromosome constitutes the second class of heterochrolll3.tin, which differs 

from the first in its exceptional AT richness which is related to its different 

sensitivity with respect to euchrolll3.tin and the other heterochromatic regions, 

depending on the type of mutagen used. 

Numbers in brakets are referred to the publications. 
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Titel des Projektes Nr. 1: 

Induction of non-disjunction. in oogenesis. 

Leiter des Projekts und wissenschaftliche 

Mitarbeiter: Dr.I.Hansmann 

Dr.D.Janke 

Dr.H.-D.Probeck 

The epidemiological studies in human populations allow, so far, 

no definite answer to the question whether the incidence of 

Down's-Syndrome among new-borns may be increased by exposing 

mothers with X-rays before conception. Either X-rays are harm

less in inducing non-disjunction under those circumstances applied 

or they potentially induce non-disjunction; their effects, how

ever, in a certain population are not simply in just one direc

tion. 

In two earlier experiments it was shown that irradiation of 

female mice increased significantly the number of hyperploid 

ovulated oocytes. 

We followed this question and studied three mammalian species 

(mouse, chinese hamster, Djungarian hamster) and analysed chro

mosomes from oocytes after the first meiotic division immediately 
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after ovulation and long before selection against chromosomally 

unbalanced gametes/embryos may occur. The experimental condi

tions of irradiation and handling of the animals were the same 

during the course of the experiments. We tried to answer the 

following questions: 

1. Can non-disjunction be induced in mammalian oocytes and is 

the incidence dependend on the dose of X-rays? 

2. Have we to consider species-specific effects? 

3. Is the constitution of the female important for the sensiti

vity, e.g. does the age and the hormonal constitution inter

fere with radiosensitivity? 

In all experiments females from the above mentioned species 

were pretreated with PMS (pregnant mares serum) and HCG (human 

chorionic gonadotrophin) 48 h later for synchronized ovulation. 

Irradiation was done 3 h after the HCG injection. This stage 

was proven earlier by us to be a very sensitive period for the 

induction of non-disjunction by chemical mutagens. Chromosomes 

were analysed after ovulation at the stage of metaphase II. 

Hypoploid metaphases were not included, because preparational 

artifacts can not be excluded. Oocytes were handled singly, so 

metaphases with more than the haploid chromosome set (e.g. 

n=21; n=12; n=29) can never be due to an artifact, but result 

from non-disjunction during first meiotic division. 

In one experiment we used females from a mouse strain (NMRI) 

which shows a genetically determined genommutation (ovulation 

of some diploid oocytes spontaneously) and which can be stimu

lated to a hypergonadotrophic situation. 

The females received 10 i.u. PMS and 10 i.u. HCG and were 

irradiated with various doses from 5 to 80 rad. 
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We did not observe any significant increase of hyperploid 

oocytes, neither considering the results from individual doses 

nor the summarized data (Table 1). No increase of hyperploidy 

with increasing dose was observed. 

Table 1: Non-disjunction in NMRI-mouse oocytes after irradiation 

during the preovulatory phase 

dose no. of oocytes % of oocytes with 

(rad) analysed 21 chromosomes 

5 264 0.38 

10 239 0.0 

20 250 0.8 

40 220 0.0 

80 229 0.9 

Total 1. 202 0.42 

control 501 0.20 

After the same kind of treatment, however, the incidence of 

diploid ovulated oocytes increased with radiation dose. This 

strain ovulates spontaneously, as already mentioned, diploid 

oocytes. Incidence figures increased with irradiation dose: 

2.5% (control); 3.1 % (5 rad); 9.6% (10 rad); 6.0% (20 rad); 

6.8% (40 rad); 12.7% (80 rad). 

Recently it was shown that aging mouse oocytes are more sen

sitive for radiation-induced non-disjunction than those from 

younger females (Uchida, I.A. and C.P.V.Freeman, Nature (Lond.) 

265 (1977) 186-187). 

We studied chinese hamster females (Cricetulus griseus),to 

see whether the higher sensitivity in aging females is a more 

general phenomenon in mammals or whether it is restricted to 

mice only. Females at various ages received 3 i.u. PMS and 

2 i.u. HCG for stimulated ovulation and were irradiated 3 h 
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after HCG with 20 rad (Table 2): 

Table 2: Non-disjunction in chinese hamster oocytes after 

irradiation during the preovulatory phase 

dose age of females no. of oocytes % of oocytes 

(rad) (weeks) analysed with n=12 

0 8-20 129 0.0 

20 8-20 325 o.o 
36-48 63 o.o 
~56 99 3.0 

No significant increase was detected at ages of 8-20 oder 

36-48 weeks compared to nonirradiated females. The incidence 

of hyperploidy in the irradiated higher age group was signi

ficantly increased. 

Djungarian hamster females (Phodopus sungorus) ovulate oocytes 

after hormonal stimulation which are hyperploid. The incidence 

of hyperploidy is dependend on the doses of gonadotrophllm in

jected. Two experiments were performed: One, in which the 

females were stimulated with low doses of hormones (3 i.u. 

PMS and 2 i.u. HCG) to have a lower spontaneous incidence of 

non-disjunction and a second one, during which females were 

stimulated with higher doses (10 i.u. PMS and 10 i.u. HCG) to 

induce a high incidence of genommutations in non-irradiated 

females. A group of females received 20 rad 3 h after HCG 

in each experiment (Table 3): 
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Table 3: Genomrnutations in Djungarian hamster females after 

hormonal stimulation and irradiation 

dose of hormones dose no.of oocytes % of oocytes with a 

(i.u.PMS/i.u.HCG) (rad) analysed genomrnutation 

3/2 0 184 2.7 

3/2 20 363 0.7 

10/10 0 278 17.2 

10/10 20 513 5. 1 

*) both types: hyperploidy and diploidy 

In both experiments, low and high hormone group, is the 

incidence of genomrnutations after exposure to 20 rad lower 

*) 

than in the oocytes from the non-exposed females. The decrease 

even in the incidence of hyperploidy only, is statistically 

signifikant in the 10/10-hormone group: 8.2 % in non-irradiated 

and 4.3 % after exposure to 20 rad. 

The observed "protecting" effect of X-rays on the incidence 

of genomrnutations cannot be explained by cellkilling, because 

the number of ovulated oocytes was not reduced. The mechanism 

must be different. Analysis for structural abnormalities (breaks, 

fragments, deletions) in the same oocytes demonstrated, however, 

that the X-rays applied to the females were biologically active 

within the oocytes: No structural anomaly was detected in non

irradiated oocytes, the incidence increased to 7.2 % (3 i.u. 

PMS/2 i.u. HCG) and 7.7% (10 i.u. HCG) respectively in the 20 

rad-groups. 

From our data and the few published studies in the literature 

we conclude that X-rays do interfere with chromosome segrega

tion during meiosis, but differently. The direction of inter

ference seems to depend on the constitution (e.g. strain, age, 



- 664 -

hormonal constitution) of the females; X-rays may: 

1. induce non-disjunction in sensitive strains, species, 

subpopulations 

2. not induce non-disjunction in insensitive/resistant females 

3. decrease the incidence of non-disjunction in oocytes from 

those females, which do have a high "spontaneous" risk for 

aneuploidy, e.g. females in a hypergonadotrophic situation. 

This three possible ways of interference may explain, why in 

a given population the total incidence of aneuploidy must not 

necessarily increase after exposure to X-rays. The frequency 

of genommutations depend then on the relative size of the sub

populations. 
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Titel des Projekts Nr. 2: 

Stage sensitivity in oogenesis. 

Leiter des Projekts und wissenschaftliche 

Mitarbeiter: Dr.I.Hansmann 

Dr.D.Janke 

Dr.H.-D.Probeck 

The aim of this project was to investigate the sensitivity 

of different stages during mouse oogenesis for the induction of 

chromosome anomalies by X-rays. 

Females were irradiated at different ages (1, 3, 6 and 8-12 

weeks) with different X-ray doses and oocytes prepared from 

these irradiated females at the age of 8-12 weeks. Chromosome 

analysis was either done on metaphase I-oocytes or after ovu

lation on metaphase II-chromosomes. The results so far obtained 

indicate a high sensitivity for radiation-induced transloca

tions during the final phase of oogenesis. The effectiveness 

of X-rays to produce structural anomalies which are detectable 

later in mature oocytes, is lower in early stages of dictyotene 

(e.g. 3 weeks). This may be due to a~ concomitantly high sensi

tivity for cellkilling (e.g. in oocytes from 1 week-old females) 

resulting insterility at even low doses. 

In recent experiments we studied the influence of caffein on 

the expression of radiation-induced translocations and injected 

coffein before an after irradiation. Chromosome analysis at 

metaphase I is still in progress and the final results will be 

reported. 

In addition to these studies we are able to compare our results 

on radiation-induced structural anomalies from different species. 

The experimental conditions, such as handling of the animals, 

conditions of X-ray exposure, method of chromosome preparation 

and analysis as well as investigators, are identical. This compa

rison therefore is valid to estimate the radiosensitivity in 

oocytes from 3 different species. Data are available after irra

diation with 20 rad. 
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Table 1: Structural chromosome anomalies in oocytes from 

3 different species after exposure to 20 rad. 

species no. of oocytes 

analysed 

mouse-NMRI 

Chinese hamster 

Djungarian 
hamster 

264 

325 

139 
235 1) 

% of oocytes with 

structural anemaly 

3.8 

4.6 

7.2 

7.7 

1lhormonal synchronization with 10 i.u.PMS/10 i.u.HCG 

The hormonal pretreatment - low or high doses - did not have 

an influence on the expression of radiation-induced structural 

anomalies. This conclusion can be drawn comparing the results 

from the Djungarian hamster. Oocytes from the Djungarian ham

ster do express, however, significantly CP< 0.05) more struc

tural anomalies (breaks, fragments, translocations) than 

oocytes from NMRI-mice. The difference can be due to a diffe

rent timing of progressing through meiosis after germinal 

vesicle break-down, different repair-capacities or different 

sensitivity to hormonal induced processes (activation of 

enzyme systems) in different species. 

An interesting finding in this context is our observation on 

an increasing expression of radiation-induced chromosome breakage 

with increasing age in chinese hamster oocytes. 

Table 2: Structural anomalies in oocytes from chinese 

hamsters after exposure to 20 rad. 

age (weeks) no. of analysed % of oocytes with 

oocytes structural anomalies 

8-20 325 4.6 

36-48 63 7.9 

~ 56 99 13. 1 
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The higher incidence in the agegroup of ~56 weeks-old females 

is statistically significant (P< 0.05). The conclusion from the 

study is, that with increasing age of the females not only the 

risk for radiation-induced aneuploidy increase, but that also 

more chromosome breaks are expressed in aging ovulated oocytes. 

The reason for this is unclear, but the finding may be explained 

either by a different sensitivity per se, a decreasing repair

capacity or by a different progression through meiosis after 

germinal vesicle break-down. 

Our findings of a different sensitivity at different stages of 

oogenesis, at different ages of th~ females as well as a dif

ferent sensitivity between 3 mammalian species are important 

for the problem of risk estimation ·as well as the question of 

extrapolating animal data to man. 
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Titel des Projekts Nr. 3: 

Risk for chromosome anomalies in the F 1-population after 

maternal and paternal exposure to X-rays. 

Leiter des Projekts und wissensc~aftliche 

Mitarbeiter: Dr.I.Hansmann 

Dr.D.Janke 

Dr.H.-D.Probeck 

The aim of project 3 was to study cytogenetically the radiation 

effects in maternal and paternal germ cells after exposure to 

0,20 and 200 rad. Special attention was given in these studies 

to the risk-estimation for chromosome anomalies in the F 1-

generation after parental exposure to X-rays. The aim was to 

base the risk-estimation on results, obtained with modern 

cytogenetic techniques, i.e. chromosome banding techniques for 

the assessment of small structural chromosome abnormalities. 

After a pilot study at the beginning of the project we were 

able to standardize a G-banding technique. The results obtained 

with this method demonstrate, that nearly all structural 

abnormalities in 9.5 day-old F 1-embryos were only detectable 

after G-banding followed by karyotyping of mouse chromosomes. 

No radiation-induced structural abnormality resulted in very 

large or very small marker chromosomes or in chromosomes 

with an altered centromerposition (meta- or submeta centricl. 

These altered chromosomes are detectable by conventional 

techniques. 
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In addition we were able to distinguish between balanced 

and unbalanced translocations, which can never be done by 

standard staining methods.Another advantage of this technique 

proved to be the possibility to corroborate trisomies,or more 

important monosomies by karyotyping several metaphases. 

1. Study on the effects in maternal germ cells: 

8-12 weeks-old females from mouse strain NMRI were pretreated 
with PMS (pregnant mares serum) and HCG (human chorionic go
nadotrophin) 48 h later for synchronized ovulation. Females 
were exposed to 0,20 or 200 rad exactly 3 h after HCG injection 
during the radiation-sensitive preovulatory phase, and mated 
afterwards with untreated males of the same age and strain. 
Vaginal plugs - an indication of fertilization - were checked 
on the next morning and fertilized females were sacrificed 
9.5 days p.c. (day of plug is day 0.5). Embryos were prepared 
cytologically and chromosomes analysed with the aid of G-ban
ding. At least one karyotype was prepared from each embryo. 

Altogether 90 embryos were karyotyped from matched control 

females: 46 embryos showing 40,XX and 43 embryos showing 

40,XY. One embryo was triploid: 60,XXX. There was no deviation . 
from the expected approx. 1:1 sex-ratio. Altogether 95 F1-

embryos were karyotyped successfully after maternal exposure 

to 20 rad: 45 embryos with 40,XX; 48 embryos with 40,XY and 

again one triploid embryo with 60, XYY, which in addition 

carried an unbalanced translocation between chromosome 1 and 

3 (partial monosomic for No. 1 and partial trisomic for No. 

3). Another embryo was tetraploid with 80, XXYY. 

Maternal irradiation resulted in a high embryonic lethality. 

Only 22 implanted embryos and most of them severly retarded 

in development, were detected and prepared: 12 embryos with 

XX and 10 embryos with XY sex-chromosome constitution. So, 
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neither after 20 rad nor after 200 rad a significant deviation 

of the expected sex-ratio was detected. 

Two embryos from the 200 rad-group were aneuploid: one mono

somic for No. 19 and the other trisomic for No. 17. The first 

mentioned embryo was, in addition, affected by an unbalanced 

~chromosome translocation between No. 1 and X. Altogether, only 

unbalanced translocations (5) were detected after maternal 

irradiation: 40,XX; -2,+t (1 ,2); 40,XX;-1 ,+t (1 ,2); 40,XX; 

-2,+t (2,3); 40,X;-X,+t (X,1) as well as the above mentioned 

embryo with 39,XY;-19,-1,+t (1,X). Incidence figures for trans

locations are 1.1 %after 20 rad and 22.7% after 200 rad. 

These studies on maternal exposure indicates that X-rays induce 

aneuploidy as well as structural chromosome anomalies during 

the final, sensitive, stage of oogenesis. The induced anomali·es 

can be transmitted to the next generation and thus may increase 

chromosome anomalies in the F 1-offspring. Extrapolated to the 

human situation:maternal exposure would increase the risk for 

abortions - due to unbalanced karyotypes - and also for triso

mies and monosomies which are compatible with postnatal life. 

The unexpected finding was that maternal exposure produced 

only translocations in F 1-embryos in an unbalanced condition, 

which most likely can be explained by the characteristic 

pattern of oogenesis: the oocytes rest in a diploid condition 

until shortly before ovulation and one half of the chromosome 

set is separated into the 1. polar body. 

2. Study on the effects in paternal germ cells: 

The experimental condition for irradiation, handling the 

animals and preparing the embryos were the same as in the first 

study, only that males were irradiated with 0,20 or 200 rad 

and were mated consecutively to non-irradiated females for a 

period of 57 days. 
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Altogether, 1399 F1-embryos were analysed and karyotyped 

during this large-scale experiment: 211 embryos from control 

females, 570 from the 20 rad-group and 618 from the 200 rad

group. 

Table 1: Aneuploidy in 9.5 day-old mouse embryos after 

paternal irradiation with 0,20 or 200 rad 

dose F1 embryos from days after irradiation (aneuploid/total) 

(rad) 2-8 9-15 16-22 23-29 30-36 37-57 Total %aneuploid 

0 0/211 o.o 
20 0/123 0/61 2/52 1/76 1/64 2/194 6/570 1.1 

200 3/156 0/69 2/19 2/67 1/72 0/245 8/618 1. 3 

The aneuploid karyotypes are: 

20 rad: 41,XX; + 11 (2x); 39,XO; (2x); 41,XY;+ 2; 60,XXY 

- 200 rad: 60,XXY (3x); 39,XO; (2x); 39,XY; -8; 41 ,XYY; 41 ,XY; 

+ 13; 41 ,XY; + 14 

The four aneuploid embryos from days 16-22 are all from males 

fertilizing females 22 days after irradiation. It is reasonable 

to assume that X-rays were effective during the last phases of 

spermatocytes, e.g. during the second meiotic division. 

The incidence of aneuploidy in F1-embryos from matings 16 to 

36 days after irradiation is significantly higher compared to 

controls (P< 0.05). This is the first study which demonstrates 

cytogenetically that paternal exposure to X-rays increase the 

risk for aneuploidy in the following F1-generation. The effect, 

however, is not very pronounced and we did not observed a clear

cut dose effect relationship. We did not observe an increase 

of triploidy in our material. 

Interesting in this context - evenwhenthe finding is not statis

tically significant - is our observation of two aneuploid 

embryos from matings of days 37-57, i.e. after premeiotic 
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exposure to only 20 rad. No aneuploidy was detected in this 

group after the high dose of 200 rad. A similar observation 

was made during the study with pronuclei. This question of 

radiation induced aneuploidy in spermatogonia at low, but not 

high doses, seem to be important not only for the purpose of 

risk estimation in a population but is also important for 

genetic counselling of individuals exposed previously. There

fore we try to continue our study on stem-cell exposure. 

The results of karyotyping and analysing for structural 

anomalies are given in table 2. 

Table 2: Structural anomalies in 9.5 day-old mouse embryos 

after paternal exposure to X-rays. 

dose F1-eni:>ryos fran days after irradiation (unbalanced/balanced/total) 

(rad) 2-8 9-15 16-22 23-29 30-36 37-57 Total 

0 0/211 

20 

200 

0/123 0/61 0/52 

0/5/156 2/7/69 2/0/19 

0/76 

1/0/67 

0/64 

1/0/72 

0/194 

1/235 

0/570 

19/618 

No structural anomalies were detected in F 1-embryos after 

paternal exposure to 20 rad, but altogether 3.1 % F
1
-embryos 

after exposing various stages of spermatogenesis to 200 rad. 

1.1 %of these embryos were chromosomally unbalanced, whereas 

1.9% carried a translocation in a balanced condition. 18 of 

these anomalies were translocations and only 1 was considered 

to be a deletion on No. 9. Our incidence of balanced translo

cations in 9.5 day-old F 1-embryos is in good agreement with 

those data obtained with the test for hereditary translocations 

in the F 1-offspring obtained in different laboratories. 

One embryo carried an unbalanced translocation after premeiotic 

(day 38) irradiation. 
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To have a better estimation of the primary effects in sperma

togenesis we used the same experimental conditions again but 

analysed the F1-generation immediately after fertilization in 

zygotes at the pronucleus stage. 

We were not yet able to standardize the G-banding technique 

in this material: the efficiency of good preparations with 

high banding quality was not constantly high enough. Therefore 

chromosome analysis was done after standard staining. 

Table 3: Chromosome anomalies in mouse pronuclei after 

paternal exposure to X-rays. 

dose Pronuclei from days after irradiation (abnormal/total) 

(rad) 2-8 9-15 16-22 23-29 30-36 37-277 Total 

0 2/199 

20 2/77 3/45 3/42 1/44 3/40 2/75 14/323 

200 3/47 9/43 10/48 2/38 4/29 1/97 27/302 

No structural anomaly was detected under these conditions in 

controls and only 2 of them (1.0 %) were hyperploid. Hypo

ploidy was not considered here, because only one metaphase is 

available and this type of aneuploidy can therefore be due to 

preparational artifacts. 1.6% of the pronuclei were hyper

ploid in the 20-rad group and in the 200 rad-group this inci

dence was 4 %. The latter incidence is significantly higher 

(P < 0.05) compared to the controls. The study with pronuclei 

therefore corroborates the above mentioned study with 9.5 

days-old F1-embryos and underlines that X-rays may induce non

disjunction even during spermatogenesis. 

As indicated in table 3, we observed a rather high number of 

structurally abnormal pronuclei after irradiation. Types of 

anomalies observed: small and large marker chromosomes, centric 

and acentric ring chromosomes, fragments, as well as micro

nuclei together with a hypoploid metaphase. The latter obser

vation indicates chromosome loss during early cleavages. 
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The following conclusions can be drawn: 

1. X-rays induce non-disjunction during mouse oogenesis and 

spermatogenesis, thus increase the incidence of aneuploidy 

(monosomy, trisomy) in the F1-generation after exposure. 

Chromosome loss may produce monosomy in same embryos. 

2. No clear-cut dose effect relationship for radiation-induced 

non-disjunction was detected so far. 

3. Irradiation of preovulatory oocytes produce predominantly 

F 1-embryos with unbalanced structural anomalies ,but no ancmalies 

in a balanced condition. Exposure of spermatogenesis increase 

the risk for both, balanced as well as unbalanced transloca

tions in F1-embryos. Unbalanced predominate after exposure 

of spermatocytes, whereas in later stages balanced reciprocal 

translocation are preferably induced. 

4. The incidence of anomalies is higher in pronuclei compared 

to 9.5 days-old F 1-embryos after the same kind of treatment. 

This indicates selection of chromosomally unbalanced embryos. 

5. The finding of aneuploid F1-embryos (pronuclei and 9.5 days

old embryos) after exposure of premeiotic germ cell stages 

to the rather low dose of 20 rad requires further conside

ration. 
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The main results obtained during the course of the EURATOM 

programme are summarized. The relevance of these data for radi

ation protection is given at the end of the report. 

One to two unrepaired DNA double-strand breaks (dsb) per cell 

per lethal event were measured. We conclude that dsb are po

tentially lethal lesions. 

This conclusion is based on the following experimental 
results obtained with diploid yeast cells. The RBE-and OER
values calculated from exponential dose response curves of 
the ha!Pzygous rad 52 mutant deficient in dsb repair were 
found to be similar to those for dsb measured immediately 
after irradiation with 30 MeV electrons or 3.5 MeV alpha 
particles under both oxic and anoxic conditions (Table I). 
Furthermore the number of initial dsb per cell per lethal 
event for these different irradiation conditions ranged bet
ween 1.2 and 1.8 (Table I). Since wild type (wt) yeast cells 
which exhibit a shouldered dose response curve are proficient 
in the repair of dsb, these lesions can be regarded in wt 
cells as potentially lethal lesions (PLL) . 

The shoulder of dose response curve~ with immediate plating is 

due to repair of PLL (dsb) within a restricted time period. 

The shoulder of dose response curves obtained with diploid 
wt cells at the G1/S border is only 1/3 of the shoulder width 
of early Go phase cells. When irradiated G1/S border cells 
are prevented from proceeding through the cell cycle,their 
shoulder width approaches that of early Go phase cells. This 
result, together with those mentioned above, lead to the con
clusion that the shoulder of dose response curves is due to 
repair of Poiss9n-distributed PLL (dsb) during a restricted 
time period between plating cells on nutrient agar and an un
known point in the cell cycle beyond which no further repair 
of PLL (dsb) is possible. Accumulation of sublethal damage, 
multi-hit, mulit-target theories, and pool theories are in 
contradiction to these experimental findings. 
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Table I: RBE- and OER-values for survival and induction of dsb. 

RBE 

OER 

The number of dsb per cell per lethal event under 
different irradiation conditions. 

survival dsb 

2.o :!: 0. 1 2.6 + 

5.4 :!: 0.4 5.3 :!: 

30 MeV electrons 2.4 :!: 0.1 2.8 :!: 
3.5 MeV alpha particles 0.9 + 0. 1 1.3 :!: 

0.1 

0.4 

0. 1 

0. 1 

Irradiation condition dsb per cell per lethal event 

30 MeV electrons, o2 
30 MeV electrons, N2 

1.4 

1.3 
:!: 0. 1 

+ 0. 1 

3.5 MeV alpha particles, o2 
3.5 MeV alpha particles, N2 

1.8 

1.2 
:!: 0.2 

:!: 0.2 
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Mean number of dsb per cell as a function of dose for 
various periods of ~ncubation of irradiated cells under 
nongrowth conditions at 30°C. The solid lines represent 
the best fit to the experimental points as calculated by 
regression analysis. 

Mean number of dsb per cell irreparable under nongrowth 
conditions after irradiation with 3.5 MeV alpha particles 
and 30 MeV electrons (n. ) . Furthermore,the initial dsb 
induced by these radiati6fis are also presented (n.). The 
RBE-values at the level of 37% survival after del~yed 
plating (DP) are shown in the inset for the initial and 
irreparable dsb and for survival after DP. 
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The relationship between the number of initial dsb and dose is 

linear. Dsb are induced exclusively by direct radiation action; 

indirect radiation action (action of the radicals of water radio

lysis within cells) is negligible. 

A linear relationship between the number of initial dsb and 
dose was found under oxic and a·noxic conditions after irradi
ation with 30 MeV electrons and 3.5 MeV alpha particles. N20 
gassing changes the radical spectrum within cells such tha~ 
the yield of OH radicals per dose is doubled. Since the num
ber of initial dsb per dose after 30 MeV electrons was not 
changed in the presence of N20 it was concluded that indirect 
radiation,action does not contribute to the lethality of cells. 

For different cell systems (bacteria, yeast, mammalian cells) 
it has been demonstrated in the last few years that single
strand breaks (ssb) in the nuclear DNA play a minor role for 
lethality. Thus the evaluation of direct and indirect radia
tion actions in the production of ssb was no longer relevant. 
These considerations led us to cancel the investigations of 
direct and indirect radiation actions in isolated yeast nuclei 
and chromosomes as well as the localization of radioprotective 
agents within cells. Instead of this further investigations 
on the induction of dsb and their repair were thought to be 
m·.1ch more relevant for radiation protection since we now con
sider dsb to be the primary events in the DNA leading to chro
mosomal aberrations. 

Dsb are repaired under nongrowth conditions. The linear relation

ship between initial dsb and dose (30 MeV electrons) is converted 

into a linear-quadratic relationship between irreparable dsb and 

dose during cell repair (Fig.1). Irradiation at extremely low 

dose rate reduces the quadratic term drastically. It was conclu

ded that at high dose rate irreparable dsb are induced by inter

action of reparable dsb (PLL). By analogy with the results ob

tained in survival studies it is proposed that the linear com

ponent of the relationship between irreparable dsb and dose is 

due to a single track of an electron of medium energy (2 keV up 

to 30 keV) , whereas the quadratic component is caused by the co

operative effect of track ends (electrons with kinetic energies 

of about 1 keV) each of which is produced by a separate traversal 

of a slow electron in the yeast nucleus. 

These results are in agreement with the suggestion that repair 
of dsb involves a recombinational process between two homolo
gous chromosomes in the region of a dsb. It requires that one 
of these chromosomes is intact, i.e. has no dsb, in the corres
ponding DNA region. When two dsb are induced in the correspon
ding regions of both homologous chromosomes neither of these 
breaks is reparable. 



- 680 -

The effect of changing radiation quality (LET) on the induction 

and repair of dsb was investigated using 30 MeV electrons and 

3.5 MeV alpha particles. Dsb were induced linearly with dose 

both for sparsely and densely ionizing radiation. As was found 

for electron irradiated cells the linear relationship between 

initial dsb and alpha dose was converted into a quadratic func

tion, with perhaps a small linear component, by repair of dsb. 

The RBE-value of alpha particles for inducing irreparable dsb 

was found to be 3.5, higher than the RBE-value for the sum of 

reparable and irreparable dsb, which was 2.6. This means that 

densely ionizing radiation induces a greater number of both re

parable and irreparable dsb per dose than does sparsely ionizing 

radiation, although the proportion of irreparable dsb was larger 

after alpha particle irradiation. Since the RBE-value increases 

during repair of dsb, it is inadmissible to relate the RBE

values of initial dsb to the RBE-values found for survival of 

cells proficient of dsb repair (Fig. 2). 

Identical biphasic kinetics of dsb repair under nongrowth con

ditions were found after irradiation with 30 MeV electrons and 

3.5 MeV alpha particles if corrections were made for irreparable 

breaks and for RBE. This suggests that the type(s) of reparable 

dsb are the same for both radiations. Thus the difference in 

effectiveness between sparsely and densely ionizing radiations 

may result only from the difference in the relative numbers of 

reparable and irreparable dsb per dose. 

Yeast cells are the only eukaryotes in which induction and re

pair of dsb can be studied at the same radiation doses which are 

used in survival studies. In contrast to mammalian cells, for 

yeast it is possible to deduce that one or a few dsb per cell 

leads to cell death. Thus yeast cells provide a unique possibi

lity to evaluate in a eukaryotic cell system, genetic and cellu

lar effects at such low doses and at such low dose rates that 

only very few dsb per cell are produced. Data which have been 

obtained so far in yeast cells seem also to be relevant for 

mammalian cells. 
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The research project proposed in 1976 states that oxidative phos
phorylation and non-phosphorylating enzyme activities in isolated 
mitochondria from UV sensitive, rho- producing strains (uvsp) of mito
chondrial and nuclear heredity will be pursued. It was proposed that 
the reactivity of the mitochondrial ATPase to the mutagenic agent 
ethidium bromide would be studied. Finally it was decided to investigate 
the effect of UV irradiation, photoreactivation and dark liquid holding 
on these processes. The project has been terminated in 1979 after the 
following results and conclusions were obtained 

1. Oxidative metabolism of UV sensitive, mitochondri~l mutations (rho-) 
producing yeast strains. 

We are able to provide a satisfactory explanation of the slow growth 
on non-fermentable substrates of the strain UVSp72 of Saaaharomyaes 

aerevisiae. As described by Moustacchi, the mitochondrial DNA of this 
strain is hypersensitive to UV damage as expressed by induction of the 
mitochondrial rho- mutation. We have shown that previous claims of a 
modification of mitochondrial ATPase in this strain, by Bastos and 
Mahler, J. Biol. Chem 249, 6617-6627, 1974) cannot explain its slower 
growth on non fermentable substrates. We have devised a mathematical 
model which accounts for slower growth of UVSp72 on the sole basis of 
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the continuous and elevated rho production in the mutant. This 
model has b~en verified experimentally and been generalized to any 
microbial population subject to constant and high rates of any 
type of stable mutation which results in slow growth. 

2. Reactivity of the mitochondrial mutagenic agent ethidium bromide 
with mitochondrial ATPase 

This study was induced by the model of Bastes and Mahler that 
mitochondrial ATPase was involved in the mutagenicity of ethidium 
bromide for mitochondrial DNA. Bastes has shown (J. Biol. Chem. 250, 
773g-7746, 1975) that ethidium bromide binds to a membrane component 
of the mitochondrial ATPase. In contrast, we have observed that 
ethidium bromide inhibits the soluble part of mitochondrial ATPase 
in its purified form. Our data indicate a target for ethidium bro
mide located at a non catalytic site of the mitochondrial ATPase. 
The mutagenic effect of ethidium can be simply explained by a decre
ase of mitochondrial ATP due to inhibition of oxidative phosphory
lation via the soluble part of mitochondrial ATPase. As mentioned 
above the modified reactivity of the mitochondrial ATPase of the 
strain UVSp72 modified in repair of mitochondrial DNA, could not be 
reproduced. Therefore model mechanism which promote a direct role of 
mitochondrial ATPase in the repair or in the mutagenicity of mito
chondrial DNA (Mahler and Bastes, Proc. Natl. Acad. Sci, 71, 2241-
2245) has no longer any experimental support. In other words due to 
a series of irreproducible data of other authors, we have spent two 
years of work accumulating negative data. At least the situation 
was clarified and these explorations were stopped. 

3. Effect of the bioenergetic metabolism on liquid holding repair 

Although several distinct repair pathways for mitochondrial and 
nuclear UV damages have been identified in Saccharomyces cerevisiae 

in no case have the responsible gene products and their cofactors 
such as dependence upon ATP or specific ions, been identified. 
Survival enhancement during Liquid Holding Recovery (LHR) is known 
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to depend upon an active cellular respiration (Patrick et al., 

1964). Studies using inhibitors which were active in blocking LHR 
such as dinitrophenol, azide ion, cyanide ion and anaerobiosis 
reached the conclusion that ATP may be involved as a cofactor for 
survival repair. Kiefer (1976) observed that repair processes were 
coincident with a rise in glycolytic activity, and that respiration 
followi~g UV treatment could not be positively correlated with a 
repair capacity. High glycolytic activity in glucose-repressed cells 
of diploid yeast has been shown to enhance survival following UV 
treatment. These results were interpreted as a preferential survival 
for those cells which derive ATP from glycolysis rather than from 
oxidative phosphorylation (Atsuta and Okajima, 1976). In addition to 
an apparent ATP requirement, post-irradiation cytoplasmic protein 
synthesis is required to enact survival and rho-minus LHR, although 
this is not the case for Negative Liquid Holding Recovery (NLHR, or 
an increase in the proportion of the mitochondrial DNA deletion 
mutant rho-minus during liquid holding) for rho-minus in stationary 
phase cells (Heude et al., 1975}. Mitochondrial protein synthesis 
was shown necessary for rho-minus and survival LHR only in logarith
mic phase cells, whereas inhibition of mitochondrial protein synthe
sis during LHR had no effect on either survival LHR or rho-minus 
NLHR in stationary phase cells (Heude and Chanet, 1975). 

We have sought to explore the following : 1. The effect of compart
mentalisation of ATP between the mitochondrial and cytoplasm upon 
LHR from UV damages, using an inhibitor of mitochondrial adenine 
nucleotide translocation such as Bonkrekic acid (Subik et al., 

1972), in conjunction with inhibitors of mitochondrial electron 
transport and oxidative phosphorylation in wild type N123 and in 
the mutant UVSp72 modified in the repair of mit DNA to UV damage 
(Moustacchi and Enteric, 1970). 2. The dependence of survival and 
rho-minus LHR upon mitochondrial and cytoplasmic protein synthesis 
in N123 and UVSP72 as studied by the effects of chloramphenicol 
and cycloheximide. 

Our result can be summarized as following. 1. The primary effect of 
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oligomycin was exerted upon the process(es) or rho--minus repair. 
2. The primary effect of Antimycin A (in combination or not with 
Bonkrekic acid) was to alter the repair of survival (nuclear DNA) 
damages. 3. The effect of glucose is highly dependent upon the 
conditions in terms of presence of inhibitors, since a combination 
with Antimycin A and Bonkrekic acid served to restore survival LHR. 

Yet, glucose reduced survival LHR while at the same time stimulated 
rho-minus appearance (both whole and whole PLUS sectored) during 
liquid holding recovery of N123 cells. 4. Inhibition of cytoplasmic 
protein synthesis using cycloheximide in logarithmic cells of haploid 
UVSP72 resulted in abolition of survival LHR as was the case for N123 
haploid cells. However, whereas NLHR was reduced in stationary phase 
cells, in this case the rho-minus (whole and whole PLUS sectored) 
induction was increased suggesting that a cytoplasmically translated 
protein was required for repair of potential rho-minus cells. The 
response of UVSp72 logarithmic cells to chloramphenicol resembled 
closely that of ~123 logarithmic phase haploids in that survival LHR 
was abolished, but no effect was detected upon rho-minus induction 
during the liquid holding incubation. 

These data are consistent with the following notions. 1. The AlP
dependence of LHR for survival and rho-minus is based upon an energe
tic requirement of controlled DNA degradation processes (postulated 
repair endonucleases) during the course of repair. NLHR for rho-minus 
in stationary phase cells involves a degradation of mitochondrial DNA 
in an ATP-dependent manner. The ATP required for both events is produ
ced in sufficient quantities during liquid holding incubation when 
mitochondrial oxidative phosphorylation is functional. 2. Positive 
LHR for both survival and rho-minus requires the post-UV synthesis of 
some product of cytoplasmic translation. This peptide is crucial to 
successful DNA repair, and~ either not constitutive in the cell, or 
is of short half-life. 3. The controlled positive LHR for survival and 
rho-minus in haploid cells involves a product of mitochondrial protein 
synthesis as a component of the repair process (either regulatory or 
structural). As for the hypothetical cytoplasmically-synthesised 
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component, the mitochondrial peptide is either not constitutive or 
has a rapid turnover in the cell. The inhibition of mitochondrial 
protein synthesis induces a further loss of control over rho-minus 
inducing damages in mitochondrial DNA of N123 stationary phase cells 
during LHR, as monitored by appearance of cells of UVSP72 suggests 
that this strain is a constitutively "decontrolled" mutant for induc
tion of r.ho-minus NLHR and that the control factor is a mitochondrial 
peptide. 

In conclusion 
The project one concerning the bioenergetics of dark repair of UV 
damage to yeast mitochondrial DNA led to clear conclusions and to a 
new model mechanism. This study was terminated in 1979 because we feel 
that the limit of the physiological approach has been reached. Only new 
investigations at the molecular level of enzymes involved in this dark 
repair of UV damage would now permit to progress in this domain and to 
control the validity of the model proposed to explain the physiological 
data. Such molecular attack would need a considerable new imput of 
funding which does not seem possible in the present state of priorities. 
Indeed, we understand that X and y rays damages are more relevant to 
radioprotection of man than UV damages _ 
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The research project proposed in 1976 states that the charac
terisation of mutants from s. cerevisiae with UV sensitive mitochon
drial DNA will be pursued. It has also been decided that our effort 

will concentrate on the study of repair of yeast mitochondrial DNA 
to ionizing radiations. It was hoped that among the mutants, some 
will be deficient in the recombination of mitochondrial DNA. It was 
ascertained also that some mutations will be of mitochondrial 
inheritance. 

In 1977, screening of spontaneous mutants resistant top induc
tion by ethidium bromide shows a clear relationship between p induc
tion by UV and ethidium bromide resistance. In other words, this method 
has allowed the isolation of new mutants with an altered repair of 
mitochondrial DNA after UV irradiation. Clear quantification of muta
tion rate has been carried out thank to a mathematical model developed 
by Dr. Tyteca (Louvain-la-Neuve). This was an important development 
of our research project. In addition, it has been found that the 
mutant UVSp72 isolated by E. Moustacchi exhibits a mutator phenotype 
for the auxotrophic marker ~1. The pleiotropic phenotype of the 
mutant UVSp72 suggests complex relationship between nuclear and mito
chondrial repair pathways. 

Since 1978, we have focused our research mainly on the repair 
of mitochondrial DNA subject to ionizing radiations. We have tried 
to isolate as many mutants as possible which present alterations of 
mitochondrial DNA repair. After four mutagenesis wit~ ethylmethanesul
fonate covering some 150,000 survivors, the following classes of 
mutants have been isolated. 
1) Mutation strains of mitochondrial DNA 

Among 450 gamma-ray sensitive mutants, five spontaneous mutators of 
mitochondrial DNA (gam) have been isolated. They determine five genes. 
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Two mutants were clearly sensitive to gamma-rays and were spontaneous 
mutators for only specific alleles of the mitochondrial DNA. The three 
other mutants were weakly sensitive (or insensitive) to gamma-rays 
and exhibited a mutator phenotype for all tested mitochondrial DNA 
alleles. The existence of the two types of mutants suggests that the 
spontaneous mutability of mitochondrial DNA ins. aerevisiae is depen
dent both on pathways specific for mitochondrial DNA and on pathways 
which control also the repair of nuclear DNA to gamma-rays. 

2) Antimutator strains of mitochondrial DNA 
Several mutants have been also isolated which exhibited both increased 
cell lethality and decreased induction of resistance to erythromycin, 
a mitochondrial D~A marker. Finally twelve spontaneous antimutators 
were selected. In 8 mutants, gamma-ray sensitivity and spontaneous 
antimutability were located at distinct independent genes. However in 
4 mutants both traits segregated together, indicating that they were 
the product of a single mutation. All the mutants were spontaneous 
antimutators for both nuclear and mitochondrial genes. Depending on 
the allele and on the mutant, the spontaneous mutation rate could be 
decreased by a factor 2 or 100. In several mutants, the mutation rate 
was decreased only for forward mutations but not for the two reverse 
mutations examined (met-~ met+ and his-~ his+). The isolation of 
gamma-ray sensitive mutants with an antimutator phenotype for both 
nuclear and mitochondrial genes indicates that there are common con
trols in the repair of nuclear DNA and the spontaneous mutability of 
the nuclear and mitochondrial genomes. 

3) ysp mutants 
In 4 mutants, temperature shift from 30°C to 36°C induced p after 
several generations at the non permissive temperature. The induction 
of p-was considerably increased by gamma-irradiation followed by 
incubation at 36°C for 24 hr. The synthesis of mitochondrial DNA was 
not affected at 36°C, nor was the synthesis of mitochondrial RNA. The 
degree of the the genetic information retained by the p varied from 
one mutant to the other but it was interesting to note that as in the 
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case of spontaneous P- or UV and ethidium bromide induced p-, the 
mitochondrial DNA located in oxi1-oxi2 and cob regions were prefe
rentially retained, while the genetic information of the oxi3 and 
oli2 loci was preferentially lost. In the mutant GA19-10, p- were 
not induced in the absence of irradiation. However gamma-rays 
followed by incubation at 30°C induced both cell lethality and p 

induction. Tetrad analysis showed that these two traits were pro
duced by a single gene nuclear mutation. The induced p had retained 
a low degree of genetic information. 
These 5 mutants determined five distinct nuclear genes. 

In 1980, we have undertaken the enzymology of these- mutants. 
We have found that in isolated mitochondria of one mutant, the degra
dation of newly synthesized DNA was similar to that of the parent 
in incubations at 25°C but was significantly decreased in a tempera
ture shift at 30°C. An enzyme activity -possibly a mtDNase- involved 
in the· degradation of mtDNA is therefore thermolabile in this mutant. 

Conclusions 

As proposed initially in the research project, new mutants 
modified in the repair of mitochondrial DNA have been isolated. All 
of them are nuclear. All together some 14 genes have been found to 
control the repair of mitochondrial DNA. Seven genes control both 
gamma-ray sensitivity and the spontaneous or induced mutability of 
mtDNA. Two mutants are spontaneous mutators for certain alleles of 
the mtDNA. Four mutants are spontaneous antimutators of both mito
condrial and nuclear genes. One mutant exhibits both increased cell 
killing and p- induction after gamma-rays. Seven genes control speci
fically the spontaneous mutability or repair to gamma-rays of the 
mitochondrial DNA. 

Our results emphasize the importance of the study of repair of 
mitochondrial DNA to gamma-rays. 1) Because at least seven genes 
control specifically the repair of mitochondrial DNA which in mamma
lian cells is a very important target, since severe lesions of this 
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DNA are not viable. 2) Because at least seven genes control both 
repair of mitochondrial DNA and of nuclear nNA, suggesting complex 
interrelationship between the two systems which are of importance 
to be considered in the study of general damage of a living cell 
by gamma-rays. 
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This project was carried out to study the mutagenic action of 

very densely ionizing radiations. High energetic heavy par

ticles are an important component of extraterrestrial radia

tion; they are also produced by accelerators for physical and 

biomedical experiments. The knowledge of their genetic action 

is therefore of fundamental interest and has great practical, 

importance. 

The yeast Saccharomyces cerevisiae was used as an eucaryotic 

model system which can be tested for a well defined mutation, 

namely the induced resistance to the arginine analogue canava

nine. To establish the base line for this work mutation induc

tion was studied with 80 kV X-rays. High LET experiments in

cluded 241 Am-a-particles and the accelerated ions Ar, Kr, Xe, 

Pb and U provided by the UNILAC at the Gesellschaft ftir Schwer

ionenforschung, Darmstadt, Germany. A haploid wild type strains 

211-1a, was used. In the X-ray experiments aqueous suspensions 

were exposed in open petri dishes with vigorous stirring in 

gas tight enclosure. At the UNILAC the cells were exposed on 

membrane filters to a broad homogeneous beam of heavy ions. 

After exposure they were resuspended in water. Survival and 
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Figure 1: Mutation rate as a function of X-ray dose after 
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mutation induction were than tested for colony forming ability. 

Special nutrient agar plates containing either the amino acid 

arginine or its analog canavanine were used as test media. 

The mutation rate M/S was calculated as mutants per survivor 

after subtraction of the spontaneous mutation rate which was 

typically about 4·10- 6 . Within the low dose region investigated 

there was always a linear relationship between induced muta

tion rate and dose. Figure 1 shows the results with x-rays. A 

clear oxygen effect is seen with an oxygen enhancement ratio 

of 2, which is the same as for survival. The oxygen enhancement 

ratio depends on o2-concentration according to the Alper-Howard

Flanders formula. The parameters are not significantly diffe

rent for survival and mutation induction: m= 1.96 ± 0.27; k = 

(27.8 ± 11.1) I.LM 0 2 • 

Figure 2 shows a plot of induced mutation rate versus the lo

garithm of survival for X-rays and different ions. It can be 

seen that in this plot the dependence is linear in all cases, 

the slopes however are different for the various radiation qua

lities. x-rays appear to be the most effective more so than the 

accelerated ions. Effectiveness increases with specific ion 

energy and comparing ions of equal energy it also increases with 

mass. This demonstrates the importance of wide-ranging 6-elec

trons. The number of these secondary electrons is much larger 

with ions of high velocity. 

Effective cross sections oi for inactivation and om for muta

tion induction are presented in the following table. 
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/keV·~m- 1 -2 -2 
Radiation specific LE TOO cri/cm am/cm 

Energy 
X 10 8 

X 1 0 12 
MeV/u 

X-rays: 80 kV 3 

238u 8.5 13 160 5. 5 2.7 

84K 3.2 4 880 1. 45 6.7 

238u 6. 0 1 4 100 4.55 1 . 4 

136Xe 7.3 6 600 3.7 0.94 

208Pb 3.5 12 790 3.5 0.64 

40Ar 3.8 930 1. 25 0.21 

129Xe 3.9 7 550 3 0.34 

208Pb 1. 7 1 2 460 1. 54 0.1 

a 0.66 160 0.5 0.125 

The aim of this project was to obtain information about the mu

tation induction by very densely ionizing particle radiations. 

This aim was reached with respect to the induction of canava

nine resistance (forward mutation CAN + can) in the haploid 

strain 211-1a. A second mutation (his+ HIS) in another haploid 

strain is still to be investigated. A few mutation experiments 

under unaerobic conditions were performed. The results however 

have not yet been statistically validated. 

The knowledge of the mutation induction by energetic heavy ions 

is of fundamental importance to radiation protection. Our re

sults can help to evaluate the hazards of these particle ra

diations for which very little information is available. 
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Biology Group of DG XII at Ispra 

Head of research team 

General subject of the research 

M. DEVREUX 

Genetical and biochemical 

analysis of the radio

sensitivity of eukaryotic 

cells. 

The aim of the research was to contribute to the knowledge 

of the processes involved in the induction and repair of radiation 

damages, and particularly by Low doses in complex eukaryotic cells. 

The problem was tackled at both the genetical and the bio

chemical Levels. 

A. The genetic analysis of radiation effects on eukaryotic cells 

cultured in vitro. 

Scientific staff: R. Cavalloro, M. Devreux, E. Magnien 

A.1. Protoplast isolation and culture 

The Leaf protoplast system provides, from an homogeneous 

starting material, a culture of single cell clones with an ex

tremely high plating efficiency. 

Difficulties encountered in generalizing this valuable 

technique were progressively overcome by systematically modifying 

the experimental procedures in consistence with the Local con

ditions. Finally, it is now possible to obtain repeatedly such 

high plating efficiencies to allow reliable radiobiological 

applications. 
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A.2. Caryological stability 

In long term cultures, cell lines often demonstrate a poor caryolo

gical stability. In order to control this stability, cell lines coming 

from microspore-dez;ived embryoids of Datura innoxia were maintained in 

vitro under 22 different hormonal combinations and periodically submit

ted to cytophotometric measurements. Among all the combinations tested, 

some of them, with a high cytokinin:auxin ratio, showed a tendency to 

select for the proliferation of preferentially low DNA-content nuclei. 

These results could be the consequence of two concomitant phenomena: the 

selective advantage of haplotd nuclei due to their shorter mitotic 

cycle, together with an increased stimulation to mitotic division provo

ked by a higher cytokinin supplement. 

A.3. Modificat1on of cell radiosensitivity 

The isolat1on of leaf protoplasts provides a system in which a homo

geneous population of cells undergoes specif1c stimuli and comes across 

characteristic phases of dedifferentiation in a limited time. 

The whole process was calibrated with respect to the nuclear phases 

using Nicotiana plumbaginifol ia and it was found to be remarkably syn

chronous. Taking advantage of this favourable situation, certain defined 

stages before and after protoplast release were checked for their sensi-

ti vi ty towards r -rays. Irradtated protoplasts from untreated leaves 

were definitely more resistant than leaves irradiated at identical dose 

levels. The radiosensitivity increased again during the first day of 

culture up to a maximum immediately before the resumption of DNA repltca

tion. The sensi t1v1 ty of the late S nuclear phase returned to the ini

tial level of the early culture. No simple explanation, but only specula

tions, could be advanced to justify the higher resistance of the proto

plast compared to the initial leaf cell. 
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A.4. Genotypic variations of radiosensitivity 

Among five fully homozygous genotypes of the same species, but of 

different origins, only one was identified as significantly more radio-

sensitive. Its different behaviour was confirmed by repeated dose-respon-

se and split-dose experiments. Its D is lower and its rate of recovery, 
0 

when dose fractions are separated by resting intervals, is reduced. 

Taking into account the absence of variability among the other four 

genotypes, our finding looks much more like a particular case of repair 

deficiency. Trying to verify this hypothesis, some tests monitoring the 

repair kinetics are presently performed, such as unscheduled DNA synthe-

sis measurements or the rejoining of DNA strand-breaks. 

A.5. Dose-effect relationships, RBE and split-dose effects 

Protoplasts from two diploid Nicotiana species were used to investi-

gate the effects of 0 -rays and fast neutrons. The damage was assessed 

by scor1ng the relative plating efficiencies. The effects of a single 

acute dose as well as fractionated doses were analysed for both quali-

ties of radiation. The dose-RBE relationships, expressing the effective-

ness of fast neutron relative to 0 -rays as a function of dose, appears 

similar to that of most animal systems, with higher values in the region 

of lower doses. Whereas fractionation of o-ray doses allowed a substan

tial recovery for sufficiently long time intervals, the fractionation of 

30 rad of fast neutrons in six doses of 5 rad separated by 1 hour 

intervals produces an increase in effect equivalent to that of an acute 

dose of 1208 rad of o-rays. This could not be explained by cell progres-

sion and necessitated an additional hypothesis, possibly involving other 

mechanisms in the specific action of low doses of radiat1on. 
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A.6. First cell cycle after irradiation 

The homogeneity of the leaf protoplast system can be improved by 

the separation of uniform sub-populations characterized by cytological 

and histological criteria, through tissue dissection followed by an iso-

osmotic gradient cell purification. This procedure gives rise to a fair-

ly good synchronisation in the initial cell progression in culture. 

Using this system, it was possible to observe the variation of se

veral parameters when 500 rad r ray-irradiated protoplasts go through 

the successive phases of their first cell cycle. 

Cytophotometric sections permitted the monitoring of the extension 

of a G
2 

block. A correlation between nuclear volume and DNA content per 

nucleus in S phase was established in each case of irradiated and non-

irradiated protoplasts. Tritiated thymidine pulse labelling helped to 

trace the kinetics of DNA replication, showing a transient lag-time re-

stricted to the initial steps of incorporation in the irradiated cells. 
3 14 

In the same way, H-uridine and C-leucine incorporation put empha-

sis on spasmodic disorders associated with growth stimulation in irra-

diated cells. 

In collaboration with the Genetic Institute of Pavia University, 

the polymerase and the uracil-DNA-glycosylase activities were measured 

various times after gamma-ray treatment and were shown to be act1ve in 

plant cells as they are in any mammalian cell. 

A similar approach has been started with asynchronous continuously 

growing carrot cell culture, which should permit the measurement of the 

accumulated effects of low chronic doses of 
3

H ~-irradiation. The ura

cil-DNA-glycosylase activity was also detected in this material. 

A.7. Mutagen1c effect of ~-rays 

Taking advantage of the haploidy of androgenetic plants and cell 

lines, theoretically it is possible to score an unlimited number of end 
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point mutations, provided appropriate screening systems can be devised 

in each case. Therefore, a spectrum of very different genetic markers 

was retained. 

For recognition of chlorophyll-deficient clones, a procedure based 

on a diminution of the sucrose content and an increase in illumination 

was defined, which helps to magnify the pigmentation differences between 

wild type and variants. 

In order to prepare the selection for specific drug resistances, 

inhibition curves were drawn in the cases of 5-methyltryptophan, L-vali-

ne, 6-thioguanine, para-fluorophenylalanine and KC10
3

• 

Mutation experiments are in progress. Characterization of mutants 

will be pursued until complete regeneration of normal organisms. 

A.S. DNA repair activities 

Unscheduled DNA synthesis can easily be measured after UV-ray or 

gamma-ray irradiations of a protoplast population. Radiation-stimulated 
3
H-thymidine incorporation, following 3 hours of incubation, was counted 

by liquid scintillation. No replication synthesis can take place with 

the conditions employed: in any case, almost 100% of the protoplasts are 

in the resting phase at the time of isolation. However,to assure 

complete inhibition of replication, the specific ~-polymerase inhibitor 

aphidicolin was always added to the cultures (obtained through courtesy 

of F. Sala et al. who first identified its effect on plant DNA replica

tion) • The incorporated radioactivity of 1500 J I m 
2 

UV-ray irradiated 

protoplasts was 35 to 40 times higher than that of the unirradiated con-

trol. After 50 Krad gamma-ray irradiation, the increase of incorporated 

radioactivity was by a factor of 2 or 3 compared to the control, the 

lower counts in this case being probably due. to the shorter patch of 

repair. 
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A procedure which should allow the direct lysis of protoplasts on 

the top of an alcaline sucrose gradient, and the further resolution of 

their DNA in molecular weight classes, is presently being improved for 

the study of the rejoining kinetics of in vivo strand breaks. 

A.9. Insect cell lines for the study of radiosensitivity 

Differential sensitivity of biological systems to various radiation 

qualities has been observed in many experiments. In general, fast neu-

trons and gamma rays have proved to produce largely different biological 

responses, and the relative response depends on the dose level of the 

radiation applied. 

In this context, Med-fly (Ceratitis capitata Wied.) cells were test

ed by observing cell population growth and mortality. This test is of 

particular Interest because the Med-fly cell lines have been established 

these last years in our laboratory from embryonic eggs 24 hours old. 

3000 

Fast neutrons of 1.5 and 16 MeV were produced by a Van de Graaff KS 

60 
accelerator, whereas Co gamma rays Irradiation was performed 

using a 220 Gammacell apparatus. Neutron doses ranged between 1.5 and 25 

rad and for the gamma rays, dose values between 300 and 5000 rad were 

used. 

The experimental results show a much higher radiosensi ti vi ty of 

these cells to fast neutrons relative to gamma ray radiation, and a cle-

ar dependence of the RBE values on neutron-dose levels. Furthermore, a 

certain influence of radiation quality was observed for the cellular 

damage, the DL
50 

values for the 1. 5 and 16 Me V fast neutrons were 12. 5 

and 15.5 rad respectively. 

Dose-effect relationships are been analyzed for both neutrons and 

gamma rays while first attempts to observe split dose effects of ioni-

zing radiations are in progress with this material. 
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The DNA content of the cell nuclei was analyzed at different time 

intervals with a Barr and Stroud integrating microdensitometer. 

The results showed that the unirradiated cell nuclei were distribu-

ted in two peaks. These peaks corresponded to the diploid G
1 

and G
2 

sta

ges, while a limited number of nuclei ( 1. 7%) showed a higher DNA con-

tent. After the 1rradiation the frequency of nuclei with a DNA content 

above the value of 4 C increased with the radiation doses. 

Such Feulgen pos1tive nuclear masses probably correspond to degene

rating cells resulting from nuclear fusion or imperfect synthesis. After 

5,000 rad the DNA content was widely dispersed ind1cating complete dege-

neration. 

A.lO. DNA polymerases 1n Insect cells 

In collaboration with Drs. U. Bertazzoni and A. I. Scovassi of the 

CNR laboratory of Pavia, a biochemical analys1s of insect cells proved 

to be extremely rich in DNA polymerizing enzymes, they provide a very 

1nteresting system to study DNA replication and repair in eukaryotic 

cells. 

The presence of the three DNA polymerases: r). , /> and Q , both in 

Ceratitis capitata Wied. cultured cells and insect embryos, was confir-

med. 

The levels of these enzymes, followed at different times during em

bryogenesis, showed that I>( -polymerase increases at an early stage of 

egg development (in connection with the maximal rate of DNA synthesis) 

while('> and r polymerases reach their highest activities at later times. 

In particular, the level of Qr-polymerase, corresponding to the mitochon

drial DNA polymerase, after 24 hours increases at least 5 times with 

respect to the early embryonic phase (see Fig. 1). 

Attention was focused on the characterization of the DNA polymerase;3 

whose presence in the insect embryo has been reported by us for the 

first time. 
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The (/> -polymerase is readily measurable in the crude extract which re

presents 20% of the total DNA polymerase activity, but is lost upon frac-

tionation on sed1mentation gradients. 

The recovery of the ;1-activity by mixing experiments was obtained 

and the sedimentation value was about 7 S. 

It seems, therefore, that the insect ~-polymerase differs from the 

vertebrate enzyme (3.58) by 1ts higher molecular weight and its need for 

an act1vating factor. 

The effect of different doses of ionizing radiations on the three 

DNA polymerases were also studied. The levels of iJ( and (3 -polymerases do 

not show significant variations, while the level of J--polymerase 

increases several fold with the irradiation dose. This notable increase 

in the mitochondrial DNA polymerase could be justified by the energy 

production needed for the DNA repair processes triggered by the irradia-

tion. 

This particular aspect, together with the high levels and coupling 

to an activator of the A -polymerase, which is involved in the DNA re-

pair process, need to be further investigated in view of the striking 

insect resistance to ionizing radiations. 

B. Biochemistry of DNA damage and repair 

Scientific staff: F. Campagnari, L. Clerici, Myriam Talpaert-Borle 

B.l. DNA polymerases 

The previously described DNA polymerase of the o/ type, that had 

been isolated from the nuclei of bovine thymocytes, was further characte

rized. This enzyme and the isologous DNA polymerase,1 were assayed for 

their activities with X-irradiated DNA templates. Doses up to 1000 rads 
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had scarce effect on the pr1ming properties of DNA. However, templates 

exposed to heavier doses (2000 rads and up) were not proficiently copied 

and the complementary repl1cation of their nucleotide sequences d1d not 

go to completion. The results matched those previously obtained with the 

cytoplasm1c DNA polymerase d, also from calf thymocytes which still 

d1splays dist1nctive biochemical feature as compared to the similar 

deoxynucleotidyl transferase from cell nucle1. These mammalian enzymes 

for DNA synthesis recognize mildly irradiated DNA as functional tem

plates, provided that 3'-0H 1nitiat1ng sites preex1st or are made avai

lable by repa1r nucleases. 

B.2. DNA ligase 

The calf thymus enzyme f1rstly isolated in the Ispra laboratory was 

further purified up to 3000-fold over the crude tissue homogenate and 

was found devoid of contaminating nucleases. The ligase was assayed for 

its ability to work on X-irradiated DNA containing single stranded 

breaks and on synthetic polydeoxynucleotide substrates with an irradia

ted nucleotide chain at either the 3' or the 5 • side of their sealable 

nick. 

The enzyme specifically closed monohelical scissions carrying 3'-0H 

and 5 • -PO 
4 

termini and was rather undiscriminati ve with regard to the 

structural integrity of the nucleotide sequences near the scissions. In 

the broken strands of irradiated DNA, the ligase rejoined adjacent 

polynucleotide chains still endowed with intramolecular damage. 

When act1ng on DNA with altered base residues, such as the DNA 

exposed to X-rays and prior to the reactions promoted by other repair 

enzymes, the l1gase restores the physical continuity of the double 

helical macromolecule but it contributes to fix premutational lesions in 

the genetic material. 
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B.3. "Proofreading" exonuclease 

A 3'- 5' exonuclease activity specific for single stranded DNA 

was found in DNA polymerase fractions prepared from calf thymocyte nu

clei. This nuclease carried out the excision of mismatched nucleotides 

from the 3'-0H priming sites of synthetic template-initiator DNA structu

res in a cooperative manner with the complementary duplication of the 

template moiety by the DNA polymerase. The enzyme behaved as a "proofrea

ding" exonuclease which was able to perform an editing function during 

DNA synthesis in vitro. The error-correcting nuclease remained apparen

tly associated with the nuclear DNA polymerase of type rX throughout the 

first steps of the isolation procedure. A number of biochemical proper

ties, such as requirements for functional catalysis and specific respon

ses to inhibitors, were also common to both enzymes. In the advanced 

stages of purification, the correcting nuclease either was lost or 

separated from the DNA polymerase which started breaking down into 

subunits and/or smaller size proteins. 

The findings supported the assumption that mammalian cells possess 

a proofreading enzymatic system for faithful replication of DNA. 

B.4. Uracil-DNA glycosylase 

The enzyme removes uracil occasionally formed or incorporated in 

DNA. This glycosylase was firstly extracted from the nuclei of calf thy

mocytes and purified about 2000-fold over the crude thymus homogenate up 

to a stage where contaminating AP endonucleases and DNases were unde

tectable. The enzyme consisted of a small protein which combined specifi

cally to polymeric nucleic acids with a preference for the double stran

ded forms and was able to split only the N-glycosyl bonds of deoxyuridyl 

units at the internal positions of polynucleotide chains. The glycosyla

se did not use free pyrimidines nor pyrimidine donors for base exchanges 

with uracil-DNA and for direct base Insertions In apyrimid1c DNA. 
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Although the reaction equilibrium was completely shifted to the hydroly

tic side, the enzyme function was impaired when the concentrations of AP 

sites formed in DNA approached the values of Km's for the uracil resi

dues of DNA substrates. This is a sort of modulation of the glycosylase 

catalysis by the ratio of its substrate and product structures in DNA. 

It might serve to control the accumulation of AP sites in cellular DNA 

and to couple the removal of uracil from DNA to the next step of the 

repair pathway, i.e. the AP endonuclease reaction. 

Two uracil-DNA glycosylases were prepared from human placenta and 

comparatively studied. They were isolated from nuclei and mitochondria 

after cell disruption and purified 215-fold and 3000-fold, respectively, 

over the tissue homogenate. Both enzymes catalyzed essentially irreversi

ble hydrolytic reactions and resembled in many properties the calf thy

mus glycosylase. The placental enzymes were not id~ntical and differed 

in the following features: molecular size, tendency to form aggregates 

in diluted buffer solut1ons and sensitivity to inhibition by salts. 

It appears that nucle1 and mitochondria of human cells possess 

distinct systems for excision of uracil from their DNA. 

B.5. Terminal deoxynucleotidyl transferase, TdT 

The enzyme was routinely pur1fied on a large scale and used for the 

biochem1cal preparation of DNA-llke polynucleotides. TdT is a blache

mical marker for immature precursors of T-lymphocytes in bone marrow and 

in the thymus cortex. An optimized assay method was standardized and 

adopted for determining the TdT content of human malignant lymphomas. 

The enzyme activity was abnormally elevated in the lymphoid turners 

classif1ed as lymphoblastic lymphomas. In these neoplastic tissues, 

forms of TdT with either high or low molecular we1ghts were noted. The 

findings paralleled the reports about high levels of TdT in undifferen

tiated lymphoid cells from the blood of patients with certain forms of 

leukemia. 
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Antibodies against TdT were obtained in antisera of immunized 

rabbits and were purified up to 300-fold. The isolated antibodies were 

used to standardize immunofluorescence tests for detection of TdT-posi-

tive cells by microscopic analysis. 

The TdT activity is a useful marker for transformed neoplastic clo-

nes of primitive lymphoblasts either disseminated in the blood or nested 

in solid tumors and with more sensitivity to cortisone treatment than to 

radiotherapy. 

B.6. Biophysical studies 

These investigations were joined efforts with scientists from the 

Joint Research Centre at Ispra. 

Conformational changes induced by pH variations in a series of dT 

oligonucleotides dissolved in aqueous media were monitored by proton 

magnetic resonance, PMR, at high resolution. The data were correlated 

with the abilities of these compounds to act as primers for the polyme-

rizing reaction catalyzed by terminal deoxynucleotidyl transferase. 

The PRM method of measuring the relaxation enhancement of water 
2+ 

protons in DNA solutions containing Mn as a paramagnetic probe was 

used to study the exchanges between free water and the water linked to 
2+ 

Mn and interacting with DNA. The two types of water molecules exchang-
2+ 

ed within microseconds. It was also found that the hydrated Mn ions 
2+ 

have two bind1ng sites in DNA. Mn neutralized aspecifically the nega-

tive charges of two adjacent phosphate groups of DNA and combined with 

high affinity to the deoxyguanyl residues by forming chelation complexes 

between the N7 atoms and the phosphates. The strong interaction of Mn 

with the dG nucleotides in DNA distorts locally the regular bihelical 

conformation and might account for the mutagenic action of Mn. 

A spectropolarimeter was developed for detecting the optical aniso-

tropy induced in aqueous solutions of nucleic acids by a modulated elec-

tric field. The applied electric pulses aligned transiently the long 
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polynucleotide molecules which were randomly dispersed 1n the aqueous 

medium. The recorded signal of electrical birefringence different1ated 

clearly between double and single stranded forms of DNA in solution. 

B.7. Tritium toxicity studies 

The work was carried out in collaboration with scientists from the 

Joint Research Centre at Ispra and from the Department of Biochemistry 

of the University of Dublin. 

Several types of polydeoxynucleotides and DNA molecules with tri-

3 
trium, H, incorporated in the purine or pyrimidine residues were prepar-

ed. These polymers were kept in aqueous solutions for various periods 

and· were monitored for both the exchanges of incorporated 
3

H w1 th the 

protons of solvent water and the radiation-induced decay of their macro-

molecular structure. Proper comparisons were established with non-tri

tiated and/or 
14

C-labeled DNA molecules. 

At equivalent radiation doses delivered to the overall DNA solu-

3 
tions, H was more detrimental for the physicochemical integrity of nu-

cleic acids than 
14c. However, the effect was partially artifactual 

since the definition of the real radiation doses to the critical tar-

gets, 1.e. the hydrated DNA molecules, was difficult to estimate. 
3 

The H atoms linked to the CB positions of the purine bases of DNA 

echanged with the protons dissociated from solvent water at apprec1able 

rates also under physiological conditions. The half-lives at 37"C for 
3

H 

combined to the CB of purines in poly(dA), poly(dG) and DNA ranged from 

one to only a few weeks and were comparable to those measured for the 

dissociation of the H-CB bonds of dAMP and dGMP mononucleotides in PMR 

experiments. These data will contribute to correct the current notion 

that the hydrogen atoms linked to the CB of purines in nucleic acids are 

"non-exchangeable" as assumed for the estimates of DNA contamination by 

HTO and tritiated compounds. 
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The toxicity of 
3

H for mammalian cells was studied using the very 

sensit1ve system of mouse embryos developing in vitro through the first 

phases of differentiation. The fertilized mouse eggs were taken from the 

oviducts at the two-four cell stage and grown in a nutrient medium at 

37°C up to the hatching of the blastocysts after three days. The embryos 

3 
were exposed to various doses of H in different chemical forms, since 

the beginning of incubation. 

A number of radiobiological end-points were considered but the 

block of cell divis1ons and the formation of abnormal blastocysts appear-

ed as the most su1 table parameters for evaluating radiation effects. 

Tritiated aminoacids incorporable into nuclear chromat1n were as toxic 

for the mouse embryos as tritiated thymidine. These compounds exerted 

deleterious effects at concentrations of a few tens nC1/ml, or even 

3 . 
less, in the incubat1on medium. The results indicate that H decay1ng in 

or near the genetic material causes maximal biological damage. 

B.8. Preparations of polydeoxynucleotides 

The preparation of DNA-like polymers for assaying and characteriz-

ing enzymes active on DNA substrates and DNA templates was extended. The 

service function of supplying these polynucleotides to European labo-

ratories working in the research areas of DNA damage and repair was con-

tinued. Synthetic polynucleotides or enzymes for their preparation were 

distributed to investigators at the Universities of Leiden, Rome, Brus-

sels at Rhode-St.-Genese, Sussex and Pavia, and also to biophysicists 

from the University of Parma which were studying structural details of 

DNA pyrimidines at the 600 Mev syncrocyclotron facility for muon spin 

relaxation analysis of CERN in Geneva. 

In collaboration with chemists from Leiden University, a new method 

for preparing solid-state polydeoxynucleotides was standardized. 5 1 -NH
2 

terminated dT oligonucleotides were chemically synthesized and extensi-

vely elongated with dT sequences via the end-addition reaction catalyzed 

by TdT. The 5 1 -NH
2 

poly( dT) products were coupled to CNBr-acti vated 
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cellulose and the resulting complexes served as grafting carriers to 

assemble DNA-like substrates immobilized on solid supports for more 

sensitive assays of nucleases and ligases. 

DNA polymerase primers as well as DNase and DNA ligase substrates 

with molecular damage specifically located in portions of their nucleo-

tides chain were also prepared. 

A number of DNA template-initiator systems with mispaired radio-

active terminal nucleotides were synthesized. These polymers had the 

general formula poly(dA):oligo(dT)-oligo([
14

c]dc) and were used to cha-

racterize the 3'- 5' "proofreading" exonuclease activity found in DNA 

polymerase preparation of mammalian origin. 

Uracil-DNAs single and double s~randed polydeoxynucleotides contain-

ing uracil in var10us proportions and partially apyrimidinic DNA-like 

polymers were prepared and employed to characterize uracil-DNA glycosy-

lase and AP-endonuclease activities. 
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III. 4. 

SOMATISCHE KURZZEITWIRKUNGEN IONISIERENDER STRAHLEN 

(AKUTES STRAHLENSYNDROM UNO SEINE BEHANDLUNG) 

SOMATIC SHORT-TERM EFFECTS OF IONIZING RADIATIONS 

(ACUTE IRRADIATION SYNDROME AND ITS TREATMENT) 

EFFETS SOMATIQUES A COURT TERME DES RAYONNEMENTS IONISANTS 

(SYNDROME AIGU D'IRRADIATION ET DE SON TRAITEMENT) 
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Weitere Forschungsarbeiten zu diesem Thema werden auch in folgenden 
Tatigkeitsbericht beschrieben · * 

Further research work on these subjects will also be described in 
the following progress reports * 

D'autres travaux sur ce theme de recherche sent egalement decrits 
dans les rapports suivants : * 

* 

210-BIO 

215-BIO 

156-BIO 

205-BIO 

232-BIO 

218-BIA 

266-BIO 

252-BIO 

249-BIO 

256-BIO 

Siehe auch Punkt VI, 

See also section IV, 

Voir aussi point IV, 

D 

D 

B 

D 

B 

D 

UK 

UK 

UK 

DK 

Univ. Homburg <Muth/Grillmaier) 

KFA, Julich {Feinendegen) 

Univ. Bruxelles {Brachet) 

GSF, Frankfurt {Pohlit) 

CEN, Mol {Maisin) 

GSF, Neuherberg <Gossner) 

Univ. Oxford <Hopewell/Wiernik) 

Univ. London {Lindop) 

MRC, Harwell { Vennart) 

Univ. Copenhagen { Damll 
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Marrow grafting could represent a valuable means of therapy for certain 
victims of heavy doses of irradiation as well as for cancer patients submitted to 
intensive thoracic radiotherapy or for leukemic patients conditioned for bone 
marrow grafting by lethal donor irradiation. The major obstacle currently 
encountered in this field by clinicians is that of mortality due to secondary 
disease, arising primarily as a result of the chronic graft-versus-host reaction 
(GVHR) caused by grafted cells. While development of a GVHR is conditioned 
mainly by antigens controlled by the major histocompatibility complex (MHC : HLA 
in Man and H-2 in Mouse) a lethal GVHR is often seen in recipients of MHC
identical marrow. This strongly suggested that minor histocompatibility antigens 
(MiHA; i.e. those not controlled by the MHC) are important in the development 
of GVHR-related mortality. 

In the present work we have studied the role of MiHA in lethal GVHR by 
using the Mouse as experimental model. Since mouse MHC is analogous to that of 
Man, both from a genetic and from a physico-chemical point of view, one may 
reasonably hope that a similar analogy exists for MiHA. Since 1976 we have 
studied the following points : 
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A) Role of MiHA in lethal GVHR developed across non-H-2 barrier 
a) incompatibility for MiHA alone may induce a high rate of mortality 

adult recipients of nonnal donor cells 

b) interactions between MiHA and consequences of these interactions on 
lethal GVHR 
i) cumulative effect of incompatibility for several MiHA detectable 

by lethal GVHR developed by backcross donors 
ii) number of minor genes involved in lethal GVHR and interactions 

between MiHA defined by studying 10 genetically independent 
chromosome markers 

B) Interactions of MiHA and H-2 antigens in lethal GVHR developed across H-2 barr· 

a) for a given H-2 haplotype the effects of MiHA and H-2 antigens may 
or may not be cumulative depending on the nature of the MiHA 

b) for a given set of MiHA the effects of MiHA and H-2 antigens may 
be cumulative or "suppressive" depending on the H-2 haplotype. 

A) Role of MiHA in lethal GVHR developed across non-H-2 barrier : 
a) incompatibility for MiHA alone may induce a high rate of mortality in adult 

recipients of nonnal donor cells : 
The notion that antigens controlled by the MHA are "all-important" for 

the development of lethal GVHR disease has permeated scientific thinking in this 
field, so that the effects of MiHA are often considered as relatively insignificar 
unless either neonatal hosts or immunized donor cells are used. Our results clearl 
show that incompatibility for MiHA alone may induce lethal GVHR in adult recipien1 
of nonnal cells. However, the severity of the lethal GVHR developed across a non
H-2 barrier varies as a function of the different genetic combinations. For exampl 
it is relatively weak and slow after grafting of B10.BR (H-2k) donor cells to 
(B10.BR x AKR)F1 (H-2k) recipients (30% of mortality 100 days after grafting), bu1 
it is rapid and strong after grafting of 810.02 (H-2d) donor cells to (OBA/2 x 
B10.D2)F1 (H-2d) recipients (98% of mortality 100 days after grafting). In this le 
series of experiments (DBA/2 x B10.D2)F1 mice were grafted with cells from the 
congenic resistant B10.D2 (H-2d) strain, whose H-2d allele is presumably identical 
to that of the DBA/2 strain from which it is derived. Hence the GVHR which develo~ 

in this strain combination is clearly directed against DBA/2-MiHA (D2-MiHA) 
expressed in the recipient. 

For this strong mortality to be induced, the presence of mature immuno
competent (spleen) cells in the graft inoculum is required : no mortality was 
observed after grafting of 107 B10.D2 bone marrow cells alone, although the 
presence of as few as 106 additional spleen cells permitted the induction of 
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mortality in 57% of grafted (OBA/2 x B10.02)Fl recipients. 

High doses irradiation of adult recipients increases their susceptibility 
to MiHA-related GVHR mortality : in F1 recipients irradiated at 300 or 500 rads no 
lethal GVHR could be observed, regardless of the cell suspension grafted. In 
contrast, when Fl recipients were irradiated at 900-1100 rads the grafting of 107 

bone marrow and 8x106 spleen cells resulted in death of 98% of recipiP.nts, while 
all F1 recipients grafted with isogenic cells survived indefinitely. 

Since a parent-to-Fl donor-recipient combination was employed, it is 
unlikely that this phenomenon is related to a decreased host-versus-graft reaction 
subsequent to radiation-induced immunosuppression ; the increase of sensitivity to 
bacterial and/or viral infections combined with GVHR-induced immunosuppression 
could provide a possible explanation. This hypothesis is supported by the obser
vation that very potent suppressor cells are present in the animals undergoing the 
lethal GVHR (unpublished). Furthermore, the importance of the microbiological 
environment of the animal colony is illustrated by the fact that MiHA-related GVHR 
mortality of lethally irradiated conventional recipients may be dramatically rapid 
(as rapid or even more rapid than mortality of irradiation controls), but that 
this acute GVHR mortality is considerably delayed by donor and recipient treatment 
with a series of large-spectrum antibiotics (unpublished). 

Another, yet unclarified, observation is that none of mice receiving 
parental marrow and spleen cells in combination with isogeneic marrow died. 

b) Interactions between 02-MiHA and consequences of these interactions 
on lethal GVHR : 

i) cumulative effect of incompatibility for several MiHA detectable by lethal 
GVHR developed by backcross donors. 

After observation that the difference for 02-MiHA alone may lead to a 
high rate of mortality of nearly 100% of the recipients, we asked next whether 
the effect of incompatibility for several OBA/2 minor loci is cumulative. We tried 
to answer this question by comparing the survival time in donor-recipient 
combinations incompatible for either~ 02-MiHA or for a reduced number of 02-
MiHA. To study the effect of~ 02-MiHA, B10.02 donor cells were grafted to 
(OBA/2 x B10.02)Fl recipients. To study the effect of a reduced number of 02-MiHA 
the (OBA/2 x B10.02)Fl mice were backcrossed to the B10.02 parent strain. While 
these backcross mice inherited the entire B10.02 genetic background, they inherited 
only a part of the OBA/2 background, hence only~ of 02-MiHA. Consequently, when 
grafted to (OBA/2 x B10.02)Fl recipients, cells from backcross donors may develop 
a GVHR only against those 02-MiHA which are absent from their own genetic background 
120 backcross donors were studied individually ; the bone marrow and spleen cells 
from each backcross donor were grafted to three F1 recipients. The results showed 
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that under these genetic conditions, i.e., when the number of incompatible 02-MiHA 

is reduced, the median survival time is significantly prolonged and the percentage 
of surviving recipients is considerably increased. These results indicate that the 
effect of several 02-MiHA is cumulative and that the number of incompatible minor 
loci is an important factor in the lethal GVHR developed across a non-H-2 barrier. 
This result is important, since a cumulative effect of several MiHA was found in 
the skin graft rejection (Graff R. and Bailey O.W., 1977), but no equivalent stu
dies were done in the GVHR. However, it may be envisaged that MiHA important in 
skin graft rejection or in GVHR are not necessarily the same, and certain of the 
following results favour this hypothesis. 

ii) number of minor genes involved in lethal GVHR and interactions between 02-MiHA 
defined by studying 10 genetically independent chromosome markers. 

While several MiHA of various antigenic strengths involved in skin 
graft rejection in mice are well-defined (R. Graff 1973) very few minor loci 
important in GVHR have been studied to date (Cantrell and Hildeman 1973). In one 
series of experiments in our laboratory, minor histocompatibility genes of OBA/2 
strain, linked to ten genetic markers (Table I) were studied with respect to their 
influence on lethal GVHR. For this purpose the individuals from litters of (OBA/2 > 

B10.02)F1 hybrids mice backcrossed to 810.02 strain were used as donors, and 
(OBA/2 x B10.02)F1 hybrid mice as recipients. 92 backcross donors were studied 
individually and bone marrow and spleen cells from each backcross donor were 
grafted to three F1 recipients. Each backcross donor was types for its genetic 
constitution for the ten genetically independent markers expressed in different 
allelic forms in 810.02 and OBA/2 strains of mice. Since there is no marker yet 
known to be associated with genetic background region important in the lethal GVHR. 
the markers studied in the present work were chosen at random. The mortality 
induced by backcross donors either homozygous or heterozygous for a single marker 
were compared. Moreover, with the aim of demonstrating the existence of histo
compatibility genes whose isolated effect is too weak to be detected, we looked 
for a possible cumulative effect between such genes. For this purpose, we studied 
the GVHR-mortality in relation to the allelic form of two markers taken together. 

When each marker was studied independently, five markers appeared to be 

genetically linked to genes affecting lethal GVHR (Table II). Four of them, Id-1 
(chromosome 1), Gpd-1 (chromosome 4), Gpi-1 (chromosome 7) and Es-3 (chromosome 11) 
were found to be linked to "classical" histocompatibility genes, i.e. genes 
capable of increasing the intensity of GVHR. In contrast, another gene, linked to 
the marker Pgm-1 (chromosome 5), was found to have a suppressive effect on GVHR 
mortality. No correlation was found with the Hbb marker. As indicated in Table II, 
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TABLE I : Chromosome markers stud1ed 

Chromosome Abbrev1ated Complete name of the marker Allel1c fonn 1n Closest m1nor D1stance Reference of the 
ass1gnment symbol the background h 1 stocompat1 b1 11 ty 1n techn1que used 

810.02 DBA/1 gene cross1ng- for detect1 on 
over un1ts 

Ch.l Id-1 Isoc1trate dehydrogenase-! HENDERSON, 1965 

Ch.2 Svp-1 Sem1nal ves1cle prote1n-1 H-13 12 MOUTI ER et a 1. • 
!971 

Ch.4 Gpd-1 Glucose phosphate dehydro- H-20 RUDDLE et al 
genase-1 !968 

Ch.S Pgm-1 Phosphogl ucomutase-1 H-27 12 SHOWS et al., 
1969 

Ch 7 Hbb Hemoglob1n beta-cha1n H-1 RUSSEL & 
BERNSTEIN, 1966 

Ch.7 Gpl-1 Glucose phosphate H-24 DE LORENZO & 
lSomerase-1 RUDDLE, 1969 

Ch.8 Es-1 Serllfl esterase-! H-29 17 POPP, 1968 

Ch.9 Mod-I Mal1c enzyme (supernatant) H-7 12 SHOWS & RUDDLE, 
!968 

Ch.ll Es-3 K1dney esterase-3 RUDDLE, 1966 

Svp-2 Sem1nal vesicle protein-2 MOUTIER et al., 
1971 

TABLE 11 

·Four "classical"-type m1nor histocompat1b1lity genes (responsible for the increase of lethal GVHR) are 

mapped on the following chromosomes : 

(Id-! marker- not l1nked to any m1nor h1stocompat1b1lity gene known to be important in skin 

graft rejection). 

(Gpd-1 marker- l1nked to the H-20 minor histocompat1bil1ty gene known to be important in 

sk1 n graft reJection). 

(Gpi-1 marker- linked to the H-24 minor histocompatib1l1ty gene known to be important in 

skin graft rejection). 

11 (Es-3 marker- not linked to any m1nor histocompat1b1lity gene known to be important in 

skin graft rejection). 

-A minor histocompatibility gene(s) having a suppressive effect (respons1ble for the decrease of the lethal 

GVHR) 1s mapped on chromosome : 

5 (Pgm-1 marker- not linked to any minor histocompat1bility gene known to be 1mportant in 

skin graft rejection). 

- No correlation was found between lethal GVHR and the Hbb marker {chromosome 7) closely linked to the H-1 

minor histocompatibility gene, known to be important in skin graft rejection. 
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these results strongly suggest that the MiHA important in skin graft rejection 
and GVHR are not necessarily the same. 

When the markers were studied in couples,~ appeared to interact, 
affecting the severity of lethal GVHR. Since the markers studied were chosen 
at random and since each among them gave the information on the distance of 
only 5-10 crossover units on each side of the marker, these results suggest 
that the number of genes influencing GVHR through their interactions is very 
high ()100). The combined effects of genes linked to two different markers 
was found to be either cumulative, or synergistic or "suppressive". In this 
last case, the effect of relatively strong minor histocompatibility genes 
(i.e., a gene linked to the marker Gpi-1) may be masked by a suppressive effect 
of another minor gene (i.e., a gene linked to the marker Pgm-1) (Fig. 1). 
Moreover, the gene(s) linked to a single marker may also have opposing effects. 
As a consequence, the net effect may be nil when this gene is considered alone 
(e.g., gene(s) linked to the marker Mod-1). The interaction between the genes 
is highly specific ; i.e., the effect of suppressor genes linked to Pgm-1 is 
very efficient for the histocompatibility gene linked to Gpi-1 while it exerts 
a synergistic effect with a gene linked to the marker Es-3. 

In conclusion, the results taken together indicate that the genetic 
background is very important for the development of lethal GVHR. The effect of 
the minor genes analyzed individually is weak, and the number of genes capable 
of influencing GVHR mortality individually is relatively low as compared to 
the number of genes influencing lethal GVHR through their interactions. The 
interactions between these genes are specific, complex and strong. However, 
the effects of genes linked to two different makers, and even of those linked 
to a single marker, may be antagonistic and reciprocally neutralized. This 
observation may partially explain why in some genetic combinations the incom
patibility for MiHA appears as relatively unimportant. These results show for 
the first time that the intensity of a GVHR developed against MiHA is dependent 
not only on the number of incompatible MiHA and allelic combinations involved, 
but that it is also highly dependent on the interactions between these MiHA 
which effects may be very different. Finally, the minor histocompatibility 
antigens important in organ and bone marrow grafting are not necessarily the 
same. 

B) Role of MiHA in lethal GVHR developed across H-2 barrier : 
While the effects of incompatibility involving several MiHA plus H-2 

antigens have been extensively studied in the skin graft model and have been 
found in some circumstances to be cumulative (R.J. Graff 1973), there is little 
if any information on the combined effects of MiHA and H-2 antigens in the GVH 
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reaction. Our results show that the effects of MiHA and H-2 may, in some cases, 
be cumulative, but that these effects vary depending on : a) the nature of the 
MiHA involved, as well as on b) the H-2 haplotype with which a given set of 
MiHA are associated ; and that in some genetic combinations the response to 
MiHA plus H-2 antigens, instead of being stronger, may be weaker than the 
response to H-2 antigens alone. 

a) for a given H-2 haplotype the effects of MiHA and H-2 antigens may 
or may not be cumulative depending on the nature of the MiHA. 

In lethal GVHR induced by grafting 810 (H-2b) donor cells the 
mortality of the (08A/2 x 810)Fl (H-2d/b) recipients in~ompatible for 02-MiHA 
and H-2 is significantly more rapid than that of the (810.02 x 810)F1 
recipients incompatible for H-2d alone. In contrast, the mortality of the 
(8alb/c x 810)F1 (H-2d/b) recipients incompatible for 8alb/c-MiHA and H-2d is 
identical to that of the (810.02 x 810)F1 recipients incompatible for H-2d 
alone. Thus, in lethal GVHR induced by grafting the same H-2b donor cells, 
the effects of H-2d antigens and 02-MiHA were cumulative while no cumulative 
effect was found for H-2d antigens and 8alb/c-MiHA ; this indicates that the 
combined effects of MiHA and H-2 antigens may be cumulative, and that for a 
given H-2 haplotype, a cumulative effect may or may not be detected depending 
on the nature of these MiHA. 

It should be emphasized that the cumulative effect of 02-MiHA and H-2d 
antigens was not found when the intensity of GVHR was measured by splenomegaly 
test, and that it was shown not to be related to the genetic resistance of 
the recipient. 

b) for a given set of MiHA the effects of MiHA and H-2 antigens may 
be cumulative or "suppressive", depending on the H-2 haplotype. 

In next series of experiments we studied whether the effect of the same 
(02) MiHA can vary as a function of the H-2 haplotype with which they are 
associated ; we compared the mortality induced after grafting the same parent
strain (810.02) donor cells to various F1 recipients incompatible for : 1) 02-
MiHA alone ((08A/2 x 810.02)F1), 2) H-2 (k or b) antigens alone ((810.02 x 
810.8R)F1 or (810.02 x 810)F1), 3) or 02-MiHA plus H-2 (k or b) antigens 
((08A/2 x 810.8R)F1 or (08A/2 x 810)Fl). The results show that the lethal GVHR 
developed to 02-MiHA plus H-2k antigens is more severe than that developed 
to H-2k alone, while the lethal GVHR developed to 02-MiHA plus H-2b antigens 
is, surprisingly less severe than that developed to H-2b antigens alone. Thus, 
the effect of an additional incompatibility for a given set of MiHA may be 
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cumulative or "suppressive" depending on tne H-2 haplotype with which these 
MiHA are associated. This strongly suggests that, in the DBA/2 genetic back
ground, there are minor genes (such as those linked to the Pgm-1 or Mod-1 
markers ?) capable of activating an immune process which has a suppressive 
effect on the anti-H-2 response ; this suppressive effect is or is not 
detectable depending on the H-2 haplotype. Variations in the intensity and/or 
the kinetics of the response to different H-2 haplotypes and relation to the 
cumulative versus independent gene effect (D.W. Bailey, 1971, 1980) may, at 
least partially, explain these results. 

INTERACTIONS BETWEEN MINOR HISTOCOMPATIBILITY GENES LINKED TO THE GENETIC MARKERS 

Pgm-1, Gpl-1, Mod-1 AND Es-3 IN LETHAL GVHR 
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Titre du projet n°2 : Histopathologic sequence of events in adult mice 

undergoing lethal graft-versus-host reaction developed across H-2 and/or 
non-H-2 histocompatibility barriers. 

Chef du projet et cel~aborateurs scientifiques : Georges Mathe 
Collaborateurs scientifiques : Henry RAPPAPORT, Abdalla KHALIL, Olga HALLE-

PANNENKO, Linda L. PRITCHARD, Dimitri DANTCHEV 

The sequence of histologic events in graft-versus-host reaction (GVHR) 
caused by major and/or minor histoincompatibilities was studied. The effect 
of major histoincompatibility (involving the difference for H-2 antigens and 
minor histocompatibility antigens (MiHA)) was studied in (DBA/2 x B10)F1 

recipients after grafting of 810 (H-2b ; 810-MiHA) 

normal donor cells. The effect of minor histoincompatibility (involving the 
differences for MiHA alone) was studied in (DBA/2 x B10.02)F1 

recipients after grafting of 810.02 (H-2d ; 810-MiHA) normal donor cells. 

In both situations the recipients were adult mice irradiated at 1100 rads. 

Our study demonstrates that the pathologic changes in GVHR vary, de

pending on the degree of histoincompatibility between donor and recipient. 
We were able to recognize two graft-versus-host disease entities, each with 
its own clinical presentation and relatively distinctive pathologic findings. 
Both progress in stages and with varying rapidity. The disease caused by 
major histoincompatibility (H-2 and non-H-2 barrier) justifies the use of the 
term acute or "major" GVHR, and the one caused by minor histoincompatibility 
(non-H-2 barrier alone), the term chronic or "minor" GVHR. 

In the "major GVHR", four phases were recognized: a) transien aplasia, 
b) repopulation, c) a proliferative, invasive phase, or phase of emigration, 
and d) a terminal phase of acute organ rejection. Major GVHR runs a short 
course. 

The stage of transient aplasia following irradiation lasts from about 
24 hours to 4 days. In this stage, the external appearance of the animal was 
normal. Pathologically, bone marrow aplasia and depletion of small lymphocytes 
in the thymus, splenic white pulp, lymph nodes, and Peyer's patches were 

observed. 

The stage of cellular repopulation started between the 4th and 7th days 
after irradiation. Clinically, the animals were free of symptoms and signs 
of disease. Histologically, granulocytic hyperplasia was seen in the bone 
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marrow and in the red pulp of the spleen. Lymphoblastoid cells were observed 
in the thymus, lymph nodes, and Peyer's patches. 

The proliferative, invasive phase began by Day 7. The animal appeared 
ill, the fur became dull, and diarrhea began to appear. Microscopically, the 
lymphocytes proliferated and invaded the tissues. The hepatocytes showed 
early vacuolar changes. The skin became atrophic. Lymphoblastoid cellular 
infiltrations were seen in the lymph nodes and spleen. 

The stage of acute organ rejection was seen by Day 11. The animals 

showed evidence of weight loss, and the diarrhea increased. Microscopically, 
the liver cells became more vacuolated. The polymorphonuclear leukocytes 
started adhering to the vascular endothelium of the lungs, kidney and liver. 
Large lymphoblastoid cells invaded the organs. The thymic epithelium became 
atrophic, and the thymus was comp fete ly devoid of sma 11 lymphocytes. Fragmen
tation of reticular fibers and necrosis were prominent in the paracortical 
zone of the lymph node. Cardiac, renal, interstitial, and hepatic signs 
described in animals with acute organ rejection (Marceau et al., 1965 ; 
Williams et al., 1968 ; Hume, 1971 ; Jerusalem and Jap, 1977) were observed. 
The vacuolization of the tubular epithelium of the kidney early in the 
disease may be attributable to hypokalemic nephrosis secondary to intestinal 
lesions or may be the result of direct immunologic injury of the tubular 
cells. This phase was terminal. The cause of death was organ failure 
secondary to rejection by the grafted cells. The adhesion of the polymorpho
nuclear leukocytes to the vascular endothelium represented good evidence for 
organ rejection (Hume 1971 ; Jerusalem and ,Jap, 1977). The polymorphonuclear 
leukocytes, lymphoblastoid cells, and macrophages seemed to be the cellular 
elements which play the major role in this disease entity. The thymic 
epithelial degeneration was striking, and it started earlier than in the 
chronic "mtnor" type of GVHR. 

In the "minor GVHR", we recognized six phases : a) transient aplasia, 
b) repopulation, c) lymphoid proliferation manifested by early tissue 
infiltration with lymphocytes presumed to be immunocompetent cells, d) a 
phase of major immunologic tissue injuries, e) a phase of repair, and f) a 
terminal phase of advanced sclerosis in which scarring of the injured tissue 
was occasionally associated with epithelial hyperplasia. 

No r.1arked differences were observed between the first two phases of 
the"majorhand the''minor''GVHR disease. It was not until the third (proliferati 
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phase that the histopathologic features of minor GVHR became distinctive. 
By Day 7, lymphoid cells, presumably of donor origin, appeared in the vascu
lar channels and infiltrated the organs where they exhibited mitotic activity. 
Clinically, skin eruptions were seen. Histologically, most of the lymphoid 
proliferations were seen in the T-cell areas of the lymphoid organs. The 
small vessels and capillaries were packed with lymphocytes. In this phase, 
early degenerative changes were seen in the thymic epithelium, although it 
was still intact. Collections of 10 to 12 lymphoid cells were seen in the 
perivascular areas of the kidney and in portal tract of the liver. 

Major immunologic injuries (fourth phase) became apparent by Day 15. 
The early injuries consisted of degeneration of the collagen in the dermis, 
muscular fascia, adipose tissue, vessel walls, and paracortical areas of the 
lymph nodes. This degeneration progressed to necrosis by Day 18. Destruction 
of lymphocytes was also evident. Between Days 18 and 25, the epithelial cells 
of the thymus completely disappeared ; this crucial event was followed by 
marked plasma cell proliferation in the bone marrow. During this period, 
proliferation of macrophages and early fibrosis heralded the phase of repair 
(fifth phase). Venous thrombi were evident in the cutaneous and portal veins. 
The kidney showed chronic progressive glomerulonephritis. The major causes of 
death in this phase were acute heart failure or pulmonary infections. A 
striking feature during the phase of repair was the granulomatous panniculitis. 
which contributed to the pronounced thickening of the subcutis and coincided 
with the animals" weight gain. We are not aware of reports describing a weight 
gain of this magnitude due primarily to granulomatous panniculitis in chronic 
GVHR of experimental animals, although chronic panniculitis has been mentioned 
in some reports of chronic GVHR in animals (Van Bekkum and de Vries, 1967 ; 
Hobik, 1977) and man (Slavin and Santos, 1973). 

In the terminal (sixth) phase of advanced sclerosis, the skin showed 
marked scleroderma, alopecia, and keratotic plugs in the hair follicles. 
Russell bodies were seen in the red pulp of the spleen. Splenic infarctions 
were evident. Bone marrow fibrosis was advanced. Arteriolosclerotic changes 
were observed in the kidneys. Glomerulosclerosis was a constant finding. The 
massive lymphoblastoid proliferations in the splenic red pulp and the leuko
plakia of the esophagus were considered to be hyperplastic and possibly 
premalignant changes. 
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Atrophy of the thymic epithelium was first observed on Day 11 and 
became more pronounced by Day 15. On day 18, the thymic epithelial cells 
showed severe degeneration. Beginning with Day 18, when all of the animals 
with'majorNGVHR had died, the proliferation of plasma cells in the animals 
with'minor4 GVHR rapidly increased over the next 7 days, localizing at sites 
where they normally are not present (thymus and T-cell areas of spleen and 
lymph nodes). Russell bodies were abundant, indicating active antibody 
production by the proliferating plasma cells. This apparently uncontrolled 
B-cell proliferation suggests that the corresponding suppressor T-cell 
activity was greatly diminished. The fact that this coincided with atrophy 
of the thymic epithelium is consistent with the hypothesis that the intact 
thymus is necessary for the induction of suppressor cells (Reinisch et al., 
1977). Thus, destruction of the thymic epithelium may have resulted in a 
diminution of suppressor T-cells and consequently in an unopposed prolife
ration of plasma cells. The role of injury to the thymic epithelium in the 
pathogenesis of GVHR is also suggested by the rapid onset of GVHR induced 
by grafting of bone marrow cells in patients with thymic dysplasia 
(Miller, 1967 ; Miller and Hummeler, 1967). 

In the present work, lesions caused by GVHR were specifically due 
to in~unological injuries, as has been widely recognized. (Van Bekkum and 
de Vries, 1967 ; Hobik, 1977 ; Slavin and Santos, 1973 ; Mathe, 1961 ; 
KrUger et al., 1971 ; Grundmann and Hobik, 1973). Absence of similar 
lesions in the isologous group proves the immunologic nature of the changes 
described in both major and minor GVHR disease. 
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Titre du projet n°3 Attempt to prevent lethal GVHR developed across non-H-2 
or H-2 barriers. 

Chef du projet et collaborateurs scientifiques : Georges Mathe 
Collaborateurs scientifiques : Olga HALLE-PANNENKO, Luis BERUMEN, Linda L. 

PRITCHARO and Nicole KIGER 

A) Attempt to prevent lethal GVHR developed across non-H-2 barrier 

In some genetic combinations, the grafting of donor cells incompatible 
for MiHA alone may lead to a strong GVHR and kill a high percentage of 
recipients. For example, after grafting of B10.02 cells (H-2d) to the 
(OBA/2 x Bl0.02)Fl recipients incompatible for OBA/2 (02)-MiHA alone only 2% 
of recipients survive. Preimmunization of the B10.02 donor cells with specific 
(02-MiHA) and/or nonspecific (H-2b) histocompatibility antigens was performed 
and it was found to have the following effects on lethal GVHR : 

- mortality identical to that induced by normal cells (no effect) 
- mortality accelerated as compared to that induced by normal cells 
-mortality delayed and/or decreased as compared to that induced by 

normal cells. 
The effect of donor immunization is highly dependent upon the 

conditions used for the immunization (inverval between day of immunization and 
day of grafting, dose of antigen, the physical form in which the antigens are 
presented, i.e. whole cells versus cell extracts). 

Acceleration of mortality is favoured by multiple injections of the 
antigens, a long interval between the day of immunization and the day of 
grafting, and (preliminary results) by increased doses of specific antigens. 

Survival is improved by a single iranunization a short time before 
grafting and (preliminary results) by increased doses of nonspecific antigens. 

The most efficient reduction of mortality is observed after donor 
immunization with a single injection of specific 02-MiHA, administered alone 
or in association with unrelated H-2b antigens a short time before grafting. 
The percent of surviving recipients is considerably greater after donor 
immunization with specific 02-MiHA alone (80% of recipients survive) than 
after immunization with nonspecific H-2b antigens alone (27% of recipients 
survive). However, the percent of surviving recipients is increased even 
more when the donors are immunized simultaneously with specific 02-MiHA 
plus unrelated H-2 antigens (93% of recipients survive) ; this suggests 
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that the "suppressive" effect induced by association of these two types of 
immunization is cumulative ; and that donor immunization with unrelated H-2 
antigens alone may (although slightly) decrease the GVHR mortality developed 
by incompatibility for MiHA alone. The beneficial effect of donor immunization 
with unrelated H-2 antigens is illustrated by four additional findings : 

- early mortalities (10 days after grafting) may be observed after 
donor immunization with either specific 02-MiHA or unrelated H-2b 
antigens alone (about 10%) but never after combined immunization 
with 02-MiHA plus H-2b 

- Under certain experimental conditions inducing a secondary response 
to 02-MiHA (in heavily irradiated primary recipients, Cerottini 1971), 
this secondary response is suppressed when donor cells are pre
immunized simultaneously against specific 02-MiHA plus unrelated 
H-2b or H-2k antigens. 

- Morta 1 ity may be de 1 ayed by donor treatment with the unre 1 ated H-2b 
lipoprotein extract. 

-Suppressor cells detectable by an in vitro test (MLR) were found 
after three types of immunization (specific, nonspecific or 
specific plus nonspecific) but they were more efficient after 
immunization with specific 02-MiHA plus nonspecific H-2b than after 
immunization with either specific 02-MiHA or nonspecific H-2b 
antigens alone. 

B) Attempt to prevent lethal GVHR developed across H-2 barrier : 

a) Decrease of GVHR mortality by the serum from donors treated with 
recipient-specific soluble histocompatibility antigens ; mechanism 
of action. 

Cellular and humoral immunity were studied in CS?BL/6 (H-2b) mice 
after treatment with allogeneic DBA/2 (H-2d) soluble histocompatibility 
antigens in the conditions previously shown to decrease specifically the 
host-versus-graft reaction. Cellular immunity was found to be diminished 
as measured by mixed lymphocyte reaction (MLR} and GVHR, but more 
frequently when measured by GVHR related mortality than when measured 
by GVHR related splenomegaly developed in (DBA/2 x C57BL/6}F1 mice. 
Serum from treated mice is antibody-free ; but it enhances skin allo
graft survival if transferred to normal hosts. diminishes the reactivity 
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of normal cells when present during MLR or when incubated with the responding 
cells prior to MLR, and delays GVHR mortality when incubated with donor cells 
prior to grafting. The blocking activity of the serum is "dose"-dependent : 
the in vivo blocking effect of the undiluted serum depends on the dose of 
soluble antigen used for its production, and the in vitro blocking effect of 
the serum (raised by the same dose of soluble antigen) depends on its concen
tration during MLR. Three different serum-concentration-dependent effects were 
found in MLR experiments : an inhibition with high and a stimulation with 
intermediate serum concentrations. Similar results were observed with either 
antibody-free serum (raised by soluble antigens) or "classical" hemagglutinating 
enhancing sera (raised by injection of lyophilised spleen cells). It was 
concluded that the decreased cellular immunity of soluble antigen-treated mice 
is related to a serum blocking factor, interacting with T cells, which is not 
an antibody but rather another type of suppressor factor (soluble antigen or 
an antigen-antibody complex or suppressor factor released by suppressor cells). 
Whether the T cell will di s ti ngui sh the signa 1 as being "immunogeni c" or 
"tolerogenic" apparently depends on the level of the serum blocking factor. 
The T cell blocking activity of soluble antigen-raised and classical enhancing 
sera seems to be due to the same or a similar factor ; thus the immuno
suppressive activity of classical hemagglutinating enhancing sera may not be 
entirely dependent on free antibodies. 

b) Decrease of GVHR mortality by specific H-2 antigens and nonspecific 
MiHA : lipoprotein preparations. 

The pretreatment of C57BL/6 (H-2b ; B6-MiHA) donors with Balb/c (H-2d 
Balb/c-MiHA) lipoprotein preparation delayed mortality in (C57BL/6 x DBA/2)Fl 
recipients more efficiently than the pretreatment with DBA/2 (H-2d ; specific 
02-MiHA) lipoprotein preparation. This indicates that for maximum effectiveness 
the extract used for donor treatment should contain MiHA that differ from those 
present in the GVHR target. These results taken together with those obtained 
in the experiment on GVHR mortality developed across non-H-2 barrier (see 
chapter III.A) strongly suggest that in both situations (H-2 and non-H-2 
barriers) the GVHR mortality is more efficiently suppressed by donor immuni
zation with specific plus nonspecific histocompatibility antigens than by 
donor immunization with specific histocompatibility antigens alone. 
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c) Prevention of graft-versus-host reaction (GVHR) by thymic and 
splenic factors. 

Parental spleen cells were preincubated with thymic and splenic 
non-species-specific extracts before grafting to sublethally irradiated 
hybrid recipients. By this procedure GVHR has been avoided. Furthermore, 
these extracts are devoid of any toxicity or proliferation inhibitory effects 
on grafted stem cells. The thymic extract specifically inhibiting T lymphocyte 
proliferation was purified by fractionated precipitations with ethanol 
followed by either filtration through Sephadex column and ion exchange 
chromatography, or ammonium sulfate precipitation and preparative electro
focussing. Two active fractions have been isolated, the more purified one, 
precipitated in a pH zone 6 - 6.3, exhibited one main and 3-4 minor bands 
when submitted to analytical electrophoresis. An active peptide (SDIP : 
spleen derived immunosuppressive peptide) was isolated from the crude 
splenic extract by Dr. M. Lenfant (Poitiers). We showed that this highly 
purified (107-fold) peptide is capable of preventing GVHR at very low 
concentrations (pg ml- 1). 

C) Control of GVHR and autorestoration of granulocyte precursors in irradiated 
mice pretreated with Corynebacterium parvum or BCG : 

Corynebacterium parvum (CP) has been described, on the one hand, as an 
immunodepressor of cell-mediated immunity, even when administered at doses 
which stimulate other components of the immune machinery, and, on the other 
hand, as an agent capable of abrogating the genetic resistance of some strains 
of mice to hemopoietic transplants. We have therefore studied the effect of 
CP on the graft-versus-host reaction (GVHR), which is an immune reaction 
mediated by T lymphocytes, and which may be susceptible to genetic resistance 
in the strain combinations we utilize. 

GVHR was induced in adult (C57BL/6 x DBA/2)Fl mice, sublethally 
irradiated and grafted with 2x107 C57BL/6 spleen cells, and the mortality 
of these mice was recorded. Mortality was delayed when either donors or 
recipients or both were pretreated with 1.5 mg of CP 7 days prior to cell 
transfer. Combined treatment of both donors and recipients resulted in 
better survival than did treatment of donors or recipients alone. 

On the other hand, in an experiment where BCG was used to prepare mice 
of several strains for an allogeneic marrow graft, BCG enhances survival in a 
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group of mice later found to be autorestored. For this reason we tested the 

effects of BCG and of Corynebacterium parvum on endogenous spleen colonies found 
in heavily irradiated mice. When (CS?BL/6 x DBA/2}Fl, CS?BL/6 and DBA/2 mice 
were irradiated at 800 rads (the LD lOO's of these strains being somewhat higher) 
eight days after irradiation significant numbers of endogenous colonies were 
detected in their spleens only if they had been pretreated with 1 mg BCG (i.v. 
on day ~14) or 1.5 mg Corynebacterium parvum (i.v. on day -7). The number of 
colonies seen in a given strain was the same for both agents, although those 
developing after Corynebacterium parvum treatment were visibly much larger than 
those developing after BCG treatment ; but different numbers of colonies were 
observed in the different strains. Hi.stological examination of the spleens of 
these animals revealed that 100% of the endogenous colonies developing in 
pretreated animals were granulocyte colonies, indicating a stimulation of gra
nulocyte precursor replication and/or differentiation by the agents studied. 
Thus it is clear that such pretreatment can stimulate myeloid autorestoration 
under certain circumstances. At a higher irradiation dose fewer colonies were 
observed, suggesting that the dose of irradiation employed in preparing a 
recipient for grafting is extremely critical in determining whether auto
restoration will occur. 
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Titre du projet n°4 Role of recipient and donor sex in graft-versus-host 
reaction (GVHR). 

Chef au projet Georges Mathe 
Collaborateurs scientifiques : Linda L. PRITCHARD, 8asile TSOUCANAS 

The role of recipient and donor sex in the GVHR developed subsequent 
to bone marrow grafting in irradiated mice was studied. Preliminary results 
indicated that, under certain experimental conditions, Fl female recipients 
of sex-matched parent-strain lymphoid cells seem to be considerably more 
resistant to the effects of a GVHR (as measured by mortality) than are male 
recipients. Since the experimental models used were ones in which genetic 
resistance of the recipients to the graft of parent-strain hematopoietic and 
lymphoid cells is known to be quite intense (C578L/6 ~(C578L/6 x D8A/2)Fl or 
(C578L/6 x 8alb/c)Fl), the relative intensities of genetic resistance in males 
and females of the two recipient strains were also estimated, in an effort to 
determine whether variations in genetic resistance alone might not account for 
the differences in mortality seen in male and female Fl mice undergoing a 
systemic GVHR. Finally, in order to explore the possibility that sex-related 
hormones might influence GVHR severity, donors and/or recipients in one series 
of experiments were castrated or sham-operated at least four weeks before 
bone marrow grafting. 

The results obtained indicate that : (1) Marrow graft "take" is 
slightly better when donor and recipient are sex-matched than when they are 
sex-mismatched. (2) When measured by the CFU-s assay for hemopoietic stem 
cells, the genetic resistance of female Fl mice to 86 cell grafts is more 
intense than is that of male mice. (3) There is no difference between sexes 
in the intensity of genetic resistance to a lymphoid leukemia (EAkR) of 86 
origin. (4) In sex-mismatched donor-host strain combinations, the H-Y antigen 
may influence graft rejection or GVHR intensity in some systems, while being 
without effect in others. (5) Spleen cells from age-matched male and female 
donors exhibit similar activities in mixed lymphocyte culture in vitro. 
(6) Donor castration (whether of males or of females) has no influence on the 
capacity of donor marrow to restore hemopoiesis or to induce a lethal GVHR. 
(7) Castration of male recipients, while having no significant influence on 
GVHR mortality after a sex-matched marrow graft, nevertheless seems to reduce 
their susceptibility to the GVHR induced by sex-mismatched (female) semi
allogeneic marrow cells, raising the possibility that the presence of male 
hormone(s) may exacerbate the female-anti-male GVHR. 
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Titre du projet n° 5 

BONE MARROW TRANSPLANTATION IN IRRADIATED SUBJECTS 

Chef du projet et collaborateurs scientifiques : Georges MATHE 

et Leon SCHWARZENBERG. 

Bone marrow transplantation stimulated great hope for 

treatment of aplasias and leukemias in 1958 following our first 

success in grafting this tissue. These trials, carried out from 

1958 to 1963, proved that a permanent bone marrow graft from an 

allogeneic donor to a nonidentical twin recipient is possible, 

but it is often complicated by a so-called"graft-versus-host 

reaction" (GVHR) that we have observed and described since our 

very first trials in leukemic subjects. 

This secondary disease immediately appeared as a 

formidable stumbling block to large scale application of bone 

marrow grafts in man. The description of antigens recognized by 

serum antibodies as shown by Bach and of antigens determined by 

the blastic transformation of lymphocytes in vitro (MLC = mixed 

lymphocyte culture) enabled us to determine a condition in which 

the graft acceptance is especially common : that in which donor 

and recipient are siblings and share the same antigens localised 

at the (HLA-A,B,C) and MLC major histocompatibility complex (MHC). 

Unfortunately, the chance of a recipient having a compatible donor 

("matched" donor) in his family is only one in four, and with these 

conditions bone marrow grafts are further complicated by versus-

host disease in one of two cases. This histocompatibility is thus 

only apparent in the tests that can determine the MHC ; it is not 

apparent in vivo where the minor histocompatibility antigens play 

an important role not only in mice but also in men. 

Preparation of Recipient 

In transplantation between identical twins no pre

transplant treatment is necessary. The recipient may, however, 

be given cytotoxic drugs in cases of leukemia, or immunosuppressive 

treatment if an "auto-immune" mechanism is suspected to be the 

cause of an aplasia. 
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In nonidentical twin donors who are MHC-compatible, 

a strongly immunosuppressive preparation is necessary and the best 

consists of total body irradiation with 1000 rads. The addition of 

a high dose of cytotoxic drug : either the cyclophosphamide propose 

by Santos can be used with success for leukemic patients. 

The Graft 
When the bone-marrow cells are grafted a more or less 

rapid restoration of the blood previously cytopenic occurs. Many 

tests provide evidence that the graft has taken. The frequency of 

graft take varies with the mode of conditioning and with histocom

patibility : it is about 80 per cent when cytotoxic agents have 

been used and the donor-recipient pair is HL-A, MLC-compatible. 

Direct and Indirect Evidence for Take of Graft 

1. Direct evidence for the graft take 

1.1. Appearance in the blood of : 

1,11. Erythrocyte antigens of the donor 

1,12. HL-A antigens of the donor 

1,13. Granulocytic markers of the donor 

1,14. Sex chromosomes of the donor 

1.2. Appearance in the serum of donor's 
Allotypic immunoglobulin 

1.3. Appearance in the bone marrow of donor's 
sex chromosomes 

2. Indirect evidence for the graft take 

2.1. Specific tolerance of donor's tissue 
Linked to the chimerism : skin graft 

2.2. Secondary disease linked to the graft-versus
Host reaction. 

Graft-Versus Host Disease 

Prevention and Treatment 

GVH disease has been observed at the time of our 

first transplantation and we have described its multiple manifesta 

tions : cutaneous (erythrodermia), digestive (diarrhea, "liver 

failure"), infectious (fever, septicemias), general (weight loss, 

asthenia), and hematologic (lymphopenia). Lymphopenia is not only 
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an expression of the disease, but of its major physiopathologic 

process, as it leads to an immune insufficiency responsible for 

infections that are usually extremely serious, being more often viral 

than bacterial. Lymphopenia is due to the destruction of the lympho

cytes produced by the graft or is induced by them during their 

conflict with the recipient's antigens (GVH). This conflict explains 

the intestinal, hepatic, and cutaneous lesions that may, moreover, 

be made worse by infection. The intensity of the graft-versus-host

reaction may be slight, moderate, or severe. 

The frequency of the GVH disease depends on various 

factors, especially the histocompatibility relationship and the 

pregraft preparation. Though not seen after grafts between monozygo

tic twins, it is the major complication in 70 per cent of matched 

transplants between siblings and in nearly 100 per cent of mismatched 
transplants. 

Preventive treatment of disease generally consists of 

administration of methotrexate or cyclophosphamide after transplan

tation. These drugs were experimentally proposed by Uphoff and 

Santos et al. The suppression of the graft lymphocytes by density 

gradient sedimentation and their incubation in the presence of 

lymphocytic chalone have been proposed by Dicke et al. and by the 

present authors respectively. 
Once the secondary disease is established, the adminis

tration of antilymphocy~t8~a~~nthe only method able in some cases 

to attenuate its manifestations. A curative effect of the serum has 

been on the other hand described in some occasions (Storb). 
In fact, even in case of genotypically HLA compatible 

donors, secondary disease by GVH reaction can occur in 70 % of cases 

with a lethal risk in 20 %, a reaction that we have shown experimen

tally in congenic strains. 
Therefore, a risk of disease does exist, even when the 

recipient possesses a genotypically compatible sibling donor. 
The knowledge of factors for graft success are : 

1. The good conditioning of the recipient by total body irradiation 

(TBI) used alone (in aplastic patiens) or associated to hight 

doses of cyclophosphamide (in leukemic patients). 

2. The qood status of the recipient at the time of transplant: 

aplastic patients at the beginning of their disease ; leukemic 

patients in remission of their disease • 
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3. The number of transplanted cells (which should be equal to or 

greater than 2.5 x 108 cells/kg) 

4. The non-sensitization of the recipient in regard to the donor, 

by previous transfusions : under such conditions the rate of 

long survivals (probable cures) is 15/17 in the cases of 

aplasias. 

This data leads us to the indications of more 

frequent bone marrow grafts, and which can be summarized as 

follows : 

1. Aplasias with severe prognosis and before sensitization by 

transfusions. 

2. Leukemias in remission : acute lymphoid leukemia in second 

remission : acute myeloid leukemia and blastic crisis of chronic 

myeloid leukemia in second or first remission, and before 

sensitization by transfusions. 

3. Cases in which the recipients do not have genotypically competent 

donors. 

In such cases, grafts, after conditioning by irradia

tion or cytostatics, have failed. On the contrary, if conditioning 

by antilymphocyte serum (ALS) which induce partial and transitory 

chimerism without GVH reaction, as shown by us since 1970, does not 

cure leukemia, it has nevertheless enabled us to obtain 4 survivals 

out of 24 patients with acute aplasia. This result has been confirme 

by Speck and Gluckman. It is possible that this result was not due 

to the graft, but to the effect of ALS on some physiopathologic 

mechanism of the aplasia (suppressive cells ?) • However, our patient 

who have survived after 8 years are 4 subjects out of 5 in whom a 

transitory graft was obtained, whereas all the other patients in 

whom no graft was observed have died. 

The treatment trials using antilymphocyte serum 

in aplastic patients who do not have genotypically identical donors, 

deserve to be continued. 
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In the last year (1980) 5 patients have been submitted 

to a bone marrow graft : 1 patient with aplastic anemia, 

2 patients with acute myeloid leukemia, 2 patients at the beginning 

of a blastic crisis of chronic myeloid leukemia. 

The patient with aplastic anemia is a young girl aged 

16 who received marrow from his brother aged 10, she presented 

in months before grafting meningeal and plural haemorrhagias. 

She is one year later in perfect condition and their blood presents 

the figure of a chimera. 

One AML patient lived 6 months in complete remission 

after the transplant but died of a liver failure due to GVH 

reaction. An other AML patient, in which since the beginning of 

the disease (one year former) a remission could not be obtained, 

lived 3 months in complete remission with normal haematology but 

i died of relapse of the leukemia. One patient at the beginning of 

a blastic crisis of CML, grafted with the sister's marrow is in 

very good hematological status one year later (with blood chimerism) 

but presenting a GVH cutaneous reaction (lichenification of the 

skin in some places) controlled by prednisone from time to time. 

A second patient with CML died 2 months after grafting from an 

acute secondary disease. 

These results indicate that : 1) in 5 cases out of 

5, we have been able to obtain a success of the graft ; 2) in 3 

cases out of 5 we have seen a GVH reaction ; 3) in 2 patients 

without GVHR, one is living in very good status ; the other died 

of a recurrence of the leukemia (the graft-versus-leukemia (GVL) 

reaction did not occur. 

Our main project is now, as far as we seem to be 

able to obtain a graft in the great majority of cases, to try 

to prevent and control the graft-versus-host reaction, and 

especially to look at the role of so-called "minor histocompatibi

lity antigens" in which our laboratory (Olga Halle-Pannenko, 

Georges Mathe) is making some good progress. 
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Titre du projet n°6 : Suppressor cells and GVH 

Chef du projet et collaborateurs scientifigues Georges MATHE and Simone ORBACH 

Suppression ofT-cell responses to histocompatibility antigens by BCG pre-treatment 

Introduction : 
The injection of high doses of BCG into mice is followed 2 weeks later by 

a decrease in the mitogen reactivity of their spleen cells. We considered the possi
bility that such a protocol could also induce a diminution in the splenic reactivity 
against transplantation antigens. 

This hypothesis was tested in vitro in mixed lymphocyte reactions, and in 
vivo in graft-versus-host reactions. 

Results : 

- Effect of a previous intravenous BCG injection on spleen cell responsiveness in 
mixed lymphocyte reactions. 

Three milligrams of BCG were injected intravenously into C57BL/6 mice, 14 da: 
before the experiment, then spleen cells from normal or BCG treated mice were 
cultivated in vitro in presence of irradiated or non-irradiated DBA/2 spleen cells. 

The response of the C57BL/6 spleen cells against the DBA/2 antigens in one 
way reactions are presented in Table 1. A striking decrease of the reactiv1ty of 
BCG-treated C57BL/6 was observed. 

When normal C57BL/6 spleen cells were cultivated with non-irradiated DBA/2 
spleen cells in two-way reactions, the (3H)-thymidine incorporation was nearly the 
double of that when cultivated with irradiated DBA/2 cells. The two-way reactions 
were almost entirely abolished when the C57BL/6 cells were obtained from BCG
treated mice. 

T-cell populations from normal C57BL/6 mice were very active against DBA/2 
(Table 2). However, a less striking reduction of the reactivity was observed when 
T-BCG cells were cultivated with DBA/2 spleen cells and when mixed with normal 
C57BL/6 (Table 2). 

In contrast, normal C57BL/6-adherent cells responded weakly to DBA/2 
(Table 2) and when BCG-adherent cells were cultivated with normal C57BL/6 and DBA/2 
spleen cells, the reactivity was entirely abolished {Table 3). 
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Table 1. Suppressive activity of spleen cells from C57BL/6 mice 14 days after the injection of 3 mg BCG 

C57BL/6 spleen NIJI1ber of suppression (%) 

cells per cultivated 
cells well irradiated non-irradiated 

alone + irradiated DBA/2 non-irradiated DBA/2 DBA/2 DBA/2 

Normal 2.5x1D5 25,424 .!_ 2,111 50 ,894 .!_ 10,608 114,916 .!_ 4,228 

5.0x105 45,172 .!_ 5,976 102,304 .!_ 4,761 119,876 .!_ 14,560 

BCG 2.5x105 4,873 .!_ 284 4,702 .!_ 393 5,637 .!_ 32 

5 .0x105 3,707 .!_ 428. 5 ,201 .!_ 2,027 7,923 .!_ 675 

Nonnal 2.5x105 15,148 .!_ 1,768 22,599 .!_ 2,630 14,725 .!_ 2,331 100 
+BCG 2.5xl05 

Nonnal 5.0x105 
24 ,439 .!_ 1,054 15 ,835 .!_ 3 ,260 15,207 .!_ 2,158 100 100 

+ BCG 5 .0x105 

Nonnal 2.5x105 
14,565 .!_ 794 15,774 .!_ 4,206 11,868 .!_ 645 95 100 

+ BCG 5.0x105 

Table 2 Suppressive act1v1ty of spleen T cells fran C~7Bl/6 mice 14 days after the lnJeCtlon of 3 mg BCG 

C57BL/6 spleen Number of cultivated 
suppression (%) 

cells per 
cells well 1 rradi ated non-1 rrad1 ated 

alone + irradiated DBN2 + non-irradiated OBA/2 OBA/2 OBA/2 

Nonnal 5.0x105 6,310 .!_ 1,166 87 ,681 .!_ 11,313 99 ,893 .!_ 17 ,085 

BCG T 5.0x105 546 .!_ 915 28,446 .!_ 1,019 59,669 .!_ 8,308 

Normal 
5.0x105 spleen cells 9 ,042 .!_ 1,256 48,982 .!_ 1,951 55,895 .!_ 3,168 

Nonnal 5.0xl05 
spleen cells 

+ 5.0x105 4,794 .!_ 1,045 41,825 .!_ 1,756 48,972 .!_ 8,034 54 52 
+ BCG T 

Table 3. Suppressive act1vity of adherent spleen cells from C57Bl/6 m1ce 14 days after the inJeCtlon of 3 mg BCG 

Number of cultivated suppress1on (%) 

C57BL/6 spleen cells per 

cells well 1 rradiated non-1 rrad1 ated 
alone + 1 rraduted DBA/2 + non-1 rradiated DBA/2 DBA/2 DBA/2 

Nonna 1 adherent 2 .5x105 143 .!_ 13 1,406 .!_ 102 27 ,532 .!_ 3 ,455 

BCG adherent 2.5xl05 202 .!_ 21 192 .!_ 36 604 .!_ 90 

Nonnal spleen 2.5x105 181 .!_ 38.5 10,828 .!_ 1,445 30,294 .!_ 8,329 

5.0xl0 5 924 .!_ 28.9 13,483 .!_ 4,323 14,995 .!_ 266 

Nonnal spleen 2.5x105 
856 .!_ 159 8,922 .!_ 1,508 16,123 .!_ 1,018 + nonnal adherent 2.5x105 

Nonna 1 sp 1 een 2.5x10~ 351 .!_ 62 359 .!_ 108 375 .!_ 196 100 100 
+ BCG adherent 2.5x10 

In this experiment the medlUm was not supplemented w1th 2-mercaptoethanol 
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We attempted to define some physiological characteristics of the cells 
which possess such suppressive properties. They were thus either irradiated 
(900 rad) or heated (56°, 30 min). It can be seen that after both treatments of 
adherent cells, considerable suppressive activity was conserved (Tables 4 and 5). 

Effect of a previous injection of BCG on the spleen cell responsiveness in 
graft-versus-host reactions. 

C57BL/6 mice received an intravenous injection of 3 mg BCG 7 or 14 days 
before the test. Untreated mice were incl,uded as controls. The spleens were 
harvested and dissociated ; the spleen suspensions were pooled for each donor 
group and equal number of cells (5x106 or 107) were injected into irradiated 

(C57BL/6 x DBA/2)F1 hybrids. Table 6 shows the graft-versus-host reaction at its 
peak on day 4 as measured by the amount of 125 IUDR uptake in the lymph nodes and 
the spleen of the recipient. 

The GVH induced by spleen cells from BCG treated mice harvested 14 days 
after injection was of a much lower intensity than that induced by control cells. 

In an attempt to define the type of cell responsible for our observation 
we purified the spleen cell suspension and repeated the experiment with spleen 
T cells. It can be seen in Table 6 that the splenic 125 IUDR incorporation was 
much smaller when the GVH was induced by T cells from mice injected 14 days 
earlier with 3 mg BCG. 

Since such a depressed reactivity could be due either to a lack of 
responsiveness of the treated cells, or to their suppressive properties, 
experiments were performed to determine whether cells from BCG-treated mice 
could depress the reactivity of normal cells. When BCG-treated spleen cells were 
added to noNnal spleen cells or when BCG-treated macrophages were added to 
normal T cells, the percentage of 125 IuDR incorporated into the spleen of the 
recipients was not significantly lower than the sum of the values obtained when 
the cells were injected separately, thus suggesting a lack of active suppression 
in vivo. 

Discussion : 
The suppression induced by the administration of high doses of BCG to 

mice non-specifically affects several types of immune activities. We have 
previously reported a decrease in the PHA responsiveness and in a comparable 
situation, Bullock, Carlson & Gershon showed that spleen cells from C3H/Anf 
mice infected by Mycobacterium lepraemurium suppressed the direct plaque-forming 
cell response of normal spleen cell cultures to sheep erythrocytes. 



- 757 -

Table 4. Influence of trradntton on the suppresslVe act1v1ty of adherent spleen cells from C57BL/6 m1ce 

14 days after the 1 nJeCtl on of 3 mg BCG 

C57BL/6 spleen Number of cultt vated suppresston (%) 

cells per cells well irradiated 
alone + trradtated DBA/2 + non-1 rrad1ated DBA/2 

Irradtated nonnal 2.5xl05 15! 9.5 
adherent 

20 ,081 !. 1,834 

I rrad1 ated BCG 2.5x1o5 
adherent 

26.6 + 8 1 655!. 135 

Normal spleen 2.5x10~ 15 + 1 + 1 rrad1ated 2.5xl0 17,388 !. 902 24 ,377 !. 2 ,343 

normal adherent 

Nonnal spleen 2.5xl05 

+ 1 rrad1 ated BCG 
17.4 + 7.5 163 .!. 117 970.!. 602 

adherent 

The medtum was not supplemented wth 2-mercaptoethanol. 

Table 5. Influence of heattng on the suppress1Ve acttvtty of adherent spleen cells from C57BL/6 mtce 

14 days after the tnJectton of 3 mg BCG 

DBN2 

99 

non-1 rrad1 ated 
DBN2 

96 

Nllllber of suppresston (%) 

C57Bl/6 spleen cells per 
cultlvated 

cells well 1 rrad1 ated non-1rradiated 
alone + 1 rraduted DBA/2 + non-1 rraduted DBA/2 DBA/2 D8A/2 

Heated nonnal 2.5xl05 
adherent 

20.3 !. 0.6 116!. 13.6 14,210 !. 2,018 

Heated BCG 2.5xl05 
adherent 

22 .:!:. 1 7 129.6!. 40.4 6,458 .:!:. 399 

Nonnas spleen 2.5xl05 
17 5 .:!:. 4 3 15,847!. 807 25,794..:!:. 1,978 + heated nonnal 2.5xlOS 

adherent 

Nonnal spleen 2 5x1Q5 
+ heated BCG 

2.5x105 29.7..:!:. 5 4 
adherent 

4,666 ..:!:. 838 7,849,! 470 71 70 

The med1 urn was not supplemented Wl th 2-mercaptoethanol 

Table 6. 125 IUDR 1ncorporation 1n the lymph nodes and spleen cells of lethally irradiated (C57BL/6xDBA/2)F1 

mice 4 days after the inJection of spleen cells or of spleen T cells from C57BL/6 m1ce 

!UDR i ncorporat10n x 103 

Treatment Injected cells Lymph nodes p spleen 

None 5x106 spleen 7 .ll + 5.0 122.3 + 38.0 
~ 0.025 ~ 0.001 

3mg day 14 5x106 spleen 2.3 + 1.2 22.2 + 15.5 

None 107 spleen 14.3!. 6.3 139.9 + 12.8 
~0.02 ~ 0.001 

3 mg day 14 107 spleen 6.2 + 4.2 63.1!. 18.4 

None 5x106 spleen 12.1 + 4.0 142.9 + 17.8 

3 mg day 5x106 spleen T 5.8 + 2.4 ~ 0.02 140.4 + 15.0 NS 

3 mg day 14 5xl06 spleen T 1.5 + 0.2 ~ 0.001 15.5!. 15.0 ~ 0.001 
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Watson, Slivic & Brown (1975) have suggested that the poor antibody 
response to SRBC observed in vivo and in vitro during M. lepraemurium infection 
is caused by defective macrophage function at the level of antigen processing 
due to overloading of the macrophage with mycobacteria (Rojas-Espinosa, 
Casoluengo-Mendes & Villaneuva-Diaz, 1976). This is not likely to be the case in 
our studies, since we observed that not only are spleen cells unable to multiply 
but that they are also extraordinarily suppressive, the highest efficiency 
being observed among the adherent population. A less intense activity is observec 
in the nylon-purified T cells, in conditions where a contamination by adherent 
cells seems rather unlikely, but is impossible to exclude. The suppressive 
activity of BCG-treated C57BL/6 cells is non-specific, as both one- and two-way 
MLC reactions were inhibited. The heat resistance of the suppression caused by 
the adherent cells might be compared to the observation reported by Ptak & 
Gershon (1975) who noted that in Mishell-Dutton cultures the addition of heat
killed macrophages is suppressive. 

In vitro, the 125 IUdR incorporation in GVH reactions· after the injectior 
of BCG spleen cells was lower than after the injection of non-treated cells. 
This was also the case when nylon-purified T cells were used. This cannot be due 
to a dilution of the reactive cells in the splenomegaly observed 14 days after 
BCG injection, as a proliferation of all cell types occurs and the proportional 
yield ofT cells after nylon purification is comparable to normal. 

We would like to stress the differences between the in vitro and in vivc 
results, as far as active suppression is concerned. While it was very easy to 
show significant suppression in vitro by adding BCG-treated cells to normal in 
a mixed-lymphocyte culture, we have not been able to demonstrate this in vivo. 

The reason for this failure is perhaps technical, and may be due, for 
example, to a lack of suitable contact between the suppressive and responding 
ce 11 s. 

Our experimental protocol in which spleen cells are successively 
stimulated by two antigens, BCG and histocompatibility antigens, is comparable 
to those intended to elicit the development of an antigenic competition in 
which the injection of a first antigen leads to an important decrease in the 
response to a second unrelated antigen. 

The T-cell dependency of such an observation has been discussed 
(Gershon & Kondo, 1971 ; McArthur, Siskind & Thorbecke, 1974 ; Monier, 1975), 
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and it also seems fair to assume that T-cell activated macrophages could be 
held responsible (Sjoberg, 1972). 

Our present results could very well be reported as an example of 
antigenic competition in which active suppression may be clearly demonstrated 
in vitro, and is essentially present in the adherent population, while no 
active suppression was seen when the treated cells were transferred in vivo. 

PUBLICATION EDITEE DANS LE CADRE DU CONTRAT 

ORBACH-ARBOUYS S. and CASTES B, M. : Suppression ofT-cell responses to 
histocompatibility antigens by BCG pre-treatment. 
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: Consequences des irradiation a 
faibles doses. 

Chef du Projet et Collaborateurs Scientifiques : 

Claude JASMIN, A. MACIEIRA-COELHO, M. ALLOUCHE, C. DIATLOFF 

BONE TUMOURS INDUCED IN RATS WITH RADIOACTIVE CERIUM 

We have explored the possibility of using a radioinduced 

rat bone sarcoma as an experimental model : a very efficient 

technique has been developed by injecting 
144

ce close to the bone of 

the knee joint. 

Our objectives were (1) to trace the natural development 

of these bone tumours and their metastatic spread, especially to the 

lungs, (2) to examine the relationship between the time of appearanc~ 

of the metastases and that of the primary tumour, as the occurrence 

of metastases in human osteosarcoma patients signifies a bad progno

sis , and (3) to evaluate the cell proliferation kinetics of the pri· 

mary tumours. These data, together with the available data on human 

bone sarcomas, may be useful in the developing better approaches to 

the therapy of these tumours. 

Lung metastases were observed in 80% to 85% of rats bearing 

advanced malignant bone tumours (osteogenic osteosarcomas and angio

sarcomas). These tumours were induced in 2-month-old Sprague-Dawley 

rats by inoculation of a colloidal suspension of radioactive cerium 

(144ce) into the hind leg, in close contact to the bones of the knee 

joint. Twenty eight rats were killed or died spontaneously shortly 

after detection of palpable tumours at the site of injection : the 

incidence of lung metastases was 73.3% and 53.8%, respectively, for 

osteogenic sarcomas and angiosarcomas, showing that most lung metas

tases are present at the time of diagnosis of the primary tumour. 

Tumour-cell kinetic parameters were studied in 49 rats bearing tumou1 
_3 -

following intraperitoneal injection of L H_/ thymidine. The labellir 

index (LI) of the primary tumours was significantly lower in advancec 

tumours (7.2% for ostosarcomas and 10.1% for angiosarcomas) than in 

tumours examined at the time of detection (12.2% and 13.5%, respecti

vely). Mitotic indices (MI) of all tumours were less than 1%. From 

the curve of the percentage of labelled mitoses (PLM) at different 
-3 -times after L H_/ thymidine injection, Ts (6.5 h) and TG

2 
(1.75 h) 

were determined TC and TGJ were also evaluated (18 h and 9.25 h, 

respectively). These results show that malignant bone tumours inducec 
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in rats with 144ce may be a good model for human osteosarcomas 

and may be useful in studying the numerous problems in the therapy 

,of malignant bone tumours in man. 

Effect of low dose rate irradiation on the division 

potential of chick embryonic fibroblasts 

Ionising radiation accelerates a natural phenomenon in 

'cells with a limited growth potential (chicken) it shortens 

the lifespan and in cells that can acquire an unlimited growth 

potential (mouse) it accelerates the acquisition of the latter 

human fibroblasts showed an intermediate response since ionising 

radiation neither established the cultures as with mouse cells nor 

reduced the number of cells produced, as with chicken fibroblasts. 

Human cells also show an intermediate behaviour to chicken and 

mouse fibroblasts in the sense that chicken cells never establish 

either spontaneously or after treatment with virus, chemicals or 

radiations, mouse cells establish spontaneously, and human cells 

never establish spontaneously but can establish after infection 

with certain viruses. So they seem more prone to become established 

than chicken cells, but less than mouse cells. 

It is difficult to see what could cause the different res-

ponses of the fibroblasts from these three species. It seems, 

however, that there are three possible explanations. It is possible 

that in the case of mouse fibroblasts there are some cells in the 

)riginal population which have the potential of dividing indefinitely. 

If these cells are less radiosensitive, ionising radiation could favour 

their overgrowth by killing or retarding the growth of the other cells 

in the population which have a limited doubling potential. In that 

:ase, one would have to infer that in chicken fibroblast populations 

:here are not cells with an infinite doubling potential. On the other 

1and, among human fibroblasts there would be clones with different 

Jrowth potentials, and ionising radiation would favour the clones 

~ith the longest division potential. 
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The other hypotheses would concern the presence of absence 

of repair mechanisms or of a reparable substrate. It has been sug

gested that malignancy could be due in certain cases to mutations 

caused by faulty repair and that situations inducing repair there

fore increase malignant transformation. Repair induced by low dose 

rate ionising radiation would cause mutations which determine the 

capacity to divide indefinitely. The situation would be analogous 

to what happens with Micrococcus radiodurans that becomes resistant 

to ionising radiation, because it develops the capacity to repair 

quickly the DNA lesions. If these were the case one would have to 

postulate that cells like mouse fibroblasts are endowed with the 

capacity to spontaneously undergo these changes, which would be 

accelerated by ionising radiation. Cells like chicken fibroblasts 

on the other hand, are endowed with a finite lifespan, perhaps because 

they have no repair enzymes or because the substrate (for example, 

DNA) has a molecular organisation which would impede the action of 

these enzymes. In any case the results seem to provide further evi

dence that a finite or infinite lifespan is an intrinsic property 

of cells and is not just dependent on a particular environment. 

With the same methodology, we attempted to determine whether 

fibroblasts from human donors at high risk of cancer would also res

pond differently to radiation. 

Skin fibroblasts from normal donors, donors with ataxia-telan

giectasia or Fanconi's anemia, and from 1 cancer patient were treatec 

with repeated ¥-radiation at about 16 rads per hour. The remaining 

division potential of all fibroblasts, except for the Fanconi's 

anemia cells, was reduced to different extents by radiation. The 

growth potential of Fanconi's anemia cells was increased in all the 

irradiated culture. The increase was 54% in the group that survived 

the longest. These results were identical to those obtained with 

fibroblasts from certain species that have a high probability of 

transformation. 
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The results obtained with the Fanconi anemia fibroblasts 

are interesting because it is the first time that the growth 

potential of human fibroblasts is increased to such an extent 

by ionizing radiation. As it has been suggested that 1% of all 

persons dying from cancer and 5% of all patients dying from acute 

leukemia could be Fanconi anemia heterozygotes, the methodology 

described herein could also eventually be used to secreen a frac

tion of the population prone to cancer. 
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The appropriate model for screening for agents capable of inducing 

immunorestoration is difficult to define, because it should use immuno

depressed animals. Among the various possibilities (immunodepression induced 
by drugs, by sublethal irradiation, by chronic graft-versus-host reaction, 
in tumor-bearing animals) we selected the ageing process as being able to 

induce a long lasting physiological depression of the immune response. 

The first part of the study tested the effects of two chemically defined 
compounds, azimexon and tuftsin on the response of immunocompetent mice. The 

second part tested the restoration of impaired immune functions of aged 
animals by chronic levamisole and bestatin administration. 

The third part was a phase I study of azimexon in immunodepressed 
cancer patients. 

In vivo immunomodulating properties of two synthetic agents : azimexon and 
tuftsin in immunocompetent mice. 

Azimexon, an aziridine derivative, has already been demonstrated to 
possess some immunomodulating properties. In vivo, it potentiated delayed

type hypersensitivity reaction and humoral response to sheep red blood cells. 
It reduced the immunosuppression induced by cyclophosphamide or irradiation, 
and it displayed antitumor activity. In vitro, modulation of lymphocyte 
response toT-cell mitogens and macrophage activation were observed after 
incubation of the cells with this agent. 

Tuftsin is a basic tetrapeptide which is responsible for the phago
cytosis-stimulating activity of a leukophilic IgG to which it is covalently 
bound. Congenital or acquired deficiency in metabolism of this peptide 
coincides with a high incidence of infection. Its chemical structure is 
L-threonyl-L-lysyl-L-prolyl-L-arginirie, and different methods of synthesis 
have been described. The immunomodulating properties of tuftsin are suggested 
by the observation that it increased resistance to bacterial infections and 
to tumor growth when injected into mice. In vitro, it modified the behavior 
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of macrophages and of polymorphonuclear cells. This study attempts to 

further elucidate the mode of action of azimexon and tuftsin. 

Mice were submitted to various immunologic tests at different times 
after a single intravenous (i .v.) injection of azimexon or tuftsin in order 
to determine the ~~e of action of these chemically defined immunomodulators. 

Azimexon, (BM 12 531) potentiated antibody responses to both thymus
dependent (TNP-KLH) and thymus-independent (TNP-LPS) antigens and DTH reaction 
to oxazolone when injected at least 1 day before the antigen. It activated 
macrophages, rendering them cytostatic for tumor cells, but depressed ADCC 
activity of spleen cells directed against antibody-coated CRBC. 

Tuftsin, a basic tetrapeptide, potentiated antibody response to 
TNP-KLH when injected at least 3 days before the antigen. The response to 
TNP-LPS was stimulated on days 1 and 3, but was slightly depressed on day 7. 
It rendered macrophages highly cytostatic for tumor cells but, as observed 
with azimexon, the activation process required 7 days to develop. ADCC was 
enhanced throughout the period of observation. 

Nonspecific suppressor cells were not detectable in the spleen of 
azimexon- or tuftsin-treated.animals. 

Table 1. Effect of azimexon and tuftsin on the antibody responses to a thymus
dependent antigen (TNP-KLH) and to a thymus-independent antigen 
(TNP-LPS). 

Agent 

Azimexon 

Tufts in 

a Mean 
Mean 

Antigen 

TNP-KLH 
TNP-LPS 

TNP-KLH 
TNP-LPS 

0 
l.Oa 

0.8 

0.9 
1.2 

Day of administration before the antigen 
1 3 7 10 

1. g::kb 1.5* 1. 7* 2.3* 
2.2* 1.3* 2.1* 1. 7* 

1.0 2.4* 3 .1* 1. s* 
1.8 1.4* 0.8* 1.0 

b::k The response of the agent-treated mice is significantly different from 
that of control mice. 
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Table 2. Effect of azimexon and tuftsin on the spleen cell response to mitogens 

Relative response of agent-treated spleen cells 
Agent Mitogen Day of administration of the 

1 3 7 

Azimexon 2.26la,b 2.01* 2.06l 

PHA 0.79l o.8o* o.8o* 

LPS 0.47* 0.47* 0.37* 

Tufts in 1.46* 1. 74l 1.83* 

PHA 1.27" 0.82* 0.59* 

LPS o.8o* 0.56* 0.75* 

a Mean cpm in cultures of 5 x 105 agent-treated spleen cells 
Mean cpm in cultures of 5 x 105 normal spleen cells 

bl Significantly different from control responses. 

agent 
10 

1.92 
0.70* 
0.86* 

1.39* 
0.49* 
0.77* 

Table 3. Effect of agent-treated spleen cells on the mitogen responsiveness 
of normal spleen cells 

Agent Mitogen 
Relative response of normal spleen cells 
cocultivated with agent-treated spleen cells 

Day of administration of the agent 
3 7 10 

Azimexon 1.ooa 1.16 
PHA 1.02 1.04 
LPS 1.15 1.07 

Tuftsi n 0.87 0.86 

PHA 1.25 1.04 
LPS 1.09 1.07 

a Mean cpm in cultures of 5x105 normal spleen cells 
with 2.5x105 agent-treated spleen cells 

0.92 
0.94 
0.87 

1.17 
0.90 
0.82 

admixed 

Mean cpm in cultures of 7.5x105 normal spleen cells 

bl Significantly different from control responses. 

1. 56*b 

1.02 
0.97 

1.25* 

0.96 
0.80 
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Table 4. Effect of azimexon and tuftsin on macrophage cytostatic activity on 
L1210 leukemic cells 

Agent Day of administration of the agent 
3 7 10 

Azimexon 

Tufts in 0% 

a Cytostatic index = 100 -

50% 

95% 

65% 

94% 

3H-TdR incorporation by tumor cells exposed to agent-treated macrophages x 100 3H-TdR incorporation by tumor cells exposed to normal macrophages 

Table 5. Effect of azimexon and tuftsin on the antibody-dependent cellular 
cytotoxicity against antibody-coated chick erythrocytes 

a 
(x 104) Agent Day of administration Lu50 value Number of LU/spleen 

Azimexon 1 23 220 

3 30.5 240 
14 32 210 

Controls 12.5 460 

Tufts in 1 21 417 

3 32 325 

7 26 411 
14 34 314 

Controls 41 195 

a Number of spleen cells required to lyse 50% of 104 target cells 
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- Restoration of impaired immune functions of aged animals by chronic 
levamisole and bestatin treatment. 

Alteration of the immune system in the ageint process is thought 
to be responsible either directly or indirectly for some diseases of 
ageing such as increase of autoimmune manifestations, incidence of infections 
and neoplasias. This alteration affects mainly the T-cell compartment and 
that it could be related to thymus involution which occurs early in life. 
B-cell responses were affected to a lesser degree whereas macrophage 
functions remained unchanged. Delay, reversal or prevention of the decline 
in normal immune functions may retard the onset or lessen the severity of 
the diseases of ageing. 

The following experiments deal with an assay for restoring the immune 
capacity of aged immunodepressed mice by a chronic treatment with bestatin 
and levamisole. Aged mice were found to have depressed T-cell and B-cell 
responses but increased ADCC activity. Weekly injections of bestatin over a 
period of 6 months in (C57BL/6 x BALB/c)Fl mice resulted in varying effects 
depending on the dose administered. Small doses (10 ~g per injection) were 
more effective in restoring humoral responses to SRBC rather than delayed-
type hypersensitivity reactions, whereas large doses (100 pg per injection) 
acted in the opposite way. Macrophage activation was only obtained after the 
administration of the high doses of bestatin. Continuous treatment with 
bestatin did not prevent the appearance of suppressor cells induced by ageing. 
It led to a significant reduction of ADCC activity in aged animals near to 
the base line value of young animals. Animals were examined for the presence 
of spontaneous tumors from the end of the treatment until the age of 28 months. 
A significant reduction of spontaneous tumor incidence was observed in mice 
given repeated injections of 100 pg bestatin when compared to untreated aged 
mice and to mice given the low doses of bestatin (Fig. lB). 

Continuous treatment of (C57BL/10 x DBA/2)Fl mice with levamisole 
restored T-cell dependent functions (delayed-type hypersensitivity reaction 
and antibody response toT-dependent antigens) and led to macrophage 
activation. This treatment significantly reduced ADCC activity near the 
baseline value of young mice. In addition, levamisole prevented the appearance 
of suppressor cells induced by aging. As did bestatin treatment, levamisole 
increased the life span of the animals and reduced the spontaneous occurrence 
of tumors (Fig. lA). 
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Table 1. Effect of bestatin administration to aged mice on macrophage 
activation. In vitro cytostatic activity of peritoneal 
macrophages for lymphoid leukemic cells. 

Mean cpm 2:. SE 

Inhibition of tumor 
cell proliferation (%) 

Significance 

untreated mice 

19,687 2:. 4,898 

Dose of bestatin per injection* 

10 ~g 

18,937 2:. 4,048 

4 

p :;>0.05 

100 pg 

3,416 2:. 1 ,396 

83 

p < 0.001 

*Mice were given 10 or 100 ~g of bestatin weekly from the age of 16 months, 
over a period of 6 months. 

100 X 

cpm in cultures of 
untreated macrophages 

cpm in cultures of bestatin
treated macrophages 

cpm in cultures of untreated macrophages. 

Table 2. Effect of bestatin administration to aged mice on the plaque 
forming cell (PFC) response to sheep red blood cells 

Mean number of PFC/ 
spleen 2:_ SEa 

Significance 

Dose of bestatin per injection* 
untreated mice 10 rg 100 ~g 

26,800 2:.17,200 64,200 2:.22,600 36,000 2:.28,600 

0.02( P(0.01 p > 0.05 

*Mice were given 10 or 100 ~g of bestatin weekly from the age of 16 months 
over a period of six months. 

a Ten animals per group. 
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Table 3. Effect of bestatin administration to aged mice on delayed-type 
hypersensitivity to oxazolone 

Untreated 
2-month-old 
mice 

Untreated Dose of bestatin per injectio1 
22-month-old 
mice • 10 pg 100 pg 

Mean ear thickness 
increment+ SEa 7.67 + 1.76 3.71 + 0.95 1.75 + 0.38 9.38 + 1.84 
(1/100e nrnT 

Si gni fi cance p < 0.01 P> 0.05 0.05( P<0.02 

*Mice were given 10 or 100 ~g of bestatin weekly from the age of 16 months 
over a period of six months. 

a Five animals per group. 

Table 4. Effect of bestatin administration to aged mice on antibody-dependent 
cellular cytotoxicity against 51cr-labelled CRBC 

Percentage s~ecific lysis LU60 
a Number of LUE 

Mice Treatment (+ SE) for d1fferent . per culture per spleen effector:target cell rat1o _4 
100:1 50:1 25:1 (x10 ) 

Young mice 66+1.7 66+1. 7 49+1;7 38 184 

Aged mice 86+0.5* 78+2.9* 66+1. 7* 21 561 

Aged mice 10 ~g bestatin 70+2.3* 71+2.3* 58+1. 7* 29 324 

Aged mice 100 ~g bestatin 65+1. 7 57+1.1 55+ 1. 7* 65 218 

* Significantly higher than the values observed in the group of young mice 
(P <. 0.001). 

a Number of spleen cells required to lyse 60% of 104 51cr-labelled CRBC 
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Table 5. Delayed hypersensitivity reaction to oxazolone of 18-month-old mice 
treated with levamisole 

Treatment 

Untreated young mice 
Untreated aged mice 
Levamisole-treated aged mice 

Ear thickness increment {1/100 mm) ~SE 

7.67 + 1.76 
2.13 + 0.24 
6.60 + 1.04 p <. 0.01 

fable 6. Macrophage activation measured by cytostatic activity for tumor cells 
and antibody response to SRBC in 18-month-old mice treated by levamisole 

18-month-old mice 
Untreated Levamisole-treated 

~~~rQe~~g~-~~!iY~!iQ~ 
1ean cpm ~SE 35,339 ~ 7,845 17,430 ~ 4,754 

51% ~ inhibition of tumor cell proliferation 

~~!iQQ9~-r~~eQ~~~ 
1ean number of PFC/spleen to SRBC + SE 18,333 ~ 3,400 47 '108 ~ 12,945 

·able 7. Effect of levamisole administration to aged mice on antibody-dependent 
cellular cytotoxicity 

% specific lysis Effector:target cell ratio 
reatment 

100:1 50:1 25:1 12:1 

lntreated young mice 58 + 4 55 + 1 45 + 5 20 + 2 

mtreated aged mice 70:1 72 + 2 60 + 4 45 + 3 

.evami sole-treated 59 + 2 53 + 4 47 + 4 43 + 4 .ged mice 
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- Phase I study of azimexon in immunodepressed cancer patients. 

Sixteen patients bearing various solid tumors and seven breast cancer 
patients received azimexon. Azimexon administration was very well tolerated 
and no patient compta•ned of nausea or vomiting. No sign of renal, cardiac, 
hepatic, neurologic toxicities were observed. No modification of the biological 
parameters could be attributed to the administration of Azimexon. 

Among 16 patients bearing solid tumors, fifteen of them were totally 
anergic, one of them was hypoergic, 10 of the anergic patients experienced 
a positivation of their DTH reactions. The hypoergic patient exhibited a 
reactivity well in the normal range after azimexon administration. Thus eleven 
out of 16 patients bearing solid tumors were immunorestored as far as their 
DTH reaction was concerned. 

Among the seven immunodepressed breast cancer patients in the 
imperceptible phase, six were anergic and one was hypoergic. After azimexon 
administration 5 out of the 6 anergic patients displayed positive DTH 
reactions and the reaction of the hypoergic patient returned to the normal 
range. 

Mitogen responsiveness was studied in 12 of the patients bearing 
advanced solid tumors. The results obtained in the 5 patients who remained 
anergic and in the 7 patients who were restored after azimexon administration 
indicate that, before azimexon treatment, the TPA responsiveness is depressed 
in 8 out of 12 cases while the PHA responsiveness is abnormal in only four 
cases. 

After azimexon administration in the 5 patients remaining anergic, 
the proliferative response to TPA was either abolished, or deeply depressed as 
in the patient who had a normal reactivity to TPA before azimexon adminis
tration. In contrast, all the seven restored patients had normal TPA responses 
after azimexon administration. In four of them the level of reactivity was 
clearly abnormal before azimexon administration. In one case the PHA 
responsiveness was not simultaneously restored. 

The spontaneous cell mediated cytotoxicity studied in 8 patients 
(6 patients bearing solid tumors, 2 breast cancer patients in two cases 
continued to decline : these two patients did not exhibit a restoration of 
their DTH reaction. In the six remaining cases the NK activity rose after 
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azimexon administration. The NK activity of patients 5 and 6, which was normal 
at the start, reached a high level after azimexon application, comparable to 
the stimulation that we observed in interferon-treated patients. 

The results show that azimexon at the dose employed, is non toxic and 
has powerful immunorestorating properties. The delayed type hypersensitivity 
reactions were restored in 11 out of 16 patients bearing solid tumors and in 

_ 6 out of 7 breast cancer patients in the imperceptible phase. Although DTH 
reactions are probably not directly involved in the defense mechanisms against 
tumor cells, anergy in cancer patients is a factor of bad prognosis. The 
results of chemotherapy can be influenced by the DTH status of the patients. 
Thus this action on the DTH value might be of therapeutic importance. 

Azimexon is now studied in immunochemotherapy randomized trials. 
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Contractor: Istituto di Ricerche Farmacologiche ''Mario Negri", Milan, 
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Contract No.: CEE 221-761 BIOI 

Research Groups Head: pro£. Silvio Garattini 

Theme of contract: CONSEQUENCES OF RADIATION EXPOSURE: PREVENTION AND 
TREATMENT OF PATHOLOGICAL EFFECTS 

Project No.l: Characterization of the immunological effect of cytotoxics 

Project leader: F. Spreafico, M.D.; A. Tagliabue, M.L. Moras, G. Conti 

Impairment of the activity of the immune system is a major consequence of 

exposure to radiation and radiomimetic compounds. Accordingly, a main line 

of investigation in these years has been directed to obtain a more in depth 

characterization of the effects of radiomimetic cytotoxics on the various 

subpopulations of the immune system. In addition to the aim of obtaining a 

better understanding of the physiology of the immune apparatus, a further 

rationale for these studies was the obtainement of a better insight into 

the mode of action of radiomimeti~which could also be of interest in 

towards a better therapeuuic use of such compounds. It is well known in 

fact that immunodepressive agents can be of therapeutic interest in condi

tions involving bone marrow transplantation. 

On this general background, one line of investigation was directed to 

examine the effect of a number of cytotoxic agents, chosen as representa

tive of the major classes o£ immunodepressants, on Natural Killer (NK) 

cells. Results obtained indicate that a significant heterogeneity exists 

among cytotoxic drugs in their activity on this type of immune defence 

mechanism. For instance, whereas the anthracycline Daunomycin in vivo was 

significantly inhibitory of NK activity in the mouse, its close structural 

analog Adriamycin was not inhibitory. Inhibition was still greater with 

Azathioprine and Cyclophosphamide, whereas the administration of DTIC was 

not associated with reductions in NK activity even at doses possessing 

potent and long-lasting depressive activity on the function of other immuno

cytes. A similar degree of heterogeneity among cytotoxic agents has also 

been documented by this group for another cell type involved in the 

resistance of the organism to different attacks, i.e. macrophages. 
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Adriamycin and Cyclophosphamide for instance were relatively sparing of 

these cells, as assessed in terms of their cytotoxicity towards cultured 

cells, whereas Daunomycin and DTIC were markedly inhibitory. Another cell 

type on which various cytotoxic immunodepressive agents were investigated 

with regard to their possible modulatory activity, has been T suppressor 

cells involved in the regulation of antibody formation (Ts-abs), demonstrat

ing again marked variations among compounds, as for instance examplified . 
by the insensitivity of these cells and their precursors to Daunomycin, in 

contrast to the potent activity of Adriamycin. Cyclophosphamide was clearly 

inhibitory, whereas clearly less active was Azathioprine. More recently, 

it has been demonstrated that specific T suppressor involved in the regula

tion of cell-mediated reactivity (Ts-dth) are not only also variably sensi

tive to inhibition to cytotoxics, but are in turn differently sensitive to 

certain (but not all) compounds in comparison to Ts-abs,even if evoked 

by the same antigen. 

From these data it appears therefore that cytotoxic agents,even when struc

turally closely related and believed to have the same biochemical mode of 

action, are substantially heterogeneous in their interaction with different 

populations and subsets of immunocytes, a type of information which has 

potential significance in the development of less empirical uses of these 

agents, as well in understanding their biological activities. 

In studies complementary to those described, the capacity of a novel immuno

depressant with great therapeutic potential, Cyclosporin A, to influence 

cells involved in natural resistance mechanisms, was investigated using 

both rodent and human cells,showing that this compound is relatively 

sparing of these effector mechanisms. In the search for novel less toxic 

immunodepressants, two preparations of Batroxobin, snake vencms with defi

brinating activity were studied. These agents showed remarkable immunodepressiv 

activity in vitro and in vivo on humoral as well as cell-mediated reactivi

ties through a non cytotoxic but still undefined mechanism. As a follow-

up of experimental studies on the resistance of macrophage functions to 

given cytotoxic agents, investigations were also conducted in humans 

therapeutically given the same compounds and obtaining evidence confirming 

results in rodents while also demonstrating the capacity of human cancer

associated macrophages to stimulate the growth of culture neoplastic cells. 

Lastly, the presence of NK activity in intestinal mucosa has been desctibed 

and the association of this activity with a distinct type of lymphoid cell 

characterized, as a first step in an analysis of the local immune defence 

systems at sites known for their sensitivity to radiation or radiomimetic 

damage. 
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animals. Chemiother.Oncol., in press, 1981. 
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Project No. 2: Search and Characterization of Immunomodulatory Agents 

Project Leader and coworkers: F. Spreafico, M.D.; A. Vecchi, M. Sironi, 
S. Filippeschi · 

A second main line of studies pursued under this contract regarded the 

search of and characterization of the mode of action of novel immunostimu

latory agents. The rationale at the basis of these studies lies, briefly, 

in the potential of this type of pharmacological agents for the treatment 

of the immune damage consequent to exposure to excessive radiation. It 

is also well known that currently available agents with such an activity 

are limited in number and not entirely satisfactory for therapeutic use 

for a number of reasons, including toxicity, difficulty in standardization, 

complexity of structure, etc. 

On this background, a first type of studies was targeted at the obtainement 

of a better understanding of their mode of action, as a guide to their 

safer and more effective employ both expeirmentally and clinically. In 

examining the effect of these agents on T suppressor cells, it was found 

that whereas some compounds (e.g. BCG, C.parvum, Pyran copolymer) could 

induce a carked and longlasting depletion of these cells from central 

compartments (e.g. thymus) reflecting a ~ovement into more peripheral sites, 

other compounds (e.g. Levamisole) were i~effective in this regard. Sub

sequently, K cells (i.e. elements mediating antibody-dependent cellular 

cytotoxicity, ADCC), were identified as a possible important target 

population for the activity of at least some of these agents. However, it 

was also revealed that a substantial heterogeneity exists among these 

compounds in this type of activity in both qualitative and quantitative 

terms. The variability in the mode of action of biological response 

modifiers can have consequences in their choice for therapeutic use, as for 

instance revealed studying the immunological effects resulting from the 

use of combinations of such agents. It was in fact observed that in terms 

of therapeutic activity, evaluated as neoplastic growth inhibition, only 

combinations of agents having modes of action complementary at the cellular 

level can be synergistic, whereas non complementary combinations are non 

synergistic and can produce even paradoxical effects. In a furth~r paper 

produced under support of this contract, a review is presented of the 

problems encountered in characterizing the mechanisms of their activity, 

in searching for new such drugs, in interspecies extrapolation of results and 

monitoring the effects of immunomodulatory agents. 
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Concomitantly with these basic studies, efforts were pursued in characte

rizing novel compounds possessing immunostimulatory capacity. A first 

chemical examined in experimental conditions as to its cell targets and 

therapeutic potential, was Isoprenosine. It was revealed that this synthe

tic agent, which possesses a clinically demonstrable activity in a variety 

of infectious disorders, is a clear immunostimulator, influecing directly 

T cells function in a manner comparable, under a series of respects, to 

thymic hormones. Another synthetic for which an immunostimulatory activity 

was revealed was 3-(p-chlorophenyl)-2,3-dihydro-3-hydroxythiazolo (3,2a)

benzimidazole. For this compound it was characterized the ability to in

crease antibody production to T-dependent (but not T-independent) antigens, 

to increase T-dependent cell-mediated reactivities in vitro and in vivo, 

whereas no effects were observed in directly influencing macrophage numbers 

or function nor on K cells. More recently, two other compounds of biolo

gical origin j_a high l1.W. glucan (Pustulan) and the spores of strain ATCC 

1999 B subtili~7 were also revealed to be potent immunostimulators, their 

administration to animals producing very significant increases in immune 

reactivities, both humoral and cell-mediated, in both normal and hypo

responsive hosts challenged with a variety of stimuli, macrophages being 

a major cell target for their immunopharmacological activity. It is of 

note that for all compounds mentioned, the therapeutic index appears to 

be very high and that for at least one compound, therapeutic effect was 

observable also via the oral route. 
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Vertragspartner der Kommission : 

Land Baden wurttemberg, vertreten durch die Universitat Ulm fur die 
Abteilung Klinische Physiologie und Arbeitsmedizin 
(Leiter : Prof. Dr. med. T.M. Fliedner) 

Vertragsnummer : 

222-76-1 BIO-D 

Leiter der Forschungsgruppen 

Prof. Dr. T.M. Fliedner, Leiter der Abteilung fur Klinische 
Physiologie und Arbeitsmedizin der Universitat Ulm 

Allgemeines Thema des Vertrages : 

Consequences of Radiation Exposure 
of Pathological Effects 

Evaluation and Treatment 

Allgemeine Darstellung der durchgefUhrten Arbeiten : 

The goal of the 5-year-Contract between the Commission and the Research 

Group at the University of Ulm, directed by Professor Dr. T.M. Fliedner 

was twofold. In a first project area, it appeared of interest to improve 

existing and develop new concepts and methods for the evaluation of the 

consequences of radiation exposure. In particular, the goal was to ex~nine 

in what way the changes of hemopoietic stem cells in the peripheral blood 

after radiation exposure might be used as a biological indicator for the 

extend of hemopoietic radiation damage after whole and partial body exposure 

delivered at various doses and dose rates from external and internal sources. 

In addition it was felt, that quantitative and/or qualitativ blood stem cell 

changes after radiation exposure might be useful in predicting the rest 

function of hemopoiesis as well as late effects, such as development of 

neoplastic and non-neoplastic lesions. In a second project area, the study 

of hemopoietic restauration after whole body irradiation as a function of 

the type of stem cells used appeared to be of interest as well as the con

ditions for obtaining an allogauric engraftment in the allogeneic situation. 

There was evidence, that stem cells might be obtained not only from bone 

marrow but also from the peripheral blood (by means of continuous cell 

centrifugation) and from fetal liver tissue. Thus, it appeared of inter-

est to examine the possibilities and limitations of using blood stem cells 

for treatment of radiation induced bone marrow failure, to study the con-



- 782 -

ditions of stem cell cryopreservation (establishment of stem cell banks) 

and to evaluate possibilities and limitations in dogs and man to separate 

from mononuclear cell suspensions those hemopoietic stem cells endowed 

with pluripotent potentialities. The latter approach was thought to con

tribute to the problem of avoidance of graft-versus-host-reaction. It was 

also the objective to see in animal experimental and clinical studies, 

how far one can remove the bacterial flora from the intestinal tract and 

whether this type of bacterial decontamination might lead to a decrease 

in the severity of gvhdand particularly why. 

The contract work was successfully executed between 1976 and 1980. Many new 

findings were obtained and published in the scientific literature. The de

tailed discussion of the results obtained in the 4 projects will show, that 

the initially set goals were approached successfully although - as usual 

in basic research - new problems and questions arise as a consequence of 

the work and will require continued scientific efforts. 
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Ergebnisse des Projektes/Results of Project No. 1 

Leiter des Projektes und wissenschaftliche Mitarbeiter (1976-1980: 

Prof. Dr. T.M. Fliedner associated by ors. w. Calve, F. Carbonell, H. Ger
hartz, G. Grilli, M. Haen, E.B. Harriss, M. Korbling, H. Kreutzmann, 
w. Nothdurft, H.-J. Seidel, K.H. Steinbach, P. Szemere et al. 

Titel des Projektes/Title of Project: 

Evaluation of pathophysiological consequences of radiation exposure by 
means of cell system changes, especially of the blood stem cell pool. 

Darstellung der Ergebnisse/Presentation of results: 

There is a need in radiation protection research to improve existing and 

develop new approaches that would allow one to predict the biological con

sequences of radiation exposure in the dose range below lOO rad of whole 

body exposure. The demonstration of hemopoietic stem cell migration streams 

through the blood connecting the various sites of bone marrow cell product

ion lead to the question, whether blood stem cell changes may be use'ful 

as "biological indicators" or radiation exposure of the hemopoietic tissue 

and whether they may be of predictive value for the development of nee

plastic and non-neoplastic consequences. 

It is for these reasons that this project addressed itself to two questions: 

1. What are the quantitative and qualitative characteristics of the hemo

poietic stem cells present in mammalian blood and in relation to the extra

vascular stem cell pools. 2. What are quantitative and qualitative changes 

of the blood stem cell pool after single or repeated radiation exposures 

from external and internal radiation sources? 

ad 1: It was the first objective to establish the normal content of hemo

poietic stem- and/or progenitor cells in the blood of mice and dogs as well 

as in men. The "agar colony technic" was established and improved to mea

sure the blood content of granulocytic progenitor cells as "CFU-C". In 

our hands, the blood of normal mice contains some 20 to 30 CFU-C and about 

21 CFU-S per ml blood. In dogs, we find between 30 and 200 CFU-C per ml 

blood. In human beings, the normal values are between 30 and 200 per ml 

blood. In dogs and in man the blood samples were collected at regular in

tervals for 14 and 6 weeks, respectively. It was found that each dog and 

each person has its and his own characteristic blood CFU-C level which 

is maintained within individual limits. In dogs as well as in man, there 

was some evidence for systematic blood CFU-C oscillations. This was inter-
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preted to mean, that the blood CFU-C concentration is a parameter regulated 

by certain feed back mechanisms. More recently, the technics for demon

strating in blood erythropoietic progenitor cells as "burst forming units 

of erythropoiesis" (BFU-E) were established. The BFU-E content of mouse 

blood is about 30 per ml blood. In man, the BFU-E concentration was found 

to vary between lOO and 800 per ml, thus being 3 - 5 times as high as the 

CFU-C. 

A number of studies were performed to obtain information on some physical 

properties of progenitor cells in the blood and their migration and regul

ation pattern. In dogs, tLe blood CFU-C population is a small cell·size 

subpopulation of those CFU-C forming the bone marrow population. This be

came evident when it was found that the bone marrow CFU-C sediment at a 

rate of 3.5 to 8 mm/hr while those of the blood sediment at a rate of 

3 to 6 mm/hr. The 3H-thymidine suicidal fraction of bone marrow CFU-C is 

in the·range of 20- 36 %, while that of the blood CFU-C is between 16 -

30 %. Dextran sulfate at a dose of 15 mg/kg body weight results in a dra

matic increase in the blood CFU-C concentration in the blood by a factor 

of 10 within 3 hours, showing a "mobile" bone marrow CFU-C population 

ready for release into the blood. Mononuclear cell oriented leukocyta

phereses (CFC) were performed in dogs for between 4 and 24 hours and 

showed that one can remove from the blood 60 - 80 times as many CFU-C as 

are present in the total blood volume without exhausting the bone marrow 

CFU-C pool. After CFC termination, there was a most remarkable CFU-C 

overshoot w1thin 3 - 10 days before the blood CFU-C concentration re

turned to normal levels within 15 - 20 days. - In human beings, studies 

were performed to characterize some properties of blood CFU-C. When mono

nuclear cells, separated from normal human peripheral blood by the Iso

paque-Ficoll method, were cultured in diffusion chambers (DC) and tested 

for the presence of CFU-C by re-culture of harvested DC cells in the agar 

colony method, a total increase of up to 25-fold was observed in 8 out of 

10 persons. There was an immediate increase in CFU-C after chamber im

plantation into pre-irradiated host mice, independent of the initial number 

of CFU-C present in the implanted cell suspension, and the growth patterns 

were reproducible for individual persons. Furthermore, differentiation of 

cells 1n the DC culture system occurred not only into the granulopoietic/ 

macrophage series but also into lymphatic cell lines and, even if rarely, 

into megakaryocytes and erythropoietic cells. Thus the 
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DC culture technique appears well-suited to test the ability of blood 

stem cells to reproduce and to differentiate into the recognizable hemo

poietic cell lines. 

It was of interest.tp observe, that- as in the dog- the blood CFU-C 

population of human peripheral blood is in a dynamic equilibrium with 

extravascular CFU-C populations, such as in the marrow. A 4-hour leuka

pheresis in man results in the c9llection of some 8.7 ± 4.3 x 10
5 

CFU-C. 

However, the concentration of blood CFU-C does not diminish significantly. 

This was taken to mean that the CFU-C removed are rapidly restored by 

CFU-C migration into the circulation. In man, there is also a reactive 

overshoot in the number of blood CFU-C. This has practical consequences 

since a leukapheresis performed 2 or 3 days after the first one will yield 

a higher number of CFU-C. 

From all these findings it was concluded that the blood CFU-C represent 

a "physiological" subpopulation of blood mononuclear leukocytes and that 

their concentration at a certain point of time is the result of a dynamic 

equilibrium between CFU-C immigration from all active bone marrow sites 

and emigration or transformation. 

ad 2: On this basis, a number of studies were performed in mice, dogs and 

men to examine the radiation response pattern of hemopoietic progenitor 

cells in the blood to single, repeated or low dose rate exposures. 

The most extensive studies were performed in dogs and resulted in a D
0 

value of 25 : lrad for blood CFU-C (when the blood was irradiated in-vitro) 

in comparison to a D0 value for bone marrow CFU-C of 61 ± 2rad. This indi

cates that the blood CFU-C population may well be the most sensitive cell 

population of the mammalian organism. After whole body exposure with 

20 rad, 40 rad and 80 rad, there is a dose related decrease of blood CFU-C 

within 24 hours and a subsequent slow but steady recovery. 

To determine the radiosensitivity of hemopoietic progenitor cells in mouse 

bone marrow, a suspension of femoral bone marrow cells from CBA mice was 

devided into equal portions which were then irradiated in vitro with doses 

of 250 kV X-rays varying from 0 to 600 rad. The number of surviving granu-
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lopoietic cells (CFU-C) in each portion was measured by the agar colony 

technique. From the resulting cell survival curve a 0
0 

value of lOO rad 

for mouse bone marrow CFU-C was established. 

The response of mouse blood stem cells to internal irradiation from in

gested tritiated water (HTO) was determined. Young adult c
3

H mice were 

maintained on HTO in drinking water over a period of 6 months and at 

monthly intervals measurements were made of the mature hemopoietic cells 

in the blood, the concentration of pluripotent stem cells (CFU-S) and of 

granulopoietic progenitor cells (CFU-C) in the peripheral blood and in the 

bone marrow. At a dose level of 6 ~Ci/ml, giving a whole body dose of about 

1 rad/day, pluripotent and committed hemopoietic stem cells in peripheral 

blood and bone marrow were reduced to about half the normal levels. No signi

ficant effect on the mature cell counts in the blood was observed demon-

strating the greater sensitivity of blood stem cell concentration as a 

biological indicator of radiation. At the dose level of 1 ~Ci/ml HTO in 

drinking water, no definite effect on hemopoietic stem cells in blood and 

bone marrow or on the mature cell counts in the blood could be demonstrated 

within the 6-month period of observation. 

Thus, the blood stem- and progenitor cell changes in mice and dogs allow 

one to conclude, that they relate quite well to the radiation dose ad

ministered and are sensitive at doses and dose rates that would not be 

expected to cause changes of other blood cell populations. 

Therefore, pilot studies were performed in human beings receiving radiation 

exposure for diagnostic or for therapeutic reasons. One group received 

Cobalt-60 partial body exposure (treatment of cancer), another group 

Technetium-99 m and a third group Jodine-131. Technetium administered for 

scintigraphic examination of the skeleton did not result in a decrease of 

blood CFU-C within a number of days, the estimated dose to the bone marrow 

being in the range of some 0.4 to 0.5 rad. In contrast, the administration 

of Jodine-131 at dosesof between 6 mCi and 74 mci (resulting in an estimat

ed bone marrow dose of 17 to 42 rad) resulted in a blood CFU-C decrease 

within 30 days to levels of 1/3 to 1/2 of normal. After external therapeu

tic partial body exposure, there was a marked blood CFU-C reduction within 

one week after the first exposure. 
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Thus, there is good evidence, that the blood progenitor cell populations 

may well serve as a useful indicator of whole and partial body radiation 

exposure. However, much further work needs to be done in order to estab

lish the pathophysiology of the changes seen and their value in predicting 

early and late radiation consequences. 
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Ergebnisse des Projektes I Results of Project No. 2 

Leiter des Projektes und wissenschaftliche Mitarbeiter (1976 - 1980) : 

Prof. Dr. T.M. Fliedner associated by Drs. Calvo, F. Carbonell, H. Ger
hartz, S.F. Goldmann, G. Grilli, H.D. Flad, M. Haen, W. Nothdurft, H.P. 
Schnappauf, E.B. Harriss, M. Korbling, W.M. Ross, I. steinbach, D. Vassi
leva 

Titel des Projektes I Title of Project : 

Preclinical studies on the use of blood stem cells in the treatment of 
radiation - induced bone marrow failure 

Darstellung der Ergebnisse I Presentation of results : 

During 1976 - 1980 the major elements for the concept of a "blood stem 

cell bank" for the treatment of a radiation-induced bone marrow aplasia 

were established in a preclinical canine model. The major questions to 

be asked were the following : How can one improve the yield of the col

lection of hemopoietic progenitor cells from the blood by means of leuka

pheresis? How can one improve the efficiency of the cryopreservation of 

blood derived progenitor cells for instance by freezing large fluid 

volumes? What are the relationships between the number of progenitor cells 

transfused and the pattern of hemopoietic short and long term recovery in 

the autologous situation? Can one avoid a graft-versus-host-reaction (gvhd) 

in the allogeneic situation by means of transfusion of purified progenitor 

cell suspensions? What are the radiation-induced or stem cell transfusion

associated late effects to be observed in the marrow and in other tissues? 

For all questions, interesting and promising answers could be obtained 

which will serve as the basis for continuing studies. 

The first question, related to methods to improve the yield of hemopoietic 

progenitor cells to be collected from the peripheral blood of dogs was 

answered in several ways. The injection of 15 mg/kg body weight of dextran 

sulfate (DS) resulted in a remarkable increase in blood CFU-C concentration 

within 3 hours by a factor of about 10. The number of CFU-C that can be 

collected by means of a 4-hour-leukapheresis (CFC) after dextran-sulfate 

administration can be increased by a factor of 60 as compared to leuka

phereses without DS administration. Another approach is, to perform se

quential leukaphereses, such as every 2 or 3 days. It was found that there 

is after the first 4 leukaphereses always an increase in the blood CFU-C 

concentration as compared to the previous CFC. Thus, when leukaphereses are 
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being performed sequentially, the CFU-C yield can be increased. In one 

series of studies, the yield of a fourth leukapheresis was about 4 times 

as. high as of the first collection. A third approach was used which is to 

prolong the CFC up to 24 hours. It was found, that the number of CFU-C that 

can be collected is increased, as the time of CFC is prolonged. However, 

due to a reduction in the number of circulating platelets that are removed 

in the CFC process, the prolongation of CFC has other limiting factors. 

The second question was related to the development of cryopreservation pro

cedures for large fluid volumes containing hemopoietic progenitor cells. 

It was found that the viability of mononuclear cells including CFU-C was 

about 80 % or better when compared to fresh cells regardless whether 

freezing and thawing was performed in ampoules or in plastic bags. It 

was necessary to use DMSO as a cryoprotective agent in a final concentration 

of about 10 % in the cell suspension to be frozen and to control the rate 

of freezing, especially during the transition phase. Furthermore, when 

plastic bags are being used, the thickness of the bag has to be constant 

which is attained by placing it between 2 copper plates. Using plastic 

bags as a containment, large volumes of cell suspensions amounting up to 

350 ml could be cryopreserved and stored for 7 to 27 months before their 

transfUsion into lethally irradiated dogs. The recovery of mononuclear 

leukocytes after 27 months of storage was 86.5 %,that of CFU-C about 90% 

per leukapheresis. 

The third question was related to the problem of the possible relationship 

between the number of transfused autologous mononuclear blood leukocytes 

among them hemopoietic progenitor cells measured as CFU-C and the short 

and long term hemopoietic regeneration of a 1200 R whole body x-irradiated 

recipient dog. The blood cells were obtained by repeated continuous flow 

centrifugations after dextran-sulfate mobilization. All cells were cryo

preserved before transfusion. If the tenth day is used as an endpoint to 

measure the short term cell dose - marrow regeneration relationship it 

was established that there is a clearcut cell dose dependancy of the de

gree of,bone marrow regeneration and blood cell recovery. The more cells 

and in particular the more CFU-C are given, the more rapid is the bone 

marrow regeneration. At doses of 1.5 - 2.0 x 105 CFU-C per kg body weight, 

the marrow cellularity of the 1200 R irradiated recipient is back to normal. 

I~wer cell doses such as 2 - 4 x 104 CFU-C per kg body weight also result 
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in hemopoietic regeneration but the time required for regeneration is pro

longed. The follow-up of autologous transfused irradiated dogs indicated 

that the final return of blood cell values to normal will take up to 100 

days. The dogs were then followed up to about 1000 days and it was found 

that L~e hemopoietic restauration was a permanent one. This was also true 

for the lymphatic system and the reactivity of the lymphocytes to PHA 

stimulation. Thus, it was concluded, that it is not only possible but 

feasible to collect hemopoietic progenitor cells from the peripheral blood, 

cryopreserve them and to restore with them the entire hemopoietic system 

of a lethally irradiated recipient in the autologous situation. It is ob

vious that this has interesting implications for human radiation protection 

research. Because, if the preclinical observations could be shown to be 

true also for man, then one could establish a "stem cell collection" for 

each person that might be subject to the risk of becoming overexposed to 

radiation or other cytotoxic agents. 

The fourth question was related to the problem of the allogeneic use of 

hemopoietic stem- and progenitor cells from the blood for hematopoietic 

reconstitution of a whole body irradiated recipient. The special problem 

is of course the question as to the possibilities to avoid graft-versus

host-disease (gvhd). We used the approach as suggested first by van Bekkum 

and Dicke which is directed to "purify" out of the heterogeneous population 

of "mononuclear" cells that subpopulation endowed with a pluripotent hemo

poietic potentiality. We used the discontinuous albumin gradient and found 

that "fraction 2" of this gradient may contain as many as one CFU-C per 

20 mononuclear cells (MNC) as compared to about one CFU-C in 10 000 to 

15 000 MNC in a normal blood cell suspension. This can only be attained by 

placing a CFU-C enriched cell population on the gradient which can be ob

tained -incbgs- by collecting high CFU-C numbers from the blood by OS-mobi

lisation and repeated leukaphereses. If cells of fraction 2 are used for 

hemopoietic reconstitution of a lethally whole body irradiated qog it was 

found, that no lethal gvhd occurred (using DLA matched, MLC-negative donor 

recipient relationship and opposite sex combination for proof of engraft

ment). In these dogs, no immunsuppressive therapy was used after allogeneic 

cell transfusion. In contrast, cell fractions with a sufficient CFU-C con

tent but a high T- or B-cell contamination (fractions 3 and 4) resulted in 

a very severe gvhd so that all animals died within about 40 days. The serum 
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transaminase levels could well be used to monitor the presence and pro

gression of the gvhd. The dogs that survived the allogeneic blood CFU-C 

transfusion all had obtained the "purified" CFU-c population "fraction 2". 

A complete hemopoietic reconstitution was obtained that persisted until 

the end of the experimental observation period (several hundred days). By 

means of sex-chromosome-marker evidence was obtained that a chimerism 

existed. Of passing interest was the observation, that perviously blood 

CFU-C transfused allogeneic recipients treated with unseparated MNC and 

with Methotrexate after whole body irradiation showed all a complete 

chimerism. In contrast in the animals given separated allogeneic cells 

and no methotrexate post-transplantation therapy a split chimerism was 

observed. This is in accordance with the knowledge, that even a whole 

body exposure with 1200 R does not eliminate all lymphatic stem-/progenitor

cells so that some may indeed be able to proliferate. However, this split 

chimerism nevertheless was tolerated by the recipient and no late rejection 

or chronic gvhd was observed. 

Finally, the question of the late consequences of whole body exposure in 

the lethal range and of autologous as well as allogeneic blood mononuclear 

cell transfusion was intensely studied. In all dogs that survived 1200 R 

whole body x-irradiation, typical non-neoplastic late effects lesions were 

observed. Of particular interest was the observation of pancreatic cirrhosis 

as well as fibrotic lesions in lungs, kidneys and bone marrow. Minor 

radiation induced lesions were found in other organs. These lesions were 

more severe in animals treated with cytotoxic substances (post-transplant

ation immunosuppression) given in addition to whole body irradiation than 

in those animals given irradiation only. Although such lesions were observed 

in principle, one might ask the question why they were not regularly ob

served. The incidence of organ fibrosis was less than one might expect. 

Therefore, the question may be asked whether the reestablishment of macro

phage populations after stem cell transfusion might be relevant for this 

observation. Therefore, in future studies, the role of complete or incom

plete hemopoietic recovery or its manipulation for the development of 

radiation induced late effects should be intensely studied. 
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Ergebnisse des Projektes/Results of Project No. 3 

Leiter des Projektes und wissenschaftliche Mitarbeiter (1976-1980): 

Proffs. Drs. T.M. Fliedner and H. Heimpel in association with Drs. 
R. Arnold, F. Carbonell, S.F. Goldmann, M. Haen, H. Gerhartz, M. Korbling, 
B. Kubanek, E. Kurrle, P. Lohrmann, H. Pflieger, W. Schreml 

Titel des Projektes/Title of Project: 

Treatment of hemopoietic failure in man by means of autologous and allo
geneic stem cell transfusion such as seen after radiation exposure. 

oarstellung der Ergebnisse/ Presentation of results: 

In an attempt to investigate whether the concepts developed in the pre

'clinical canine model for a "blood stem cell bank" can be transferred to 

the clinical level for hemopoietic reconstitution of patients with bone 

marrow failure a number of studies were performed during 1976 and 1980 

and yielded the following results. As indicated already in Project No. 1, 

human blood contains a small but significant number of granulocytic as 

well as erythropoietic progenitor cells which is in the order of 200 and 

900 CFU-C and BFU-E per ml,respectively. Using the "diffusion chamber 

method" it was possible to show, that CFU-C retain a certain degree of 

replicative capacity. The fact that mononuclear cells (MNC) from human 

blood when cultured in a diffusion chamber intraperitoneally in mice can 

give rise to all hematopoietic cell lineages is interesting evidence for 

the pluripotency of some of the blood mononuclear cells. The CFU-C can be 

collected from human blood by means of leukocytapheresis (CFC). 35 volun

teers were studied. One leukocytapheresis may allow one to collect close 

to 9 x 105 CFU-c within 4 hours or 12 x 109 MNC. This yield can be in

creased by repeating the CFC every 2 to 3 days. It was found, that the 

third CFC performed resulted in the collection of about twice as many 

CFU-C as from the first CFC. Due to the fact that there was a CFU-C over

shoot in the blood lasting for several days after the last CFC it is 

assumed, that this phenomenon should be utilized in future studies to im

prove even more the CFU-C collection yield. In 3 successive leukapheresis 

in man, one is able to collect an average of 23.0 x 10
5 

CFU-C from the 

blood. If 5 x 10
5 

CFU-C are necessary per kg body weight to obtain a 

hemopoietic restauration (as was found for bone marrow transplantation) 

then one would need approx. 5 leukapheresis (without mobilizing drugs!) 

to collect enough cells for a hemopoietic reconstitution in the autologous 

situation. In the course of the last 5 years, a closed plastic bag system 

was developed and tested for the collection, cryopreservation, thawing and 
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transfusing mononuclear cells collected from human blood. It was found in 

20 separate CFC-runs, that the mean number of CFU-C collected was 

7.5! 4.4 x 10
5

. After cryopreservation in plastic bags, the recovery was 

excellent, showing a 95.7% value. Thus, the principle possibility of a 

"blood stem cell bank" in man appears to be established. How can one im

prove the yield of MNC and of CFU-C collection? When patients with suit

able neoplastic diseases were given high dose cyclophosphamid therapy, 

a marked CFU-C overshoot in the blood was observed with a peak 14 to 16 

days after the cyclophospham1de application. The overshoot was measured 

to be 1n the order of a factor of 10 - 20 as compared to the pretreatment 

value. Such a pattern was observed to occur after each course of admini

stration of cyclophosphamide and adriamycin. Thus, the question arose 

whether this type of overshoot might be used in collecting CFU-C from 

patients with neoplast1c disorders in large numbers in order to return 

them to the patient after cytocidal chemo- and/or radiation exposure. 

So far, this question was studied in a canine model. Mononuclear leukocytes 

1ncluding CFU-C were collected from dogs treated with a single dose of 

cyclophosphamide 10 to 13 days later by means of CFC and cryopreserved. 

Such a single CFC yielded about 50 x 10
5 

CFU-C. Between 2 and 5 months 

later, these MNC incl. CFU-C were thawed and transfused in the autologous 

situation to the dog given 1200 rad whole body irradiation. Between 20,000 

and 100,000 CFU-C per kg body weight were used, a dose that was proven to 

be sufficient when given in-the autologous situation and taken from an un

treated dog under the same radiation exposure conditions. It was found, 

that at either dose of CFU-C transfused, a regeneration of the bone marrow 

could be obtained. However, there was a remarkable delay in the bone marrow 

repopulation in those dogs that rece1ved between 20,000 and 60,000 CFU-C 

collected after pretreatment with cyclophosphamide when compared to CFU-C 

collected from normal dogs. Fromthese findings it appears debatable whether 

the removal of MNC including CFU-C from donors pretreated with cytotoxic 

agents will yield a number of stem cells large enough to be still capable 

of unlimited replicative potential as is necessary for the complete re

stauration of a radiation induced hemopoietic aplasia. 

Of considerable importance were the studies in which patients were given 

total body irradiation, followed by bone marrow transplantation. A leukemic 

patient was given 850 rad of whole body irradiation using a linear accele-
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8 rator followed by a bone marrow transfusion (2.14 x 10 cells per kg body 

weight) derived from his twin brother. The granulocyte count started to 

rise after about 10 - 11 days. At the time of discharge, the blood cell 

counts had returned to normal. This patient was of importance because of 

the chromosomal findings. The chromosome pattern was normal with respect 

to a leukemic cell clone that was present before irradiation and twin 

brother bone marrow transfusion. Thus, there was evidence for a success-

ful engraftment. However, some metaphases of PHA stimulated lymphocytes 

were present showing radiation induced chromosomal abezrations. This in

dicates once again, that 850 rad are not sufficient to eliminate the lympho

cytic system of the recipient. This may well have consequences for radi

ation accidents in which the total exposure dose is not known. Here it may 

well be necessary to "condition" such a patient with an immunosuppressive 

regimen. 

In the human situation, blood derived mononuclear cells containing hemo

poietic stem cells cannot be used for allogeneic reconstitution of hemo

poiesis until more evidence is obtained with respect to the avoidance of 

gvhd. In dogs, the "purification" of MNC suspensions has been shown to be 

successful if the concentration of CFU-C became very high and the T- and 

B-cell contamination very low. Thus, studies were initiated to examine the 

possibility of obtaining - by means of the discontinuous gradient technolo

gy - a MNC-suspension rich in CFU-C and poor with respect to T- and B-cells. 

All experiments utilizing the albumin density gradient remained unsatis

factory. More recently, the use of "Percoll", a colloidal suspension of 

poly-Vinyl-Pyrrolidone (PVP) coated Silica particles, was attempted. It 

was found, that it is possible to obtain MNC fractions containing about 

80 % of the original CFU-C but only 2 % of the original lymphocytes. If 

these results can be reproduced in future experiments, there will then be 

an excellent perspective for obtaining stem cells in man from the peripheral 

blood in a purified form by first collecting MNC by means of CFC, separating 

progenitor cells from immunocompetent cells and by large fluid volume cryo

preservation. Open problems are the mobilization of stem cells into the 

peripheral blood using non-cytotoxic approaches and the in-vitro characteriz

ation of pluripotency of cells in the MNC-suspension obtained from human 

blood. 
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Ergebnisse des Projektes/Results of Project No. 4 

Leiter des Projektes und wissenschaftliche Mitarbeiter (1976-1980): 

Proffs. Drs. T.M. Fliedner and H. Heimpel in association with Ors. R. Ar
nold, w. Calvo, E.B. Harriss, H. Heit, w. Heit, E. Kurrle and H. Pflieger 

Titel des Projektasfiritle of Project: 

Bacterial decontamination of mice and man: survival after whole body 
irradiation and stem cell transfusion in relation to the microbial flora. 

oarstellung der Ergebnisse/Presentation of results: 

The project examines the hypothesis - proposed several years ago - that 

the graft-versus-host-disease (gvhd) seen in several mammalian species in

cluding man after allogeneic bone marrow transplantation is related to the 

presence or absence of a microbial flora. While it was established that 

germfree mice tolerate an allogeneic bone marrow transfusion without dying 

from a gvhd, the exact relationship between the bacterial contamination 

and the actual state of the microbial flora remained nuclear. In this 

report, the results of studies in mice as well as in patients are sum

marized in which the questions were asked whether and why mice having 

been completely or selectively decontaminated survive the consequencesof 

a lethal whole body irradiation and allogeneic bone marrow transplantation 

and whether one can decontaminate patients in such a way that it may in

fluence the gvhd after allogeneic bone marrow transplantation. 

Previous studies have clearly ruled out the prognostic value of the gnoto

biotic state for lethally irradiated mice to survive allogeneic bone marrow 

grafting and gvhd.In contrast to a lOO % death rate for recipients mani

tained in a conventional environment, more than 80 % of the germfree or 

decontaminated recipients recovered from transient gvhd and established 

hemopoietic and lymphopoietic long time chimerism. 

In 1980 studies were continued to determine the role of the bacterial 

flora for the prognosis of delayed gvhd. Previous results could be con

firmed that germfree allografted bone marrow recipients could be associat

ed with an anaerobic or aerobic flora or both as early as 8 days after and 

8 weeks before transplantation. No animal died, even when aerobic micro

organisms from septic human individuals were used in combination with in

tEstinalanaerobes. From the experimental data available no single bacteria 

could be identified as a significant risk for a lethal gvhd in germfree 



- 796 -

allochimeras, thus indicating that a bad prognosis of allogeneic marrow 

recipients may be related to more complex interactions between the graft 

and a host associated with a microflora that is composed of a variety of 

different bacterial individuals. 

Hempoietic recovery in the allogeneic host was confirmed to follow a simi

lar pattern compared to isogeneically grafted bone marrow recipients. The 

-- remoral content of CFU-S and CFU-C as well as the peripheral blood counts 

turned back to control values within 8 - 10 weeks after lethal radiation 

exposure (800 rad TBI) and bone marrow transplantation (10
7 

cells). Further

more chimeric bone marrow (week 10 - 20 after engraftment) showed a normal 

repopulating potential when passaged into a second isogeneic or allogeneic 

host. None of these recipients died by bone marrow failure or gvhd, even 

when 3 x 10
7 

spleen cells were added, thus confirming the concept of 

aquired immunotolerance of the graft to occur in allogeneic bone marrow 

recipients surviving gvhd. 

Acute gvhd could not been overcome by decontaminated or germfree recipients. 
---- 7 7 
All animals grafted with 10 BMC and 3 x 10 spleen cells died within 20 

days. Based on these observation the following hypotheses were examined: 

1. The risk for lethal gvhd correlates with the number of immunocompe

tent cells present in the allogeneic bone marrow graft. 

2. The gvhd iS T-lymphocyte dependent 

3. Gnotobiotic recipients survive an increased number of allogeneic 

immunocompetent cells compared to conventional controls. 

The results of representative experiments can be summarized as follows: 

Conventional and germfree allogeneic recipients with radiation induced 

bone marrow failure died within 3 weeks when 3 x 107 spleen cells and 

1 x 107 bone marrow cells were grafted. A subacute but lethal course of 

gvhd occured in conventional and in germfree allogeneic bone marrow 

chimeras which received in addition 3 x 106 or 106 spleen cells. Practic

ally all germfree allogeneic recipients survived which were given an 

additional spleen cell graft of 10
5 

or 3 x 105 cells per animal. 

Anti-Theta-Globulin (ATG) did abolish lethal gvhd in germfree recipients 
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grafted with BMC (107} and 3 x 106 spleen cells but failed to compensate 

for the lethal effect of 3 x 107 spleen cells. 

From these studies, the state of our knowledge can be summarized as 

follows: No unifying concept can be offered as yet to explain the im

proved prognosis of gnotobiotic in contrast to conventional allogeneic 

bone marrow recipients. The risk of bacterial infection during the phase 

of regenerating hemopoiesis may obviously enhance the mortality risk due 

to gvhd in conventional animals. However, it indicates the need for in

creased numbers of immunocompetent cells to induce lethal gvhd in gnoto

biotic recipients. The improved chance to survive gvhd and establish 

immunotolerance may be ascribed to quantitative or qualitative differences 

in the presentation of H-2 related antigens. 

The inappropriate effect of ATG to suppress lethal gvhd due to 3 x 10
7 

spleen cells furthermore depicts a new problem in allogeneic bone marrow 

grafting indicating that other than post thymus T-lymphocytes may be in

volved in the induction of gvhd. 

To further investigate there actual questions, a new experimental design 

has to be formulated, which will be the subject of another conceptional 

approach. 

The studies in human beings were performed in accordance with the clinical 

protocols of the EORTC-Gnotobiotic Project Group. During the first part of 

the contract period (1976-1980} many studies were performed in human beings 

treated in a plastic isolation bed system to attempt a complete microbial 

decontamination by means of administration of a mixture of antibiotics, 

most of them non-resorbable. Although it was consistently shown that the 

feces became free from bacteria, it was also found that it is difficult 

to achieve a complete removal of the microbial flora of the orophar~nx . 

However, a "gnotobiotic state" was certainly achieved and resulted in a 

reduction of the incidence of bacterial infection in spite of a low blood 

granulocyte concentration. However, in the second part of the contract 

period, a novel approach was used to achieve a sufficient degree of control 

of the microbial flora. A "selective" decontamination of patients is being 

attempted and has the goal to eliminate pathologenic or potentially patho-
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genic bacteria with the simultaneous protection of the generally apatho

genic anaerobic microflora. This selectivity is largely responsible for 

"colonization resistance" and protects from the colonization with new 

bacteria. Patients with acute leukemia were treated with Polymyxin B, 

Nadidixinsaure, Neomycin und Nystatin. The results indicate that gram 

negative bacteria can be readily eliminated. Anaerobic bacteria can be 

demonstrated continuously in the stools. In about half of the patients 

no bacterial infections were observed in spite of the severe granulocyte 

depression. The other patients showed only minor infection of the upper 

respiratory tract. However, there was still an occasional death from septi

cemia. 

In conclusion, attempts to transfer the results of experimental studies 

to clinical applications are being continued. They all indicate the im

portance of the composition of the microbial flora for mortality after 

whole body irradiation (or cytotoxic therapy) and allogeneic bone marrow 

transplantation due to infection (granulocytopenia) and/or graft-versus

host-disease. While it appears likely that it is not essential in mice 

nor in man to achieve a complete· bacterial decontamination for improval 

of survival rates, there is evidence that a selective decontamination 

results in an elimination of certain elements of the aerobic flora and 

allows the anaerobic flora to improve the colonization resistence. It 

remains to be established in what way the microbial flora influences the 

manifestation and severity of graft-versus-host-disease after allogeneic 

bone marrow transplantation. 
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Bone marrow transplantation 

The bone marrow transplantation programme in Rijswijk comprises research in 
rodents which is directed at the fundamental aspects of bone marrow trans
plantation, and preclinical experiments with monkeys and dogs. The preclini
cal studies were the subject of the contract in the 1976-1980 Radiation 
Protection Programme. The major research objective was identification of the 
factors that permit a successful bone marrow transplantation for recipients 
who do not have an available brother or sister that is identical for the 
major histocompatibility complex (MHC) to serve as a marrow donor. During 
the past 4 years, major progress has been made in identifying these factors. 

For a successful allogeneic bone marrow transplantation a double immunological 
barrier has to be overcome: 1) the so-called host-versus-graft (HvG) reaction, 
resulting in rejection of the graft, and 2) the graft-versus-host (GvH) re
action, which is an immunological attack on the host launched by lymphocytes 
which are present in or originate from the graft. The identified major fac
tors that determine acceptance of the graft in the host and the severity of 
the resulting GvH reaction are listed in the following table. 

TABLE I 

Major factors determining 

Acceptance or "take" of 
the graft 

Type and severity of 
graft-versus-host disease (GvHD) 

1. the degree of immunogenetic disparity, especially with 
regard to the products of the major histocompatibility 
complex, or MHC 

2. the composition of the graft: the ratio of haemopoietic 
stem cells to immunocompetent T-lymphocytes 

3. the number of cells transplanted 

4. preparation ("conditioning") 
of the recipient 

5. prior sensitization of the host, 
e.g. by transfusions 

4. sex of the donor 

5. composition of the gastro
intestinal microflora of 
the host 
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It is shown in this report that: 

1) these factors are interdependent; 

2) Apart from histocompatibility, measures taken to mitigate GvHD tended to 
decrease the frequency of takes; vice-versa, measures taken to promote en
graftment appeared to promote the development of GvHD as well. The practical 
implication of this "reciprocal interference" of HvG and GvH reactions is, 
that patients will only benefit from measures taken to prevent GvHD if si
multaneously measures are taken to promote engraftment. 

3) Partially mismatched and probably also completely mismatched donors can 
be used successfully for bone marrow transplantation by the judicious appli
cation of the other factors that beneficially influence the acceptance of 
the graft and the development of GvHD. 

Schematically, the subject matter of this contract can be subdivided into 
three projects. For the purpose of this report we shall therefore discuss 
them separately and in the following order: 

1. donor selection in rhesus monkeys 
2. donor selection in dogs 
3. prevention of infection, and mitigation of GvHD by gastrointestinal de

contamination. 

The rhesus monkey and dog projects are largely complementary. Rhesus monkeys 
are mainly used to study the prevention of GvHD in mismatched donor/recipient 
combinations, and relatively little work has been done with littermate com
binations. The large litters of dogs made this species especially suitable 
for studies in MHC-identical sibling combinations. In this species the mis
matched combinations were mainly used to study conditions that promote 
engraftment. 
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Donor selection in rhesus monkeys 

Dr. G. Wagemaker, Dr. H.M. Vriesendorp, 
Prof.Dr. D.W. van Bekkum, E.P. Walma, P.J. Heidt, 
Prof.Dr. H. Balner. 

· One of the important issues in bone marrow transplantation is the selection 
of suitable donors for those recipients that lack a sibling donor identical 
for the MHC, particularly with regard to the prevention of GvHD. Previous 
work in rodents and limited experience in rhesus monkeys showed that major 
mitigating effects on GvHD are to be expected from immunogenetic compati
bility and selective elimination of immunocompetent cells from the graft. 
The relative importance of each of these measures, however, has never been 
investigated in an outbred species like man. The preclinical experiments 
with rhesus monkeys aimed to close this gap in our knowledge and to provide 
an experimental basis for the development of a donor selection policy in man. 

2. Histocompatibility research 

As already indicated, the cell membrane antigens controlled by the MHC"play 
a most important role in histocompatibility. For that reason MHC defined anti
gens were the primary subject of our research in the past years. Basically, 
there are 3 classes of relevant MHC products. Class I are the serologically 
defined A and B locus antigens, also designated as SD antigens. Class II com
prises the so-called ia antigens; they can be subdivided into those defined 
by the D or major MLC locus and those controlled by the D-Related or DR 
locus. It is still not known whether D and DR locus antigens are identical. 
Finally, class III products are a number of complement factors which are 
probably of lesser importance with regard to histocompatibility. 

By 1976 our knowledge of the A and B locus antigens (class I or SD) was al
ready rather advanced. In the course of the past 4 years a few new SD anti
gens of rhesus monkeys were discovered, the serological identification of 
several established antigens was improved and certain chemical characteris
tics of SD antigens defined. 

In contrast, in 1976 our knowledge of the biologically very important Ia or 
class II antigens was still rudimentary. Hence, maximal attention was paid 
to this subject in the course of this contract period. Chronologically, the 
first series of allelic Ia antigens was described in 1976. Some of the bio
logical characteristics of Ia antigens were also reported in that period. 
Subsequently, several D locus antigens were identified by means of cellular 
techniques (with so-called homozygous typing cells, in mixed lymphocyte cul
tures). Then the close association between Ia and D locus antigens was 

• antigens with an overriding influence on lymphocyte reactivity 
in mixed cultures. 
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established and the major locus of Ia antigens was henceforth designed as 
"DR". The close association made it possible to select D antigen identical 
unrelated individuals (which are nonresponsive in MLC) by matching for the 
serologically defined DR antigens. Finally, investigations were carried out 
to identify tissue antigens controlled by loci other than the A, B and D/DR. 
By 1980, solid evidence was available that there are indeed such antigens. 
However, their relevance to histocompatibility in skin-, organ- and bone 
marrow transplantation, is still uncertain. 

3. Effect of donor selection on take of bone marrow stem cell concentrates 
and resulting GvHD 

Using conventional barrier nursing a relatively large series of monkeys has 
been transplanted. These included identical sibling donors, (half-)sib 
donors which share one MHC haplotype with the recipient, sibling donors 
which share one haplotype and are, in addition, phenotypically identical 
for D and OR loci, unrelated donor recipient pairs matched for products of 
the A and B loci of the MHC, unrelated D/DR-matched combinations and unre
lated mismatched combinations. Table II summarizes results with regard to 
the take frequency in different donor/recipient combinations under various 
experimental conditions. 

TABLE II 

TAKE FREQUENCY IN DIFFERENT DONOR/RECIPIENT COMBINATI<f1!S 
FOR UNFRACTIONATED VERSUS STEM CELL ENRICHED GRAFTS 

AND FOR TWO CONDITIONING REGIMENS 

Donor/recipient combination Number of takes/total 
RhLA Family Unfract. stem cell grafts 

A/B D/DR relationship grafts 
X 7.0 Gl) 8.5 Gy 8.5 Gy 2 

x-rays X-rays X-rays 

siblings 6/6 5/5 

i haploidentical 
siblings 2/2 3/3 

i i haploidentical 
half-siblings 5/8 2/2 

i none 4/4 9/10 

i none 3/3 1/1 

i i none 7/7 5/14 5/5 

1) 
stem-cell-enriched, lymphocyte-depleted fractions, prepared by 
discontinuous albumin density gradient centrifugation 

2lseparated by 3 days 
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The table shows a diminished takeability of purified stem cell concentrates 
as compared to unfractionated bone marrow in unrelated MHC mismatched com
binations. If not corrected, this phenomenon would seriously restrict the 
clinical usefulness of such concentrates. Raising the single TB! (total body 
irradiation) exposure to 9.0 Gy did not decrease the incidence of take fail
ures in mismatched unrelated donor/recipient combinations (1 take out of 3 
transplantations). Restoration of the original bone marrow composition by 
adding irradiated non-stem cell fractions was also ineffective (2/6) • In a 
follow-up study a split TB! (2 x 7.0 Gy, separated by 72 h, see project 2) 
was found to be a highly effective conditioning regimen for mismatched un
related and haploidentical half-sibling donors (Table II) • 

Table III gives the frequencies of mortality due to GvHD and the median sur
vival times in different donor/recipient combinations. 

TABLE III 

MORTALITY DUE TO GvHD AND MEDIAN SURVIVAL TIME IN DIFFERENT 
DONOR/RECIPIENT COMBINATIONS FOR UNFRACTIONATED VERSUS 

STEM-cELL-ENRICHED GRAFTS 

Donor/recipient combination Mortality due to GvHD 
RhLA Family Unfractionated Stem cell grafts 

A/B D/DR relationship bone marrow 
Frequency Median Frequency Median 

surv. surv. 
(days) (days) 

siblings 5/6 22 0/5 )2 years 

# haploidentical 
siblings 4/5 25 

# # haploidentical 
half-siblings 7/7 28 

# none 4/4 15 5/9 50 

# none 4/4 20 

# # none 7/7 12 10/10 24 

It is shown that among these various groups the identical sibling combinations 
were outstanding in that no take failures of the stem cell grafts occurred and 
no lethal GvH reactions were seen. This series of transplantations resulted in 
long-term surviving chimaeras without evidence of immunodeficiency. If, how
ever, unfractionated grafts were given, the majority of these monkeys died 
within 1 month from moderate to severe GvHD. 

The stem cell grafts from haploidentical (half-)sib donors resulted in takes 
in only half of the cases, and the occurrence of delayed GvHD resulted in a 
median survival which did not differ from that of the. control group of unre
lated mismatched donor/recipient combinations. Similar results with respect 
to GvHD were obtained in both related and unrelated donor/recipient combina
tions matched for D-locus products. 
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The incidence and severity of delayed type GvHD in monkeys which had received 
stem cell grafts of unrelated donors matched for A an~B locus products was 
significantly lower than in the unrelated mismatched donor/recipient group, 
resulting in a threefold longer mean and a twofold longer median survival 
time. These monkeys, however, died from infectious complications, presumably 
on the basis of prolonged immunodeficiency due to subclinical chronic GvH 
reactions. Takeability of the stem cell grafts in this group of monkeys was 
excellent. Grafting unfractionated marrow in this donor/recipient combination 
resulted in rapid death dur to acute GvHD. 

These results stress the importance of matching for A and B locus products 
of the MHC with respect to both takeability of stem cell concentrates and 
mitigation of resulting GvHD, and invalidate the idea that matching for D 
locus products beneficially influences GvHD in the clinical situation. It is 
further shown that lymphocyte-depletion of the graft completely prevents GvHD 
in MHC-identical sibling donor/recipient combinations and confirmed that in 
(partially) mismatched combinations the "acute" type of GvHD seen after whole 
bone marrow transplantation can be changed consistently into "delayed" type 
GvHD by the use of stem cells. The advantage of a close MHC match with respect 
to mitigation of GvHD appears to be optimally expressed if the number of 
lymphocytes present in the graft is decreased. The use of lymphocyte-depleted 
stem cell concentrates, however, increases the risk of take failure. Success
ful engraftment of stem cell concentrates in mismatched donor/recipient combi
nations required, therefore, an improved conditioning regimen. 
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Title of project No. 2 Donor selection in dogs 

Head of project and 
scientific staff 

Dr. H.M. Vriesendorp, E.P. Walma, Dr. G. Wagemaker, 
Prof.Dr. D.W. van Bekkum 

1 • Introduction 

Clinical allogeneic bone marrow transplantation is almost completely restric
ted to the most favourable donor/recipient combination, the MHC identical 
brother or sister. Unfortunately, only 30% of the recipients have such a 
donor available. However, a sibling which is mismatched for one MHC-haplotype 
is available in about 50% of the recipients. The large litters of dogs makes 
this species especially suitable to study bone marrow transplantation in re
lated donor/recipient combinations. Consequently, the dog model was restric
ted to MHC-identical and -haploidentical sibling transplantation. 

2. Takeability of grafts 

Total body irradiation (TBI) is the most effective single agent for preparing 
recipients for bone marrow transplantation. The optimum TBI dose was deter
mined for bone marrow cells of a sibling donor that is identical for the MHC, 
i.e. a single exposure of 5.0 Gy (300 kV x-rays, dose rate 0.16 Gy/min HVL 
3 mm Cu). A single TBI exposure even given at maximum tolerated dose (8.5 Gy) 
is insufficient for MHC mismatched marrow. A split TBI (2 x 6.0 Gy, separated 
by 72 h) was found to be an effective method without undue toxicity for 1 MHC 
haplotype different donors (Table IV) . 

TABLE IV 

TAKEABILITY OF WHOLE BONE MARROW GRAFTS * 
AND LYMPHOCYTE-DEPLETED STEM CELL CONCENTRATES 

USING VARIOUS CONDITIONING REGIMENS IN DOGS 

Conditioning 
TBI (Gy x-raysl 

5.0 

7.5 

7.5 

2 X 6.0 
(72 h interval) 

2 X 4.5 
(24 h interval) 

2 X 4.5 
(72 h interval) 

7.5 

2 X 6.0 
( 72 h interval) 

2 X 7.0 
( 72 h interval) 

Donor/recipient 
combination 

identical siblings 

haploidentical sibs 

Graft 

bone marrow 

bone marrow 

stem cells 

stem cells 

stem cells 

stem cells 

bone marrow 

bone marrow 

stem cells 

* prepared by discontinuous albumin density centrifugation. 

Takes/total 

5/5 

20/20 

2/5 

8/8 

4/4 

2/4 

0/5 

5/5 

0/4 
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Two fractions of TBI, 6.0 Gy x-rays each, separated by a 72 h interval 
resulted in a 100% engraftment of MHC-identical stem cells. The gastro
intestinal toxicity that we observed in animals that received this high 
dose split TBI was low. The late toxicity of the high dose split TBI 
(+ bone marrow transplantation), i.e. pancreas pathology, recurrent pneu
monia and wasting, however, prevents the application in humans. 

We are now investigating the immunosuppressive potency of a low dose split 
TBI regimen (2 x 4.5 Gy, 24 or 72 h interval). With this lower dose split 
TBI regimen, engraftment was obtained in the majority of the recipients 
that received MHC-identical stem cells. This low dose split TBI group will 
be extended because of its great value for clinical application. 

2. Graft-versus-host disease (GvHD) 

In MHC-identical dog combinations, the addition of increasing numbers of 
donor lymphocytes to the bone marrow cell suspension causes a dose dependent 
increase in severity and incidence of GvHD. With 3 x 108 donor lymphocytes. 
kg-1 body weight recipient a 100% GvHD incidence is reached. A genetic anal
ysis of the obtained results indicates that clinical symptoms of many differ
ent minor histocompatibility systems that control GvHD become apparent if 
T-lymphocytes are present in appreciable amounts (as in primate bone marrow). 
In view of the numerous minor histocompatibility systems involved and the 
well-known difficulties in obtaining reagents for a prospective identifi
cation of antigens of such systems and the limited availability of human 
MHC-identical sibling donors, the most realistic approach to control GvHD in 
such combinations in man appears to be the avoidance/elimination of donor 
lymphocytes in the graft, rather than attempts at donor selection. This was 
directly confirmed in the rhesus monkey model. 

In view of the growing awareness on how to prevent or control GvHD in MHC
identical siblings, the program was extended to include a new donor cate
gory, the 1 MHC mismatched family donors. Almost every human patient will 
have such a donor (father, mother, 50% of the siblings), in contrast to only 
one in three that has a MHC identical sibling. The preliminary experience 
with suppressing the HvG reaction against such donors has been favourable 
(see 1.2.). Untreated, the median survival of such animals is limited to ap
proximately 50 days. Death is due to GvHD. This is considerably worse than 
MHC-identical combinations (indefinite survival) , but about twice as good as 
unrelated or 2 haplotypes different combinations (MST~ 25 days). Further 
experimentation will concentrate on the application of principles that were 
effective in suppressing GvHD in MHC-identical combinations (i.e. lymphocyte
depletion of the grafts and gastrointestinal decontamination of the recip
ients). So far, however, the takeability problems of stem cell grafts in 
these mismatched combination (Table IV) appeared the major stumbling-block. 
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Prevention of infection and mitigation of GvHD by 
gastrointestinal decontamination 

P.J. Heidt, Dr. H.M. Vriesendorp, E.P. Walma, 
Dr. G. Wagemaker, Prof.Dr. D.W. van Bekkum 

Fundamental work in rodents indicates that certain bacteria of the microflora 
belonging to the Enterobacteriaceae activate allogeneic donor lymphocytes in 
starting and possibly maintaining an immunological reaction against intestinal 
epithelium. In mice, GvHD can be completely prevented if the recipients are 
germfree or have been subjected to prior gastrointestinal decontamination 
(GID). The beneficial effect of GID on mortality due to GvHD does not occur, 
however, if immunocompetent T-lymphocytes from the spleen are added to the 
bone marrow graft. A recent study unequivocally showed that in H2-incompat
ible donor/recipient combinations even low numbers of lymphocytes added to 
the bone marrow graft have a detrimental effect on the development of GvHD 
in germfree mice. 

In dogs, GvHD is rare in recipients of MHC-identical sibling bone marrow, and 
never fatal. The GvHD incidence and mortality can considerably be increased, 
however, if donor lymphocyte cells are added to the graft. GID proved to be 
effective in preventing GvHD in this donoB/recipient combination, if the num
ber of added lymph node cells was low (10 /kg) but failed if higher numbers 
(3 x 108/kg) were added. This suggests that relatively low numbers of lympho
cytes can be tolerated in MHC-identical sibling bone marrow grafts without 
affecting the beneficial effect of GID on GvHD. 

Also in the dog model, GID was performed in two modifications: 1) total GID 
(GIDT), where all micro-organisms with the exception of viruses are removed, 
and 2) selective GID (GIDS), where only gramnegative, aerobic bacteriaceae 
and fungi and yeast are eliminated. Only GIDT was effective in preventing 
endogenous infections after TBI. It was more difficult to maintain GIDT than 
GIDS. The success percentages were respectively 25 and 100%. The endogenous 
infections in dogs treated with GIDS were less severe than in conventionally 
treated animals. GIDS had a beneficial effect on acute and delayed GvHD in 
MHC-identical donor/recipient pairs (bone marrow and additional lymph node 
cells). GIDS was discontinued at day 40 after TBI. In the second and third 
month after TBI, parasitic and viral infections were freqently observed. In 
contrast, conventional animals do not show these types of infection at this 
stage of the experiment. This might indicate a slower development of the 
donor immune system in GIDS treated animals. This possibility and eventually 
corrective measures (as infusion of donor lymphocytes) will be subjected to 
further study. In possible agreement with this hypothesis, leukocyte recovery 
was found to be slower in animals with GID and bone marrow transplantation 
than in conventional animals. 

In monkeys, prevention of GvHD by GID was studied in recipients of stem 
cell concentrates from unrelated A and B locus antigens matched donors, 
haploidentical sibling donors and unrelated, mismatched donors. The former 
combination was selected because of its promising results in the conventional 
situation, the latter two because of their abundant availability in the 
human population. Pilot experiments w~th GIDS were complicated by an unac
ceptably high incidence of endogenous infections. Therefore, all further 
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monkeys were subjected to total gastrointestinal decontamination. So far, 
eight monkeys with sustained engraftment (out of 19 irradiated) have been 
completely evaluated. The take failure frequency, though high, was not 
significantly different from conventional controls. Seven of the monkeys 
with sustained engraftment, including two recipients of unrelated, mis
matched stem cells, showed no or only lowest grade, transient GvH reactions. 
Five of these survived recontamination as stable chimaeras; the other two 
died, respectively from cytomegalovirus infection and from uncorrected 
electrolyte imbalances due to the long-standing diarrhoea which occurs in 
all decontaminated monkeys. One monkey died from GvHD, which is attributed 
to an early accidental colonisation of two Enterobacteriaceae species. 
Apart from one pneumonia, no evidence for severe immune deficiency was ob
tained in any donor/recipient combination. Three of these monkeys, notably 
including one that received unrelated, mismatched stem cells, currently sur
vive for periods of more than 1 to 3 years after transplantation without 
further immunosuppressive therapy. 

These results are extremely encouraging with regard to bone marrow trans
plantation of radiation victims who do not have an available MHC-identical 
brother or sister to serve as a marrow donor. 
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Contractant de la Commission 

N° du contrat 

Chef du groupe de recherche 

Theme general du contrat 

UNIVERSITE LIBRE DE BRUXELLES 

161-76-1 B108 

STRYCKMANS P. 

Human peripheral blood hemopoietic stem cell 
kinetics, migration, collection, preserva
tion and transfusion after ionizing irra
diation. 

SUMMARY OF THE RESULTS OBTAINED DURING THE PROGRAM 1976-1980 

1. Studies on autologous bone marrow transplantation {ABMT) 
- ABMT shortens the period of post-chemotherapy marrow aplasia 
- Bone marrow stem cells show a great capacity to recover after exposure 

to high doses of toxic chemical agents 
2. Studies on peripheral blood CFU-GM stem cells 

- Their number increases during marrow recovery after aplasia 
- Their ~umber increases in metastatic marrow invasion 
- Normally most CFU-GM, if not all, are out of cycle 
- They are less resistant than marrow CFU-GM to 4°C storage 
- They reenter the cell cycle during marrow recovery 

3. Studies on preservation of marrow CFU-GM stem cells 
- More than 90% survive 4 days storage at 4°C 
- Storage at -196°C decreases their response to human placenta conditionned 

medium {HPCM) 
4. Studies on the regulation of committed stem cells 

- Erythropoiesis in vitro is inhibited specifically by parathormone 
- Granulopoiesis is not affected by lactoferrin, in vitro 
- Granulopoiesis in vitro is inhibite'd or regulated by lymphocytes 
- The eosinophil stem cell can be specifically affected 

5. Studies on mature granulocytes {PMN) transfusions 
- Blood PMN and marrow reserve PMN are cytochemically different 
- Normal and leukemic PMN inhibit equally granulopoiesis in vitro 
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Resultats du projet 

Chef du projet et collaborateurs scientifiques P. STYCKMANS, A. DELFORGE, 
M. MALARME, D. BRON, T. SPIRO, 
R. MONSIEUR, E. RONGE-COLLARD, 
L. DEBUSSCHER 

Titre du projet Mechanism of release, kinetics and morphologic features of 
hemopoietic stem cells in the blood during marrow regeneration. 

I. AUTOLOGOUS BONE MARROW TRANSPLANTATION 

We have evaluated the validity of this procedure for bone marrow reconsti
tution on human beings made deliberately aplastic. Patients with malignant 
brain glioma have an extremely poor prognosis and require very high doses of 
cancer chemotherapy. This type of chemotherapy being extremely myelotoxic 
can be given only if followed by a marrow reconstitution manoeuvre. Seven 
subjects received 3 times the usual dose of CCNU (nitrosourea) followed within 
a few days in 5 subjects by the transfusion of cryopreserved autologous marrow. 
All the patients recovered. The 5 who did receive autologous marrow recovered 
significantly faster than the other (9). This procedure of marrow reconstitu
tion was used in other patients who also received intense chemotherapy before. 
Ten patients with malignant hemopathies showed total marrow recovery after very 
high doses of BCNU (600 mgr/m2 BSA) and m-AMSA (1 gr/m2 BSA) followed by the 
administration of cryopreserved autologous bone marrow (19). In 8 patients 
with small cell anaplastic tumor of the lung, intensive chemotherapy was follo
wed by marrow recovery whether the patient received autologous marrow or not 
(21). These studies indicates (a) that the marrow capacity to recover after 
chemically induced aplasia is considerable and that irreversible aplasia is 
rarely obtained (b) that the demonstration of the efficacy of autologous stem 
cell graft on chemically induced marrow aplasia is thus difficult to obtain. 

II. SEARCH FOR CONDITIONS WITH INCREASED LEVELS OF HEMOPOIETIC STEM CELLS 
COMMITTED TO GRANULO-MONOCYTOPOIESIS (CFU-GM)IN THE PERIPHERAL BLOOD 

Pathological situations exist which are characterized by an increased 
number of circulating CFU-GM. One aim of the project was to discover procedures 
capable of inducing whenever necessary, increased levels of circulating CFU-GM. 
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a) Recovery from chemically induced marrow invasion. It was known that the 
phase of recovery following methotrexate-induced marrow depression and periphe
ral blood granulo-thrombocytopenia is accompanied by a transient but signifi
cant rise of circulating CFU-GM. We have observed that various cytotoxic 
drugs can elicit such a post-aplasia CFU-GM peak. The drugs tested were CCNU 
(chloroethyl-cyclohexyl nitrosourea), DDMP (diamino-dichlorophenyl methyl 
pyrimidine), phenylalamine mustard, and various drugs associations. 

b) Methylprednisolone and ethiocholianolone, 2 agents known to increase the 
release of polymorphonuclear cells from the marrow into the blood, did not 
increase the release of CFU-GM in the peripheral blood of human volunteers. 

c) Filtration leukopheresis and electric convulsive therapy were not found 
to be followed by an increase of CFU-GM in the peripheral blood. 

d) Local gamma irradiation was tested in 5 subjects. They received as therapy 
a local irradiation by a gamma ray source daily at a total dose ranging from 2,000 
to 4,000 R over a period of 2-4 weeks. The upper limit of normal blood CFU-GM 
(0-40/ml of blood) was not exceeded during the period of irradiation which 
lasted 2-5 weeks. 
e) Severely anemic patients (4-8 gr hemoglobin/dl) were examined for the level 
of CFU-GM in their blood. It was normal in all cases and not influenced by 
rapid normalization of the hemoglobin level by red cell transfusion (20). 
f) The presence of neoplastic cells in the bone marrow : out of 24 patients 
with neoplastic bone marrow invasion by a solid tumor, 6 presented an increased 
level of CFU-GM (;> 40/ml of blood). Such increase was highly associated 
(P<( 0.01) with the presence in the blood of microscopically recognizable 
myeloid and/or erythroid cells (18). 

Ill. CHARACTERIZATION OF THE PERIPHERAL BLOOD CFU-GM STEM CELLS 

A. IN THE NORMAL HUMAN SUBJECTS 

a) the fraction of peripheral blood CFU-GM in DNA synthesis. Eleven normal 
subjects had blood cells exposed for 30 minutes to a high concentration of 
tritiated thymidine in order to kill the CFU-GM in DNA synthesis. The growth 
in culture of the cells exposed and of the control cells makes it possible 
to calculate the fractions of CFU-GM in DNA synthesis. This value ranged from 
0-10% It was in contrast with the 40% found for normal marrow CFU-GM. 
b) Sensitivity to 4 days exposure at 4°C. Unfractionated peripheral blood 
cells of 13 normal individuals were maintained at 4°C for 4 days after the 
addition of 10% TC 199 medium. The CFU-GM recovery at day 4 was only 5% ± 2 
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SEM of the control at day 1. This was i.n sharp contrast with recovery (97% 
! 8 SEM) obtained for bone marrow CFU-GM (10). 
c) Sensitivity to chemical agents. Human marrow and peripheral blood have been 
exposed, in vitro, to various cytotoxic agents at 4 different dose levels and 
then assayed in the CFU-GM agar clonogenic system. A dose-related inhibition 
of CFU-GM growth was observed and an LD 90 could be determined. No significant 
difference of sensitivity could be observed between blood and marrow. This 
was observed after days exposure to cell-cycle-phase-specific agents or after 
30 minutes exposure to non-phase-specific agents (11, 14). 

B. DURING THE CFU-GM PEAK VALUES ACCOMPANYING MARROW RECOVERY 

Several studies, including ours, indicate that differences exist between 
marrow and blood CFU-GM. They include : time necessary for colony formation in 
agar, resistance to 4°C storage, fraction of cells in DNA synthesis and propor
tion of eosinophilic colonies. The blood CFU-GM seen during bone marrow recovery 
(CFU~GM-R} were examined to determine whether they resemble the blood or the 
marrow CFU-GM. The fraction of blood CFU-GM in DNA synthesis reached the value 
seen for marrow CFU-GM. The colony type was mostly granulo-monocytic instead 
of eosinophilic as seen in normal blood. On the other hand, the sensitivity 
to storage at 4°C was that of the blood CFU-GM. It is not clear yet whether 
the blood CFU-GM-R is a stimulated blood CFU-GM or rather a marrow CFU-GM 
which is released in the blood only in very special conditions. 

IV. PRESERVATION OF HUMAN CFU-GM 

a) Storage at 4°C 

Eighteen bone marrows collected from various cancer patients without 
hematological diseases and from normal subjects were added with 10% TC 199 
medium and then stored 4 days at 4°C. Thereafter, they were tested for 
CFU-GM growth in the Pike and Robinson agar culture assay. The results of 
this study indicate that unfractionated bone marrow cells may be stored at 
4°C with 97%! 8 SEM recovery of the CFU-GM (10). 
b) Cryopreservation at -190°C, 

The bone marrow of 10 individuals has been cryopreserved at -190°C in 
liquid nitrogen for various periods of time. Before cryopreservation each 
sample showed identical numbers of CFU-C whether the colony stimulating acti
vity (CSA) used was that of mononucleated blood cells or that of human placen-
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tal conditioned medium (HPCM). After thawing, the samples were retested : 
their CFU-GM content, expressed in percentage of the original value, was 
78 ± 13 SEM when stimulated by blood mononuclear cells, but only 6% ± 3,5 SEM 
when stimulated by HPCM. Additional experiments have shown that in the pre
sence of HPCM, CFU-GM still respond to mononuclear cells in a dose-related 
fashion. These studies strongly suggest that on the CFU-GM surface different 
"receptors" exist for the CSA activity of the monocytes and that of HPCM, and 
that they are differently sensitive to low temperatures. 

V. REGULATION OF THE HUMAN HEMOPOIETIC COMMITTED STEM CELLS 

The study of the specific regulations of the various hemopoietic cell 
types may be of great importance for the study of marrow reconstitution by 
graft of marrow stem cells. 

a) Erythropoiesis : 

Parathormone was examined as a possible regulator of the growth of human 
erythroid progenitors (17). This was tested in vitro using increasing concen
trations of PTH from 250 to 16,000 pg/ml of culture medium. The growth of 
CFU-C started to decrease at the concentration of 2,000 pg/ml and from then 
decreased significantly in a dose-related fashion to reach 30% of the control 
level at the concentration of 16,000 pg/ml. On the other hand the growth 
of CFU-GM was totally unsensitive to PTH whatever dose was used. PTH thus 
appears as a rather specific inhibitor of erythropoiesis which, when increased 
in vivo such as in renal insufficiency, could hamper the recovery of erythro
poiesis. 

b) Granulo-monocytopoiesis 

- Lactoferrin {LF), a product of mature granulocytes, has been proposed by 
Broxmeyer et al. as a regulator of the marrow and blood CFU-GM growth. The 
conclusion of our extensive studies on LF is that this compound at concentra
tions ranging from 10-8 till 10-18 M does not inhibit granulopoiesis in vitro 
(15). Additional studies are conducted to exclude that the CFU-GM tested are 
already maximally inhibited due to the exposure either in vitro or in vivo 
to an unknown inhibition of granulopoiesis. The role of acidic isoferritin, 
a recently described inhibitor of granulopoiesis, is being examined in this 
perspective. 
- The peripheral blood lymphocytes in our hands were constantly found to inhi
bit the growth of human CFU-GM. This was still seen when autologous CFU-GM 
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were plated over the blood lymphocytes. This was only partially suppressed 
by the irradiation {1000 R) of the lymphocytes. The role of a subclass of 
T-lymphocytes is not unlikely. 
- Unknown CFU-GM regulators could also play an important role. So, the bone 
marrow of patients with malignant lymphoma contain less CFU-GM than normal. 
We demonstrated that this is due to a reversible inhibition of the CFU-GM 
growth. This is not due to (a) the infiltration of the marrow by lymphoma 
cells, (b) the presence of a circulating inhibitor (c) an increased production 
of prostaglandins E by the macrophages {d) an inhibiting activity of the total 
peripheral blood lymphocytes (16). The possible role of interferon, or acidic 
isoferritin or a subclass of T lymphocytes is presently investigated. The 
depression of CFU-GM seen in lymphoma could be due to the exageration of a 
normal regulatory mechanism. 

c) Eosinophilopoiesis 

These studies were conducted on the blood and marrow of a rather unique 
patient who had an isolated abnormality : a complete absence of blood and 
marrow mature and immature eosinophils for a period of 8 years as a consequence 
of a chemically induced agranulocytosis. Eosinophil CFU-C {CFU-EO) however 
were seen in normal amount in blood and marrow. No evidence was found for the 
destruction of mature, immature or even stem cell eosinophils or for the absence 
or destruction of an eosinophilopoietic factor (12). It is concluded that a 
stem cell defect affecting differentiation may be localized at the eosinophil 
committed stem cell level. 

GRANULOCYTE TRANSFUSIONS : 

1. Influence of the "age" of the blood PMN on their activity. Corticosteroids 
are often injected to granulocyte transfusion donors in order to increase the 
levels of polymorphonuclear cells {PMN) in their blood and thereby the number 
of PMN collected from their blood. These agents trigger the release of the 
marrow PMN reserve into the blood. The alkaline phosphatase activity of 
the PMN just released into the blood as a consequence of an injection of cortisol 
was found to be significantly lower than that of the PMN already circulating 
(6). This indicates that corticosteroids not only increases the number of 
circulating PMN but also modifies their age distribution and thereby their func
tional capacity. 
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2. Neoplastic patients often require prophylactic and/or therapeutic PMN 
transfusions against bacterial and/or mycotic infections. However, PMN have 
been shown to inhibit granulopoiesis in vitro and could thus be the source of 
a negative feed~a~k regulator of granulopoiesis in vivo. Thus, PMN transfu
sion given to fight infection in aplastic patients could, at least theoretically, 
inhibit the recovery of granulopoiesis and therefore be contrindicated during 
the process of take of a transplanted autologous marrow. In chronic myeloid 
leukemia (CML) huge numbers of mature, functionning PMN are procuded. They 
are often transfused to other leukemic patients in aplasia. We examined in 
vitro whether CML-PMN do have less, inhibiting activity than normal PMN on gra
nulopoiesis to see whether, in this respect, they could represent more suitable 
cells for transfusions to aplastic patients. In 10 successive experiments no 
difference could be observed between CML and normal PMN in their capacity to 
inhibit in vitro colony formation by an allogenic bone marrow (4, 7). 
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Allgemeines Thema des Vertrages: 

Short-term effects of ionizing radiation on hemopoiesis 
and their treatment 

Allgemeine Darstellung der durchgefUhrten Arbeiten: 

The program of this association concerned the study of immu

nological and radiation-induced changes in chimaeras. More 

basic investigations were performed in rodents, while precli

nical studies were mostly undertaken in dogs. Systematic hema

tomorphologic studies of locally irradiated patients were 

undertaken using improved methods of biopsy and histology. 

The relevance of some of the data regarding suppression of gvh 

with antibodies was tested in bone marrow transplantation of 

leukemic patients conditioned with high dose total body irra

diation. In mice we could show that heterologous polyclonal 

and, more recently, monoclonal antibodies against T cells pre

vented graft-versus-host reactions in semiallogeneic H-2 in

compatible F1 recipients. This suppression was shown to be 

associated with a full recovery of the immune functions of 

the chimaeras. Also in dogs anti-T antibodies suppressed gvh 

in 50% of semiallogeneic haploideqtical dogs. So far it is not 

clear whether higher concentrations of anti-T or the addition 

of complement to the pretreatment will enhance our suppression 

of gvh in dogs. Histocompatibility testing,which was necessary 

for defining the degree of incompatibility in these bone marrow 

transplantations, was also studied for defining 11 lymphocyte 

determinants of the DLA-D locus using the mixed lymphocyte 

culture technique. 

Since the survival of leukemic patients depends on the effi

cacy of therapeutic regimens including antileukemic whole body 
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irradiation to reduce or eradicate the leukemic cell clone, 

radiation tolerance was investigated. A varying difference of 

radiation toxicity for the hemopoietic and gastro-intestinal 

system was found. By lowering the dose rate and fractioning 

radiation total doses,over 20 Gy were compatible with survival 

if transplantation of autologous or DLA-identical bone marrow 

was applied thereafter. 

Our approach to suppress gvh with anti-T as defined in expe

rimental animals was finally introduced to clinical bone 

marrow transplantation. So far 13 bone marrow transplantations 

have been performed with anti-T. Although the number of pat

ients is still low, that fact that no fatal gvh occurred and 

only 2 cases of clinical gvh (grade II) is encouraging. 
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Ergebnisse des Projekts Nr. 1 

Leiter des Projekts und wissenschaftliche Mitarbeiter: 

H.J. Kolb, K. Stunkel 

Titel des Projekts: 

Histocompatibility typing 

This project concentrated on tissue typing for bone marrow 

transplantation into supralethally irradiated dogs. The 

canine transplantation model is regarded as a preclinical 

model also what concerns the immunogenetic aspect. Unlike 

rodents, which represent a degree of compatibility frozen 

at the level of inbreeding,dogs are outbred with all degrees 

of compatibility and resemble the human situation, also what 

regards histocompatibility within a family. Our research 

dealt with the establishment of the mixed lymphocyte culture 

test (MLC) in dogs. We then used this test for the definit

ion of lymphocyte defined MLC determinants (DLA-D antigens) 

in dogs. This was made possible after we had elaborated an 

approach to type MLC determinants by using homozygous typing 

cells. When these homozygous typing cells were cocultured 

with lymphocytes expressing the determinant of the homozygous 

cell partner in a heterozygous state, stimulation of lympho

cytes occurred only in one-way and not both ways because the 

hyploidentical heterozygous cells tolerate the determinant 

of the homozygous cell partner. Originally we had this typ

ing assay standardized in the human MLC but it could be 

applied to the canine situation as well. 

MLC testing for bone marrow transplantation is particularly 

important in dogs, at least to proof DLA compatibility 1be

cause serological DLA typing with antibodies is less advanced 

than its analogue, HLA typing in humans due to the poorer 

specificity and lack of DLA antibodies for certain spefi

cities. 
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We then set up a panel of DLA-~omozygous !YPing £ells (HTC) 

for the definition of 11 different specificities (DLA-50 

till 60) . Compared to human immunogenetics of the analogue 

HLA-D system it became clear that the species dog possesses 

a similar polymorphism at the gene loci responsible for the 

MLC reaction. In addition to the classical MLC typing tech

nique with HTC's we adapted the so-called £rimed 1Jmphocyte 

!YPing (PLT) technique to our canine model. We found that 

the determinants recognized by the PLT technique are genetic

ally closely related to the classical MLC determinants. The 

PLT determinants are, however, heterogeneous, i.e. composed 

of several gene products and in contrast to reports on PLT 

data in man and pig influenced by a gene dose effect. 

Apart from these contributions to formal genetics of DLA-D 

determinants, MLC testing was used for typing donor-recip

ients combinations whose degree of incompatibility was com

pared to the outcome of bone marrow transplantation. It was 

concluded that DLA-A differences led to failure of engraft

ment more often than differences in DLA-B and DLA-D (p( 

0.001). DLA-A diff~rences of the recipient provoked more 

severe graft-vers·.ls-host disease than those of DLA-B and 

DLA-D (p< 0.01). Failure of engraftment or early graft re

jection was the rule, when donors differed in DLA-A. Fatal 

graft-versus-host disease was strongest when recipients 

differed in DLA-A. 

Finally DLA homozygous bone marrow donors and haploidentical 

DLA heterozygous recipient dogs were identified through 

one-way MLC typing. This donor-recipient combination was 

used for investigations on the suppression of graft-versus

host reactions using specific anti-T cell globulin (s. Pro

ject No. 3). 

_In summary histocompatibility typing methods were esta

blished in dogs. Original research concerned mixed lympho

cyte culture tests with which the first 11 canine lymphocyte 

determinants could be defined. Exchange of dogs and dog 
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lymphocytes with other dog laboratories in Ulm and Rijswijk 

supported by EURATOM lead to a panel of DLA-homozygous-typing 

cells. Furthermore the DLA-A locus could be identified for 

contributing to severe graft-versus-host disease. Thus histo

compatibility typing revealed findings with direct relevance 

for the treatment of radiation injury in a preclinical animal 

model. 
During the last year investigations on a better definition of 

the T antigen in dogs were undertaken. In contrast to man 

canine thymocytes do not regularly form rosettes with hetero

logous lymphocytes. Rabbit anti-dog thymocyte globulin con

tains many antibodies crossreacting with red cells, platelets, 

B-lymphocytes. Such antibodies can be removed by incubation 

of the antiserum with great numbers of the appropriate cells. 

It is however difficult to obtain B-lymphocytes without con

taminating T-lymphocytes in sufficient quantities, because 

B-cells of dogs cannot be grown in cell cultures so far and 

B-cell turners are rare. Although spleen cells of newborns 

puppies appear to absorb more B- than T-lymphocyte activity 

from rabbit anti-dog thymocyte globulin, it is not easy to 

formally prove this as long as variable serological anti-T 

testsystems are not at hand. We recently adapted an immuno

histochemical method for the demonstration of T-cells on 

frozen sections in mice and man. 

It is a very sensitive method which even stains the lowly 

concentrated membrane marker antigens of sectioned cells. It 

has little unspecific background because the labeling peroxy

dase-anti-peroxydase complex is conjugated to the marker

specific antibody by a third anti-antibody rather than by 

chemical bonds. Since T-cells are concentrated to the thymus

dependent interfollicular areas sparing the B-lymphocyte 

containing follicles,the immunohistochemical staining is a 

test system of anti-T antibodies also in dogs. After we had 

an antibody proofed to be T cell specific following various 

absorptions procedures in this cumbersome indicator system, 

we developed a more convenient T-cell test. 

It consists of binding this antibody by chromium chloride 

to indicator particles like sheep red cells. We presently 

test the specifities of anti-T particularly whether it 

really rosettes only with IgG negative lymphocytes. 
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Ergebnisse des Projekts Nr. 2 

Leiter des Projekts und wissenschaftliche Mitarbeiter: 

s. Thierfelder und H. Rodt 

Titel des Projekts: 

Immunomanipulation of graft-versus-host reactions 

Graft-versus-host reactions (gvh) can be live-threatening 

complications after bone marrow transplantation due to 

histocompatibility between marrow donor and recipient. Only 

identical twins or animals of inbred strains are entirely 

free from these complication~ Tissue typing and selection 

of a histocompatible donor is one approach to reduce the 

risk of gvh. The probability to find a relatively histocom

patible donor is 25% among siblings and very much lower if 

non-siblings are considered. The genetic polymorphism of the 

loci coding for tissue antigens leaves no chances that tiss

ue typing will provide histocompatible donors for the majori

ty of patients. 

Immunomanipulation of the marrow of histoincompatible donors 

was therefore investigated in animal models. At least the 

acute symptoms of gvh are known to be due to thymus-depend

ent lymphocytes in the transfused marrow of the donor which 

react with the incompatible tissue antigens of the recipient. 

We, therefore, concentrated on the question whether these 

T cells could be eliminated by treating the donor's marrow 

with specific antibodies and if so whether a T cell deprived 

marrow could induce the generation of normal T lymphocytes 

in the recipient which would protect him against third-party 

antigens. 

We, therefore 1 investigated the effect of heterologous poly

clonal - recently also monoclonal - antibodies on gvh in 

mice. Rabbit anti-mouse-thymocyte globulin was purified from 

antibodies crossreacting with hemopoietic stem cells. The 

final anti-T cell globulin proved non-toxic for stem cells 
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in colony formation and diffusion chamber assays while still 

lysing thymocytes and T lymphocytes. An incubation of the 

donor's marrow with anti-T lead to the abolition of gvh in 

semiallogeneic H-2 incompatible F1 mice. Since recent theo

ries on the organization of immunocompetence doubted that 

stem cell derived T precursor cells would mature in an H-2 

histoincompatible thymus (e.g. of a bone marrow recipient) 

we investigated chimaeras differing in T cells and thymus 

by 2 haplotypes. We used thymectomized (C57BL/6 x CBA) F1 

hybrids, implanted new-born CBA thymuses under the kidney 

capsule and transplanted bone marrow of C57BL/6 donors pre

treated with anti-T. While control mice with thymus grafts 

did not form antibodies against sheep red blood cells nor 

reject third-party skingrafts, all thymus-grafted, bone 

marrow reconstituted mice developed a normal response of hu

moral and cellular immunity including also viral immunity. 

This proofs that under our experimental conditions chimaeras 

with fully allogeneic H-2 incompatible marrow and thymus can 

survive with the help of immunomanipulation using anti-T 

cell globulin. 

Recent investigations with monoclonal anti-T raised in our 

department lead to similar results. This is important because 

these hybridoma antibodies have the advantage of better stan

dardization which is essential for bone marrow transplant

ation in patients. 

Our studies on the elimination of T cells revealed that rats 

in contrast to mice express the T antigen already on hemopoi

etic stem cells, which, of course, precludes the anti-T 

approach for the suppression of gvh in this species and 

raised the question whether patients were similar to rats or 

mice in this respect. Fortunauuy man could be shown by in 

vitro techniques to have stem cells without T antigens. 

This encouraged us to introduce our anti-T approach in cli

nical bone marrow transplantation also after we had proofed 

its efficiency in the preclinical canine model (s. project 

No. 3). So far 13 leukemic patients have been grafted with 

bone marrow pretreated with anti-T raised in rabbits and 
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purified in our department from crossreacting antibodies 

which are toxic for hemopoietic stem cells. Non-fatal gvh 

occurred in 2 cases. Although the number of cases is still 

low
1
reduction of gvh in frequency and severity can be expect

ed from the anti-T approach. 

In summary a method to overcome gvh
1
an important draw-back 

in bone marrow transplantation 1was investigated in a basic 

animal model and introduced for the treatment of leukemic 

patients. With the aid of bone marrow transplantation, these 

patients could profit from a high-dose anti-leukemic whole 

body irradiation. Thus the present studies contributed to 

the treatment of a therapeutically applied radiation injury. 
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Ergebnisse des Projektes Nr. 3 

Leiter des Projektes und wissenschaftliche Mitarbeiter: 

H.J.Kolb und Bodenberger U. 

Titel des Projekts: 

Synergistic conditioning agents 

Conditioning regimens of bone marrow recipients and bone 

marrow of the donor in order to improve the survival after 

high-dose whole body irradiation and bone marrow transplant

ation was investigated in this project. We used the canine 

transplantation model since many findings and techniques es

tablished in dogs could be directly applied to patients. 

The studies of this project concentrated on two areas: rad

iation tolerance and immunosuppression. Conventional treat

ment of,leukemia often fail~ because chemotherapeutic doses 

do not eradicate sufficient numbers of leukemic cells. The 

question was therefore whether the total dose of presently 

9 Gy of antileukemic whole body irradiation before bone 

marrow transplantation could be raised to more cytotoxic 

levels. Total body irradiation of beagles was studied in 

detail using two opposing 60cobalt sources. Hemopoietic 

toxicity was found to depend less than gastrointestinal tox

icity on the dose rate. Therefore higher total doses could 

be applied with lower dose rates, if bone marrow was trans

fused thereafter. 250 R, 400 Rand 1600 R with dose rates 

of 55 R/min and 5.5 R/min (air) were apl ied. The higher 

dose rate suppressed the number of peripheral colony forming 

cells significantly more. It also induced a more prolonged 

lympho-, granule- and thrombocytopenia. 1600 R were lethal 

inspite of a subsequent bone marrow transfusion. The result

ing gastrointestinal toxicity could not be avoided if the dose 

rate was reduced to 0.5 R/min, at a total dose of 2400 R. A fraction

ation of the total dose in 600 R and in 600 R together with 1200 R 

with two days intervals wastolerated if dogs received autologous 
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- recently also DIA incompatible allogeneic - bone marrow. In a 

second series of investigations suppression of graft-versus

host reactions (gvh) in DLA incompatible dogs was attempted 

using absorbed rabbit anti-dog thymocyte globulin. As pointed 

out in project No. 2 pretreatment of donor marrow with anti-

T cell globulin suppressed gvh in mice when parental homozy

gous donors were used and haploidentical heterozygous H-2 in

compatible recipients. Since dogs are random-bred we could not 

test a genetical donor-recipient situation identical to that 

used in mice, but similar at least what concerns the major hi

stocompatibility complex. We used dogs as marrow donors, which 

were homozygous for DLA-DAB determinants and haploidentical 

marrow recipients which differed from the donor by one DLA-ha

plotype. Under these conditions little host-versus-graft re

actions but clear graft-versus-host reactions had to be expec

ted. Indeed 4 dogs of a group of four in this control series 

died within 4 weeks after total body irradiation and bone mar

row transplantation with the symptoms of acute gvh. In contrast 

4 of 8 dogs receiving bone marrow of allogeneic sibling donors 

which was pretreated by anti-T-cell globulin, survived whole 

body irradiation and bone marrow transplantation without any 

symptoms of gvh. These dogs are now 3-4 years after transplan

tation. They are still chimaeras and in good condition. 2 other 

dogs of this group suffered from chronic gvh with a survival 

of a mean of 70 days, 2 dogs died from failure of engraftment. 

It is not clear whether gvh in the 2 dogs occurred because we 

used anti-T for pretreatment of the donor marrow at too high a 

dilution or whether the recipientdonor histoincompatibility was 

too strong. From experiments in mice we assume that the addi

tion of complement will enhance the effect of anti-T in vitro. 

Interestingly although the surviving dogs did not show any 

signs of immunoincompetence, in vitro testing of immune respOn

se against sheep red blood cells and haptens remained sup

pressed for several months after bone marrow transplantation. 

In summary our studies demonstrated that tolerance of maximal 

doses of whole body irradiation can be increased considerably 

by decreasing the dose rate and by fractionated irradiation. 



- 853 -

Furthermore an approach to suppress gvh with antibodies which 

we established in mice was found to be effective in dogs as 

well. 

It ~d,. however, also be pointed out that incubation of 

donor marrow with anti-T lead to subacute mortality of fully 

allogeneic DLA incompatible marrow recipient dogs. It is not 

clear why immunosuppression was partially successful in one 

haplotype incompatible chimaeras and failed in dogs differing 

by two DLA haplotypes from the marrow donor. Rejection of 

marrow is not infrequent in fully DLA incompatible dogs and 

occurs seldom in semiallogeneic recipients of DLA homozygous, 

haploidentical bone marrow. We could not exclude that bone 

marrow rejection phenomena contributed to the failure of sup

pression of mortality in our fully DLA incompatible dogs. On 

the other hand we investigated in mice whether one haplo-type 

different mice can be distinguished from two H-2 haplotypes 

differing by the effect to suppress gvh following injection of 

parental spleen cells. Incubation of donor spleen marrow with 

monoclonal anti-Th-1 prevented gvh in H-2 incompatible F1 re

cipients but did not or barely delay gvh in two haplotype-. 

different mice. In the latter group gvh could be suppressed 

by the addition of complement. From these data it was conclud

ed that there is a competition between antigen-induced proli

feration and antibody-derived inhibition of marrow-donor T 

cells pretreated with anti-T. If there is a two-haplotype 

difference between donor cells and recipient tissue, the sti

mulus for antigen-induced proliferation is strong enough to 

overcome the antibody barrier on the T cells. Only in vitro 

lysis of T cells with anti-T and complement will suppress gvh. 

Application of anti-T in strongly incompatible donor-recipient 

pairs should therefore include both anti-T and complement. 
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Clinical and morphological effects of total and local body irradiation 

General remarks 

Radiation damage of the bone marrow is the primary limiting factor of a 

number of actual therapeutic applications of x-rays as well as the main 

concern in accidental exposition to nuclear energy. However the strenuos 

efforts put into clinical observation and experimental work have not yet 

resolved some of the major problems of its pathogenesis, the control 

of which is expected to extend the therapeutic range of radiation and to 

improve the prevention of side effects. In vitro investigations have 

shown that the undetermined stem cell, the main element of the bone 

marrow restitution, receives some vital support from the original tissue 

to maintain its lifelong reproductive capacity (Schofield, Blood Cells 1978). 

The existence of such an element, never visually identified, is proven 

indirectly by various experimental techniques (Till and McCulloch, Radiat. 

Res. 1961, Parmentier et al., Brit.J.Haematol. 1978) and by the fact that 

haematopoiesis is to be eradicated for lifetime by total body irradiation 

in a dosage that preserves the stromal tissue of the bone marrow, unless 

recolonisation is introduced from a shielded marrow region of the same 

individual or a compatible marrow transplant (Pozzi et al., Curr.Top.Rad. 

Res. 1973, Croizatet al., Int.J.Radiat.Biol. 1976). 

Repeated transplantation of normal undetermined stem cells to several 

irradiated recipients however results in a linear decrease of the repopu

lating activity (Siminovitoh et al., J.Cell.Comp.Physiol. 1964, Tubiana 

et al., Path.Biol. 1979), which can be understood as another proof of 

the reciprocal influence of soil and seed (Patt and Maloney, Exper.Cell 

Res. 1972, Trentin et al. 1974, Friedenstein et al., Transplantation 

1974Y and symbolized by the idea of a stromal niche, preserving the 

optimum conditions for haematopoietic induction · (Schofield, Blood Cells 

1978). Increasing evidence is accumulated that the lack of a sharp 

margin of the radiation tolerance of the haematopoietic bone marrow 
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(Heather et al., Brit.J.Radiol. 1979) is not only due to a puzzle of 

condLtioning cellular, but also stromal factors, contributing to the 

apparently paradoxical situation of the comparatively low lethal 

radiation dose, if the whole of the bone marrow is exposed, and a lower 

rate of repair of the overall haematopoietic capacity of the marrow, 

when smaller instead of larger compartments of this organ have been 

irradiated even with smaller doses within the general dose-range of partial 

radiation (Morardet et al., Biomedicine 1973, Sacks et al., Cancer 1978). 

It is evident that more direct information about the stem cell-niche 

situation as well as direct quantification of the bone marrow activity, 

generally estimated from scanning techniques, are needed which can be 

provided only by histology. The use of animal models for this purpose is 

limited among other things by the vast species-specific differences of 

the regeneration capacity of the bloodforming tissues and by the fact 

that therapeutical radiation has to be designed especially for the human 

diseases that may exert some influence also upon the tissular reaction 

against radiation (Tubiana et al., Path.Biol. 1979). 

The routine bone marrow biopsy of the iliac crest, region of the main 

haematopoietic activity in the human (Rubin et al., Cancer 1973), there

fore offers a unique opportunity for the histological study of these 

complex phenomena, despite its clinical restrictions. The introduction of 

improved methods of biopsy and histology have provided us with the techni

cal means. Especially the superior preservation of the stromal tissues and 

osteological details in semithin preparations of the undecalcified marrow 

amidst of the osseous framework by the methacrylate technique (Burkhardt, 

Klin.Wschr. 1966) opens a new way to the morphological study of the marrow 

tissue by combined light- and electron-microscopy. 

Studies and results 1976 - 1980 

Two major problems of the histological evaluation of the consequences of 

radiation in the human had to be faced in the first period of our study: 

the very slow accumulation of comparable cases due to the conditions of 

a clinical study, and the lack of experience with the high variability of 

the stromal reactions of the bone marrow in apparently similar cases as 

well as the considerable similarity of certain remarkable histological 

changes under different pathological conditions. Therefore the first aim, 
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after a preparatory phase, was to class1fy the basic structural phenomena 

in patients and bone marrow regions with an exactly defined radiation 

dosage. The fundamental study of the early and late marrow and bone changes 

in the pelvic region caused by therapeutic irradiation of genital cancer 

resulted in the perception of three h1stologic postirradiation phases: 

destruction, repa1r and repopulat1on. 2 among 15 cases, controlled with 42 

biopsies, however showed either delayed or defective repopulation. In the 

latter case, plasma- and lymphocytic infiltration of the bone marrow pre

ceeded, followed either by marrow aplasia or osteosclerosis. In all cases, 

osseous remodell1ng ranged among the most prominent histological changes, 

accompanied with mesenchymal activation of the peritrabecular tissue, pro

liferation of arterial capillar1es, endothelial cells, histiocytes and 

osteogenic cells, leaving a disturbed trabecular pattern for many years. It 

was concluded that radiation caused transient depletion of parenchyma! cells, 

destruct1on of the sinusoids, thrombotic changes of larger vessels and a 

longlast1ng distortion, transferred from one cellular generation to the 

other, 1ncluding diminution of the sinusoidal capillaries and inflammatory 

cellular changes. The type of these changes seemed to influence the 

reparation. 

These changes showed a remarkable similarity with those seen in cases of 

so-called "nonspecific abacterial myelitis" of rheumatical, immunological or 

unknown origin, studied in 425 cases , with the marrow aplasia in 406 

cases of aplastic anaemia and with the bone marrow changes in 112 cases 

with haematological neoplasias after polychemotherpy, investigated before 

and during treatment . In most of these cases the primary event appeared 

to be necrosis of the haematopoiet1c cells, followed by a cellular reaction 

of the type of delayed hypersensitiv1ty and necroses of the smaller vessels. 

To evaluate the role of these vascular changes in the atrophic and fibrotic 

bone marrow distcrrtion, a great number of structural variables have been 

controlled together with the number of the vascular cross-sections in the 

bioptical slides of 40 cases of each of 10 disease groups . Whereas 

a regular proportion of arterial: venous capillaries was maintained in the 

normal, the atrophical condit1ons of the bone marrow and bone were accom

panied with diminution of the capillaries, the one more pronounced on the 

venous, the other on the arterial side. Overproduction of erythropoiesis 
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showed massive increase of both types of capillaries, proliferation of 

the granulocytic series mostly of arterial capillaries. Antagonistic re

lations were found for the proliferative haematopoiesis on one hand and 

increased osseous remodelling activity on the other, each one occupying 

a signLficant part of the capillary supply. The before mentioned type of 

mesenchymal actLvation was found in similar shape in different groups, 

suggesting the special affinity of the peritrabecular marrow tissues to 

angiogenetic and osteoblastic activities, finally occupying the whole 

marrow space. There were two conditions excluding a niche-function: the 

cellular and capillary depletion of the fatty and the granulomatous organi

zation of the fLbrous marrow. Evidently the capillary structure imprinted 

the arrangement of the haematopoietic and osseous tissues in all 

groups. 

The parallel observation of the prompt restitution of the total edematous 

marrow depletion in 5 cases of anorexLa nervosa , the morphological 

Ldentity of the non-haematopoietic fatty marrow in aplastic anaemLa with 

the potentially haematopoietic fatty tissue in the central parts of the 

long bones, and the restitution or progress of bone marrow fibrosis under 

certain condLtions, shows that additional factors are responsible for the 

different outcome of similar structural distortions. Inflammatory, especial

ly lymphocytic marrow infiltration, seems to mark primarily the progressive 

atrophic and fibrotic stages. 

From these observations the following supplementum is proposed to the niche

theory: some exclusivity exists between the different bone marrow perfor

mances to shelter or even to procreate haematopoiesis or to react as a 

matrix either for lipid storage and exchange, or mechanical repair inclu

ding osteogenesis; the former representing the most distinguished and vul

nerable function. The experience of similar structural changes of unknown 

and known exogenous etiology, including the case controls in 303 patient~ 

with haematological neoplasias , reversible under certain cond~~Lons, 

supports the hypothesis of a universal stromal bone marrow matrix instead 

of a definite number of niches, i~printed with a programme of which single 

performances can be selected or destroyed by radiation as well as other 

stimuli, normally balanced by a feedback mechanism and dependant on a 

suitable capillary supply. The common regression of the haematopoietic 
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and osseous tissues in the flat bones due to immobilization, which is 

more prominent in the younger, is in accord with this hypothesis 

(R.Bartl: manuscript in preparation). 

In the scope of this assumption two results are to be mentioned especially: 

the pertinent diminution of the bone marrow sinusoids in the irradiated 

cancer patient , and the same event together with a reduction of the 

number of the megakaryocytes in a long term survey of patients with 

polycythaemia vera, treated with radiophosphorus, or untreated In the 

observed 59 cases, studied with 151 bone marrow biopsies in the course of 

2-15 years, the development of myelofibrosis did not correlate with the 

therapy but with the number of megakaryocytes. The same was stated in a sur-

vey of 415 cases of CML As has been confirmed by others, marrow 

fibrosis is not to be reckoned among the direct consequences of therapeutic 

radiation. Capillary alterations however are to be regarded as candidates 

of a further survey of the structural factors possibly contributing to the 

irreversibility of the immediate cellular depletion of the bone marrow 

caused by tumoricidal x-ray dosage. 

Work in progress 

To identify the above named basic principles of bone marrow repair and 

reactive distortion, two series of investigations are in progress: the com

puterized histological analysis of 613 cases with nonspecific abacterial 

myelitis, and of 542 cases with haematological neoplasias, including the 

lymphoma group and Hodgkin's disease, treated with different irradiation 

schemes or polychemotherapy-. The aim is to compare the nonspecific changes 

of the bone marrow matrix, haematopoiesis and osteogenesis of different 

etiology, to control the matrix hypothesis and to collect indirect infor

mation of the influences on and the interrelationship of the different forms 

of aplasia, fibrosis and inflammation, as the common elements of radiation 

damage. 

Data of the fatty tissue and other stromal components of the bone marrow 

have been collected in 20 cases of each of the following groups: 3 normal 

groups of different ages; aplastic anaemia; and marrow aplasia due to 

radiation, osteoporosis, malnutrition, rheumatoid arthritis, acute leukemia, 

plasmacytoma, metastatic carcinoma, and Paget's disease. The analysis will 

be completed in 1981. 
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In coordination with the transplantation programme, the bioptical results 

before and after treatment are collected for the retrospective evaluation 

concerning indication, prognosis and the matrix hypothesis. 

Summary 

Improved methods of biopsy and histology have been used to gather morpho

logical evidence about the pathogenesis and consequences of the therapeutic 

radiation of the human bone marrow. The comparison with other non-neoplastic 

bone marrow dist~tions of known and unknown etiology suggests the substi

tution of the niche-theory of the regeneration of the haematopoiesis by a 

new matrix hypothesis, postulating the general programmatic ability of the 

marrow stroma to introduce exclusively haematopoiesis, osteogenesis, immuno

poiesis, and fibrosi~ assisted by an adequate microcirculation, to be sti

mulated or suppressed by radiation as well as various other causes. It is 

intended to control this concept in a larger series of patients with diffe

rent forms of radiation and chemotherapy and especially to evaluate the 

general bone marrow consequences of different volumes and dosages of radi

ation by morphometrical means. From the results of this project a more 

exact base for the application of functional and experimental data together 

with direct insights in the field of therapeutic application of, and pro

tection against radiation in the human is to be expected. 
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unit: BFU-E. Erythropoietin: Ep. Granule-monocytic 

colony-stimulating factor: GM-CSF. Burst-enhancing 

factor(s): BEF. 

1) Mechanisms regulating kinetics of early hemopoietic precursors under 

normal conditions and following radiation. 

~) A series of studies has been performed on the influence of Ep and BEF 

1t the level of erythroid precursors, both under normal conditions and 

1fter exposure to radiation or treatment with radiomimetic agents. 

These studies clearly indicate that Ep largely or exclusively con

trols: (a) the kinetics of the CFU-E pool (pool amplification, and also 

in part the percentage of precursors in DNA synthesis); (b) the survival 

)f CFU-E (in the absence of Ep, CFU-E do not survive in vitro, and also 

)resumably in vivo); (c) the final differentiation step from CFU-E to 

~rythroblasts, and hence the erythropoietic rate. 

On the other hand, BEF largely controls proliferation, survival and 

_nitial differentiation of "primitive" BFU-E. Thus, animals exposed to 

·adiation (and then injected with normal marrow) or injected with radio

timetic agents (and then showing endogenous marrow repopulation), show 

nhanced cycling of BFU-E (unaffected by transfusion) and a wave of BFU-E

'FU-E differentiation (dampened by transfusion). This is associated and 

ost likely mediated via enhanced BEF levels in serum (and hence in the 
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hemopoietic microenvironment). 

Ep may also exert some action on primitive BFU-E proliferation and 

differentiation.Thus, transfused mice show an early decline of BFU-E 

number and cycling, which is promptly followed by a rebound of both para

meters towards normality. This biphasic phenomenon is possibly mediated 

by an early sensitivity of BFU-E to the transfusion-induced drop of Ep 

activity. This may be followed by a compensatory rise of BEF activity 

in serum, which induces both parameters to rebound up to normality, the

reby masking the early Ep sensitivity. 

B) Studies on the PGE-cAMP influences on erythroid precursors showed 

that PGE's dampen or enhance BFU-E growth, respectively in mice or humans. 

The action on human precursors is abolished by prior removal of adherent 

cells. 

C) Three classes of erythroid precursors have been identified in human 

fetal liver (and confirmed to exist in human marrow): "primitive" BFU-E, 

"mature" BFU-E and CFU-E. Both in fetal liver and adult marrow BEF is re

quired for expression of BFU-E but not (unless to a minor extent) of 

CFU-E. The Ep sensitivity of fetal precursors is progressively enhanced 

along their differentiation pathway, and is more marked than for corres

ponding adult progenitors. BEF is released in marrow but not in fetal 

liver by adherent cells. 

2) Significance of the above studies and their projection on future 

investigations. 

It is suggested that the above studies, substantially in line with 

the originally-proposed research project, have contributed to extend our 

understanding of mechanisms (BEF, Ep, PGE, etc) regulating the kinetics 

of erythroid precursors, both under normal conditions and following ra

diation. More important, they seem now to undergo a crucial development, 

in that BEF apparently plays a key role in modulating the kinetics of ery 

throid precursors, and more particularly mediates, at least in part, thei 

post-radiation recovery. Indeed, preliminary results indicate that: 1) BE 
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is elevated in murine serum after radiation, 2) injection of crude BEF 

from syngeneic normal mice into recipient, mildly-irradiated animals in

duces an enhanced recovery of erythro- and hemopoiesis in the latter 

group. Furthermore, studies on the relationship between BEF, GM-CSF and 

a factor modulating CFU-S cycling shall represent a further, crucial de

velopment and extension of investigations performed so far. 
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The aim of the studies carried out during the period 1976-80 was to 

investigate the effects of whole-body irradiation on the immune system at 

the humoral and cellular level. The main findings were the following: 1) 

Enhancement of antibody affinity in irradiated mice. 2) Existence of two 

subpopulations of helper T cells with different radiosensitivity. 3) Recovery 

profile ofT and B cell populations in irradiated mice. 

1) Enhancement of antibody affinity. This antibody property reflects the 

binding energy of the antibody sites for antigen and affects the stability 

of the antigen-antibody complexes. Thus, antibody affini~ influences the 

nantibody's ability to neutralize viruses and toxins. Since affinity is 

important to counteract infections in irradiated animals, studies were under 

taken to examine affinity during the antibody response in mice exposed to 

a sublethal dose of X-rays. Affinity was found up to 20 times greater in 

irradiated than in control mice when antigen was injected 1-5 days before 

or 2 hr-8 weeks after a sublethal dose of X-rays ranging from 25 R to 450 R. 

The observed enhancement of antibody affinity may result from a relative 

lack of suppressor T cells and play an important role in radiation-induced 

immunodeficiencies as it could overcome quantitative defects of antibody

producing cell populations and assure the survival of the animal recovering 

from radiation damage. 

2) Radiosensitivity of helper T cells. Helper T cells partecipate in the 

processes of antibody response against all microorganisms that can invade 

the organism when immunological defence mechanisms have been impaired by 

irradiation. Since the radiosensitivity of helper T cells was a controversial 

issue owing to complications met when the evaluation was performed in vivo, 
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the helper activity ofT cells, primed and irradiated in vivo, was tested 

in vitro to establish a radiation dose-response relationship. Spleen cells 

from mice carrier-primed 4 days before exposure to 50-2000 R were tested for 

their ability to help syngeneic normal spleen cells to mount an in vitro 

anti-hapten antibody response after stimulation with the hapten-carrier 

conjugate. The curve describing the remaining helper activity as a function 

of the radiation dose showed the presence of two components, one more radio 

sensitive than the other one, suggesting the existence of two helper T cell 

subpopulations. It was also found that the radiosensitive subpopulation 

increases with the time interval between carrier-priming and irradiation, 

and can be separated from the radioresistant subpopulation by nylon wool 

filtration. The type of functional alteration resulting from depletion of 

the radiosensitive subpopulation of helper T cells remains to be determined. 

3) Recovery ofT and B cell populations. During 1980, the same method used 

for in vitro evaluation of the helper activity of differentiated T cells 

from mice carrier-primed before irradiation was applied to helper cells from 

mice primed at different times after different radiation doses to assess the 

recovery of precursor T cells. The immune reactivity of B cells from the same 

mice was also estimated in vitro by use of a T-independent antigen. The early 

recovery at 1-2 weeks after 50-200 R was found to be greater for T than for B 

cells. From experiments performed with pooled spleen cells, both T and B cell 

populations appear to recover completely at 3 months after 300 R. However, 

when the same methods were applied to spleen cells from individual mice immune 

defects could still be detected at 3 months after 200 R. Yet, recovery at 6 

months was complete even after 400 R, regardless of whether spleen cells from 

pooled or individual mice were used. These findings altogether suggest that 

radiation-induced perturbations of immune homeostasis can eventually be over_ 

come, spontaneously. However, since recovery is fully attained after an ex 

tensive period of time, the irradiated individual is likely to suffer the 

late consequences of a long-lasting unbalance of the immune surveillance 

mechanisms. 
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Contractant van de Cqmmissie Vrije Universiteit Brussel 

Nummer van het contract : 263-78-1 BIO B 

Hoofd van het researchteam R. HAMERS 

Algemeen onderwerp van het contract Biological Effects of Irradiation 

Algemene omschrijving van de uitgevoerde werkzaamheden met de nadruk op 

de betekenis van dit onderzoek voor het stralenbeschermingsprogramma van 

de Gemeenschap. 

The first investigation concerning radiation and immunity were performed 

prior to development of cellular immunology. These early data only 

described the final effect of irradiation on a particular immune reaction. 

Today we know that an immune response is the result of a complex series 

of interactions between different lymphoid cell types, and more attention 

is paid to the effect of radiation on these individual cell populations. 

Much progress has been made in the field of cellular immunology because 

techniques became available for the in vitro induction of an immune 

response as well as for the separation of functional lymphocyte subpopula

tions. The isolation of different lymphocyte populations and their 

functional characterization has led to a better understanding of the 

immune network. It is quite clear now that besides positive cellular 

cooperation (help), there also exist negative interactions (suppression). 

Moreover, suppression seems to be dominant. Suppressor mechanisms not 

only protect the individual from developing to excessive immune reactions 
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upon infection with a foreign antigen, but also from reacting against 

self-determinants {such as is the case in auto-1mmune disease). Since 

an intact control mechanism seems to be of utmost importance for accurate 

functioning of the immune system, we decided to concentrate our research 

on the effect of irradiation on the regulatory compartment. As an 

experimental system we found the rabbit more suitable than the inbred 

mouse because of the presence of well-defined genetic markers on its 

immunoglobulins {allotypes) as well as markers belonging to the quasi

silent gene products. Moreover, working with a non-inbred population is 

more relevant to the situation one has to face when investigating human 

material. 
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Resultaten van het project No. 1 

Hoofd van het team en wetenschappel ijke medewerkers : R. HAI~ERS 

M. Vaeck, W. De Smet, W. van der Loo, P. De Baetselier, C. Casterman. 

Titel van het project : 

Effect of irradiation on the expression of immunoglobulin genes 

Beschrijving van de resultaten 

Some preliminary experiments were undertaken to evaluate the effect of 

whole body Xray irradiation ( 2500r) on the rabbit immune system. We 

noticed a decline in the proportion of splenic B toT cells during the. 

first weeks after irradiation, as well as an altered mitogen reactivity 

of the spleen lymphocytes. Most interestingly when rabbits were immunized 

shortly after irradiation with the antigen sheep red blood cells {SRBC), 

they showed a significantly enhanced primary antibody response against 

this antigen. This observation would be in accordance with the hypothesis 

that irradiation primarily affects immune regulation. However, other 

mechanisms such as gut damage or altered cell homing could not be com

pletely ruled out as the main cause of this enhancement. However we 

felt that, in order to elucidate the exact nature of this effect, we 

needed to use more sophisticated techniques such as the in vitro culture 

of lymphoid cells. 

This would enable us to manipulate more easily the different cellular 

components of the immune system and to obtain direct information on the 

radiosensitivity of the various cell types involved in immune reactions. 
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Extensive studies. conducted in our laboratory. using a cell culture 

system for the in vitro induction of an immune response with rabbit 

peripheral blood lymphocytes (PBL). revealed that two different sup

pressor cell types regulate antibody production: one radiosensitive (25-

50 r). the other radioresistant (at least up to 2500 r). 

Radioresistant suppressor cells. 

PBL from SRBCprimed rabbits could be restimulated in vitro to generate a 

secondary antibody response against this antigen. Both IgM and IgG 

secretion (measured by the plaque forming cell test) were significantly 

enhanced by fractionating the PBL on insolubilized histamine. Readdition 

of the histamine binding cells (H+ cells) to cultures of histamine non

adherent cells (H-cells) resulted in strong suppression. The H+ sup

pressor cell was sensitive to treatment with antiT serum and complement 

but was insensitive to in vitro Xray irradiation with doses up to 2500 r. 

Hence the H+ suppressor cell is a radioresistant T cell. 

Apparently the finding of radioresistance is incompatible with the 

general hypothesis that suppressor cells are relatively radiosensitive. 

However, from the study of primary in vitro responses, we have obtained 

evidence that the H+ suppressor cell is antigen-induced. Thus the 

possibility exists that in vivo priming has induced the differentiation 

of radiosensitive suppressor precursor cells into radioresistant effector 

cells. 
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Radiosensitive suppressor cells. 

When PBL from immunized rabbits were depleted of H+ cells and irradiated 

-nth low doses of Xrays (2500 r) the secondary antibody response was 

consistently enhanced. Such a supplementary enhancement in the absence 

of H+ suppressor cells. induced by low dose irradiation. is indicative 

of the existence of a radiosensitive histamine non-binding (H) regulatory 

cell in PBL of immunized rabbits. 

We also established the experimental conditions for the in vitro induction 

of primary antibody responses with rabbit PBL. In contrast to the secon

dary response. primary antibody production in vitro was not altered by 

chromatography of the cells on insoluble histamine. However, low dose 

irradiation of unfractionated or H-PBL resulted in significantly higher 

responses. Thus although the radioresistant H+ suppressor cell is only 

present in PBL from immunized animals, the radiosensitive H regulator 

cell seems to be independent of in vivo immunization. Whether the 

latter one respresents an earlier maturation stage of the H+ suppressor 

cell or whether it is a completely different regulatory cell type remains 

to be determined. 

The results obtained from these in vitro experiments are in complete 

agreement with our initial data concerning enhancement induced by in 

vivo low dose irradiation. Moreovet the data clearly indicate that 

such enhancement is due to a direct effect on a. lymphoid cell population 

(probably a radiosensitive suppressor cell) and rule out the possibility 

of an indirect effect such as gut damage or altered cell homing as the 

main cause of radiation induced enhancement. 
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Theme general du contrat : Effect of irradiation on leucocyte, hematopoiesis 
and thyroid - Definition of new biochemical markers 

Titre du projet n° 1 : Biochemical Markers of Leucocyte Function 

Chef du projet et collaborateurs scientifiques : E. SCHELL-FREDERICK 

A. Biochemical Markers 

Phagocytosis by polymorphonuclear leucocytes represents the major 

defense of the organism against bacterial invasion. Our work concerns the 

biochemical mechanisms of phagocytosis with particular emphasis on the control 

elements involved. During the period of the contract, we have concentrated 

our attention on two possible control elements, calcium and prostaglandins. 

We have shown that phagocytosis is accompanied by an increased release 

of 45 ca from prelabelled leucocytes. The increase is not dependent on 

phagosome formation, parallels the release of granular enzymes into the 

medium and is markedly inhibited when the cells are labelled at 0°C. These 

results have led to the hypothesis that calcium is actively stored in 

leucocyte granules and discharged into the medium during phagocytosis together 

with granular enzymes. This increased efflux would represent the final step 

of stimulus-secretion coupling in the leucocyte. Studies carried out in 

1980 using inhibitors of granular enzyme discharge (low temperature 4-acetamido-

4'-isothiocyanostilbene-2,2'-disulfonic acid, p-bromphenacylbromide, 

nordihydroguaiaretic acid) have shown parallel inhibition of 45calcium release, 

thus bringing added support to this hypothesis. Direct measurement of the 

capacity of isolated leucocyte granules for active calcium uptake and to 

detect the possible presence of Ca-ATPase activity have been hampered by 

technical problems. Satisfactorily pure preparations of granules have been 

prepared on Percoll gradients, but the addition of ATP to such granules 

results in a dense precipitate, thus preventing studies of active calcium 

transport. 

Evaluation of primary prostaglandin formation in guinea pig neutrophile 

has shown no consistent effect of phagocytic particles or cytochalasin E on 
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PGE2 or PGF2 ~ production. In an effort to determine whether production 

and release of primary prostaglandins occurs in bacteria and may be important 

in the pathogenesis of infection, we measured such production in common 

saprophytic and pathogenic bacteria. No significant PGE2 or PGF 2 ~ formation 

was detected. PGE2-like substances are produced in some strains of Propioni

bacterium acnes. The possibility that bacteria may produce other prostaglan

dins (for example, lipoxygenase products) has yet to be studied. 

B. Irradiation 

Contrary to the results of previous in vivo animal work, we have failed 

to detect changes in biochemical markers (random mobility, chemotaxis and 

iodination) of leucocyte function in patients undergoing irradiation for 

pulmonary neoplasm. · This suggests that high doses of irradiation administered 

to regions of active bone marrow may be necessary to alter leucocyte function 

and that the main effects of irradiation on leucocytes bear on their formation 

rather than on their function. 

As infections and abcesses are important consequences of irradiation, 

methods to localize silent abcesses were investigated. Labelling of leucocytes 

with IIIIndium for use in the detection and localization of infection has 

been initiated in 1980. Making use of our experience with 99Tc-sulfur colloid 

we have been able to proceed rapidly to clinical utilization. To date, we 

have performed 90 diagnostic prodecures. We have had two false positives 

and no verified false negatives. The radiation load is minimal. With this 

technique primary and metastatic tumors are not labelled. Heterologous 

donor leucocytes may be used in neutropenic patients. This useful test 

for the detection of occult inflammation in irradiated patients is available. 

In a further effort to identify biochemical markers of the effects of 

irradiation, we have initiated studies of PGE2, PGF2 ~ and cyclic GMP formation 

in dog thyroid slices and renal medulla. Free radicals are known to be 

generated by irradiation and these activated molecules have also been 

implicated in the formation'of prostaglandins and cGMP. These appears to be 

no consistent effect of irradiation on these parameters in resting or 

carbamylcholine-stimulated thyroid slices. 



- 881 -

BIBLIOGRAPHY 

1. PARIDAENS, R., SCHELL-FREDERICK, E. 
Phagocytose et pouvoir bactericide des leucocytes humains. 
Bruxelles M~dicai, 57, 367, 1977. 

2. SCHELL-FREOERICK, E., PARIOAENS, R., BARTHELEMY, A. 
The immediate consequences of particle-cell contact in polymorphonuclear 
leucocytes : Calcium movements. 
In "Movement, Metabolism and Bacterial Mechanisms of Phagocytes" 
Eds. Rossi, F., Patriarca, P.L. and Romeo, 0. 
Piccin Medical Books, London 1977, pp. 213. 

3. BARTHELEMY, A., PARIDAENS, R., SCHELL-FREDERICK, E. 
Phagocytosis-induced 45calcium efflux in polymorphonuclear leucocytes. 
FEBS Letters, 82, 283, 1977. 

4. PARIDAENS, R., FRUHLING, J., GANGJI, 0., SCHELL-FREDERICK, E. 
In vivo studies utilizing human leucocytes selectively labelled by 
in vitro phagocytosis of 99ffilc sulfur colloid. 
Eur. J. Clin. Invest., 8, 344, 1978. 

5. PARIDAENS, R., FRUHLING, J., STRIJCKMANS, P., SCHELL-FREDERICK, E. 
Platelet contamination of radioactive colloid labeled leucocyte 
preparations. 
J. Nuclear Mad., 19, 1274, 1978. 

6. GULBIS, E., MARIDN, A.M., DUMDNT, J.E., SCHELL-FREDERICK, E. 
Prostaglandin formation in bacteria. 
Prostaglandins, 18, 397, 1979. 

7. SCHELL-FREDER!CK, E., FRUHLING, J., VERCAMMEN-GRANDJEAN, A.F., PARIOAENS, R. 
Mechanism of labeling of neutrophile and macrophages with 99ffilc 
sul fur colloid. 
Intl. J. Nucl. Mad. Biol. (in press} 

8. DE MAUBEUGE, J., LEOOUX, M., DUCHATEAU, J., SCHELL-FREOERICK, E. 
ACHTEN, E. 

Pyoderma gangrenosum : Deux cas traites par Lamprene - Etude immunologique. 
Lille M~dical (in press), 

9. GULBIS, E., GALAND, N., OUMONT, J.E., SCHELL-FREDERICK, E. 
Prostaglandin formation in bacteria : A reevaluation. 
Prostaglandins (in press}. 

10. SCHELL-FREDERICK, E., GALANO, N., FLAMENT, J. 4 The effect of inhibitors of lysosomal enzyme secretion on 5calcium 
efflux in polymorphonuclear leucocytes (manuscript in preparation). 

11. PASSAREIRO, H., DUMDNT, J.E., SCHELL-FREOERICK, E. 
Cyclic GMP and prostaglandin production in irradiated thyroid slices 
(manuscript in preparation). 



Titre du projet n° 2 

- 882 -

Effect of irradiation on the regulation of erythropoiesis 
and erythropoietin 

Chef du projet et collaborateurs scientifiques J.P. NAETS 

These last 4 years, we have studied the catabolism of erythropoietin in 

marrow aplasia either secondary to chemotherapy or X Ray irradiation. We 

have observed that the catabolism of the hormone is not affected by drug 

aplasia but reduced after irradiation. 

On the other hand, we have assessed the action of glucagon in erythro

poiesis and have pointed out the inhibitory effect of this hormone. 

1. Compared effects of irradiation and cyclophosphamide (CTXJ induced 

erythroid aplasia on the catabolism of exogenous erythropoietin. 

It has been shown that the plasma clearance rate or erythropoietin 

after hypoxic stimulation is reduced in irradiated rats. This effect has 

been atributed to medullary aplasia following irradiation, and a relationship 

between cellularity of the erythroid marrow and erythropoietin utilisation 

was inferred (Stohlman and Brecher, 1959), on the other hand we have shown 

that utilization of endogenous erythropoietin was not increased in the dog 

with hyperplastic marrow (Naets and Wittek, 1965) nor reduced in the rat 

with experimentally induced marrow aplasia (Naets and Wittek, 1969). As 

endogenous erythropoietin could be produced for a longer time after arrest of 

hypoxic stimulation in the irradiated groups, we studied the clearance rats 

of exogenous instead of endogenous erythropoietin in irradiated and CTX treated 

rats. 

Haematological values were similar in irradiated and CTX treated rats. 

42 h. after irradiation (400 r) of CTX administration 50 mg/kg body weight) 

the marrow was deeply aplastic in both groups. Whereas the femur of a normal 

male Wistar rat contained 29 x 106 normoblasts, only 1.64 and 1.36 x 106 

normoblasts remained respectively after irradiation or CTX administration. 

Plasma with high erythropoietin activity obtained from rats of the same strain 
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submitted to hypoxia (17 h., 270 mm Hgl was injected by a tail vein. The 

erythropoietin titer was measured on pooled plasma of groups of 4 rats 

killed 0 (10 minl, 1, 2, 4 and 6 h. after the injection. After irradiation 

the j was increased from 1.5 h. in controls to 2.3 h. In spite of similar 
I • 

aplasia, the 2 observed after CTX administration was identical to the 

l of controls. 
2 

These results suggest that the action of X rays on the catabolism of 

erythropoietin is independant of erythroid aplasia and could be related to an 

extramedullary effect of irradiation. 

2. Inhibitory effect of glucagon on erythropoiesis 

Anemia of obscure origin is a common feature in glucagon secreting 

tumors. Regression of the anemia after surgical removal has been reported. 

This association between hyperglucagonemie and anemia might be fortuitous. 

We have therefore studied the effect of glucagon on erythropoiesis in mice 

and rats and demonstrated an inhibjtory effect of the hormone. 

Long-acting glucagon protamine zinc (NOVO) was injected subcutaneously 

twice daily at 9 a.m. and 4 p.m. After administration of 2 x 200 ~g/day 

for 10 days, the erythropoiesis of male rats was markedly depressed. Total 

normoblasts counts per femur, reticulocytes, and 59 Fe uptake into red cells 

fell respectively to 35 %, 50 % and 17 % of control values. The same results 

were observed with male and female mice injected twice daily with 50 fg of 

glucagon. The erythropoietic response of mice to hypoxia was also inhibited. 

After 12 days of hypoxia, (320 mm Hg, 16 h./day), the red cell mass increased 

in controls from 3.12 to 6.31 and only to 5.19 ml/100 g body weight in the 

glucagon-treated group (p( 0.02). Response of polycythemic mice to exogenous 

erythropoietin (ESF) was reduced after glucagon injection, and the inhibition 

was proportional to the logarithm of the dose. The lowest active dose (3 ~g) 

reduced the 
59

Fe uptake to 77 % of controls, whereas 50 ~g administration 

reduced it to 43 %. This inhibito~effect decreased gradually as a function 

of the time interval between glucagon injections and ESF administration. 

Production of ESF seemed unaffected by glucagon administration, since after 

hypoxia (4 h., 300 mm Hg), the ESF titer of rats and mice was similar in 

controls and glucagon-treated groups. As the inhibitory effect of glucagon 

was only elicited if administrated close to the ESF injection, and since no 

effect on ESF production could be demonstrated, it was inferred that the 
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hormone acts mainly at the level of erythroid stem cell differentiation. It 

was suggested that hyperglucagonemia was responsible for the anemia of 

glucagonomas and might be implicated in the anemia of other clinical conditions 

with hyperglucagonemia. This could be the case of anemia in hepatic cirrhosis, 

chronic inflammatory syndrome and renal failure. On the other hand, glucagon 

acts in most cells and presumably on bone marrow by generating intracellular 

cyclic AMP. Our results therefore suggest that systematic pharmacological 

manipulation of cyclic AMP levels in erythropoietic cells in the bone marrow 

will provide new therapeutic tools in the control of hematopoiesis. 
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Titre du projet 3:Thyroid as a target and model of irradiation injury 

Chef du projet : J.E. OUMDNT 

Surveys of patients whose neck has been irradiated accidentally or for 

a variety of diseases 10 to 20 years before, reveal a large and progressively 

increasing incidence of thyroid nodules and cancers. Such findings raise 

the question of the possible consequences of the numerous radioiodine uptake 

tests carried out for the diagnosis of thyroid diseases and of possible 

accidental release of radioiodine release in nuclear accidents. Until 

now, in animals, the best short term in vivo index of radiation damage to the 

thyroid is the release of thyroglobulin. With Van Herle (San Diego, USA) 

we have set up in the laboratory a very sensitive assay for human thyroglobulin. 

10 patients who had been sent for a thyroid scan and PBI 131 determination 

were investigated before and after administration of a dose o! 50 ~Ci of r131
. 

Basal serum thyroglobulin levels varied much from one patient to another 

(1 to 80 ng/ml; mean 32,7 + 29,5 S.O.J but was consistent for any individual. 

24 h. after r131 administr:tion, serum thyroglobulin levels were unchanged 

(33,0 ng/ml). Thus within the limits of validity of this method no thyroid 

damage has been demonstrated for this radiation level. In order to check a 

wider range of dose, a dog serum thyroglobulin radioimmunoassay has now been 

set up in the laboratory. 

To investigate such problems as the lifespan of the differentiated 

thyroid cell as well as the biochemical mechanisms accounting for the radio

sensitivity of this cell, the establishment of cultures of growing differen

tiated follicular cells is necessary. Preliminary experiments suggest that 

dog thyroid cells in primary culture might provide such a system. We have 

succeeded in developing a system, which for the first time satisfactorily 

meets these criteria. Our primary dog thyroid cell cultures retain some 

elements of differentiation (iodide trapping, cyclic AMP response to TSH, 

thyroglobulin synthesis); their slow growth is enhanced by TSH by a cyclic AMP 

mediated action, their differentiation (as evidenced by thyroglobulin synthesis) 

can be modulated by various agents such as butyrate. The fact that growth 

in this system is activated by cyclic AMP shows that this intracellular 

signal is not, contrary to a widely held concept, a universal negative signal 

for growth. 



- 886-

The application to man of experimental work carried out in animals 

requires satisfactory evidence that both systems are comparable. We have 

therefore defined various aspects of metabolism in the human thyroid and their 

regulatory network. This work now provides the background for the study of 

biochemical markers of differentiation in spontaneous and irradiation induced 

thyroid nodules. 

Various aspects of radiobiology have been investigated using the thyroid 

as a model. With Davies (Omaha, USA), contrary to previous evidence, we have 

been unable to observe consistent effects of radiation on polysome function 

or binding to ergastoplasmic membranes. A cyclic GMP has been shown to monitor 

radicals in various tissues including the thyroid, we have studied the effect 

of radiation on cyclic GMP levels as a biochemical marker. Cyclic GMP in 

plasma and urines of rats irradiated in vivo (with Gerber, Moll was not 

consistently increased. Very variable results have been obtained in acutely 

irradiated dog thyroid cells. It is therefore difficult to accept the hypothesis 

that cyclic GMP is a marker of free radicals in tissues. 

A synthesis of the work carried out on irradiation of the thyroid and its 

consequences has been presented with the Dublin's group in a monograph 

published by the EEC. It started a useful European collaboration. This 

work has lead to propose a directive to the Commission for health protective 

measures to be adopted for the prevention of harmful consequences of 

nuclear accidents. 
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Theme general du contrat : Consequences of irradiation on the 

local intestinal immunological system. 

Prevention and treatment of their effects. 

Titre du Projet Consequences of irradiation on the immunological 

system 

Chef du Projet H. BAZIN 

Irradiation of the total body or localized on the intestine 
can lead to fluid and electrolyte depletion. In the range 
of infra or midlethal doses of irradiation, septicemiae can 
also occur. The features of bacterial infections due to ionizing 
radiations seem relatively peculiar to them. Their most important 
characteristics are : 

- The bacteriae implicated in the invasion are generally 
considered as poorly agressive or not at all pathogenic 
for the host. They generally come from the normal enteric 
flora. 

- The occurrence of bactermiae appears during the second 
week after irradiation. 

The pathogenesis of microbial infections after radiation 
injury is still poorly understood. As a matter of fact, the 
normal defences against microorganisms are numerous and generally 
divided into natural or acquired resistances. Both are mediated 
by different mechanisms, either mechanical (mucociliary system .•• ) 
or chemical (lysozyme- acidic pH of secretions ... ), at the 
exterior of the organism. Antibodies play a major role by 
covering up the receptors of the bacteriae or of the epithelial 
cells at the surface of the mucosae or of the skin. Many systemic 
protective mechanisms also exist, such as the C reactive protein, 
acute inflammatory response, "natural" antibodies and many 
cells such as granulocytes, macrophages, .•• which act with 
or without antibodies or complement. Another factor of complexity 
is the great number of microorganisms which can be involved 
in septicemiae, each bacteria having a distinct type of pathoge
necity due to its own characteristics. The effects of ionizing 
radiations on such a diversity are difficult to study. Moreover, 
the success obtained by chemotherapy has been considered so 
important in the fight against microorganisms that it has, 
these last years, dissuaded further efforts in this field. 
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In fact, septicemiae are still very frequent and still kill 
a high percentage of patients, mainly those suffering from 
immunodepressions such as those due to irradiation. The deficien
cies of the antimicrobial defence mechanisms which appear after 
irradiation have to be studied in terms of modern immunology. 

The first consequences of irradiation for the intestinal 
tract, at doses up to midlethal, seem to be : failure of the 
biological barrier constituted by the intestinal epithelium; 
depression of the local and general immune responsiveness and 
changes of the intestinal flora with an increase of pathogens 
or conditionally pathogenic microorganisms by disturbance of 
normal bacterial antagonism. The barrier function of the intesti
nal mucosa is certainly one of its most fundamental properties. 
The simple columnar epithelium that lines the gastrointestinal 
tract must prevent the entry of dangerous antigenic substances 
and microorganisms into t:,e organism. Irradiation can result 
in a marked reduction in number and size of the epithelial 
cells. These abnormalities reached a maximum by the third 
day after irradiation. However, they are not associated with 
gross drastic discontinuities in the epithelial lining. Mice 
irradiated with a coesium source at doses from 5 Gy to 40 Gy 
from the day of irradiation up to day nine after it, were used 
to determine to what extent the impermeability of the gut barrier 
was impaired. Iodinated human serum albumin was administered 
by gastric intubation after a fasting period of 12 hours. 
We observed no significant increase of the entry of labelled 
molecules for the animals given a gamma ray dose below or equal 
to 1,000 rads from day~ to day 9, by comparison with the control 
mice. However, a slight increase of absorption was observed 
for doses equal or higher than 20 Gy. These results showed 
that high irradiation doses can increase the absorption of 
antigenic molecules. We have also analyzed the pathways through 
which molecules or small particles can escape the blood vessels 
and pass through the intestinal epithelium into the gut lumen. 
Three markers of different molecular weight were employed : 
horse radish peroxidase (Mw : 40,000), horse ferritin (Mw : 
600,000) and thorothrast (size from SO to 1,000 A0 ). From 
one to five days after a 9.5 Gy X-irradiation, mice were inoculated 
with one of the markers. In normal mice, ferritin and thorothrast 
molecules were found localized in the blood capillaries. In 
irradiated mice, these molecules were identifiable in the capilla
ries and in the perivascular spaces. The abnormal escape of 
these molecules was due to pinocytosis but also to abnormal 
spaces between the endothelial cells. But in no place, as 
in the former experim~;.ts, were the terminal bars between epi the
lia! cells seen broken and no direct and complete passage was 
observed. In conclusion, in sublethally irradiated animals, 
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there is no clear rupture of the intestinal epithelium. The 
passage of soluble or particulate substances or microorganisms 
cannot be a direct diffusion mechanism across the intestinal 
mucosa, except probably in rare cases. 

The second approach of the pathogenesis of post-irradiation 
infections was the general and intestinal immunity. The host 
defence mechanisms against infections are multiple. They could 
be divided into specific and non specific factors. We have 
begun to analyse the case of a non-pathogenic microorganism 
for the rat : Yersinia enterocolitica, which is found in sporadic 
human infections all over the world. Rare Y. enterocolitica 
septicimiae can occur in humans but they have always been reported 
in immunodeficient patients. The strain of Y. enterocolitica 
that has been used in our studies was found non-pathogenic 
for all tested rat strains up to the dose of 109 microorganisms. 
Higher doses were lethal for rats, even when the8organisms 
were killed before inoculation. But doses of 10 microorganisms 
were also found non-pathogenic for Nude (athymic) rats, rats 

deprived of B lymphocytes (by mu negnatal suppression) or both. 
Doses of Y. enterocolitica up to 10 organsims were unable 
to kill rats when injected 24 hours after an ~rradiation exposure 
of 4 to 7 Gy. On the contrary, rats given 10 Y. enterocolotica 
five or ten days after a ~7 Gy gamma ray exposure were killed 
by septicemiae. These results demonstrated that immunity mediated 
by T ot B lymphocytes is not always implicated in post-irradiation 
infections. Factors such as macrophages, granulocytes, eosino
phils, are pred~ntly under study. 

However, in cases of pathogenic microorganisms, immune responses 
may have an important role in the defence of the host. We 
have chosen as model the IgE immune response which is known 
to be completely T-dependent and we have studied its radiation 
induced enhancement (RIE). We have demonstrated a) that the 
RIE phenomenom can be observed in some rat strains but not 
in others; b)that it is dominant in F1 hybrids between two 
strains, one being RIE positive and the other negative; c) 
that the genome coding for the kappa and the heavy Ig chains 
cannot transform an RIE negative strain into a positive one; 
d) that the transfer of the major histocompatibility complex 
of a positive strain to a negative one does not change its 
RIE status. These results must be interpreted in terms of 
production of antibody after irradiation and can explain diffe
rences in susceptibility to microorganisms between immunodeficient 
patients. 

Further studies will be necessary to properly consider the -
role of their antibody production in the pathogenesis of infection 
after irradiation. 
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The mechanisms producing radiation damages and cellular re 
pair processes are known enough in cellular systems "in vitro"-:
but they are not yet known in tissues because of the different 
complexity of the system. 

In order to consider these parameters the small intestine 
was studied as a model for tissues with a high proliferative 
activity. The microscopic anatomy of this tissue allows to di~ 
tinguish the proliferative compartment from the differentiated 
one, so that the small intestine appears to be a good test to 
follow the changes in the cellular proliferation and the recov 
ery of the epithelial cells. Moreover, the differentiation pro 
cess occurring in the cells of the upper part of the crypt, i~
duces the synthesis of enzymes then localized in the brush bor 
der and involved in the membrane digestion process by which -
tri- and dimers are hydrolized to monosaccharides and aminoacids 
and then absorbed. 

Many studies have been previously carried out using single 
session irradiations with doses between 200 and 1200 rad. 

Multiple daily fractionations (MDF) have been studied in 
the present research to determine the tolerance of healthy tis 
sues at high doses administered in a limited time interval. -

The relevance of this study as far as concerns the Radio 
protection Programme appears obvious since the biological test 
is a tissue of mammals and the use of MDF allows to investigate 
the mechanisms of damage induction and specially the phase of 
cellular recovery and return to a normal functional activity. 

TWo types of MDF were used in the present study; 200 rad 
fractions have been administered up to a 600 or 1200 rad dose. 
An interval of 8 hrs between the fractions was used in the first 
experiment; £or the second experiment three fractions were ad 
ministered every 4 hrs and then other three fractions were ad 
ministered after 16 hrs in the 1200 rad total dose. 
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Female Wistar rats ageing 10-12 weeks and maintained at a 
rigorous L/D cycle from 6.30 a.m. to 6.30 p.m. were used in all 
studies. Irradiation was performed by a Telecobalt unit under 
anaesthesia only on the abdominal region. 

Animals were sacrificed in all experiments at 10 intervals 
ranging from 1 hr to 29 days after the last fraction. 

The biochemical parameters analyzed were: 1) activities of 
brush border enzymes, such as disaccharidases and dipeptidases 
synthetized by the epithelial cells during the differentiation 

.process and whose modifications show the functional damage of 
cells; 2) activities of lysosomal enzymes as index of cell and 
tissue damage; 3) protein content. 

Morphological observations were made in order to evaluate 
the cell modifications appearing at the different intervals a£ 
ter irradiation. Moreover, one hour before the sacrifice the
animals were injected with 3H-Thymidine to evaluate cell kine! 
ics parameters. 

Since studies, also occurring in our laboratory, showed 
circadian oscillations of mitotic activity, uptake of 3H-ThX 
midine and enzyme activities typical of differentiated cells, 
we have considered if the beginning of the treatment at differ 
ent hours of the day could induce different effects. 

In fact our preliminary results, using a single dose, 
showed that different modifications are observed in the small 
intestine if the same dose was administered at different hours 
of the day. 

In the 200x3x2 experiment with a fraction interval of 8 
hrs, the treatment began at noon for a group of animals and at 
midnight for the second group. 

Since the total time of irradiation was short, the MDF 
produced modifications quantitatively similar to the ones ob 
served with a single dose. 

The two 200x3~2 MDF showed a considerably lower damage 
than the one induced by an 800 rad dose; also the 200x3 frac
tionations showed lower damage than the one induced by a 500 
rad dose. 

Differences were observed also between the groups irra 
diated at midnight and at noon. The increase of brush border 
enzyme activities at the initial intervals is more marked in 
the "day" group. The lowest levels of activities are reached 
12 hrs after the last fraction in both groups, but the return 
to normal values is faster in the "night" group. Lysosomal 
enzyme activities, very high during the damage phase, and 
protein content do not show significant differences between 
the two groups. Morphologic damage during the acute phase of 
the intestinal radiation syndrome is more marked in the "night" 
group: at the initial intervals a lack of mitoses is observed 
whereas in the "day" group the values are about 30% of controls. 
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Recovery processes appear more efficient in the "night" group 
whose intestinal epithelium more quikly returns to a normal 
morphology. This result is confirmed by the increased number 
of epithelial cells 72 hrs after the last fraction whereas this 
phenomenon is observed only at later intervals in the "day" 
group. 

The study concerning the second MDF starting at night con 
firmed the good tolerance of the small intestine to these types 
of treatment. The total time for the treatment with 1200 rad 
has been in this group 8 hrs shorter than the one previously 
described. 

The enzyme modifications in the two cases are similar 
enough even if the epithelium, at the initial intervals, appears 
less damaged than in the first MDF. The damage during the acute 
phase appears to be similar and, between 34 and 72 hrs, when the 
mucosa is deeply altered, the enzyme activities show values near 
to zero. 

The return to a normal morphology is not coupled with the 
achievement of normal levels of the activity of functional en
zymes1previously observed even after a single exposure,and af 
pears more evident after MDF. 

In fact, whereas the epithelium shows normal cells 5 days 
after the last fraction, at 11 days only the activities are simi 
lar to the controls. 

All activities of•the brush border show an overlapping be
haviour thus confirming the previous results. 

Lysosomal activities during the acute phase show a signifi 
cant increase that appears higher than the one observed in the
previous MDF, but even in this case the return to a normal mo~ 
phology leads to normal levels. 

Protein content shows similar modifications in both MDF. 
Moreover the first results of the present experiment show 

that the 200x3 every 4 hrs MDF induces a more marked damage when 
compared with the every 8 hrs treatment. 

The results obtained up to now show the good tolerance of 
this tissue with high proliferative activity with regard to 
total doses that, if administered in a single session, are able 
to kill 37% of the animals because of the gastrointestinal ra 
diation syndrome. -

Although the morphological and functional damages after MDF 
appear qualitatively and quantitatively similar to a single ses 
sion irradiation with an equivalent dose, the repair and recov-
ery processes result more efficient. -

The number and the complexity of the considered parameters 
did not allow to complete the studies so that the conclusive 
results will be presented ~n the next year •• 
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Optical properties of radiation induced free radicals in nucleic 
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J. HUttermann, H. Riederer 

The project was aimed at the elucidation of optical properties 
of free radicals and their correlation to paramagnetic features 
by using combined optical and magnetic resonance spectroscopy as 
tools of investigation. In this way, the large body of data available 
from pulse radiolysis studies in aqueous solutions using optical de
tection methods should become relatable to the detailed structural 
information obtainable by ESR-spectroscopy on radiation-induced 
intermediates. 

Specifically, the project delt with the study of the reactions of 
water-radiolysis products, H', e, OH' (and S04') in low-temperature 
glasses with uracil and its 5-methyl- and 5-halogen-substituted 
bases, nucleosides and -tides in order to elucidate the contri
bution of indirect radiation action in the in vivo DNA-radio
sensitization occurring upon replacement of thymine residues by 
5-halouracils in DNA. Glasses were chosen to facilitate both opti-
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cal and E5R-detection of intermediates as well as the production 
of specific reactants allowing to study their reactions selectively. 
The glasses used were aqueous neutral (LiCl), acidic (H 25o 4 , H3P0 4 ) 

or alkaline (NaOH) as well as organic {CH 30H, MTHF) in nature. The 
solvent differences bring about different tautomeric forms of the 
solutes. The main reactions studied and their results are shown 
in the scheme where the solute bases are classified according to 
their tautomeric form. {The reactions with OH' are still under 
investigation). 

Of the three reactants studied, only H'-atoms and 504' anions, 
both produced in H25o 4-glasses either radio- or photolytically, 
react with deoxyribose in glasses containing the sugar or nucleo
sides (-tides) {bottom part of scheme). With H'-atoms, three radi
cals are formed, two of which are connected by a radical transfor
mation; the more stable c2 ,-radical is also formed by 504'-attack. 
The latter species reacts with the bases (top right section) by 
electron transfer leading to a base cation; this can deprotonate 
at N1, a process best documented for fluorouracil, or it can take 
up an OH- at the c6-position to yield a 5-yl radical. The latter 
process occurs in all nucleosides independent of the nature of 
the 5-substituent. 

H'-atom reactions, which may be used as model for OH'-reactions, 
at the bases occur exclusively at the 5,6-double bond of the 
pyrimidine ring yielding 5-yl and 6-yl radicals, both of which 
are probably o4-protonated in the extreme low pH of the acidic 
{H 25o 4 , H3Po 4 ) glasses (pH ~ 0). It was found that the reaction 
mechanism differs from that in fluid solutions but is comparable 
to solid state reactions. Thus, in nucleosides (-tides) the rela
tive yield of base to deoxyribose radicals which according to 
solution reaction constants should give a factor of 2-5 in favour 
of base radicals whereas the ratio obtained in the glass exhibits 
a slight preference for the deoxyribose {3:2). The same interpre
tation applies to the relative contribution of 5- and 6-yl base 
radicals in dependence of the 5-substituent. In solutions, the 
directivity of the substituent on the site of H'-addition is rather 
small whereas in the glass a strong preference for addition to the 
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site adjacent to the substituent is observed if the latter is not 
a hydrogen. The relevant numbers are shown in the scheme (middle 
right section). It is important to note that the dominant radicals 
in 5-halouracils are of the 5-yl type which is stable vs. dehalo
genation, again a difference to findings in aqueous solutions. 

The electron reaction which only occurs at the bases is the most 
diversified one (left hand side of scheme), the result of attach
ment depending on the tautomeric form of the solute as well as 
on the 5-substituent. In acidic, the resulting pyrimidine anion 
is of the n*-type for all substituents. This anion converts into 
a neutral 5-yl radical. For iodine, a cr*-anion is formed in the 
neutral glass in which the electron is located in a cr*-orbital of 
the carbon halogen bond; for bromuracil, this anion is formed in 
neutral glasses in addition to the n*-type. This cr*-anion could 
be the precursor to halide ion elimination. In alkaline glass, 
bromo- and iodosubstituted uracils immediately form halide ions 
plus uracil-yl a-radicals whereas for chlorouracil an intermediate 
n*-anion is observed which can be transformed into the uracil-yl 
radical by annealing or bleaching. For all other substituents, a 
n*-anion is formed which converts, as in the acidic or neutral 
glasses, into a neutral 5-yl radical. The optical spectra could 
be correlated unequivocally to the free radicals described above 
for the cases of the n*-pyrimidine anions (I} the hydrogen-addition 
radicals (IV) and (VI) and the base-cations (IX). 

Due to space limitations, the bearing of the findings presented 
with respect to the radiation chemistry of DNA shall be outlined 
only in the context of the radiosensitization of DNA by 5-halouracil 
incorporation. The currently accepted model starts from electron
attachment to the specifically bromouracil base in DNA which yields 
bromide and a uracil-yl radical (V). The latter is then thought 
to initiate a strand-break by abstracting a hydrogen atom from a 
neighbouring deoxyribose. Our results indicate that halide elimi
nation requires a cr*-anion as pre~ursor the formation of which 
occurs in sizeable fractions only in alkaline environment. At 
neutral pH in the low temperature glasses, the n*-anion is formed 
more effectively and reacts in the same way as the corresponding 
species in thymine. It therefore appears that the halide-eliminatiol 
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process is very sensitive to the environment and need not be 
functional in DNA if the reactions occurring in vivo relate more 

to the solid-state types than to the aqueous solution reactions. 
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This work's aims were twofold: 

(I) The quality of radiation damage in biopolymers should be studied 
by pulse radiolysis in conjunction with optical absorption and light 
scattering measurements, 

(ll) The influence of sensitizers and protecting agents on radiation-in
duced reactions of biopolymers should be investigated by these me
thods. 

With respect to (I) prominence has been given to high energy radiation

induced oxidative degradation and aggregation processes, both of them 

leading to irreversible radiation damage. 

Oxidative degradation processes were studied with single-stranded nucleic 

acids1 such as poly(A)1and with calf thymus DNA. From parameter stu

dies (dose rate-, ionic strength-, and polymer concentration dependence) 

it was concluded that the rate of light scattering intensity change of a 

polymer solution, observed after irradiation with a 100 ns electron pulse 

is correlated to the reaction 

(1) 

Reaction (1) is followed by a relatively rapid fragmentation reaction lead

ing to main- chain rupture: 

(2) 
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3 At absorbed doses greater than ea_ 10 rad the average number of radi-

cal s1tes per initial macromolecule 1s s1gnificantly greater than unity 

and processes according to ( 1) occur essentially as intramolecular re

actions. Due to the whomogeneous d1stribution of radical sites the re

action rates cannot be descnbed by homogeneous kmetics m this case. 

In a theoretical treatise a stochastic model has been elaborated1there

fore1for the combination of randomly produced rad1cal s1tes on a poly

mer chain. This model takes into account rapid intramolecular radical

radlcal reactwns according to a multiexponential decay, and subsequent

ly occurring 1ntermolecular reactions, as well as certam imtial mole

cular weight and radical distributwns. 

Work concerning (II) yielded the following results: Crosslinking of na

tive DNA! poly(A), poly(C), poly(U), and poly(G) was observed upon ir

radiating radwsensitizer-containing aqueous solutions. Sens1t1zers used 

were p-nitroacetophenone, nitrobenzene, N-ethylmaleimide and anti-5-

nitro-2-furaldoxlme, Crosshnking yields, as measured by the increa

se. of the light scattering intensity after the pulse, were highest when 

OH-radicals were totally scavenged by t-butanol and solvated electrons 

were free to attack both the sensitizer and the polymer. The complicat-

ed mechanism is based onthe mdirect act10n of radiation involving radical 

ions of the sensitizer, 

Investigations on the influence of protecting agents! such as cysteamine, 

on radiation-mduced molecular weight changes of various polynucleotides 

and DNA are in progress at present. 

Parallel to these studies, mvestigations with plasma proteins (albumin, 

1mmunoglobulin and f1brinogen) were carried out. Aggregation was ob

served. It occurs at a consequence of chemical alterations of the protein 

molecules, induced by the attack of OH radicals. The trans1ent species 

formed durmg and a few 
1
us after the pulse react Within a period of seve

ral ms. At the end of this period the formation of aggregates commences. 

The primary radiation chemical process consists (among others) in the 

generatwn of nucleation sites, which subsequently promote aggregation. 
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studies of chain breaks in DNA 

induced by y-irradiation 

Among the targets of radiation damage in the living cell DNA 

is considered as one of the most, if not the most important. 

Radiation-induced changes of DNA may involve alterations at 

the bases and at the sugar moiety. Often the latter can be 

directly connected with a DNA strand break. Besides these 

direct strand breaks alterations have been identified which 

turn into strand breaks if treated with alkali. They are 

termed alkali-labile sites. Radiation-induced alterations at 

the bases may also result in an alkali-labile site. Strand 

breaks and alkali-labile sites have been considered as quite 

important lesions. 1 

Any attempt to develop a scheme on radiation protection will 

need as a basis the understanding of the underlying molecular 
processes of radiation damage. In the preceding years we were 

mainly concerned to study the mechanism of formation of DNA 

strand breaks and alkali-labile sites in aqueous solution. 

There the major damaging agent is the OH radical, a radical 

which has also been considered to play a certain part in 
2 

~n v~vo systems. 
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The OH radicals are rather reactive; they add to the double 

bonds of the bases and abstract hydrogen atoms from the 

sugar moiety. Because of their high reactivity the latter 

reaction occurs more or less at random, i.e. sugar radicals 

with the free spin at all sugar carbon atoms are formed. 

Radicals which are less reactive than the OH radicals may 

abstract an H atom preferentially at C-1' (Research pro-

gram 1977) • 3 Subsequent to the attack at this position the 

base is lost and a DNA with a lactone structure at this 

position can be formed. This damage constitutes an alkali

labile site (Research program 1976) • 4 A further alkali

labile site is generated, if C-2' is attacked in the presence 

of oxygen. As a result an erythrose unit (loss of C-1' and 

base) is formed which is still embedded in the not yet broken 

DNA chain (Research program 1977) . 5 A number of reactions 

can start from the radical at C-4'. The phosphoric acid ester 

bond can be split (i.e. DNA strand break), thereby a radical 

cation is formed as an intermediate. 6 ' 7 ' 8 Ultimately broken 

DNA strands are formed which carry on one side a phosphate 

group (enzymatically clean) but on the other side an altered 

sugar (possibly enzymatically "dirty") (Research program 1979). 

The radical at C-5', in the presence of oxygen, leads to a DNA 

strand break by breaking the C-5' - C-4' bond. On one side of 

the broken DNA strand an altered sugar remains which again 

may be considered as an enzymatically dirty end. For a given 

set of enzymes (DNAse I, PDE I, PDE II, alkaline phosphatase) 
which ~eqrade unirradiated DNA to nucleosides such structures may 

hamper the enzymes in their action. It has been shown (Research 
10 program 1978) that the expected effect can be observed. How-

ever, the correlation between the identified end groups and the 

ineffectivity of these enzymes to work on irradiated DNA has 

not yet been substantiated (work in progress) • Because of the 

importance of oxygen in the radiation-deactivation of living 

cells oxygen uptake measurements have been done with aqueous DNA 

and a large number of model compounds (Research program 1980). 
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It has been found that the purine/OH adduct radicals do not 

react efficiently with oxygen. From earlier work on GMP11 one 

would have expected this for this compound but the ineffective

nes of the adenine/OH adduct radical was unexpected. A mixture 

of 5-'nucleotides equivalent to the composition of calf thymus 

DNA gave the same G(02 consumption) = 3.2 as has been calcu

lated from the values of the individual 5'-nucleotides. How

ever, calf thymus DNA itself showed a much higher G(02 con

sumption). Further, (partly single stranded) DNA shows a marked 

concentration, temperature and dose rate effect in G(02con

sumption) an effect also observed with RNA and carbowax 20 M 

fa polymer with the repeating subunit -CH2-cH2-o-]. The high 

yields in these polymers [e.g. DNA: G(02consumption) = 9.2 at 
-1 0 -3 a dose rate of 0.04 Wkg , 50 C, 4~10 M and carbowax 20 M 

G(o2 consumption) = 40 (similar conditions)] indicate chain 

reactions not observed with the low molecular weight material. 

One can speculate that a part of the strong sensitizing effect 

of o2 may be due to such an enhancing effect although the effect 

with double stranded DNA appears to be not as marked as with 

partially denatured DNA. Any radiation protection will then 

have to take such chain reactions into account. Sulfhydyl 

compounds are known to protect against radiation damage. They 

also effectively interfere with autoxidation chain reactions. 
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An elucidation of the mechanism whereby DNA is degraded by OH radicals 

is of great importance with regard to an understanding of the indirect effects 

of radiation in vivo. DNA contains an equal number of pyrimidine and purine 

bases and although a fair amount is known about the interaction of OH radicals 

with pyrimidines, the situation is much less clear in the case of purines. 

This project has therefore involved (i) a study of the transient organic 

species produced on reaction of OH radicals with purines and related compounds 

by the technique of pulse radiolysis, using optical and conductimetric 

detection in the ~s time scale (ii) an examination of the permanent products 

after stationary y-ray radiolysis. 

Purine solutions were saturated with N20 prior to irradiation to ensure 

that OH is the major attacking species. Irradiations were also carried out 

with N2o solutions containing oxidant, mainly Fe(CN) 6
3-, which can fix the 

site of radical attack by an electron-transfer reaction. The influence of 

the 'natural' oxidant, molecular oxygen, has also been investigated. 

1. Adenine and Adenosine 

In pulsed adenine solutions three radicals are distinguishable. One of 

these undergoes a first-order decay process (k 1.4 x 105 s-1 ), probably 

associated with ring-opening of a C(4) or C(5) OH adduct; the ring-opened 

form determines the complex nature of the final products. Radical inter-

action leads to some return of absorbance at 260 nm (A for adenine) 
max 

which is consistent with the reported low sensitivity of this particular 

purine to degradation in y-irradiated solutions. There is also an optical 

absorption over the wavelength range 240 - 400 nm present after radical 

decay, remaining constant after several hundred milliseconds, and this is 
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probably associated with the precursor of a precipitate which is formed 

relatively slowly in these aqueous systems. The three radicals are oxidised 

by Fe(CN) 6
3- and by C(N0 2 )4 with rate constants in the range l x 108 - 3 x 109 

dm3 mol-l s-1 ; oxidation leads to a rapid increase in conductivity at pH's 

5 - 6 (t, < 5~s) consistent with proton release from the intermediate carbo-
2 

cation resulting from electron transfer from the radical to the oxidant. 

The presence of the oxidant suppresses formation of the precipitate and it 1s 

therefore likely that this is an aggregate of dimers formed as a result of 

interaction between adenine radicals. It 1s generally considered that the 

primary organic radicals produced by OH attack on a purine molecule react 

with oxygen to form peroxyradicals. It has been found that this reaction 

with oxygen is in fact quite slow; it was not observed in pulsed solutions 

of adenine so that the rate constant must be less than 107 dm3 mol-l s-l 

Pulsed adenosine solutions show rather similar behaviour to those of adenine 

indicating that the radical reactions are only slightly modified by 

substitution at C(9). 

In neutral solution in the absence of oxidant, G(-adenine) = 1.5 

(G =molecules per lOO eV), G(8-hydroxyadenine) = 0.2 and G(dimer) ~ 0.5. 

With Fe(CN) 6
3- present, G(-adenine) increases to 3.5 and there is an increase 

in the yields and number of products. The experiments indicate that ~ 20% 

of the OH radicals react at C(8) in the imidazole ring and that the result

ing radical is partly responsible in the restitution process 1n the absence 

of oxidant. The high value of G(-Fe(CN) 6
3-) = 15 indicates that this 

oxidant can undergo thermal oxidative reactions with intermediates leading 

to small molecular weight products. 

2. Guanosine 

Pulse studies of solutions of guanosine (owing to the limited 

solubility of guanine, experiments have been carried out with the more 

soluble nucleoside) indicate the formation of two organic radical species 
3-absorbing above 300 nm. Only one of these can be oxidized by Fe(CN) 6 , 

indicative of different oxidation potentials of the organic radicals. 

In the absence of oxidant there is a.decrease in conductivity after the 

radiation pulse and a detailed study of the effect of pH has revealed that 
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the post-pulse conductivity drop follows a typical pKa profile (pKa = 3.92) 

with larger conductivity decreases at lower pH. These results are consistent 

with the scheme (Gu =guanosine): 

Gu + .OH ~ .Gu(OH) 
+ 
~ 
~ 

-H 

+ .GuOH2 

It should be noted that these particular conductivity changes are not 

observed in pulsed adenine or adenosine solutions over the same pH range; 

this may be a reflection of different pKa values of the reaction inter

mediates. 

3-In guanosine+ Fe(CN)
6 

solutions over the pH range 4.5 - 5.5 there 

is a rapid increase in conductivity following the pulse, indicative of 

proton release subsequent to oxidation of the .G(OH) radical to the corres

ponding carbocation. 

3. Hypoxanthine and inosine 

Pulse-radiolysis studies of N
2
o- saturated solutions of hypoxanthine 

and of inosine have been carried out. Only one radical (Amax ~ 340 nm) is 

observed from hypoxanthine and this reacts rapidly with Fe(CN) 6
3- to form an 

intermediate which then undergoes further acid-base catalysed first-order 

processes. The presence of the ribose moiety in inosine lowers the rate of 

reaction of the inosine OH-adduct with Fe(CN)
6

3--possibly due to steric 

factors -and increases, by two orders of magnitu~~, the subsequent solvent-

initiated reactions. As with adenine, the hypoxanthine and inosine OH-

adducts react too slowly with oxygen to be observed under the pulse conditions 

used. 

In the absence of oxidant G(-hypoxanthine) ;2. Products include 

6-amino-5-formamido-4-hydroxypyrimidine (G = 1) and hypoxanthine hydrate 

(G = 0.5) indicating some attack on the imidazole ring of this particular 

purine. In the presence of oxidant the radiolytic decomposition of hypo-

xanthine is much less complicated than that of adenine and indicates the 

marked influence of the substituent at c(6). Thus, from hypoxanthine 
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3-irradiated in the presence of either Fe(CN)
6 

or oxygen, one major product is 

formed accounting for"' 75% of the purine decomposition yield (G = 4.5). 
3-In hypoxanthine + Fe(CN)

6 
solutions the oxidant reacts further with the m1nor 

products of the radiolysis. The major product from irradiated hypoxanthine 

/N20/02 solutions has the molecular formula, c
5
H8N4o4 . (An earlier assignment 

of c4H
7
N

2
o

3 
is incorrect due to decomposition processes in the mass spectra

meter). From experiments using specifically and non-specifically isotop

ically labelled hypoxanthine and from an analysis of the major product from 

inosine it is concluded that scission occurs in the imidazole ring. It is 

therefore suggested that the product is 5-amino-6-formamido-4,5,6-trihydroxy

pyrimidine which could formally arise from hydrolysis across N(7)-c(8) of 

the C(4)-C(5)-hypoxanthine glycol; this would indicate once more the 

vulnerability of the C(4)-C(5) bond in purines to OH radical attack. 

4. Concluding Remarks 

From the radiation-chemical standpoint an important aspect of radiation 

protection is a knowledge of the primary chemical lesions in biologically 

sensitive molecules, so that appropriate systems can be set up to either 

reverse or inhibit such lesions. The pulse-radiolysis studies of this 

project have given detailed information on the physico-chemical character

istics (optical absorption, decay kinetics) of the various purine OH-adducts, 

and the product analyses have given indications of the initial sites of OH 

attack. The structures of the organic radicals leading to specific 

products have yet to be elucidated. 

K.D. Asmus, D.J. Deeble, A. Garner, K.M. Idriss Ali and G. Scholes: 

Chemical Aspects of Radiosensitization Reaction of Sensitizers with 
Radicals Produced in the Radiolysis of Aqueous Solutions of Nucleic 
Acid Components. Brit. J. Cancer (1978) 37, Suppl.III, 46. 



- 919 -

Contractant de la Commission : CEA, Grenoble 

N° du Contrat : 158-76-9 BIOF 

Chef du groupe de recherche : TEOULE Robert 
Theme general du contrat : Etude des defauts formes au niveau des bases 
heterocycliques par irradiation gamma de solutions aqueuses d'ADN ou de 

ses constituants elementaires. 

Titre du projet n° 1 : Etude des defauts formes au niveau des bases 
heterocycliques par irradiation gamma de solutions aqueuses d'ADN ou de 
ses constituants elementaires . 

Chef du projet et collaborateurs scientifiques : M. BONICEL A., 
M.~. CADET et Mme N. MARIAGGI. 

There is general agreement that DNA represents the essential tar
get for ionizing radiation in living cells and there are many reasons to 
believe that the lesions of nucleobases are a source of mutagenesis lethality 
and carcinogenesis. The effort of our research group has been devoted to 
the determination of the chemical modifications induced on the base moiety 
under gamma irradiation. Other researchers of the Primary Effects Group are 
studying the final radiation products resulting from the damage of the deoxy
ribose moiety and the radical steps of the base degradation. 

There are various types of lesions produced when DNA is irradiated 
and thus different final radiation products could be isolated such as free 
bases, altered bases and nucleosides, modified bases remaining attache~ to 
the DNA polymer chain. Due to its high molecular weight it is difficult to 

assess the damage of DNA itself and prior to analysis the modified bases must 
be liberated from the DNA chain by mild acid hydrolysis. Analysis of the 
radiation products of the DNA constituents is however easier to perform and 
a lot of information has been gained from their spectroscopic studies (NMR 
and mass spectrometry). In addition, the radiation chemistry of free bases 
and free nucleosides has been a very useful guide to determine the nature of 
the final radiation products of DNA. It is worth nothing that our experiments 
dealing with the irradiation of DNA solutions have given results which were 
sometimes quantitatively and qualitatively different from those expected after 
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a simple extrapolation of the data provided by irradiation of the elementary 

constituents. In our research proposals we aimed at determing the chemical 

nature of the damaQe of adenine and thymine moiety in DNA. This goal has 

been attained and furthermore a detailed picture of the gamma radio-induced 

degradation of cytosine and thymidine has been obtained during these four 

last years. 

The studies performed with the elementary constituents gave more 

detailed information on the mechanisms of degradation and the conformational 

properties of the radiation products. In frozen solutions experiments were 

carried out with thymidine. The final radiation products of thymidine were 

formed in very low yields. They were found to be identical to those obtained 

in solution at room temperature but, in addition, threo isomers, of the deoxy

ribose moiety and thymidine dimers were produced. Comparative studies of 

the oxidation of nucleic acid derivatives by OH radicals, singlet oxygen and 
superoxide anion radicals showed that guanine derivatives are the more sensi

tive to singlet oxygen and that superoxide anion radicals have a very small 

reactivity. The conformations of the various diastereoisomers of 5,6-dihy

droxy-5,6 dihydrothymidine in aqueous solutions have been studied by 13c 
and proton magnetic resonance spectrometry (CH20H rotamer, syn and anti 

conformation of the base, pseudorotational equilibrium of the deoxyribose 

residue. 

In a first group of experiments DNA was selectively 14c labelled 

on the thymine moiety and in a second group on the adenine moiety using 

E. coli auxotroph mutants. The DNA extracted by Harmur's procedure was 

irradiated in aerated and deaerated solutions. After irradiation the poly

meric material was separated from the low molecular weight material by dia

lysis. The low molecular weight 14c material was fractionnated by thin 

layer silica gel chromatography. It has been shown that the release of these 

products involves OH radical attack at the deoxyribose moiety and rupture 

of the N-glycosidic bond during the course of irradiation. 

In a second step the high molecular weight material i.e. modified 

DNA chain was submitted to formic acic hydrolysis. The 14c labelled products 

liberated from the DNA chain by this acid hydrolysis were separated by thin 

layer chromatography or high performance liquid chromatography. Due to 
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the small quantities available (10-9 g to 10- 12 g in our experiments) 

characterization of radiation products was achieved mainly by comparison 

with reference samples using different solvents systems, adsorbents and 

column chromatography. 

The radiation products liberated from the polymer during gamma 

irradiation of DNA solutions and those which remained attached at the DNA 

chain are listed in table 1. 

Table 1 - Radiation products formed in the DNA chain by gamma irradiation 
of DNA solutions. A part of which could be liberated from the 
DNA chain during the time of the irradiation. 

Base moiety Aerated conditions Deaerated conditions 

Adenine 7,8-dihydro-8 oxo adenine 7,8-dihydro-8-oxo adenine 
4,6-diamino-5-formamido- 4,6-diamino-5-formamido-
pyrimidine pyrimidine 
Urea -
Formyl urea -

Thymine cis thymine glycol cis thymine glycol 
trans thymine glycol trans thymine glycol 
pyruvamide cis 6-hydroxy-5,6-
urea dihydrothymine 
5-hydroxy-5-methyl trans 6-hydroxy-5,6-

barbituric acid dihydrothymine 
5-hydroxymethyl-uracil 5-hydroxy-5,6-dihydrothymine 

5,6-dihydrothymine 

In addition the presence of the N-formamido group in place of 

thymine after DNA irradiation as one of the major defects has been 

d~onstrated. The formation of the N-formamido deoxyribose defect is due 

to the rapid decomposition of thymine peroxides produced inside the DNA chain 

by the irradiation. These thymine peroxides gave in equimolecular quantities 

carbon dioxide, pyruvamide and N-formamido-deoxyribole derivatives. Using an 

auxotroph mutant having its DNA selectively labelled at the C-2 of the thymine 

fragment the formamide defect could be easily evaluated by the measurement of 
14co2 evolved. Evidence has been found that the cell constituents and the 

tertiary structure of DNA provide very efficient shielding and play a great 

role in the radioprotection of DNA bases. The 6-hydroxy-5,6 dihydrothymine 

defect formed in deaerated conditions is very labile in acidic medium. 

However it could be isolated by enzymic degradation of DNA chain. 
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Contractor The Kennedy Institute of Rheumatology 

Contract nr : 271-79-1 BIO UK 
Head of the research team(s) 

General subject of contracts 

G. Harris 

The functional consequences of damage 
to eukaryotic cells by ionizing radiation 

Title of the project nr. 1 The functional consequences of damage to 
eukaryotic cells by ionizing radiation 

Head of Project and scientific staff : G. Harris, I. Olsen, C. Russell 
and C. Browne 

The responses of lymphoid cells and tissues to ionizing radiation were 

studied during 1979 and 1980. 

Organ cultures of rabbit spleen: The development of specific haemolysin

producing cells (PFC) in response to sheep red cells (SRC) in the culture 

medium was depressed by exposure to radiation at any time in culture. The 

most radio-sensitive period was at the time of most rapid increase of PFC 

in the cultures. Established PFC were highly radio-resistant with D37 value 

of around 10 Kilorads. In contrast to this, exposure of the tissues to less 

than 50 rads at 48 hours of culture, the period of peak response, had a 

definite depressive effect on the subsequent increase of PFC. This 

suppression was transient with doses <200 rads and was more permanent 

after greater exposures. In keeping with the radio-sensitivity of the 

development of PFC, DNA synthesis, but not RNA or protein synthesis was 

also found to be depressed by relatively low doses of radiation. 

Further studies show that depressed (3H) thymidine incorporation was 

not due to a pool effect resulting from competition by released precursors. 

Autoradiographic and molecular studies indicate that, following radiation, 

the cells in the exposed tissues were synthesizing less DNA. The nature 

of this altered DNA synthesis is now being elucidated and does not appear 

to be simply repair of damaged DNA. 

These studies therefore show that the recruitment of cells into 

active antibody synthesis is highly radio-sensitive and depression of this 

process is associated with altered DNA synthesis. Excellent recovery 

followed exposure to doses of 200 rads, higher exposure produced more 

permanent damage. 
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Irradiation in hypoxic conditions not only protected the tissues 

from damage but also resulted in improved recovery from such damage. 

Speed of recovery was highest when the responses of the tissues to 

SRC were at their peak. 

Post-irradiation studies of lymphoid cell lines: Human lymphoid cell 

lines were found to repair radiation-induced strand breaks, both rapidly 

and efficiently even after exposure to doses up to 30 Krads. After 

the DNA lesions were repaired, defective new DNA synthesis appeared. 

This was characterized by a persistence of the vulnerability of newly

synthesized, radio-labelled DNA to alkali, and was indicative of a 

slowing of the normal process of elongation and ligation of the new 

daughter strands. Significant changes were observed after relatively 

low doses of radiation around 300 rads, and they persisted at least 

until recovery of growth capacity had occurred in the surviving cells. 

These results using two different systems of lymphoid culture thus 

indicate that significant effects can be measured following exposure 

to ionizing radiation at relatively low dose. They rely more on 

functional rather than structural assessment of macromolecular damage 

and could be a more sensitive means of assessing variation of individual 

radio-sensitivity at dosages which are more meaningful than heretofore. 

Publications 

Harris, G., Browne, C. & Cramp, W.A. (1981) The response of rabbit 

spleen explants to ionizing radiation. Int. J. Radiat. Biol. (in press). 

Harris, G., Cramp, W.A. & Olsen, I. (1981) The acute effects of 

ionizing radiation on DNA synthesis and the development of antibody

producing cells. Submitted to Differentiation. 

Cramp, W.A., Hesslewood, I.P., Leaper, S., Olsen, I., Herbert, L. & Harris, G. 

(1979) In: Radiation Biology and Chemistry: Research Developments (Eds. 

H.E. Edwards, S. Navaratnam, B.J. Parsons & G.O. Phillips). Studies 

in Physical & Theoretical Chemistry, ~. 315-323. 
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General subject of contract : 

Post-irradiation changes at the cellular and 
sub-cellular Levels. 

Title of project nr. 1 : Post-irradiation changes at the 
cellular and sub-cellular Levels. 

Heads of Research Teams : 
G. Ahnstrom, Wallenberg Labs. Univ. of Stockholm 
P.E. Bryant, G.S.F., Frankfurt 
W.A. Cramp, M.R.C., London 
G. Harris, Kennedy Institute, London 
w. Kohnlein, Westfalische University, Munster 
M. Quintiliani, C.N.E.N., Roma. 

The original intention of this group of workers was to 
collaborate, by meeting and by short visits between laboratories, in an 
attempt to correlate post-irradiation changes in DNA with cell death. 
Emphasis was to be made on such changes at low doses. Considerable 
effort has been made using the hydroxylapatite chromatographic technique 
to determine DNA lesions. At low doses we can summarise our results by 
saying that DNA breaks themselves do not closely correlate with cell 
death because the breaks initially induced by radiation are rapidly and 
extensively repaired. It is possible even with this sensitive technique 
that a small number of undetected breaks are responsible for cell death. 
However, our findings have prompted us to look for post-irradiation 
interactions between DNA and its neighbouring macromolecules which lead 
to lethality. 

In this research we have very recently achieved some con
siderable success. Using as an end point the extent to which newly 
synthesized DNA is bound to its parent template, we have shown that 
radiation causes an increase in singlestrandedness due to lack of 
binding. This singlestrandedness becomes greater with time after 
irradiation, reaches a peak and then declines to unirradiated background 
levels. The extent to which this phenomenm occurs is dose and cell 
dependent. 

We conclude that other macromolecules besides DNA mediate 
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in damage to DNA and that whilst DNA breaks are not a cause of cell death 
they may reflect the amount of energy deposited within the molecule. We 
have noted that in cells from patients suffering from ataxic diseases, 
which are more sensitive to the lethal effects of radiation, this phenom
enon observed in newly synthesized DNA is much exaggerated. Whatever the 
mechanisms involved our findings suggest that by observing the quality 
of newly synthesized DNA, in peripheral blood lymphocytes stimulated into 
synthesis, a rapid screening procedure is available to determine person
to-person susceptibility to low doses of radiation. The exact nature of 
this DNA with respect to its strandedness is now being examined. 

In the context of the Radiation Protection Programme we feel 
that we have made excellent progress in determining the nature of radiation 
damage and presenting a possible technique for assessing individual 
susceptibility to radiation. 

The frequent meetings of small groups of research workers and 
the resultant cross-fertilisation of ideas has been very productive. 
Eighteen papers have been published or accepted and three more submitted. 
A productivity stimulated by the financial support derived from the 
contract. 

1) "Extensive and equivalent repair in both resistant and sensitive 
E.coli determined by a DNA unwinding technique". 
W.A. Cramp, A.M. George and G. Ahnstrom. 
British J. of Radiology, 50, 684-685, 1977. 

2) "Further studies with hydroxyapatite detection of DNA strand breaks 
in bacteria and mammalian cells". 
I.P. Hesslewood, A.M. George and W.A. Cramp. 
Proceedings British Association of Radiation Research, Jan. 1978. 

3) "DNA strand breaks in resistant and sensitive cell lines detected 
by the hydroxyapatite technique. 
I.P. Hesslewood, A.M. George and W.A. Cramp. 
Int. J. Radiat. Biol. 34, 549, 1978. 

4) "Recovery from sublethal damage and repair of DNA strand breaks 
after UV and ionizing radiation in Chlamydomonas" 
P.E. Bryant and J. Parker. 
Int. J. Radiat. Biol. 34, 551, 1978. 
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5) "DNA strand breaks in resistant and sensitive murine lymphoma cells 

detected by the hydroxyapatite technique". 

I.P. Hesslewood. 

Int. J. Radiat. Biol. 34, 461, 1978. 

6) "A rapid method for detecting base damage in DNA of mammalian cells; 

assay of UV-induced pyrimidine dimers in human cells". 

P.E. Bryant, G. Jansson and G. Ahnstrom. 

Int. J. Radiat. Biol., 34, 481, 1978. 

7) "Extensive and equivalent repair in both radiation resistant and 

radiation sensitive E.coli determined by a DNA-unwinding technique". 

G. Ahnstrom, A.M. George and W.A. Cramp. 

Int. J, Radi at. Biol., 34, 317, 1978. 

8) "Further studies with hydroxyapatite detection of DNA strand breaks 

in bacteria and mammalian cells". 

I.P. Hesslewood, A.M. George and W.A. Cramp. 

Abstract- Proceedings British Association of Radiation Research, 

Winter Meeting, Salford, Jan. 1978. 

9) "The nature of newly synthesized DNA in irradiated lymphoid cells 

measured by a technique sensitive to changes after low doses". 

I. Olsen, L. Herbert, G. Harris, I.P. Hesslewood, J. Parker and 

W.A. Cramp. 

14th Annual t-leeting European Society of Radiation Biology, p.19, 

1978. 

10) "Post irradiation degradation and strand breaks in DNA, the sequence 

of events in E.coli". 

W.A. Cramp, A.M. George and G. Ahnstrom. 

Int. J, Radiat. Biol., 36, 531, 1979. 

11) "Post-irradiation synthesis of DNA in lymphoid cells". 

W.A. Cramp, I.P. Hesslewood, S. Leaper, I. Olsen, L. Herbert and 

G. Harris. 

Radiation Biology and Chemist~: Research Developments. eds. Edwards, 

Navaratnam, Parson!> and Phillips, Elsevier, pp. 315-324, 1979. 
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12) "The influence of hyperthennia on the repair of radiation induced DNA 

strand breaks and killing in HeLa 53 cells". 

I.P. Hesslewood, J. Lunec, R. Parker and S. Leaper, 

Radiation Biology and Chemistry: Research Developments, eds. Edwards, 

Navaratnam, Parsons and Phillips, Elsevier, pp. 325-332, 1979. 

13) "The effect of ionizing radiation and bleomycin on transfecting 

ability of Bacillus Subtilis phage DNA: Are strand-breaks the only 

i nacti vati ng events?". 

F. Schafers and W. Kohnlein. 

Radiation Biology and Chemistry: Research Developments. eds. Edwards, 

Navaratnam, Parsons and Phillips, Elsevier, pp. 345-357, 1979. 

14)"Evidence for inducible DNA-associated proteins formed during the 

development of increased resistance to radiation in Chlamydomonas". 

P.E. Bryant. 

Radiation Biology and Chemistry: Research Developments. eds. Edwards, 

Navaratnam, Parsons and Phillips, Elsevier, pp. 308-313, 1979. 

15)"Changes in sensitivity of HeLa cells after split doses of X-rays'~. 

P.E. Bryant and J. Parker. 

Int. J. Radiat. Biol., 189, 35, 1979. 

16) "The influence of membrane fluidity on radiation induced changes in the 

DNA of E. eo li Kl 060". 

A.M. George, W.A. Cramp and M.B. Yatvin. 

Int. J. Radiat. Biol., 38, 427, 1980. 

17) "The role of membrane fluidity in radiosensitivity". 

A.M. George and W.A. Cramp. 

Brit. J. Radi ol., 53, 825, 1980. 

18) "DNA synthesis and antibody production by irradiated explants of 

rabbit spleen". 

G. Harris, W.A. Cramp and I. Olsen. 

Int. J. Radiat. Biol., 1980 (in press). 
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III. 5. 

SOMATISCHE LANGZEITWIRKUNGEN IONISIERENDER STRAHLEN UNO 

TOXIKOLOGIE DER RADIOAKTIVEN ELEMENTE 

SOMATIC LONG-TERM EFFECTS OF IONIZING RADIATION$ AND 

TOXICOLOGY OF RADIOACTIVE ELEMENTS 

EFFETS SOMATIQUES A LONG TERME DES RAYONNEMENTS IONISANTS 

ET TOXICOLOGIE DES ELEMENTS RADIOACTIFS 
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Weitere Forschungsarbeiten zu diesem Thema werden auch in folgenden 
Tatigkeitsbericht beschrieben • * 

Further research work on these subjects will also be described in 
the following progress reports * 

D'autres travaux sur ce theme de recherche sont egalement decrits 
dans les rapport~ suivants : * 

199-BIO N TNO, Rijswijk (Barendsen/Broerse) 

215-BIO N KFA, Julich (Feinendegen) 

208-BIO D Univ. wurzburg ( Ke Llerer) 

248-BIO N Univ. Leiden (van der Eb) 

203-BIO DK Finsen Institute, Copenhagen <Faber) 

183-BIO EIR Techno. Dublin (Malone) 

099-PSA CEA-CEN, Fontenay-aux-Roses (Uzzan) 

Biology Group Ispra 

* Siehe auch Punkt IV, 

See also section IV, 

Voir aussi point IV, 
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Contractant de la Commission : 

European Late Effects Project Group (EULEP) 

N° du contrat : 201-76-1 BIO C 

Chef du groupe de recherche : 

Prof. J.F. DUPLAN 

Theme general du contrat : 

Late somatic effects of ionizing radiation in the 

mammalian organism. 

EULEP has pursued its efforts during the years 1976-1980 on 

a) standardization of experimental conditions in the participating institutions 

b) coordination of the planning and performance of on going research projects 

in the areas of radiation late effects, and 

c) on execution of specific cooperative projects on carcinogenesis, on dys

plastic and dystrophic lesions and on the toxicity of internal emitters. 

The activities of EULEP are subdivided in five committees 

I. Committee of Pathogenesis of Neoplastic Diseases 

2. Committee of Pathogenesis of Non-Neoplastic Diseases 

3. Committee of Internal Emitters 

4. Committee of Pathology 

5. Committee of Dosimetry for External Radiation. 
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Title of the Project1: PATHOGENESIS OF NEOPLASTIC DISEASES 

Head of the Project H.J. SEIDEL 

The Committee coordinated cancer research studies in 14 european laboratories. 

This work has been divided into 3 project areas : 

I. Leukemia induction 

2. Virus activation 

3. Pathogenesis of solid tumors 

In all the project areas, although rather different in the models and the 

techniques used, the same type of questions are asked. These concern prima

rily the "cells at risk", i.e. those cells which are transformed as a conse

quence of radiation exposure, their sensitivity for transformation by radiation 

of different qualities and - in leukemogenesis - their nature as determined by 

the possibility to prevent the disease. Also the role of viruses was studied 

in 2 models of tumor induction by radiation, leukemia after external radiation 

and bone tumor induction after incorporation of isotopes. Of special interest 

were experiments with autologous bone marrow transplantation in monkeys after 

total body irradiation which had been performed many years before and in which 

now the late effects - a high mortality of malignant tumors - are observed. 

I. Leukemia induction 

In 4 different laboratories it was investigated whether transplantable 

tumor cells arise shortly after leukemogenic treatment of mice by X-irradia

tion (4 x 1,75 Gy in weekly intervals) and persist during the long latency 

period. Leukemias of donor type were only seen in 2 or 4 Gy conditioned 

recipients when the donor mice already had manifest lymphoma. The genotype 

of these leukemias was clarified by use of a C57Bl mouse strain with 38 

chromosomes. 

In experiments on the prevention of radioleukemogenesis the best effects 

were obtained when the animals were transplanted with bone marrow cells 

from young donors (70% incidence in controls was reduced to 13 %). 
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This inhibitory action has been ascribed to an early thymic repopulation 

after the leukemogenic radiation exposure by cells derived from the 

transplant - and indeed the results of a variety of protocols suggest a 

correlation between the protective effect and the ability of the trans

plant to provide thymic precursors. 

Attempts are presently being made to identify the cell type in the bone 

marrow which is involved in the prevention of lymphosarcoma development. 

Specifically, the hypothesis is being tested that this cell is identical 

with the prethymic precursor cell in the bone marrow as described by 

Boersma et al. 

Sequential changes in the cell surface of thymic cells during leukemogenesis 

were studied by biochemical methods. A diminution of sialopeptide in lym

phoma cells was described and a loss of 4 galactose containing peptides. 

The induction of myeloid leukemias by a single exposure of CBA mice to 

different types of irradiation has been established as a reproducible 

model although with long latency periods and still low leukemia incidences. 

The main emphasis in these studies was given to the dose rate which was 

very high in the human exposures at Hiroshima and Nagasaki. 

The synergistic action of radiation and a chemical leukemogen was studied 

using butylnitrosourea. Weekly doses from 6,25 to 100 rad were used. There 

was a significant enhancement of leukemia induction by 12 times 25 rad and 

also 12 times 12,5 rad, but a delay after 12 times 75 rad total exposure. 

The most effective leukemia induction was seen in mice exposed to the 

chemical after lethal irradiation and bone marrow transplantation, indi

cating a high susceptibility of regenerating hemopoiesis for leukemogenesis. 

2. Virus activation 

It is a known fact that viruses can be isolated from murine radiation 

induced leukemias. The nature of these viruses~ especially of the RadLV-Rs 
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has been studied in detail - biologically, serologically and biochemically. 

For a better virus production leukemic extracts were propagated in young 

rats and an isolate called BL/F was obtained with a variety of leukemo

genic properties. Separate pathogenic entities could be titrated and 

clonal isolates of a thymic lymphoma and a mixed cell lymphoma inducing 

agent were described. A series of molecular studies including hybridisation 

and restriction enzyme analysis led to the conclusion that the viruses 

generated as genetic recombinants between various C57Bl viruses represented 

in the RadLV-Rs complex and that each type of recombination results in 

the acquisition of a specific pathogenic potential. Related studies were 

also done using different cell culture methods and immunological approaches. 

In one laboratory these studies on viruses in radiation leukemogenesis were 

completed by parallel studies in a model of bone tumor induction in mice 

after incorporation of 224Ra. 

3. Pathogenesis of solid tumors 

In studies on the induction of brain turners in rats cells of the subependymal 

region were considered as cell at risk population. Their kinetics have been 

characterized in detail in steady state conditions and after irradiation 

and also after castration, since the glioma incidence had been significantly 

reduced after this procedure. This model is further studied in experiments 

using the implantation of benzpyren and subsequent single high dose irra

diation. 

Lung turners were induced in mice after uniform irradiation of the thorax 

or non-uniformly using grids. One of the questions was whether it is justi

fiable to use average tissue doses to make risk estimates for carcinogenicity 

and was answered in the way that this crucial factor must be the dose re

ceived by the irradiated tissue. In the same model the tumor induction by 

cyclotron neutrons was compared to X-ray induction with a resulting RBE 

for tumor incidence of 1,7- 5. A kinetic analysis of several lung cell 

types was performed after irradiation with 2 to IS Gy. The most pronounced 

effects were seen in pulmonary alveolar macrophages and the least in endo

thelial cells. After 2 and 5 Gy a prolonged reduction of the proliferative 
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activity was seen in bronchial epithelial cells. Most interest now goes 

to the macrophages and the proliferation of their precursors. 

With accurate dosimetry, it was possible to irradiate either one lung or 

two lungs only, and under the first condition the eo-carcinogenic action 

of urethane will be investigated quantitatively in the same animal by 

comparison of the incidence and rates of the diagnosed tumors in the lungs 

separately. Results are not yet complete. 

In a further model the induction of mammary gland tumors by radiation 

in 3 different strains of rats with different spontaneous tumor incidences 

is studied. By transplantation of mammary tissue, irradiated with radiation 

of different LET, the interactions between hormones and ionizing radiation 

will be analysed,using as recipients rats with elevated plasma oestrogen 

levels or a normal hormonal status. 

The preliminary results from this study have shown that the technique of 

in vivo irradiation and transplantation of mammary tissue to ecotopic site 

was successful and reproducible, but the low number of tumors found in 

grafted mammary tissue may be attributable to the relatively short observa

tion period chosen in the design of this experiment. In future complementary 

studies on mammary carcinogenesis at the tissue level, longer observation 

periods following transplantation will be obligatory. 

Although the final analysis of the data is not yet complete, it can be 

concluded that the mouse ovary is confirmed to be a very sensitive organ 

to neoplastic transformation, with very little influence, if any, of the 

general conditions of tumor expression (in situ vs. transplantation), and 

high incidence at relatively low doses. It is also clear that, as it was 

shown for the bone-marrow, radiation can in fact induce immediate events 

of cell transformation to "potentially neoplastic progenitor cells", since 

transplantation after irradiation does not substantially change the shape 

of the dose-effect relationship, within the entire range of doses tested. 
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Title of the Project C. PATHOGENESIS OF NON-NEOPLASTIC DISEASES 

Head of the Project J.W. HOPEWELL 

Over the period 1976-80 the efforts of the work of this committee have been 

concentrated on two important questions. The first of these has been to 

evaluate the importance of vascular damage in the development of late 

radiation effects. The multidisciplinary approach adopted by a number of 

members of this Committee to this problem in the rat brain has proved ex

tremely valuable. However, towards the end of the present quinquennium, 

additional studies were initiated, using the microvasculature of"the cheek 

pouch, in an attempt to establish a cellular basis for vascular changes. The 

second important question late radiation fibrosis has been carefully studied 

in the lung. 

The role of vascular damage in the development of late effects 

in the irradiated rat brain (Project leader : A. Keyeux) 

The effect of a single X-ray dose of 2000 rad to the whole brain was evaluated 

as this was considered to be equivalent to the therapeutic range used in 

brain irradiation. However, doses above and below 2000 rad were also inves

tigated. The effect of radiation on the brain angioarchitecture was studied 

using a specifically developed vessel filling method (Reinhold, Rijswijk). 

The investigations showed that after a dose of 2000 rad, focal abnormalities 

mainly appeared in the central regions of the brain after an average latent 

period of 17 months. Investigation using the thick cleared specimens of 

brain have suggested that similar vascular changes develop with doses of 

2500 - 3000 rad, although after a shorter latent period. Preliminary data 

indicate that changes may develop as early as 8 months after these higher 

doses and that most animals die after a latent period of less than 12 months. 

The brains of animals dying after a latent period of< 12 months show 

evidence of extensive white matter necrosis. 
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Examination of histological sections of rat brain after irradiation with 

single doses of 2000 and 2500 rad (Hopewell, Oxford) indicates that the type 

of lesions produces is a function of the exposure dose. This suggestion is 

supported by the ~ffects observed after a dose of 3000 rad. Extensive ne

crotic lesions were found exclusively in white matter after a latent period 

of approximately 8-12 months. The fimbria hippocampus, internal capsule and 

corpus callosum were frequently involved. These histological observations 

which confirm and complement those on the modifications in the angioarchi

tecture suggest two types of lesion : the early delayed white matter changes 

developing after a shorter latent period but require higher doses (.> 2000 rad) 

than that needed to produce late vascular effects (< 2000 rad). 

The vascular changes in the irradiated brain were further investigated by 

quantitative morphometric methods (Wilkinson, Hopewell- Oxford). The 

cerebral cortex of brains irradiated with doses of approximately 2000 rad 

(1770, 2000 and 2200 rad) showed that at intervals of 3 and 6 months after 

irradiation there was a significant reduction in the vessel density in the 

cortex. However, after 9 and IS months the vascular density was increased. 

In conjunction with these morphological and morphometric investigations, 

physiological eveluation of the radio-induced changes in the microcirculation 

of the brain were also performed (Keyeux, Brussels). By means of a radio

isotope dilution technique based on the well differentiated behaviour of both 

(99DL ) d' h d ( 131 r) . d . . . h b . h ~c so 1um pertec netate an 10 o-ant1pyr1ne 1n t e ra1n, t e 

cerebral blood volume, cerebral blood flow and the cerebral distribution 

space of iodo-antipyrine were evaluated in brain irradiated with 2000 rad. 

An increase in the cerebral blood volume was found after 6 months and was 

particularly significant 18 months after exposure. The increase in cerebral 

blood volume plus the comparatively large increase in cerebral blood flow 

was the reason for the substantial decrease in the circulatory mean transit 

time from 6 months after irradiation. The cerebral distribution space of 

iodo-antipyrine appears to increase linearly with age. Radiation appears to 

limit the increase in value of this function at about 6 months after exposure. 

Later the brain content of iodo-antipurine was lower in irradiated than in 

non-irradiated animals of the same age. At 18 months, the depression of the 

cerebral distribution space was emphasized while the increase in cerebral 

blood volume was lower when compared with that observed at 12 months. 
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Although an evident discrepancy exists for measurement performed 6 months 

after irradiation, the increase of the cerebral blood volume observed at 

periods greater than 6 months after exposure was in good agreement with the 

increase in vascular density reported in similarly irradiated rats. The 

cerebral blood flow, as evaluated in this study, was related to the total 

brain blood flow and not to nutritive flow only. The reduction of the 

cerebral distribution space after a latent period of approximately 6 months 

suggests that irradiation damages the cerebral capillaries in such a way 

that normal exchanges between blood and tissues was impaired. In this 

context, the corresponding increase of the cerebral blood volume could be 

interpreted as a consequence of capillary destruction. Other consequences 

of the direct and indirect late effects of radiation on the brain were 

approached by the characterization of some biochemical parameters which are 

related to different functions and structure of the brain (Gerber, Mol). 

Changes were followed from one day to 24 months after local exposure to 

2000, 3000, 4000 and 6000 rad. Amongst the most important alterations. 

observed were an increase in serotonine during the early (up to 3 months) 

and intermediate (up to 12 months) period and a temporary increase in DNA 

content during the intermediate period, (this was not confirmed by DNA 

synthesis studies in the cells of the brain). A dose dependent increase in 

collagen was observed from 3 to 18 months after exposure, sialic acid was 

decreased and alterations in uptake of alpha-aminoisobutyrate were observed. 

In the silent period (the first months after irradiation), when morphological 

vascular alterations were not prominent, there were already possible changes 

in nervous function (serotonin), in myelin (sialic acid) and fibrosis may 

commence. No change in biochemical parameters characterizing endothelial 

function could be discerned up to 12 months after 3000 - 4000 rad. 

Investigations of brain ultrastructure (Reyners, Maisin - Mol) were devoted 

to the study of the changes occurring in the glial cell population in the 

cerebral cortex. For doses greater than 1100 rad, a sharp drop in the number 

of glial cells, which are satellite to neurons, was observed by IS days after 

irradiation. This effect was found to be caused by the specific depletion of 
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astrocytes with a very irregular nucleus. In most animals these cells appear 

to be able to repopulate although in a few they were still considerably 

depleted after 12 months. 

It is difficult to correlate those transient "early" changes in glial cells 

with the other physiological and biochemical data. However, it is of great 

interest that the type of astrocyte under consideration are often encountered 

in close association with the outer wall of small blood vessels. Therefore, 

this cell loss could be the cause of the physiological disturbances observed 

in the microcirculation. This hypothesis might also provide an anatomical 

basis for the reduction in iodo-antipyrine extraction ratio in the brain 

after 3 months, although the observed reduction in vascular density seems a 

more likely explanation. On the other band, the persistence of a modified 

vessel micro-environment could be related to the late appearance of tele

angiectasis. It should be remembered that the above mentioned glial modifi

cations were observed in the cerebral cortex and therefore cannot with cer

tainty be extrapolated to the rest of the brain. Blood vessel changes are 

frequently found in the mid-brain and are only occasionally observed in the 

cerebral cortex. 

In conclusion, the histological appearance of lesion in the brain are a 

function of the irradiation dose. An indirect mode-involving the microcircu

lation characterises doses less than 2000 rad and a direct mode involving 

the glia would characterise doses higher than 2000 rad. This statement is a 

partial response to the original question of this project : "llow are micro

circulation changes involved in the pathgenesis of late effects in the brain 1" 

According to these considerations, it becomes evident that damage to the 

cerebral microcirculation is likely to be the origin of brain radionecrosis 

developing in patient treated by intensive radiotherapy for brain tumours. 

A cellular basis for late radiation damage to blood vessels 

(Project leader : Dr Y. Gunn) 

This study involves the collaboration of Gun - Oxford and Calvo - Ulm. Its aim 

is to establish a firm cellular basis for the development of late radiation 
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damage to the vascular system using the relatively simple vascular network 

of the hamster cheek pouch. Parallel morphometric studies have indicated a 

reduction in the size of the vascular bed 3 months after irradiation. This 

is a primary vascular response that is believed to be important in the 

aetiology of late damage. The present cellular studies have been oriented to 

examine changes in this time period after irradiation. 

A single cheek pouch in sixteen-week old male Syrian hamsters was irradiated 

with doses of 2000, 2250, or 2500 rad. Three months after irradiation the 

animals were divided into two groups. One group was injected with 3H-thymidine; 

injections were given twice daily, directly into each cheek pouch, for 3 days. 

Animals were then killed by perfusion fixation, the tissues processed and 

autoradiographs prepared. The animals in the second group were also sacrificed 

by perfusion fixation and the cheek pouches stained for nerve fibres with the 

Castro modification of the silver nitrate method of Cajal. 

The preliminary observations on the nerve stained preparations have shown 

numerous small morphological changes. These consist of irregularities in the 

thickness of nerve fibres. Changes were not specifically located at the level 

of vessel dilatation but were generally distributed throughout the preparation. 

Hence no direct relationship between nerve damage and vessel dilatation can be 

postulated. Blood vessels may be influence by damage to distant nerve fibres. 

These data are preliminary, and more is required before the mechanisms 

responsible for vascular changes can be fully evaluated. 

Connective tissue changes in irradiated lung 

(Project leader : Dr G.B. Gerber) 

Lung has been chosen as a model to study the mechanisms responsible for the 

development of radiation fibrosis. Pulmonary fibrosis is a possible risk 

following radiotherapy of the thorax. The studies were carried on along several 

lines. Defining the biochemical and morphological alterations related to late 

lung damage (Mol), determining the conditions under which such damage occurs (Mol) 
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and characterising the alterations in connective tissue collagen induced by 

irradiation (Warsaw). 

Long-term survival studies were carried out by Maisin (Mol) using BALB/c mice. 

Both lungs were exposed to single (20 - 80 Gy) or a fractionated dose (4 - 16 

fractions of 2.5 or 5 Gy at 7 days intervals). Mice exposed to single doses 

showed a dose dependent survival time. Death was due to severe radiation 

pneumonitis with doses up to 60 Gy, but with 60 Gy or more early deaths were 

presumably due to oesophageal damage. Mice exposed to weekly fractions of 

5 Gy, had a survival time dependent of dose (168 days) and died from radiation 

pneumonitis. The lesions that lead to early death were repaired under these 

irradiation conditions. Fractionation with 2.5 Gy per week again result in a 

dose dependent survival time which was much longer than after single exposure. 

This indicates that the damage leading to late lung lesions had, in part, 

been repaired. 

Different biochemical and physiological aspects of radiation effects in lung 

were studied by Gerber (Mol) in cooperation with Warsaw. The most important 

alterations found after local exposure of rats to 10, IS or 30 Gy were changes 

in fibrinolytic activity, in phospholipids, in collagen content and in blood 

flow. The work was, therefore, focused to the elucidation of the mechanism 

reponsible for these alterations. Techniques were developed to determine 

content and synthesis of the different types of collagen. The modified fibri

nolytic activity was shown to result from a reduction in plasminogen activator 

in the blood vessel wall. Alterations in endothelial functions were investi

gated on the basis of specific functions, such as angiotensin conversion 

using isolated perfused lung. Other studies dealt with the possible prevention 

of fibrosis by the application of substances that interfere with collagen 

synthesis and blood clotting. 

Chemical alterations in collagen were studied by Dancewicz (Warsaw). Collagen, 

irradiated with 50-500 Gy in de-aerated solution aggregates to dimers and 

tetramers and eventually polymers of tropocollagen as shown by sedimentation 

and light scattering methods. Tritium exchange and de-naturation kinetic studies 

indicate that the helical parts of collagen were diminished. A particular type 
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of fluorescence, due to dityrosine, appears in irradiated collagen. The 

mechanisms, by which dityrosine was formed were studied in irradiated 

tyrosine, glycyl-tyrosine, polytyrosine and protein (insulin, ribonuclease, 

papain, collagen solution). Collagen isolated from the skin of irradiated 

rats contains more dityrosine than that found in normal rak skin. Therefore, 

dityrosine formation may play a part in the insolubization of collagen e.g. 

in radiofibrosis. In irradiated lung, collagen Ill disappears in favour of 

collagen I, 6 months after a dose of 25 Gy. 

Collagen irradiated in vitro displays slight changes in its antigenic proper

ties. Mixed aggregates may also be formed between collagen and other proteins, 

and this was studied using the enzymatic reaction of tissue transglutaminase 

between fibrinogen and de-natured collagen as substrates. The results of 

these investigations suggest that radiation-induced changes in collagen, such 

as the formation of insoluble aggregates in collagen and fibrinogen, could 

provide a basis for the fibrotic process. 
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Title of the Project 3: INTERNAL EMITTERS 

Head of the Project V. VOLF 

Investigations were carried out on the effects of selected radionuclides (RN) 

in the body and the characterization of these effects in relation to the 

macroscopic and microscopic distribution of absorbed dose. Furthermore, the 

removal of incorporated RN from the body was studied as a means of preventing 

or reducing late radiation damage. Ten laboratories participated in these 

investigations, seven of which received some EULEP financial support. There 

have been four research projects, each convened by a project leader : 

I. Late effects of bone seeking radionuclides 

(Participating laboratories : MRC- and NRPB-Harwell, Karlsruhe, Mol, 

Miinchen) 

Work on bone concentrated on radium and plutonium with the aim of estimating 

the osteosarcoma risk at low irradiation dose levels. Incorporation expe

riments in mice with short-lived bone-seekers such as 224Ra, 227Th and 
177

Lu proved to be a promising tool for the study of dose response as a 

function of time. Protracted administration caused a significantly higher 

osteosarcoma incidence than the same activity given as a single dose 

(Moller and Ebert, 1978). These findings help to explain the unexpected 

occurrence of bone 

1 . 224 h" 1ved Ra', w 1ch 

long-lived 226Ra. 

tumors in man after medical application of the short

was originally assumed to be much less toxic than the 

Following work done earlier on tumors produced by 239Pu in laboratory 

rodents and on the gross distribution of 239Pu in different bones, interest 

has centered on the micro-distribution of plutonium studied using special 

techniques of quantitative microautoradiography (Polig, 1978). 

Interlaboratory consultations and a workshop on the technical and methodo

logical aspects of localized dosimetry and quantitative histology in bone 

(Harwell 1980) helped workers to exchange views and experience in this 

promising new field of research. The results achieved were summarized in 

the EULEP symposium on bone (Rotterdam 1980). 
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2. Late effects after tritium incorporation 

( Participating laboratories : Casaccia, London, Ulm, Warsaw) 

In experiments on mice tritium has been administered as tritiated water, 

tritiated amino acids and totally tritiated diet ; the various sorts of 

intake more exactly model the predicted intake of man living in a tri

tiated environment. A long term toxicity experiment was concerned with 

"fully tritiated" mice which were produced by continuous exposure of 

pregnant animals, so that ~parturition all the cells of their off-spring 

carried DNA with a tritium label. It was shown that newborn animals 

are at greatest risk, as assessed by uptake into DNA, but that only 

after exposure to high concentrations of tritium in drinking water were 

the weight gain and early development impaired significantly. Due to 

subsequent dilution and loss of tritium by cell division and migration 

the mice, although subjected to a very nearly whole body dose during 

development in utero, are irradiated subsequently in an heterogenous 

manner (Lambert et al., 1980). Furthermore, studies were performed on 

the blood stem cells as a possible biological indicator of radiation 

effects on the hemopoietic system from incorporated RN, or low doses of 

external radiation. Definite effects were seen following rather low 

tritium concentrations in drinking water, resulting in a whole body 

dose of about I rad per day (Harris and Fliedner, 1979). 

At a scientific seminar on the metabolism and toxicity of tritium (London 

1980) the research work done both in EULEP and EURATOM laboratories was 

summarised and there was a round table discussion on future trends in 

tritium research. Abstracts of the papers will appear in EULEP Newsletter. 

3. Decorporation of Radionuclides and Late Effects 

(Participating laboratories : NRPB-Harwell, Karlsruhe, Mol, Warsaw) 

Methods and means for the therapeutic removal of RN from the body have 

been investigated. Experimental work on small laboratory rodens was 

concerned mainly with plutonium and other actinides as well as with 

uranium and radium. Removal screening studies included those with low 
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toxicity chelating agents such as Zn-DTPA, with newly synthetized chelons 

and their derivatives such as Puchel or DTPA-phosphonates or with 

chelates combinations such as DTPA plus desferrioxamine (NRPB Reports 

1977 and 1978, Szot et al., 1978). For better prediction of the effect .. 
in man, dose- and time-effect investigations were carried out which 

enabled the efficacy of treatment to be determined more exactly. Treatment 

scheduling experiments were also performed to simulate the conditions 

likely to be encountered in clinical practice, such as prompt or delayed, 

single or protracted, local or systemic treatments (Volf, 1978). 

Reduction of radiotoxicity provides the only direct evidence of the 

desired end-effect of radioactivity removal. Therefore, the effect of 

treatment with sodium alginate on the radiation damage to the hemopoietic 

bone marrow cells and to osteoblasts has been investigated : Using the 

spleen colony technique as indicator, a damage reduction factor of about 

1.3 for bone marrow was estimated (Schoeters et al., 1980). The possible 

secondary effects of decorporation treatment were also studied. For example, 

after continuous administration of sodium alginates over a period of nine 

months, no interference with calcium and iron metabolism was noticed in 

mice. 

Current research results in this area were summarized during a scientific 

seminar on the decorporation of RN (Karlsruhe 1978). The abstracts of the 

papers presented appeared in the EULEP Newsletter. 

4. Late effects after inhalation of radionuclides 

(Participating laboratories : MRC- and NRPB-Harwell, London, Mol) 

The behaviour and effects of selected, mainly insoluble, alpha-particle 

emitting nuclides introduced into the respiratory tract were investigated. 

In mice, the initial deposition and late translocation of inhaled 239Pu02 
aerosols of different particle size have been followed. Further, the 

histopathology of the lung tissue, the effects on alveolar macrophages, 

the development of fibrosis and the microdosimetry of inhaled particles 

were studied (NRPB Reports 1977 and 1978). 
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The so-called hot particle problem (the suggestion that discrete insoluble 

radioactive particles might be more carcinogenic than when the same 

activity is more uniformly distributed) was studied using fission 

fragments generated from inhaled 235uo2 and slow neutron exposure 

(Green et al., 1978). Various aspects of the clearance of radioactive 

and non-radioactive particles in rodents have been investigated in 

order to try to explain and predict radioactive damage (Gore and 

Patrick, 1978). 

Progress reports concerning RN and lungs have been presented to both 

the "Internal Emitters" and ''Non-Neoplastic Effects" Conmittee. Thus, 

the most competent scientific judgement can be provided on the work 

dealing with inhalation physiology and behaviour of inhaled RN as well 

as on the effects of radiation on the lung tissue. There has been a 

close contact between the two committees and conmon meetings have 

been organized, including a seminar on inhalation of RN (Harwell, 1978), 

EULEP symposium on pathophysiology of the lung after irradiation and 

other environmental factors (Reisensburg 1979) and a EULEP Lung Workshop 

(Harwell 1980). Minutes appeared in EULEP Newsletter. 
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Title of the Project 4: PATHOLOGY 

Head of the Project C.F. HOLLANDER 

The main activities of the Committee were directed towards standardizing 

the terminology used by the pathologists of the different laboratories 

working in EULEP in order to facilitate the comparison of results of expe

riments conducted in these laboratories. This goal is being achieved by 

holding topic-oriented workshops at regular intervals. These workshops 

also provide an excellent opportunity for some postgraduate teaching in 

order to maintain a high standard amongst the pathologists working within 

the framework of EULEP. 

The results of these workshops are published in the EULEP Pathology Atlas, 

the editorial board of which consists of : w. Gossner, Chairman ; A. Luz 

and C. Zurcher, secretaries ; C.F. Hollander, J.R. Maisin and A. Nilsson, 

members. The fascicles of the Atlas are prepared by members of the Committee. 

Table I provides information on the published fascicles as well as those in 

preparation. It is the aim to distribute this Atlas to the scientific com

munity outside EULEP in due time. 

Members of the Committee also participated in symposia organized within the 

framework of EULEP by other Committees. These symposia were : "Pathophysiology 

of the lung after irradiation and other environmental factors" (Reisensburg), 

"Bone and bone-seeking radionuclides" (Rotterdam), "Lung workshop" (Harwell) 

and "Radiation-induced leukemogenesis" (Bordeaux). 

The Committee maintained a Consultation Center which is localized in the 

Institut fur Allgemeine Pathologie und Pathologische Anatomie der Technischen 

Universitat, Munich. The members of the Consultation Center are the same as 

those of the Editorial Board of the Atlas. When necessary, additional members 

are drafted from the membership of the Committee. The Consultation Center 

provides advice to members of the Committee on problem cases in which consul

tation by other pathologists is considered important before a final conclusion 

is given. 
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TABLE I 

EULEP PATHOLOGY ATLAS 

CHAPTER 

BONE 

THYROID 

MURINE INTESTINAL 
INFECTIONS 

NERVOUS SYSTEM 

LYMPHORETICULAR 
TISSUES 

LUNG 

MAMMARY GLAND, RAT 

KIDNEY 

REPRODUCTIVE SYSTEM 

MAMMARY GLAND, MOUSE 

SKIN 

STATUS 

PUBLISHED 

PUBLISHED 

PUBLISHED 

PUBLISHED 

PUBLISHED 

PUBLISHED 

READY FOR 
PRINTING 

IN PREPARATION 

IN PREPARATION 

IN PREPARATION 

IN PREPARATION 
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The above-mentioned activities have provided the members of the Committee 

with sets of slides of cases which have been discussed in the Committee and 

upon which agreement has been reached with regard to classification of the 

lesions. These slide sets, together with the cases available in the Consulta

tion Center, provide references to a variety of neoplastic and nonneoplastic 

lesions of pathologists working in the EULEP Laboratories. 

A workshop on mouse lymphoreticular tumors was organised by the Committee on 

November 21, 1980, in Munich. Three outstanding experts on this subject from 

outside of the EULEP were invited to participate in the workshop : viz. Prof. 

G.R.F. Krueger, Prof. H.-E. Schaefer and Dr G. Hoffman-Fezer. 

The purpose of this meeting was to consider the usefulness of applying a 

variety of morphological and functional criteria to mouse lymphoreticular 

tumors, in order to develop a classification which better reflects the view 

that these tumors constitute tumors of the immune system. In the classifica

tion presently used only morphological parameters are employed in classifying 

these tumors. 

During the morning session of the meeting, results obtained from a EULEP

supported, cooperative project between the laboratories in Rijswijk and Munich 

on this topic were discussed. Out of 20 cases investigated until now, 7 were 

selected for presentation in extenso. Light microscopic, electron microscopic, 

histochemical, immunofluorescence and serological data were integrated into a 

definitive diagnosis, combining morphological as well as functional characte

ristics. During the afternoon session the following papers were presented 

I. Classification of malignant lymphoma of the mouse using morphological, 

immunological and cytochemical methods. 

- G.R.F. Krueger (Cologne) 

2. Immunohistochemistry on mouse lymphoid tissue. 

- G. Hoffmann-Frezer (Munich) 

3. Non-Hodgkin's lymphoma classification, according to Lukes and Collins, 

applied to reactive and neoplastic lesions of lymphoreticular tissue in 

mice and man. 

-C. Baroni/V. Covelli (Rome). 
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4. Immune responsiveness of aged chimaeras with reticulum cell sarcoma. 

-V. Covelli (Rome). 

In addition, Professor H.-E. Schaefer (Cologne) gave a short presentation 

on differences ia kistochemical staining of hemopoietic cells from various 

rodent species. 

Most discussants felt that investigations on immunological markers of B and 

T cells (including Ig classes, light and heavy chains and T subset markers) 

were helpful in the classification of lymphoreticular tumors in mice. They 

were regarded as high useful not only in order to understand basic mechanisms 

underlying the development of these tumors, but also as a prerequisite for 

the development of animal models of human diseases, as well as to allow 

intercomparison of results from different laboratories. This workshop was 

attended not only by members of the Committee but also by members of the 

other Committees of EULEP. 

Finally, the above mentioned activities of the Committee also provide support 

for ongoing work in the laboratories of EULEP not mentioned in detail in this 

report. The educational value of the ongoing activities, in terms of wealth 

of material and subsequent expertise supplied by the larger pathology groups 

of the smaller groups within EULEP is immeasurable, in the sense that the 

smaller groups would not see such a broad spectrum of material within their 

normal work life. 
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Title of the Project 5: DOSIMETRY FOR EXTERNAL IRRADIATION 

Head of the Project J.J. BROERSE 

A prerequisite for coordination of research programs on late biological effects 

of toxic agents, including ionizing radiation is the standardization of experi

mental methods and materials such as exposure arrangements and dosimetry, 

pathology and the quality of experimental animals. 

During the past contract period the third and fourth EULEP X-ray dosimetry 

intercomparisons have been performed for total body irradiations of a mouse 

phantom. These intercomparisons were considered to be essential for a periodical 

check on the X-ray dosimetry procedures and for the benefit of new groups 

joining EULEP during the contract period. In accordance with previous procedures 

the intercomparisons were performed by using mailed thermoluminescent (TL) 

dosimeters. The participants were asked to irradiate a mouse phantom in such a 

way that the test capsule at the central position would receive an absorbed 

dose of 200 rad in soft tissue and the irradiation could be considered as uni

form (a ratio of less than 1.15 between maximum and minimum absorbed dose). An 

HVL of at least 1.5 mm Cu was recommended. The procedure for handling the 

thermoluminescent material was comparable to that used during the former 

intercomparisons. The estimated precision and uncertainty in absorbed dose 

derived by the TLD system are about 1.2 percent and 3 percent, respectively. 

Considering these values for precision and overall uncertainty the following 

recommendations were formulated (Broerse, Zoetelief and Puite, 1978) : 

a) The accuracy of the dosimetry is considered to be satisfactory when the 

mean value of the results from a laboratory differs by less than 5 percent 

from the standard value. 

b) When a difference between 5 and 10 percent from the standard values exists, 

a discrepancy in the dosimetry is indicated. 

c) If the difference is more than 10 percent, a recalibration of the X-ray 

dosimetry system is indicated. 

The TLD readings from phantoms irradiated at the participating institutes have 

been compared with those irradiated at the standards laboratory. An evaluation 
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of the results of the 1971, 1973, 1976 and 1980 EULEP X-ray dosimetry inter

comparisons is presented in table I. It can be concluded that after the first 

and second intercomparison, considerable progress had been achieved with 

respect to the differences from the standard dose. It is disappointing that 

during the 1980 intercomparison, the results of 2 of the 12 participants 

showed deviations in excess of 10 percent. It can further be concluded that, 

between the first and second intercomparison sessions, considerable improve

ments have been made with regard to the homogeneity of the dose distribution, 

however, in this respect the subsequent intercomparisons do not indicate any 

progress. Site visits of members of the dosimetry committee revealed inconsis

tencies in dosimetry procedures at some institutes and systematic errors in 

dosimetry equipment employed locally. These failures in either ion chambers 

or electrometer devices, which would not have been detected otherwise, could 

easily introduce variations in the determination of the absorbed dose by 6 

to 8 percent. 

Late effect studies caused by the irradiation of specific organs, e.g., lung 

and liver, are included in the EULEP research program. For these studies 

collimated X-ray beams have to be employed, since it is necessary to restrict 

the dose to other essential organs in the animal. In connection with these 

programs an intercomparison of X-ray dose and dose distribution was performed 

in 1978 for partial body irradiation. The aim of this intercomparison was to 

obtain information about the adequacy of exposure arrangements, which will 

determine the dose distribution and about the absolute accuracy of the X-ray 

dosimetry performed at the different institutes. For this purpose two acrylic 

plastic rat phantomo for irradiation of the lung substitute and liver substitute 

part, were sent by mail to each of the eight participating institutes. The dose 

in the irradiated organs as well as the scattered doses in the phantom have 

been measured and compared with the dose values from a standardization labo

ratory. 

The results of the partial body dosimetry intercomparison are given in table 2. 

Large discrepancies (up to 36 percent from the standard value) were observed 

for the doses delivered by the participants. For some institutes considerable 
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TABLE 1. 

EVALUATION OF RESULTS OF THE 1971 1 1973, 1976 AND 1980 EULEP X-RAY DOSIMETRY 

INTERCOMPARISONS WITH THE MOUSE PHANTOM 

1971 

1973 

1976 

1980 

1971 

1973 

1976 

1980 

t:.D ~ 5% 

8/13 

10/14 

15/16 

6/12 

Difference from standard dose 

0/13 

3/14 

1/16 

4/12 

b. D ) 10% 

5/13 

1/14 

0/16 

2/12 

Absorbed dose distribution over 1110use phantaa 

Dmax/Dmin < 1.06 < 1.10 < 1.15 > 1.15 

1/12 2/12 5/12 7/12 

1/13 5/13 10/13 3/13 

2/15 5/15 11/15 4/15 

2/12 4/12 6/12 6/12 

TABLE 2. 

RESULTS OF THE EULEP PARI'IAL BODY DOSIMETRY INTERCOMPARISON 

WITH THE RAT PHANTOM 

institute focus to top measured dose gradient* 

A 

B** 

c*** 

D 

E 

F 

G 

H 

phantom (FSD) 
in cm 

30,32 

24 

43,50 

70 

26 

60 

50 

so 

stated dose 

lung liver 

0.88 0.90 

0.98 0.98 

1.07 0.98 

0.96 1.07 

1.36 1.28 

0.95 1.10 

0.99 0.99 

1.09 1.04 

*gradient= (<top dose- bottom dose)/central dose] x 100 

** phantom turned 180° halfway through irradiation 

*** irradiation from top and bottom using two x-ray machines. 

lung liver 

35 67 

2 4 

2 2 

14 41 

29 57 

15 48 

21 56 

20 54 
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differences were determined between the doses given to the lung and liver 

substitute material. For six of the eight participating institutes the doses 

in lung and/or liver material differ more than 5 % from the standard dose. 

For unilateral irradiations dose gradients between 40 and 70 percent have 

been observed over the total depth of 3 cm of liver equivalent material. 

These inhomogeneities in dose distribution over an organ with these dimensions 

are unacceptable for radiobiological experiments. 

After receiving the results of the dose intercomparisons the institutes A, C, 

D and E checked their dosimetry procedures and stated that they had discovered 

the cause of the discrepancy of their dose values. Some of the errors were 

rather elementary, such as incorrect exposure time, incorrect calculation of 

attenuation in the lung substitute material and neglect of energy dependence 

of their own TL dosimetry system. 

The results of the X-ray dosimetry intercomparisons for total body irradiations 

of the mouse and partial body irradiations of the rat demonstrated the need for 

improvements in dosimetry procedures and for repeated intercomparisons at 

intervals of 2 to 3 years. A revised version of the EULEP protocol for X-ray 

dosimetry is in preparation 
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Centre d'Etude de l'Energie Nucleaire 
Mol. 

232-76-1 BlOB 

J. MAISIN 

Late somatic effects, cancer induction 
and genetic radiosensitivity in mammals. 

Titre du projet n° 1 : Late effects in irradiated lung. 

Chef du projet et collaborateurs scientifiques 

G.B. Gerber, J. Deroo, P. De Preter. 

Lung had been chosen as a model to study the mechanisms of fibrosis because 

pulmonary fibrosis is a grave risk after radiotherapy of the thorax. In 

a first series of experiments a dose of 3 krad was delivered to one half of 

the thorax of rats and the animals were followed for up to 9 months. The 

parameters studies were collagen, DNA, lysosomal enzymes, peroxides and 

fibrinolytic activity. The most important alterations observed were an in

crease in concentration of collagen starting from 4 months, a decrease in 

fibrinolytic activity during the entire postirradiation period, an increase 

in lysosomal enzymes, biogenic amines and DNA. In the next series of experi

ments, doses of I and 1.5 krad were delivered and in addition to the above 

parameters, blood flow by means of microspheres and lipid content and compo

sition were followed. After these doses, the changes in collagen occured 

later (11 months after I krad), and the reduction in fibrinolytic activity 

could again be detected. Moreover, lipids and blood flow in irradiated lung 

were reduced. Modifications were also observed in sialic acid content and 

lysosomal enzymes. Investigations on mice,obtained from Dr Lindop (London) 

confirmed these observations and allowed to ascertain that mice are more 

radiosensitive than rats with respect to late lung damage. 

Further work then focussed on the elucidation of the mechanisms of the three 

alterations considered most important in the genesis of fibrosis, fibrino

lytic activity, blood flow and collagen synthesis. Techniques were developed 

to isolate native collagen from lung and to determine the content of the 
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different types of collagen. In addition, a method to determine the diffe

rent glycosaminoglycans in lung connective. tissue was set up. Cooperation 

with Argonne National Laboratory (U.S.) was initiated to study connective 

tissue changes in dogs exposed continuously to high doses of radiation up 

to 10 krad. Synthesis of collagen is determined by measuring incorporation 

after injection of labeled hydroxyproline in vivo as well as after incubating 

lung tissue in vitro. These experiments are still being continued. The re

duced fibrinolytic activity which could be responsible for the organisation 

of the exudate was studied in tissue slices and by means of a histochemical 

method was shown to result from a reduction of plasminogen activator in the 

vessel wall after 1.5 krad. Since damage to endothelial cells may be respon

sible for vascular alterations techniques were elaborated to follow endothe

lial functions. To this end, lung perfusions were developed and specific 

endothelial functions are being investigated by means of this system. So far 

no alterations in activation of angiotensin has been found after irradiation 

to 1.5 krad. 
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Titre du projet n° 2 Late effects in the irradiated central 
nervous system. 

Chef du projet et collaborateurs scientifiques 
G.B. Gerber,oJ. Deroo, J. Maes. 

Brain was chosen to study the interaction between vascular alterations and 

organ function because little changes from an altered cell replacement can 

be expected in this organ. A first series of experiments followed a large 

number of biochemical parameters in the brain of rats exposed to 2 krad to 

their head. The parameters studied were : DNA, protein, hydroxyproline, 

sialic acid, beta-glucuronidase, acid phosphatase, cathepsin, serotonin, 

noradrenaline, dopamine, g-aminobutyrate, histamine and uptake of a

aminoisobutyrate by brain and other organs determined. The most import~nt 

alterations found were alterations in lysosomal enzymes and uptake of 

aminoisobutyrate particularly during the early and intermediate time, and 

a decrease in sialic acid during the entire postirradiation period. During 

the intermediate period from 3-9 months, an increase in serotonin was ob

served. In another experimental series, higher local doses of 3, 4 and 6 

krad were studied and other parameters, peroxides, total and individual 

lipids and capture of microspheres (relative blood flow) were also investi

gated. After such doses, serotonin content was enhanced for a longer period 

of time and an increase in hydroxyproline was noted already after a few 

months. Changes in blood flow (an early depression and a later increase) 

were observed. The alterations induced by irradiation were compared to those 

caused by exposure to lead where an increased serotonin content was also 

found. In subsequent experiments, a technique based on the autoradiography 

of radioactive microspheres was developed to study regional blood flow, but 

in contrast to observations after lead treatment no significant alterations 

were so far found after irradiation. Other investigators of the EULEP CNS 

group reported alterations in vascular structure as measured by means of 

injected resin and of in vivo brain blood flow (measured by injection of 

pertechnetate and of iodoantipyrine). 
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Therefore, these techniques were adapted to be used in parallel with our 

microsphere techniques to study regional blood flow and a series of experi

ments has been started after different doses. A technique to isolate capil

lary fragments from brain has been further perfectioned. Alkaline phosphatase, 

glutamate transpeptidase (two characteristic enzymes of endothelial cells) 

as well as uptake of methyl d glucose were assayed in these preparations 

from I to 12 months following a local exposure to 3 or 4 krad. 

Short term effects (up to one week) were also investigated in brain exposed 

to 10 or IS krad of X-rays and no significant alterations in these parameters 

could be observed late after 3 or 4 krad. Only slight changes were observed 

one week after low doses. It is concluded that these endothelial functions 

are not greatly affected by such an irradiation. 

The studies on biochemical indicators of radiation damage were also completed 

during this contract. After having elaborated methods to determine a series 

of potential indicators of radiation damage in urine, such standardized 

methods were also worked out for blood. Tests on these indicators in rats 

exposed to different whole and partial body doses showed that certain tests 

respond well to doses in the lethal dose range and somewhat below. Data on 

rats are, however, unsuitable to make extrapolation to man and it is hoped 

that human or primate samples be made available to continue these studies. 

Other investigations related to very early effects of radiation which may 

be useful to recognize radiation damage pertained to changes in blood flow, 

extravascular space, renal excretion and, in particular, to the mechanisms 

by which a state of shock arises after high level irradiation. These inves

tigations also dealt with the possibility to influence by pharmaceutical 

means such a shock. 
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Relative biological effectiveness (RBE) of 50 MeV 
neutrons compared with 60co gamma rays in inducing 
leukemias and cancers in mice 

Cher du projet et collaborateurs scientifiques : 
J.R. Maisin, A. Wambersie, G. Mattelin, 
M. Lambiet-Collier, J. Gueulette. 

During the period 1976- 1980 we have (I) terminated our programme on chemical 

protection against the long term effects of whole-body exposure of mice to 

ionizing radiation and (2) we have started with our experimental programme on 

relative biological effectiveness (RBE) of 50 MeV neutrons compared with 60co 

gamma rays in inducing leukemias and cancers in mice. 

I. Influence of chemical radioprotectors on long term survival and causes of 

death of X-irradiated mice 

We will summarize the data we have obtained on 

I. I. the protection offered by a mixture of 2-~-aminoethylisothiouronium

Br-HBr (AET), serotonine (5-HT), glutathione (GSH), mercaptoethylamine 

(MEA) and cysteine (Cyst) on the long term survival and causes of death 

of X-irradiated mice with a single or with fractionated exposure(ref.I 1-15 

1.2. the search of preleukemic cells in the bone marrow of mice irradiated 

with four weekly doses of 1.75 Gy whole body X-irradiation (ref. II 1-2). 

1.1.1. Long term survival 

7373 BALB/c and C57Bl male mice, 4 and 12 weeks old (LDS0/30, 5.76 

and 6.50 Gy respectively) were exposed to X-rays in the range of 1 to 

20 Gy. Mixtures of radioprotectors increase the degree of protection 

compared with that obtained with each substance given separately. 
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The dose-effect curves for the long term survival obtained for 

irradiated untreated mice and for mice treated with a mixture of 

radioprotectors are not parallel. Thus the dose reduction factor 

(DRF) varies with the X-ray dose administered. The optimum DRF 

obtained for long term survival of BALB/c mice (2.5) was very 

close to that obtained against acute effects of ionizing radiation 

(2.8). 

1.1.2. Causes of death 

All mice were followed until spontaneous death ; the lethal diseases 

were classified in 12 categories. The data were evaluated by the 

method of competitive risks. Death in nonirradiated BALB/c mice is 

largely caused by tumors, in particular by lung cancer and nonthymic 

lymphoma whereas other causes predominate in the C57Bl strain. 

Radiation-induced life shortening of nonprotected mice is due to 

increased and advanced incidences of specific diseases, mainly thymic 

lymphoma in the medium dose range and glomerulosclerosis in the high 

dose range. Thymic lymphoma in BALB/c mice increases to a maximum at 

6.5 Gy and declines thereafter. A shorter latency period is found for 

lung carcinoma, although the absolute incidence decreases because of 

the earlier deaths of the irradiated mice. After AET treatment, the 

maximum incidence of thymic lymphoma in BALB/c mice is shifted to 

10 Gy but its height is unaltered, whereas treatment with a mixture 

not only displaces the maximum to a still higher dose but also de

creases its frequency. Protection in BALB/c mice is also possible 

although to a smaller extent, against myeloid leukemia, sarcoma, 

glomerulosclerosis and non cancerous lung lesions but it is protec

tion against the two latter diseases which contributes most to the 

prolonged survival in the high dose range. The protection in C57Bl 

mice resembles that in the BALB/c strain. Thus protection is effec

tive against thymic lymphoma (possibly also against liver adenoma, 

all carcinomas and myeloid leukemia ) as well as against glomerulo

sclerosis and non-cancerous lung lesions. 
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I.l.3. In C57Bl strains of mice exposed to four fractionated doses deli

vered at weekly intervals (total dose from 4 x 0.5 and 4 x 3.75 Gy). 

Life shortening showed a sigmoid dependency on the dose in non pro

tected and protected mice with a dose reduction factor of 2.1 at 

50 % life shortening. Thymic lymphoma was the most predominant cause 

of death in irradiated C57Bl mice. Radioprotectors diminished signi

ficantly the incidence of this disease but apparently did not reduce 

other causes of death. Reticulum cell sarcoma B also increased at the 

same low doses as thymic lymphoma. Both thymic lymphoma and reticulum 

cell sarcoma B increased in frequency after a fractionated dose com

pared to a single exposure with doses of 6-7 Gy and 3 to 4 Gy respec

tively. 

I.2. In order to elucidate the mechanisms of radiocarcinogenesis in mice, we 

have investigated whether tumor cells arise already shortly after leuke

mogenic treatment by X-irradiation and persist during the long latent 

period or whether they appear only as the tumor develops. A C57Bl strain 

of mice with 38 chromosomes, histocompatible with our C57Bl/Cnb mice, was 

selected to detect the presence of preleukemic cells in the bone marrow 

and the thymus of irradiated mice. C57Bl/Cnb male mice, 4 weeks old, were 

exposed to 4 doses of 1.75 Gy of whole-body X-irradiation given at weekly 

intervals. Seven, 14, 30, 60 and 90 days later, a suspension of 107 bone 

marrow cells or thymic cells was prepared from each C57Bl/Cnb mouse and 

injected intravenouslyinto I C57Bl/Rb(6;15)1 Ald male mice exposed or not 

to 2 Gy of X-rays. The lymphomas developing in the recipients were ana

lysed with respect to their genotypes by determining the percentage of 

donor cells in metaphase in the bone marrow, thymus, lymph nodes and 

spleen of the host. 

Our results so far suggest that no preleukemic cells occur in the bone 

marrow and the thymus during the preleukemic period. After completion 

of these still ongoing experiments, we intend to investigate whether 

leukemia induced by radiation is associated with alterations of chro

mosome 15 in mouse T cells. 
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II. Long term effects of whole body exposure of mice to single and fractionated 

doses of 60co gamma rays and SO MeV neutrons 

The aim of this study is to determine the relative biological effectiveness 
60 

(RBE) of SO MeV cyclotron-produced neutrons (0.02 to 3 G) compared to Co 

gamma rays (0.2S to 6 G) for life shortening and for leukemia and cancer in

duction in mice. The sequeles of an exposure to single irradiation are com

pared with doses of irradiation given in 10 daily fractions in order to assess 

the amount of reparable and non-reparable lesions for both types of radiation. 

Two strains of mice, CS7Bl anq BALB/c mice, were selected for this study to 

investigate the influence of differences in spontaneous incidence of leukemia 

and cancer. 

Today, some of the SOOO irradiated and control mice are still alive and the 

evaluation of all the data is not yet complete. This report concerns only the 

results on cumulative mortality and causes of death of mice which die within 

BIS days and which were irradiated with a single or with 10 daily fractions of 
60 Co gamma rays. 

II. I. Mean survival and cumulative mortality 

No significative difference was observed for the mean survival time and 

the cumulative mortality between controls and irradiated mice exposed 

to single or fractionated gamma rays from 0.2S to 2 G. After higher 

exposure (4 to 6 G) survival was significantly shortened. Mice exposed 

to fractionated doses of 4 and 6 G have a longer mean survival than the 

mice exposed to the same single dose of gamma rays. 

11.2. Causes of death 

After single or fractionated irradiation from 0.2S to 2 G , no significa

tive differences in leukemia incidence were observed between irradiated 

and control mice. After higher exposure doses, the incidence of all 

leukemias was significantly higher in irradiated mice compared to controls. 

In addition, the total incidence of leukemias was higher in mice treated 

with 4 and 6 G fractionated exposure, than after a single one. Leukemias 

after fractionated exposure appear later in life than after a single dose. 

This is due mainly to thymic lymphoma which was more pronounced after a 

single than after fractionated exposure. Conversely, more non thymic 

lymphoma are found after fractionated exposure. 
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Compared to controls, the incidence of carcinoma tend to increase 

after a single exposure between 0.5 and 2 G and to decrease after 

higher doses yielding an incidence below that in controls after 6 G. 

After fractionated exposure, no significative differences were observed. 

The dose effect curves of all types of malignancies (leukemias and 

carcinomas) after exposure to a single dose of gamma rays display a 

progressive increase with maximum at 2 G. The increase was progres

sive and less marked and the maximum was reached in mice after frac

tionated irradiation only after an exposute to 6 G. 

Conclusions 

Our preliminary data do not reveal any life shortening by small doses. At 

doses of 4 and 6 G, life shortening was less pronounced after fractionated 

than after single exposure. Leukemia and cancer tended to be less frequent 

after fractionation of small doses but increased after large doses compared 

to a single one. In the latter case, leukemias and cancers mainly increase 

because the animals lived longer. These experiments are still in progress and 

these results have to be confirmed and completed when all data will be avai

lable. 

The data obtained in the frame of this programme are of benefit to the European 

Community. The data on the protection offered by mixture of chemical protectors 

demonstrate that chemical protective drugs could in theory be used to protect 

individuals against the shortening of life span and the causes of death after 

whole-body irradiation. In addition, our data on the determination of RBE for 

SO MeV neutrons for cancer induction will be of straight forward interest for 

radiation protection purposes because only scarce data exist at present for this 

radiation quality. From a more theoretical point of view, it is interesting to 

accumulate data as precise as possible on the shape of the dose effect relation

ships and on RBE dose relationships. Finally, the data obtained by comparing a 

single fraction and 10 daily fractions of neutrons and gamma rays will add 

useful information in distinguishing reparable and non reparable lesions. 
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Studies on the factors influencing the chromosome 
aberrations in mammals. 

Chef du projet et collaborateurs scientifiques 
A. Leonard, G. Decat, Gh. Deknudt, L. Fabry. 

In order to estimate genetic risks in man, it is usually necessary to 

extrapolate animal data. The only system for which such comparative gene

tic data including those on man can be obtained readily are cultured 

lymphocytes. If the factors determining the relative radiosensitivity in 

different species were understood, a better evaluation of the genetic risk 

for other types of human cells might be made. Such factors related to 

the genetic structure could be: The total amount of DNA, its density in 

the nucleus (ratio DNA content to nuclear volume), the number or chromo

somes or chromosome arms which may undergo breaks or exchange reactions, 

the percentage of heterochromatin, the activity and accuracy of repair 

enzymes etc ••. It must be added that intraspecific variability can 

also arise from methodological factors. The present project had the aim 

to study the influence of the methodology and nuclear characteristics 

by comparing the yield of chromosome aberrations induced by ionizing 

radiations in the lymphocytes of different mammalian species using the 

BUdR labelling technique. 

A preliminary study using the conventional staining methods was made 

on seven species, man, chimpanzee, rabbit, pig, sheep, goat and cow. Man, 

chimpanzee and rabbits have nearly the same number of chromosomes (46,48 

and 44) and of chromosome arms but vary greatly with respect to the rela

tive nuclear volume as estimated from the area covered by the lymphocyte 

nuclei whereas the other four species have different numbers of chromosomes 

(38, 54, 60 and 60 respectively) but a similar nuclear DNA content, and 

equivalent nuclear volume and almost the same chromosome arm number <: 60). 

The results obtained with a standardized culture time of 48 hours demon

strated that the radiosensitivity of lymphocyte chromosomes from different 



- 974 -

1mammalian species is apparently not influenced by characteristics such as 

nuclear volum~, DNA content, chromosome number or number of arms. 

In order to determine the existence of some difference in the response 

to mitogen stimulation among the mammalian species further experiments 

were made using the 5-bromodeoxy-uridine-Giemsa technique to distinguish 

the cells in the first mitosis. When the observations are made on cells 

in second or third division after induction some of the unstable aberra

tions may, indeed, already have been eliminated. The results obtained 

with this technique showed that 48 h, the standardized time of cultivation 

used in the studies reported in the literature 97% of the dividing human 

lymphocytes are still in first division. The situation appeared very 

different for rabbit since at that fixation time 27% of rabbit lymphocytes 

are in first division whereas 45% are in second and 28% in third. Provi

ding only cells in first division are examined, there exists, in fact, no 

significant difference between man and rabbit with respect to the yield of 

radiation-induced dicentric chromosomes. It appears therefore premature 

to decide actually for the arm number hypothesis or for any of the others 

mentioned previously. 

Since certain authors suggested that cell kinetics as well as radio

sensitivity may vary among different subpopulations of stimulated lymphocytes 

comparisons were made for these parameters with two different mitogens, 

phytohaemagglutinin and concanavalin A. The results obtained showed that 

the lymphocytes stimulated by these two mitogens have nearly the same cell 

cycle duration and a similar radiosensitivity. 

In conclusion, the results obtained on different species and/or with 

different mitogens suggest that: 

I. Between the mammalian species there could exist no difference in the 

radiosensitivity of lymphocytes providing cells are examined in first 

mitosis; 

2. The different subpopulations of lymphocytes display the same radiosensi

tivity to chromosome aberration induction. 

If confirmed for other species, the extrapolation of experimental results 

on mammals to man would be extremely easy and could facilitate the esti

mation of cytogenetic hazards of exposure to ionizing radiation. 
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Chef du projet et collaborateurs scientifiques : 
A. Leonard, Gh. Dekundt and E.D. Leonard. 

Numerous mutagenic compounds have been tested for their ability to 

produce transmissible chromosome aberrations in spermatogonial germ cells 

and gave, generally, negative results. It is noteworthy that most of the 

chemicals that failed to induce reciprocal translocations in spermatogonia 

have been shown to be potent mutagens in other organisms or other test 

systems and are even capable of causing chromosome breakage in the post

meiotic male germ cells of the mouse as demonstrated by the dominant 

lethality test. Furthermore, some compounds are able to produce chromosome 

breaks resulting in the killing of spermatogonia. In the present experiment 

several chemical substances have been tested alone or in combination with 

ionizing radiations in different systems (somatic and/or germ cells) to 

study the interaction between physical and chemical mutagens in the produc

tion of chromosome aberrations compatible with the survival and prolifera

tion of mammalian germ cells. 

Confirming the data reported with other chemicals, our first experi

ments with additional chemicals such as hycanthone, styrene oxide, griseo

fulvin, etc .•. gave negative results in spermatogonia. A series of experi

ments was therefore performed with mitomycin C, thio-TEPA and Endoxan. 

Mitomycin C which fails to produce chromosome rearrangements in premeiotic 

male germ cells is, however, able to produce chromosome breaks resulting in 

the killing of spermatogonia as shown by the induction of a temporary 

sterile period. Endoxan appears less active on spermatogonial cells whereas 

thio-TEPA is one of the few chemicals inducing a low yield of reciprocal 

translocation in spermatogonia. The three chemicals were given at different 

intervals of time (1/2h, lh, 2h, 6h, or 24h) before or after the exposure 

to a dose of 400 rad of ionizing radiation (X-rays). Such X-ray dose is 

able to induce 8 to 9% of spermatogonia carrying chromosome aberrations. The 

animals were killed 3 to 5 months after treatment. 
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Pre- or post-treatment by the chemicals resulted, generally, in a 

decrease of the yield of cells bearing chromsome aberrations. 

Injection of 3 mg/kg Mitomycin C, before or after exposure to 400 R, 

reduced considerably the yield of abnormal cells. In that respect there 

was no evident difference between the groups treated before and after 

400 R. There is, however, some tendency to an interval-effect relation

ship in the animals given Mitomycin prior irradiation, the lowest yield 

of abnormal spermatocytes being observed for the shortest time intervals 

between i .p. injection and radiation exposure.. It is probable that the 

decrease in the yield of translocated cells is due to a selective elimi

nation of the damaged cells. 

Injection with 2.5 mg/kg of thio-TEPA before or after a dose of 400 R 

X-irradiation diminishes the yield of spermatocytes I bearing chromosome 

rearrangements. Since thio-TEPA has also powerful clastogenic properties 

in spermatogonia this effect is probably to be explained too, by a selection 

against the cells with aberrations. 

Similar decrease in the yield of translocated cells was also observed 

when Endoxan was given after 400 R or 6 h or 24 h before irradiation. In 

contrast with these results, however, no evident interaction between Endoxan 

and X-ray-treatment was found when the 400 R were given 1/2 h, lh, or 2h 

after Endoxan. 

In conclusion, our results demonstrate that chemical mutagens can 

interfere with ionizing radiation by enhancing the selective elimination of 

damaged cells. Some comparison between the observations made with thio-TEPA 

and the data reported in the literature.with TEM suggests, however, that a 

pretreatment with this compound could act as a conditioning small dose of 

ionizing radiation because the results obtained with both compounds are 

very similar to those obtained in fractionation experiments with X-rays. 

Furthermore our findings confirm that spermatogonia constitute a relatively 

safe stage with respect to the possibility of inducing heritable chromosome 

aberrations by chemical mutagens. 
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GENERAL SUBJECT OF CONTRACT: 

Pathogenesis of radiation damage 

The research work carried out during 1976 - 1980 has continued 

on long-term studies of the late effects of the short-lived 

alpha-emitting bone-seekers 224Radium and 227Thorium. These 

studies have been extended to short-lived beta-emitting bone

seekers, especially 177Lutetium. This work was initiated in 

order to investigate the oncogenic effect of short-lived 

nuclides in dependence on the skeletal dose and their spatial 

and temporal distribution. 

It has been shown that after single injection of 224Radium in 

varying amounts (from 37 kBq [1~Ci)/kg to 1.85 MBq [SO~Ci]/kg) 

the osteosarcoma incidence ranges from 7% to 20% without clear 

mathematical function on dose dependence. It has been of 

considerable interest that repeated application of 224 Radium 

(11 Gy [1100 rad] over 36 weeks) increased bone tumor in

cidence in the longest protraction period and at low dose rate 

to nearly 100% and shortened the latency period. A similar 

protraction effect has been demonstrated in experiments with 

repeated application of the short-lived beta-emitter 
177Lutetium. In addition experiments with simultaneous exposure 

to the short-lived alpha-emitter 227Thorium (half-life 18.7 

days) and a low amount of its mother-nuclide 227Actinium 

(22 years half-life) have shown a more than additive effect 

with regard to osteosarcoma risk. 
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As a practical consequence for radiation protection it 

should be stressed that short-lived radionuclides - in 

particular with multiple incorporations - may be equally 

or even more hazardous than a single incorporation of a long

lived radionuclide. This consequence turns out to be true in 

certain dose ranges for alpha- as well as for beta-emitters. 

In addition these studies have been devoted to the question 

to what extend the risk of radiation-induced bone tumor will 

be modified by various endogenous factors like age of the 

animal or strain susceptibility. Studies on the influence of 

age in radiation-induced osteosarcoma induction demonstrated 

that young animals (1 month old) during the time of rapid 

skeletal growth were not at higher risk than adults (6 months 

old). With regard to strain susceptibility (influence 

genetic background) it has been shown that a mouse strain 

with a high incidence of spontaneous osteomas has not a 

higher osteosarcoma risk than other strains investigated. 

On the other hand some of the mouse strains studied showed 

differences in the osteosarcoma latency period. 

These experimental studies on short-lived radionuclides 

appear to be relevant to problems of radiation hazard in man 

since the occurrence of osteosarcoma has been reported in 

humans after treatment with 224 Radium and this nuclide is 

still used in the treatment of ankylosing spondylitis. 

Therefore in addition to the experimental work epidemiological 

studies on patients treated with 224Radium have been continued. 

The incidence of malignant tumors the occurrence of exostosis, 

liver and kidney disease and cataracts has been examined. The 

follow-up of a rather large group of patients with ankylosing 

spondylitis treated in 15 orthopaedic and rheumatic hospitals 

in Western Germany including a control group without radiation 

treatment has also been continued. These epidemiological 

studies may also be relevant for the general risk estimation 

concerning late effects after internal irradiation in man. 
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PROJECT 

w. Gossner, U. Linzner, A. Luz, W.A. Muller, E.H. Schaffer 

Late effects after incorporation of bone-seeking radionuclides 

1. Bone turner risk after incorporation of short-lived a-emitters 

in mice 

a) Influence of time factor on bone turner induction after 

incorporation of 224 Radium 

In this study the term "protracted internal irradiation" 

will be used in case of repeated injections of the radio

nuclide with time intervals corresponding to the half-life 

of the nuclide. This will result in a more or less 

continuous irradiation. The term "fractionated internal 

irradiation" will be used in case of repeated injections 

with much longer intervals leading to intermediate decrease 

of the mean skeletal dose rate to nearly zero Gy/day. 

The increased osteosarcoma yield observed after protracted 

internal a-irradiation with 10.80 Gy (1080 rad) over 9 

months (224 Ra injections twice weekly) could not be found 

at the lower skeletal dose level of 1.2 Gy (120 rad). 

Fractionated internal a-irradiation during 9 months (monthly 

injections of 224 Ra at the dose level of 10.80 Gy [1080 rad]) 

resulted in a longer latency period and a lower number of 

osteosarcoma per mouse as compared to the effect of 

protracted irradiation. 

b) Simultaneous incorporation of 227Thorium and its long-lived 

mother-nuclide 227Actinium 

The final osteosarcoma induction after simultaneous in

corporation of 1.85 kBq (0.05 ~Ci)/kg 227 Ac and 185 kBq 

(5 ~Ci)/kg 227Th is not significantly different from an 

additive effect. 



227 Ac 

227 Th 

227Ac + 227 Th 
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12% ( 6/50) 

46% (23/50) 

60% (30/50) 

But for the first 700 days of the experiment the osteo

sarcomagenic effect after incorporation of both nuclides is 

more than additive. 

227 Ac 

227 Th 

227Ac + 227 Th 

8% ( 4/50) 

38% (19/50) 

58% (29/50) 

In a recent experiment, varying the amount of 227Th 

(18.5 kBq [O.SuCi], 74 kBq [2.0uCi], 185 kBq [S.OuCi]/kg), 

the osteosarcomagenic effect 553 days after simultaneous 

incorporation of 1.85 kBq (O.OSuCi)/kg 221c and 227 Th was 

also more than additive and significantly increased as 

compared to incorporation of 227 Th alone. 

c) The influence of age on the bone turner induction by short

lived a-emitters 

Incorporation of 227 Th beyond the period of rapid skeletal 

growth reduced the total mean skeletal dose by a factor of 

0.7 as compared to rapidly growing mice at 4 weeks of age. 

The osteosarcoma risk after single or fractionated in

corporation of 185 kBq (SuCi)/kg 227 Th (expectancy of osteo

sarcoma incidence 40% and 80%) in 6 months old mice was not 

significantly reduced as compared to 1 month old animals. 

The turner latency period for the older animals was shorter 

especially in the group with lower turner expectancy, where 

a relation to the time of appearance of spontaneous osteo

sarcomas seems to exist. 

Incorporation of 185 kBq (SuCi) /kg 227Th in 18 months old 

mice (the highest age which was investigated) did not result 

in any osteosarcoma case during the rest of the life span. 
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d) Incorporation of short-lived a-emitters in newborns and 

during pregnancy 

The mean skeletal dose after incorporation of 227Th in 

newborns as compared to 1 month old mice is reduced by a 

factor of 0.4. Long-term experiments after incorporation 

of 3.7 kBq (0.1~Ci)/kg and 37 kBq (1~Ci)/kg showed no 

higher sensitivity for bone tumor development as compared 

to 1 month old mice. Incorporation of 5 x 18.5 kBq (0.5~Ci) 

per kg 224 Ra during pregnancy resulted in maximal 0.05 Gy 

(5 rad) mean skeletal dose for the offspring. As expected 

from a linear dose dependence in juvenile mice the final 

osteosarcoma incidence was not significantly different from 

untreated control animals (maximal 2%) . 

e) Influence of strain (genetic background) on the osteo

sarcoma induction by 185 kBq (5~Ci)/kg 227 Thorium in 

female mice 

The following strains have been investigated in comparison 

to NMRI mice: (C3H x 101)F1 , 101, BALB/c, C57Bl, X/Gf, AKR. 

The osteosarcomagenic effect in NMRI (outbred, high in

cidence of spontaneous lymphoma) and (C3H x 101)F1 mice 

(inbred, low incidence of spontaneous lymphoma), 101 mice 

(inbred, 70% spontaneous osteoma) was not significantly 

different. The osteosarcoma latency period tested by the 

logrank test was different with the following sequence of 

strains: BALB/c, C57Bl, NMRI (Figure 1). The higher 

sensitivity of BALB/c as compared to NMRI is significant 

with regard to this parameter. 

The - according to literature - low tumor prone X/Gf mice 

show 553 days after incorporation no significant lower 

sensitivity than the NMRI. 
During the naturally short lif~-span of the lymphoma prone 

AKR mice no significant osteosarcoma induction by in

corporation of 227Th could be observed. Therefore this 

strain does not show a peculiar sensitivity for bone tumor 

induction regardless of its background of endogenous retro

viruses. 
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2. Bone tumor risk after incorporation of short-lived 

S-emitters in mice 

Long-term studies with short-lived S-emitters were carried 

out analogous to that with a-emitters. These studies should 

also give an insight into the problems of Relative Bio

logical Effectiveness (RBE) . 

Several radionuclides of the rare earths have been in

vestigated and incorporation studies have been performed 

with 141ce, 153sm, 165 Dy, 175 Yb, and 177Lu. The retention in 

the different organs was influenced by the amount of the 

stable element. The highest skeletal dose was reached with 

a minimum of stable carrier. 

Long-term studies were then concentrated to 153 Sm and 177 Lu. 

Most long-term experiments for osteosarcoma induction were 

performed with 177Lu (half-life 6.7 days, S-Max.-Energy 

0.5 MeV) with a concomitant carrier of 0.025 mg/kg. 

The mean skeletal dose was 5.6 Gy (560 rad) per 1 mCi/kg 
177Lu (37 MBq/kg) i.p. injected. Single injections were 

applied as well as repeated injections of small fractions 

of activity over 12 weeks with one weekly injection. 

Figure 2 shows the cumulative incidence of osteosarcomas 

in female NMRI mice with three different doses (1-3 single 

injections, 4-6 repeated injections of small fractions). 

As illustrated in Figure 2 and listed in Table 1 , with 

370 MBq (10mCi)/kg and 740 MBq (20mCi)/kg the final in

cidence of osteosarcomas was doubled by protraction (from 

37% to 80%). With 185 MBq (5mCi)/kg this protraction effect 

was lower (12.5% to 20%) and not significant. The latency 

times were shortened both by the increase of dose and by 

protraction of the irradiation period. 

Table 1 shows in addition the tumor incidence per Gy 

(column 7) . Here we found tqe highest value for a mean 

skeletal dose of 56 Gy protracted over 12 weeks. Compared 

to our results with a-doses these values are about one 

tenth, consequently suggesting a RBE value of 10 for 

a-emitting bone-seekers in agreement with the data of the 

literature. 
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A reference experiment with two doses of the long-lived 

S-emitter 90strontium (single injected) was carried out 

and the results are added at the end of Table 1: 

As shown with the 28 Gy skeletal dose of 90sr, the osteo

sarcomagenic effect expressed as final incidence percentage 

is comparable to that of the same skeletal dose with pro

tracted 177Lu, but, is lower per Gy (0.87%) compared to the 

effect of protracted 177 Lu dose of 56 Gy (1 .43%). The 

mean latency period for the 28 Gy 90sr is remarkably 

longer (753 days) than that of Lu-protraction of the same 

skeletal dose (554 days). This could be due to the lower 

skeletal dose rate (column 4) after 90sr incorporation 

compared to the 177 Lu case. 
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PROJECT 2 

V. Erfle, W. G8ssner, A. Luz, K.-H. Marquart, A.B. Murray, 

E.H. Schaffer 

Pathogenesis of early and late effects after internal 

irradiation 

1. c-type retrovirus expression 

In the past five years period our efforts in project 2 have 

been concentrated on the role of endogenous c-type retro

viruses in radiation-induced osteosarcomagenesis. 

There were three points of major interest: 

- the presence of C-type viruses or viral structural 
components in the osteosarcomas; 

- the appearance of C-type viruses during the course of the 
latency period and 

- the evaluation of the properties of c-type viruses isolated 
from the osteosarcomas. 

a) Virus particles were observed by electron microscopy in 224Ra 

and 22 ~h-induced osteosarcomas from both (C3H x 101)F1 and 

NMRI mice. Osteosarcomas from NMRI mice, however, contained 

mainly intracisternal A-type virus particles and no C-type 

particles whereas osteosarcomas from (C3H x 101)F1 mice 

contained varying quantities of mainly C-type particles and 

a few A-type particles. 

These results could be confirmed by the detection of viral 

particles in primary and transplanted osteosarcomas with the 

typical properties of C-type retroviruses as density of 

1.16 g/cm3 in sucrose, a 60-70 S RNA and a RNA dependant DNA 

polymerase. Further evidence of the association of these 

tumors with retroviruses was the content of viral p30 protein. 

Primary sarcomas of (C3H x 101)F1 and NMRI mice had mean 

p30 values of about 110-130 ~g p30/g tissue, transplanted 

tumors up to 1000 ~g p30/g tissue. Interestingly viral p30 

protein was also elevated in spleen, kidney and serum of 
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tumor mice (about 160 or about 190 ~g/g tissue resp. and 

about 0.8 ~g/ml serum) in contrast to muscle and bone tissue 

(about 0.1 or about 0.3 ~g/g tissue). The p30 protein in the 

tumors could be localized by the immunperoxidase staining 

technique in the cytoplasm of the sarcoma cells. The 

radiation-induced osteosarcomas could not be transmitted by 

cell-free extracts. But "in vitro" cultivation of the tumors 

led to the production of typical murine C-type retroviruses 

with oncogenic properties (see c). 

b) The search for C-type viral expression during the latency 

period was tested in (C3H x 101)F1 mice with 22~a treatment 

(0.5 ~Ci/kg twice weekly over 36 weeks) resulting in an 

osteosarcoma incidence of nearly 100%. Early transient 

activation of endogenous C-type viruses appeared in the bone 

tissues in the first month after start of irradiation. This 

was followed by a marked production of viral antibodies. The 

antibodies were directed against ecotropic murine C-type 

viruses (replicating in mouse cells) and reacted exclusively 

with the glycoprotein gp70 of the virus envelope. The viral 

antibodies remained elevated in the latency period until the 

time of tumor appearance (month 8-12 after start of ir

radiation) • This time is characterized by a second appearance 

of retrovirus expression in bone tissues, a steep decrease 

of the viral antibodies and a transient increased content of 

viral p30 protein in the serum. Tumor animals again exhibited 

viral expression in the osteosarcomas, increased p30 content 

in serum, and a lack of viral antibodies. 

Parallel electron microscopic studies showed the presence of 

varying amounts of both mainly immature c-type virus-like 

particles and atypical pleomorphic mature c-type particles 

at all stages after irradiation as well as in untreated 

controls. Typical mature c-type particles were not found. 

c) The viruses isolated from "in vitro" cultivated radionuclide

induced sarcomas showed the major properties of murine C-type 

retroviruses: C-type morphology, density in sucrose 

1.16-1.17 g/cm 3, 60-70 S RNA with poly A, murine reverse 
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transcriptase (Mn » Mg) , and the major structural proteins 

(p10, p12, p15, p15E, p30, gp70). Serological analysis 

revealed a group-specific p30 protein of murine viruses, a 

type-specific p12 protein and gp70 glycoprotein of N-tropic 

murine viruses with some crossreactivity in p12 and gp70 to 

the xenotropic murine viruses. Biologically the viruses 

behaved as N-tropic ecotropic murine C-type viruses. After 

inoculation in syngeneic newborn mice, two viral isolates 

from radionuclide-induced osteosarcomas induced either 

fibrosarcomas in C3H mice or lymphomas and osteomas in 

NMRI mice, but never osteosarcomas. 

The present results show a clear association of endogenous 

C-type retroviruses with the development of radiation-in

duced osteosarcomas by the following events: 

the activation of viruses by internal irradiation; 

the appearance of viruses during tumor development and 
in the tumors; 

the creation of oncogenic viruses during the sarcomagenic 
process. 

Concerning the pathogenesis of the radiation-induced osteo

sarcomas a process can be postulated which in principle 

could be analogous to the development of C-type sarcoma 

viruses. The radiation activated viruses may recombine with 

normal cellular gene material which is then integrated by 

the infectious virus in the cells at a site of the genome 

devoid of appropriate repressor functions and thus leading 

to uncontrolled growth. On the other side viral expression 

is significantly changed after irradiation and during tumor 

development. Thus viral parameters could serve as markers 

for exposure to internal a-irradiation and for the develop

ment of sarcomas in mice of different strains. 

2. Preneoplastic lesions and early stages of tumor development 

Non-neoplastic foci of cellular proliferation can be found 

in the skeleton of otherwise healthy female old mice in all 

strains studied until today (NMRI, C3H x 101/F1 , 101, BALB/c, 
C57Bl). The extension and intensity of this lesion did not 
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show any relation to differences of sensitivity in bone 

tumor induction by internal irradiation (see project 1). 

A detailed study of the epiphyseal-metaphyseal region of 

the long bones was performed in (C3H x 101)F1 mice in an 

experiment with high osteosarcoma expectancy (2 x 0.5 ~Ci/kg 
224 Ra per week, total activity 36 ~Ci/kg). In males in

duction of non-neoplastic proliferations and in females 

higher rate of occurrence of these proliferations -

morphologically similar to the spontaneous lesions - has 

been observed. The frequency of non-neoplastic proliferations 

was much higher than the frequency of small intraosseous 

and gross osteosarcomas. The increased occurrence of the 

non-neoplastic lesions has been observed only shortly 

before the observation of neoplasms. 
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PROJECT 3 

w. Gossner, A. Luz, W.A. Muller, E.H. Schaffer 

Combined effects 

1. Internal irradiation and stimulation of osteogenic tissue 

a) Application of Fluoride during the latency period of 
227Thorium-induced osteosarcoma 

Female Wistar rats received 70 ppm Sodium Fluoride in the 

drinking water for 52 weeks, starting about 13 weeks after 

incorporation of 185 kBq (S~Ci)/kg 227Th. There was no 

significant influence of this treatment on the development 

of radiation-induced osteosarcoma. The osteosarcoma in

cidence in the different groups was: 

controls 

Fluoride 
227Th 

22 '1rh + Fluoride 

0/40 

0/40 

63% (24/38) 

71% (27/38) 

b) Promotion of 22Thorium-induced osteosarcoma by lathyrogenic 

diet 

6-Aminopropionitrile-fumarate (BAPN) has been applied at a 

dose level which induces exostosis-like local bone hyper

plasia. Female Wistar rats received 500 mg BAPN per 100 g 

food during 5 time period (days 242-262, 284-304, 372-392, 

423-444, 470-490) after incorporation of 185 kBq (5~Ci)/kg 
227Th. By this treatment the development of osteosarcomas 

could be accelerated (incidence 9/15 instead of 1/15, 400 

days after incorporation), but the finally achieved tumor 

incidence was identical in the groups with and without 

BAPN treatment (12/14 = 86%). No osteosarcoma could be 

induced at the site of BAPN-induced bone hyperplasia. 

Therefore the mechanism of tumor promotion by BAPN is not 

clear. 



- 996 -

2. Stimulation of the immune system during the early latency 

period of 227Thorium-induced osteosarcoma 

Female NMRI mice received 8 injections of 20~g Lipopoly

saccharide (LPS, E.coli 0111:B4) with time interval 3.5 

days starting 4 weeks after incorporation of 185 kBq 

(5~Ci)/kg 227Th. This stimulation of the B-cell system and 

activation of endogenous viruses (as described in the 

literature) did not significantly influence the osteo

sarcoma development. The osteosarcoma incidence was not 

different in both groups. 

3. Administration of drugs interfering with immune reactions 

and possible translation of virogenes during the osteo

sarcoma latency period 

a) Treatment with Cyclophosphamide 

Monthly injections of 60 mg/kg Cyclophosphamide during 

month 3 to 10 after incorporation of 185 kBq (5~Ci)/kg 
227Th resulted in a significantly (logrank test) shorter 

latency period of radiation-induced osteosarcoma in female 

NMRI mice (see Figure 3). 

Treatment with two injections of 150 mg/kg Cyclophosphamide 

1 day and 4 weeks after incorporation of 185 kBq (5~Ci)/kg 
227Th in female BALB/c mice increases slightly, but signi

ficantly (p <0.05) the osteosarcoma incidence 583 days 

after incorporation. The osteosarcoma incidence was 36% 

(27/74) with 22~h alone and 20% (15/74) after additional 

treatment with Cyclophosphamide. 

b) Treatment with Daunomycin 

442 days after incorporation of 185 kBq (5~Ci) /kg 227Th 

in female BALB/c mice the osteosarcoma incidence was 10% 

(5/50) and 6 weekly injections of 1 mg/kg Daunomycin, 

starting 1 day after incorporation of the 227 Th, did not 

influence this result. 
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PROJECT 4 

Epidemiological studies on late effects in 224Ra-treated 

patients 

Study A (H. Spiess) 

Nine-hundred patients (682 adults and 218 juveniles) have 

been followed up about 20 years since repeated injections 

(average of 666 kBq [18~Ci]/kg 224 Ra). 224Ra was applied for the 

treatment of tuberculosis, ankylosing spondylitis, and other 

diseases (Tables 2 and 3). 22~a concentrates mainly in bone, 

but an appreciable fraction of 22~a and its daughters decay in 

soft tissues. Bone sarcomas have been the most dramatic 

skeletal effect from the high-dose treatment. In addition 

benign exostoses, growth retardation, teeth breaking, and 

cataracts have been observed. 

There is a high number of kidney and liver diseases (mostly 

cirrhosis). The pathogenesis of this lesion in relation to 

Peteosthor and pure 224 Ra is at present an open question. 
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TABLE 2 Follow-up study of 224Ra-treated patients - December 1980 

Total number: 1810 
not found: 242, physicians report without name: 654, 
investigation refused: 16, exactly controlled: 900 

2 4Ra treatment 

reply received 
report by physician or 
questionnaire 
personally contacted or 
hospital examination 
deceased 
cause of death 
original disease 
not in relation to original 
disease 
unknown 
malignant bone tumors 

osteosarcoma 
chondrosarcoma 

other malignant tumors 
(carcinoma) 
diseases of the liver 
diseases of the kidney 
panmyelophthisis, anaemia 
leukemia 
other lesions 
benign bone tumors 

osteochondroma solitary 
multiple 

osteochondroblastoma 
osteofibroma 
early broken teeth 
growth retardation 
cataract 

L = living patients 

1-20 years 

218 

49 

107 

77 

11 

13 

6 

30 (+ 2L) 
4 

6 (+ 2L) 

1 
5 
1 
0 

7 
20 

1 
1 

23 
50 
11 

TABLE 3 Changes between 1976 and 1980 

~e at beginning of 
4Ra treatment 1-20 years 

aeath during the last 4 years. 
cause of death 

bone sarcoma cases 

3 

0 

after 21 years total number 

682 900 

326 375 

108 215 

335 412 

42 

145 

38 

16 (+ 2L) 
0 

35 (+12L) 

19 
35 

3 
3 

0 
0 
0 
0 

12 
0 

26 

after 21 years 

44 

53 

158 

44 

46 (+ 4L) 
4 

41 (+14L) 

20 
40 

4 
3 

7 
20 

1 
1 

35 
50 
37 

total number 

47 

0 
tumors of soft tissues 
leukemia 
panmyelophthisis, anaemia 
diseases of the liver 
diseases of the kidney 
exostoses 

1 (+ 1L) 
0 

0 
6 
1 
1 
4 
4 
0 
1 
4 

7 (+ 1 L) 
1 

early broken teeth 
cataract 

0 
0 
1 
0 
4 
0 

1 
4 
5 
0 
5 
4 
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study B (W. Gossner, R.R. Wick) 

This study (Table 4) on late effects in man after incorporation 

of 224Ra in the low level range (less than 237 kBq [6.4uCi]/kg 

~ less than 0.9 Gy [90 rad] a-skeletal dose) was considerably 

enlarged and it was supplemented by a control group of 

patients never treated either with X-rays or radionuclides. 

At the end of 1980 the study involves 1543 patients from 14 

hospitals of the FRG and 706 not exposed control patients. 

840 respectively 264 could be controlled exactly; 297 respec

tively 127 have died. 

Up to now, 2 cases of tumors of the skeleton have occurred at 

a skeletal burden less than 0.9 Gy [90 rad]. One was a 

reticulum cell sarcoma of the vertebral column, the other a 

fibrosarcoma at the ileo-sacral joint. The observation of 

these 2 cases of relatively rare tumors of the skeleton show, 

that even in the low dose range, radiation-induced tumor risk 

in the skeleton cannot be ruled out. 

With regard to liver and kidney diseases the results of the 

study A could not be confirmed until today. In this connection 

it might be interesting to consider that most of the patients 

of the Spiess group have been treated with Peteosthor (wixture 

of 224Ra with eosin and colloidal platinum) , while the majority 

of patients of this study have been injected with pure 224Ra. 
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General Topic of the Contract: 

Research Project "Thorotrast" - Investigations to Evaluate 

the Long Term Effects Caused by Artificial Radiation in Man 

(Thorotrast-Patients) - Follow up - Study. 
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B. Project Title: 

a) Clinical, Radiological and Biophysical Examinations of 

Thorotrast- and Control Patients 

b) Investigating the Final Fate of Deceased Patients of 

Both Groups 

Head of the Project: Prof.Dr.K.E.Scheer (Contractual Partner) 

Prof.Dr.W.J.Lorenz (Assistant Head of Project) 

Prof.Dr.G. van Kaick (Coordinator) 

Scientific Collaborators of the Institute of Nuclear Medicine: 

Dr.H.Llihrs, Dr.H.A.Mliller, Dr.L.StrauB 

Statistical Evaluation: Prof.Dr.G.Wagner, Prof.Dr.H.Immich, 

Dr.H.Wesch 

a) During 1976-1980 1164 examinations of 751 patients (378 

thorotrast patients and 373 control patients) were performed. 

They included a clinical status, biochemical, immunological, 

hematological tests, radiological findings, and biophysical 

measurements. Special attention was given to the liver by 

examination with echography, radionuclide imaging and 

computerized tomography. Many thorotrast patients 

suffered from diffuse parenchymal diseases and often 

from primary liver turners. The combination of the three 

imaging methods means real advantage in liver diagnostics. 

The evaluation of the large amount of clinical data and 

findings cannot be presented here. It should be mentioned 

that the analysis of x-ray pictures resulted typical patterns 

of thorotrastosis correlating to the volume of thorotrast 

injected intravascularly. The evaluation of the laboratory 

tests showed significant differences between thorotrast and 

control groups only with regard to the bromsulfthalein test. 

These differences did not correlate to dose, dose rate and 

exposure time. The.hematological status of the thorotrast 

patients did not reveal signi·ficant alterations. A recent 

serological study (not yet published) of 500 blood samples 

(thorotrast- and control patients) clearly showed that 

chronic infection with hepatitis-B-virus is not influencing 

the cancerogenisis as a co-factor. 
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Thorotrast patients with paravascular deposits often suffered 

from paralysis of the adjacent nerves or from chronic in

flammation. We did not find however any neoplastic lesion. 

In general the close contact to the family physicians and 

the hospital doctors was continued and proved to be very 

helpful for the investigation of the final fate of the 

patients. 

b) Until now 429 thorotrast patients and 122 control patients 

of the examined group have died (Tab.1). The causes of 

death of these patients were clarified by intensive corres

pondence with the family physicians, hospitals, institutes 

of pathology and health offices. For example, almost all 

listed liver tumors could be confirmed by histological 

findings. The high excess rate of liver tumors is the most 

striking result of the study. Pathoanatomically these tumors 

were classified as: Cholangiocellular carcinomas (40%), 

hemangioendothelial sarcomas (35%) and hepatocellular car

cinomas (25%). We looked for the effect of the mean a-dose 

rate in the liver on carcinogenesis. The thorotrast patients 

were divided in 3 subgroups according to the measured Tl-208 

activity (excluding patients with large paravascular depo

sits): 

1) 82 patients, mean dose rate to the liver 14 rad/y 

2) 121 patients, mean dose rate 21 rad/y 

3) 67 patients, mean dose rate 35 rad/y. 

Fig.1 shows the cummulative incidence of liver tumors in the 

3 subgroups. It is evident that the increment of the curve 

depends on the mean dose rate. The same evaluation of data 

with regard to the myeloid leukemias did not show any corre

lation between incidence and dose rate to bone marrow! 

An unexpected but very important result of the study is the 

observation, that until now there is no excess rate of 

bronchogenic carcinomas in the group of thorotrast patients. 

The radiation burden to the epithelial cells of the bronchi 

caused by the exhaled thoron seems to be without cancerogenic 

effect (mean accumulated dose after 30 years about 250 rad) . 
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A typical osteosarcoma in the thorotrast group and an 

atypical malignant bone tumor in the control group was 

observed. In total three histologically confirmed bone 

sarcomas were registered in the German thorotrast study 
(2 cases in the group of the non-examined patients). 

Comparing the frequencies of other neoplastic diseases 

there are no differences, or the figures of the control 

group are even higher. Vascular diseases are more often 

causing death in the control group (Tab.2). 

Final evaluation of the German thorotrast study can be done 

when we have gathered more epidemiological data of the 

examined group. Today we have under observation 472 thorotrast 

patients and 547 control patients. We have exact and re

liable information on anamnesis, state of health and 

amount of intravascularly injected thorotrast. Therefore 

it is essential to continue follow-up examinations of 

these patients. 

It should finally be mentioned that in addition to this 

epidemiological study animal experiments are carried out 

to estimate the non-radiation effects of thoriumdioxyd 

(funded by the Federal Ministry of Internal Affairs). 

Tab.3 gives a survey of the complete German thorotrast 

study. Beside the most important group of examined patients 

we have to look also at the interesting group of non

examined patients (deceased more than 3 years after in

jection of thorotrast) • 

This group of patients will bring~information on the 

radiation induced carcinogenesis during the first 20 years 

of exposure. A first evaluation of these epidemiological 

data was performed by van Kaick et al. 1977. 



Group of examined patients 

General Data 
Total number of patients 
Female patients (%) 
Age at injection (y) 

Interval to 1. exam. (y) 

Mean volume Thorotrast (ml) 

Deceased patients 

Tab.1 
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Thorotrast 
901 

25 
28 

26 

22 

429 

Diseases of interest of deceased patients 

Diagnosis 

Primary liver tumor 

Cirrhosis or fibrosis of 
the liver 

Acute or chronic myeloid 
leucemia 

Acute or chronic lymphatic 
leucemia 

Aplastic anemia 

Morbus Hodgkin 

Bronchogenic carcinoma 

Bone sarcoma 

Tumor of the g.i. tract 

Renal tumors 

Carcinoma of the prostate 

Carcinoma of the breast 

Tumor of the brain 

Myocardial infarction 

Cerebral insult 

Tab.2 

Frequency 

Thorotrast 
(n=429) 

33,3 

36,4 

2,6 

0 

2,6 

0,5 

2,1 

0,2 

3,0 

0,5 

0 

0,2 

o, 7 

5, 1 

5,4 

Control 
669 

20 
28 

26 

122 

(%) 

Control 
(n=122) 

0 

6,6 

0 

0 

0 

0 

4,9 

0,8 

6,6 

0 

0 

0,8 

0 

15,6 

9,0 
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Liver Tumors in Thorotrast Patients 

Mean Doaa Rate , 

• • • • 35racl/y (n•87Patoenta) 

- - .,21 racl/y (n•121Patoenta) 

- 14racl/y (n•82Patoenta) 

. , . , . , 
:I 

• I 

• I : , 
• I .. , 

I 

I 

I 

I 

I 

.· 

, , 

10 20 30 40 y 
Exposure Time (Years) 

German Thorotrast Study 

Group of Patients Th0 2 Control Total 

Deceased within 3 y 1918 615 2533 

Deceased after 3 y 1257 1168 2425 
(non-examined) 

Examined 901 669 1570 

Non-responders 172 1475 1647 

Non-traceable 911 1233 2144 

Total 5159 5160 10319 

Tab.3 
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Contractor : University of Oxford (Churchill Hospital Research Institute) 

Contract nr : 266-78-1 BIO UK 

Head of the research team(s) : Dr. J .W. Hopevell and Dr. G. Wiernik 

General subject of contract : Measurement of early and late radiation 
reactions in normal tissues 

Title of the project nr. 1 : The Measurement of Early and Late Effects 
of Irradiation in Pig Skin 

Head of Project and scientific staff : J .w. Hopevell, G. Wiernik, Y. Gunn, 
J .1. Foster, G. Morris and C.M.A. Young 

The measurements of both the early and late effects of irradiation on 

the skin have been undertaken in the pig. This animal species has skin 

structure very similar to that of man and hence any experimental findings 

can be directly extrapolated to man. 

A vide range of complementary assay techniques have been used to 

examine the initial reaction of pig skin to irradiation. These have 

included direct visual observations (skin scoring), thermography, dermal 

blood now measurements (isotope clearance) and histology. 

These observations indicate that in the first 4 months after 

irradiation there are two distinct waves of response in the skin, which 

are linked with effects on both epithelium and the vasculature of the 

dermis. In the first wave reaction, which reaches a peak 4-6 weeks 

after irradiation, evidence of epithelial cell death and reduced basal cell 

density can be seen in histological sections, indeed if the dose is high 

enough desquamation may result. With lover dose levels, an erythema 

response is observed. Blood now and skin temperature are increased at 

this time. Both these changes are seen as an innamatory reaction to 

epithelial cell death. 

The second wave reaction which occurs 10-16 weeks after irradiation 

results from radiation damage to the vasculature of the dermis. The 

skin has a distinct bluish appearance and measurements have shown blood 

now and skin temperature to be reduced. Histological evidence of 

occlusive changes in arterioles, particularly t~ose in the deep dermal 

plexus and a reduction in vascular density in the dermis, provide direct 

evidence of vascular damage. High doses (single doses of )2070 rad) 

produce severe vascular damage and result in dermal necrosis. With 

lover doses the effects of vascular damage are transient and blood now 
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and skin temperatures gradually return to nonnal. This is associated with 

the loss of parenc~~l elements from the dennis resulting in late tissue 

atrophy. 

The relative severity of the response of the epithelial and vascular 

elements in the skin are greatly influenced by dose fractionation. With 

single doses or a small number of large dose fractions dennal necrosis may 

result after an interval of 11-16 weeks, without prior epithelial 

desquamation. On the other hand, small daily doses of 20~267 rad over 

six weeks (total doses 6150-8000 rad) produces a transient epithelial 

desquamation at approximately the end of irradiation. No subsequent 

severe vascular reaction is observed, i.e., no necrosis. 

The relative radio-sensitisation of epithelial cells produced by 

protracted irradiation is associated with the re-assortment of basal layer 

cells into more sensitive phases of the cell cycle, this occurring towards 

the end of the 6 week period (Table 1). This may result from a 

shortening of the cycle time and/or an increase in the growth fraction. 

Table 1: Evidence for the re-assortment of basal cells within the cell 
cycle when daily fractionation is extended over 6 weeks 

Nuclear density and labelling index (: SE) of basal cells in pig 
epidermis after daily irradiation for 2, 4 and 6 weeks 

Values related to those in normal skin 

Treatment Group Nuclei/mm (%) Labelling Index (%) 

?. Weeks 

~~~ ( 10 fractions) 87.85± 2.60 42.5?± 5.79 
79.61 ± 2. 79 31.41±..3.69 

----------
4 Weeks 

~~~ 
53.28±3.77 32.53..:t19.27 

(20 fractions) 54. 22 .:t. 1. 89 52.15.:t:.. 7.0 
58.96±.3.52 65. 3Ei± 6. 66 

6 Weeks 

~~~ 
35.89±..1.89 361.45± 48.19 

(30 fractions) 61.18± 2. 71 377.33±31.22 
54·35± 2.39 191.41±16.94 

E,O,T. 

~~~ + 2 weeks 97.06 ± 2.45 237 .48± 14.79 
96.03 ±.2.25 151.56± 9.87 

(a) 267 Bad/fraction (b) 205 Bad/fraction (c) 167 Had/fraction 

3a thymidine was administered to pigs intradennally (10 p.Ci/0.1 ml) 
one hour prior to biopsy. E.O.T. end of il:ra.diation period. 
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Thus in summary late radiation damage to pig skin, represented by 

dermal atrophy would appear to be caused by changes in the vasculature 

which can be measured 3-4 months after irradiation. The disassociation 

of vascular changes in the dermis from early effects on the epidermis can 

be clearly illustrated by the fractionation of the radiation dose. 

Protracted daily doses enhance epithelial effects. 

The results achieved are in keeping with the objectives set out in 

the original proposal. There is now a clearer understanding of the 

mechanisms involved in the development of early and late radiation damage 

to the skin. Such an understanding is essential if precise protection 

criteria are to be established. 



- 1018 -

Title of the project nr. 2. The pathogenesis of late vascular damage 

in the hamster cheek pouch. 

Head of Project and scientific staff : J .w. Hopewell, Y. Gunn 

and D. Campling 

Radiation induced changes in the vascular system are believed to 

pla;r an important role in the pathogenesis of late radiation damage to 

normaJ. tissues. This has been acknowledged in many investigations into 

the pathogenesis of late radiation damage, and is reflected in au.r own 

studies in pig skin (Project No. 1). 

The separation of pr:imary vascular damage from secondary damage to 

the parenchyma is often difficult in complex organs. Hence, there is a 

need to examine such changes and the underlying mechanisms in a simpler 

vascular system. Such a simple model is to be found in the 

vasculature of the hamster cheek pouch. Each animal also has two 

pouches ms.king it possible to make comparative measurements (irradiated/ 

control) in the same animal, thereby minimising one potential sau.rce of 

va;riabili ty. 

The effects of single doses of 250 Kv :x;..reys (HVL, 1.4 llllll Cu) in 

the range 500 - 2500 rad are being studied for periods of up to 24 

months following irradiation. Sixteen week old male Syrian hamsters 

were used and the left pouch was irradiated. The other pouch and the 

rest of the animal was shielded by 4 llllll of lead. 

At regular intervals after irradiation the animals were 

anaesthetised and each pouch everted, in tu:rn, over a microscope 

stage, several photogmphs of different areas of each pouch were 

taken. 

The main method used to quantif'y the observed vascular changes 

has been to measure the vessel wall/vessel volume ratio using a 

stan.da:rd test grid placed over photogmphs. The hit/cut ratio as 

it is frequently called is a function of vessel diameter, hence any 

alteration in the distribu.tion of blood vessels of different sizes 

will be reflected by a change in this ·ratio. 
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Estimates of the surface/volume ratio were made at monthly 

intervals for the first 9 months and less frequently thereafter. 

Relative values for irradiated/control pouches are plotted in 

Fig. 1. The data is incomplete as it is proposed to follow 

the animals for periods up to 24 months after irradiation. 

The available data would suggest that even after a dose of 

500 rad there was a significant reduction in hit/cut ratio in 

the irradiated pouch 4 months after irradiation. This was a 

transient change and by 5 months there was complete recovery with 

no further observable changes up to 12 months. 

Surprisingly after 1000 rad no significant alterations in 

the hit/cut ratio were observed in the first 9 months after 

irradiation, a result comparable with that seen after a higher 

dose of 1500 rad. 

After higher doses, 2000 - 2500 rad, two waves of modification 

in the hit/cut ratio were found. Both changes would seem to be 

transient with peak depressions at 3 and 9 to 12 months respectively. 

The first transitory depression in hit/cut ratio seen at all dose 

levels {except 1000 and 1500 rad) correlates well with the reduction 

in blood flow noted in earlier functional studies (Hopewell, 1975, 

Radiat. Res. £1, 157). The absence of response after 1000 rad is 

as yet 1mexplained, but it is in agreement with the results of the 

earlier functional studies. 

The timing of this first depression in the hit/cut ratio 

corresponds with the second wave reaction described in the pig skin 

studies. This seems likely to represent a truly primary vascular 

response. The later changes seen with the higher doses from which 

there ma;v be an incomplete recovery, are not yet fully 1mderstood. 

The first wave reaction would appear to be of importance in the 

aetiology of late damage. When the first wave depression was at its 

peak, microscopic observations frequently showed the existence of 
1 sa:usage1 segments in smaJ.l arterioles after doses ~ 2000 rad. 
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Therefore, autoradiographic studies have been initiated to obtain 

a fuller understanding of this phenomenon. 

The reduction of the hit/cut ratio is thought to be due to a 

specific loss of the capillary microvasculature, and not a gener~l 

depletion of blood vessels. The distribution of vessel diameters 

in the normal pouch shows a peak at 7F• Work is underway to 

determine th~ changes in size distribution of vessels in the 

irradiated vasculature at specific time periods. These should be 

of further value in evaluating the response of the vasculature to 

radiation. 
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Fig. 1. Relative changes (irradiated/control) in the vessel 

hit-cut ratio in the hamster cheek pouch as a function of time 

after irradiation with single doses of 500 to 2500 rad. Error 

bars indicated one standard error. Error on control values 

:!: 4%. 
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Contractor: College of Technology, Kevin Street, Dublin 8, 

Contract No: 264/78/1 BIO EIR 

Head of Research !eams: J. F. Malone and M. J. Cullen. 

General Subject: Dosimetric and Radiobiological Investigations of Iodine 
Radionuclides in the Human Thyroid. 

Work on this project commenced half way through the last programme 

and was funded at a very modest level. However, the project has been very 

successful when considered in relation to its initial objectives and in 

relation to thyroid radiation protection in general. First a new method 

of monitoring iodine kinetics in the gland was evolved, validated and 

demonstrated to be applicable in practice. The method, based on applying 

thermoluminescent discs to the neck surface, greatly simplifies the practical 

aspects of acquiring kinetic data by removing the need for the subject to visit 

a laboratory to be counted. Further to this the many formulations and sets of 

physical data used in thyroid dosimetry were reviewed to select the most 

appropriate system for use today. The results of this review are presented in 

the monograph referred to in Publication 10. 

As well as dosimetry this project was concerned with the radiobiological 

response of the thyroid. Following observation of clear dose-effect 

relationships for hypothyroidism in humans it was decided that it would be 

worthwhile developing a model of the thyroid in which radiobiological effects 

could be studied. This took the form of a cell culture system in which many of 

the morphological and functional properties of the gland were preserved. The 

model was exploited to demonstrate the effect of single doses of X-rays on cell 

survival, follicular morphology, and cell function, features which were for the 

first time clearly observed with this system. Raving and developing such a 

model system is obviously very important with regard to understanding the 

radiobiological response of the gland. Apart from the observations listed above 

the implications of ICRP-26 for the thyroid were explored in detail and indicate 

the desirability of additional work in this area. 
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Results of Project: No. 1 

Head of Project and Scientific Staff: J. F. Malone, M. J. Cullen, 
c. Mothersill, M. K, 0 1Connor, 
A. Murphy. 

Title: Dosimetric and Radiobiological Investigations of Iodine Radionuclides 
in the Human Thyroid. 

In the course of work on these projects results in several areas were 

obtained whose significance is summarized on the previous page. The main 

areas of investigation were. 

1. The thyroid uptake measurement. 

Studies of the influence of thyroid geometry on uptake measurements with 
l3!I, 125I and 99Tcm were performed. The results revealed that serious errors 

can arise because of variations in gland depth and that gland mass or lobe 

separation do not cause large errors. Methods of correcting for gland depth 

based on counts taken at two different working distances were developed and 

validated. Measurements of gland depth in a group of patients were made and 

demonstrated a substantial variation from person to person. 

2. Measurement of Iodine Kinetics with Thermoluminescent Discs. 

Detailed studies of the response of the discs to 125I and 131I in a neck 

phantom were performed. These defined the limits of sensitivity and accuracy of 

discs that might be used to monitor iodine kinetics in the human thyroid. The 

results demonstrated a sensitivity that was compatible with monitoring doses 

administered to human subjects in the JCCi. range. They also indicated less 

depenaence on the thyroid - neck geometry than might be expected. The effectiveness 

of the disc method for iodine kinetics in human subjects was demonstrated in a 

study in which comparison with results from an external probe was performed. 

Excellent agreement between the two methods was obtained. The range of effective 

half lives observed in thyrotoxic patients varied from about 2- 7.5 days. 

3. Thyroid Mass Estimation. 

A survey of the literature in 1978 revealed that at the time mass 

estimates for large glands by palpation, scintiscanning and ultrasound gave results 

of similar accuracy when skilled experienced observers made the estimates. For 

smaller glands it is likely that ultrasound and CAT scanning will give more 

accurate results. With ultrasound use of a high frequency transducer with short 

focal length is important and the advent of digital scan converters will greatly 

reduce the labour involved in gland mass estimates. 
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4. Radiobiological Observations. 

(a) Tissue Culture System: A tissue culture system for sheep thyroid cells 

which retains differentiation for up to 50 days has been established. This 

allowed radiobiological experiments be performed with isolated thyroid cells. 

The results indicated that non proliferating cells can survive for a long time 

even after 9,000 rads gamma rays without depopulating or de-differentiating. 

Proliferating cells exhibit a dose response relationship for cell survival 

typical of mammalian cells with a Do value of about 400 rads and a low 

extrapolation number. Iodine trapping is sensitive to radiation damage. The 

development of this damage is time dependent and reaches a plateau value at a 

dose of about 2,000 rads of gamma rays. 

Some of the aspects of the culture system that allow differentiation be 

maintained are dependent on the energy metabolisms cycle of the cells with 

prominent roles associated with glucose and lactate metabolism. These features 

as well as contributing to differentiation may also be important in regulating 

aspects of the radiation responses. 

(b) Human Systems. 

An analysis of the follow up data from patients treated for thyrotoxicosis 

revealed that the incidence of hypothyroidism two years after therapy had a 

linear dose - effect relationship. This relationship was confirmed for 125 I and 

a wide range of different studies with 1311 reported in the literature. 

A hypothesis in incidence of hypothyroidism after radioiodine therapy has been 

developed. 

The consequences of ICRP-26 for thyroid radiation were examined in detail 

particularly with regard to dose limits and consequent non fatal harm. It was 

felt that this area largely ignored by ICRP needs more serious attention. 
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The major route of intake of actinides into the body is through the 

lungs. Some of the inhaled material eventually reaches the blood and it is 

then deposited either in body tissues, particularly bone and liver, or it is 

excreted. One of the problems in radiological protection is to explain the 

differences that exist in the rates of clearance of actinide compounds from 

the lungs and to explain why urinary excretion may or may not be the primary 

route of excretion. 

Our experiments have shown that the amount of actinide oxide moving from 

the lungs to blood is related to the proportion of small (0.001 ~ diameter) 

particles present in the inhaled dust, or in the rate of formation of these 

small particles while the larger particles remain in the lungs. The actinides 

studied include 239Pu0 (l) 239Pu0 mixed with Na o<2) 238p 0 (J) 241Amo (4) 
2 ' 2 2 ' u2 ' 2 

and 244Cm02(5). 

The movement of positively charged small 238Puo2 particles from lungs to 

blood is influenced by their affinity for phospholipids which are present in 

lung surfactant<6>. The 23~u-phospholipid complex is taken up by alveolar 

macrophages and is in fact avidly retained in the macrophages. Small 

unattached particles would readily cross the lungs to blood<7•9) so that 

there is a delay in the rate of transfer when the phospholipid complex is 

forced. 

In contrast, negatively charged small 244emo
2 

particles do not react with the 

constituents of lung surfactant and.they diffuse passively into the blood(lO). 

On entering ehe blood, they react predominantly with serum proteins and are 
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then transported to sites in bone and liver. This process can be inhibited 

by injecting DTPA into the blood with the result that the small particles are 

excreted unchanged in the urine instead of depositing in the tissues(ll). 

This procedure is much more effective than artificially increasing serum 

levels of citrate and succinate ions(l2). 

Any actinide reaching the blood in soluble form, as distinct from 

small particulate, rapidly reacts with serum protein and to a lesser extent 

with serum citrate ions< 13 •14). The low molecular weight citrate complex 

is filtered through the kidneys while the actinide associated with the 

protein is transferred into cells to be bound to intracellular proteins. 

Some biliary excretion of soluble carbonate complexes can also occur< 15) 

but in the case of plutonium the mechanism is of minor importance. 

These studies have provided a rational basis to explain the variations 

that exist in the urinary excretion of actinides following their intake into 

the body and to suggest better ways of enhancing their excretion from the body. 
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intracellular sites 
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There is a pressing need in radiological protection to provide a safe 

and effective technique for enhancing the elimination of actinides deposited 

in body tissues. At present, the only recognised procedure is to 

administer the chelating agent diethylene-triamine-penta-acetic acid (DTPA), 

either intravenously or as an aerosol. It is unfortunate that DTPA so 

administered is only partially effective for soluble plutonium and almost 

totally ineffective for insoluble plutonium. One reason for this is that 

the chelating agent is hydrophilic and cannot pass through cell membranes to 

reach intracellular deposits of plutonium. 

On the basis that lipophilic molecules can cross cell membranes, 

various derivatives of DTPA and ethylene diamine tetra-acetic acid (EDTA) 

were prepared. It was considered likely that the replacement of the 

hydroxyl part of some carboxyl groups in the molecule should result in a 

greater lipophilicity of the molecule without altering its ability to chelate 

plutonium with the remaining intact carboxyl groups. 

Mono- and di-glucosyl-amido derivatives of EDTA, mono-leucyl-amido-EDTA, 

mono-oleyl-amido-EDTA, mono-dodecyl-amido-DTPA and ester derivatives of the 

alcohols corresponding to the amino-alkanes were synthesised. None of these 

compounds, when administered to hamsters, resulted in the increased excretion 
(1,2,3) 

of plutonium from the liver. However, a lipophilic eompound, code-named 

Puchel (Figure 1), was prepared, which proved to be partially effective\
4

) 

HOOC CH2 ~ 

/N-
rOC-CHz . CO NH 

I 
{CHz) 10 (CHz) 10 

I r 
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Figure 1. Structure of Puchel 
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Initial studies indicated the delayed effectiveness of Puchel when it 

was injected intra-peritoneally into hamster 3 days after an injection of 

239pu citrate (Table 1). This effectiveness was much less in the rat. 

Table 1 Percentage of injected plutonium recovered from hamsters 

! ! 
In In 

Treatment excreta i liver 

DTPA (50 mg kg-1) 2 13 

Puchel (50 mg kg-1) 33' 2 

None 1 19 

It was also shown to be partially effective in removing plutonium from 

1 . f 239p . . . d . h 1 b f 11 d . ungs 1 u n1trate was 1nJecte 1nto t e ungs to e o owe at var1ous 

time intervals by aerosol of Puchel (10 mg kg-1) (Table 2). 

Table 2 

Percentage of intubated plutonium retained 

Puchel administered 
after a delay of 

Tissues Controls 

7d ld 2d 5d ! 7d 

i 
Lungs 41.2 11.7 12.5 11.3 14.5 

Liver 17.2 7.4 2.4 6.0 9.1 

Carcass 32.0 20.0 17.7 27.3 32.3 

Total 90.4 39.1 32.6 44.6 55.9 

For comparison, 30% of the administered plutonium was retained in the 

lungs if DTPA was administered in aerosol form after a delay of 7 days. 

Furthermore, any plutonium excreted after administering Puchel was found 

in the faeces, whereas it was excreted in the urine after DTPA 

administration. 
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To study the tissue distribution of Puchel, a tritium-labelled form 

was injected into hamsters and rats. It was rapidly cleared from hamster 

liver but not so readily from rat liver. This may explain the enhanced 

clearance of plutonium from hamsters relative to the rat. Preliminary studies 

on the toxicity of Puchel are progressing. At the doses expected to be of 

therapeutic value, there is no evidence of serious tissue damage. 

Puchel has been shown to be partially effective in removing ~lutoniun 

and americium-oxides from the lungs of hamsters. It was not effective in 

removing plutonium or americium from bone. Some effort was directed to 

preparing chelating agents whicrr were expected to have a strong affinity for 

bone. Two compounds dodeca-phosphonate of docosone and a diphosphonic acid 

derivative of DTPA were synthesised and administered to rodents previously 

injected with a soluble form of plutonium. 

removal of plutonium from bone. 

Neither compound enhanced the 

At present the synthesis of new chelating agents is no longer being 

pursued. Current work is devoted to optimising treatment regimes involving 

Puchel. 
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Experimental studies on the movement of 
actinides from wound-simulated sites 

Head of Project and scientific staff Dr. J. W. Stather, Dr. J. D. Harrison 

Wound contamination with materials containing actinides is a hazard in 

the reprocessing of irradiated fuel elements and in the purification of 

actinide elements. Studies of the physical and chemical factors affecting 

retention in wounds and movement to other tissues have been carried out in 

laboratory animals. 

Wound contamination with various chemical forms (e.g. citrates, 

nitrates, oxides)ofprotactinium, plutonium, americium and curium was simulated 

by either intramuscular or subcutaneous injection in rodents and rabbits(l,), 4). 

In general terms, it was shown that soluble forms of the actinide rapidly 

reached the blood to be distributed primarily in bone and liver in a similar 

way to that observed after the intravenous injection of the actinide. 

Insoluble material moved much more slowly through the lymphatic system, 

draining from the tissues surrounding the wound. Most of the activity was 

trapped in those lymph nodes nearest to the wound but a small amount reached 

the liver in particulate form(l,Z,3), Any material retained in the wound site 

was gradually encapsulated in fibrous tissue but no neoplastic changes were 

observed in any of the animals examinedf4). 

Various forms of treatment with chelating agents have been used to 

influence the movement of plutonium from wounds(S), Localised injection of 

diethylene-triamine penta-acetic acid (DTPA) into the muscle tissue surrounding 

an intramuscular deposit of hydrolysed plutonium was shown to be more 

effective than an intravenous injection in clearing plutonium from the 

contaminated tissue. DTPA combined with another chelating agent, sodium 

citrate, was more effective than DTPA alone; and the inclusion of the 

vase-dilating agent, nicotino-hydroxamic acid, further enhanced the 

clearance. 

Blood flow is an important factor in influencing clearance. When 

compounds known to reduce capillary blood flow were injected, namely the 

anti-inflammatory agent,Bufexamac, and the wound healing agent, calcium 

acexamate, plutonium clearance was markedly reduced. 
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The effectiveness of the partially lipophilic derivative of DTPA 

(Puchel) was compared to DTPA(6). When injected locally into muscle tissue 

surrounding the plutonium, both were equally effective when injected 

15 minutes after the injection of 239pu nitrate; but Puchel was consider

ably more effective when the injections were delayed for 5 days. However, 

the increased clearance of plutonium after Puchel injection was accompanied 

by a greater deposition of the circulating plutonium in liver and bone. 

This may be a contra-indication for the use of Puchel under these 

circumstances. 
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Lung clearance and translocation of 
inhaled industrial dusts 
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J. C. Strong, Dr. N. D. Priest 

The lung clearance and tissue distribution of some actinides has been 

followed after exposing animals to materials to which workers in the nuclear 

industries may be exposed, or which could be released into the environment 

in the event of an accident. To undertake these studies, a small animal 

inhalation facility was constructed. This allowed 'on line' monitoring of 

the dust concentration in the exposure chamber and precise control of the 

exposure conditions(!). The materials investigated included 238Puo
2

, 

241Am02 , and dusts containing mixtures of plutonium, americium and uranium 

oxides obtained from a glove box in a production line for experimental fast 

reactor fueL 

238 
Groups of hamsters exposed to Puo2 were studied for up to 600 days 

following exposure at two levels (1.1 kBq and 7.3 kBq initial lung deposit, 

I.L.D.)(2•3>. Approximately half of the I.L.D. was cleared with a half-time 

of about 20 days. Long-term retention of the remainder depended upon the I.L.D. 

At the low level, the half-time of long-term retention was about 240 days; at 

the highest level, it corresponded to over 1000 days. The difference in 

retention characteristics was related to the degree of fibrosis in lung tissue, 

which increased in severity according to the radiation dose. 

A feature of these experiments was that more 
238

Pu moved from lungs to 

blood than the corresponding amount of 
239

Pu following exposure to 

239puo2 (
2•4). The extrapulmonary tissue deposit of 238pu increased with time 

up to about 3 months after exposure, when the amount translocated to the liver 

and carcass was about 7% of the I.L.D. Thereafter, there was little further 

1 ' Th' . . ' . ' f h f h h 238 0 trans ocat1on. 1s 1s surpr1s1ng 1n v1ew o t e act t at t e Pu 2 was 

shown to fragment continuously to small (0.001 JJm diameter) particles 

when suspended in water at room temperature. The explanation is that 

this fragmentation process also occurred in the lungs, but the small particles 

were trapped in alveolar macrophages and'could not therefore be transferred to 

blood. Thus 238puo2 could be classified as a Class Y compound, as defined in 

the ICRP lung model 
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The lung clearance of plutonium and americium in hamsters exposed to a 

dust consisting of particles of Puo2 (+ Am02) and uo2 (ratio 1:2 by mass) 

was measured(4). At the time of exposure, about 10% of the activity was 

due to 241Am and the remainder to plutonium isotopes (238Pu, 239Pu, 240Pu). 

All but a small fraction of the activity cleared from the lungs was excreted 

in the faeces( 2). 

By 540 days after exposure, when the lungs retained about 10% of the ILD 

(800 Bq), the amounts of plutonium in the thoracic lymph nodes and in the 

extrapulmonary tissues (mainly skeleton and liver) were respectively 0.5% and 

0.2% of the ILD. This is much less than would be predicted for a Class Y 

compound and therefore the risks to bone and liver are also much less. 

The lung clearance of 241Am did not differ appreciably from that of 

238,239,240Pu, indicating that it was not selectively leached out of the 

Puo2 particles in the lungs. The levels of 241Am in other tissues were com

parable to those of 238 •239 •240Pu (<1% of the ILD). This observaiLon is Un 

contrast to results obtained in hamsters that had inhaled 241Am02 alone, when 

at 275 days after exposure,up to 45% of the ILD of 241Am had translocated to 

extrapulmonary tissues while 13.5% remained in the lungs(2,5). Electron 

micrographs of samples of 241Am02 sampled at various times after suspension in 

water showed that the initial crystalline structure rapidly became amorphous 

and this no doubt accounted for the high solubility of the material in the 

lungs(5). 

These studies have demonstrated how both particle size and chemical form 

can influence the behaviour of actinides in the lungs. They show that if an 

actinide is inhaled as a minor constituent in combination with other elements 

it is the element present in the greatest mass that largely determines the 

behaviour of the minor constituent; and that for some Puo2 aerosols likely to 

be inhaled by workers, the ICRP lung model currently used to estimate tissue 

doses may overestimate the amount of plutonium translocated to the bone and liver. 
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The dosimetry of internal emitters 

The deposition and clearance of 
radioactive aerosols in animal lungs 

Head of Project and scientific staff Dr. A. C. James, Mrs. J. R. Greenhalgh 

Reliable experimental data are required on the deposition andclearance 

patterns of sub-micron sized particles in lungs. Using these data, it is 

possible to construct metabolic models to predict the dose to radiation

sensitive cells in the airways of humans exposed, for example, to short

lived a emitters such as radon and thoron daughters(l,2,3). 

In an initial experiment, the deposition of radon daughters attached to 

condensation nuclei was measured in artificially ventilated, excised pig 

lungs under conditions of airflow and humidity approximating those existing 

in human lungs(4). Radioactivity was deposited in the upper airways in 

accordance with theoretical predictions based upon a knowledge of Brownian 

diffusion of particles under steady laminar flow conditions in tubes. 

However, when free lead ions (212Pb) were introduced into the-lungs, deposition 

of radioactivity in the upper airways was less than that predicted by a factor 

of about four. This was consistent with the view that small ions were 

absorbing water from the humid air in the lungs, growing in size and therefore 

depositing less efficiently in the upper airways. 

Clearance of radioactive particles from the airways involves two 

mechanisms. They can move up to the trachea and mouth in mucus, a process 

which is aided by the ciliary action of cells lining the airway; or the 

radioactivity associated with th~ particles can transfer from the surface of 

the airways to the blood. The latter process is not well understood, yet 

there is no doubt that it is a significant means by which radiation-sensitive 

cells in the airways are irradiated. 
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In experiments with anaesthetised rabbits, some factors influencing 

the transfer of lead ions from the airway epithelium to blood were 

investigated(5 •6 •7). About 10% of the radioactivity associated with the 

deposited particles was transferred to blood with a half-time of 17 + 5 min; 

the remainder transferred with a half-time of about 9 hours, irrespective of 

where it was deposited in the airways. However, a marked difference was 

noted in the anaesthetised rat(8). About 40% of the activity transferred 

to blood with a half-time of about 30 minutes. This could be increased to 

about 60% if inert lead carrier was added to the lead ions or under acid 

conditions; but it was drastically reduced (~2%) if inert material (i.e. 

ferric hydroxide) capable of binding lead ions was present. 

Muco-ciliary clearance remains the major route of removal of insoluble 

particles from the respiratorj tract. This was demonstrated by the double 

labelling of mucus with micron sized insoluble Y tagged particles(9) and lead 

ions and measuring their relative.movements in the nasal airways of rats(lO). 

A compartment model of epithelial retention and transfer processes was 

developed(ll) using these data. About 75% of insoluble y-tagged particles 

introduced onto ciliated nasal epithelium were cleared to the mouth and then 

the gut with a half-time of 12 minutes (range 7-18 min); the remainder 

stayed in the airways, probably in slowly moving streams of mucus. 

A smaller fraction of lead ions (~60%) was cleared to the gut with a 

half-time similar to that observed for insoluble particles. However, rapid 

uptake of 212Pb to blood was observed. About 8% of deposited 212Pb trans

ferred to blood with a half-time of approximately 12 minutes and about 30% 

remained in the nasal airways. Since the dose to the radiation-sensitive 

cells particularly in the upper airways is critically dependent on whether 

radon daughters remain in mucus or are retained in the epithelium, these 

data emphasise the need to incorporate both prolonged and short-term retention 

in the epithelium in any dosimetric model. 

This experimental work, together with analysis of published data on 

aerosol deposition in human lungs, has provided a data base from which a 

radon daughter deposition, clearance and dosimetry model for the human 

airways has been developed. The results of modelling have contributed to 

the work of the NEA Expert Group on Radon Dosimetry and Monitoring( 2 •3) in 

their preparation of a "State-of-the-Art" report on this subject. 
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Title of Project No. 2 

Head of Project and scientific staff 

-1W2-

Pulmonary deposition and clearance 
characteristics of inhaled particles in 
human volunteers 

M. R. Bailey, Dr. A. C. James, F. A. Fry 

Quantitative data on the retention patterns of particles in human lungs 

are required to assess radiation doses incurred to sensitive cells when radio

active materials are inhaled. Since experiments with potentially hazardous 

materials cannot be carried out on humans, the retention of a non-toxic, 

relatively insoluble material (fused aluminosilicate particles, FAP) was 

studied in man, and has been compared with that of highly toxic 239Pu02 in 

rodents. 

A technique was developed for producing y-tagged FAP of uniform size(l,2,3). 

Montmorillonite clay in aqueous suspension is labelled by ·ion exchange. A 

spinning-top generates uniform droplets of the suspension which are dried, 

concentrated into a low airflow by inertial separation, and heated to 1200°C, 

producing aluminosilicate glass microspheres. Monodisperse (geometric standard 

deviation <1.2) particles of diameter between 1 ~m and 5 ~m can be prepared with 

a yield >10%. Fractional dissolution rates measured in vitro were in the range 

lo-4 to 10-3 d-1<4•5>. 

To assess the in vivo dissolution rate, FAPs labelled with 88
y 

ti 107 d) or 
85

sr (t! 65 d) were administered to rats by inhalation; and 

compartment models for the behaviour of BBy and 85sr in the rat were constructed 

using the results of experiments in which the labels were injected intravenously 

as chlorides<9•10>. About 0.1% of the initial deposit of FAP dissolved in the 

first day and entered the blood. Thereafter the dissolution rate varied 

between 10-4 d-1 and 10-3 d-1, in good agreement with the in vitro values. 

The retention pattern in the lungs was also followed in these animals 

for up to 460 days< 6•7•8>. The results can be best fitted by a two-compartment 

exponential curve with clearance half-times of 20 d (60%) and 170 d (40%). 

However, a species variation was found to occur. 85sr-FAP clearance from 

the lungs of hamsters (up to 350 d after inhalation), followed a single 

exponential with a half-time of 100 d. 
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(11) 
The clearance of 239Puo2 , initially similar to that of FAP (up to 

250 din rats and 50 din hamsters), became significantly slower, probably 

as a result of damage to the lungs. 

Apparatus for administering particles to human volunteers by inhalation 

under controlled condihions was designed and constructed. The subject 

inhales a known concentration at a fixed inhalation rate and tidal volume. 

Procedures were tested using FAP labelled with 67Ga (t! 3 d) and it was shown 

that the pulmonary deposit could be controlled to within + 50%. 

Seven healthy, non-smoking male subjects inhaled 1.2 ~m diameter 

85sr-FAP and 3.9 ~m 88Y-FAP(l2). Particle retention was determined at 

appropriate intervals by external counting of y-rays using an array of Nai (Tl) 

detectors in the NRPB low-background facility. Approximately 8% of the 1.2 ~m 

and 40% of the 3.9 ~m particles cleared within 6 days. It was calculated that 

these fractions were deposited in the conducting airways and no evidence was 

found for the rapid phase of pulmonary clearance (40% removed with a 1 day 

half-time) assumed in the latest ICRP lung model. Approximately 3% of the 

1.2 ~m and 15% of the 3.9 ~m particulate retained at 6 days cleared with a 

half-time of about 20 d, the rest with half-times averaging 320 d and 520 d 

respectively, in agreement with the 500 d half-time for the slow phase of 

pulmonary clearance of insoluble particles chosen for the ICRP lung model. 

There was, however, considerable inter-subject variation, the highest clearance 

rate being twice the lowest. Lung dissolution half-times were estimated to 

be 700 d and 1400 d for the 1.2 ~m and 3.9 ~m particles respectively, indicating 

a half-time of about 700 d for the slow phase of pulmonary clearance of 

particles, presumed to be contained in macrophages. 

1. BAILEY, M. R. and ROGERS, M. A. Production of uniform labelled particles 
for use in studies of pulmonary depos-tion and clearance in man. 
National Radiological Protection Board, NRPB/R&D 1, p. 52 (1977). 

2. BAILEY, M. R. and ROGERS, M. A. Production of monodisperse labelled 
aerosols for studies of pulmonary deposition and clearance in man. 
National Radiological Protection Board, NRPB/R&D 2, p. 76 (1978). 

3. BAILEY, M. R. and STRONG, J. C. Production of monodisperse 
radioactively labelled aluminosilicate glass particles using a 
spinning top. J. Aerosol Science~. 557 (1980). 
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of in vivo and in vitro dissolution of fused montmorillonite clay. 
National Radiological Protection Board, NRPB/R&D 3, p. 19 (1979a). 

6. BAILEY, M. R., HOSTFORD, J. E. and STRONG, J. C. Solubility in vivo 
and in vitro of fused montmorillonite clay particles. 
National Radiological Protection Board, NRPB/R&D 1, p. 56 (1977). 

7. BAILEY, M. R., SMITH, H., STRONG, J. C. and HOSTFORD, J. E. 
Inhalation of monodisperse yttrium-88 labelled fused montmorillonite 
clay by rats. National Radiological Protection Board, NRPB/R&D 2, 
p. 84 (1978a). 

8. BAILEY, M. R., JAMES, A. C., SMITH, H., HODGSON, A. and SAVORY, A. J. 
Inhalation of monodisperse 85sr labelled fused montmorillonite 
clay by rats. National Radiological Protection Board, 
NRPB/R&D 3, p. 12 (1979). 

9. BAILEY, M. R., SMITH, H. and HOSTFORD, J. E. Metabolism of 
strontium-85, manganese-54 and yttrium-88 in the rat after 
intravenous injection. National Radiological Protection Board, 
NRPB/R&D 1, p. 59 (1977a). 

10. BAILEY, M. R., SMITH, H. and HOSTFORD, J. E. In vivo behaviour of 
the radionuclides used to label fused clay particles. 
National Radiological Protection Board, NRPB/R&D 2, p. 80 (1978). 

11. JAMES, A.C., STATHER, J. W., STRONG, J. C., HOSTFORD, J. E., 
RODWELL, P., HODGSON, A. and KAY, P. Lung clearance and trans
location in rats and hamsters of inhaled dust containing mixed 
actinide oxides from a fuel fabrication plant. 
National Radiological Protection Board, NRPB/R&D 2, p. 57 (1978). 

12. BAILEY, M. R., FRY, F. A. and JAMES, A. C. The long-term clearance 
kinetics of insoluble particles from the human lung. Presented 
at the Vth International Symposium on Inhaled Particles, 
Cardiff, 8-12 Sept. 1980 (1980). 
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Internal dose from carbon-14 labelled 
compounds 

Head of Project and scientific staff Dr. J. W. Stather, Dr. F. E. H. Crawley 

Carbon-14 labelled compotmds are used frequently in industry ·and medicine. 

The objective of this study was to provide a basis for assessing the radiation 

dose in human tissues from some of these compounds. 

The compounds chosen initially were selected from a group of elementary 

precursors used in preparative procedures for drugs and other biochemicals. 

These are the building blocks for compounds of more complicated structure. 

They are of high specific activity and even a small release of radioactivity can 

involve the intake of a relatively large amount of carbon-14. 

r~tabolic studies in rodents were completed with carbon-14 labelled 

potassium cyanide, methyl alcohol, sodium acetate, barium carbonate, 
(1,2,3) 

nitrobenzene and glycine. These compounds were administered intravenously, 

intra-gastrically, by pulmonary intubation or directly on to intact skin. 

The distribution and radiation doses of up to fifteen different organs and 

tissues were determined. These data were then extrapolated to predict the 

radiation doses to man. For all compounds studied, the effective dose 

equivalent was calculated to be in the range 2.5 - 4 x 10-lO Sv Bq-l and the 

Annual Limits of Intake were estimated to be within the range 1.2 - 2 x 108 Bq. 

Extensive data on the excretion of these compounds after different routes of 

entry has provided information that can be used for interpreting the results of 

bioassay data obtained from persons occupationally exposed to these compounds. 

The experimental work was later extended to include a study of the 

metabolism of l4c labelled diethylene triamine penta acetic acid (DTPA), a 

chelating agent used to enhance the excretion of heavy metals, including 

plutonium, from the body. Preliminary experiments were undertaken in rats to 

provide the basis for a human study in which the labelled drug was 

administered to volunteers by intravenous injection or inhalation. The 

effective dose equivalent calculated from the rat data for various organs 

in man was 5.4 x 10-ll Sv Bq-l excluding the lower large intestine (LLI) 

which received the highest dose. After intravenous injection the dose 

equivalent to the LLI was 3.8 x lo-10 Bq-1, and after deposition in the 

pulmonary region of the lung 7.3 x lo-10 Sv Bq-1 • It was noteworthy that 

about 15% of the DTPA was excreted in the faeces after intravenous injection, 

presumably as a result of secretion into the bile. 
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In two human volunteers most of an intravenous injection of 

14c-DTPA (~8%) was cleared from the body with a half-time of about an hour. 

Urinary clearance could be described by a 3 component exponential function 

with half-times of 0.025 d (65%), 0.076 d (34%) and 1.7 d (0.25%). The 

activity detected at 7 days was 0.02% of the administered level. This 

reflects an amount circulating in blood which would still chelate plutonium 

and could explain the enhanced urinary excretion of plutonium that is found 

several days after treatment in persons given DTPA. In contrast to the 

study with rats, all (>99%) of the DTPA was excreted in the urine. The total 

activity injected into each volunteer was 1.3 x 10
6 

Bq giving an effective 

dose equivalent estimated to be 2.7 x 10-7 Sv. Each volunteer then inhaled 

about 200 mg Ca-DTPA (1.1 x 106 Bq 14c-DTPA) in 15 minutes. About half of 

this material subsequently translocated to the blood with a half-time of 

about 1 hour. As the half-time of retention of DTPA in the blood was also 

about 1 hour inhalation of the chelating agent effectively doubles the time 

over which a therapeutically useful amount of DTPA is retained in the body 

compared with intravenous injection. The dose equivalent to the lungs of 

each volunteer was estimated to be approximately 3.0 x lo-11 Sv Bq-l deposited 

in the lungs. 

1. CRAWLEY, F. E. H. and GODDARD, E. A. Internal dose from carbon-14 labelled 
compounds. The metabolism of carbon-14 labelled potassium cyanide in 
the rat. Health Phys. 32, 135 (1977). 

2. CRAWLEY, F. E. H. The metabolism and dosimetry of carbon-14 labelled 
compounds. In: Proc. IVth International Congress IRPA, Paris, 1977. 
Paris IRPA I• 425 (1977). 

3. CRAWLEY, F. E. H. the metabolism and dosimetry of low energy S emitters 
carbon-14 labelled compounds. Radiol. Prot. Bull. No. 2'4, 31 (1978). 

4. CRAWLEY, F. E. H. and HAINES, J. W. The dosimetry of carbon-14 labelled 
compounds. The metabolism of DTPA in the rat. 
Int. J. Nucl. Med. Biol. ~. 9. 

5. STATHER, J. W., SMITH, H., BAILEY, M. R., BIRCHALL, A., BULMAN, R. A. and 
CRAWLEY, F. E. H. The retention of 14c labelled DTPA in human 
volunteers after inhalation or intravenous injection. To be presented 
at the Symposium on the Deposition and Clearance of Aerosols in the 
Human Respiratory Tract. Graz, Austria, May 1981. 

fi, CRAWLEY, F. E. H., BULMAN, R. A. and HAINES, J. W. The metabolism of 
tritiated Puchel in the rat and hamster. National Radiological Protection 
Board, NRPB/R&D 3, p. 109 (1978). 
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Contractor : CNEN 
Contract Number: 174-77-1-BIOI 
Program Leader Dr. G. F, Clemente 
General Subject : Experiments on long term effects (bone carcinogenesis) 

induced by plutonium in mice. 

Final Report for Project n. 1 
Project Leader: Dr. G. F. Clemente 
Title of the Project: Dose-incidence relationship for bone tumours at low 

body burdens. 

The need for further data on biological effects of plutonium contamination 
at low doses on various animal species is evident mainly because the 
existing data have led to some c'ontradictory interpretations. 

Current experimentation on dogs at low doses are under way and the final 
information will be available only within several years. Recent data published 
in the Annual Report (1) of the Radiobiology Division of Univ. Utah seem 
to show that a significant incidence of bone sarcomas induced by plutonium 
in dogs may exist at injected doses in the range of 0, 0018-0.016 uCi/kg body 
weight. 

Few data on rodents at low plutonium doses are available to date and mostly 
on rats; therefore new data on mice could be of high value to assess the 
differences, if any, among various animal species, in the shape of the dose
response curves for low doses. 

Considering the bone sarcoma induction in various animal species by low 
doses of alpha emitting radionuclides, the shape of the dose response seems 
to be concave upwards for 228 Ra in beagles, concave downwards for 224 Ra 
in mice, linear for 226 Rain mice and "approximately" linear for 228 Thin 
beagles, 239 Pu in rats, 239 Pu in mice, 227 Th in mice (1). 

The summary of the experimental plan undertaken under this project is 
given in table 1. 1. The mice have been injected at doses in the range of 
0, 0012-0. 12 uCi/kg body weight which is very similar to the range of low 
doses injected to the Utah beagles (1). 

The average skeletal content at the end of life expectancy (about 750 days) 
·has been also evaluated on the basis of the skeletal retention function for 
plutonium observed in our mouse strain (see project n. 2). 

The only available data on 239 Pu induced bone sarcomas in mice have 
been observed by Finkel and Biskis (2) in the range of 0, 16 - 15.6 uCi/kg 
body weight injected doses; bone sarcomas have not been observed in the 
range of 0, 04 - 0, 08 uCi/kg body weight in mice showing an average survival 
time of about 450-500 days only. Such short survival time was mainly due 
to the high incidence of intestinal infection in all animal groups (2). 

The number of expected bone tumours in our animal groups has been also 
given in table 1.1. on the basis of the Finkel and Biskis data, 
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During the period 1976-1978 the animal house and all other experimental 
facilities have been completed together with the development of the most 
important techniques needed for the implementation of the experimental plan 
shown in table 1. 1. 

The injection of the animals started during the second semester of 1978, 
beginning from the lowest level group. 

About two thousand animals have been injected up to the end of 1980, All 
rrale animals are (C57 BL x C3H)F 1 and have been injected intravenously by 
means of monomeric solutions of 239 Pu (1% trisodium citrate at ph 6.5). 

At the end of 1980 the first animals from the lowest level group have begin 
to die. No pathologically demonstrated bone sarcomas have been detected 
until now in both the injected groups and the control animals. 

All the animals are regularly followed-up until death and subjected to 
histophatological and radiographic examinations after death, 
The following organs are collected during the autopsy for histophatological 
observations: femur, sternum, liver, kidneys, lungs, heart, spleen, g.i. 
tract and lymphnodes. 

A fraction of the collected organs are stored for plutonium counting in 
case of positive histopathological observations. The dosimetry will be 
therefore performed for each individual animal showing a bone tumour. 

Furthermore 10% of the total number of animals injected in each group 
will be selected at random and subjected after death to the determination of 
plutonium concentration in the following organs: right femur, liver, right 
kidney and right testis for the assessment of the average plutonium dose to 
the various organs of the animals of each group. 

The x-ray examination of a mouse of the lowest injected group showing an 
alteration of the skull is given as an example in fig. 1.1. 

Furthermore a microdosinetric model (see project 2) is also under 
development for our mouse strain to assess the variability of plutonium bone 
distribution as a function of time. The burial of plutonium in bone and its 
distribution among the various kinds of bone are in fact heavily influencing 
the total doses received by the osteoprogenitor cells lying on the bone 
surfaces of the injected animals. 

References 
1) W .C. Mays et al: Bone sarcomas at low doses ofd, -radiation in beagles, 

Univ. of Utah Report, Coo-119-254, pp. 9-14(1979). 

2) M.P. Finkel and B.O. Biskis: Toxicity of plutonium in mice, Health Phys. 
§., 565-579 0962). 
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fig. 1.1. Radiographic examination of a mouse injected with 30 pCi of239Pu, 
showing an alteration of the skull. 
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Title of the Project: The influence of physical and biological variables 
on the dose incidence relationship for bone tumours 
due to plutonium contamination in mice. 

The main task of project 2 was related to the study of physical and 
biological parameters which can influence the plutonium dose absorbed by 
the various organs of mice. To this aim the plutonium distribution in femur, 
liver, kidney, and testes, and the retention function in the skeleton and liver 
have been studied in about fifty mice of our strain at various times post-
injection and at injected doses of the order of 0. 2-0.4 p.Ci/kg body weight. 
Higly sophisticated techniques have been developed to measure very low levels 
of plutonium in both the entire animals with and without liver (by the direct 
counting techniques) and in various tissues and organs (by radiochemical methods). 

The results obtained have demonstrated that the direct counting of plutonium 
in mice by means of phoswich crystal is very powerful to study the retention 
function for long periods after injection at the low doses used. 

A summary of the data on the distribution of 238 Pu and 239 Pu in various 
org.ans of our mice at various times post-injection(intravenous) of monomeric 
solutions similar to those used in the study of bone carcinogenesis (see project 
1) is given in table 2.1. The data confirm that i) at about 100 days post-injection 
most of the remaining activity is in the skeleton, ii) the liver retention may be 
considered the main factor which affects the total body retention of plutonium 
in mice during the early period post-injection, iii) the plutonium fraction in the 
femur and kidney may be considered quite constant also long times after injection, 
i v) a constant fraction of about 0, 06%is firmly retained in the male gonads of 
our mice for the entire life-span and v) significant differences between 238 Pu 
and 239 Pu may not be observed at injected doses in the range 0. 2 - 0. 4 uCi/kg 
body weight, 

The distribution data given in table 2. 1. are in good agreement with the 
existing data reported in table 6. 1. of ICRP publication 19 (1) for mice injected 
with similar 239-Pu solutions and referred to a maximum period of 350 days 
post-injection. 

The skeleton and liver retention functions have been plotted in fig. 2.1. 
together with the experimental points and related errors (at 95% level), All the 
data given in fig. 2.1. are pooled observations with 238 Pu and 239 Pu 
monomeric solutions intravenously injected in our mouse strain. The curves 
plotted in fig. 2. 1. have been obtained by means of a best fit of the experimental 
points with the following equation: 

( ) ~ e-1;.1:. (1) R t = L.. A. 
i..~1 1 

where for the liver retention function 

Al = 34.4 .A · 8 - 2 ·h 
= 17.4 days t = -3.9 -10 T-t 

A = 7.3 "- -3 4h. 
2 1.=- 9.25 ·10 T2. = 74.9 

A = 3.2 .A -3 t! .. =354 3 "=-1.96-10 3 
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and for the skeleton retention function 

A1 = 22.9 .-\ - 5.9 10-3 

A2 1.8 1..2 7.2 10-4 

A3 = 16.8 /...3 5.9 10-4 

117.5 days 

959.2 

1169 

The retention data reported above are in good agreement with similar data 
summarized in table 7. 1. of ICRP publication 19 where biological T 1f 2 of the 
order of about 420 days and about 22 days are reported for skeleton and liver 
respectively, in mice injected with 239 Pu monomeric solutions. 

Our data seem to show that a significant component with a quite long 
biological T 1f2 is influencing the plutonium liver retention in mice. Furthermore 
it is stressed the importance of the long term components of the plutonium 
skeleton retention which have a biological T 1j 2 much longer than the average 
life span of the animals. These results may be considered of relevant signL
ficance from the radiation protection point of view owing to the contribution of 
the long term components of the retention functions to the total internal dose 
due to plutonium contamination. On the basis of the skeleton retention function 
given above and of the observed average life expectancy (about 750 days) of our 
mouse strain, the value of about 500 rads has been evaluated as the average 
dose received during the entire life span by the skeleton of the mice injected 
by 1 uCi/kg body weight of 239 Pu, Furthermore, for a better assessment of 
the dose received by the osteoprogenitor cells lying on the bone surface 
during the entire life span of the injected mice, some studies on the 
microdistribution of plutonium in the mouse skeleton are under way by means 
of a method based on neutron induced autoradiography. A collaboration on 
these activities has been conducted in the past and it is also planned for the 
future with the Radiobiology Units (Dr. G. How ells) of MRC at Harwell and the 
Institute for Genetic and Toxicology (dr, E. Polig) at Karlsruhe Nuclear 
Center, 

References 
1) ICRP publication n. 19, The Metabolism of compounds of plutonium and 

other actinides, Pergamon Press, Oxford 0972). 
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Contractor United Kingdom Atomic Energy Authority 
Atomic Energy Research Establishment Harwell 

Contract No : 104-76-1 PSTUK 
Head of the research team : A. Morgan 

General subject of contract : Deposition and clearance of inhaled particles in 
the human respiratory tract. 

Final report of Project No 1 : Regional deposition and short-term clearance of 
inhaled particles in the human respiratory tract. 

Head of Project and scientific staff : J. N. Pritchard, A. Black & M. Walsh 

The object of this programme was to obtain relevant data on the deposition and 
short-term clearance of aerosols inhaled by man, in order to facilitate improved 
estimates of radiological dose to the respiratory tract, which are currently based 
on the recommendations of the International Commission on Radiological Protection 
(ICRP). Using groups of healthy, male smoking and non-smoking volunteers it was 
planned to establish the normal range of intersubject variability and obtain 
information on possible effects on th~ respiratory system of cigarette smoking. 
This might, in turn, assist the early diagnosis of respiratory deficiency. 

Method 

Complete descriptions of the apparatus (Walsh et al., 1977) and of the 
procedures used (Foord et al., 1978) ha>e been published. In brief, monodisperse 
polystyrene particles, labelled with 99mTc (half-life 13h, isomeric transition, 
141 KeV Y), were produced from a spinning disc generator and collected in a liquid 
impinger. These were resuspended in a 200 1 reservoir and administered by mouth 
breathing via a respiratory valve and tube. The experimental programme was designed 
to investigate the effect of three parameters, namely particle diameter (2.5 to 
7.5 pm), tidal volume (0.5 to 2 1) and c~eathing rate (10 to 25 per minute). Each 
subject took part in at least one series of experiments, in which only one parameter 
varied. All the volunteers exhibited a normal lung function as assessed by a forced 
expiratory spirogram. 

Deposition was assessed in terms of the total amount of material deposited and 
the relative deposition in different regions of the respiratory tract. Total 
deposition was estimated from the difference between the concentration multiplied by 
the volume of aerosol inhaled and the mass of aerosol exhaled. Deposition in the 
mouth and larynx was estimated from mouth washings immediately following admin
istration. Clearance from the lung was followed for two days after administration 
using a whole-body monitoring facility, comprising pairs of collimated 15cm Nai(Tl) 
detectors mounted coaxially above the chest and stomach. Two exponential phases of 
clearance were observed, the faster being taken to represent mucociliary clearance 
of material deposited in the tracheobronchial (TB) region of the lung and the slower, 
the pulmonary (P) region. 

Total deposition 

Total deposition, expressed as a fraction of the inhaled aerosol, was compared 
with the predictions of models proposed by the ICRP (1966, 1979) by plotting it 
against an impaction parameter D2F {where D is the aerodynamic diameter and F the 
average inspiratory flow-rate). If impaction is the sole mechanisn by which 
deposition takes place, then this correlation should yield a smooth curve. Initially, 
the predicted values of D2F for an experimental group were used {EUR-6766, p723). 
However, because the inspiratory flow-rate varied between subjects and particle 
diameter varied slightly from batch to batch, the data were replotted using actual 
values of D2F. It then became apparent that the correlation was still unsatisfactory, 
as consideration of different experimental series showed that impaction is not the 
sole mechanism of deposition; nevertheless it remains a convenient way to express 
the data. To improve the statistics, the data were replotted in histogram form 
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against the logarithm of o2F (see Figure 1a). This enabled approximately equal 
numbers of experiments to be considered within each h~stogram bin. Data appear in 
agreement with the original ICRP model and are even better matched with a recent 
revision of this, which is not shown. Values also fall in the middle of the range 
of data recently reported by various authors. 

Regional deposition 

Regional deposition data were treated similarly. Values for mouth deposition 
are in good agreement with previously published work, but tend to be lower than the 
ICRP predictions. This could be because the aerosol was administered via a mouth 
tube, rather than under normal inhalation conditions. 

It was not possible to express the regional lung deposition data directly as a 
fraction of the inhaled aerosol. Many problems arose in the calibration of the 
whole-body monitor including a) material trapped in the oesophagus following 
clearance and b) material in the gastro-intestinal (GI) tract contributing to the 
chest radioactivity measurement. A comparison of the total deposition estimated in 
the usual manner with estimates from whole-body and excretion measurements 
demonstrated quite large discrepancies, mainly due to problems associated with 
material in the GI tract. It is suggested that much of this is due to material 
deposited in the pharyngeal region not removed by mouth washing, but clearing to the 
stomach in the time between administration and the initial whole-body measurement 
(about 20 minutes). To reduce these errors, regional deposition in the lung was 
expressed as the fraction P/(P+TB). As shown in Figure 1b, deposition is also in 
reasonable agreement with the ICRP predictions, although, in this case, agreement is 
less good with the more recent revision. These data are reasonably consistent with 
other published work, although, due to the errors outlined above, greater 
discrepancies occur than for total deposition. 
A comparison of deposition in smokers and non-smokers 

As can be seen from the figures, no significant differences in either total or 
regional deposition were found between the smoking and non-smoking groups, although 
the smokers did exhibit a greater variability. To assess the usefulness of 
deposition measurements as a test of lung function, experiments in which at least 
five non-smokers had participated were used to define the normal range of depositions 
for a particular inhalation regime. Assuming a Gaussian distribution about the non
smoking mean, a list was compiled of the number of standard deviations by which the 
data for each subject differed from the mean. Then, using a standard multinomial 
expression, the probability that a subject would be different from the mean on those 
occasions purely by chance was calculated. This analysis yielded a significant 
difference between the smoking and non-smoking groups (p <.002) indicating that only 
non-smokers should be used to define the normal range. There was no correlation 
between those subjects yielding a result that would occur by chance less than 5% of 
the time, with either their smoking history or lung function test data. Of the 31 
participants

6 
one smoker exhibited results highly different from the normal range 

(p< 1 x 10-1 ). Five years after the study, a repeat lung function test showed a 
drop in his forced vital capacity of 30% of its predicted value compared with a 
mean drop for the non-smokers over this period of 4.9 ± 2.9 (SD)%. This subject 
now exhibits clear signs of small airway obstruction. If this type of technique has 
a potential medical benefit, it will be necessary to establish the normal range of 
values more precisely and for prospective patients to take part in a number of 
experiments. 

Short-term clearance 

Studies of clearance were hampered, in certain instances, by low TB depositions 
leading to some measurement errors. However the range of half-times for the fast 
phase (1.1 to 71 h) exceeded the 10 minute half-time proposed by the ICRP in all 
cases. In the ICRP model, this is followed by clearance from the P region (half
time 24 h) dependent upon recruitable macrophages, before the longer-term alveolar 
clearance commences. This hypothesis is not supported by our results, since the 
time taken for the fast phase of clearance to stop was independent of particle size 
and therefore of the site of the deposition. In addition, the half-time of 
clearance for 2.5 pm particles was over 6 times that of the 7.5 pm particles. It 
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is difficult to envisage a mechanism involving macrophages which could explain this. 
It seems more likely that the point at which the fast phase stops represents the 
clearance of particles deposited at the bottom of the mucociliary escalator. 
Differences in the clearance half-times probably arise from the sites along the 
pathway where deposition by impaction occurs preferentially. 

Further evidence came from a comparison of smokers with non-smokers. Mean 
clearance half-times for non-smokers were up to twice those for smokers, with the 
times for the fast phase to stop correspondingly longer, there being no significant 
differences in P/(P+TB). Those differences disappeared, however, if the clearance 
half-times for individual subjects for 2.5 and 5.0 pm particles were expressed in 
terms of that for 7.5 pm particles. This suggests that cigarette smoking enhances 
the mucociliary action rather than, as the ICRP suggest, retarding it. 

Summary 

Deposition data are in good agreement with previously published work, and 
demonstrate that the ICRP predictions are satisfactory, although their assessment 
of short-term clearance may need to be reviewed. Cigarette smokers as a group 
exhibit different deposition patterns to non-smokers, although all but one of the 
volunteers were within the non-smoking range as individuals. In addition, short
term clearance is considerably enhanced in cigarette smokers. In the future, it 
may be possible to use deposition techniques as more sensitive indicators of lung 
function than conventional tests currently available. 
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Legend to Figures 

Figure 1. A comparison of the data obtained with the predictions of the ICRP 
model for (a) total deposition and (b) regional lung deposition. 

NB Horizontal bars mark the top of the histogram bins. 





- 1063 -

Contractor: Medical College of St. Bartholomew's Hospital, Department of 
Radiobiology. 

Contract No. : 252-77-1 BIO UK 

Head of Research Team : Professor Patricia J. Lindop 

General Subject of Contract : Radiation damage from inhaled particles in 
the rodent lung. 

The work carried out in the three projects is designed to assess 
qualitatively and quantitatively the hazards from inhalation of radioactive 
particles, with the initial emphasis on plutonium as insoluble particles 
in the murine lung. 

The projects cover the fields of particle size distribution and micro
dosimetry in the lung; the effects of particle size and dose on the metabolism 
and translocation of plutonium from the lung, and effects on non-neoplastic, 
early and late changes, as measured by alveolar macrophages, and fibrosis, as 
well as neoplasia. 

As had been planned the results from each project are mutually inter
dependent. The Project Directors and scientific personnel involved are 
therefore listed, and the detailed results from the projects are integrated 
for the programme as a whole. 

Project 1: Head of Project and scientific staff: A. Morgan, A. Black, 
(AERE, Harwell) S. R. Moores, M. Walsh, 

J. Pritchard 

Title of Project: Kinetics of particulate Pu0
2 

in the lung. 

Project 2: Head of Project and scientific staff: B. E. Lambert, J. Shewell, 
(SBHMC) K. Danielak, D. M. Peel, 

J. D. Tarling 

Title of Project: Late effects produced in the lung as a consequence of 
inhalation of plutonium. 

Project 3: Head of Project and scientific staff: J. E. Coggle, J. Shewell, 
(SBHMC) J. D. Tarling, D. M. Peel 

Title of Project: Early effects of particulate Pu0
2 

(and other internal 
emitters) on the lung. 

Introduction 

During the period under review a glove-box suite for the exposure of 

mice to aerosols of sized 
239

Puo
2 

was constructed (Walsh et al., 1978; 1980). 

It was commissioned using neutron irradiated thorium oxide (Th02) as a 
2~ 

convenient analogue for Pu0
2 

(Black et al., 1978; 1979; Moores et al., 

in press). In addition, this work provided information on the regional 

deposition of particles with a similar density to 
239

Pu0
2 

and on the levels 

and persistence of pelt contamination. 
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Following the commissioning of the suite, 'nose only' exposures have 

been carried out of male and female SAS/4 mice, aged 6 weeks, to sized 

239Pu02 particles with activity median aerodynamic diameters (AMADs) of 0.8, 

1.5 and 2.2 pm (subsequently referred to as small, medium and large 

respectively). The range of initial alveolar deposition (lADs) from 0.1 

to 25 nCi (4 to 924 Bq) was selected as it appeared to give maximum lung 

tumour incidences whilst avoiding mortality from early pneumonitis. Details 

of the target lADs and those actually achieved in the groups of mice exposed 

for late-effect studies are given in Table 1. Additional groups of mice were 

exposed as indicated in Table 1 for studies of the fibrogenic effects of 
239

Puo2 and to investigate its retention/metabolism for dosimetry purposes. 

The numbers of mice exposed for studies of late-effects, fibrosis and 

retention/metabolism are about 1800, 330 and 1050 respectively, exclusive 

of controls. 

Table 1. Details of administration of sized 
239

Pu0
2 

to mice for 

studies of late-effects, fibrosis and retention/metabolism. 

Target 
nCi 

0.1 

0.5 

1.0 

2.0 

5.0 

10.0 

25.0 

lAD 
Bq 

4 

19 

37 

74 

185 

370 

925 

lAD achieved, nCi (Mean + S.E.) 
AMAD 0.8 pm AMAD 1.5 pm -AMAD 2.2 pm 

** * 0.13 + 0.01 0.12 + 0.01 0.11 + 0.01 

0.74 + 0.05 

1.31 + 0.06 
** * 2.66 + 0.10 3.27 + 0.22 2.10 + 0.11 

4.40 + 0.22 

11.24 + 0.47 9.53 + 0.50 12.71 + 0.65 
* 26.54 + 2.44 40.38 + 3.70 

* Includes groups exposed for retention/metabolism studies 

** 

** 

** 

** Includes groups exposed for retention/metabolism and fibrosis studies 

Deposition of sized 
239

Pu02 
239 

The alveolar deposition of sized Pu0
2 

has been described by Morgan 

et al., (in preparation). In each exposure, measurements were made of the 
239 

mean concentration of airborne Pu0
2 

and its AMAD. The lAD was determined 

by killing a number of mice 2 days following exposure, by which time muco

ciliary clearance of particles deposited in the conducting airways was 

virtually complete. In Fig. 1, the normalised alveolar deposition of sized 
239

Puo
2 

is plotted against AMAD. Corresponding data for Th02 are included. 

It is apparent that the AMAD corresponding to maximum alveolar deposition in 
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the mouse is less than the value of 2 pm reported for the rat. 

Relative lobar concentrations (RLCs) were measured 2 days after 

exposure. The accurate quantification of variations in RLC is of considerable 
239 

importance in assessing the lung dosimetry of inhaled Pu0
2

. As observed 

in the rat and hamster, the highest RLCs were found in the right apical lobe. 

Retention/metabolism studies 

In this investigation, mice were killed at 6 time points up to 2 years 
239 239Pu after administration of Puo

2 
to determine the retention of in the 

lung and its translocation to other organs. These studies are necessary to 

enable average lung doses to be determined. As shown in Fig. 2, it is clear 

that retention is affected by the amount of 
239

Pu deposited but there does 

not appear to be any marked dependence upon particle size. Thus, for lADs 

of 0.1 and 3 nCi the lung retention of 
239

Pu could be described by a two

component exponential expression with half-times of about 50 and 210 days. 

However, in mice with an lAD of 25 nCi the fraction retained with a half-time 

of 50 days was smaller and the half-time of the second component much longer 

('"'"' 420 days). 

Differences in the retention of 
239

Pu in the lung correlate well with 

measurements of 
239

Pu in faeces. As shown in Fig. 3, for example, for lADs 

of 0.1 and 3 nCi faecal excretion rates were approximately constant during 

the first year at about 1% of the contemporary lung content per day. However, 

for mice with an lAD of 25 nCi there was a fall in faecal excretion rate over 

a period of 6-9 months to a value which is over an order of magnitude lower. 

Significant translocation of 
239

Pu to other organs was observed. At 

18 months after administration the fractions of the lAD found in the cervical 

lymph nodes and in liver were 0.15 and 0.03% respectively compared with 2-5% 

of the lAD in the lungs at that time. Small, but significant, amounts of 
239

Pu were also detected in bone. Because of th~ constancy of the faecal 

excretion and the relatively low uptake into other organs it is evident that 

most of the Pu removed from the lung is mobilised by the macrophage-muco

ciliary escalator-gut route even at long times after inhalation. 

Short-term effects of 
239

Pu02 
Studies have been made of the short-term somatic effects of inhaled 

239
Pu0

2 
on the mouse lung. In particular, the effect on the alveolar 

macrophage (AM) population of the lung has been studied using an in situ 

bronchopulmonary lavage technique to recover a proportion of these free 

cells post mortem. In addition to the number of AM recovered, the associated 
239

Pu activity was determined, together with that remaining in the lung. If 
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it is assumed that the AM recovered are representative of those in the 
239 

alveolar spaces and also, that there has been no transfer of Pu to the 

interstitium or pulmonary lymphatics, it is possible to estimate the total 

number of free AM. Some control animals were exposed to neutron-irradiated 

Th0
2 

and the induced 
233

Pa gamma-activity used to estimate the total number 

of free AM (about 3 x 10
6

) in these animals. 

Changes in the total numbers of AM in the lung following the admini-
239 

stration of 17 nCi (630 Bq) of medium sized Puo
2 

are shown in Fig. 4. 

There was a decline in number over a period of about 2 weeks, followed by a 

gradual increase up to 2 months. It was found that the deposition of as little 

as 0.5 nCi (19 Bq) produced a significant depression in AM numbers. Following 

the alveolar deposition of more than about 2 nCi (74 Bq) there was a chronic 

depression in AM numbers that persisted until the end of the experiment 

(4 months). Referring to Fig. 4, the magnitude of both the acute (A) and 

chronic (B) depression in AM numbers was dose dependent, as was the time taken 

(Z) to reach the minimum and the time taken (Y) to recover to a quasi

equilibrium. There was an increase in the diameter of AM recovered from 
239

Pu0
2 

exposed mice and the cells had a reduced viability as measured by the 

exclusion of trypan blue. 

Late non-neoplastic effects of 

The fibrogenic potential of 239puo 
2 

is a non-neoplastic end-point under 

long-term investigation. As indicated in Table 1, groups of mice have been 
239 

exposed to the small and large sized Pu0
2

to give lADs of about 0.1, 2 and 

25 nCi. Data are available for these experiments using large sized 
239

Pu02 
but those involving the small are incomplete. 

Measurements of lung weight, DNA, protein and collagen (Moores et al., 

1979) are being made on pooled samples of individual lobes. Considerable 

development work has been required to adapt analytical procedures to the 

very small amounts of tissue available. As the levels of proteoglycans in 

mouse lung have proved to be less than half that in the rat it has not been 

possible to include their assay on the lobar samples. However, separate 

determinations of the proteoglycan-constituents, hexuronic acid and hexos

amine will be carried out on pooled lung samples. 

Some data on the fresh lung weights of mice exposed to the large sized 
239

Pu0
2 

are given in Table 2. A dose-related increase in lung weight was 

apparent, especially when expressed as a proportion of body weight. There 

was a significant increase in the variance of the populations with lAD, 

probably attributable to subpopulations of grossly affected individual 
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animals. The increase in lung weight after exposure to Pu0
2 

was 

accompanied by an increase in the hydration of tissue associated with cellular 

consolidation and oedema observed in separate histopathological investigations. 

Preliminary results from the biochemical determinations indicate that most of 

the increase in dry weight was due to protein, although its concentration in 

the lung remained relatively constant. Similarly, the concentration of 

collagen did not increase with lAD; it even declined in some cases. However, 

the total collagen content of the lung increased by over 100% in many mice in 

the high dose group. 

Table 2. Lung weights of mice 18 months following exposure 
239 + 

to large sized Pu0
2 

(Mean- S.E.) 

No. of 
Lung weight 

Exposure group 
mice (mg) (% of body weight) 

Unexposed controls 9 185 + 10 0.54 + 0.02 

Th0
2

-exposed controls 12 195 + 10 0.49 + 0.02 

0.15 nCi lAD 9 210 + 23 0.58 + 0.04 

1.10 nCi lAD 13 245 + 34 0.70 + 0.10 

* 25.00 nCi lAD 6 350 + 52 1.10 + 0.24 

* Killed at 16 months 

The distribution of fibrotic changes in the lung lobes did not appear 

to reflect the initial RLCs. For example, it might have been expected that 

the right apical lobes (highest RLC) would have shown the greatest fibrotic 

changes. In fact, the right diaphragmatic lobes (lowest RLC) showed the 

greatest increase in dry weight. More detailed analysis of the lobar 

distribution of fibrotic lesions are being undertaken in parallel histological 

studies. 

Long-term studies (neoplasia and survival) 

For long-term studies mice were divided into five groups: (i) mice 

killed at one year post inhalation to score the numbers as well as the 

morphological classification of lung tumours using (initially) a histological 

clearing technique; (ii) mice killed when moribund. These were subject to a 

full histopathological investigation. Each mouse dying in all groups has 

been subject to the same detail of histopathological examination. 

The incidence of lung pathology at 1 year and general pathology and 

survival have been assessed in the 1.5 (medium) and 2.2 pm (large) size 

groups at present. 
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The incidence of lung tumours at 1 year after inhalation in these 

groups is shown in Fig. 5 - these should be compared with spontaneous 

incidence in control groups which was 10.8 ~ 3.6% (S.E.). The more complete 

data for the 1.5 pm particle size groups indicate a peak incidence of tumours 

(34.8! 7.0%) in mice with an lAD of 3 nCi. Fig. 5 also indicates a possible 

difference in peak tumour incidence between the medium and large size particle 

groups - until more complete data are available it is difficult to judge 

whether this difference is significant. It is clear that at higher lADs the 

incidence of tumours fell but overall survival was also greatly reduced (see 

Figs. 6 and 7), due mainly to radiation induced pulmonary insufficiency. All 

tumours seen in these mice were adenomas or adenocarcinomas (in approximately 

equal numbers). By far the greater proportion of these tumours originated in 

the alveolar region of the lung as judged by their site and cell type (cuboidal 

epithelial), and very few were composed of bronchiolar (columnar) cells only. 

There was no correlation between lung lobe size (and therefore numbers of 

cells at risk) and tumour incidence. 

A striking feature of the histopathology of lungs of mice killed at 

1 year in the higher lAD groups, and all the lungs at longer times post 

inhalation was the accumulation of giant macrophages some of which filled the 

alveolar spaces. These were often associated with areas of fibrosis and 

alveolar cell hyperplasia which obliterated the normal lung architecture. 

It is clear therefore that at lower lADs radiation damage to the lung 

was expressed chiefly in a higher incidence of tumours whereas at the highest 

lADs in this experiment ( > 20 nCi), mice died early because of lung failure 

due to fibrosis and cell accretions, etc. However, even at the lowest lADs 

overall survival was significantly decreased as compared with sham exposed 

controls (Figs. 6 and 7). The numbers of mice exposed to the 0.8 pm and 

2.2 pm particles which have to date died are insufficient to make a firm 

assessment of the effect of particle size on long term survival but the 

trends indicate no significant differences. 

Full histopathological studies are being carried out on all mice that 

die and so far there is evidence of a great increase in lung pathology at 

death particularly in the highest lAD groups - death in these groups 

occurring so early that leukaemia is of no significance as a cause of death, 

whereas at intermediate lADs (e.g. 3.4 nCi) leukaemia is slightly increased 

(by about one-third). 
239 

Microdosimetry studies of Pu0
2 

in the lung 

To calculate the dose to different regions of the lungs in mi~e and 
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to relate it to studies of late-effects, it is necessary to determine (a) 
2~ 

the size distribution of particles of Pu02 in the alveolar region (b) 

the distribution of particles within the lung, and (c) any changes in 

particle size and d~~ribution which may occur over the life-time of the 

animals. A stripping-film autoradiographic procedure is being developed to 

provide information on these factors. 

Lung from exposed mice have been fixed by various methods, embedded in 

either wax or plastic, and sections cut at 2 to 5 pm in thickness. In 

addition to contact autoradiographs, in some cases 10 and 15 pm transparent 

spacers were interposed between section and emulsion. The autoradiographic 

efficiency of track production is currently being assessed by comparing the 

total number of tracks detected with the 
239

Pu activity of the corresponding 

section, determined by radiochemical analysis. The highest efficiencies are 

obtained with a 10 pm spacer, because, in contact autoradiographs, the tracks 

at the centres of the large 'stars' are too dense to be resolved. With a 

spacer, the tracks are shorter and can be resoved more readily. 

To determine particle size distribution in full, it will be necessary 

to prepare autoradiographs exposed for a range of times sufficient to allow 

the smallest particle present to produce 3 or 4 tracks. Under these 

conditions, 'stars' produced from larger particles are too dense to count. 

Before any information on the distribution of particles in the lung can be 

obtained, it will be necessary to establish that this is not affected by the 

procedures used for lung fixation and sectioning. 

To facilitate this work the possibility of using an image analysis 

syste~ (Quantimet 720, Cambridge Instruments Ltd.) for track counting is 

being investigated. 

Conclusions 

Although this work is, as yet, incomplete the general objectives are 

nearly achieved. The apparatus and techniques necessary for the production 
2~ of three sized aerosols of Pu02 have been developed and applied to the 

exposure of large numbers of mice. The resulting effects of this exposure 

have been assessed in botn the short- and long-term with a variety of end

points enabling dose (lAD)-response curves to be drawn. However, whereas 

the effects of varying amounts of plutonium deposited in the lung are clear 

the evidence for the influence of inhaled particle size is equivocal. Data 

from the mice exposed to the small (0.8 pm AMAD) aerosol particles, soon 

available, will make more positive conclusions possible. 

The direct extrapolation of these results to man may be difficult 
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owing to the suggested differing long-term response of human lung and 

mouse lung to plutonium. However, as a model system the mouse lung should 

provide data from which risk estimates for man may be made. 
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Fears have been expressed that, if a radioactive particle is 

inhaled into the lung the particles which it emits (e. g. a's or a· s) 

may give rise to a considerable amount of damage in a small volume. 

In order to consider this possibility in a rigorous manner it was believed 

desirable to estimate the dose delivered to the irradiated material, and 

this study originally attempted to calculate the dose to lung tissue 

surrounding an inhaled 
239

Pu0
2 

particle. It soon became apparent,however, 

that "dose" may not be the most appropriate parameter to measure; instead, 

"specific energy" appeared to be a better alternative. This allows 

one to calculate the relative energy depositions in elemental volumes 

of material actually traversed by the alpha-particles. 

All measurements described in this report have been made on rat 

lung. Sections of lung were fixed at 10 cm inflation pressure and stained 

so that the air in the alveolar sacs appeared light against a dark 

grey background of tissue when viewed on the screen of an image analyser 

known as the Magiscan. This machine functions by viewing the material to 

be analysed with a television camera attached to a microscope. The 

signal obtained is d~gitised by a high-speed a/d converter to create a 

raster scan of the image. These elements are stored in a dedicated mini

computer in such a way that the specific locations of air and tissue are 

noted as O's and l's. The picture is re-created for display on a viewing 

screen, and by means of a light pen a site was chosen at some particular 

point on the surface of an alveolar sac where it was assumed that a
239

Pu02 
particle had been trapped. The hypothetical a -particles emitted from 

it were then followed through tissue and air. The range of each particle 

was then caclulated using energy-loss formulae appropriate to a-particles 

with an initial energy of 5.1 MeV. For simplicity, it was assumed that the 

energy deposition events occurred at distances of 0.1 )l_m separation and that 

the energy loss in air was small enough to be ignored. Fifty alpha tracks 

at equal angular separations were followed, and this was repeated for four 

different sites. 
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In order to calculate a specific energy it was necessary to define a 

volume in which one was considering the energy deposition. This was done 

by first constructing a series of concentric rings with the plutonium particle 

at the centre and extending to the maximum range of the a -track. Since the 

calculations were for 0.1 )Jm increments of distance, this was the width 

chosen for each ring. As explained above 50 tracks at equal angular separations 

were generated and accordingly each annulus was divided into fifty segments. 

The volume, and hence the mass, of each segment was then taken as appropriate. 

This process was continued until there were no further a -tracks in the 

region considered. 

The simple~calculation which can be performed is simply to sum 

all the volumes derived as above to give the maximum volume of tissue 

which can be irradiated. Results for the four sites investigated are 

shown in Table 1, together with results derived by scaling to the 

:mman lung. 

Table 1 

Volume of lung irradiated by one 239Pu02 particle (in mm3} 

Site Rat Man 

1 '.0051 .013 

2 .0292 .113 

3 .0170 .067 

4 .0250 .097 

The assumptions made in extroplating from the rat to the human 

case are:-

1. The structure of rat and human lung is fundamentally similar. 

2. The human lung is a scaled-up version of the rat lung, the human 

alveoli being about 3 times bigger in diameter. 

3. The ratio of tissue volume to total parenchyma! lung is 0.1 

during normal human respiration. 

The volumes of human lung which would be i;radiated by the maximum 

permissible lung burden of 16 nCi depends, of course, on the numbers of 

particles involved and hence the size of each particle. Table 2 shows 

results assuming that all have a true diameter of 1 JJm. 

Table 2. 

Volume of human lung irradiated by 16 nCi of l.pm particles 

Site 

1 

2 

3 

4 

Volume (cm
3

} 

0.63 

5.49 

3.26 

4. 71 
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Two other sets of calculations of greater complexity can also 

be carried out on the basis of the measurements described above. The 

first gives a histogram of the specific energy as a function of distance 

from the plutonium dioxide particle. This is obtained by summing all 

the volume elements and all the Efl.ergy depositions from all 50 tracks 

for each 10 ~~ interval of range. The energy and volume associated 

with each of these intervals are then converted to specific energy. In 

calculating the energy deposited it has been assumed that the 50 tracks 

simulated are representative of a much larger number; the number actually 

taken (9500) are those which would have been emitted from a particle of 

0.03 p Ci activity during a period of lOO days. (A span of lOO days was 

selected to correspond approximately to the mean life of parenchyma! lung 

cells). Results for rat and simulated human lung are shown in Figure 1 

from which it can be seen that there is very little difference between 

the two cases. It can also be seen that, in the human case, specific 

energies of the order of a rad can be deposited at distances of up to 

1500 pm (i.e. 1.5 mm) from the particle. Whether such small specific 

energies can cause any definite effect has yet to be ascertained. 

The other set of calculations referred to above are those which 

give histograms of volumes v. specific energy. These were obtained by 

summing all the volumes receiving a specific energy within a specific 

energy interval. According to the activities considered, intervals of 

0.1 rad/100 days, 1.0 rad/100 days and 10 rad/100 days were selected. 

Results from one site (which is believed to be typical) are shown in 

Figure 2. These, in common with the results from the other three sites, 

show that a much greater volume of human lung receives very low specific 

energies than does rat lung. Also, as a general trend, the rat volumes 

receiving a particular specific energy is somewhat greater than the 

human volumes. Due to the variability of the lung structure, however, 

the details of the four plots have little else in common. 

Although the calculations of irradiated volumes, together with the 

distributions described above, are clearly of importance it was felt that 

events at a cellular level could possibly be of even greater significance. 

In order to investigate these in detail two assumptions, both based on 

the work of Weibel, were made. The first was that 50% of the 

parenchyma! region is made up of lung cells (as opposed to capillary blood 

or interstitial fluid); the second was that the cells have a volume of 

l000-J.lm3 and the shape of a flattened ellipsoid approximately 3 ~m thick. 

The exact figure is not very important at this stage as it is the mean 

track length through a cell which provides the basis of the calculations. 
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This mean track length was used to estimate how many cell traversals 

occur when an alpha particle travels through a layer of tissue. 

On this basis, a series of histograms showing the number of cells 

hl.t per 10 Jlm increment of range as a function of distance fltlom the 

plutonium dioxide particle have been prepared. Also included are the 

numbers of cells which would be expected to be killed on the assumption of 

a single, negative exponential survival curve with a D
0 

of lOO rad. 

These histograms represent conditions in two different sites for three 

different plutonium particle sizes. All show very clearly that there can 

be a large number of cells which are hit but not killed; the signifcance 

of this is now under investigations. 

If the total number of cells hit in a single site is found this 

can be plotted as a single point an a graph of the number of cells hit 

as a function of 239Pu0
2 

particle activity. Figure 3 shows the curves for 

the four sites investigated for particles in the range of sizes 0. 1 Jl m ~ 

1.0 Jl m (activity range .00033 ~ .33 p Ci). The flattening of these 

curves at large particle sizes is due to the approach to the limiting 

condition where all the accessible cells are being hit. 

The final parameters of interest here are the numbers of cells hit 

and killed following retention of·the maximum permissible lung burden 

(16n Ci). In order to calculate these, the numbers of cells involved 

in one site was simply multiplied by the numbers of particles of a given 

size contained in the MPLB. This was repeated throughout the range 

of particle sizes of interest, and the data from all four sites averaged to 

give a single curve. The results are shown in Figure 4 which also shows 

the fraction of parenchyma! cells irradiated. It can be seen that a 

relatively small fraction of.these cells are hit and, at worst, only 

1% are killed. 

From this report it is clear that the original objectives of the 

research pr~qramme ha'll:e been fully met. By moving ftom concepts of "dose" 

to those of "specific energy" much more information has been generated 

than had previously been thought possible, and, in view of this, the work 

is being expanded to include direct measurements on beagle dog and human 

lung. Investigations are also under way to assess thellffects of very low 

doses of alpha radiation an cells in culture. All this information, when 

taken together, should allow much more realistic assessments of maximum 

permissible lung burdens to be made than is the case at present. 
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Reports of various aspects of this work have been given at the 

Fifth International Conference on Medical Physics, Jerusalem, 1979, 

and the Seventh Symposium on Microdosimetry, Oxford, 1980. 
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Contractor : Medical Research Council, UK 

Contract nr 249-77-1 BIO UK 
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Radiobiology Unit. 

General subject of contract 

Application to radiobiological problems of automated techniques 
for recognition of visual patterns. 

Title of project nr. 1 

Dosimetry and effects of radiation distributed inhomogeneously 
at the cellular level. 

Head of Project and scientific staff : Dr L M Cobb (Head) 
Mr D Green 

This project has concentrated on 

of 
239

Pu in skeletal and other tissues 

Mr G R Howells 
Dr MC Thorne 

the microdistribution 

of the female mouse. 

and retention 

The distri-

bution studies are intended to provide an adequate basis for 239Pu 

dosimetry assessment in the female CBA mouse skeleton. The dosimetry 

d . 1 239 • d . . • stu 1es are necessary to comp ement Pu tumour 1n uct1on exper1ments 1n 

mice. The programme also includes a comprehensive analysis of the morpho

logical structure of selected bones of the female CBA mouse skeleton, since 

changes in morphology under pathological conditions, or following exposure 

to toxic materials, can be useful indicators of the cause of the patho

logical state or mode of action of the toxin. The initial requirement of 

the project was to develop a-imaging techniques using solid state fission 

k d f d . • • h d" "b • f 239P 1 • h trac etectors or eterm1n1ng t e 1str1 ut1on o u re at1ve to t e 

periosteal and endosteal surfaces of bones with an accuracy of ± 2 pm. 

Such an accuracy is necessary because alpha-particles emitted by 239Pu have 

a range of less than 30 pm in mineral bone. Thus, to understand its 

toxicological effect, it is necessary to have a quantitative measure of 

distribution with a resolution considerably less than the range of the 

alpha-particle. 

Subsequently the neutron-induced imaging was supplemented by the 

development of an alpha-radiography imaging technique because of an 

inability to induce satisfactory soft-tissue images by the neutron 

irradiation method. Further, the neutron-induced imaging method for the 

determination of 239Pu about bone surface, which has now been in use for 

some years, has the disadvantage of being time-consuming. Thus a semi

automated procedure which uses a Quantimet 720 Image Analysis has been 

developed. 
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The principal objectives of the project have in general been achieved 

with respect to investigating, in the CBA mouse skeleton, the spatial distri

ution of 239Pu about the periosteal and endosteal surfaces as has the 

detailed morphological analysis of selected bones. 

The morphometry was restricted to the ilium, femur, 3rd lumbar 

vertebra and a central caudal vertebra of the CBA mouse. The results demon

strate considerable variability in many of the morphometric parameters. 

Special attention has been paid to the degree of anistropy within the bones 

under investigation since such measurements are necessary for the accurate 

measurement of depth of burial of plutonium in bone. 

The main microdistribution studies have been concentrated on the femur, 

ilium and lumbar vertebra of the CBA skeleton after intravenous injection 
. 239 -1 239 of 50 nC1 Pu kg body mass. At 24 hours after injection the Pu 

dist_ributions are strongly peaked about bone surfaces, with approximately 

four times more plutonium associated with the endosteal surface than with 

the periosteal surface. In all features except absolute magnitude, perio

steal distributions resemble endosteal distributions, and distributions 

from cortical bone resemble distributions from trabecular bone. However, 

although the distribution of 239Pu on various bone surfaces appears to be 

similar, the absolute magnitude of deposition can vary from one bone to 

h I ld bl h 239p d . . . b anot er. t wou seem reasona e to assume t at u epos1t1on 1n one 

is influenced more by intrinsic features such as blood supply than by the 

particular nature of the bone surface. 

S b 239 d' 'b . d' • h '1' 1 u sequent Pu 1str1 ut1on stu 1es 1n t e CBA mouse 1 1um at 0 

days, 1, 3, 6 and 12 months after injection show that the peaking of 

plutonium about the endosteal and periosteal surfaces seen at 24 hours is 

still evident at 10 days and 1 month after injection, but increasingly 

more of the 239Pu is buried within the bone cortex. By 3 months after 

injection a 239Pu peak is still associated with the periosteal surface, 

but the endosteal peak has mostly disappeared. At 6 and 12 months after 

injection the distribution peaks associated with both surfaces are no 

longer evident; the plutonium is randomly distributed throughout the whole 

bone. 

The 239Pu studies in the ilium included an analysis of the distribution 

of the radionuclide about endosteal surfaces in different regions of the 

bone; i.e. from the highly trabeculated region close to the epiphyseal 

plate through to the shaft of the bone where few trabeculae are observed. 

Such an analysis demonstrated that moving from the trabeculated region 

through to the co~tical shaft, more of the plutonium is associated with 
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bone substance than with included marrow. Notably, 3 months after 

injection there is a uniform transition from 63 per cent of the 239Pu being 

associated with the marrow in the highly trabeculated epiphyseal region of 

the bone, to only :i per cent associated with the marrow in the almost 

untrabeculated shaft. 

In an attempt to compare studies involving different levels of 

administered radionuclide, the distribution of 239Pu about endosteal 

surfaces of the ilium at different times after injection of 50 nCi kg-l or 

1 ~Ci kg-l were investigated. It was found that the fraction of radionuclide 

associated with the marrow at 1 and 3 months is largest at the high injection 

level; the difference being most marked by the later time. Further, at 3 

months after injection the 239Pu retention is greatest in ilia at the higher 

injection level. 

Since osteosarcomas are thought to be derived from cells close to bone 

f h h . h • f h 239 d" "b . . b . sur aces, t e c anges w~t t~me o t e Pu ~str~ ut~on ~n one ~s 

important for radiation dosimetry purposes. This arises because only 239Pu 

deposits buried less than 24 ~m below bone surfaces irradiate those surfaces 

or the bone marrow to any significant extent. Further, although the marrow 

is relatively free from plutonium at early-times after injection, a signif

icant fraction of the marrow close to a bone surface is within range of the 

plutonium alpha-particles. The change in plutonium distribution seen at 3 

months or later after the injection of the radionuclide, which produces a 

build-up of plutonium in the marrow, results in a change in the fraction of 

the marrow being irradiated from that irradiated at the earlier time where 

the plutonium distribution is still peaked about bone surfaces. Such 

b . h . . 1" . . 1 . 239 d" . o servat~ons ave ~mportant ~mp ~cat~ons ~n re at~on to Pu ra ~at~on 

dosimetry when applied to the possible induction of marrow tumours. 

Publications resulting from this work 
Green, D., Howells, G.R. and Thorne, M.C., Phys.Med.Biol.22, No 2, 284-297, 

1977. -
Thorne, M.C., Nature, Lond. 259, 539-541, 1976. 
Green, D., Howells, G.R., Thorne, M.C. and Watts, R.H., Int. J. Appl. Radiat. 

Biol., 29, 285-295, 1978. 
Green, D., Howells, G.R., and Thorne, M.C., submitted to Phys. Med. Biol., 

November 1980. 
Green, D., Howells, G.R., and Thorne, M.C., Proc. IVth ICPA Congress, Paris 

Vol. 2, 405-512, 1977. 
Green, D., Howells, G.R. and Thorne, M.C., Int. J. Radiat. Biol., No. 34, 

1, 27-36, 1978. 
Green~ D., Howells, G.R. and Thorne, M.C., Int. J. Radiat. Biol., No. 5, 

36, 499-511, 1979. 

Howells, G.R. and Green, D., 15th Ann. Meeting of the European Society 
for Radiation Biology and the Symposium of the European Late Effects 
Project Group, Rotterdam, 25-29 August 1980. 

Green, D., Howells, G.R. and Thorne, M.C., J. Micros., 122, Pt. 1, 1981. 
Thorne, M.C., Phys. ~ed. Biol., ~.No. 1, 36-46, 1977. 
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Contractor : Medical Research Council, UK 

Contract nr 267-78-1 BIO UK 
Head of the research team(s) 

General subject of contract 

Dr J Vennart, Medical Research Council, 
Radiobiology Unit. 

Behaviour and carcinogenic effects of radioactive particles 
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Title of the project nr. 1 

Behaviour and carcinogenic effects of radioactive particles 
in the respiratory system. 

Head of Project and scientific staff : Dr L M Cobb (Head) 
Dr A L Batchelor 
Dr D J Gore 
Mr T J Jenner 
Dr G Patric~ 

This project is in 2 parts. The first is the BEHAVIOUR and the 

second the CARCINOGENIC EFFECTS of radioactive particles in the respiratory 

system. 

Part I - BEHAVIOUR 

The results and their relevance for radiation protection 

1. It had been discovere~ that when insoluble particles of 133Baso4 
were deposited on the surface of the distal trachea of the conscious rat, 

rapid muco-ciliary clearance did not remove all the particles; in part

icular about 1% remained associated with the wall for at least 30 d. This 

was at variance with the dosimetric model for insoluble radioactive particles 

adopted by the International Commission on Radiological Protection (ICRP), 

in which the airways are rapidly cleared. Since it is thought that the dose 

to the bronchial epithelium may be important in determining the risk of lung 

cancer in man, experiments were devised to quantify particle retention in 

the airway wall, and to study the mechanism involved. 

2. Following deposition in the distal trachea of the rat via an intra-
133 tracheal cannula, other particles showed similar retention to Baso4 • 

For 1.1 ~ count median diameter particles of fused aluminosilicate, 

retention after 7 d was 0.45%, and for 5.7 ~m diameter particles it was 

0.75%. With 0.35 ~m diameter particles of 235uo2, injected in the same way, 

0.69% was retained after 14 d. Thus particles of different materials and 

diameters were retained to a similar extent. The mass of inhaled 235uo 2 
(count median diameter 0.32 ~m) in the trachea and extrapulmonary bronchi 

including the first bifurcation was also determined. The amount on the 

trachea decreased rapidly, but after 14 d it was still 0.5% of the value 
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immediately after inhalation. In the extrapulmonary bronchi and bifurcation 

sample the mass of 235uo2 fell less rapidly until by 14 d approximately 10% 

of the original amount remained. 

3. New autoradiographic techniques have been developed for the detection 

of fissionable and a-emitting particles with superimposed a-images of 

lung tissue sections in Lexan and CR-39 plastics. The distribution of 

inhaled 235uo2 particles in the lungs of rats between 2 and 35 d after 

inhalation was investigated using such autoradiographs and a Quantimet 

Automated Image Analyser. The mass of 235uo
2 

particles found in the 

tracheo-bronchial region relative to that in the pulmonary region was 

greater than that predicted by the ICRP lung model. The results suggested 

that between 7 and 35 d after inhalation 4% of the lung burden was 

associated with the airways, as opposed to 0.01% recommended by ICRP. 

4. The mechanism of particle retention was studied using 133Baso4 
particles deposited locally in the trachea. Liquid emulsion autoradiography 

and electron microscopy showed that particles which were not rapidly removed 

by muco-ciliary clearance all remained on the surface for at least 2 h, most 

being ingested by macrophages. By 7 d, all the particles still retained had 

become buried within the tracheal wall, and were all in macrophages, which 

were thought to have penetrated the epithelium after ingesting particles 

on the surface. 

5. The spatial distribution of retained particles with respect to the 

luminal surface of the airway epithelium has also been determined. 7-17 d 

after the inhalation of 235uo
2

, particles were found both in the lumen 

near the surface of the epithelial cells and within airway tissue. Between 

66 and 81% of the 235uo2 associated with the airways were within the air

way tissue at a most likely depth of 8-10 ~. Similar distributions were 

found 1 and 7 d after local deposition of 133Baso4 particles in the trachea. 

By 7 d, 86% of the aggregates buried in the wall were within 40 ~ of the 

epithelial basement membrane. 

6. The proportion of inhaled particles retained in the airway wall is 

not large, but the site of retention near the basal.cells of the epithelium 

suggests that these findings may be important in assessing the risk of 

lung cancer from inhaled insoluble a-emitters. 
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Publications resulting from this work 

Patrick, G. Int. J. Radiat. Biol. 35, 571-576, 1979. 
Gore,D.J. and Patrick, G. Phys. Med. Biol. 23, 730-737, 1978. 
Gore,D.J., Thorne, M.C. and Watts, R.H. Phy~Med. Biol. 23, 149-153, 1978. 
Gore,D.J. and Jenner, T.J. Phys. Med. Biol. 25, 1095-1104:-1980. 
Gore, D.J., Ph.D. Thesis, CNAA, London, 1979.--
Stirling, C. and Patrick, G. J. Path. 131, 309-320, 1980. 
Gore, D.J. and Patrick, G. Inhaled PartiCfes V, Ed. W.H. Walton, 
Pergamon, Oxford, in press. 

Part II - CARCINOGENESIS 

The results and their relevance for radiation protection 

Rats inhaled 235uo2 particles (mass median aerodynamic 2.5 to 2.8 ~m 
and crg = 1.6 to 1.7) and were subsequently exposed to slow neutrons in a 

reactor thermal column. The fission of 235u in the oxide particles caused 

localised irradiation of the lung by fission fragments and the aim of these 

experiments was to study whether such fission fragment 'hot particles' 

would induce malignant tumours of the lung. 

Different amounts of 235uo2 aerosol were inhaled by the rats g1~ng 
nominal lung contents of 40 and 400 ~g at 7 d post-inhalation, the 235u 
being exposed for 2.5 min to a fluence of ~10 12neutrons cm-2at either 

~20 h (group I) or 7 d (group II) after inhalation. There were also three 
2~ 2~ control groups: Group Ill no uo2 or neutrons, group IV uo2 only and 

u -2 235 group V ~10 neutrons cm followed ~24 h later by uo
2 

aerosol. Each 

group contained 40 animals and they were kept for their lifetime. 

For all the treated groups with nominal lung contents of 400 ~g there 

was a significant increase in the number of primary malignant tumours of the 

lung compared with the untreated group Ill. Considering the animals with 

400 ~g 235uo2, there was no significant difference in the yield of malignant 

tumours between groups I and II, which were exposed to fission fragments 

(~ rads mean fission fragment dose to lung at either 20 h or 7 d 

f 11 • • hal • 1 f 234uo · · · h 235uo o OW1ng 1n at1.on p us a-rays rom 2 1.mp~r1ty present 1n t e 2 
retained in the lung throughout the animal's lifetime plus radiation from 

exposure in the reactor), and group V which received the same radiations but 

no fission fragment exposure. The tumours in group V were probably induced 

predominantly by the a-ray irradiation of the lung and not by exposure of 

the animals in the reactor. The mean lung dose from a-rays during the mean 

survival time (-600 days) of the irradiated rats was -600 rads and at this 

dose the fission fragments appeared to have little additional carcinogenic 
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effect on the lung. The animals in the treated groups with nominal lung 

contents of 40 ~g 235uo2 showed no significant difference in incidence of 

malignant tumours compared with the untreated control group III. 

The carcinogenicity of fissionfragment 'hot particles' was invest

igated with the possibility of using them to study the 'hot particle' 

hypothesis for lung. The present experiments, however, have not 

established whether fission fragments can induce tumours in rat lung 

because of the high incidence of tumours caused by the a-ray irradiation. 

Measurements were made of the number and mean mass of the aggregates 

or foci of 235uo2 particles that formed in rat lung as a result of the 

phagocytic action of macrophages. The animals inhaled different amounts of 
235uo2 aerosol in a similar way to those in the carcinogenesis study so as 

to give lung depositions at the time of measurement that ranged from 40 to 

400 ~g. Thin tissue sections were cut from plastic embedded lungs of 

animals killed at ~20 h and 7 d following inhalation at the times when 

similar animals would have been exposed to neutrons in the carcinogenesis 

study. The aggregates of 235uo2 particles in these sections were 

revealed by a method of neutron induced autoradiography. The number of 

particle aggregates g- 1 lung did not increase in a linear fashion with 

lung content of the aerosol. Those animals with lung contents within the 
235 6 range 40 to 200 ~g uo2 showed little change in the number (~30 x 10 ) 

of foci or aggregates g-1 lung but an increase in mean mass of the 

d The umb f h f . . • 235uo . 1 aggregates occurre . n er o t ese oc1 conta1n1ng 2 part1c es 

g-1 lung is very similar to the number of macrophages found per g of rat 

lung from other experiments. A significant increase in the concentration 

of aggregates or foci did occur, however, for lung contents between 200 and 

400 ~g of 235uo2 with the concentration for some lungs increasing to 

~100 x 106 aggregates g-1 lung. It is not clear whether this increase in 

the number of aggregates was due to an increase in the number of lung 

macrophages engulfing the 235uo2 particles or if some of the particles 

were not being incorporated into the macrophages and were left lying free 

in the lung. The macrophages, however, are an important factor in 

controlling the mass and number of fission fragment •hot particles' in the 

carcinogenesis study. 

Publications resulting from this work 

Batchelor, A.L. et al. Tnt. J. Radiat. Biol. 37, 249-266, 1980. 
Jenner, T.J. andThome, M.C. Phys. Med. Biol:-25, 357-364, 1980. 
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D. Ramsden 

Plutonium exposures in man. Direct 
monitoring of the lung and lung 
model assessments. 

The distribution of plutonium activity 
within the lung 

Head of project and scientific staff D Ramsden, P P Foster, 
K Kingman, L Somervaille 

Systems have been developed in this and other laboratories for 
measuring the X-rays from inhaled plutonium via detectors placed 
externally to the chest. From such data assessments of the lung 
contents can be made (Ref 1). The errors and uncertainties, which 
arise from the low count rates, the absorption of the soft X-rays 
within the chest wall, the variations in the chest wall size and the 
interfering responses from non-plutonium body radioactivity, have been 
studied and quantified in the past. Such detection systems are now in 
routine use for plutonium-in-lung assay throughout the nuclear industry. 
The main source of uncertainty in present systems, is that arising 
from the unknown distribution of material within the lung following 
an accidental intake. It is estimated that extremes of distribution 
could produce an error in estimating lung contents of up to a factor 
of 3. This project is aimed at developing techniques to characterise 
the distribution, so that a calibration figure could be derived 
which would be specific to the incident, the inhaled material and the 
observed distribution within the lung. 

The project - started in 1979 - has concentrated for the first 
1f years on the following aspects. 
(a) ~edification to the detectors and their associated electronics; 
(b) Ultrasonic analysis of chest wall structure; 
(c) Development of software for {a) and (b); 
{d) Modifications to existing phantoms and procurement of 

alternative phantoms; 
(e) The initial responses of the new configuration; 
(f) Data handling. 

(a) Modifications to detectors and associated electronics 

These modifications, which were completed in 1980, took longer 
than anticipated because of the necessity to ensure that the system was 
always available for plutonium-in-lung. measurements. However, this had 
the advantage that each stage was thoroughly checked and that the 
overall aim of maintaining a practical system for low level assessment 
was always paramount. 
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The modifications to the detectors and the shielded room have now 
resulted in a system with two phoswich detectors above the bed and two 
multiwire counters, each with two independent main counting wires, 
mounted beneath the 'transparent' bed. From a single session six indep
endent responses are obtained from the subject, whilst measuring the 
subject in both prone and supine positions gives twelve responses which 
then form the input data set for further analysis. The low backgrounds 
have been maintained and improved throughout these changes and at 
present are, in the 12 to 25 keV X-ray band:-

12.5 cm diameter phoswiches 2 cpm/phoswich 
Xe filled proportional counter < 1.5 cpm/counting wire 

In order to assess each detector output independently the 
associated analogue electronics have had to be expanded. These are 
now installed, fully tested and interfaced to the mini computer. The 
system is also interfaced to four large sodium iodide crystals used 
for the simultaneous measurement of body gamma activities. 

(b) Ultrasonic studies of chest wall structure 

The standard approach of using a single valued chest wall thickness 
is not adequate for this project. A detailed qualitative description 
of the tissue intervening between each detector and each lung volume 
is required. Ultrasonic chest scans on all Winfrith plutonium workers 
have been obtained. The tissue thicknesses are in the form of X-ray 
plates, are partially quantified and coded for computer storage and 
manipulation. 

The methodology of standardising and storing the ultrasonic data has 
proved to be the area of greatest difficulty to date. The nresent 
approach is to store soft tissue depth, adipose tissue depths and rib 
depths on a standard raster, together with scaling factors obtained from 
external markings and chest X-rays. This approach is amenable to pictorial 
representation, solid angle calculations and digitalisation of lung 
volumes. It is not amenable for iterative analysis (Monte Carlo techniques) 
or for direct comparison with phantom data. A second method of storage, 
holding mean X-ray absorption paths in a series of two dimensional arrays 
is also under investigation. 

(c) Software development 

For this project softward development covers three areas. 
(i) The real time aquisition system based on a PDP-11/34 mini

computer with CAMAC interfacing 
(ii) The off-line data manipulation both on the PDP-11 and an 

intelligent graphics peripheral (Tekronix 4052) 
(iii) Large scale data manipulation and analyses on main-frame 

machines (ICL 470 & 2796) 
(i) The real time data aquisition programme have been extended to 

handle all detector inputs independently. Such programmes are 
fully tested and operational (Ref 2). 

(ii) The off-line data manipulation (gain stabilisation/normalisation, 
background subtract, record and storage) routines are complete. 
The link with the graphics unit and digitalisation of ultrasonic 
work are also installed and tested, but are still under investi
gation with a view to further simplification and automation. 
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(iii) The main frame softward routines exist. This software still 
needs further development in order to give full statistical 
analysis from the planned measurement programmes. 

(d) Phantoms 

The Winfrith realistic chest phantom (1964) has been completely 
refurbished and modified, in an attempt to achieve realism from the 
back of the chest. Substandard projection phantoms have also been 
modified with the aim of giving both realism and a sufficient flexibil
ity to match subject observations. New lungs have been obtained for 
these phantoms and the calibration programme for both point and extended 
sources is fully planned. All work on this aspect of the project was 
halted in mid 1980 awaiting the delivery of a new realistic chest phantom 
from the Lawrence Livermore Laboratories USA (1981). Preliminary 
cross checks between phantoms were done in 1978/79 (Ref 3). 

(e) Initial measurements 

During the period of the contract to date over 1000 measurements 
have been stored for future analysis. These measurements originate 
from the routine plutonium in lung assessment programme. Most of the 
measurements were made with 'interim configuration' and only the last 
group were monitored with the 'final configuration'. All the measurements, 
already assessed for total plutonium in lung assuming a homogeneous 
distribution, will be reanalysed assuming a non-homogeneous distribution 
in the second stage of the project. 

(f) Data handling 

The responses from each detector, together with their associated 
errors, after corrections for background and contributions from body 
gamma activity, are held in an array, Ri (i = 6 or 12). Such arrays 
exist for both the plutonium response (!7 keV) and the americium response 
(60 keVl. The distribution within the lung is expressed as j volumes 
and for a unique solution, i = j. (The conditions where j( i are also 
being investigated to determine whether such an approach will decrease 
the overall error in assessment). Constraints as to negative values 
are also being introduced. The response matrix is then the form 

Ri = ~ xj Eij 

where x is the activity in lung compartment j and E .. is the efficiency 
of detector i to compartment j. Eij is of the form1

J 

Eij = AijBij exp (C.D)ij 

where A is the solid angle factor, B is bone (rib) losses, C is the sum 
of absorption in intervening tissue (~t) and D is a modifying geometric 
factor for each element of c. 

Formulation of the matrix and its method of solution are being 
investigated in the following ways:-

(i) Monte-Carlo techniques using input data from ultrasonics chest 
dimensions and variable lung sizes. 

(ii) Thorax models summarising tissue structure and solid angles 
to the detector arrays from defined lung volume~. 

(iii) Pertubations on the phantom responses. 

The effort to date has been concentrated on approach (ii) and 
has included considerahle ~ffort in quantifying bone and tissue 
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distributions at the back of the chest. 

Summary 

This project aims at quantifying the major 'unknown' in plutonium 
in lung measurements ie the distribution of the contaminant within 
the lung. A successful conclusion will not in itself reduce the quoted 
statistical errors on a measurement but will reduce systematic errors. 
Knowledge of distribution and changes in distribution with time will also:-

(i) Explain many of the anomalies which occur in a routine lung 
monitoring programme. 

(ii) Provide a basis for establishing lung clearance patterns for 
any individual and hence remove some of the present necessary 
assumptions in internal rad,ation dosimetry for plutonium and 
associated compounds. 

(iii) In combination with project 2 (see below) provide a basis of 
observation on which to apply ICRP 26 philosophy on a routine 
basis to the difficult problem of the inhalation of plutonium 
dusts. 

The project is not sufficiently advanced to draw conclusions as to 
the eventual outcome of the work. No fundamental problems have arisen, 
although the computation and data analysis are, of necessity, somewhat 
formidable. 

References (within period of contract) 

1 D Ramsden 'The accuracy of a routine plutonium in lung 
assessment programme'. IRPA Jerusalem 1980 

2 P P Foster & J Burland 
'Real-time Data handling in a Whole Body monitoring 
facility' - Real-time Data '79 - Berlin Oct 1979 

3 Campbell G, Anderson A, Fry F, Newton D, Ramsden D 
'Calibration of phoswich detectors for the assessment 
of plutonium in lung'. Health Physics- in press. 
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Title of project No 2 Lung Model assessments 

Head of project and scientific staff D Ramsden 

Published data from these and other laboratories have indicated 
that, following an accidental intake of plutonium oxide, predictions 
based on the ICRP lung model neither agree with the observed 
clearance patterns nor are consistent with the observed urinary 
excretion figures. This project is aimed at establishing revised 
values of the parameters within lung models in order to match such 
models to observed lung clearance patterns. The project is also 
aimed at extending such models to describe quantitatively the 
excretion of plutonium via urine. The overall aim is to produce 
flexible, self-consistent models which can then be used to calculate 
dose commitment to the individual, from observations of lung contents 
and excretion levels as functions of time since intake. It is 
emphasised that no changes are proposed in the fundamental concepts 
of the ICRP lung model, but only to the values of the constants. 
This work was started in 1979 and is due for completion in mid 1981. 

Our observations on subjects who have accidentally inhaled high 
fired plutonium oxides are that, after the initial rapid clearance 
of the upper respiratory tract via the gut I faeces, the remaining 
material within the lung appears to clear with a two component 
exponential (typical half lives being 30 days and 300 days). After 
such clearance, there remains a small component with a very slow 
clearance rate (presumably respiratory lymph-node bound material). 
These observations result in a significant change in predicted dose 
commitment because about t of the material present is excreted very 
much more quickly than the ICRP model suggests. 

Three alternative explanations for the faster clearance were 
considered. 

(a) The material behaves as if it were of mixed solubility 
(Classes W & Y in ICRP terminology) 

(b) There is an intermediate component in the pulmonary clearance 
(c) There is a delayed component in the transfer from the 

Tracheo-bronchial compartment. 

Observations on the urinary and fecal clearance from exposed 
individuals ~how that there is no soluble component (class W) and 
that the intermediate component is almost totally removed via the gut. 

The project consists of a series of computer programmes - the 
UPRED series (Urinary Predictions) which are written in Fortran IV on 
the Winfrith IDL-470 machine. At present there are four such 
programmes with a fifth to be written. 

1 UPRED 1 .is a lung modelling routine 
2 UP RED 2 is urinary excretion routine - injected material 
3 UP RED 3 is a combination of the above - urinary excretion 

from inhaled material 
4 UP RED 4 analyses data from Winfrith's measurement progranune 

1960 - 1980 and compares observed and predicted urinary 
excretion 

5 UP RED 5 analyses the results of the above routines to produce 
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the best model for the group and for specific individuals. 

Fig 1 shows the compartmental model used for the above programmes. 

ORGAN ~TENTS INHALED M.HERIAL <AEEII-INSOLUBLD PART SIZE 2 MICRONS 

______ w ____ _ 

ORGAN C<NnNTS- INHALED MATERIAL- A.EEW BEHAVIOUR (2 MICROOS) 

1 COMPARTMENTAL MODEL 

UPRED 1 

The ICRP lung model can be expressed as a series of linear first order 
differential equations, easily soluble by standard techniques. The 
equations used here are almost identical to those recently summarised 
in ICRP publication 30. The solutions are expressed, both in tabular 
and graphical form, as organ contents versus time for a unit intake 
of defined particle size and defined breathing pattern. The input data 
set is taken directly from ICRP 19 and from the Task Group on Lung 
Dynamics. 

The model, and input data set, is then extended to cover the Winfrith 
observed clearance pattern with the intermediate component being 
considered both as part of the T-B compartment and as part of the 
Pulmonary compartment. The preferred approach is now to consider the 
intermediate component to be part of the pulmonary clearance and that 
its transfer to blood and respiratory lymph nodes to be proportional 
to the length of time the material stays within the pulmonary compart
ment. In practice this means that for this intermediate component 
very little material is solubilized and clearance is via the T-B 
compartment and gut (see Fig 1). As an illustration of the type of 
data obtained from this routine Fig 2 shows some organ contents versus 
time for a Winfrith clearance pattPrn for a particle of 2 microns. 

UPRED 2 

The clearance of injected •soluble' plutonium from the body and the 
urinary excretion pattern can be expressed as a power law (Wright
Langham). It was considered desirable to attempt to categorise such 
clearance by compartmental modelling (sum of exponential terms). 
Initial attempts to construct such models resulted in urinary excretion 
curves which were remarkedly similar to those reportP.d by Rundo (IAEA 



- 1095 -

Stockholm 1971 'Assessment of Radioactive contamination in Man) on 
late observations from Wright-Langham's subjects. Several such 
models were then developed which were constrained to meet the 
following requirements:-

{a) 
{b) 

{c) 
{d) 

-0.7 The early urinary clearance to follow a T power law 
The late urinary clearance to be within the bounds of the 
above power law and the observations of Rundo. 
The apparent half-life in bone to be 100 years {ICRP) 
The apparent half-life in liver to be 40 years {ICRP) 

The simplest workable model {see Fig 1) has a soft tissue compartment 
with slow release back to blood and a two component release to a 
kidney compartment and hence to urine. The magnitudes of the transfer 
coefficients were chosen by iterative techniques. Figure 3 gives an 
example of urinary clearance from such models. 

UPRED j 

Both the above routines are expressed as a sum of exponentialterms and 
can be combined by standard convolution techniques to give the 
predictions for urinary excretion patterns for inhaled material. 
UPRED 3 predicts urinary excretion per day per unit intake as a 
function of particle size for combinations of the lung models and the 
urine clearance models. Typical outputs are given in Fig 4. 

URINE PER DAY INJECTED MATERIAl l.ltiNE PER DAY llfotAI..ED HA TERIAL AEEW INSOL ...... E 2 HICRONS 

..... 

:I __ .. 

: I --4 

• ' - '----;t----.:..--------,::;---=.------

URINE PER DAY FROM INJECTED MATERIA' 

UPRED 4 

This programme takes observed lung contents from Winfrith personnel 
and predicts the urine excretion per day at any time. These 
predictions are then compared with observed urinary data from the 
~ame subjects. The input data set consists of measurements of lung 
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and urine, with associated errors,from workers in the Winfrith 
Experimental Fuels Laboratory over the period 1960 - 1980. Also 
included are dates of known or suspected intakes. The data is 
initially analysed to produce times of intake consistent with 
observations and with the known working history of the worker. 
The intake pattern, as a function of the lung model assumed, is 
then established and predicted urinary excretion patterns calculated. 
Recalculation based on different lung models and, where necessary, 
different intake regimes are then made (These calculations include 
the errors of the original observations). 

UPRED 5 

This programme, yet to be written, will select the best fit model to 
the individual or group of individuals. It will calculate the dose 
commitment, following ICRP 26 formulation. It is hoped (but has yet 
to be demonstrated) that the variations within the group are small in 
terms of the range of values of parameters within the models and the 
resultant effects on dose commitments. 

Summary 

The ICRP lung model does not match the observed lung clearance of high 
fired plutonium oxides in Winfrith workers. Small pertubations of the 
parameter within this model are sufficient to obtain a match to the 
observations but such small changes produce major changes in dose 
assessments. This compartmental model is then extended to predict 
urinary and faecal excretion rates. 

From such models, comparison of observed and predicted data for an 
individual or group of individuals, enables us to select the best 
formulation for the dosimetry of the individual or group. 

If the philosophy of ICRP 30 is to be applied, it is necessary to 
match the internal dosimetry component to the individual rather than 
a fixed single model of behaviour. This project will be completed 
and published in 1981. 



Contractant de la Commission 

N° du contrat : 277-79-7 BIO F 

- 1097 -

COMMISSARIAT A L'ENERGIE ATOMIQUE 
F.A.R. 

Chef du groupe de recherche : J. CHALABREYSSE 

Theme general du contrat : Elucider certains points concernant la 
biotoxicologie de l'Uranium et preciser 
les normes de surveillance radiotoxico
logique. 

- Titre du projet = 
ETUDE DE LA TOXICITE ET DU METABOLISME 

DE L'URANIUM NATUREL ET ENRICHI 

- Chef du projet et Oollaborateurs Scientifiques = 

J. CHALABREYSSE - Dr. J. CAMARASA 

F. TEULON - M. ARCHIMBAUD 

R. BERTRAND 

Dans l'etude entreprise, trois directions de travail etroitement imbriquees 

et convergentes, sont poursuivies = 

Etude du polluant, des conditions reelles d'exposition et de 1 'environnement 

du travailleur . 

. Etude de la Sante des travailleurs. 

Etude de l'epuration pulmonaire de l'excretion urinaire et de l'elimination 

fecale de l'Uranium absorbe par le travailleur. 
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Le travail sur ce projet a debute en juillet 1979. 

Nous presentons ici les grandes lignes des travaux mis en place et les 

premiers resultats obtenus. 

1/ - ETUDE DU POLLUANT ET DES CONDITIONS REELLES D'EXPOSITION DES TRAVAILLEURS 

Differents types de prelevements d'atmosphere de travail ont ete 

pratiques dans les ateliers ou l'on traite les Concentres uraniferes 

pour aboutir au Tetrafluorure d'Uranium. Nous avons etudie les 

aerosols uraniferes sur 4 plans : 

- aspect physique 

- composition cbimique 

- solubilite in vitro 

- concentration en Uranium 

Les prelevements d'air ont ete effectues selon deux procedes 

Prelevement statique par sedimentation dans des coupelles. 

Prelevement dynamique par aspiration de l'air a travers un filtre 

ou a l'aide d'un Cascade Impactor qui permet une selection granu

lometrique des poussieres entre 20 et 0,5 u. 

1.1) q~!~~~~!!~~!q~~~-E~~~!q~~~ 
Pour les poussieres d'UF4, la granulometrie varie de 40 U a moins 

de 1 u. La microscopie electronique a permis de montrer que la forme 

des particules est beterogene meme a l'interieur de la particule. 

La densite est un parametre extremement important car il intervient 

dans la definition du diametre aerodynamique Dac. 

Le tableau 1 indique la densite et la masse volumique mesurees. 

TABLEAU N°1 

NITRATE OXYDE 
D'URANYLE U30R 

Densite dans c cl4 2,2 a 2,3 qjml 
Masse Volumique 0, 7 a o, 8 1,1 a 1,8 qjml 

NOus avons etudie les caracteristiques cbimiques des aerosols suivant 
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des techniques differences : fluorimetrie - Rayons X - Spectre 

d'emission x- Microscopie electronique a balayage. 

On mesure la teneur en Uranium par fluorimetrie. 

La fifl.ure n•1 presence le spectre aux rayons X de 1 'oxyde U308· 

La fi<JE.re n•2 presence le spectre global de poussieres d'uranates. 

Apres differents essais nous avons retenu la technique utilisee par 

"Lovelace Foundation" ( 1). La solution synthetique de GAMBLE leche 

un sandwich de poussieres de granulometrie et de caracteristiques 

physicochimiques connues. Le pH de la solution est de 7,3 a 37• 

et il est controle. On mesure l'Uranium dans l'effluent. 

Les resultats sont exprimes en Uranium dissous en fonction du 

temps et en pourcentage cumule en poids, en fonction du temps. 

Les fi<JE.res n•3 et 4 indiquent les courbes obtenues pour les uranates 

de granulometrie heterogene. 

La figure n•s indique la courbe obtenue pour les uranates de granulometrie 

comprise entre 10 et 20 u. 

Le pie observe a deja ete signale dans plusieurs publications. 
Le tableau 2 indique les facteurs de dissolution mesures pour le 
nitrate d'Uranyle. On definit le facteur de dissolution de la poussiere 
comme le produit des 2 pourcentages : 

- % = szuantite d'Uranium cumule dissoute a t 
quantite d'Uranium dissoute lors de l'arret de l'essai 

- % szuantite d'Uranium dissoute lors de l'arret de l'essai 
quantite d'Uranium totale dans la poussiere 

Le tableau n•2 presence les resultats d'etude de solubilite pour le 
nitrate d'Uranyle. 

GRANULOMETRIE 

Heterogene 
20 a 10 u 
10 a s. u 

TABLEAU N°2 
NITRATE D'URANYLE 

FACTEUR DE DISSOLUTION MESURE APRES 
12 h 24 h 48 h 

0,241 0,297 0,368 
0,219 0,319 0,354 
0,199 0,296 0,409 

Le facteur de dissolution mesure apres 12 h augmente avec la granulometrie 
Par contre apres 48 h ce sont les poussieres de Si! # 5 u, atteignent 
done l'alveole pulmonaire qui seront le plus rapidement solubilisees. 

(1) ROtrappa and Light Design.and Performance of the Lovelace Aerosol 
Particle Separator The Review of Scientific Instruments V43 N"8 
Lovelace Foundation for Medical Education and Research Albuquerque 
NEW MEXICO 87108 AUGUST 72 
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1.4J ~~!!~~~~~-~~~~~~~~-~~~-E~~~~~-~~-~~~~~~! 
Nous pratiquons une surveillance systematique de l'atmosphere des 

postes de travail de l'entreprise d'elaboration de produits uraniferes, 

dans laquelle nous prelevons les poussieres pour l'etude de leur solu

bilite et nous assurons le suivi des travailleurs. Les especes chimiques 

rencontees sont U02- U03- U308- UF4- URANATES etc •.• Les prelevements 

d'air sont de deux types : 

- soit prelevement d'ambiance, avec appareillage installe a poste fixe, 

- soit prelevement individuel, l 'appareillage est alors portatif et fixe 

sur le vetement du travailleur. 

Les poussieres uraniferes sont captees sur un filtre. 

L'Uranium est dose par fluorimetrie • 

En France, la recommandation pour la valeur limite de concentration a un 

poste de travail est de 0,18 mg/m3. Si l'on prend en compte les resultats 

des teneurs en Uranium aux pastes de travail que nous avons etudies 

depuis Juillet 1979, on constate que 24 %des prelevements d'air ant 

donne une concentration egale ou superieure a cette valeur. 

Certes des ameliorations tres efficaces ant ete apportes aux pastes de 

travail, en les automatisant ou en imposant le port du masque la ou 

cela n'a pas pu encore etre fait. Cette entreprise conservera neanmoins 

toute sa valeur de "champ d'etude" pour les intoxications par l 'Uranium. 

2/ - ETUDE DE L'EXCRETION DE L'URANIUM 

Notre etude de l'excretion urinaire de l'Uranium a parte sur plusieurs 

milliers de prelevements en 1980 ce qui nous a apporte les informations 

ou confirmations suivantes : 

l'expression des resultats par rapport a la creatinine est tres 

interessante et pour une etude de poste de travail et pour le suivi 

a long terme de chaque sujet ; 

l'expression par rapport a une densite de reference qui reste a 

determiner est en cours d'examen ; 

la correlation avec l'excretion de calcium urinaire est en cours 

d'etude egalement ; 

la surveillance systematique vis a vis de l'uranium transferable 

par dosage sur une miction dans les 24 heures qui suivent la fin 
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d'une semaine de travail, et le resultat etant exprime par rapport 

a la creatinine, est tres satisfaisante ; 

la periode biologique de l'Uranium non transferable serait beaucoup 

plus courte qu'annoncee. Le taux d'Uranium urinaire reviendrait vers 

les valeurs de sujets non exposes (1 a 2 ~g/1) en quelques semaines. 

En ce qui concerne les valeurs "temoins ", qui sont de tres faible 

niveau, nous avons ameliore la sensibilite du dosage fluorimetrique 

par passage intermediaire de l'echantillon sur resine liquide. 

Par ailleurs, une etude sera entreprise sur ces memes valeurs 

"temoins" en fonction, peut-etre de l'alimentation, et surement des 

regions geographiques. 

Quanta 1 1excretion fecale, le nombre de resultats est pour l'instant 

insuffisant. Nous sommes tout de meme amenes a nous poser 3 questions 

- un plus grand nombre de mesures confirmera-t-il les variations indi

viduelles sur selles de 24 heures ? 

- sont-elles dues seulement a des variations importantes du poids des 

feces ? 

- quelles sont les autres causes eventuelles ? 

Nous sommes maintenant en possession de tous nos materiels pour une 

installation tres performante d'anthropogammametrie = 

2 detecteurs Phoswich plus 1 detecteur Scintiflex 

La chaine electronique adequate 

Un analyseur multicanal associe a une table tracante et un mini 

ordinateur. 

Les travaux de reglage et d'etalonnage ont demarre. 

3/ - CONCLUSION 

Les travaux entrepris seulement depuis 18 mois ont deja permis de 

preciser certains points essentiels =conditions d'etude "in vitro" de 

la solubilite des poussieres, spectre de la granulometrie des poussieres, 

validite de l'expression de l'Uranium urinaire par rapport a la creatinine, 

variations de l'excretion urinaire et de l'elimination fecale des sujets 

temoins non exposes. 

Les prochains travaux permettront d'approfondir les conditions de 

Surveillance des Travailleurs exposes aux con~oses uraniferes. 
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PUBLICATIONS 

Contribution a la Surveillance du personnel expose a des composes 
d•uranium non transferables 
- J. CAHARASA - J. CHALABREYSSE - Radioprotection 1980 vol.15 
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Contractor EN~L- Ente Nazionale Energia Elettrica 
Contract number 101-76-1 PST I 
Head of Research team : Prof. Antonio Farulla 
General subject : Cytogenetic researches on circulating lymphocytes 

of subjects professionally exposed to the hazard 
of ionizing radiation in a nuclear power plant 
station of Enel. 

Title of the project : 
Cytogenetic researches on circulating lymphocytes 
of subjects professionally exposed to the hazard 
of ionizing radiation in a nuclear power plant 
station of Enel. 

Head of project and scientific collaborators : 
A. Farulla - B. Dallapiccola - A. Manzoli - G. Naro 

Cytogenetic analyses failed to demonstrate an increased frequency of chomosome 

aberrations in a group of 42 subjects occupationally exposed to ionizing radiation 

in a nuclear power station, as compared to a group of controls. However, the obse!:. 

vation in radiation workers of a slight increase of acentrics as well as the sporadic 

observation of ring chromosomes and dicentrics, would suggest that a biological ef-

feet can be detected at cytogenetic level in subjects professionally exposed to ioni

zing radiations below the internationally agreed rr.aximum permissible levels. 

In any case the low frequency of such findings does not allow us to establish a 

quantitative relationship between chromosome aberrations and doses accumulated. 

Obviously, this conclusion is valid for doses and manner of exposition superim-

posabl e to those of our cases. 

From 1976 to 1980 a group of 50 radiation workers professionally exposed to 

ionizing radiation in a nuclear power station of Enel (Garigliano, Italy) have been 
monitorized by means of cytogenetic analyses in blood lymphocytes. In most subjects 

blood samples were obtained five times during annual medical check up. 
During the first four-years follow up was shown that the mean frequency of 

chromatid and cromosome-type aberrations was not significantly different in the 

whole sample of radiation workers as compared with control groups. Further data 
have shown a preferential involvement of breakpoints in the interbands between Q 

and R bands, normal SCE rates and non-random chromosomal involvement super
imposable to that found in "spontaneous" chromosome aberrations of controls. 

In this paper we present the results obtained during the 1980 cytogenetic study 
of the same population, the correlations between chromosome aberrations rates and 
doses of the five years follow up in workers with accumulated doses exceeding 15 
rems, and the whole conclusion of our researches. 
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Material and Methods. 

A heparinized venous sample of 5 ml was taken during annual medical check up 
of 42 workers and set up in culture on the same day. Blood was cultured in Difco TC 
medium added with AB human serum, phytohemagglutinin and antibiotics, and incuba
ted for 48 - 52 hours at 37° C. Chromosome preparations were performed according 
to Buckton and Evans (1973), using a 0,9% Na-citrate solution for hypotonic shock. 
Slides were prepared by the air dried technique and stained with Giemsa. For each 
culture 100 cells with 45 centromeres were scored directly under microscope. Chr2_ 
mat id and chromosome-type aberrations were classified according to I SCN ( 1978). 

Dose estimates (in rems) from film badges were obtained indipendently of the 
receipt of blood samples and after completation of chromosome analysis. The expos!!_ 
re involved almost exclusively gamma radiation. The accumulated doses ranged be

tween 8 and 40 rems and the years of radiation work between 12 and 16. A parallel 
cytogenetic analysis was undertaken in 18 controls with superimposable age distri
bution. 

The data derived from 25 radiation workers which had accumulated more than 
15 rems (range 15-40) at the time of last cytogenetic study were analysed to establish 
the pattern of chromosome aberrations during the five-years cytogenetic follow up. 

Results and Discussion. 

The whole sample of 4. 200 metaphase plates from professional I y exposed indivi

duals showed 5,13% aberrations (including chromatid and chromosome-types), as 
compared to 5,05% in 1.800 cells from controls. In both groups the rate of chromo
some-type aberrations was ranging between 0 and 3 %. 

Although in the absence of a significant difference in the mean frequency of aber
rations in the two groups of subjects, si ight differences were found in the radiation 
workers in respect to the controls, concerning the distribution of some chromosome
type aberrations. In the formers acentrics were detected in one of 600 metaphases, 
as compared to one of 900 cells in the controls. Furthermore, one of 2.100 cells in 
radiation workers presented either ring chromosomes or dicentrics, which never 
were observed in controls. Ring chromosomes were found only in individuals with 
accumulated doses exceeding 20 rems, and dicentrics only in workers exposed to do
ses over 35 rems. 

In the group of professionally exposed individuals, 25 subjects had accumulated 
more than 15 rems at the time of last cytogenetic study. The rate of chromosome-ty
pe aberrations was increased in 15 individuals of the sample, as compared to the 
frequency recorded five years before. In 5 cases the rate of chromosome-type aber
rations was identical, while in 5 it was decreased. Thus, about 68% of the subjects 
with higher accumulated doses showed at the last cytogenetic analysis an increased 
proportion of aberrations as compared to that found in 1976, suggesting a dose-de
pendent increase in chromosome aberrations. In particular, the total number of 
chromosome-type aberrations increased from 0, 76% to 1,16% in these individuals 
during the five years follow up (p <0.05). 

However, the cohomprensive analysis of 112 samples obtained from workers 
which at a given time of the five years study had accumulated more than 15 rems de
monstrated chromatid-type aberrations only in 42 % of them. About 32 % of these 
workers had only one, and 18% two chromosome-type aberrations; 8% had three 
or more chromosome aberrations. Thus, a dose-dependent increase in chromosome 
aberrations could not be established when the mean instability rate of these subjects 
was compared to that of the controls through the 1976-1980 study. 
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Table I 

CYTOGENETIC FOLLOW UP OF THE WORKERS WITH ACCUMULATED DOSES EXCEEG I NG 

15 REMS 

Subjects Age/yr Accumulated Aberrations% Accumulated Aberrations % 
(in 1980) dose in 1976 et-type cs-type dose in 1980 et-type cs-type 

(rems) (rems) 
43 13,5 5 15 4 

2 53 13,6 6 15,9 5 

3 41 12,7 9 19,9 7 2 

4 53 18,9 4 20,6 4 2 

5 39 14,7 6 2 20,9 4 

6 41 17,6 3 21,8 2 

7 42 20,4 3 21,9 

8 47 18,6 4 22,7 8 3 

9 38 19,9 6 2 21,9 6 

10 41 19,0 2 23,3 3 

11 55 21,0 5 23,5 4 

12 40 21,6 6 2 24,2 6 2 

13 34 17,9 2 24,3 4 

14 45 25,5 5 27,5 4 2 

15 36 22,1 4 28,2 

16 34 21,6 5 28,4 6 

17 41 22,3 4 28,6 5 

18 46 26,2 8 4 29,0 8 

19 36 22,5 4 29,4 4 

jzo 51 25,6 4 2 30,8 4 

'21 43 27,5 8 32,0 4 

22 50 28,9 5 35,2 4 2 

23 39 30,6 5 35,6 7 

24 55 29,9 7 36,7 8 

25 52 33,9 40,4 9 2 
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Synthesis of the results obtained during the contractual period ( 1976-1980). 

The chromosome instability rate, as evaluated from the analysis of 22.134 cells 
of 50 radiation workers with accumulated doses ranging from 8 to 40 rems appeared 
grossly superimposable to that found in 18.488 metaphases of controls. 

Studies of banded chromosomes have been carried out to investigate some biolo

gical features of chromosome breakage in the workers. In particular, the distribu
tion of breakpoints in respect to the chromosomes, chromosome bands and their loc~ 

tion within a given band was examined and compared to that of control population. 
Although preliminary data showed preferential involvement of some chromosorr.e 

bands in workers (3p14, 2q22, 4q32, 5p14, 13q21), later on it was found that the 

pattern of distribution of breaks along the chromosomes accords with that derived 
from general population, with a significant excess of breaks in chromosomes 7 and 
14 (p< 0.001) and a deficit of breaks in chromosomes 6 and 8. The analysis of G ba~ 

ded cells gave evidence for an excess of breakpoints in the Q/G positive bands. 
However, to rule out the possible biases of such an analysis, sequential Q and R 
staining was performed on the same cells, which showed that breaks take place 

almost exclusively in the interbands between Q and R bands; the same pattern is 
now considered the general rule of most constitutional and acquired chromosomal 

breaks. Furthermore, the number of exchanges per chromosome per person, as 

evaluated by the analysis of SCE distribution in 765 cells from workers, failed to 
evidentiate significant difference in respect to that found in 500 mitoses of controls. 

The only difference at the cytogenetic level between radiation workers and co~ 

trois was the qualitative pattern of some chromosome-type aberrations, I ike acen
trics, ring chromosomes and dicentrics, which were slightly overrepresented in 
the formers. This finding suggests that a biological effect may be detected by a cy
togenetic approach in individuals chronically exposed to low levels of ionizing ra

diation. 
Obviously, the low frequency of chromosome-type aberrations demonstrated 

through the entire period of our study cannot be correlated with accumulated doses 

in radiation workers with rate and manner of exposure superimposable to those of 
our sample. 
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Th. Astier, E. Legrand and R. Daculsi 

Title of Project Analysis of the viral components of a leukemo
genic viral complex recovered from radiation
induced leukemia. 

The project on the role of leukemogenic viruses in radiation

induced leukemogenesis of the C57BL/6 mouse was undertaken in 

1976 with the purpose of analyzing the possible role of endogenous 

retroviruses in radio-leukemogenesis. 

In a first step in was shown that most of the cell lines which 

were established in vitro from radiation-induced leukemic cells 

did not retain their ability to produce viruses for more than a 

few passages. This loss of viral expression was generally related 

to a gradual evolution of the morphology of the cell layer 

suggesting a posrtive correlation between the presence of round 

cells -not fibroblastic- and the viral production. It was finally 

possible to derived from an in vivo passaged virus (RadLV-Rs) a 

cloned cell line (13-3C) characterized by a high level of viral 

expression. The similarity of the effects produced either by 

RadLV-Rs or 13-3C virus led to consider that 13-3C was already 

producing a viral complex containing the leukemogenic component 

of RadLV-Rs. This was further confirmed by molecular hybridization 

which demonstrated that 13-3C and RadLV-Rs had similar sequences 

although they were different from Rauscher or Frend leukemogenic 

viruses. It was further proven that both 13-3C and RadLV/Rs 

contained at least two main components one B-tropic and the other 

X-tropic. The endogenous N-tropic virus of the C57BL was seldom 

recovered from the leukemic tissus and it never induced leukemia 
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when injected into C57BL mice. On the opposite the B tropic 

component did show the same leukemogenic potency as this of 

the passages RadLV-Rs. 

Finally three components B, N and X were isolated in vitro 

using their host range properties. Two B-types isolates were 

recovered. The first one infected and grew efficiently on 

fibroblastic cells, but was not leukemogenic. The second was 

isolated on TAC cells. These cells originated from C57BL thymus, 

they possessed neither the theta antigen nor TdT activity charac

terising T lymphocytes. Both infected TAC cells and the B virus 

which they produce were highly leukemogenic. Several clones derived 

from the TAC B-isolate were obtained and specific techniques were 

developed to improve the titration of these B viruses either by 

XC test or by transformation of S+L- cells. The different clones 

Association between host-range, p:>ly~sis 
and leukarogenic activity 

Origin of 
viruses 

Rad LV-Rs 

3T3 5 

3T3-1223 6 
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B 
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- : ron leukerogenic ; L : Late leukernia (100% in 500 d.) ; Lr early 

leukemia UOO% in 50 d.) 
1\bJse f ibroblasts 
3T3 cells infected with one B virus fran Rad LV-Rs 7 C57BL thymic cell line 

8 TAC infected with 2 B viruses fran Rad LV-Rs 
TAC infected with one B virus fran Rad LV-Rs 

1 ° Cell line fran wild llnlSe 

ll S:::l infected with the B virus produced by 3T3-1223 
12 S:::l infecta:l with the B virus produced by TAC-1691 
1 3 

Not yet testa:l. 
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of B-tropic viruses were throughly analyzed and it became obvious 

that they were actual viral recombinants. Four of them are now 

produced in large amounts, their structural proteins and glyco

proteins hav~ been isolated and specific antisera have been 

raised against e~cp of them. 

In parallel with these studies on the viral complex involved 

in the leukemic process, experiments were carried out in vivo 

to characterize the transformed cells and to investigate at the 

cellular level some of the radiation effects which might be 

relevant to the leukemogenic process. It was found that the 

cloned B-tropic virus induced mainly null leukemias (non-T, 

non-B). In addition it was demonstrated that the latency of the 

leukemias induced by the B-tropic viruses depended on the spon

taneous expression of the X-tropic virus. This xenotropic component 

was necessary for the completion of the recombinational event B-X 

which leads to the formation of a leukemogenic recombinant. 

Finally a recent series of experiments suggested that after 

irradiation mice express the X component much earlier than 

control animals. 
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Contractant de la Commission CENTRE D'ETUDE DE L1 ENERGIE NUCLEAIRE- MOL 
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Theme general du contrat COMPARATIVE STUDIES ON VARIOUS POPULATIONS OF 
RADIATION-INDUCED LEUKEMIA VIRUSES 

Titre du projet n° 1 Molecular Biology of a RadLV-derived rat-propagated 
leukemogenic virus 

Collaborateurs scientifiques : M. JANOWSKI, 
J. MERREGAERT 

INTRODUCTION 

Two distinct leukemogenic virus isolates were obtained from radiation 

induced tumors of the C57BL mouse. RadLV/Ka (propagated in cell cultures 

as RadLV/VL3), isolated by Kaplan and coworkers, is thymotropic and in

duces thymic lymphomas, RadLV-Rs (propagated in cell cultuPee~o ~h~ 

so-called 3c virus)• obtained by Duplan and coworkers, is splenotropic 

and elicits mixed cell malignant lymphomas (reticulum cell sarcomas), 

These experimental systems could be considered as good tools to investi

gate, not only some possible relationships between some properties of 

viral particles and the tissue specificities for the malignant transfor

mation that they induce, but also the possible viral etiology of radiation 

induced leukemogenesis in mice. 

On the other hand, a somewhat similar comparative system was obtained 

following attempts to obtain abundant virus particle production by pro

pagating RadLV-Rs in rats. A virus complex was obtained (BL/F) which 

could elicit, according to the experimental conditions, either a genera

lized malignant lymphoma (EL) killing the rats in less than 6 weeks, 

or a slowly developping leukemia (SL) in the form of either a thymic 

lymphoma (TL) or a reticulum cell sarcoma (RS). Experiments were per

formed to determine whether this multiple pathogenic effect could be 

attributed to the occurrence of distinct viral entities in BL/F or to a 

dose-response effect of one single virus according to the experimental 

conditions of inoculation. Since the first alternative proved to be correct, 

we derived clonal isolates from BL/F when feasible, to perform a comparative 

study of some of their respective properties. 
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BIOLOGICAL PROPERTIES OF BL/F 

EL, TL and RS could to some extent be induced independently from each 

other as if a distinct viral entity were responsible for each type of 

disease (Ref. 10). Indeed, EL spleen extracts or serum induced 90-100% 

EL when injected intraperitoneally, Dilution or intrathymic inoculation 

resulted in a progressive disappearance of EL in favor of SL. Undiluted 

· ·sL extracts induced mainly TL and, occasionally, RS. The virus progeny 

from BL/F - infected rat embryo fibroblasts preferentially induced RS, 

while that of infected mouse Balb/3T3 cells exclusively induced TL. 

The pathogenic titers of EL serum were, by intraperitoneal injection, Jo3 

for EL and 106 for SL. Those for SL serum were 10° for EL and lOS for SL, 

in the same conditions of inoculation. These findings led us to produce 

clonal isolates of both TL and RS viruses, while cloning EL virus appeared 

to be unfeasible ~~cause of its low proportion. Not surprizingly the 

gross "~ ~~rties of EL-associated virions did not differ from those of 

SL-associated virus particles, as described below. 

The in vitro measured infectious titers of EL-inducing serum or extracts 

were 104 to 106 times higher than those of SL preparates, although particle 

numbers were roughly identical (Ref. 10 ) and displayed the same reverse 

transcriptase activity. The only sound explanation for this phenomenon is 

that the EL-inducing virus might enhance the infectivity of the SL-inducing 

entities, perhaps through some kind of helper-defective virus interaction. 

The evolutions of virus infectivity during the development of EL or SL 

strikingly differed from each other (Ref. 10,12), emphasizing again the 

existence of distinct leukemogenic agents. 

MOLECULAR GENOME HOMOLOGIES BETWEEN BL/F AND 3C VIRUS 

Molecular hybridization experiments were performed to evaluate the genome 

homologies between the bulk component of BL/F and that of the 3c virus, 

using the endogenous Gross MuLV and the exogenous Rauscher MuLV as reference 

systems. In vitro synthesized 3H-DNA's, complementary to the genome of 
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each investigated virus, were hybridized to each of the 70s RNA genomes 

investigated (Ref. 2,7). BL/F and 3c displayed no more than SO% 

homology, probably because of the fact that 3c consists of a complex 

mixture of several endogenous C57BL viruses in roughly equivalent pro

portions. Both the virus preparates were more similar to Gross MuLV 

than to Rauscher MuLV. 

SEQUENCE HOMOLOGIES BETWEEN BL/F, 3C, AND MOUSE AND RAT DNA'S 

Hybridizing the BL/F and the 3c 3H-DNA probes with normal or leukemic 

mouse spleen DNA's resulted in 90-100% homology (Ref. 3,7). The rat

grown virions did not appear to contain detectable rat cellular DNA se

quences, while multiple copies of their nucleotide sequences were detec

ted in covalent linkage with infected rat spleen DNA (Ref. 7,8). 

These results, together with those from the hybridization kinetics of the 

viral probes with mouse DNA (Ref. 7), strongly support the 

endogenous mouse origin of the investigated virions. 

SEROLOGICAL SPECIFICITIES OF CLONED BL/F ISOLATES 

Clonal isolates were obtained from BL/F and characterized serologically as des

cribed in Table I and Ref. 10, by using them as competitors in double anti-

body radioimmune competition assays. The reactions were those specific 

for the p12, p30 and gp70 proteins of known prototype viruses (Balb 

virus 2, NIH MuLV and AKR MuLV). The bulk of the EL-inducing particles 

displayed, as expected, the same properties as those of its major consti-

tuent (TL-inducing virus, cloned on either Balb/3T3 or SC-1 cells). They 

were those of a B-tropic virus, derived by recombjnation between the 3 

prototypes investigated. The RS-inducing virus, selected by propagation 

on rat embryo fibroblasts and cloned on SC-1, did not differ from the 

former to a measurable extent, except at the level of its p30 protein, 

responsible for NB-tropicity. The TL- and RS- inducing viruses differed 

however strikingly from each other where their RNase T1 oligonucleotide 

fingerprints were concerned. Their gp 70 envelope constituents did not 

belong to any of the known prototype viruses, including the thymotropic 

RadLV/VL3. 
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CONCLUSION 

Propagation of RadLV-Rs in rats resulted in the abundant production of 

a virus complex, containing viral entities responsible for a generalized 

malignant lymphoma (EL), a thymic lymphoma (TL) and a reticulum cell 

sarcoma (RS), respectively. 

The properties of the major constituent (that responsible for TL) were 

those of an endogenous C57BL mouse virus, generated in a genetic 

recombinational process between various endogenous prototype viruses. 

We still ignore whether this event occurred during the evolution of the 

C57BL mouse strain (in which case irradiation would merely activate the 

expression of the corresponding, genetically transmitted provirus), as 

a consequence of irradiation or of development of lymphoid cells into a 

malignant state (which could be investigated by restriction enzyme analy

sis of the mouse genome), or as a consequence of the interaction between 

viral entities in the RadLV-Rs complex during propagation in rats (which 

also could be checked by restriction enzyme analysis). 

The viral entity responsible for the induction of reticulum cell sarcomas 

(RS) could also be selected and cloned. It did not appreciably differ 

from the former where the investigated serologic properties were concerned, 

except at the level of the p30 antigenic determinant associated with viral 

tropicity. Oligonucleotide fingerprints revealed, however, specific 

characteristics. 

One major feature of the clonal isolates from BL/F is the unique type

specificity of the envelope gp70 constituents, which differ from that of 

RadLV/VLJ. The specificity of virus-induced leukemogenesis might reside 

at that level, as suggested previously in the literature. 

The origin of the various leukemogenic virus recombinants found in BL/F 

will be investigated by performing restriction enzyme analyses of C57BL 

mouse DNA, isolated from normal tissues as well ~s from radiogenic and 

virus induced tumors. The results of these experiments hopefully will 

shed some light on the still discussed viral etiology of radiation induced 

leukemia. 
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Pilot Study of the Role of 

a Plasminogen Activating 

Enzyme in Strontium-90 In

duced Tumors in Mice 

Synthesis and release of plasminogen activators seem to 

be implicated in a variety of physiological and pathological 

processes involving extracellular proteolysis. These include 

mammary gland involution, trophoblast invasion, follicular 

rupture during ovulation, macrophage and granulocyte migra

tion, and expression of the malignant phenotype. A likely 

function of plasminogen activators in malignant neoplasia 

is participation 1n the generation of localized tissue de

struction during invasive growth. The aim of the present stu

dy is to examine the possible role of plasminogen activators 

in the growth of radiation 1nduced tumors, by enzymatic and 

immunohistochemical examination of the occurrence of plasmi

nogen activator in strontium-90 induced tumors in mice, and 

by an attempt to prevent the occurrence of tumors in mice 

after strontium-90 treatment, by administration of rabbit an

tibodies against plasminogen activators. For these studies 

pure enzyme is necessary for the preparation of specific an

tibodies in rabbits. We have isolated a clone of cultured 

mouse 3T3 cells infected with mouse sarcoma virus. These 

cells produce 40 fold more plasminogen activator than un

cloned cells. The enzyme has been purified and characterized, 

antibodies with a high degree of specificity have been raised 

in rabbits, strontium-90 induction of tumors in mice has been 

started, and techniques for detection of the enzyme in mouse 

cells by the immune peroxidase procedure have been developed. 
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Pur1ficat1on and character1zat1on of a 48,000 Dalton plasmi

nogen act1vator from mouse cells transformed by an oncogenic 

virus. 

On the basis of cellular morphology, a subline of mouse 

sarcoma virus infected 3T3 cells ~as selected ~hich released 

a 48,000 Dalton plasminogen activator at an approximately 

40-fold higher rate than those of the parent line, and ~hich 

continued to do so for several months ~hen the cells ~ere 

mainta1ned 1n serum-free culture medium. Culture medium con

taining 0.6 mg/1 of the enzyme ~as used to purify the enzyme 

130-fold ~ith a y1eld of 32% by affinity chromatography fol

lo~ed by anion exchange chromatography and gel filtration. 

Cruc1al for the yield ~as the use of a non-ionic detergent 

and of 1nhib1tors of proteolysis to prevent adsorption and 

degradation, respectively. The purif1ed enzyme ~as homogenous 

as evaluated by 50S-polyacrylamide gel electrophoresis and 

had an isoelectric point of pH 9.2. The purified enzyme 

sho~ed character1stics of a trypsin-like serine protease 

(labeling ~ith 3H-diisopropylfluorophosphate ~hich ~as pre

vented by p-nitrophenyl-p'-guanidino benzoate) and converted 

the s1ngle chain of human plasminogen into t~o chains of 

plasmin ~ith electrophoretic mob1lities identical to those 

of the chains formed by non-purif1ed enzyme and by human 

urok1nase. In the absence of inhibitors, solutions of puri

fled enzyme ~ere stable for 24 hours at 4° at pH 3-9. 

Recent studies have sho~n that under serum-free condi

tions the enzyme is released from the cells as an inactive 

proenzyme consisting of one polypeptide chain. Plasmin ~as 

found to convert the proenzyme to an active protease con

sisting of t~o polypeptide chains ~ith molecular ~eights of 

19,000 and 29,000 Dalton, the latter containing the active 

site. 

Product1on and character1zation of rabbit antibodies 

against 48,000 Dalton mouse plasminogen activator. 

Precipitating antisera ~ere raised in rabbits against 

the electrophoretically pure 48,000 Dalton mouse plasmino

gen activator. The IgG fraction of the antisera inhibited 

48,000 Dalton mouse plasminogen activators from a variety 

of sources (neoplastic and non-neoplastic), a 29,000 Dalton 
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plasminogen activator from mouse urine and a 48,000 Dalton 

plasminogen activator from rat urine. No inhibition was ob

served of a 75,000 Dalton plasminogen activator extracted 

from mouse lung,_ of mouse plasmin or of plasminogen activa

tors from human "urine and from oncogenic viru-s-transformed 

chicken cells. The IgG antibodies are stronger and more spe

cific inhibitors of the 48,000 Dalton mouse plasminogen ac

tivator than any previously tested compounds. 

Studies on strontium-90 induced osteosarcomas. 

Malignant osteosarcomas have been induced in CBA/C57Bl 

mice by treatment with strontium-90. Extracts from all osteo

sarcomas which have been induced until now (eighteen) have 

contained 48,000 Dalton plasminogen activator as detected by 

enzymatic methods. 

Methodological studies have been performed with cultured 

murine virus-transformed fibroblasts on the use of the peroxi

dase-antiperoxidase technique with antibodies against plasmi

nogen activator to detect the enzyme histologically. By this 

method the enzyme can be detected in the above mentioned high

ly producing line of mouse sarcoma virus infected 3T3 cells, 

while the method is not sensitive enough to detect the enzyme 

in the strontium-90 induced osteosarcomas. Preliminary stu

dies have shown that this is due to the fact that the 48,000 

Dalton plasminogen activator intracellularly is present as a 

proenzyme (see above), while the antibodies are directed 

against the active enzyme and only show a low degree of cross

reaction with the proenzyme. Antibodies against the pro-plas

minogen activator are now being raised with the aim of ob

taining a more sensitive immunohistochemical method for de

tection of the proenzyme. 

Systemic inhibition of 48,000 Dalton plasminogen activator in 

mice by administration of antibodies. 

Studies on the toxicity in mice of the antibodies to the 

plasminogen activator have been performed. These show that 

mice without adverse effect can be treated intraperitoneally 

with the antibodies in an affinity purified form daily for 

five consecutive days in doses that give a complete systemic 

inhibition of the enzyme throughout a period of 144 hours. 
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This finding shows that it is possible to use the antibodies 

to test whether the enzyme plays a role either during carci

nogenesis or for invasive growth of tumors. Such studies will 

require large amounts of affinity purified antibodies which 

presently are being produced. 

Conclusions. 

This pilot study has shown that strontium-90 induced 

osteosarcomas as all hitherto studied malignant murine tumors 

contain a 48,000 Dalton plasminogen activating enzyme. The 

enzyme has been purified and characterized. Antibodies that 

inhibit the enzyme strongly and with a high degree of speci

ficity have been produced and found non-toxic in doses that 

inhibit the enzyme systemically in mice for 6 days. It is 

concluded that the pilot study warrants continued investiga

tions of the role of this proteolytic enzyme for the induc- · 

tion of tumors by irradiation and for the invasive growth of 

these tumors. Indispensable new knowledge and tools for such 

continued studies have been obtained. 
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on Tumor Development after 
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Background: 

Ageing influences the tumor development after tissue 

exposure to carcinogen by providing the time span required by 

latent periods, by providing time for repeated exposure and 

time to intrinsic changes in tissue susceptibility to car

cinogenic stimuli. The present contract aimed at studying the 

intrinsic changes in susceptibility to tumor induction by ir

radiation that might result from ageing. Previous studies had 

shown that senescent mouse skin was more prone to tumor de

velopment after exposure to chemical carcinogen than younger 

mouse skin (Ebbesen, Science 183:217-218, 1974; J. Nat. Cancer 

Inst. 58:1057-1060, 1977). One factor contributing to this 

age-dependent change in susceptibility could be change in 

skin content of mitotic inhibitors. We found senescent skin, 

even when grafted to young mice, to have a reduced content of 

extractable epidermal mitotic inhibitor (Olsson and Ebbesen, 

Exp. Geront. 12:59-62, 1977). Further study of this mitotic 

inhibitor, therefore, was included in the project. 

The initial objectives were 1) to determine if ageing 

of mouse skin caused a change in susceptibility to the car

cinogenic effect of beta-irradiation and 2) to determine if 

any change in susceptibility was correlated to change in 

susceptibility to tissue specific mitotic inhibitor. As the 

project proceeded faster than anticipated we added the third 

objective, 3) to determine if ageing of mouse skin caused a 
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change in susceptibility to the tumorigenic effect of ultra

violet irradiation. 

The first objective to be achieved was the correlation 

between skin ageing and in vivo skin susceptibility to tissue 

specific mitotic inhibitor. It was found (Ebbesen, Olsson and 

Due, Exp. Geront. 13:365-367, 1978) that ageing abrogated the 

susceptibility to the mitotic inhibitor, presumably an example 

of loss of local regulatory capacity since it occurred in 

senescent skin although grafted onto a young recipient. 

This view was supported by our finding that cloned 

malignant cells in vitro contain less mitotic inhibitor and 

were less susceptible to inhibitor than their normal parental 

cell and revertant cells (Ebbesen and Olsson, Brit. J. Cancer 

38:732-736, 1978). 

Subsequently, we found that mouse skin beta-irradiated 
3 months previously held more of the mitotic inhibitory com

pound than un-irradiated skin. We believe disturbances in such 

local regulatory processes may be part of the long-term effects 

of irradiation (Due and Ebbesen, in press) • 

The second objective was studies on BALB/c mice. Skin 

from untreated old (14 months) and young (2 months) donors 

were grafted to young recipients and the mice then left un

touched for 8 months. Thereafter, the animals received 4200 

rads of beta-irradiation on the grafts. Similarly, old and 

young non-grafted animals were irradiated. Skin tumors de

veloped with a higher incidence on senescent than middle-aged 

skin irrespective of whether grafted or not (Ebbesen, Int. J. 

Radiat. Biol. 37:563-567, 1980). The fact that grafting to a 

young mouse does not alter the age-dependent change in 

susceptibility demonstrates that it is ~ local, autonomous 

process. 

Ultraviolet light was used as carcinogen in the last 

experiments, the objective of which was to see if mouse skin 

also got more susceptible to this carcinogen when getting 

old. This is a carcinogen that mice normally are not exposed 

to due to their fur and nocturnal activity. The experimental 

set-up was as with the study of beta-irradiation. We found 

once more an age-dependent increase in tumor incidence when 
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comparing middle-aged with senescent skin (Ebbesen and Kripke, 

submitted) . 

The objectives thus have been achieved. Their relevance 

for radiation protection is this. Ageing may be associated 

with increase in susceptibility to various carcinogens in

cluding irradiation. This may have various explanations but 

can not solely be a result of previous exposure as our mouse 

skin until time of experiment was shielded from UV light. 

Other unknown carcinogens may be at work but very likely in

trinsic autonomous, local changes take place in the skin ir

respective of external changes. The fact that transfer of old 

skin to young recipients had no influence on susceptibility 

to carcinogen also demonstrates that factors as immune sur

veillance, hormone and viral status outside the skin are of 

no importance. 

This all suggest that if human beings mimic the mice 

radioprotection for senior workers must be rigid. Their re

maining expected lifespan is lower than for younger adults 

but their susceptibility to the carcinogenic effect of ir

radiation may be higher than for younger adults. 
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Biological effectiveness of neutron radiation 
for carcinogenesis. 

Investigations on radiation carcinogenesis are essential for assessing 

the risks of ionizing radiation during occupational and accidental exposure. 

These types of studies are also important to allow risk-benefit analyses of 

diagnostic procedures involving small doses of ionizing radiation. With few 

exceptions, the human data available for X- and gamma-irradiation pertain to 

relatively large doses. In order to extrapolate such data to the range of 

much smaller doses, as required for risk estimates of X-ray diagnostic pro

cedures and industrial radiation exposure, the shapes of the dose-effect 

curves for tumour induction and the influence of external factors must be 

evaluated. 

Results obtained from our previous studies on mammary tumour induction 

in several strains of female rats following single dose irradiations with 

X rays and monoenergetic fast neutrons have been published (Broerse et al., 

1978; van Bekkum et al., 1979). In the present supplemental program the 

effects of single dose irradiation are compared with those observed after 

irradiation in 5 fractions, spaced by one month intervals. The studies have 

been performed with X rays and 0.5 MeV neutrons, for which the highest RBE 

values are to be expected. The following groups each consisting of 40 female 

WAG/Rij rats have been introduced into the program: a) controls, b) 200 rad 

X rays, single dose, c) 5 x 80 rad X rays at one-month interval, d) 20 rad 

0.5 MeV neutrons, single dose and e) 5 x 6 rad 0.5 MeV neutrons at one-month 

intervals. 

The irradiations were started when the rats were 8 weeks of age. All 

animals were examined once weekly for mammary tumour development and general 

physical condition. They were followed until natural death or when they 

became moribund. Some rats were sacrificed when their mammary tumours became 

so large as to interfere with their normal daily activities. All rats that 

were not severely autolyzed were necropsied. Partial necropsies were done 

and the following tissues were routinely sampled: all mammary tumours or 

two mammary glands in the absence of tumours, liver, lung, spleen, mesenteric 

and peripheral lymph nodes, and pituitary gland. The uterus, cervix and 
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vagina were studied histologically only when lesions were found grossly. 

The results have been analysed following life table techniques. The 

possibility of animals surviving past time tk without known tumour is recur

sively calculated from: 

~- 0 
P(~) = P(~-1) . ~ k 

For this calculation distinct observation times ~ are considered, P(t0) = 1, 

~is the number of animals at risk during the interval (~_ 1 , ~),being 

the number of animals alive without diagnosed tumor at tk-1 and ok is the 

number of animals showing a first tumor in the interval (~_1 , ~). The cu

mulative tumor prevalence can be calculated as 1-P(~). A few examples of the 

life table curves are presented in figures 1 and 2. 

The cumulative prevalence values for the occurrence of all types of 

mammary tumours at 22 months of age in the irradiated groups are greater 

than the control value. However, the values for the various irradiated groups 

do not differ significantly from each other. The cumulative prevalence is 

similar for rats irradiated with single doses of X rays and 0.5 MeV neutrons, 

implying that the RBE at this level of prevalence approaches 10. The cumu

lative prevalence values for the fractionated irradiations are also similar 

which indicates the occurrence of repair processes in the X-irradiations as 

well as in the neutron irradiations. The cumulative prevalence values at 22 

months of age are in good agreement with that found in a previous study in

volving single dose irradiations in this rat strain. 

Table 1 lists the frequencies of some nonneoplastic and neoplastic 

lesions found in a selected number of other tissues examined in these rats. 

•Notable is the absence of significant differences in pituitary tumour develop

ment in the five groups. The only lesion found with increased frequency in 

irradiated rats was the endometrial polyp; the increased frequency of neo

plasms of the reproductive tract in neutron-irradiated rats was not statisti

cally different from that of control rats. Of interest is the relatively 

small number of lymphoreticular tumours found in all groups and the fact that 

there was no apparent increase in their number after irradiation with X rays 

and 0.5 MeV neutrons. If this finding is corroborated in other rat experi

ments presently in progress, it may suggest that alternative models for 

studying radiation-induced lymphoreticular and myeloid malignancies should 

be sought in species other than the rat or in a rat strain other than that 

used in these studies. 
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TABLE 

Neop~astic lesions in selected tissues of WAG/Rij following single and frac

tionated dose irradiation. 

1x20 rad 5 x 6 rad 
1x200 rad 5x80 rad 0.5 MeV 0.5 MeV 

Lesion controls X rays X rays neutrons neutrons 

Pituitary gland 26/38 (68)~ 18/32 (56) 18/29 (62) 19/30 (63) 11/30 (37) adenoma 

Uterus/cervix/ 
3/43 7) 1/38 ( 3) 0/38 ( 0) 4/40 (10) 6/39 (15) vagina 

Lymphoreticular 
2/43 5) 3/39 ( 8) 5/38 (13) 0/40 0) 1/38 3) neoplasms 

Lung neoplasms 0/43 0) 0/39 ( 0) 0/38 ( 0) 1/40 3) 2/39 5) 

Liver: neoplastic 12/43 (28) 12/39 (31) 8/36 (22) 4/39 (10) 6/39 (15) nodules 

~ No. with lesion/no. examined histologically (per cent). 
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Titel des Projektes: Decorporation with cryptating agents and 
related compounds. 

The following points of our working program of 1980 have been 

persecuted respectively realized during 1980 : 

- In our efforts, concerning search for new decorporating effec

tive agents for the removal of radionuclides, we were success

ful in two directions, 1) the testing of new substances from ex

ternal institutions,2) the built-up of an installation, which 

permits to do the difficult synthesis of cryptating agents by 

high-dilution technique in our own laboratory. A first pilot

synthesis was already successful. Therefore we are now able to 

synthetize the c14-labeled cryptand (222), necessary to esta

blish the planned (222)-pharmacokinetics, which we could not 

realize up to now because of the extremely high price, demanded 

by external suppliers. 

- We extended our decorporation experiments with cryptand (222) 

on Ba133. This work was paralleled by Ba 133 metabolism analysis 

in the rat. Both studies permitted to extrapolate the obtained 

treatment scheme from rat to man. 

- Toxicological as well as pharmacokinetical aspects of (222) 

were further explored. 

-The new substance (222.41), which we developed in our labora

tory is most promising to become a potent and selective deconta

minant for toxic and radiotoxic cations in water and intestine. 

Though all chemical properties are not yet studied, the quali

ties already known are of high interest. Therefore an applica

tion for a legal protection of this compound and its applica-
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bility is under way. 

RESULTS 1980 

A) Search for new decorporating agents. 

The very remedy for removing radioactive cadmium respective

ly for cases of a poisoning with inactive cadmium has not 

yet been found. For this reason TACY-13-TA and DTPA were com

pared with respect to Cd109 . It is as effective as DTPA, as 

far as the total-body retention of cadmium is concerned, how

ever the critical organ in Cd-poisoning, the kidney is 50 % 
less burdened in the case of a TACY-13-TA treatment. This 

promising result (see annual Report 1977) is of interest for 

further study. 
B) Chemical studies. 

1) A new gravimetrical method, in order to determine the de

corporant cryptand (222), was developed. The method is use

ful for aquous systems, extendable to other cryptands and to 

biological fluids. 

2) IN VITRO stability studies were undertaken in order to 

know more about the possible IN VIVO resistance of the re

cently developed decontaminant (222.41) with good results. 

(222.41), for wich legal protection is applied, is able to 

remove Sr, Ba and Ra and potentially Cd, Pb, Tl, Hg and Ag 

from water as well as from the intestine. (see Report 1976-

1980). 
C) Decorporation studies with cryptand (222). 

A Ba133_ metabolism analysis combined with decorporation stu

dies using· cryptand (222) in rats gave the following results: 

1) There is no difference between an intraperitoneal or an 

intraveneous incorporation of the radionuclide, if one ana

lyses the blood-retention of Ba133 as a function of the time. 

A kinetic study with a c14-labeled (222) will give answer on 

the question if the i.p.- or the i.v.-way of decorporation 

is preferential for a nuclide involved. 

2) Ba133 decorporation with cryptand (222) is limited by the 

uptake of the nuclide into bone. Therefore the Ba133 reten

tion in the skeleton of rats was also analysed as a function 

of the time. 
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3) Graph 1 shows the Ba133 excretion, normed on the con

trols as 100 % retention during a (222)-treatment with dif

ferent (222)-doses and after different time lags of treat

ment start. In using the known blood retention as time func

tion of Ea-burdened man, an extrapolation from the obtained 

treatment scheme in rats, to man was possible. (see Report 

1976 - 1980). 

4) Isotrodym, a neodym containing drug, which removes Ca 

from its protein binding site, did not enhance the Sr85 ex

cretion provoked by (222) in mice. 

D) Toxicology of cryptand (222). 

1) The marketable (222), (Kryptofix 222), may contain four 

byproducts, 1) (222)-diamid, 2) (222)-diboran, 3) (222)-mon

oxide and 4) (222)-dioxide. By means of mass spectrometry 

the byproducts 2), 3) and 4) were found. The dioxide as well 

as the diboran (though boron is only present up to 0.01 %) 
were synthetized and tested in mice. They did not show a sig

nificant increase of acute toxicity compared with (222) it

self. The diamido forms of the cryptands are much less toxic 

than the free diamines as it could be shown, after the syn

thesis of (223)-diamid, in mice. 

Conclusion : the mentioned by-products in the marketable 

(222) do not seem to influence remarkably the i.p. toxicity 

threshold of (222). 

2) It was not possible to shift the toxicity threshold of 

(222) by Atosil in mice. (Histamine hypothesis). 

E) Pharmacokinetics of (222). 

Serum electrophoresis on acrylamid gel (pH 7.4) of a (222) 

contaminated human serum revealed, that ± 100 umole of (222) 

per liter blood is bound mainly to the albumine fraction mi

grating in kathodic direction, whilst all (222) higher than 

100 umole per liter walks into the anodic direction and is 

not bound to any protein. 

(222) 
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RESULTS 1976-1980. 

An important subject of the Radiation Protection Program during 

the period 1976 - 1980 was the Decorporation of Incorporated 

Alpha-, Beta- and Gamma-Emitters in Mammals, because removal of 

radionuclides means radioprotection by reduction of internal ra

diation doses. 

Though we tried to apply new perceptions, techniques and sub

stances useful for decorporation on the removal of all hazar

dous radionuclides respectively their model nuclides, our eff

orts were mainly focussed on the radioactive alkaline earthes 
Sr90/89/85, Ba140/133 and Ra226/224. 

Pollution of mammals with radionuclides leads into a dynamic 

process of resorption and transportation, which can be stopped 

by the therapist at three different successive time sections or 

levels of penetration into the body : 

I) The level of contamination, which concerns the pollu

tion of external or internal body surfaces. 

II) The level of incorporation, which concerns the pollu

tion of body fluids and organs, with a rapid metabo

lism of the nuclide. 

III) The level of deposition, which concerns finally the 

pollution of the target organ or critical organ with 

an inert metabolism of the nuclide. 

Our efforts were directed on all three kinds of corresponding 

techniques of removal, which are 

1) Decontamination, 

2) Decorporation and 

3) Remobilization. 

These techniques demand differing methods as well as differing 

therapeutics for one and the same radionuclide. 

We should like to summarize only some ·of the main results of our 

activities in these three directions : 
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The Decontamination Studies summited in the discovery of sub

stance (222.41), a derivative of cryptand (222), first syntheti

zed in our laboratory. This unsoluble product removes radio

strontium and radio-barium very rapidly to about 99 % from aque

ous solutions. On radium it is less effective. In preliminary 

animal experiments it showed a high efficacy in removing Sr85 

from the intestinal tract if contamination and treatment was 

applied orally (100- EQ X 100 = 90,3 %: dose~ 90 umole/kg). 

(222.41) is most promising to become a potent and selective de

contaminant of other toxic and radiotoxic elements, for example 

Hg, Cd, Pb and Tl . 

Though all chemical properties are not yet studied, the already 

known qualities are of high interest, for instance for water

chemists and in decontamination. Therefore we now apply for le

gal protection of this compound and its applicability. 

Decorporation Studies were mainly and systematically focussed 

on the deepening of our knowledge concerning cryptand (222), up 

to now the only agent well potent to remove the radionuclides 
Sr90/B9/B5, Ba14°/133and Ra 226122 4 from mammals as far as the 

nuclides are not yet deposited in the skeleton. This we could 

point out in the past (1,2,3,4,5). In rats the decorporation 

effects of cryptand (222) towards the mentioned radionuclides 

were studied as function of all parameters (Dose, time, stabili

ty constant(6)) involved. 

These results permitted th~ elucidation of the theoretical back

ground of decorporation with cryptating agents in general. It 

resulted in the formulation of the Schubert-Catsch-Heller-Rela

tionship, an equation, which permits to predict decorporation 

effects of cryptands in mammals (11). This equation made it pos

sible to determine the therapeutic ranges (7) of cryptand (222) 

towards radio-Sr, radio-Ea and radium in rats. 

By means of all obtained data we were able to get a first but 

still ventureal picture of a treatment scheme for the decorpo

ration of radio-strontium, radio-barium and radium with cryptand 

(222) in man , which permits the following tentative conclusions: 

a) Early treatment start is absolutely necessary ! 

b) In case of radio-barium incorporations, high decorporation 

effects are possible already with low (222)-doses, which may not 

even show pharmacological side-effects of (222). 



- 1140 -

c) Elevated (222)-doses will render a good removal of radio

strontium; the toxicity threshold of (222) eventually permits 

its application to humans in cases of sr90 incorporations. 

d) In cases of radium incorporations the toxicity threshold of 

(222) is in conflict with its applicability. 

As an outstanding result it was further shown in lactating rats, 

that (222) prevents the uptake of Sr85 by the suckling pups (10) 

From Remobilization Studies only one result is presented here, 

(annual Report 1978) obtained in mice. 

Target organ of radioactive alkaline earthes is the skeleton. 

Using Ba133 as a model nuclide, a surprising augmentation of 

barium excretion was shown with the combination of two known 

dietary techniques for which the same mobilizing mechanism was 

postulated (Graph). 

This may be a tentative model for an application in case of a 

delayed treatment start after intoxications with the radionucli-

des Sr, Ba and Ra,already 

deposited in the skeleton. 

Total· Body- Retention of Ba-133 eft er 

,.., 

All these experiments in animals reveal already, that each of 

the three techniques of removal separately applyed, do not com

pletely exhaust the corresponding level of pollution. Therefore 

it seems necessary to apply a successive combination of all 

three techniques, in cases of severe contaminations with radio

active .alkaline earthes. 

One may mention, that part of our research has still an initia

ting and/or preliminary character. Though we reached already 

numerous insights into the difficult task of radio-alkaline 

earth decorporation, we are still far from the end of efforts 

necessary. 

As closing remarks one can say 
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Not all aimes of our program 1976 - 1980 have been reached, 

for example the (222)-c 14 kinetics is still missing (see annu

al Report 1980). 
Concerning the question of relevan~y of our work for radiation 

protection, the brief summary of our main results obtained dur

ing the period of contract, may give an illustrating answer. 

100-EQx100 
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Ba133_EXCRETION NORMED ON 
CONTROLS = 100 % RETENTION 
AFTER A DELAYED TREATMENT 
START WITH (222) IN RATS 

G R A P H 

minutes 

Datas obtained from total-body 
retentions on the 7-th day after 
Ea-incorporation & (222)-treatment 
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Contractor of the Commission : BELGIAN NUCLEAR CENTRE, SCK/CEN, B-2400 MOL. 

N° of contract : 233-77-1 BIO B 
Head of the research team : 

0. VANDERBORGHT, Ph.D. 

General subject of contract : 
MOBILIZATION AND SPECIFIC DECORPORATION OF HEAVY 
ALKALINE EARTH METALS. 

Title of project n° 1 : Physiological mechanisms of mobilization and 
excretion of the heavy alkaline-earth metals. 

Head of projects and scientific staff : 
0. Vanderborght, G. Schoeters, 
S. Van Puymbroeck, L. Kestens. 

Research was continued to decorporate heavy alkaline earths such as 

strontium and radiu~ Strontium has still to be considered as a po

'tential hazardous radiocontaminant and 226Ra remains a standard element 

to be referred to in radiotoxic experiments with internal emitters. The 

potential hazards of the radioactive heavy alkaline earth metals seems 

us to be relatively more important than could be inferred from the amount 

of decorporation research spent on this subject, as compared with decor

poration studies on other radioactive substances. 

In our laboratory we demonstrated that strontium could be mobilized by a 

chronic treatment with Na-alginate (a combination of guluronic and mannu

ronic acid extracted from brown seaweeds). Even several weeks after 85sr 

injection in mice, when the 85sr was already fixed in the skeleton, its 

daily excretion and its concentration in blood could be doubled by 

treating the animals with Na-alginate mixed with the food. Calcium meta

bolism of the treated animals was not affected, the urinary 85sr concen

tration was somewhat lowered. 

In the past five years the studies concerned several aspects of decorpo

ration. 
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1. Further optimalization of decorporation 

In this respect a combined treatment of alginate administered both 

in intraperitoneal injections and in the diet with a starch contai

ning dough
1 

increased up to 5 times'the concentration of 85sr in the 

blood of mice with a 9-week old radiostrontium contamination. This 

combined treatment overcame the decrease of urinary BSsr excretion, 

formerly obtained with alginate diets. The availability of the mobi

lised BSsr for renal excretion, for fecal excretion and for equili

bration between blood and organs was different depending on the mobi

lizing treatment (injection or diet). The radiostrontium content 

of liver, kidney and spleen was also increased four to six times by 

the combined treatment. The expe ·imental data allowed to estimate that 

the biological half life of stron1. ·.um is about halved by the. use of 

alginate in the diet combined with alginate injection~· Alginate in the 

diet alone will fasten the decorporation of 85sr from the skeleton 

with about 40% 

2. Comparison between BSsr, 226Ra and 210pb mobilization by Na-algir.ate 

after an old contamination 

A three months lasting alginate containing diet could reduce the 

226Ra content of a mouse femur without causing decalcification. The 

same amount of 226Ra was taken out of the femur by the alginate 

treatment, independently of the total radium content of this bone. 

Oral alginate treatment enhanced stronly the 226Ra content in blood 

and faeces of mice i.p. injected with radium, and unlike with stron

tium it does not lower the urinary excretion of radiu~ 

Na-alginate showed to be a non-toxic well tolerated food-additive 

and it was also used and proved successfully to decorporate 210Pb. 

Radioactive lead(210pb)was intraperitoneally injected in C57Black mice. 
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Three latency times were allowed for 210pb to distribute in the 

organisms, then 5 mobilising treatments were started. The results 

indicate that alginate added to the diet can increase to more than 

80% the 210pb in blood; it can also increase the urinary and faecal 

excretion. This increase is most pronounced in mice with the older 

210pb-contamination. It is independent of the age of the mice at 

210pb-contamination. 

3. The study of physiological mechanisms by which Na-alginate acts to 

decorporate strontium and radium from the skeleton 

The increased 85sr excretion from an old body-burden, caused by a 

Na-alginate diet could only be explained by the presence of Na-algi

nate in the intestinal lumen and not by the uptake of alginate deri

vatives in the blood. This is supported by three arguments: (I) no 

alginate derivatives could be detected in the blood; (2) no change was 

observable in the ultrafiltrability of strontium in the ser~ (3) the 

increase of the 85sr concentration in the blood was paired with a 

decrease of the concentration of stable strontium in the blood. The 

third observation supported the hypothesis that the increased 85sr 

concentration in the blood during an alginate diet was due to a shift 

in the stable Sr-equilibria between the intestinal lumen, the blood 

and the skeleton to the left. 

The doubled 226Ra level in blood after Na-alginate treatment occured 

also together with a decrease of stable strontium in the blood as was 

measured by plasma emission spectrometry. 
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PROJECT N° 2: LONG-TERM THERAPEUTIC TREATMENT OF RADIUM CONTAMINATED ANIMALS 

Head of project and scientific staff: G. Schoeters, S. Van Puymbroeck, 
0. Vanderborght 

Whether a therapeutic decorporative treatment really improves the health 

and survival chance of radiocontaminated animals has to be evaluated by 

its eventual prevention or reduction of late radiation effects, It seems 

that this basic statement is often overlooked in short-term decorporation 

attempts. 

The increase of 85sr and 226Ra levels in blood after Na-alginate treatment 

made us worry about the eventual therapeutic value of a long-term Na-alginate 

treatment. Research on the eventual value for the health of the treated 

animals was also based on the following ide~ The radiosensitive tissues 

(bone marrow cells, bone cells and their progenitors) localized at the 

interface of bone and bone marrow are hit by a-particles (soft tissue 

range: ! 30 ~m for 226Ra) emitted from a very small part of the total 

amount of radium which is rather homogeneously distributed in the bone 

volume. Reduction of late radiotoxic effects may then be proportional 

to the small amount of radium eliminated from the bone surface, thus from 

the target region. If decorporation by treatment removes only a small 

amount of the radioisotope but which is localized near the sensitive tis

sues, then the therapeutic value may exceed the beneficial effects which 

may be predicted from the simple relationship between "total amount of 

radioisotopes present in the whole bones" and " the amount of radium which 

is decorporated". 
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In this respect two study lines were developed in the past five years, 

connected l)with bone tumor inductions and 2) with protection of bone 

marrow stem cells. 

1. Reduces a long-term treatment with Na-alginate bone tumor induction 

in 226Ra contaminated mice? 

The appearance of bone tumors is known to be a sensitive parameter 

of radiation harm to bone cells, even at low doses. In 1978 three 

series of C57Bl were injected with increasing radium doses causing 

(as known from literature) an increasing amount of osteogenic tumours. 

This experiment consisted of 850 mice, including 250 non-contaminated 

control mice, Half of the contaminated mice and half of the non-conta

minated mice were treated with Na-alginate. Presently all mice are 

dead. Autopsies and rontgenphotos of the carcasses were taken. Histo

logical and statistical analyses are in elaboration, 

Meanwhile the tolerance of animals on Na-alginate as a food-additive 

(6% of their diet consisted of Na-alginate) was followed in C57Bl mice 

and BALB/c mice, The animals were kept on a daily diet with Na-algi

nate for 30 weeks. No changes were detected in body-weight,in the 

calcium content of the femur, blood and spleen. The number of peri

pheral red blood cells remained unaltered, but the number of periphe

ral white blood cells was significantly decreased in mice treated with 

Na-alginate, 

2. Are haemopoietic marrow cells less affected in mice treated with Na

alginate after ~26Ra contamination? 

Bone turners can only be detected at the end of the life of the animals. 

The study of haemopoietic cells has the advantage that at any time after 

contamination in any marrow site, e.g. the number and concentration of 

the stem cells can be investigated. The haemopoietic cells are 

susceptible to irradiation, and damage results in haematological disor

ders which can be measured quantitavely. 

Experimental assay systems for in vivo and in vitro culture of resp. 

the pluripotent stem cells (CFU-s) and granulocyte committed stem cells 

(CFU)c were used • 
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Three-month-old male BALB/c mice were injected intraperitoneally with 

Z26Racl2 at dose levels of 4.5, 6.9, 9.0 and 13.5 uci226Ra/kg body wt. 

At the two highest doses, the number of multipotential bone marrow 

stem cells was severely depressed 8 weeks after the injection. By 

30 weeks no depression was observed compared to controls. The number 

of peripheral red blood cells was never altered, while the number of 

white blood cells was slightly depressed after 8 weeks of contamination. 

Mice fed every other week with standard pellets and on alternate weeks 

with a diet containing 6% Na-alginate (first given 12 days after the 

injection of 226Racl2) showed a significant reduction of stem-cell 

depression 8 and 12 weeks after contamination in three of the six 

treatment groups with manifest radiation effects on the stem cells. 

These data support the hypothesis that Na-alginate stimulates removal 

of 226Ra mainly from the endosteal bone surfaces, reducing the local 

226Ra dose which accounts for damage to marrow stem cells at the endosteal 

surfaces within the range of a-rays. 

Experiments were started to obtain a detailed picture of spatial and 

temporal changes in the haemopoietic cell population of radioactive 

bones. This information can contribute to the knowledge of the local 

effects of a-irradiation and its modification by decorporative treat

ment. Marrow sites from various bone regions with a different Ca and 
226Ra metabolism were investigated. Dissimilarities between these 

marrow cavities were already detected in non-irradiated mice. This 

suggests that differences in radiosensitivity between various marrow 

regions are very well possible. The coneentration of colony-forming 

cells (CFUs) is about 40% less in sterna! marrow than in the marrow 

of lumbar vertebrae and femora. Marrow of trabecular bones in lumbar 

vertebrae contains fewer mitotically active CFUs than marrow of tra

becular bones in the femoral distal epiphysis and metaphysis, or the 

peripheral marrow near the cortical bone in the femoral diaphysis. 

In conclusion, the decorporation of 85sr and 226Ra in animals with an old 

radiocontamination could be made succesful by a non-toxic and readily 

accepted treatment. We remember that alginate treatment was already 

tested in humans and omnivorous animals (swine) shortly after or to

gether with the contamination. 
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Head of Research Teams: T. JONES. 

General Subject of Contract: 

Exposure to Radiation from Medical Diagnostic Procedures. 

General Description of work carried out from 1976 - 1980. 

A principle means for advancing diagnostic procedures in Medicine lies 

in formulating methods to observe, non-invasively, the patho-physiological 

disturbance that occur within tissues of the body. The use of penetrating 

ionizing radiation offers the opportunity to examine the internal 

structures of the body. The transmission of photons from an x-ray 

source provides information on regional tissue density; which is known 

to change in pathology. The emission of photons from radio-isotopes, 

introduced into the body to trace specific physiological pathways, 

provides measurements of local tissue physiology. In turn tissue 

disturbances are reflected directly in these measurements of function. 

The information which these transmission and emission procedures provide 

is unique. However, their diagnostic use needs to be qualified against 

the resulting radiation doses to the body tissues. The aim of the 

contract was to assess the value of these methods for examjning disease 

of the brain, heart and lungs. Initially an all encompassing analysis 

of both emission and transmission was planned. However our institute 

is playing a leading role in the development and use of radionuclide 

procedur$in Medicine. This arises both from the Cyclotron facilities 

that exist for manufacturing radionuclides with the hospital, and the 

research orientated environment for developing methodology relating to 

these isotopes. Hence the contract has concentrated on the centre's 

expertise in the radionuclide application, since cross reference to 

radiographic methods can be obtained using reports from many centres 

equipped with the more common X-ray facilities. The contract deals 

with methods for studying regional cerebral, cardiac and pulmonary 

function. 

In order to minimise the radiation dose to the patient, short-lived 

radionuclides have been used. These fall into two categories : single 

photon emitters generated from long-lived radioactive parents and 

cyclotron, positron emitting isotopes. Two categories of instrumentation 

have been used for measuring the in-vivo distribution of tracer. In 
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the initial period of the contract, gamma ray cameras and probes 

provided two dimensional measurements of the tracer distribution. 

However in the interest of obtaining the third dimension and hence 

higher detection accuracy, two emission computerised axial tomographs 

were installed in the institute at the latter stages of the contract 

period. One was tailorec specifically for the single photon emitters; 

a rotating gamma camera and the other for coincidence detection of 

the paired annihilation photons arising from positron capture. The 

impact of this state of the art instrumentation is presented in this 

report. Future indications of improvements with respect to reducing 

patient dose by increasing detector sensitivity are discussed. 

The work covered in the contract can be considered to be the growing 

edge of the diagnostic uses of radionuclides. Effort has concentrated 

on the development of these new procedures and on assessing the 

diagnostic information they have to offer. In addition, consideration 

has been given to the associated radiation body burdens. There 

emerges an ongoing picture of new techniques being applied to clinical 

diagnostic problems. Already in Europe other centres are planning 

similar studies. Hence it is envisaged that a number of these 

applications may become more widely practised and hence represent 

additional or alternative sources of radiation dose to the clinical 

population. The information resulting from the contract prepares 

the community for this eventuality. The emphasis of the contract 

has been on the radionuclide studies. Hence a comparison of the 

diagnostic information arising from alternative sources of patient 

radiation exposure, such as in radiology, has not been comprehensively 

covered in the projects. A more complete consideration of this may 

provide the subject of future contracted research. 
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Project No. 1. 

Head of Project: Professor R.E. Steiner. 

Scientific Staff: Mr. T. Jones, 

Title of Project: 

Mr. J.D. Heather, 
Mr. K.R. Butler. 

Assessment of current radiation load from medical exposure. 

The radio dosimetric considerations in the contract have rested principly 

with the determination of patient radiation absorbed doses, resulting 

from diagnostic radionuclide studies. Radiological X-ray procedures are 

well established in most medical centres, and numerous reports exist on 

the patient doses arising from these. However the radionuclide studies 

developed and used in this contract are new, and by and large, are confined 

to hospitals equipped with cyclotron facilities needed to provide short

lived isotopes. The diagnostic procedures described in projects 2, 3 and 

5 were developmental and hence concern was focussed on the patient doses 

associated with these tests. 

In the first phase of the contract, dosimetry calculations were performed 

for the two dimension gamma camera studies of the heart, lung and brain. 

These mainly involved the short-lived single photon emitters : 81 Krm, and 
99Tcm, which have half-lives of 13 seconds and 6 hours respectively. 

However many brain studies with the camera were performed using the 

positron emitter oxygen-15 which has a 2.1 minute half life. In these 

camera measurements, the degree of contrast available is low due to the 

two dimensional presentation of the three dimension distributions of the 

tracer. Hence, beyond a relatively low statistical level of data 

collection, little additional information can be obtained and therefore, 

patient doses may be kept to a minimum. The actual patient absorbed doses 

have been reported in the publications produced on the isotopic methods 

and their applications, and hence are to be found in context with the 

diagnostic data. 

The era of emission tomography introduced the need for higher radiation 

loads. These result from the additional counting statistics necessary 

to effect accurate computed reconstructions. In the case of long-lived 

tracers such as Tc-99m (6hrs ~), the additional statistical information 

required for tomography can be obtained without additional patient dose -

the scanning times are simply extended. However, for the short-lived 

isotope studies, which involve tracers being administered continuously 

during the time of the scans, longer scanning times mean higher patient 
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doses. Principle emphasis has been concerned with a positron emission 

tomograph (PET), which was used for brain, heart and lung studies. 

(Projects 2,3 and 5). In addition to the increased patient doses, 

there emerged an important additional dosimetric feature. This arises 

from the fact that the PET machine provides reconstructed tomograms of the 

absolute tissue concentration of the tracer. This is due to the ability 

to correct, for the effect of tissue attenuation of the emitted annhilation 

photons. Thus for the first time, tissue dose calculations could be 

carried out using actual measured concentrations of radioactivity rather 

than estimated values; based on the amount of tracers administered, and 

approximations to the subsequent body distributions. 

The positron emitters used have short half-lives (2-20 mins.). Hence 

their use for clinical studies is attractive in that they are effectively 

only present in the patient during the length of the scan. However the 

tissue capture of the positrons, which have energies up to 2 MeV, 

constitutes a large deposition of tissue absorbed doses per disintegration. 

In the lung, brain and cardiac studies discussed in projects 2,3 and 5, 

in which positron emitting isotopes were used, the tissue concentrations 

were measured at the activity levels which were necessary to effect 

positron emission tomography. The resulting dose calculations were in 

turn submitted to the Administration of Radioactive Substance Advisory 

Committee (ARSAC); United Kingdom. In all cases permission was obtained 

for the clinical studies to proceed. It was found that the oxygen-15 

brain, and the carbon-11 labelled blood pool studies constituted the 

highest radiation dose procedures. In these cases the critical organs 

were the lungs (2 Rem) and liver (0.9 Rem) respectively. The use of 

Gallium-68 (68 mins. T~), labelled microspheres for lung perfusion 

studies was not pursued because of the high radiation doses. In all the 

other procedures the doses were acceptably low, and have been published 

in context with the technical and clinical reports of the described 

methods. The patient absorbed doses are of course highly dependant on 

the sensitivity of the Positron Emission Tomograph used. For these studies, 

the most accurate whole body, PET Scanner currently available, was 

involved. Howeverthemachine records only one transaxial slice at a time, 

and hence data is recovered over a small emission solid angle. There 

clearly is a case for improving the sensitivity for detection. Following 

this experience of patient absorbed doses versus demand for tomography, 

the position indicates a need for improved detectors. This has already 
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been realized in the latest generation of positron emission tomographs 

designed specifically for brain studies. An order of magnitude increase 

of sensitivity has been reported by the manufacturer of these machines. 

The experience reported from this institute provides information which 

should be considered by centres who are embarking on the installation 

of such facilities. If due attention is paid 1 then the patient radiation 

loads can now be predicted, given the clinical questions being asked, 

and the instrument which is to be used. 
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Exposure to Radiation in pulmonary diagnostic procedures. 

Within the terms of the contract consideration has been given to the 

development, use and value of radioisotopic procedures to diagnose lung 

disease. In particular, techniques for studying regional pulmonary 

blood flow, ventilation and water space have been covered,since these 

are central to the lung's function. The sensitivity of these methods 

for identifying focal lung disease have, where appropriate, been 

compared to the normal chest X-ray radiograph. The information 

presented can be compared to the cost; namely the patient radiation 

absorbed doses that are associated with the measurements. The radio-

isotopes used were of two categories : generator produced, single 

photon emitters (Krypton-81m, Technecium-99m and Indium-113m) and 

positron emitting isotopes produced on line by the Cyclotron (oxygen-

15, nitrogen-13, and carbon-11). Most of the pulmonary measurements 

involved the use of conventional gamma ray cameras which provided two 

dimensional images of tracer. However near the end of the contract, 

two emission computerised axial tomographs were used : one specifically 

for positron emitting and one for the single photon category of isotope. 

Prior to the initiation of the project, this institute had pioneered a 

new method for producing high quality images of regional pulmonary 

ventilation using a gamma camera. The 13 half-life Krypton-18m was 

used, generated from cyclotron produced Rubidium-81- 4.7 hours half

life. The low radiation dose associated with the inhalation of 81 Krm 

and the clinical potential of the procedure made this methodology 

particularly suitable for consideration in the contract. During the 

project, specific clinical applications of this pulmonary ventilation 

method, were considered, and coupled with the existing method for 

monitoring pulmonary blood flow using Technecium-99m labelled micro

spheres. The value of these methods was explored in obstructive lung 

diseases such as bronchitis and asthma, and where appropriate chest 

X-ray comparisons were made. This was followed by studies in such 
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chronic lung diseases as emphysema and pulmonary cancer. The resulting 

experience of this ventilation method's sensitivity for detecting lung 

disease, together with the low radiation dose to the patient, directed 

its use to diagnosing pulmonary problems in children. Experience in the 

paediatric area grew quickly. A specific use of cyclotron produced 

nitrogen-13, which has a ten minute half-life, was also found in children. 

When used to measure pulmonary blood flow/ventilation, a sensitive means 

emerged for identifying pulmonary hypertension in cases of cardiac shunts. 

The use of 
81

Krm requires the availability of cyclotron produced rubidium-

81. Hence the documented value of the ventilation methods stimulated the 

search for a tracer which was more convincingly available. For this, the 

inhalation of aerosols containing mini microspheres labelled with 

Technecium-99m or Indium-113m was considered. The patterns of aerosol 

deposition in the lung were compared to those of Krypton-81m. It was 

found that with careful consideration to particle size, and in the 

absence of airways disease, that aerosols provide an acceptable 

alternative for studying pulmonary ventilation. In mixed pulmonary 

disease 81 Krm was to be preferred. In their own right the particular 

pattern of deposition and the time course of pulmonary clearance of aerosols 

was found to be sensitive to pathology. Towards the end of the project 

the use of the gamma camera was extended from a two dimensional display 

readout to one of transaxial tomography. This was achieved by rotating 

a camera around the chest during data collection. 

The phenomenon of pulmonary oedema is frequently associated with cardiac 

disease, hence attention was given to the use of tracers to measure the 

accumulation of lung water. Water labelled with the 2.1 minute half-life 

oxygen-15 was used, as well as measurements of protein leakage rates into 

the extravascular lung space. Although encouraging results were obtained, 

the techniques were found to be limiting with respect to the availability 

of tracers and the high measuring precision needed for following the time 

course of leakage. 

In the latter phase of the project, attention was focussed on the applica

tion of a positron emission tomograph (PET) for measuring pulmonary 

parameters. The success of previous gamma ray camera work, made it 

difficult to identify areas where PET technology may have a role in 

pulmonary studies. An extension to the earlier lung water space measure

ments was developed. This involved measuring regional lung density with 

a PET transmission scan followed by a PET emission scan of pulmonary blood 
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volume using red blood cells labelled with 
11co. The subtraction of the 

blood from the density scans provided an absolute quantitative measurement 

of the extravascular lung space. At the end of the contract period 

clinical studies were being initiated with this method. 

A new era of pulmonary studies with radioisotopes was explored. 

This involved moving from the measurement of such physical parameters 

as flow and volume, to that of the lung's metabolism itself. In this 

first in vivo study of the metabolic lung, Carbon-11 labelled palmitate 

was administered to animals and the lungs scanned tomographically, in an 

attempt to identify the sequestration of tracer into the lung as a marker 

of pulmonary surfactant production. The preliminary signals recorded 

were disappointingly low, and.alternative pulmonary metabolism precursors 

will need to be considered. 

Radioisotopic studies of regional pulmonary function represent one of 

the most common and unique uses of radionuclides in man~ The results of 

this project provide a closer understanding of the benefit of the radiation 

load and provide some foresight as to where these techniques may develop 

in the future. It has not been possible to fully cover a comparison of 

these new methods with the information affected by radiological 

examination. A detailed analysis of this may be of relevance to the 

Euratom organisation if their new pulmonary isotopic methods become 

universily accepted. 
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Exposure to Radiation in Cardiac Diagnostic Procedures. 

This project has concentrated on the development and clinical application 

of methods to measure regional cardiac muscle blood flow and metabolism. 

such measurements are required to help identify the presence of the 

physiological disturbances that underly coronary artery disease. In 

addition to using these methods to describe the nature and extent of the 

physiological lesions,.the opportunity to follow the efficiency of 

treatment at a level of tissue function, is highly desirable. In the 

context of these ques~ions the diagnostic value of the tests developed 

are presented and may be related to the associated radiation doses to the 

patient. 

At the initiation of the project a technique had just been established at 

Hammersmith to monitor regional blood flow to the cardiac muscle. This is 

a relatively low radiation dose procedure involving Krypton-81m which has 

a 13 second half life. The method required this tracer to be introduced 

continuously, in solution form, through an arterial catheter which 

irrigated the coronary sinus. While patients were being catheterised for 

angiographic studies of the heart, the opportunity was taken to apply the 

myocardial Krypton-81m blood flow procedure. A mobile gamma camera system 

was developed which allowed images of regional myocardial perfusion to be 

recorded at the time of coronary angiography. The short half life of the 

tracer allowed repeat measurements of myocardial perfusion to be made, and 

hence sequential changes of regional flow during exercise or pacing could 

be examined. The accuracy of this technique for such studies was established 

in animals prior to and in parallel to the clinical work. At angiography, 

coronary artery narrowing is seen. The blood flow method was used to assess 

the physiological significance of this by mapping out the flow in the 

capillary bed, fed by those arteries. The results of this comparison are 

highly relevant in that appreciable radiation doses are associated with 

this routinely applied diagnostic radiological procedures. It was found 

that coronary artery stenosis was often a poor guide for assessing the 
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extent of the physiological disturbances. 

By following the response during cardiac pacing, it was found that it is 

possible to discriminate between permanent and reversible disturbances 

of regional myocardial blood flow. This had an immediate significance 

with respect to the assessment of patients who may benefit from coronary 

artery by-pass surgery. The use of the Krypton-81m method was extended 

to the operating theatre. There it was possible to introduce the tracer 

directly into the by-pass graft, and so assess the territory supplied 

by the anastomosis. Post-operative angiography and blood flow studies 

again helped to assess the eventual physiological outcome of the 

operation. These measurements confirmed that myocardial perfusion can be 

returned to the normal level by this surgical procedure. 

In many hospitals the myocardial scanning agent Thallium 201, given 

intravenously, is used to assess focal defects in the heart muscle. The 

opportunity was taken to assess how well this test could depict focal 

blood flow defects in the heart muscle. An animal model of coronary 

artery ischaemia was used, and it was shown that Thallium 201 only depict~ 

focal reductions in flow provided tissue metabolism is also effected. 

This has special relevance to the value of the radiation loads which 

result from the frequent use of Thallium 201 in diagnostic cardiology. 

By comparing the blood flow changes seen using Krypton-81m with ECG and 

blood enzyme changes, it was concluded that the simple non-radiation 

tests are sensitive for detecting myocardial ischaemia. Near the end of 

the project the rotating gamma ray camera was used to tomographically 

delineate the distribution of Krypton-81m and hence blood flow in the 

human heart. This in turn provided a higher detection accuracy for a 

given patient dose. Following the installation of the positron emission 

tomograph in 1979, attention was focussed on the use of positron 

emitting isotopes for non-invasively monitoring regional myocardial 

function. Using this new technology to provide transaxial tomographic 

slices of the isotope'' s distribution within the cardiac tissue, three 

new isotopic methods were developed. 

The contintious-ifitraYenous infusion of the 1.3 minute half-life 

Rubidium-82 provided myocardial tomograms of regional cation uptake/blood 

flow. Carbon-11 labelled acetate was used to study regional energy 

metabolism in the heart and the continuous inhalation of oxygen-15 

labelled carbon dioxide provided, for the first time, a non-invasive 

means for measuring regional myocardial blood flow. The methods have 
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been applied to patients with both coronary artery disease and cardio

myopathy. The effect of exercise on regional function could also be 

followed. In a short space of time it became clear that new fundamental 

information can be obtained with these tracer techniques and their 

associated radiation loads. Although these tests are currently confined 

to relatively few Medical Centres, the prevelance of heart disease 

indicates that they may become more widely established in cardiac medicine. 

The community can now be aware of the information: radiation cost which 

underlies these methods. It was not possible to comprehensively cover a 

corresponding analysis for X-ray radiological cardiac procedure. This 

could be a subject for further study within the community. 
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Exposure to radiation in 0rain diagnostic procedure. 

This project has been concerned with the development and clinical use 

of radioisotopic methods to measure regional brain blood flow and 

metabolism. This concentration arises from the need for further 

information on the cerebral patho-physiologies that underly certain 

common neurological conditions and how or whether these respond to 

treatment. During this contract attention has focussed specifically on 

investigating the regional energy requirements and balance of the diseased 

brain. This was possible by developing a technique which couples a 

measurement of tissue blood flow to that of oxygen consumption. The 

radioisotope oxygen-15 has been used for these measurements and having 

a half-life of 2.1 minutes needs to be produced on line by the cyclotron. 

It is the longest lived gamma ray emitting form of oxygen. Hence it is 

essentially the only nuclide that can be used to measure the basic 

tissue phenomenon of oxygen consumption. The procedure developed 

consists of piping the isotope from the cyclotron to the clinical 

investigation area. Here it is inhaled continually by the patient to 

produce a steady state concentration of tracer within the tissue. At 

this point the distribution of the isotope within the brain is monitored 

with radiation detectors. Two separate inhalation procedures are involved: 

the inhalation of oxygen-15 labelled molecular oxygen to study oxygen 

utilisation, and oxygen-15 labelled carbon dioxide to study blood flow. 

The information which this procedure can provide may be related to the 

associated patient radiation absorbed dose. 

The initial studies with oxygen-15 involved the use of a conventional 

gamma ray camera to measure thE cerebral distributions. The data 

provided by the instrument is at best semi-quantitative. This results 

from the two dimensional recording of a complex three dimensional 

distribution of tracer. Nevertheless, the read out from this camera was 

used as a means of exploring whether or not this tracer approach offers 

sensitivity for identifying and describing focal cerebral disease. A 

wide range of neurological patients were studied, Brain Tumours, Dementia, 
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Cerebral Vascular Disease, Parkinsonism; and generalised vasculltic 

disease, together with a normal population. In all cases focal 

disturbances and uncoupling of flow and metabolism were detected. In 

some instances the method was used routinely to follow the time course 

of patients undergoing treatment. One particular example of this was to 

assess the efficiency of by-pass surgery for the treatment of cerebral 

ischaemia. This application high-lighted the differences between 

radiological and isotopic measurements to assess focal cerebral defects. 

In total some 640 patient measurements of flow and metabolism were 

carried out in this initial qualitative phase of the project. The results 

from this study provided one of the main cases for the installation of a 

positron emission tomograph in the Unit in 1979. The use of this Scanner 

immediately advanced the accuracy of the cerebral measurements on two 

fronts. The tomographic presentation of data removed the signal super

imposition, and the ability to quantitate tracer concentration allowed 

the signals to be processed to provide absolute values of tissue blood 

flow and oxygen consumption rates. The range of these physiological 

parameters for normal subjects was established and clinical studies 

initiated. A total of 230 neurological patients were examined tome

graphically with principle emphasis on stroke, dementia and tumour cases. 

A number of new findings emerged from this data which have helped define 

the underlying patho-physiologies. In stroke cases it was found that 

within the lesion, there was very often an excess of blood flow relative 

to metab<>lic demand, and the depressed metabolic rate was seen to recover 

in time, in a significant number of cases. These results have a direct 

bearing on the therapy of this disease. The value of drugs; intended 

to improve flow, is in doubt in approximately 80% of the cases, and that 

concern needs to be given principly to specifically distinguish the nature 

of the physiological lesion prior to prescribing therapy. In pre-senile 

dementia, both blood flow and metabolism are equal~depressed which again 

points to the defect being principally metabolic, rather than ischaemic. 

In tumours the results put the phenomenon of neoplasm anoxia in question. 

Although the findings are somewhat divorced from a current routine clinical 

diagnostic procedure, it is important to underline their relevance to the 

understanding and treatment of common neurological diseases. The results 

indicate that there now exists objective ways of assessing treatment, 

which cannot be obtained by such methods as X-ray transmission. This still 

preliminary data is stimulating many centres in Europe to establish 
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similar facilities. This in turn has direct relevance to the clinical 

radiation loads which will arise from this means for monitoring. It is 

envisaged that for the foreseeable future, the actual number of patients 

involved, will be small. 

The community is now prepared for the growing diagnostic interest in this 

source of radiation exposure to patients undergoing Neurological 

examination. In turn a closer examination of the value of radiologicalx-ray 

patient doses; an aspect not fully covered in the project, may become 

relevant to the concern of the Euratom organisation. 
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oxygen-15 inhalation technique.VIII Salzberg Conference on Cerebral 

8. 

Vascular Disease Ed. Meyer & Reivich-Excerpta Medica Amsterdam- Oxford,1977. 

Pinching A. J. , 
Brain Scanning 
Erythematosis. 

Travers R.L., Hughes G.R.J., Jones T., Moss S.: Oxygen-15 
for detection of cerebral involvement in Systemic Lupus 
Lancet 1. 29th April, 1978. 898-900. 

9. Lenzi G.L., Jones T., McKenzie C.G., Reid J.L., Thomas D.J., Moss S.: 
Oxygen-15 Inhalation Technique in the study of Regional Cerebral Metabolism 
to blood flow Relationship in Man. Brain & Heart Infarct II. 240-250. 
Ed. Zfilch, Kaufmann, Hossman & Hossman published by Springer-Verlag. 1979. 
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10. Thomas D.J., Jones T., Lenzi G.L., Ensell J.S., Lumley J.S.P.: Oxygen 
utilisation and regional cerebral blood flow studies, usrng oxygen-15 
and Xenon-133, in patients before and after superficial temporal to 
middle cerebral artery anastomosis. Proc. of 9th Int. Salzburg Conf. 
Sept. 27-30, 1978. Cerebral Vascular Disease 2. Published: Exerpta 
Medica. p7-11, 1979. 

11. Thomas D.J., Jones I 5: The combined use of intravenous Xenon-133 
techniques and the o 2 inhalation method. Progress in Stroke. 
Research I. Ed. R.M. Greenhalgh and F.C. Rose. Pub. Pitman Medical. 
p.330-339, 1979. 

12. Frackowiak R.S.J., Jones T., Lenzi G.L., Heather J.D.: Regional 
cerebral oxygen utilisation and blood flow in normal man using oxygen-15 
and positron emission tomography. Acta. Neurol. Scand. 62, 346-344, 1980. 

13. Frackowiak R.S.J., Lenzi G.L., Jones T., Heather J.D.: Quantitative 
measurement of regional cerebral blood flow and oxygen metabolism in man 
using l5o and positron emission tomography : Theory, procedure and 
normal values. J. Comp. Asst. Tomo. 4 (6), 727-736, 1980. 

14. Lenzi G.L., Jones T., Frackowiak R.S.J., Fieschi C.: Discussion of the 
oxygen inhalation technique with 15o for the evaluation of cerebral 
metabolism/flow relationships in cerebrovascular diseases. Int. Congress 
Series 507 "Cerebral Circulation" ed. Bes. A., and Geraud G., Excerpta 
Medica. 45-48, 1979. 

15. Lenzi G.L., Frackowiak R.S.J., Heather J.D., Buckingham P.D., Jones T.: 
Metabolic and circulatory aspects of acute stroke in man. Proc. XXVIII 
Int. Congr. of Physiological Sciences - Tubingen. Ed. Betz E. et al, 
Verlag Gerhard Witzstrock. p204-207, 1980. 

16. Frackowiak R.S.J., Lenzi G.L., Jones T., Heather J.D.: CBF and CMR02 
in acute cerebrovascular disease : a clinical application of the oxygen 
inhalation technique. In "Cerebrovascular diseases drugs and methods". 
Ed. Cahn J. Pergamon Press- in press. (1981). 

17. Lenzi G.L., Jones T., Frackowiak R.S.J., Heather J.D., Rhodes C.G.: The 
quantitation of regional cerebral blood flow and oxygen utilisation in 
man with Oxygen-15 and positron emission tomography. Tenth International 
Salzburg Conference on cerebrovascular disease (1980). Excerpta Medica. 
In Press. 

18. Frackowiak R.S.J., Jones T., Lenz.i G.L.: Cerebrovascular disorders 
evaluated with positron tomography: Preliminary observations. lOth 
International Salzburg Conference on cerebrovascular disease. (1980). 
Excerpta Medica. In press. 
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G.R. For se, Dr. M. Myers, 
J.D. Heather, Dr. J.E. Bateman, 
e.G. Rhodes, Dr. J.F. Connelly. 

Reduction of radiation exposure through optimal detector design. 

In considering the optimal instrumentation for detecting the in-vivo 

distribution of radioisotopes, principle consideration has to be given 

to both accuracy and sensitivity of the devices being used. In effect 

a benefit:cost balance is evident. The physical specifications of a 

measurement needs to be related to the cost of achieving that measure

ment in terms of the radiation dose needed to ~b~ain the required 

statistical accuracy. 

During the period of the contract such a consideration was applied to 

two categories of instrument. This arises from the use in our institute 

of isotopes that emit either single photons or paired annhilation photons 

OCollowing positron decay)- see projects 2,3 and 5. The optimal means for 

detecting the 511 KeV annhilation photons emitted from the body following 

positron capture represented the greatest consideration in this project. 

This arose since the technology for detecting single photon emitters has 

already been well established, following the wid~spread use of Technecium-

99m in the field of diagnostic Nuclear Medicine. The use of positron 

emitters however, is confined to relatively few centres, and hence there 

has been less stimulus for their technical advance. 

At the beginning of the project the single photon Krypton-81m and 

Technecium-99m work (projects 2 and 3), was adequately covered by the 

availability of state of the art wide field of view Anger Gamma ray 

cameras. Although they were being used for detecting 511 KeV annhilation 

photons, this was only possible at the cost of poor sensitivity which 

arises from the need for thick lead collimators, and the thinness of the 

camera detecting crystals. At the early stages of the project, an 

analysis of the positron detection field indicated that developments, 

principally in the United States, of polygon arrays of detecto~s, 

operating in coincidence around a single transaxial plane, were the most 

promising with respect to spatial detection accuracy. It was clear, 

however, that in these instruments only a small solid angle of detection 

was used. Thus in parallel to following the developments of these 

machines, it was decided to support the construction of an area positron 

camera in the United Kingdom. The rationale for this lay in seeking to 
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use higher detector solid angles than the single slice machines provided. 

Thus the instruments to be used for positron isotope detection advanced 

on two fronts:-

a). A commercial single slice positron emission computerised axial 

tomograph ECAT, was installed in the institute. This machine was 

extensively tested with respect to its physical performance. In 

conclusion it was found to be the most accurate device available for 

measuring the regional concentration of tracer within the tissue of man. 

This finding is based not only on its tomographic read out, but also on 

the linearity of response and the ability to correct absolutely for 

tissue attenuation of the emitted photons. From the accuracy point of 

view, this machine has currently produced the greatest accuracy benefit 

relative to the patient absorbed doses. The device is an instrument 

which has transformed the concept of Nuclear Medicine from what to date 

has been mainly a qualitative imaging discipline, to one of precise 

measurements of tissue radioactivity. Ln turn this new dimension of 

precision allows quantitative values qf tissue function to be produced. 

This salient point is underlined in the reports on projects 2,3 and 5. 

Given the precision of this basic design and the usefulness of the 

clinical data that can now be produced, there exists a strong incentive 

for commercial manufacturers to improve the sensitivity of this 

generation of machines even further. Not least in this is the need for 

higher sensitivity and hence a reduction of patient dose. This can be 

achieved by increasing the number of planes of data that can be collected 

simultaneously. This point has a direct bearing on machines that are 

to be installed in European centre~ in the near future. 

b)The area positron camera developed during the period of the contract 

consisted of stacks of multiwire proportional chambers. This detection 

principle is based on the extensive technology that has been developed in 

Europe in connection with the high energy Nuclear Physics projects. A 

camera 30 cm by 30 cm in area was constructed, and by the end of the 

project period, data was being collected both from physical phantoms 

and animals. The spatial resolution is three times better than the 

current single slice tomograms. The intrinsic sensitivity of the 

proportional chamber is significantly less than that for the sodium 

iodide detectors used in the ECAT. However it was found that the area 

positron camera has a sensitivity comparable to that of the ECAT, when 

viewing heart or brain phantoms. This arises from the greater solid 
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angle of detectLon subtended by the area machine. The problems of 

extracting truly quantitative data from the area positron camera has 

yet to be fully solved. Not least are the problems of a background 

noise due to scattered coincidence events. 

The next stage in the area camera development could be to produce a 

polygon array of multiwire chambers, which completely enclose the 

patient and so maximise the solid angle for detection. The indications 

are that to increase sensLtivity, and hence reduce patient dose while 

still maintaLning quantitative accuracy, the near future development 

wLll be directed towards multi planes of single slice detector arrays. 

Developments with single photon Gamma ray cameras consisted of mobilising 

a small device to collect data at angiography and surgery. In this way 

the isotope is administered selectively into the organ of interest. 

Hence radiation doses to the other body tissues was minimised. The use 

of a rotating X-ray camera has shown that tomograms can be obtained that 

are linear in their response with tissue activity concentration. This 

in effect extracts more accurate information for a given patient dose. 

The limits on the absolute quantitative accuracy for this have yet to 

be established. 

Publications: 

1. Jones T., Forse G.R., Heather J.D., and Rhodes C.G.: A practical 
assessment of the accuracy of a whole body positron emission tomograph 
(ECAT) - sub. J. Comp. Ass. Tomog. (1980). 

2. Jones T.: Positron emission tomography and measurement of regional 
tissue function in man. Brit. Med. Bulletin. (1980). Vol. 36, No. 3, 
p. 231-236. 

3 0 Bateman J.E., Connolly, J.F., 
development of the Rutherford 
Nucl. Inst. & Methods. 176. 

Stephenson R., and Flesher A.C.: The 
Laboratory MWPC Positron Camera (1980). 
p. 83-88. 
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Contractor of the Commission : 

School of Nuclear Medicine of the University of Pisa 

Contract n. 228-76-7 BIO I 

Head of Research Group: Prof. Luigi Donate 

General theme of the contract: 

Exposure to radiation from medical diagnost~c procedures. 

Title of project n.l: 

Assessment of current radiation load from medical exposure. 

Head of the project and scient~f~c eo-workers: 

Riccardo Guzzardi, Riccardo Bellina, Maurizio Mey, Ubaldo Bottigli 

1. Report of the activity during the 1980 

a) Assessment of radiological procedures 

With the aim of assessing the information content, image quality 

and the patient radiation dose in cardiovascular procedures, the 

technique of x-ray ventriculography using continues infusion of a 

contrast medium has been analyzed. To this purpose, the amount of 

contrast medium in the left ventricle, has been calculated through an 

analytical simulation of the involved dynamic process (continues 

infusion in the contractile chamber). This to evaluate the quality of 

the information content in the image and to assess the radiation dose 

to the patient with respect to the time necessary to get the 

diagnostic information. The conclusion of this work was that there is 

an usual and not justified extra irradiation of the patient non 

associated with the production of reliable and significant information. 
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b) Patient dosimetry in Nuclear Med1cine Investigations 

This work has continued both on the s1de of specific evaluation 

of pat1ent dosimetry using new diagnost1c procedures (the microspheres 

for heart studies, tagged with different radioisotopes both gamma or 

positron emitters) and in that of completing the collection of 

dosimetric data from any in vivo Nuclear Medic1ne procedure. 

This last work, particularly, will come out as a book published 

by the Commission of the European Communities (Harwood). 

2. Results of the project from the start up (1976) 

The actin ty of this project has been almost completely devoted 

on the methodological side of both development of techniques for the 

evaluation of the patient radiation load and assessment of the imaging 

procedures. Specially on the side of the dosimetric methodolog1es, the 

main results have been: 

a) the development of a software program for the calculation of the 

rad1ation dose to the patient organs when new procedures are 1ntro

duced in Nuclear Medicine investigations; 

b) the collection of the dosimetric data, regarding the 1n vivo 

Nuclear Medicine procedures. This 1nformation w1ll appear as a book 

published by the EEC. 

c) The development of an experimental methodology for internal dose 

evaluat1on using the Rando Phantom and TLD dosimeters. (This metho

dology has been successfully applied to the Compton Tomography of 

the lung). 

On the side of the assessment of the imaging techniques, the main 

results have been: 

a) comparative evaluation of the perf=mance achieved and radiation 

load using internal gamma sources, trasmitted x-ray and ultrasounds 

1n the investigation of the cardiac function. 
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b) Comparative evaluation of the new methodology of Compton Scattering 

Tomography, for study of the lung density, with other methodologies 

as the Blurring Tomography. 

c) Assessment of the x-ray ventr1culography in terms of patients radia

tion load and information content. 

Publications 

GUZZARDI R., MEY M., PISTOLESI M., SOLFANELLI S., GIUNTINI C.: Tomography 

go• Compton scattering. J. Nucl. Med. All. Sci. 21, 72, 1g77. 

BELLINA R., GUZZARDI R.: CAMIRD Ill: An up to date version of the CAMIRD 

Ill package for 1nternal dosimetry. December 1g77, CRN Clinical Physlolo

gy Laboratory, Pisa. 

GUZZARDI R. , MEY M. , PISTOLESI M., SOLFANELLI S. , GIUNTINI C. : Direct 

tomography by go• Compton scattering: performances and lung application. 

Proceedings of the 2nd European Congress of Nuclear Medicine, London 1g78. 

BELLINA R., GUZZARDI R. : Caratteristiche ed applicaZloni di un metodo 

automatico per la dosimetria interna in Medicina Nucleare. Proceedings 

XXI Congresso dell' Associazione Italiana di Protezione contro le Radia

zioni, Palermo, ottobre 1g7g, p. 68. 

GUZZARDI R., MEY M., BUSUOLI G.: Dose assorbita nella tomografia Compton 

per il polmone. Proceedi~gs XXI Congresso dell' Associazione Italiana di 

Protezione contro le Radiaz1oni, Palermo, ottobre 1g7g, p. 2. 

GUZZARDI R., MEY M., PISTOLESI M., GIUNTINI C.: Valutazione delle pro

prieta di imaging e dosimetriche della Tomografia Compton. Proceedings 

XVII Congresso della Societa Italiana di Biologia e Medicina Nucleare, 

Firenze, maggio 1g7g, p. 80. 

BELLINA C.R., GUZZARDI R.: Camird Ill: Un software package per la 

va1utazione del la dose interna agli organi in segui to alla somministra

zlone di tracc1anti radioattivi. Proceedings XVII Congresso della Societa 

Italiana di Biologia e Med1cina Nucleare, Firenze, May 1g7g, p. 12. 
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GUZZARDI R., BOTTIGLI U., MEY M.: Sources for the 90° Compton scattering 

tomography of the lung: comparison between Ir-192 and Hg-203. Annual 

Meeting Society of Nuclear Medic1ne, Innsbruck, September 1979 (in press). 

BELLINA C.R., GUZZARDI R.: Camird III: Revised version of the Camird II 

and Mird-S Packages for Internal dose calculat1on: Concise Communication 

Journal of Nuclear Medicine 21: 379-383, 1980. 

GUZZARDI R., MEY M., PISTOLESI M., SOLFANELLI S., GIUNTINI C.: Paragone 
203 192 

tra sorgenti di Hg e Ir nella tomografia Compton del polmone. Atti 

del XVIII Congresso Nazionale della Societa Italiana di Biologia e 

Medicina Nucleare, Perugia 5-7 giugno 1980, p. 119. 

GUZZARDI R., MEY M., GIUNTINI C.: 90° Compton scattering tomography of 

the lung: detect1on characterist1cs and correction of the attenuation. J. 

Nucl. Med. All. Sci. (in press). 

GUZZARDI R. , MEY M. , BUSUOLI G. : Dosimetr1c assessment 90° Compton 

scattering tomography (CST) of the lung. Phys. Med. B1ol. 25, 4 July 1980 

p. 774. 

GUZZARDI R., MEY M.: Further appraisal and 1mprovement of 90° Compton 

Scattering Tomography of the lung. Phys. Med. Biol. January 1971 (1n 

press). 
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Title of the project No. 2: 

Exposure to radiations in pulmonary diagnostic procedures. 

Head of the project and scientific eo-workers: 

Carlo Giuntini, Carlo Marini, Giorgio Di Ricco, Giuseppe Pistelli, 
Anna Maria Santolicandro, Paolo Paoletti, Massimo Pistolesi, Massimo 
M1n1ati, Giuseppe Maltinti. 

90°Compton scattering (COSCAT) with an external gamma-ray source versus 
chest x-ray tomography (CXRT) 

During 1980 the technic has been applied in 33 patients affected by 
pulmonary edema of cardiac (hydrostatic) or injury (increased permeabi
lity) origin. The clin1cal usefulness of COSCAT was tested versus chest 
x-ray, ( tbe most used clin1cal method to assess pulmonary edema) : the 
radiatlon load of the two technics is comparable. In cardiac patients 
both methods reveal a predominantly central perihilar distribution of 
increased lung density, whereas in patients with injury pulmonary edema a 
patchy, more per1pheral and less gravity dependent distribution was 
observed. COSCAT 1s more accurate in defining the above abnormalities and 
more sens1tive 1n detecting density changes with time. Moreover, 
scissural and subpleural effusions not clearly evidenced by Chest x-ray, 
were v1sualized by COSCAT. In cardiac patients, during pulmonary edema 
formation or regression, hilar size and perihilar density changes not 
observed by sequent1al Chest x-ray were evidenced in COSCAT performed at 
the same time. The latter may thus be considered an adjunctive diagnostic 
tool for non invasive detection and monitoring of pulmonary edema, while 
may also perm1 t differentiation between cardiogenic and injury pulmonary 
edema, pointing out regional differences in accumulation and reabsorpt
lons patterns in the two different types of pulmonary edema. 
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In order to obtain absolute values of lung density, in 1980 the 
computer correction for physical attenuation of both primary and scatte
red gamma rays in chest tissues, has been further developed. Gamma camera 
imaging signals recorded on 35 mm film are digitized by a computer 
controlled flying .,spot system; several processing steps are then execu
ted. Colour images with counting levels proportional to the absolute 
value of scanned tissue density are finally displayed on TV monitor. 
Preliminary application of this computer correction demonstrates the 
possibility of improving the diagnostic capabilities of the technic. 
Further development of the computer algorithms will permit the 
reconstruction of tranverse tomographic planes from the informations 
obtained by the sagittal and frontal planes. 

During the three years of the project the technic has been applied in 
68 patients with various disorders that alter diffusely or focally lung 
density. In many of these patients, the imaging technics commonly used 
can not give clinical information about lung density comparable to that 
of COSCAT. In particular, conventional CXRT did not offer the same 
density discrimination in studying lung parenchyma. Indeed, the tomo
graph1c effects of CXRT is obtained blurring the structures at different 
depth by means of relat1 ve motion of x-rays source and detector. COSCAT 
is obtained with stationari ty of both gamma-rays source and detector. 
Furthermore, the field of view of CXRT is smaller with respect to that of 
COSCAT. The skin dose to the patient in conventional CXRT has been 
calculated in 470 mR for one tomogram of the chest (Harle T. e al., Am. 
J. Roentgenol., 124: 353, 1975). We calculated a total absorbed dose of 
93 mR for a COSCAT. 

Assessment of radiation exposure and significance in the diagnosis and 
treatment of obstruct1 ve airways disease of inhaled 99mTc-minimicrosphe
res (99mTc-HAMM). 

The purpose of this project was to 1nvestigate the aerosol depos1tion 
and clearance in airways of normal people and of pat1ents w1th lung disor
ders, in order to allow computation of radiat1on exposure due to inhala
tion of active aerosols. As a matter of fact, very few informations are 
available on the fate of inhaled aerosols in people w1 th lung disease. 
The high inc1dence of lung disorders in most european countries makes it 
useful to have some references for more accurate assessment of radiation 
exposure due to rad1onuclide entering the body by inhalation. 

The pattern of depos1 tion of 99mTc-HAMM, a monod1sperse aerosol of 
albumin part1cles hav1ng an aerodynamic diameter of 0.75 ~m and a geome
tnc standard deviation of 1.19, was revealed with a large field camera 
(Toshiba GCA2) soon after nebulization and 4 hours later. We studied more 
than 200 patients affected by obstructive lung disorders. 

The pattern of deposition in normal subjects l.S characterized by 
homogeneous distr1bution of radioactivity and by gradient from base to 
apex. Most of the inhaled part1cles deposit by sedimentation in airways 
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peripheral to the 16th generation. In patients with asthma the- images 
show that most of the deposition is in central airways. If a reduction in 
caliber of the first 10 generations is assumed, deposition of particles 
may increase to up 100 fold the normal, according to the degree of 
obstruction. In patients with chronic bronchitis or emphysema the images 
show round ish spots of particles deposition; the spots with diameter of 
few centimeter are located in the peripheral regions of the lungs, their 

_shape and position being poorly ~nfluenced by the bronchial clearance. If 
we assume a reduction in caliber of the peripheral airways the deposition 
by impaction in this region increases only of a small amount. Therefore 
the marked uneveness of this pattern is due to the uneveness of air flow 
distribution consequent to the distruction or reduction in caliber of 
peripheral airways. 

These different patterns of depos~tion permit to identify the site of 
prevalent broncoconstriction in lung disease. 

From the images obtained we computed the relative amount of total and 
regional deposition and the clearance efficiency for particles having the 
same dimensions of HAMM. 

The main factors influencing particles deposition are particles siz_e 
and bronchial caliber (fig. 1). 

In normal subjects the radiation exposure to the whole lung, conside
red like a sphere of unity density and with 20 cm diameter, resulted 
0. 402 mrad/mCi inhaled by the patient, details of the calculations have 
been reported in 1978. 

Figures of regional deposition and of clearance are reported in Table 
I. In column 2 and 3 are reported the reduction in caliber assumed for 
computation of the total deposition (column 4) in per cent of inhaled and 
the relative deposition in central (column 5 and 6) and peripheral 
airways (column 7) • The experimental values of activity cleared in 4 
hours, obtained on the late images, are reported in column 8 (mean values 
of the determinations in each group of subjects). These last figures are 
higher than the computed ones (colu~i 6+7) for the presence of deposition 
in the mounth and 1n the digestive trac. 

During the 4 years of this project 99mTc-HAMM inhalation has showed 
to be an useful technique to reveal the site of bronchial constriction 
and the degree of impairment of bulk flow ventilation. This technique is 
a val~d diagnostic mean to differentiate the various obstructive lung 
d1sorders and to follow up treatment effect. 

Moreover the data on aerosol retention, in airways of people with 
obstructive lung disease, are useful references to calculate radiation 
exposure to inhaled radioactive aerosols for people with obstructive lung 
disease. 
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Diagnostic relevance in relation to radiat1on dose to 1ndiv1dual pat1ent 
for pulmonary arteriography and 131-I-AMA lung scanning. 

To calculate the x-rays doses del1vered to patients dur1ng a 
pulmonary arteriography it 1s necessary to account for the body s1ze, its 
pos1tion in radiological field and the distance from the tube to the skin 
when the experimental examination 1s carr1ed out. 

A reliable evaluation of the del1vered dose 1s obta1ned by estimat1ng 
changes of the ma1n techn1cal parameters 1n relation to the unwanted 
radiations del1vered to thyro1d and gonads. 

To estimate the delivered absolute dose we measured f1rt the power 
supply of our x-rays tubes to verify the conformity with requested data 
and then we appl1ed TLD to the x-rays beam exit; in th1s way we obtained 
a cal1bration curve relating the read-out of TLD 100 to radiat1ons 
measurements carried out by two ionization chambers (Jonex dose/dosemeter 
2500/3 with a 0,6 cc chamber 2505/3A and 600 cc thin window chamber 
2511/3). 

An "average man random phantom" was used to performe a shame pulmona
ry arter1ography and to measure the relative delivered dose. 

X-rays films were inserted with1n phantom sections at thyroid, lung 
and feminine gonads levels; for the masculine gonads films were placed on 
the skin. life used X- omat Kodak films automatically developed by Agfa 
G138 developper and Agfa G334 fixer at 33°C for 90". 

The pictures, transferred an a 24x36 mm film, were read-out by the 
SADAF system. In th1s way pictures were turned 1nto dig1 tal form: they 
were sampled by 24 m1cron steps and the obtained values were quantified 
an 64 density levels. The system includes: a) flying-spot analyzer of 
films b) PDPB/1 computer c) TV mon1tor and d) Tape record1ng of data. 

Data analysis has been performed by VIDAR system consisting in a 
number of programs llnked together and adapted for a MP21MX computer 
which provided: a) Picture hystograms plott1ng b) Noise level cut-off c) 
picture reproduction into the gray range d) stereograms and 1sodose 
curves plotting. The X-rays dose distribution 1s homogeneous at gonads 
levels, not at thyroid and lungs levels. 

To explain this f1nding we must consider the chest as a source of 
diffuse radiations; because gonads area 1s rather far from the examined 
area, it receives a radiation dose changing w1th the square of the dlstan
ce as it was shown by a direct measurements. 

Measurement of the absolute dose performed along the phantom antero
posterlor axis in the areas with x-rays films have shown at gonads level 
a d1fference of about 5% between the directly exposed and more posterior 
areas; this difference observed in the section through the thyroid was 
about 20% and became much larger in the chest level sections. See table I. 
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TABLE I 

Pulmonary arteriography 1n a patient weigh1t1ng 70 Kg - A-P projection 
(17 radiograms - 76 KV - 60 m AS) 

gonads 50 .:': 2.5 mR 
thyroid 240 .:': 7.5 mR 

~ anterior sk1n surface 20 R 
Chest depth 12.5 cm 680 .:': 135 mR 

poster1or skin surface 136 .:': 27 mR 

Owing to increasing number of diagnostic and therapeutic procedures 
ava1lable 1n radiological field at the present t1me, there is a great 
deal of research not only about the development of new dosimetric 
techn1ques but also about the applications of these new techn1ques to 
part1cular target organs, 1n different populat1ons of different age. 

In the few dosimetr1c studies ava1lable up to now about the pulmonary 
angiography there is a large scattering of values obta1ned in pat1ent 
dur1ng th1s d1agnostic procedure ( J. G. Gough et al. , Br. J. Rad1ol. 
41:508, 1968; F.C. Rueter, C1rculat1on 58 (1): 1349, July 1978). 

Rad1ations dose delivered to patients during pulmonary scint1graphy 
as been calculated according to Furth et al., J. Nucl. Med. 6: 506, 1965. 

Following their measurements the total dose to lungs is 0.64 rads for 
100 ~Ci of 131-I-AMA del1vered. Hence, a pat1ent weighting 70 Kg 
receives, during pulmonary scintigraphy by 131-I-AMA (about 420 ~Ci), 

about 2.7 Rads to the lungs. 
S1milar values for the radiation dose del1vered to the lungs are 

reported from the International Atomic Energy (G.J. Hine and R.E. 
Johnston, J. Nucl. Med. 11: 468, 1970) and they came out by about 8% 
higher the mean values reported in literature until 1970 (G.J. Hine and 
R.E. Johnston, J. Nucl. Med. 11: 468, 1970). 

From the study by Furth et al. the radiation dose to the gonads 
results 0.17 Rads in a patient weighting 70 kg (without significati ve 
difference between testes and ovaries). We considered, as previous 
reported authors, the effect on the kinetics of body disposal of 131-I of 
thyroid blocking doses of "Lugol" administered to the patient prior to 
131-I-AMA injection and in following days. 

We studied pulmonary .scintigraphy in the diagnosis of pulmonary 
embolism (C. Giuntini et al., Boll. Soc. It. Card1otn 17: 929, 1972; A. 
Santol1candro et al., Abstract Book, I, 481, 1976, 7 Europ. Congress of 
Cardiology, Amsterdam, June 20-25, 1976); in this disease arteriography 
and scintigraphy were both applied and compared each other (C. Marini et 
al., J. Nucl. Med. All. Sci. 22: 79, 1978. 

Data provided by our patients show that pulmonary scintigraphy by 
131-I-AMA is the most specific and accurate tool in the diagnosis and 
follow-up of pulmonary embolism. Total lung dose, compared to pulmonary 
angiography is about the same, whereas gonads dose is somewhat higher and 
akin irradiation much less. 
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By means of sc1ntigraphy 1t 1s possible to follow the d1sease in 1ts 
evolution also when the ang1ography fa1ls to v1sualize the embolic 
mater1al fragmented and d1spersed 1nto the pheriph.eral vessels of the 
lung. 

Furthermore the angiographic techn1que may be dangerous in very ill 
pat1ents, in whom pulmonary scintigraphy can be always performed without 
risk. 

In our exper1ence pulmonary lung scans of pat1ents suffering of 
chronic obstructive lung d1sease do not follow a segmental pattern of 
perfus1on defects that 1s on the contrary evident in pat1ents affected by 
pulmonary embolism. We bel1eve that pulmonary embolism can be clearly 
distinguished from chronic pulmonary lung d1seases and, in our exper1en
ce, false positive d1agnos1s 1s not a problem at 131-I-AMA lung scan (C. 
Mar1ni et al., Frontiers of Nuclear Medicine edited by W. Horst H .N., 
Wagner Jr. J. W. Buchanan. Springer Verlag Berlin He1delberg 1980,242 
255). 
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T1tl~ of project n. 3: 

Exposure to rad1at1on in card1ac d1agnost1c procedures. 

Head of the project and scient1f1c eo-workers: 

Att1ho Maseri, Mar1o Mar1an1, Ignaz1o S1monetti, Nilda Uthurral t, 
Sandra Giust1, Rita Mariotti 

1. Rad1ation produchon during routine coronary angiographic d1agnoshc 

invest1gat1on 

In order to obta1n 1nformat1on on rad1ation exposure dur1ng rout1ne 

coronary ang1ograph1c stud1es we collected the data emplopyed 1n 1980 for 

163 consecut1ve cases. All had selective right and left coronary c1ne-

ang1ography, 6 to 14 inject1ons, left cineventricolography, 1 to 3 

1nject1ons; 1n 22 pat1ents also abdom1no-1l1ac c1neangiography was perfor-

med, 1 1nject1on. 158 stud1es were performed us1ng Judk1ns Techn1que, 

while 1n 5 cases Sones' techn1que was employed. 

Two phys1c1ans were in the catheter1zation room dur1ng fluoroscopy 

and coronary arteriography; one was present during aortography (for the 

displacement of the table). No-one was inside the room dur1ng ventr1culo-

graphy. No other personnel was involved w1 th1n the catheterization room 

dur1ng these procedures. The operators were protected by standard lead 

aprons 0,155 mm thick. 
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The rad1ologlc cond1 tions used were 0. 5-2. 5 mA and 70-110 Kv; cine

coronary angiograms were obta1ned by pulsed technique using 2-6 msec 

pulses of 400-500 mA and 60-90 Kv, at 50 frames/sec for ventriculography 

and 30 frames/sec for coronary angiography and aortography. The duratlon 

of the recording ranged between 4 and 8 seconds. 

For each case the follow1ng phys1cal data were collected: 1) 

pat1ent's age, sex, we1ght, he1ght, 

sag1ttal half-length, beam-gonads 

trunk length, frontal half -length, 

distance, focus-skin distance; 2) 

fetus-distance for the operator's gonads and hands, during the var1ous 

phases of the invest1gat1on (Table I and II). 

In Table Ill are l1sted the ranges of the patient absorbed radiat1on 

doses 1n the var1ous diagnostic procedures. For each procedure both 

fluoroscopy and c1neangiography have been cons1dered. In practice each 

d1agnost1c workup entails a combinat1on of ventr1culography plus coronary 

ang10graphy + abdominal aorta angiography ( 1+2, or 1+2+3). Organ doses 

have been calculated by the computer1zed procedure described by M. 

Rasenstein ("Organ doses 1n d1agnostic radiology", HEW Publ1cation - FDA, 

76-8030) . As shown 1n the Table I, gonadal doses are very low indeed, 

reaching measurable levels only for the ovaries in abdominal aorta 

1mag1ng. Bone marrow exposure may attain significant levels in the case 

of coronary angiograms. Total body dose is also not negligible for 

coronary and ventricular angiography. Exposure to operators has been 

evaluated and listed 1n Table IV. Operators always use lead aprons 0.155 

mm thick, therefore the gonad dose is neghg1ble, while significant can 

be (depending on the duration of the procedure) the exposure to the hands. 

2. Radioisotopic dose during myocardial perfusion studies using 201-Thal

llum scintigraphy. 

The procedure entails the intravenous 1nject1on of 1 me of 201-Tl and 

subsequent sc1nt1graphy in multiple project1on of the pat1ent. One doctor 
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and one technician an involved in the procedure. In 1980 a total of 48 

studies on 35 patients were performed, during acute myocardial ischemia; 

in 13 patients the study was repeated a week later, in the absence 

of symptoms. 

The main physical characteristic of the patients, and the duration of 

the various phases of the study are listed in table IV. Resulting 

absorbed dose to the patient is also listed in Table V. 

TABLE I 

Average patients and operational characteristics 

~----,-------,-------,--------r--------T------,--------r-------r----------, 
I I I I I .<:1 I I I m~ I ~ I 
I :; I I I I ~ I ::=; I ri ::=; I al ~ I -~ ~ I 
I ffi I I ..., I ..., I ffi I ~ ~ I .:'l ~ I § a; I ~ a; I 
I •r-1 I tll I .S:: ..--.. I .S:: ,-.. I rl ,.-.... I ~ QJ--.1 +l <lJ I d 0 I I CJ I 

I 1i1 I ~ a I -~ ~ I -~ ~ I ~ ~ I o 7 ~~ "b'o 7 al ~ ~ I ~ ~ I 
I P. I <>: "' I Cl) ~ I "' ~ I S:: ~ I !-1 t;;~l al <;; <>I al +' I o +' I 
I z I ..:: I :..: I 0;1 I ~ I r-. al I w al ~I ~ -~ I & -~ I 
:----~------1-------1--------r---~---+---~-1----~--~-----~t-----~----i 
I I I I I I I I I I 
1 163 1 57.!20 1 64.!16 1174.:t22 1 64.!_9 1 2o1s 1 14.!4 1 41.!12 1 67.:t9 1 
1----~------~------~--------L--------~------~--------L-------~----------J 

TABLE II 

Average operator/beam distances for cardiac diagnostic provedures 

1-BEAM:GoNiDs-f-BEiM=HAin~I------BEA;:;;;~sT--;~=~~;--: 
I DISTANCE I DISTANCE 11 DISTANCE I DISTANCE I 

,--------------~-----~------~-----cm ___ -H _________ £m ______ ~ _____ £m _______ 4 
I I 11 I I 

Fluoroscopy I 61 .! 18 I 38 .:t 12 I I 89 .! 23 I 58 .! 35 I 
--------------1-------------r----------,-----------------r--------------~ 

Coronary 1 1 I I I 
cineangio- I 75 .! 12 I 40 .! 15 ! 140 .! 41 I 130 .:t 35 I 

, I I I I I 
: graphy I I I I I 
,--------------~-------------~----------4(-----------------t--------------i 
: Ventriculo- I I I I I 

I I I I I 
graphy I I I I I 

'--------------4-------------~----------~-----------------~--------------~ I I 11 I I 
Aortography I 98 .! 19 I 60 .:t 7.5 I I I 1 

--------------i-------------l----------~~-----------------~--------------4 
! FIRST OPERATOR i i SECOND OPERATOR ! 
I 11 
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TABLE IV 

Operator exposure during routine diagnostic procedures (mR). 

FIRST OPERATOR SECOND OPERATOR 

GONADS HANDS GONADS HANDS 

CORONARY FLUOROSCOPY negl. 38.4-736.4 negl. 11.9-226.4 

IMAGING CINEANGIOGRAPHY negl. 21.3-65.6 negl. 2.4-7.3 

VENTRICULARi FLUOROSCOPY negl. 0.08-233.9 negl. 2.6-71.9 

IMAGING VENTRICULOGRAPHY 

AORTIC FLUOROSCOPY negl. 3.2-40.6 negl. 0.9-12.4 

IMAGING AORTOGRAPHY negl. 4.5-6.9 negl. 0.5-0.8 

TABLE V 

Average patients and operational characteristics. Average 
absorbed dose during radioisotopic diagnostic procedures. 

Sex Patients Age 
yrs 

Weight 
kg 

Length 
cm 

TOEI\X _ DJME!jSION _ 

M 

F 

40 
8 

51~12 

53~ 6 

No. SCINTIGRAMS FOR PATIENTS 
No. SCINTIGRAMS FOR ·STUDY 
TIME OF STUDY 
TIME OF SCINTIGRAM 

Absorbed dose !
TOTAL BODY 
KIDNEYS 
TESTES 

12 + 6 

7 ~ 2 
50 ~ 12 min 

2 min ~ 30 sec 

0.24 Rads/mCi 
0.39 " 
0.30 

Sagittal 
cm 

22+4 
20~5 

Frontal 
cm 

46D 
39j:_7 
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T1tle of the project No. 4: 

Exposure to rad1ations in renal diagnostic procedures. 

Head of the project and scientific eo-workers: 

Claudio Bianchi, Mario Bonadio, Carlo Donadio, Gianfranco Tramonti, 

Tommaso Cotronei, Claudio Lensi. 

Aprotinin-Tc-99m in new tracer for the study of kidney morphology and 

function. 

Pharmacokinetics of labelled aprotinin were studied in, 41 pahents. 

Plasma clearance was about half of the GFR (except in renal failure) and 

the apparent distribution volume was 14.55 ~ 2.67 SO (per cent of b.w.). 

The renal accumulation of labelled aprotinin was rapid and symmetrical. 

In the patients with un1lateral renal disease the two kidneys exhibited 

different renal accumulat1on curves. Ur1nary excretion of radioactivity 

was neghgible in the first 2 hours after inject1on. The compar1son 
99m 99m 

between aprot1n1n-Tc and DMSA-Tc showed a def1nitely higher ur1nary 

radioactivity with DMSA. 

In 63 patients w1th either un1- or bilateral renal disease and w1th 

varying degrees of renal 1mpa1rment (from normal GFR to advanced renal 

failure) renal scans were performed by means of aprotin1n labelled w1 th 

I
131 

or Tc 
99

m Highly sat1sfactory k1dney scans were obtained. A rather 
99m 

low dose of Tc 1s suffic1ent to obta1n satisfactory renal scans w1 th 



99m 
aprotinin-Tc • In fact doses 
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of about 250 mCi 
99m 

of Tc supplied 

diagnostically useful results. In 10 patients with renal failure a 

comparison was 

DMSA-Tc99m, and 

99m 
made of the renal scans obtained with aprotinin-Tc , 

197 
chlormerodrin-Hg Aprotinin was definitely superior to 

chlormerodrin in all cases. In the patients with advanced renal failure 

aprotinin produced slightly better scans than DMSA. 

Labelled aprotinin is an excellent agent for renal imaging. It also 

seems promising for renal functional study. 

The most relevant results obtained dur1ng the performance of this 

contract have been: 1) Evaluation of new, noninvasi ve, methods for the 

measurement of renal function (total and un1lateral), and 2) New tracers 

for renal imaging. 

1. New non1nvasive methods for the measurement of renal function 

1.1. Bladder cumulative method. It furnishes the direct measurement of 

total renal clearance (sum of function of both kidneys) by means of a 

single inject1on of the tracer and external counting over the bladder, 

thereby avoiding bladder catheterization and continuous intravenous 

infusion of the tracer. The bladder cumulative method requires gamma-

emitting tracers of sufficient energy for external detection. For the 

measurement of glomerular filtration rate by the bladder cumulative 

method a new tracer has been studied. It is the diethylenetriamine-
99m 

pentaacetic acid (DTPA), labelled with Tc • In adult patients the 

dose used is about 150 Ci. 

1.2. Stop-flow method. By this techniques it is possible to measure 

the unilateral renal function by means of external counting, so 

avoiding ureteral catheterization. It is based on the measurement by 

external counting of the increace in rad1oactivity recorded over each 

kidney after i. v. administration of DTPA-Tc 
99

m (if the measurement of 

unilateral GFR is needed), when urine flow to the bladder is stopped. 
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The use of DTPA-Tc
99

m by both the above ment~oned methods has s~gn~fi

cantly lowered the rad~at~on doses to the er~ t~cal organs (gonads, 

k~dneys, bladder) ~n compar~son to the rad~o~od~nated tracers employed 

~n the past (Table I). 

Gonads 

Kidneys 

Bladder 

Thyroid (without 
Lugol solution) 

TABLE I 
Diatrizoate-I-131 

or 

iothalamate-r
131 

mrad/].JCi mrad/test 

0.1 +0.4 

"0.4 

3 .;. 12 

"12 

2. New tracers for renal imaging 

DPTA-Tc99m 

mrad/].JCi mrad/test 

0.01 - 0.02 2 - 4 

0.05 - 0.3 10 - 60 

0.4 - o.6 80 - 120 

The most widely used tracer for kidney scann~ng is dimercaptosuccynic 

ac~d (DMSA) labelled with Tc
99

m Doses of at least 500 Ci are 

generally used to obtain good renal scans. DMSA and aprotin~n, both 

labelled with Tc 
99

m, have been stud~ed. Aprotin~n-Tc 99
m seems mostly 

interest~ng. We have demonstrated that large amounts of aprot~nin are 

accumulated by the animal and human kidney without being ne~ther 

excreted nor metabolized ~n the first two hours after i.v. injection. 

For this reason a rather low dose of Tc 
99

m is sufficient to obtain 

satisfactory renal scans with aprot~nin-Tc 99
m. In fact doses of about 

250 Ci of Tc
99

m suppl~ed diagnost~cally useful results, equ~valent to 

99m 99m 
those given by h1gher doses of DMSA-Tc . Aprot1nin-Tc is an 

excellent agent for renal 1maging 1n man. Although not yet measured, 

the radiat1on doses to the patient are probably lower than those of 
99m 

DMSA-Tc , due to lower injected dose (see Report 1980). 
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Title of the proJect No. 5: 

Exposure to rad1ations 1n brain diagnostic procedures. 

Head of the project and sc1entif1c eo-workers: 

Ferrucc1o Fazio, Cesare F1esch1, Marcello Nard1n1, Cesare Forli, Stefa

no Solfanell1. 

The proJect has been carr1ed out with the cooperation of the depart-

ment of Neurology, Un1vers1ty of S1ena, and the Inst1tute of Neurosurge-

ry, Un1vers1ty of P1sa. 

From an extens1ve rev1ew of the l1terature a list has been produced 

of all radiologic and 1sotop1c procedures of actual or potential use 1n 

the assessment of bra1n d1sorders. For each procedure estimates of the 

absorbed rad1at1on dose to the patient have been obtained e1 ther from 

ex1sting data, when ava1lable and reliable, or by own calculations. 

Add1t1onally, schemat1c data have been collected on the type and qual1ty 

of 1nformat1on obta1ned by each procedure. Results are summarized 1n 

Table I. 

Carot1d ang1ograms are now extens1 vely used for 1nvestigating sub

jects with transitory 1schaem1c attack ( TIA), due to ev1dence that 1n 

these pat1ents a stroke is likely to occur within five years from the 

onset of symptoms, being life expectancy 1nfluenced by treatment and 



PROCEDURE 

SKULL X-RAYS 
CAROTID ANGIOGRAPHY 
AIR ENCEPHALOGRAPHY 

X-RAY TRANSMISSION 
99m 

Tc BRAIN SCINTI-
GRAPHY (15 uC1) 

133 
Xe CAROTID INJEC-

TION (S uC1) 

133 
Xe INHALATION 

(1 mCi/1 x 5') 

81m 
Kr CAROTID 

INFUSION 

(1) dynamic study. 
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TABLE I 

INFORMATION 

ANATOMICAL (poor) 
ANATOMICAL (hlgh) 
ANATOMICAL (fair-
spec1a1 purposes) 

ANATOMICAL (hlgh) 
ANATOMICAL (fa1r) + 

FUNCTIONAL ( 1): 
rCBF (poor) 

FUNCTIONAL: rCBF (fair) 

FUNCTIONAL: rCBF (poor) 

FUNCTIONAL: rCBF 
(hlgh) + 

ANATOMICAL: vessels 
(poor) 

ABSORBED RADIATION DOSE 
(millirads) 

EYE 2,000 
EYE 10,000 
EYE 10,000 

EYE 2,000 
INTESTINE 2,200 
STOMACH 1,500 
GONADS 350 
WHOLE BODY 220 
BRAIN 100 

BRAIN 20 
LUNGS 20 
WHOLE BODY 20 
GONADS 1 

BRAIN 100 
LUNGS 100 
WHOLE BODY 100 
GONADS 5 

BRAIN 4 

WHOLE BODY 1.5 
HEART (2) 4 

KIDNEYS(2) 4 

GONADS min1mal 
LUNGS m1n1mal 

(2) due to 
81

Rb break-through. 
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To this end, carotid infus1on of Krypton-Blm has been used 1n 

tssociation \111 th a new experimental prototype for em1ss1on computer1zed 

tomography now available 1n Italy. This consists of a large field gamma 

camera which can rotate around the long ax1s of the patient. 

Acqu1red data are fed into a d1gital computer and then reconstructed 

1n either transaxial or longitud1nal slices. 

Patients with established diagnos1s of brain disorders were studied. 

The study showed the feasibility of obtaining both transax1al and longl
Blm 

tudinal tomographic reconstruct1on of cerebral perfus1on using Kr and 

a rotat1ng gamma camera. 

Tomographic reconstructions showed the follow1ng advantages over 

conventional views 1n two d1mensions: a) v1sualizat1on of blood flow 

d1str1but1on w1thin bra1n structures (gray and white matter, basal gan-

gl1a); b) more accurate local1zat1on and evaluation of perfus1on altera-

t1ons; c) better defin1t1on and evaluation of patterns of collateral c1r-

culat1on; d) greater sensit1v1ty and spec1f1c1ty in detect1ng and descri-

bing blood flow changes during physiolog1cal activation stud1es. 

One of the most important appl1cations of this technique 1s the asses-

sement of the pat1ents with cerebro-vascular d1sorders, in part1cular 

carotid artery occlusion. Comparison of isotope perfus1on tomography and 

convent1onal x-ray contrast ang1ography indicated that the former 

techn1que provides more accurate and specific information on both indica-

t1ons and effectiveness of external-internal carotid by-pass surgery 

procedures. This finding is highly relevant to the general issue of the 

present contract as the isotope procedure 1s associated with a rad1ation 

dose to the patient wh1ch is by several orders of magnitude smaller than 

the dose associated with conventional contrast x-ray procedures such as 

carot1d angiography. 



- 1197 -

living habit. However, carotid angiography merely provides anatomical 

1nformat1on, whereas methods for assessing regional cerebral blood flow 

(RCBF) have been shown to be more spec1fic and to prov1de unique informa-

t1on 1n TIA as well as 1n other cerebro-vascular disease. 

Sens1t1v1ty and spec1ficity of carot1d angiography (radiat1on dose to 

the eye 10,000 m1ll1rads) and of SlmKr brain perfus1on studies (radiation 

dose to the brain 4 m1ll1rads) have been assessed for various disease 

states. 

In pat1ents w1th trans1ent 1schaem1c attacks, perfus1on is sim1lar to 

normal subjects and ang1ography is normal. In stroke cases, the tracer 

distribut1on usually var1es according to the angiographic pattern, but an 

uneven perfus1on 1s found in 25% of the cases with normal angiography. 

Pat1ents w1th occlusion of an 1ntracran1al branch of the internal carotid 

artery show s1ngle or multiple areas of 1mpa1red perfusion that clearly 

def1ne the ischem1c territory, whose size var1es accord1ng to collateral 

flow. To this respect, definition of the perfusion study is superior to 

that of angiography. In acute vascular les1ons, hyperventilation induces 

collateral fllling of the ischaemic area; inhalat1on induces a 

'steal' phenomenon indicat1ng that 'vasodilators' may have a negative 

effect on flow in ischaemic areas. Patients with cerebral tumours may 

have areas of increased perfusion in the neoformation which are shown 

better by the perfusion study that by angiography. These patients also 

show the 'counter steal' phenomenon, that is, an enhanced flow in the 

patholog1cal vessels (t1ssue) induced by hyperventilation. 

Whereas carotid ang1ography essentially provides anatomical informa-

tion, the information provided by isotopic blood flow techniques is 

mainly funchonal. Due to the much lower absorbed radiation dose, 1 t 

would be des1rable to substitute blood flow 1maging techniques w1th 

1sotopes for carot1d angiography. No doubt these techniques provide the 

best functional information, but their anatom1cal information on cerebral 

vessels 1s, at the present stage of technology, not yet adequate. 
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Leiter der Forschungsgruppe: Professor Dr.H.Pauly 

Allgemeines Thema des Vertrages: 

Organ- und Gewebedosen bei rontgendiagnostischen Untersuchungen: 

Ein Beitrag zur mittleren somatischen Strahlenexposition der Bevolkerung 

in der Bundesrepublik Deutschland 

The research project "Organ and Tissue Doses in Diagnostic Radiology: 

A Contribution to the Somatic Radiation Exposure of the Population 

of the Federal Republic of Germany" was initiated in November 1976 

and consisted of three parts: 

Part I: Measurements of the organ and tissue doses and the energy 

imparted to the body (integral dose) for the most frequently 

performed X-ray diagnostic examinations; 

Part II: Statistical investigations into the number of the X-ray 

diagnostic examinations in the Federal Republic of Germany 

Part III: A contribution to the development and the clarification of the 

concept: "Somatically Significant Dose". 
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Ergebnisse des Projektes Nr.l 

Leiter des Projektes und wissenschaftliche Mitarbeiter: 

Prof.Dr.H.Pauly 

Dr.Th.Schmidt 

Prof.Dr.G.Hasl 

Titel des Projektes: siehe allgemeines Thema des Vertrages. 

1: Dose distribution and absorbed energy in the body 

resulting from X-ray diagnostic examinations (standard and 

specialized procedures) 

1. 1 Dose measurements 

The dose distributions and the energy absorbed were ascertained on an 

Alderson phantom. This phantom corresponds largely to the standard 

human body both with regards to its properties of absorption and 

dimensions. For the dose measurement small lithium fluoride dosemeters 

(TLD) were developed which were fittet at a number of sites in this 

phantom. Under this research project the properties of the dosemeters 

were studied in detail and their accuracy was ascertained. The distri

bution of the dosemeters provided a three-dimensional network of measuring 

points in the phantom. This dose matrix represented the basis for all 

calculations of dose and energy (3). 

1. 2 Absorbed energy 

The absorbed energy in the total body was determined for a number of 

x-ray diagnostic examinations. Some of the radiographic examinations 

together with the absorbed energy are entered in Table 1 • 1 • 

The calculation of the absorbed energy from the measured values is 

necessarily based on certain assumptions, therefore the absorbed energy 

is subject to an inaccuracy of roughly ± 30%. 
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Table 1.1 

Skull 6 to 7.5 mJ 

Teeth 0.2 to 0.4 mJ 

Lung 2.5 to 3.5 mJ 

Stomach up to 4 mJ 

Pelvis (survey view) up to 25 mJ 

Forearm 0.5 to mJ 

1.3 Comparison with computations 

The values derived from measurements can be compared with calculated 

values only to a limited extent because the conditions under which 

radiography is carried out coincide only in some isolated cases. A good 

agreement was found to exist with the calculations by Kramer/Drexler (2) 

and Hinz/Kramer/Platz (1) in pulmonary and pelvic radiography. 

1.4 Inclusions of fluoroscopy 

With the aid of the area-dose product, the radiation exposure in 

fluoroscopy during a period of one minute was reduced to an equivalent 

number of radiographic exposures. The equivalent values (F) for 

fluoroscopy of the stomach, the intestine and the gall bladder were 

determined (see Table 1.2). 

Table 1.2 

Organ 

Colon 

Gall-bladder 

Gastro-intestinal 
tract 

F(equivalent number of 
radiographic exposures 
to a one-minute fluoroscopy 
(BVF) 

2.5 

7 

1.5 

Reference 
film format 

24 30 
2 

X cm 

9 12 2 
X cm 

24 30 
2 

X cm 
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1.5 Specialized X-ray examinations 

The dose distributions and the abscrbed energy were also determined 

for a number of specialized studies (computed tomography, heart 

catheterization) (5,6,7). Some of the dose distributions obtained 

with this type of examination deviate to a considerable extent from 

the distribution patterns obtained in conventional diagnostic radiology. 

It was found, however, that these specialized studies do not tend to 

contribute significantly to the total dose burden of the population, 

however, severe the dose received by the individual patients during 

such examinations may be. 

2: Statistical analyses 

Under the research project no separate statistical analyses were carried 

out with respect to the number of X-ray diagnostic examinations to 

which the population of the Federal Republic of Germany ist subjected. 

Therefore, the results gained by inquiries of the German Federal 

Board of Health (BGA) were resorted to. Based on these statistical 

values and the absorbed energy for the various X-ray diagnostic 

examinations, the mean absorbed energy per person and year can be determined 

for the Federal Republic of Germany. However, this approach is based 

on the essential assumption that all comparable radiographic examinations 

were made under more or less identical conditions (voltage, filter, 

focus-skin distance, film material etc.). This gives the values 

ascertained a considerable degree of inaccuracy. The mean absorbed 

energy per inhabitant resulting from X-ray diagnostic work will thus 

amount to roughly 

30 mJ per year. 

The contributions made by the individual radiographic examinations 

to the total absorbed energy are compiled in Table 2.1. The order of 

the contributions made by the individual examinations to the total 

absorbed energy is the same as with the genetically significant dose. 

The contributions resulting from examinations of body areas outside 
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the abdomen are, however, not so negligible as is the case with the 

genetically significant dose. 

Table 2.1 

Regions examined Percentage 
of the absorbed energy 

Skull 5% 

Teeth 1 % 

Chest 5% 

Gastro-intestinal tract 30% 

Pelvis and spine 55% 

Extremities 2% 

Others 2% 

3: Stochastic late effects after partial body irradiation 

in diagnostic radiology and somatically significant dose 

As the ICRP 26 was not published until some time after initiation of 

the research project, the original objectives underwent changes. Under 

the research project an attempt was made to estimate from the absorbed 

energy the risk of malignant neoplasms likely to result from homoge

neous partial-body irradiation in diagnostic radiology. This necessitated 

the assumption that the probability p of neoplasms developing in response 

to radiation depends on the absorbed energy in the soft tissue of the 

trunk and the skull and on a mean integral incidence function Gt. This 

mean integral incidence function Gt has been computed under different 

conditions from the publication of ICRP 26 to give a value of 0.3 kJ- 1 

This results in a formula p = Gt • Es. 

The question as to what extent this "global method" is equivalent to 

the calculation from the organ doses according to ICRP 26 needs further 

investiqations. Details can be taken from the paper (4). 
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Further considerations concern the derivation of a mathematical 

expression for the so-called "somatically significant dose" or 

more precisely, the "malignoma-significant dose". This dose parameter 

was determined for each type of X-ray diagnostic examination, in 

analogy to the genetically significant dose. Both for the age 

distribution of the population and for the age distribution of the 

X-ray diagnostic studies as well as for the incidence of the 

radiation-induced tumours, analytical functions were used as 

approximations. After summation of the contributions made by the 

individual types of X-ray examination, an approximate expression 

for the "malignoma-significant dose" or the "malignoma-significant 

absorbed energy" was eventually obtained. Based on plausible 

assumptions and on the previously mentioned value of 30 mJ per year 

for the mean absorbed energy per inhabitant, a value of roughly 

40 mrem per year is obtained for the malignoma-significant dose for 

the population living in the Federal Republic of Germany. But this 

value, too, still contains a considerable margin of uncertainty. 
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Result of project no. 1 

Head of proj·ect and scientific staff: 

1. Spectra and physical factors 

Dr. G. Drexler 

Dipl.-Phys. W. Panzer 

Dr.W.W.Seelentag (till15.5.79) 

Dr.R.Kramer (from 16.5.79 on) 

Improvement of facilities and methods for the determination of 

the spectral distribution of radiation emitted by X-ray tubes. 

1.1 In order to overcome thedifficulties (pile up effect) 

caused by the high output diagnostic X-ray tubes under 

routine condition an experimental set up was established, 

consisting of collimators with thin holes, mechanical and 

optical equipment as well as evacuable tubes with berylium 

windows to avoid air absorption at large distances. 

1.2 To convert the measured pulse height distribution into 

photon spectra a correction program involving a stripping 

procedure was developed /1/. This stripping procedure con

cerns the escape of characteristic germanium-K-radiation 

and compton scattered photons out of the detector and in

efficient photon absorption. The program is based on theo

retical Monte Carlo calculations on the detector efficien

cy and on experimental measurements made with a calibrated 

Europium-152 source and a monochromatic X-ray source to 
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evaluate the K-escape fraction. The stripping procedure 

was implemented on a Wang desk type computer. 

1.3 Spectra of radiations were determined, which were emitted 

by X-ray t~b!i!s with molybdenum anodes used for Mammography 

/2/ and tubes for Dental Radiography /3/, for all possible 

settings of tube voltage and filtration which are used in 

routine work or which are proposed to reduce the dose to 

the patient more efficiently. Spectra were also measured 

behind the object, to assess how well the spectra were 

matched to the spectral sensitivity of the image detectors. 

For many commercially available films and film screen sys

tems spectral sensitivity was determined in terms of ex

posure to achieve a certain film density, using a mono

chromatic X-ray source. Since the exposurerate of this 

tube was by far lower than under routine conditions, in

vestigations on the reciprocity law failure were carried 

out /4/. 

Concerning Mammography, the most striking finding was 

that, especially with thick objects, the imaging occurs 

predominantly by bremsstrahlung, the amount of which ac

tually was suppressed by molybdenum filters directly in 

front of the x-ray tube. This effect is very contrary to 

all efforts to reduce patient dose and the use of tungsten 

tubes in this case (thick objects) should be strongly re

commended, because the maximum of emission happens in an 

energy range where the penetrability of the X-rays is 

higher. In addition, to profit from the activities men

tioned under 1.1 and 1.2 spectra and characteristic data 

of radiations were evaluated as used in the calibration 

of therapy and radiation protection dosemeters /5, 6, 7/ 

superficial therapy and radiation biology /S/. 

2. Evaluation of patient dose 

2.1 Experimental measurements 

Mammography: 

Using MIX D as tissue equivalent phantom material en

trance doses were measured /2/. Object thickness, tube 
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voltage, filters and image detectors were varied as under 

routine conditions. The results show a very strong depend

ence of dose values on the physical parameters, caused by 

the severe changes of cross sections in this energyrange. 

The comparatively high dose values can be explained par

tially by the fact, that the main proportion of radiation, 

namely the K-radiation from molybdenum, is emitted at en

ergies at which the sensitivity of the image detectors 

drops drastically. 

Dental radiography: 

With a simplified skull phantom and thermo luminescence 

dosemeters the integral doses to the patient were meas

ured under variation of tube voltage and filtration. /3/. 

The dosimetric measurements revealed that the dose reduc

tion using special filters is not significant and effi

cient reduction can more easily be achieved by an addi

tional alurninurn filter than by Samarium filters as pro

posed in literature. 

2.2 Calculation of organ doses 

In order to determine organ doses in the human body from 

X-ray examinations, a suitable computer program has been 

developed. This program consists basically of a very ef

ficient Monte-Carlo (MC) method which is applied to the 

heterogeneous MIRD-5 phantom /9/. 

The MC-programs RADTEC, ADAM and EVA: 

RADTEC was the first version of the MC-program for organ 

dose calculation /9/. The phantom has the shape and size 

of the male Reference Man, but includes also female breasts, 

uterus and ovaries. As the dose to the red bone-marrow is 

considered very relevant in radiation protection, special 

efforts have been undertaken to calculate this body dose 

more accurately. Apart from the old method of calculating 

the bone marrow dose as the absorbed dose to a homogeneous 

bone/marrow-mixture weighted with the relative mass frac

tion of marrow, two additional correctionsfactors are now 

applied: The ratio of the mass-energy absorption coeffi-
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cients of marrow and the homogeneous mixture and a so

called "Spiers-factor" which takes into account the en

hancement of dose to bone marrow in trabecular cavities 

due to the release of photoelectrons in min~al bone for 

photon energies below 200 KeV. 

With regard to radiation quantities relevant in medical 

radiation protection, the program RADTEC calculates aver

age dose to a body organ normalized to free-in-air pa

tient entrance dose and patient surface dose. The concept 

of effective and somatic dose equivalent led to the de

cision to separate the hermaphrodite phantom in a proper 

male and female version. This resulted in two new sex

specific Me-programs ADAM and EVA, which calculate sex

specific organ doses
1
especially sex-specific effective 

and somatic dose equivalent. 

Results of organ dose calculation: 

Most of the up to now published results have been calcu

lated with the MC-program RADTEC. These are organ dose 

conversion factors for selected common X-ray examinations 

/9, 10, 11/. Meanwhile extended calculations have been 

performed for all relevant X-ray examinations. These data 

will be published as a handbook to be used in practical 

situation /13/. The male and female phantom ADAM and EVA, 

resp., have been incorporated in the MC-code and have 

passed preliminary test. It will be left to future re

search work in that field to study sex-specific aspects 

of body doses and associated radiation risks. 

Publications: 

/1/ W.W.Seelentag, W.Panzer: Stripping of X-ray bremsstrahlung 

spectra up to 300 kVp on a desk type computer. Phys. Med. 

Biol. Vol. 24 No 4, 767-780, 1979 

/2/ W.Panzer, G.Drexler, L.Widenmann, L.Platz: Spektren und 

Dosiswerte in der Mammographie. GSF-Bericht s 518, 1978 
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/13/ R.Kramer: GSF-Report (to be published) 





- 1215 -

Contractor: United Kingdom Atomic Energy Authority 
Atomic Energy Research Establishment 
Harwell, Oxfordshire, OX11 ORA, U.K. 

Contract No: 245-77-1 BIO UK 
Head of research team(s) Dr D H Peirson 

General subject of contract: SPECTRA AND PHYSICAL FACTORS IN X-RAY DIAGNOSIS 

Title of project nr 2: Spectra and Physical Factors in X-ray Diagnosis 
Head of Project and scientific staff: M Marshall, L H J Peaple, R Birch, 

J A B Gibson, G M Ardran, H E Crooks 

1. Introduction 

The aim of this project is to obtain data on the various steps involved 

in the production of a radiographic image with a view to optimising the 

quality of the radiograph and reducing the dose to the patient. The object

ives have been to study the effect of the relevant parameters on spectrum 

shape both experimentally and theoretically, to obtain the response of 

intensifying screens as a function of photon energy, to determine the 

attenuation by the patient and to study the effect of scattered radiation. 

Prior to 1977 techniques had been developed, using Nai and Ge(Li) 

detectors, for the measurements of X-ray spectra used for the calibration of 

standard dosimeters and for diagnostic radiology. 

Work in the period 1977-80 is presented below. 

2. Measurements of Spectra 

This work has concentrated on determining the effect of various factors 

on the spectra and output of diagnostic X-ray machines. The effects of tube 

voltage (at constant potential), filtration and target angle on spectrum shape 

and the spectra produced by off-focus radiation have all been determined using 

the spectrum measuring and unfolding techniques previously developed. 

Techniques previously developed for spectral measurements at selected 

parts of the mains waveform are unsuitable at high currents due to dead-time 

effects and because diagnostic X-ray generators cannot operate for long enough 

at high currents for the accumulation of sufficient data. The use of a multi

scaler and single-channel analyser, to measure the variation with time in 

photon output for different parts of the spectrum, enable the voltage and 

current ripple to be determined from the knowledge of spectrum shapes. Data 

can be accumulated rapidly since valid dead time corrections can be made. 

Hence spectra at any part of the mains voltage waveform can be computed from 

the spectra and the mean spectrum over any time of interest can be obtained. 
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3. Theoretical Spectra 

A semi-empirical theory to determine X-ray spectra has been devised. 

Spectra from X-ray generators with tungsten or molybdenum targets can be 

computed for any voltage in the range 30-150 kV, for any target angle and 

for any filtration. The theory includes the stopping power and depth 

distribution of electrons in the target, the differential cross-section for 

the production of photons and absorption in the target. The theoretical 

spectra have been compared with measured spectra for a wide variety of 

conditions and the theory adjusted slightly to give a good agreement. 

This was necessary probably because the theory does not include relativistic 

effects. 

The calculated exposure rates are consistently high, by (32±5)%, than 

those measured for a wide range of spectra by ourselves and others. Since 

losses are expected in practical systems, the agreement is considered 

satisfactory. Calculated half-value layers agree with measurements by other 

workers. 

4. Response of Intensifying Screens 

The variation in narrow beam attenuation with energy has been measured 

for a wide range of intensifying screens. Hence the composition and effect

ive thickness of the active layer was determined. The proportion of the energy 

of the incident photons which is absorbed locally and thus can contribute to 

a useful image was then obtained. 

5. Attenuation of Tissue and Tissue Substitutes 

The attenuation coefficients of a wide range of tissues and tissue 

substitutes have been experimentally determined using fluorescent X-rays in 

the range 10-60 keV. 

6. Catalogue of X-ray Spectra 

Using the theory described above a wide range of spectra considered 

useful indiagnosticradiology have been calculated. Relevant parameters such 

as mean energy, half-value layers, exposure rates and values obtained from 

a theoretical penetrameter are calculated in each case. Spectra attenuated 

by various thicknesses of tissue and bone are given. This data, together 

with the computed response of intensifying screens and various relevant 

tables has been published by the Hospital Physicists' Association. 

7. K-edge Filtration in Mammography 

The use of K-edge filters with tungsten targets for mammography has 

been investigated theoretically. The prediction is that only a small 

advantage can be obtained compared with the use of aluminium filters. 
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Experimental checks have not yet been possible due to long delays in obtaining 

a suitable X-ray tube with low inherent filtration attached to a stable and 

accurate voltage generator. 

8. Scatter Spectra 

Preliminary measurements of scatter spectra and their angular distribu

tion have been made but this work was held up due to the failure of the Ge(Li) 

detector. 

g. Measurement of Tube Voltage and Inherent Filtration 

Current designs of penetrameter can be used to measure inherent 

filtration but they are very sensitive to the tube voltage. A penetrameter 

has been designed specifically to measure inherent filtration which is much 

less sensitive to voltage but it is still not as precise as is required 

(estimated precision 0.5 mm). Higher precision is unlikely to be achieved 

with a penetrameter based on the exposure of film. 

An electronic 'instant reading' penetrameter for measuring tube voltage, 

voltage ripple and inherent filtration has been designed. A prototype 

has been built using photodiodes but it is neither sufficiently stable nor 

sensitive enough for· operational use. An operational version, using photo

multiplier tubes or PIN diodes, would be very expensive. 

10. Collaboration with GSF, Neuherberg 

This project proceeded in collaboration with the group of G Drexler, 

GSF, Neuherberg. The programme of work at each laboratory was jointly agreed. 

Reciprocal visits have been made and there has been a considerable exchange 

of information. In particular Mr R Birch has visited GSF to install the 

computer program developed at Harwell on tne GSF computer. The program which 

will calculate diagnostic X-ray spectra is used mainly to provide input data 

to a Monte-Carlo program to calculate organ doses from diagnostic procedures. 

11. Conclusions 

A theoretical method of computing the spectra and output of diagnostic 

X-ray machines has been devised. The attenuation of tissue substitutes 

and intensifying screens have been experimentally determined and the response 

of screens calculated. Spectra and other relevant data have been calculated 

and published. K-edge filtration has no significant advantages in mammography. 

The objectives of this project have mainly been achieved. This work will 

put the physics of diagnostic radiology on a much firmer footing thus making 

possible the optimisation of the dose to the patient and the radiographic image. 

Further work requires a knowledge of the scatter spectra produced under 

various conditions. Unfortunately it has not yet been possible to obtain this due 
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to instrument failure. 

The development of an electronic instrument for quality control in the 

field has been shown to be feasible but would be very expensive and require 

further work. Measurement of inherent filtration with a penetrameter to the 

precision required is unlikely to be possible. 
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III. 6. 

ABSCHATZUNG DES STRAHLENRISIKOS 

EVALUATION OF RADIATION RISKS 

EVALUATION DES RISQUES D1 IRRADIATION 
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Weitere Forschungsarbeiten zu diesem Thema werden auch in folgenden 
Tatigkeitsbericht beschrieben 

Further research work on these subjects will also be described in 
the following progress reports 

D'autres travaux sur ce theme de recherche sont egalement decrits 
dans les rapport~ suivants : 

218-BIA D 

100-PST D 

1 01-PST 

GSF, Neuherberg (Gossner) 

DKFZ, Heidelberg (Scheer) 

ENEL, Roma (Farulla) 
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Contractant de la CCI!In:l.ssion mHrSSARIAT A L 1ENERGIE A'IOMIQUE, 
FONTENAY-AUX-rosES ( France ) 

N° du oontrat 099-76-I-PSAF 

Cl1ef du Groupe de Recherche : G. UZZAN 

'Ihi;me genfu-al du oontrat METHODES D1EVAUJATICN DES ~CES 
DE L 1 IRRADIATION J1ES POPUIATICNS Er DE 
L 1ENVI~ 

Les t§tudes qui sont menoos dans cette action sont 
rWist§es dans le cadre du oontrat d 1 Association EUl'WIDM/CFA N° 099-76-
I-PSAF, oonclu pour cirq ans .\\ canpter du 1.1.1976. 

Le prOCJranrne de redl.erche s 1 appuie sur trois pro jets 

1. Mt§thodes d 1 t§valuation des doses indi viduelles et oollecti ves rt§sul tant 
des rejets OOimaux et des €missions accidentelles 

2. Ml!thodes d 1 waluation du detriment radiologique 

3. Ml!thodes · d 1 t§valuation des oons€quences econaniques et sociales de 
1 1 irradiation. 
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Titre du PIDJET N° 1 Mm'HODES D'EVALUATIOO DES oa3ES INDIVIIJUELLES 
ET OJLI.EcriVES RESULT.I\Nl' DES lffiJETS ID~ ET 
DES EMISSIONS ACX::IDENI'ELLES 

O!.ef du projet et =llaborateurs scientifiques : A. ~IER 
L. ANGEIEITI 
A. SAUVE 

Ce projet s' integre dans un progranme de recherche 
ayant p:>ur objectif la mise au point des ~thodologies perrrettant 
1' evaluation des =nsequences de 1' irradiation des populations en 
vue de 1' application des recx:mnandations de la CIPR, notartnent en ce 
qui =ncerne l'optjmisation de la protection. 

I1 cx:mprend des etudes ayant r:our but de =ntribuer a 
1' evaluation des doses individuelles et collectives =nsecutives au 
fooctionnanent des installations nucleaires, ainsi qu' a la representation 
de leur ro§partition a 1' echelle eurapo§enne en fonction de 1' enplaoanent 
des sources. 

L'estiroation des doses =llectives exige la prise 
en cx:mpte des transports a longue distance des p:>lluants et des vecteurs 
de =ntani.nation atteignant directanent ou indirectanent les populations. 
Ceci explique 1' illp:lrtance prise dans notre progranme par 1' acquisition 
de donnees statistiques ( meteorologiques, d{m:)graphiques, E!=rx:miques ) 
et par le develoJ=!?E!llent de modi!Ues n::l\.IITeaUX ( diffusion ii grande echelle 
dans le milieu J;hysique, &:hanges E!=raniques ) destines a cx:mpleter 
de mani~ realiste les modiHes classiques.de transferts utilises pour 
!'evaluation des doses individuelles. ilbdeles et donnees sont actualises 
et adaptes autant que p:>ssible aux =nditions europeennes et l'on recourt, 
le cas echeant, a des etudes experi.Irentales. 

1. La plupart des doMees scientifiques et techniques perrrettant le calcul 
des doses individuelles a partir de rejets de nature et de canposition 
CO!U1Ues peuvent etre anpruntees ii la litterature ou aux nrecedents 
resultats du groupe de recherche. Dans ce danaine, on s'est done attache 
a quelques p:>ints precis : 

- Inventaire et choix des parametres et facteurs de =nversion des 
activites en doses, pour les iodes et les gaz rares, qui entrent dans le 
docl.lnent de travail, elabore par la CCillnission, sur 1' etude cx::rnparative 
des facteurs de dose utilises par les experts ou les autori tes des 
Etats l'llE!Ti:>res pour 1' application de 1' Ai::-ticle 37. Des valeurs differentes 
ont ete prop:>sees selon qu'il s'agit de rejets de routine ou de rejets 
acci.dentels. 

- Irwentaire et discussion des parametres de transfert des transura
niens : Np, Pu, Jlm, an. Dans un raFPQrt oil. sont passes en revue les 
proprietes nucleaires et I_:hysico-chimiques dt9 ces elanents, ainsi que 
leur cx:mportanent dans le sol et les milieux aqueux et leur transfert 
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dans les vegetaux, on presente des tableaux synoptiques rassari:>lant 
les valeurs suivantes : coefficients de partage et de diffusion dans 
les sols et les s€c:linents, facteurs de transfert en milieu aquatique 
( eaux douces, eaux de mer, sable, bianasse ) , facteurs de transfert 
du sol aux vegetaux. canpte tenu du role important des fonnes Iitysico
chimiques dans la chalne des transferts, on procMe il une etude 
experimentale de la otabilite de certains CCI!IpOses du plutonil.lll 
dans 1 1 eau de mer. Les essais effectues d 1 abord en eau de mer 
reconstituee mettent en Mdence le role tres important du Ffi ( Doe. 1 ) . 

- Etudes canpl€mentaires oon=ernant la vitesse et la retention des 
depjts d 1 iode sur les vegetaux. Une nouvelle analyse statistique de 
resultats experimentaux a fait ressortir la nature de la distribution 
de la ooncentration de 1 1 iode sur l 1herbe, et 1 1 importance de certains 
parametres biolcqiques ( teneur en eau de 1 1herbe ) ou des oonditions 
ambiantes ( tanperature, humidite, vitesse du vent ) . Une serie 
d 1 experiences de laboratoire a m::mtre 1 1 influence de 1 1humidite atmos
pherique sur la captation de 1 1 iode elenentaire par les vegetaux ( Doc.2 ) . 

2. Diverses donnees statistiques ont ete acquises et introduites 
dans des modeles mis au point pour leur representation et pour leur 
utilisation, en oollaboration avec diverses Eiquipes eu.rop€ennes. 

- Les informations meteorolcqiques, dont il sera question plus loin 
a propos des modeles atmosliteriques, etant fournies dans un systeme 
de grille, un mode de representation analogue s 1 imposait pour les 
autres series de donnees. Une grille europ€enne a ete conr;ue et 
definie pour enregistrer, adapter et utiliser les diverses donnees. 

- Les informations d€mcqraiitiques rassenblees pour les Neuf et pour 
la Suisse ont ete classees en fonction des coordonnees geagraiitiques 
des localites et representees dans cette grille unique. Elles entrent 
dans une banque de donnees europ€ennes accessible il differents utili
sateurs. 

- Les informations sur les productions agriooles elaborees dans le 
mane systeme pour 1 1 etude ~-NRPB d I inq:e.ct global sur 1 1 environnarent 
des rejets d 1 effluents radioactifs en fonctionnanent normal dont les 
resultats rentrant dans la meme banque de donnees, ont ete mises il 
notre disposition. 

- ces trois series de donnees sont done representees dans une grille 
a mailles plus ou moins fines,.selon leur nature.Disponibles sur bande 
informatique, elles se pretent au calcul des ooncentrations ambiantes, 
de la repartition des doses d 1 inhalation et d 1 irradiation externe, 
et de la repartition des sources de contamination par voie d 1 ingestion. 

- Par contre, le recueil des informations concernant les operations 
de collecte, transformation, echanges et distribution des produits 
destines a 1 1 alimentation n 1 a ete possible qu 1 au ni veau des regions 
et parfois rneme des Etats, en raison de la cxmplexite des circuits 
et souvent aussi de 1 1 insuffisance des donnP.es. Des modeles ont ete 
specialement mis au point pour chaque groupe de produits ali-
mentaires irrq:lOrtants, chacun posant des problemes particuliers. On a etudie 
successivement les cereales, les produits de la mer, les ~uits 
laitiers et en dernier lieu, les viandes ainsi que les produits 
destines il l 1alimentation animale, et les cultures irrigables ( Doe. 3 ) · 
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Ces ncd~les pezmettent, dans 1 'hypothese de contaminations plus ou 
moins ~lev~ au stade de la production ( par ~e en cas d' accident) 
de tester 1' influence de 1 'ensemble des op&ations intervenant entre 
la production et la conscmnation sur la r~tion des oontamina.tions 
globales et individuelles noyennes dans les regions consarmatrices. 
On s 'est attach~ li mettre en Mderx::e les regions d' influence et les 
r~ions sensibles, .. ce qui peut dormer des indications utiles p:rur 
adapter des p:mgrannes de surveillance li des cir<X>nstances particuli~res. 

3. L' evaluation de la contamination des miliel.D{ r&:epteurs li 1' OOhelle 
E!l.lrOpl!enne necessite des ncd~les de diffusion ada~s aux distances 
de plusieurs centaines de kilati\tres. La localisation des oontamina.tions 
eventuelles :i.rrp)se le recours li des ~les de trajectoires, pezmettant 
de prevoir la prd)abiliM d'occureoce ou la IJrObabilite d'atteinte selon 
qu'il s'agit de rejets de routine ou de rejets accidentels. 

- Ce problane a fait l'abjet d'une etude a~fondie dans le cas des 
effluents gazeux

1 
dont rend cx:mpt.e un rapp:>rt d~taille en cours de 

redaction. La mise au point du ncd~le MEOOS a~ait ccmne un resultat 
essentiel, tant pratique que tMorique. La necessiM de disposer de 
donnees tr~s ccmpletes p:rur mettre en ceuvre ce ncdele perfectionne 
a conduit li etendre, ameliorer et adapter aux prograunes de calculs 
les infonnations recueillies a 1 'echelle europE!enne. On a ~alarent 
rassanble des donnees locales destinees a ccmp!eter les precedentes 
ou a verifier des estimations. Ces acquisitions realis~ au p:rix 
d' efforts :i.rrp)rtants soutenus par la Ccmnission des Ccmnuna.utes con
tribuent a la oonnaissance du milieu ambiant europeen et a une hanro
nisation des methodes ( Doe. 4 ) . 

D'autre part, des analyses de sensibiliM et des 
0Cillp3raisons avec d' autres ncdeles ou avec des resul tats observes 
( realisees entre autres dans le cadre des activites du groupe 
d I experts metoorologique pour 1 I application de 1 I Article 37 ) ont 
permiS de mettre en evidence et d I evaluer 1 I influence de diverS para
metreS sur les resultats des calculs de doses. Cette danarche permet 
en outre d' etayer des hypotheses simplificatrices et d' en preciser 
les limites d'application ou la fourchette de validite, en vue du 
choix des ncdeles les plus approprHis aux problanes a resoudre 
( impact des installations en fonctionnement normal, re jets ooocertes 
ou accidentels ) • Les hypotheses concernant les conditions atnosphe
riques a la source et surtout leur evolution le lo~ de la trajectoire 
sont les plus irnportantes puisqu' elles sont determinantes pour la 
localisation des zones oontaminees. On precede done a un examen 
ccmparatif de la repartition des ooncentrations atnospheriques et des 
doses abterrues sur le territoire europeen au cours d'une ou deux 
annees, a partir de plusieurs sites ( JI.Dl ( !973 et !976 ) ' Heysham et 
Karlsruhe ( !973 ) , Ispra et Cddarache ( !976 ) . 

- La modelisation de la diffusion dans les eaux continentales et 
marines pose, a l~e distaoce, des problemes tres delicats. Avant 
de l'aborder, on a teste !'influence des niveaux de contamination de 
l'eau des differentes zones de peche sur !'ingestion de radionucleides 
par les oonsarmateurs. On peut en oooclure que si 1 'on traite le 
probleme a l'echelle glabale, seules des differences de niveau tres 
irnportantes entre les zones de peche, auraient un effet sensible sur 
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la r~tion des doses dans les rS;rions de conscmnation, car ces 
differences sont IOOdifit!es par de multiples facteurs. On a verifie 
d' autre part la bonne conoordance entre les resul tats de 1 'aRJlication 
ll des rejets oonnus, d'un IOOdiHe simple, avec des resultats de mesures. 
Par consequent, on peut preconiser d'une part un IOOdiHe relativanent 
s:lmple pour les evaluations globales et rooyenres : d' autre part, 
des Irod~les particuli&anent adaptes ll des problmes precis, et tenant 
cx:mpte des r:herorenes r:hysi=-chimiques et biologiques et des parametres 
propres aux sites aussi bien que des €quations classiques de diffusion. 
Ceci est enoore justifie par les interactions possibles entre milieu 
marin et milieu at:Irosr:herique, :i.mpartantes pour les voies d'exposition 
directe. 

Ces investigations restent ll poursuivre, OClllpte 
tenu des progrcmnes existant par ailleurs, et de la disponibili te de 
resultats de nesures ou de resultats experinentaux. 

4. Ia mise en oeuvre de ces methodes pennet, pour chaque source 
oonsideroo : 

- Dans le cas des effluents gazeux, 1 'evaluation des taux de oontami
nation at:Irosr:herique et de leur r~tion sur le territoire europ€en, 
ainsi que celle des doses iOOividuelles et oollectives oorreS(X>ndantes. 
Des exenples de resultats seront presentes dans le Irod~le de grille 
europ€enne qui a ete defini. 

- Dans le cas des effluents liquides, bien qu' il soit rx:>ssible, avec 
les Irod~les existants ( diffusion, transferts, €changes ) , d 'obtenir 
des Wal.uatiors d' :impact radiologique global aussi bien que de doses 
ll des groupes particuliers de population, deR etudes sont enoore 
necessaires poor des estimations previsionnelles plus detaillees tenant 
le plus gram OClllpte possible des effets de sites. 
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Titre du PIUJEI' N° 2 : MEmlODES D1EVALUATIOO DU DEI"'D1ENT RADIOIDGIQUE 

Clef du projet et collaborateurs scientifiques : Dr L. KARHAUSEN 
Dr R. MAXIMILIEN 
Dr W. SKUPINSKI 

Ce prograrme de recherche a !_X)\lr but d I amiHiorer 1 1 etat 
des connaissances relatives a 1 1 evaluation du detriment radiologique 
chez 1 1hamle notanrnent dans la garme des faibles doses en developpant 
les differentes approches canpl€mentaires suivantes : 

• Synthese des donnees experimentales et epideniologiques de la litte
rature en se referant, le cas echeant, a toute infonnation utile hors 
du cadre de la radioprotection ( ccrrparaison de risques ) • 

• Etudes epidfmi.ologiques de populations soumises a diverses sources 
d 1 irradiation : medicale, professionnelle, voire naturelle. 

. Recherche et modeHisation des donnees ~imentales susceptibles 
de contribuer a 1 1 evaluation de la relation dose-effet dans les secteurs 
oil les obsenrations sur l 1hamle sont insuffisantes. 

I - APPRJCHE BffiLIQGPAPHIQUE 

Des rapports de synthese de la litterature ont ete 
entrepris dans un double esprit : 

- un prenier type de revue bibliographique se propose d 1 etablir un 
bilan des connaissances acquises dans un danaine particulier ;cur 
degager les perspectives de futures recherches. A cet egard, les 
approches conduisant a 1 1 evaluation du risque genetique chez 1 1 harne 
ont fait 1 1objet d 1 une analyse critique ( Universite de Leiden ) . 
Dans une seconde monographie, les donnees recentes relatives a 1 1eva
luation des effets sanatiques des radiations ionisantes ont ete reunies 
en vue d 1actualiser le dernier rapport de 1 1U.N.S.C.E.A.'!.. et d 1orienter 
le programne des enquetes epideniologiques ( Institut de Recherches 
Mario Negri, Milan ) . Erlfin, une serie de travaux a ete consacree a 
1 1 etude de la relation dcse-effet chez 1 1 animal irradie nar divers 
nucleides de la famille des transuraniens : ces dernieres etudes precedent 
a une analyse a::rnparative des effets cancerogenes et non cancerogenes 
de 1 1 americium, du cerium et du plutonium. 

- Ul second type de revue bibliographique a pour but d 1 envisager les 
possibili tes et les rrodali tes de mise en oeuvre d 1 enquetes epidffido
logiques. Une synthese des resultats d I etudes epid€miqlogiques recentes 
effectuees sur des individus irradies dans leur enfance nour teigne du 
cuir chevelu a ete realisee af in d 1 examiner 1 1 opportuni te d 1 une enquete 
plus approfondie. Une seconde revue bibliogral?hique, traitant de la 
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radiothfu:"apie de 1'~1 analyse des orientations A donner A une 
er¥}U~te ~idlmiologique en coors sur le sujet. 

II - APPIDCHE EPIDEMIOIDGI~ 

L'~tude des pop.Uations oonstitlle l'outil pr~ffu:"entiel 
de !'evaluation du d~triment radiologique ; l'awroche ~idlmiologique 
a done ~ d~or:Pie selon les principaux axes suivants : 

1/ Etude de pop.llations expo~s aux radiations ionisantes dans le pass~. 
Ia. principale source d' infonnations disponibles en cette mati~1 est 
repr~sent~ par 1 'irradiation pour raison mMicale ( radiodiagnostic 1 

radiothfu:"apie ) • Dans la mesure du possible 1 les enquetes ont tent~ de 
prendre en canpte les interactions eventllelles des radiations ionisantes 
avec d' autres facteurs dans 1' iniuction des effets sani taires • 

• A la suite des travaux recament ~li~s sur l'accroissarent du 
risque de tuneurs cfu:"@:>rales 1 pa.rotidiennes et thyroidiennes consecutives 
a. un traitanent radiologique pour dennatose bffiigne de la ~te et du COil I 

une ~tude ~id€miologique des cons€quences a long tenne de la radiothfu:"apie 
pour acn~, sycosis bal:bae ou encore ecz€rna, a ~~ lane~ en Irlande 
( M~cal School, Dublin ) • Les dossiers mMicaux provenant de huit villes 
britanniques ont ~t~ regroupes et ont pennis d'identifier plus de 14 CXXl 
patients trait~s par les rayons X IOClUS dans les ann008 an~ieures a !945. 
Le devei'lir de ces sujets a et~ rechercM A 1' aide du registre national 
des d€ce; et des registres national et regionaux du cancer. L' etude 
actuelle oc:mpare les taux de nortalit~ par cancer chez les grou!JeB de 
sujets irradi~s ( r~tis en fonction des doses totales ~es ) a ceux 
de la pop.llation g~fu:"ale du lbyaume-Uni. Une analyse ultfu:"ieure d'un 
echantillon du groupe irradie, canportant notamnent un calcul des doses 
delivr008 a diff~rents organes, devrait pennettre une evaluation plus 
precise du risque. 

. Une autre etude ~id€miologique du m€me type a pour objet 1 'inter
action possible du tabagisme et du radiodiagnostic dans 1' iniuction des 
cancers ( St Goorge' s Hospital, Londres ) • Ia. oopulation examinee a:tllp)rte 
30 CXXl sujets exposes A diff&ents protocoles de radiodiagnostic dans les 
annees !950-!960 dans le cadre de 1' evaluation des programnes de depistage 
syst€rnatique des cancers du pou~~Dn. Les donnees d€m::Jgraphiques, m~cales 
et radiologiques ainsi que les habitudes tabagiques de cette population 
avaient fait l'objet, a 1' ~. d 'une description soigneuse. Le present 
travail oonsiste a reprendre ces dossiers et A rechercher le devenir des 
sujets aupres des mMecins de famille, des E!llployeurs et du service 
charg~ de la centralisation des certificats de deces. Encore incanplete, 
cette etude devrait pennettre de deceler un effet multiplicatif du 
tabagisme de 1,6 avec une probabilite de 90%. 

2/ Etude de pop.llations professionnellenent expos008 aux radiations 
ionisantes. De telles er¥IU~tes supr:osent une estimation precise des 
cbses rec;ues par le personnel ainsi que la possibili te de disposer 
d'effectifs suffisants pour autoriser !'analyse. I1 est done apparu 
necessaire d. etudier, dans une etape preliminaire, les nodalites de 
mise en oeuvre d' un registre central des travailleurs de la Ccrmlllnaute 
Europeenne. Une etude de faisabilit~ a mis en evidence de multiples 
difficultes d'ordre d~ntologique et d'ordre statistique tenant respec
tivement a des nroblemes de confidentialite et d'accessibilite aux 
donnees ( St GeOrge's Hospital, Londres ) . 
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3/ Dans le mane ordre d'idees, l'etablissarent d'un bilan d'exposition 
de la poJ:Xllation europeenne, tenant OCirpte des differentes cxr.posantes 
d'irradiation ( mMicale, naturelle, •••. ) a ete envisage et fait l'objet 
d' etudes methodologiques : 

• En ce qui ooocerne 1' irradiation naturelle, deux erquetes sont menees 
( Trinity College de Dublin ) ( Eoole de Sante Publique de Rennes ) pour 
chercher ~ definir des protoo::>les de rresures adequats pour ffiraluer 1' irra
diation naturelle ~ 1 'echelle de la region ainsi que !JOur tenter d' elaborer 
un indice representatif de la dose poJ:Xllation oorrespondante. Pour carac
teriser 1 'exposition externe, la distribution etroite des valeurs enre
gistrees dans chaque unite geographique ( oc.mnune en France et district 
electoral en Irlande ) sugg~re la possibili~ d'iiOOpter la m:>yenne des 
valeurs relevees il oondi tion que la densi te de la prospection ai t ete 
suffisante. Des cx::rrpl€ments d' investigation sont envisages pour vli.rifier 
la validite de procedes d'enregistrarent simplifies ainsi que pour prendre 
en cx:mpte le parametre geologique dans 1 'exploitation des resultats. Par 
ailleurs, Ce5 etudes soulignent 1 I irrq:JOrtance de 1 I irradiation danestique 
( irradiation externe et radon dans les oonstructions ) et la necessite 
d'elaborer des protoo::>les de mesures appropries. un debut d'analyse 
des effets sanitaires ne met en ffiridence aucune variation significative 
du risque dans des zones oil le niveau nnyen d'E!XIJ()sition externe est 
different. 

• En ce qui ooncerne 1 'irradiation pour raison mMicale et !)!US parti
culi~rarent 1 'exposition ~ des exanens radiodiagnostiques, diverses 
options sont envisagees pour effectuer une cartographie europl§enne de 
cette cx:mposante. 

III - OONNEES EXPIDm'lENI'ALFS 

la sinnllation des oondi tions d 'exposition de 1 'hcmne 
par 1 'experimentation anirnale oonstitue une aq:>roche SUfPlatentair~ de 
1 'mluation du detriment radiologique et trouve une place privilegiee 
chaque fois que les donnees humaines sont difficile<> ~ rassanbler. Elle 
pose neanroins divers problanes tant sur le plan de la methodologie 
d'exploitation des resultats que sur celui de 1 'extrap::>lation des 
donnees ~ 1 'hanne. 

1/ Sur le plan methodologique, les resul tats d I experienceS 
d'exposition de rats au radon avec ou sans oofacteurs ( reproduction 
de la situation des mineurs d'uranil.lll ) ont ete analyses. Des difficultes 
d' interrpretation similaires ~ celles CJUE! 1 'on reocontre en epid€miologie 
ont ete misesen ffiridence, notamnent dans 1 'estimation de la prffiralence 
reelle du cancer du pouoon du fait de la IOOrtalite preooce par affections 
intercurrentes dans certains lots d 'a:rrlmaux, ou enoore dans la deteoni
nation de la cause reelle du dec~s ( m:>rt avec caocer et m:>rt par cancer 
sont en effet souvent difficiles ~ distinguer ) . Ces problanes etant 
pris en cx:mpte, il a ete possible de m:>ntrer que 1 'exc~s de m:>rtalite 
chez les animaUX recevant leS 005eS leS plUS elevOOS 1 n I eSt pa8 d(i a 
1 'augnentation de la prffiralence du cancer du potr.tOn, et que le raccour
cissarent de 1 'esperance de vie :!JE3Ut s 'expliquer par la preseoce de 
lesions oon neoplasiques du parenchyme pUlm:>naire. la prffiralence du 
cancer pulm:>naire au bout d 'une periode donnee 9ooulee depuis 1 'exposition 
croit avec l'age de l'a:rrlmal a l'exp::>sition. L'inhalation de fumee de 
cigarette augmente le risque de fa~on oonsiderable. L 'effet d 'autres 
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cofacteurs ( so2, Fe 59, C~ium 144 ) et de divers agents chimiques 
anticancereux a ~te ~tudie. Les futurs orotocoles de recherche sont 
discut~s ii la luni.ere des enseigrerents. de cette analyse ( n~ssite 
de randanisation, de d:iroensionnement de 1 'effectif de rats etudi~s 
en fonction de la dimension de 1 'effet attendu, de prise en CCI~pte 
de la d&ive g~etique de la souche au cours du teq>s ) • 

Dans un autre dcmaine, les lesions induites au niveau 
du rein par les radiations ionisantes ant ete cxnparees chez le rat 
et chez 1' hcmne ( Association Claude Bernard ) • L' etude de deux lignees 
de rats met en evidence une ~Tilt6differente a 1 'irradiation tant 
pour les lesions 1:ur!Drales que pour les l~sions non 1:ur!Drales. Ces 
diff~rences sont rawortees ii une difffu'ence de predisposition g~~tique 
du risque r~. L'analyse a et8 poursuivie en vue de verifier si les 
l~sians abservees dans les maladies auto:inr.n.mes chez 1 'hcmne sont 
CCI~parables ii celles abservees chez le rat a!lres contamination par des 
€metteurs ~ . L' ~tude conclut que si 1 'i=adiation entraine des 
lesions proches de celles observees au rours du syndrare de Sjogren, 
1' i=adiation d' une irrmurx:ldepression ou au rontraire d' une ilrr.lurx>stirou
latian n'entraine pas de modification des lesions. 

2/ En ce qui concerne 1' etude des effets sanatiques 
patholaJiques provogues par les rayonnements ionisants et :r::ar certaines 
a~tres nuisances r,hysiques ou chimiques, des recherches e:K!?fu"imentales 
ont ete menees dans deux directions principales ( SPPS-SRI.'E du CE1\.-DPr 
Etude des effets ii court terme provoques par de fortes doses et etude 
des effets ii long terme que 1 'on observe soit chez les individus ayant 
survecu ii la );tlase initiale d'une irradiation aiglle, soit chez ceux 
qui ont ete exposes ii des doses plus faibles. Dans chacune des deux 
directions, en plus des etudes sur les effets patholajiques, des recherches 
sont consacrees aux problanes du diagnostic et de la therapeutique. 
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Titre du PROJET N° 3 MmiDDES D1EVALUATION DES CXlNS:Er,lUENCES :E:CXN)-

MIQUES El' SOCIALES DE L 1 I~PJ.\DIATION 

Chef du projet A. OUDIZ 

Les travaux relatifs a ce projet ont camence en 
aout !977. On a ccmnence par rnontrer que"l 1 evaluation des consequences 
econaniques et sociales de 1 1 irradiation"' intitule originel du projet, 
fait partie integrante d 1 un tout consti tue en reali te par 1 1 etude des 
methodes pennettant d 1 assurer " 1 1 optimisation " de la radioprotection, 
confonn€ment aux recarmarrlations 22, puis 26, de la CIPR. 

I - LES ME'lliODES D I OPTIMISI\.TION 

Il a des lors ete procooe a 1 1 application de diverses 
ffiethodeS d I aide a la decision dans la perspectiVe de 1 1 0ptimisati0n 
de la radioprotection. 

La praniere methode al:xJrdee a ete 1 1analyse multi
=itere en !97~ pour laquelle on a repris les donnees de l 1Envirormental 
Protection Agency ( USA ) relatives au 40 CF':'l. !90, 1 1une des rares 
etudes susceptibles a cette date de fournir des informations sur les 
couts et les efficacites de divers systanes de protection du public, 
dans le cadre du fonctionnsnent nonnal du cycle du o:::JI'i:>uc;tible P\'ffi. 
L 1 etude a porte sur une quarantaine de systanes de traitanent des 
effluents liquides et gazeux relatifs aux diverses installations du 
cycle du canbustible. Elle a pennis de selectionner les " meilleures " 
de ces options sous le triple point de vue de la reduction de la 
dose in:lividuelle dans les groupes =itiques, de la dose collective 
et du COO.t des systE!mes. Une telle etude a eu pour but essentiel de 
mettre en evidence le caractere multidimensionnel des choix de 
protection de la population en general, des groupes =itiques,des 
coats' etc .. et de rnontrer que' des lors' il existe des methodes alter
natives a 1 1 approche coat-avantage, pennettant dans certains cas de 
mieux tenir canpte de la mul tidimensionnali te. 

Suite a cette etude, on a mis en oeuvre en !979 une 
methode par fonction d 1utilite. un double but a ete poursuivi : d 1 une 
part, presenter une autre methode quantitative, suite a 1 1analyse 
multi=itere Electre I, d 1autre part, prendre en consideration la 
question du transfert eventuel de risque du public vers les travail
leurs dans le cadre de l 1optimisation des niveaux de dose au public. 
La base de donnees a consiste cette fois en des donnees originales 
fr~aises recueillies par le Centre d 1Etude sur 1 1EValuation de la 
Protection dans le dallaine Nucleaire ( CE:PN, Fontenay-aux-Roses, 
France ) en ce qui concerne les performances et les coats des 
systanes de protection prevus pour les rt!i.acteurs de 1300 Wle. La 
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cormaissance de 1' influence de ces systares sur la dose collective 
travailleurs reste actuellanent tres approxirnative et 1 'etude s '.est 
des lors basee sur une evaluation d' experts en ce qui concerne 
cet aspect particulier. 

L I etude a parte sur le choix des systanes de 
trai tenent canpte tenu d 'une quadruple preoccupation : reduire les 
doses individuelles dans les groupes critiques, reduire les doses 
collectives, tenir canpte du transfert eventuel d'une partie de la 
dose au public vers les travailleurs et enfin considerer le coilt 
des systemes. L'etude tend a l!Dntrer que certains systanes sont 
susceptibles d' induire une dose collective aux travailleurs superieure 
a celle qui est retiree dans le public. Une telle conclusion est 
ceperrlant dependante de la validi te de 1 'evaluation d' expert que 
1 'on a dtl effectuer. Cependant, les develo!J[lE!llents actuels de la 
dosimetrie individuelle et collective dans les centrales nucleaires 
sont susceptibles de preciser a court te:rrne les hypotheses adoptees 
provisoiranent dans cette etude. 

Une autre etude a parte en I979 sur la revue des 
principales methodes envisageables dans le damaine de l'optimisation 
ou plutOt de la rationalisation des choix de protection. Elle a permis 
de presenter et de ccmparer sur un m€me exanple numerique, tire de 
l'etude de l'EPA deja citee, les methodes coilt-efficacite, coilt
avantage, multicritere ".:lectre I et fonction d'utilite. Il n'est pas 
possible de tirer une <..:onclusion generale en tenne de superiorite 
d' une methode sur les autres, etant donne que 1 'interet relatif de 
celles-ci depend de 1 'objectif decisionnel poursuivi et des caracte
ristiques du probleme traite. Il est probable cependant qu 'une 
methode aussi canplexe qu 'Electre ne devra etre mise en oeuvre que 
dans le contexte de decisions " lourdes " , dans lesquelles la multi
dimensiormalite des criteres de choix necessite une technique con~e 
pour concilier des points de vue multiples et heterogenes. 

Suite aux travaux precedents, consacres essentielle
ment a 1 'optimisation de la protection du p.lblic, le prOJrarmte a 
ete oriente en I980 vers celle de la protection des travailleurs. 
Dans ce but, on a procede a une etude de faisabilite destinee a 
identifier les secteurs susceptibles de donner lieu ulterieuranent 
a des etudeS decisionnelles • Il apparai t que I parmi les di VerseS 
installations du cycle du ccrnbustible P"NR, ce sont les mines 
d 'uranium, les centrales nucleaires et les usines de retraitanent 
qui justifient, par 1 ':irrq:ortance des doses individuelles et/ou collec
tives re~es par le personnel, que 1 'on envisage en priorite des 
etudes d' optimisation. Cependant, le problene de 1 'accessibilite 
des donnees concernant les systenes de protec~on et leurs coats 
constitue une contrainte :irrq:ortante dont on devra tenir cx::mpte a 
l'avenir. 

Une etude consacree aux mines d 'uraniun a ete 
effectuee dans ce contexte. Elle presente un modele thOOrique en 
fonction des divers parcrnetres de la mine, en particulier des aerages 
primaire et secorrlaire. Ce type d' approche pennet de degager les 
principales variables d 'action sur lesquelles on pourrait agir 
pour diminuer 1 'irradiation externe ou la contamination du personnel. 
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II - 0RGANISATION D1UN SN'1INAIRE <D'ISACRE A L 10Pl'IM!SATION 

En octobre !979, 1 1 Association E.'lmA'IOM/CEA a orga
nise, en liaison avec les Directions Generales V et XII de la can
mission des Ccmnunautes Europeennes, un S€minaire Scientifique 
Europeen consacre A 1 1optllnisation de la radioprotection. 

Il a pennis un echange de vues a:r;:proforrli 
entre les specialistes des methodes d 1 optimisation et les respon
sables charges de la radioprotection dans les divers pays membres. 

Les discussions ont fait apparaitre que le processus 
d 1optllnisation ne saurait ~tre cont;U ccmne un substitut aux pratiques 
decisionnelles actuelles, mais plutOt ccmne un canpl€ment utile 
penrettant parfois d 1orienter des decisions obeissant en general A 
des detenninations canplexes. 

Le S€minaire a oon:luit A degager une position de 
1 1 Association vis-A-vis des travaux effectues dans d 1 autres pays : 

- Il y a inter~t A ne pas fixer le recours a telle ou telle methode 
d 1 optlln.isation. 

- Il y a interet a ne pas fixer de fa«<n definitive la valeur de 
certains parcm~tres :importants, tels que la valeur de 1 1hcmne Sievert 
lesquels peuvent differer selon les circonstances d 1un pays A 1 1 autre. 

- Il y a inter~t A bien separer au niveau des etudes, les a~s 
technico-econ::.roiques de la radioprotection et les analyses de 1 1accep
tabilite sociale des risques ou des technologies. 

- Le resultat de 1 1optllnisation ne constitue en definitive 
qu 1une donnee panni d 1autres dans le contexte de la prise de decision. 

'lbutes les o::mmmications du S€minaire, ainsi que les 
discussions, seront publiees durant l 1annee I98I dans les n Actes 
du S€minaire ". 

III - LES ElUDES CDMPARATIVES 

La canparaison entre diverses in:lustries penret de 
fournir des elanents d 1appreciation irrlispensables pour situer le 
risqqe radiologique resultant des activites electronucleaires vis
a-vis d 1autres risques in:lustriels. Une telle canparaison met en 
widence les niveaux de protection dans les divers secteurs, les 
a:>O.ts quI ilS entrainent, les niveaUX de risque residuelS ainsi que 
les coats implicites de 1 1effet sanitaire Mte dans les secteurs 
consideres. 

La oonnaissanoe de ces a:>O.ts inplici tes eclaire 
le problane de la detennination de la valeur de l 1hcmne-Sievert pour 
le p.lblic et les travailleurs dans 1 1 in:lustrie nucleaire. 
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La praniere cx:mparaison effectuee parte sur les 
centrales thel:rniques classiques. On a identifie un certain nanbre 
d' actions de prevention des risques lies 1\ la p:>llution atnospMrique 
par les oxydes de soufre et les p:>ussieres. On a evalue ensuite les 
coilts de ces actions de prevention et leur efficacite en teii!IE!s de 
reduction des €missions d'oxydes de soufre et de poussieres. Cette 
etude a ete prolongee par une autre, dans laquelle on a precede 
~ !'evaluation de l'efficacite en teii!IE!s d'effets sanitaires evites 
( mortalite dans des groupes ~ haut risque, liee a une aggravation 
d' affections respiratoires et cardiovasculaires ) . Cette etude 
donne le oc:>Qt ~licite de l'effet Mte gr&ce au recours au fuel-oil 
~ basse teneur en soufre dans des centrales thenniques si tuees dans 
la peri!herie de Paris. 

La seconde C'Cllp3raison r;orte sur le .risque profes
siormel dans les in:fustries utilisant 1' amiante ( amiante cirnent 
amiante manufacture ) • 

L I etude c<J!l[Orte trois volets : la nature et 1' ampleur 
des risques associes 11 1' amiante, les IreSUres visant 1\ reduire les 
niveaux d'exposition et leur co(lt, la synth~se mettant en relation 
la reduction du risque et les oc:>Qts associ&;. 

La litterature internationale ooncernant les risques 
lies 11 l'amiante est tr~s riche et elle a peDmis de degager les 
relations exposition-risque utilisables pour les diverses pathologies 
( asbestose, cancers du pounon et mesothelianes ) • 

L 'acc~s aux donrlees ooncernant les disr:ositifs de 
reduction du risque aniante, aux co(lts associes, et aux taux d' anpous
sierement avant et apr~s recours 11 ces disr:ositifs s'est, prr oontre, 
avere tr~ difficile, oanpte tenu de la reticence du milieu i.n:lustriel 
concerne 11 fournir des donnees. Le travail a done ete effectue en 
s '~t sur les donnees ~liees dans certains pays tels que 
l'AD;Jleterre, les Etats-Unis et le Canada. 
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Document 4 

Associat~on EURATOM-CEA 099-76-1-PSAF 

BC-1939 
Imperial College of Science and Technology, I.orrlon 
Nuclear Power Section, Hechanical Engineering Department 

Responsable scientifique : A.J. GODDARD 

ATMOSPHERIC TRANSPORT OF RADIOISOTOPES AND 

THE ASSESSMENT OF POPULATION DOSES ON A EUROPEAN SCALE 

1. Original Aims 

An important aim was to develop further the MESOS model, which had 
been developed under an earlier one year contract. Into the model were to be 
built the diurnal development of the mixing layer allowing for the nature 
of the underlying surface and the ability to calculate time integrated 
atmospheric concentrations, dry deposition and wet deposition. '!'he model 
was intended to be as realistic as possible, for example including rain 
when and where it occurred. Data bases were to be developed to provide the 
necessary meteorological parameters and it was required to include all the 
Community countries within the area of study. In collaboration with the 
Association EURATOM-CEA,data on population distributions and data on the 
production of foodstuffs were to be incorporated for use with annual average 
contamination predictions. A final objective was to investigate the 
potential of the model for treating accidental releases, to assess the 
influence of meteorology on the probability of various consequences and to 
identify adverse meteorological conditions. 

2. Outline of the method 

The MESOS model traces the history and development of a sequence of 
puffs released every 3 hours into the evolving synoptic situation. Material 
released in between is treated as a continuous sequence of puffs following 
itermediate trajectories, for which contamination can be found by inter
polation. Thus, unlike most other models, the important lateral spreading 
of material due to divergence of trajectories in the synoptic pressure 
field is allowed for, making the model a powerful tool for studying accidental 
releases of various durations. 

Realistic trajectories for the tracked puffs are calculated from 
gEostrophic winds moderated and adjusted according to the likely wind 
profile in the current local stability conditions, and the current vertical 
distribution of material. A puff is considered as a vertical rectangular 
column, expanding laterally due to small scale turbulence and wind shear, 
and evolving vertically according to the changing state of the boundary 
layer (ie. the lowest 1 or 2 km of the atmosphere}. This is treated as a 
well mixed lower layer - the mixing layer - surmounted by a series of 
stratified layers of stable air with negligible turbulence. The changing 
depth of the mixing layer is assessed taking account of wind strength, 
underlying surface land or sea, cloud cover, and insolation, following a 
diurnal cycle. Initially,vertical dispersion of material depends on the 
appropriate sequence of stability categories along the trajectory, until 
the puff expands to fill the current mixing layer. Thereafter a deeper 
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mixing layer may dilute material over a greater depthJ or a shallower mixing 
layer may lead to isolation of material above an inversion whence it cannot 
by depleted by deposition, until re-entrained again into a deeper mixing 
layer. Depletion by natural decay, dry depositon, and wet deposition 
according to the intensity of precipitation where and when it occurs are 
also included. 

The model has been applied to five nuclides, Kr-85, xe-133, xe-135, 
Cs-137 and I-131 (the latter having two forms with different deposition 
parameters) • For Kr and Xe only time integrated concentrations are 
calculated, but for Cs and I separate dry and wet deposition also. MESOS 
results are interpolated to regular grids over which population distributions 
and agricultural producation for consumption has been supplied throughl the 
collaboration with the Association EURATOM-CEA. Five notional release 
sites have been considered in different Community countries, Mol, Heysham 
and Karlsruhe with a 1973 data base and Mol, Cadarache and Ispra with a 
1976 data base. 

3. Continuous (planned) release results 

Maps have been produced showing average air exposure and 
wet and dry depositon, for hypothetical unit rel~ases from the selected 
sites. In addition, distributions of total contamination in foodstuffs 
at the point of production for consumption have been produced, enabling 
collective dose to be calculated. Results for Mol for 1973 and 1976 do not 
show substantial differences in these annual average calculations. Simple 
straight line trajectory models have been devised and compared with the 
MESOS results for annual averages. Among factors limiting the accuracy 
of such simple models are, for example, the diversion of trajectories by 
the Alps, the tendency of westerly trajectories to turn back to the east 
and the effect of orographic rain. 

4. Accidental (unplanned) release results 

Recognising that the model was applicable to accident situations, its 
potential for treating releases of durations of multiples of 3 hours has 
been explored. An additional benefit has been that the model has met 
the requirements of the C.E.C. Meteo Experts group concerned with estimating 
probability distributions of levels of contamination at a point in a 
neighbouring state in the event of an accident. 

By considering results for the five sites statistically, for release 
periods from 3 hours to 7 days, it has been shown that release duration 
is an important parameter. Situations leading to high contamination at 
selected recaptor points have been analysed in detail, considering such 
factors as the synoptic situation, distance and time travelled, maximum 
vertical dilution attained and wind speed at the receptor point. This 
has been done for three nuclides of different behaviour. Comparison of 
results has been made with other models TALD and CAGNETTI1 since these 
models do not reflect fully the variations in meteorological conditions they 
predict a more restricted range of contamination. 

The possibility of fitting simple parametric functions to probability 
distributions has been explored and seems encouraging. This offers the 
prospect of organising the very large amount of data and making it available 
for practical use. It is intended to explore the potential of this approach 
for various nuclides and the range of source and recaptor points. 
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Association EURATOM-cEA 099-76-1-PSAF 

SOUS-<XNI'RAT N° : 002-EIR 
Trinity College de Dublin 

Responsable scientifique : s. ALLWRIJHT 

ETUDE DE L1 IRRADIATION NATURELLE EN IRLANDE 

Cette etude SI inscrit dans le cadre des rechercheS 
ffiethodologiques Visant ii etablir un bilan d I expC>Si tion de la p.::>pUlation 
europ€enne a l 1 irradiation d 1origine naturelle et S 1articule ace 
titre avec une enquete du mane type menee en Bretagne. L 1optique generale 
du travail est de chercher a definir un protx>cole de mesore a!'PJ:'Oprie 
pour couvrir 1 1 ensernble du territoire par un reseau de releves des niveaux 
d 1 irradiation naturelle et de tenter d 1 elaborer un indice representatif 
de la dose !JOp.llation par unite geograritique. 

I - EXPOSITION IDcr'ERNE 

Dans un pranier tanps, 1 1ensanble du territoire irlandais 
a ete prospecte de fa~on reguliere a 1 1 aide d 1une chambre d 1 ionisation 
a haute pression, type RSS 111 ( 264 releves ) . Les valeurs enregistrees 
varient de 35 mR,/an ii 195 mR/an et la moyenne est de 72 mo/an .( y 
cx:mpris le rayonnanent cosmique dont la valeur est de 30 mR/an)'.Les 
niveaux d 1activite les plus faibles sont releves sur les terrains sedi
mentaires et les plus Heves correspondent aux roches eruptives et intru
sives. Rapportee a la distribution de la pop.Uation irlandaise, la dose 
moyenne liee a l 1 exposition externe est evaluee a 76 mR/an, C 1 est-A-dire 
de 1 1 ordre des valeurs decri tes en Europe. 

Dans un secorrl temps, 1 1 etude d 1 une zone selectionnee 
( Midland; et Sud Est de 1 1 Irlarrle ) a ete entreprise afin de decrire 
de maniere plus approfondie 1 1 irradiation externe en fonction de la 
diversite de 1 1environnanent humain et naturel. Les mesures sont 
effectuees aussi regulieranent que possible en decoupant prealablanent 
les zones de prospection a 1 1aide de la grille nationale de reference 
et de diverses cartes geologiques. 2756 releves ainsi collectes 
representent une densite d 1enregistranent de 1 1ordre de 12 mesures/621<rn2, 
soit au moins 3 mesures par District Electoral Division ( maille la plus 
fine pennettant d 1 obtenir les informations derogra]Xriques precises ) . 
Les resultats de cette enquete confirment que les zones de roches 
eruptives et de granits sont responsables des niveaux d 1 exposition 
externe les plus eleves ( moyennes respectives: 11,8 et I0,4 prad/h ) et 
que les terrains calcaires sont beaucouD moins actifs ( moyenne relevee 
6,6 ,orad/h ) . La moyenne de l 1ensanble des releves collectes dans la 
region est de 7, 9 ,orad/h et 1 1 etendue des relev~s est de 5-20 prad/h. 
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II - EXPQSITICN J:lCME'Sl'IQUE 

- Etant donne la J?art importantede 1 'irradiation danestique subie 
par la population, une canpagne de mesure de l'expositlpn externe et 
de la concentration de radon a ~ entreprise sur 'W1 lot restraint 
de constructions : 

• En ce qui concerne 1' irradiation externe, des mesures ont 
ete effectu~ ~ l'int&-ieur et ~ proximite imn~ate de 119 habi
tations. Les mesures int&-ieures sont realis6es clans 
trois pibs differentes • La ncyenne des valeurs enregistrees ~ 
l'int&-ieur des constructions est de 10 JlT>./an tandis que celle des 
valeurs rel.evees ~ l'exterieur est de 8,3 fl:n/an, ce qui met en 
evidence 'W1 surcrolt d. irradiation externe .!1 l'int~.rieur des batiments 
de l'ordre de 25%.RaJ.:P)rtes aux materiaux de construction, les 
resultats IIDntrent que les niveaux les plus eleves correspondent 
aux constructions utilisant la pierre de ;:ays et les roches eruptives 
alors que les niveaux les plus faibles corresoondent aux habitations 
en Mton. Toutefois, 11 existe des fluctuations tr~s inqDrtantes 
dti niveau d' irradiation ncyen indeperoanment du mat&-iau de cons
truction camte le IOOntre 1 1 etude d 1 habitations identiques si tuees 
dans res regions differentes voire m1!ue voisines • 

• En ce qui concerne la mesure du radon, une enqu~te de 
faisabilite a ete effectuee clans 10 habitations choisies de fa~ 
aleatoire. Des prlil~ts d'air successifs ont ete realises clans 
les conditions standardisees ('?iece;closes depuis 12 heures au 
100ins •• ) • Les valeurs observees varient de 0,1 i1 ~. 5 P::i/1 , 
c' est-~-dire tr~s inferieures ~ celles relevees clans une etude simi
laire effectuee en Bretaqne. Aucune relation entre la concentration 
de radon et 1' irradiation externe n 'a pu ~tre mise en evidence, 
ce qui suggere que le K40 represente la source principale de l'exrx>
siton externe. De mane, 1' importante fluctuation t:enqlorelle des 
valeurs mesurees clans une m1!ue construction n' a ?U ~tre expliquee 
par les conditions meteorologiques. 

III - ETUDE DE LA IDRI'ALITE PAR CANCER 

Les niveaux d' irradiation naturelle observes dans la 
zone selectionnee ~ 1' etude approforxiie presentent des variations 
ing;xlrtantes selon les sites. La ncyenne des valeurs observ6es a ete 
calculee poor chaque 11 District Electoral Division 11 et ceux-ci sont 
regrcu~s dans des classes de niveau d'irradiation externe. L'analyse des 
donnees sanitaires ne met en evidence aucune association entre la 
mortalite par cancer et les niveaux d' irradiation naturelle. Cette 
etude porte sur 3,5 millions d'annees-personnes, ce qui pezmettrait 
d' identifier 'W1 risque d' induction de cancer superieur ~ celui calcule 
par 1' extrapolation lineaire du risque des forte atic faiblES doses 
d' irradiation. 

OJNCLUSICN 
Cette etude fourni t des donnees originales sur 1' irra

diation naturelle en Irlande que l'on pourra secon:iairement integrer 
clans 'W1 bilan de !'exposition de la population europeenne aux radia
tions ionisantes. Elle souligne 1Jar ailleurs la nl!cessite d'apnrcfondir 
!'etude de !'exposition danestique ( irradiation externe et radon dans 
les constructions) principale source de !'irradiation de la population. 
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Association EURATOM-<:EA 099-76-1-PSAF 

SOUS-cDNI'RAT N° : 008 F 
Service de ~opathologie et de Toxicologie Exper:ilrentales 
du OOpartanent de Protection, CFA, Fontenay-aux-Roses 

Responsable scientifique : J. LAFUMA 

RECHER:liE EXPERIMENTALE SUR DES CANCERS RADio-INDUITS 

EroDE DES MECANISMES I A.."U\LYSE MATHEMATIQUE I El'UDE DES EFFE'l'S CXlMBINES 

Les recherches sont menees dans deux directions prin-
cipales : 

- les effets a court teDne provoques oar de fortes doses, 
- les effets a long teDne que l 1on observe soit chez les in:iividus ayant 
survecu a la phase initiale d 1une irradiation aigiie, soit chez ceux 
qui ont ete ~ses a des doses plus faibles. 

I - EFFEl' DES FORI'ES OOSES 

Recherches dos.trnetriques liees aux effets a court tenne 

Les etudes hematologiques ainsi que l 1 etude des 
aberrations chrarosaniques ont IIDntre que pour les rayonnanents gantna , 
1 1 etendue du dcmnage dependait de la dose totale, du debit, de 1 1eta
lanent dans le temps et du fractionnanent. 

Pour les neutrons, par contre, les effets observes 
dependent beaucoup IIDins de la fa<ron dont la dose est absorbee. 

II - EFFE'l'S S<MITI\J,JES A I.JJNG TERME 

1. Etude des cancers radio-induits 

1.1. Q!2§~tion_des ~gets directs 

En ce qui concerne les actinides, les travaux ont parte 
sur diverses formes de rlutoniun. Les aerosols ultra-fins se CC!Il!X>rtent 
ccmne des sels de !Jlutonium de solubilite elevee. 

L I etude des effets de 1 1 .Am 241 a IIDntre que les premiers 
cancers osseux ont ete observes chez des rats n 1 aya.nt fixe dans leur 
squelette que lOO picocuries par gra!'lm2 d 1os. Cette valeur ne represente 
que 2,5 fois la charge maxima.le osseuse chez l 1hatme. 

Menees en collaboration avec le Laboratoire de Patho
logie PuliiDnaire de la mGEWI. a Razes, les recherches sur les effets a 
long tenne du radon ont IIDntre qu 1 il etai t possible d 1 observer sur 500 
anirnaux un exces de cancers du pourron avec une dose de 65 W.L.11. 

Les etudes sur les irradiations globales neutroniques 
se sont poursuivies. Elles ont IIDntre d 1 une part que le role du debit 
de dose etait limite et, d 1 autre rert, que chez le rat, 1 1 efficacite 
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des neutrons etait considerable. 

Des lots d' anirnaux ont ete irradies avec des doses 
fractionnees de ( et avec une dose de rayons X d1Hivree en un temps 
tres court ( 3J ns ) • 

Toutes ces etudes visent a obtenir le maximum 
d' info:rmations sur les cancers radio-induits du rat Sprague-Dawley. 
Les conditions d' irradiation sent variees, allant des irradiations 
globales neutroniques et photoniques, aux inhalations de radioel€ments 
EmetteurS .J.. OU !f3 en passant par leS administratiOnS localeS d I aCtinideS 
ou de produits de fission. 

Plusieurs rrcxlalites d'irradiation ont ete utilisees : 
irradiations neutroniques globales et inhalations de radioelanents 
ffitetteurs ·'\ ( Radon 222, Plutonium 239 ) . Plusieurs cancerigenes chimiques 
ont ete associes ( Benzopyrene, Methylcholanthrene, Jaune de Beurre, 
Nitrosamines, etc .• ) . On a administre aussi aux anirnaux, des m:Jlecules 
ron cancerigenes ( alcool, tabac, divers rrtedicaments et la 5,6 Benzoflavone 
irrlucteur du Cytochrare P 450 pulm:Jnaire ) . Enfin, des injections intra
pleurales de fibres minerales ont ete pratiquees. 

Une action synergique a souvent ete observee . El:E !JOrte 
sur le cancer specifique dil a la m:Jlecule chimique et se traduit par un 
raccourcissement du temps de latence et une acceleration de la vitesse 
du develor:p:ment tt.moral. En regle generale, 1' action synergique ne se 
rnanifeste que si 1' irradiation precede 1 'administration de la m:Jlecule 
chimique. 

1.3. Etudes des mecanismes de contrOle de !'induction des cancers radio-
~LXiiiiES---------------------------------------

a/ Dans deux series d'experiences portant sur 200 rats environ, rous 
avons .PJ mettre en evidence un effet controle a distance de la reaction 
inflanmatoire aiglie sur la croissance et la diss6nination des tumeurs 
radio-induites. Des etudes preliminaires rous ont montre que cet effet 
n I etai t paS d\1 a la surveillance .inmune • 

b/L'un des mecanismes mis en jeu est 1 'activation des macrophages 
et des cellules tueuses ,qui peut etre envisagee cx:mne facteur specifique 
de la sensibili te indi viduelle oour la survenue des tumeurs radio
induites ( recherche en cours ) : Un autre par<'ltletre individuel sanble 
etre 1 I aptitude a la reaCtiOn inflartmatoire • 

c/ Pendant la phase de latence des tumeurs pulrronaires radio-induites, 
on n'observe pas de diminution significative de la reponse inflanmatoire 
a distance du pouron. Cette diminution est par contre tres caracteris
tique pendant la phase de latence des turreurs irrluites par le benzo
a-pyrene. 

d/ Les experiences anterieureS Ont miS en evidence 1 I etroite correlatiOn 
survenue entre des tumeurs radio-induites et le vieillissement des 
anirnaux. Les etudes entreprises ont vise a caracteriser par un parametre 
biologique le vieillissement cellulaire. Il a ete observe que 1 'aptitude 
a fonner des colonies par les fibroblastes sous--cutanees etait un bon 
index du vieillissement. Cet effet est uniquement observe lors des 
experiences de clonage. Il ne peut etre mis en evidence dans les cultures 
en masse. Ce dernier resultat suggere fortemant qu 'un des facteurs 
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illpliqu~ est menbranaire et oon g€n~. une irradiation g~ale 
in:iuit un vieillissenent ~1~~ dose-d~t pour ce caractme. 

e/ Enfin, il a ~ d€mcntr~ en !979 que les organes irradi~s secr~taient 
une ou plusieurs IOOl~es auc;pentant in vivo les khanges de chranatides
soeurs dans les oellules de la IOOelle osseuse d.u rat. Ces ~tudes a1t pexmis 
d'aboutir il des relations dose-effets CX>h~tes. 

2. Irradiations des cellules getminales d.u rat 

Les irradiations a1t ~ pratiqu~s en utilisant soit 
des neutrons, soit des protons gamna. • Elles m:mtrent la tres grande 
sensibilit~ d.u tissu gennina1 d.u rat aux irradiations chroniques et 
fractiOllll&ls ainsi que 1 'absence presque totale des Iil~ de 
restauration au niveau de ces cellules. Si en ce qui ooncerne les gcmnas, 
a1 observe un effet net du d€bit de dose, il n'en est pas de nAne pour 
les neutrons. Le d€bit de dose d'exposition le plus faible a~~ de 
100 mR/h pour les gcmnas. 
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Association EURATOM-CEA 099-76-1-PSAF 

SOUS-<Xl'll'RAT N° : Oio-N 
Uni versi te de I.eiden 

Responsable scientifique : K. SANKARANARAYANAN 

EFFETS GENEI'IQUES DES RADIATIONS IONISJ\Nl'ES SUR LES 

EUKARYOTES Pllro:CE:LLUIJI..IRES 

POOBLEMES I ~ULTATS I PEPSPECI'IVES El' APPJl:lCHES 

DE L 'EVALUATION DU RISQJE GENE!'ICUE DE L 'EXPOSITION AUX RADIATIONS 

ICNISJ\Nl'ES 

Cette llOI'lOgraphie se pi'O!Xlse d'analyser 1 'etat des 
connaissances sur les effets genetiques des radiations ionisantes chez 
les eukaryotes plurioellulaires et de discuter 1 'evaluation du risque 
chez 1 'hamle A la lumiere des acquisitions reoentes. Dans cet esprit, 
1 'auteur procede i\ une synthese des donn~s de la litterature et 
cherche A degager les implications pratiques des recherches actuelles 
pour enfin tenter de definir les chanps d' investigation qui lll&-iteront 
une attention particuliere dans les annees a venir. 

La premiere partie du rapiJOrt est consacree a 
1 I etude dU detriment genetique Chez leS euka.z1>0teS pluricellulaiJ:'eS • 
La revue analytique s' interesse successivanent aux mutations gen~ 
chraoosaniques ( distin;Juant les nodifications intragemques et inter
gemques ) , aux mutations geniques 100leculaires ( avec discussion des 
dormees experimentales obtenues chez les NeUI'OSJX>ra,la Drosq>hile, 
la souris, les manmiferes dont 1 'hcmne ) , aux oellules en culture et 
aux plantes. Par ailleurs, les aberrations chraoosaniques de structure 
et de nanbre font l'objet d'une analyse cx:mpl€mentaire. La relation 
dose-effet est discutee de fa~n detainee en etudiant ootcmnent le 
rOle de diverS paranetres physiqueS et biologiqueS susceptibleS d I affecter 
le taux de mutation. 

Dans une secoroe partie, une etude des methodes 
d' evaluation du risque lie A 1 'exposition aux radiations ionisantes 
est menee a partir d'une synthese des connaissances relatives aux 
ananalies herB:li taires spontanees, A 1' incidence des ananalies 
chraoosaniques ainsi qu' a toute donnee experimentale. I.es estimations 
des risques font l'objet d'une revue detaillee. 

Dans une derniere partie, di verses orientations 
de recherche sont erwisagees en vue d'ameliorer 1 'evaluation des risques. 
I.es diverses options suivantes sont proposees : 

• oevelowanent de rnetmdes experimentales et mise au point 
d'indicateurs petmettant de detecter les alterations irrluites par 
1' irradiation ( mutations J:JOnct:uelles et ab&rations chraoosaniques ) • 

• Explication des !OOcanismes de ron-disjonction chraoosanique 
et d 'autres aberrations avec un effort particulier pour etudier la 
relation entre la structure chraoosanique et le caoportanent. 
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• Etude des r~ations entre la radiosensibilite, la reparation 
genetique et les ancmalies du processus de segregation. 

. Enqu~tes epid€miologiques portant sur la relation entre la dose 
rec;:ue la frequence des aberrations lynJiilocytaires en vue de faciliter 
1 'interpretation des doses dans le cas des expositions oon haoogenes. 

• Etudes portant sur des marrmiferes ( dont les primates si possible 
pour 1 'extrapolation quantitative des donnees a 1 'hcmne. 

. Etudes visant a estimer les methodes et les hypotheses qui entrent , 
dans 1 I evaluation deS risques ,dans 1 I extrapolatiOn deS celluleS sanatiqueS 
aux cellules geDminales et des animaux d'experience a l'hamme. 

. Etudes sur 1' induction des I!D.ltations dans les cellules germinales 
et sanatiques pour des doses et des debitsde dosesfaibles, et sur la 
methodologie de ces r€cherches . 

• Identification et caracterisation ( au niveau genetique et bio
chimique ) des souches cellulaires de rnarcmiferes, qui presentent des 
sensibilites variables ou qui preso..ntent des deficiences des mecamsmes 
de reparation du DNA. 

. Investigation detainee de 1 I enzyrcologie des mecamsmes de repara
tion du DNA dans des systares cellulaires de manmiferes ainsi que de la 
relation entre les lesions radioinduites, les I!D.ltations et les aberrations 
chraoosaniques. 

. Etudes de la I!D.ltagenese et du role des mecanismes structurels et 
i.nduits de reparation dans les svstanes cellulaires de manmiferes et dans 
d'autres systanes qui $E! pr~tent i'! ces etudes. 
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Association EURATOM-CEA 099-76-1-PSAF 

SOUS-mNTRAT N° : OI6-I 
Institut Mario Negri de Milan 

Responsable scientifique : A. TOGNONI 

E:I'UDE BIBLIOGRAPHIQUE ET ANALYSE CRITIQUE 

DES OONNEES RErATIVES AUX EFFETS CANCEIDGENES DES RADIATIONS 

IONISANTES CHEZ L I HOMME 

Cette etude consiste en, une revue anal ytique des donnees 
de la litterature recente afin d' actualisa:-les connaissances relatives 
a 1 '1Waluation des effets des radiations ionisantes sur 1 'l:lcmre et de faire 
le point des nouvelles a~sitions publiees depuis le dernier rapnort 
de l'U.N.S.C.E.A.R. 

Les cinq sujets suivants ont ete abordes : 

1. Etude des effets sanitaires chez les travailleurs de Hanford 

Une discussion de resultats de cette etude est menee 
a la lumiere des nanbreux ccmnentaires qu'elle a suscites. L'analyse se 
propose d'examiner la place qui doit etre reservee aux conclusions de 
1 'etude en fonction des limites inMrentes a la methode utilisee. 

2. Tumeurs radio-indUites chez les enfants 

L I etude d I Oxford represente une sarrne ifn!'lortante de 
renseignements dont les implications potr la radioprotection doivent etre 
discutees en fonction de la methode anal ytif!Ue. 

3. Tumeurs induites par la radiotherapie 

De nanbreuses informations sont disponibles dans ce danaine 
etudES realis€!5 chez les patients atteints de spondylarthrite ankilo

sante, etude des tumeurs du sein apres radiotherapie pour affection 
manmaire benigne, et etude de 1' incidence des tumeurs chez les sujets 
i=adies pour teigne du cUir chevelu 

4. Effets des explosions nucleaires 

Ce volet de la revue s' interesse aux dernieres donnees 
publiees sur la population exposee a Hiroshima et Nagasaki ainsi qu 'aux 
populations americaines soumises aux retanbees radioactives. 

5. Tllneurs osseuses apres radiodiagnostic 

La discussion porte essentiellernent sur les arguments 
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utilis~s par les differentes parties en controverse sur le sujet. 

Enfin, la discussion est ax~ sur les problanes !OOtho
dologiques pos~s par oe type d' ~tude en insistant IDtalllnent sur la n~
sit~ de trouver des l!lchantillons de taille suffisante pour que !'analyse 
soit effectu~ dans les meilleures oorrlitions de prl.ssanoe statistique. 
La signification des ~lications r~tes est critiquee en fonction 
de ' considerations ~t epid€rniologiques telles que la possibilit~ 
de rejeter l'hypo~se nulle quarXl elle est vraie ou encore des diffi
cul~s de l'interpr~tation statistique tenant a la grarrle variabili~ 
des intervalles de oonfiance selon la rxrl.ssanoe t;tatistique des estimations 
One discussion est oonsacr~ aux deux lood~les de canoerog~~se actuelle
ment d~loy;p!s ( rood~le linffiire et m:xi~le quadratique ) qui, probablenent, 
ne sont pas inoanpatibles mais peut~tre applicables ii des formes de 
caroer differentes. 
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Association EURATOM-CEA 099-76-l-PSAF 

SOUS-<nNTRAT N° : OI7-EIR 
The 1\.!edical Social !'esearch Board de Dublin 

Responsable scientifique : G. DEAN. 

El'UDE DES EFFETS A IOOG TERME DE L I I~IATICN 

THElW'EUI'IOOE DE IA TETE E:l' DU CXlU FOUR ACNE 

ce progrcmne con si '3te en une !!!tude de ~revalence de certa1ns 
cancers qui porte sur une cohorte de IO (XX) sujets irradi!!!s pour acne de 
la tete et du cou. 

En effet, M:lD!\N et coll. ont ITOntre que, chez ro (XX) 

enfants traites pour teigne entre I949 et I960, le groupe irradie presente 
un risque significativanent plus eleve d'affections malignes et benignes 
de la tete et du cou, notannent du cezveau, de la parotide et de la 
thyroide. cette observation sugg~e une relation dose-effet pour des 
niveaux de dose relativanent faibles et denande done 11 etre confi:oOOe 
ou infiirnee par de nouvelles enquetes epid€miologiques. Or, certaines 
affections de la face ont ~te traitees pendant de ranbreuses annees 
par 1 'adninistration de rayons X ITOUs. Les dossiers d' irradiation et 
!'etude du suivi des patients fournissent les deux cata.Jories de donnees 
entre lesquelles une relation est recherch!§e. 

Le progranme ccmprend trois parties 

I - OOI.LEX::TE DES OCNNEES 

Les dossiers des sujets ont ete obtenus dans sept hOpitaux 
au Roya\llle"""Uni : 

• Liverrxx>l : 4 253 patients traites depuis 1923 au Liverpool 'byal 
Infirmary et au Liverpool Radium Institute ont etf.\ identifies. 

. New-castle : 1 116 dossiers ont ete obtenus au Royal Victoria 
Infi.J:mary et au New-castle General Hospital. 

Manchester :1 687 dossiers proviennent du Skin Hospital. 
Biirniryham :Plus de 1 200 dossiers proviennent du General Hospital. 
Glasgow : Pr~s de 3 (XX) dossiers ont et1 obtenus au Western Infir-

mary. 
Leeds : Environ 3 (XX) dossiers proviennent du General Infi.J:mary. 
London :3CX) dossiers ont ete obtenus au St John's Hospital. 

Les infonnations portees sur les fiches ou les dossiers 
sont tr~s variables. 

L'ensanble des dossiers atteint le ranbre de 14 531 
patients. Ce chiffre canprend environ 12 (XX) acnes vrais. 
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II - SUIVI DES PATIENI'S 

A 1 1 aide du National Health Service Register de 
Southport, il est possible de retracer et d 1 analyser le devenir de IO ()(X) 

sujets environ. La cause des deces peut etre obtenue par le certificat 
de deces. 

Par ailleurs, les registres ri§gionaux et le Registre 
National du cancer, lequel existe depuis !971, sont consultl!s. Les 
informations portant sur la rrortalite et la IOC>rbidite seront analysees au 
Department of Health and Social Security, I!! 1 1 interieur d 1 un programne 
qui pennet de les traduire dans les tennes de 1 1ICD ( International 
Classification of Deceases, Traumatisms and causes of Death- (OMS) ) • 
Le but de cette o~ration est bien entendu de pouvoir, en derniere 
analyse, cx:mparer les taux de cancers obtenus avec ceux de la por;u
lation generale. 

III - E'IUDE OOSL~QUE ET ANALYSE DES RESULTATS 

I.es dossiers d 1 irradiation des patients canportent 
toutes les informations utiles pour calculer de fac;;on precise la dose 
re~ par les differents tissus et organes : dates de radiotherapie, 
voltage, filtre, surface du champ, temps d 1exposition, •• 

I.eur analyse nontre que les techniques d 1 irradiation 
varient beaucoup d 1 un hOpi tal ~ 1 1 autre. Par exanple, ~ Leeds, on 
awliquait en general 3 champs de 450 R chacun sous 65 KV. A Binningham, 
la dose etait de 6CX) !t ( 300 ~ 12<XJ R ) par charrp sous 65 KV. A Glasgow, 
la dose etait en IOC>yenne de 1500 R ( 900-1900 R ) sous 140 KV ( avec 
filtres aluminium et cuivre ) • Il y a done un facteur de 3 entre la 
dose d 1exposition la plus faible et la plus forte et ce facteur depasse 
3 en tennes de dose tissulaire absorbee. 

Le Dr Ellis (Leeds) procede, selon la methode utilisee 
par lui -mEme pour 1 1 enquete de Doll sur les spondy H tes rhizaneliques i 

'une estimation des IOC>yennes de dose d 1~ition est effectuee sur 
des sous-echantillons. On calcule ensuite la relation dose-effet entre 
la noyenne de la dose appliquee et 1 'incir'!<>n~"' des cancers du cerveau, des 
c;rlal'rles salivai:tes, de la thyroide et des leuc6mies. 

Les resultats, la discussion et les conclusions seront 
presentes dans le rapport final. 
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Association EURATOM-CEA 099-76-1-PSAF 

SOUS-<DNTRAT N° : OIB-099-79-10-PSAF 
CentJed 1Evaluation de la Protection dans le danaine 
NucH~aire ( CEPN ) Fontenay-aux~ses 

Responsable scientifique : F. FAGNANI 

E'ilALUATION DES REJETS ET DES <DTJrS ASSOCIES AUX 

D~ SYS'l'E'1ES DE TRAITEMENl' DES OXYDES DE SOUFRE 

DES CENl'RALES 'l'HER\1IQUES CIASSIQUES 

La recherche de crita'es d 1acceptabilit€ en vue 
d 1une gestion cohfu"ente des risques industriels d 1origil'lE5difffu"entes 
requiert la connaissance des niveaux de risques residuels associes 
aux differentes politiques de protection envisageables ainsi que 
des coiits de protection co=espondants. 

L 1 etude a detennine pour les centrales thenniques 
au fuel et au charbon le coat et 1 1 efficacite de divers syst~s 
de traitanent utilises, envisages ou envisageables reduisant les 
rejets de poussiere et/ou d 1oxydes de soufre. L 1efficacite est 
expr:imee en pourcentage d 1 Emission. 

Dans un pranier temps, nous avons o§labore un modiHe 
s:implifio§ de rejet pour une centrale au fuel ou au charbon de 1 Gle. 
Ce modele pennet de detenni.ner en fonction des caracteristiques du 
oambustible utilise et du taux de polluant rejete la quantite annuelle 
de cendres et de dioxyde de soufre €mise par la centrale et ce, pour 
chaque sys~ de traitanent. 

Parmi les nambreux systenes cites dans la litto§rature, 
nous n 1 avons reteru que ceux rrui r.e-raissaient les plus realistes et 
dont nous pouvions connaitre l 1efficacite eh terrrJes de reduction 
de rejet et de coiit • Ainsi, avons nous envisage pour la centrale 
au charbon, cinq systanes de reduction des poussieres, et quatre pour 
les oxydes de soufre. Pour la centrale au fuel,on dispose de quatre 
systemes pour les poussieres et six pour les oxydes de soufre. 

ceci a pennis de detenni.ner pour chaque syst~ de 
protection un ratio coat-efficacite traduisant le coat associe a la 
reduction d 1 une tonne de poussieres et/ou de dioxyde de soufre. 

Ceci nous a pennis de hi~archiser les differents 
syst~s envisages. Nous avons obtenu les resultats partiels suivants 



Centrale au charl:lon 

PoussiE!res : 

1. utilisation d'additifs 
2. OOpoussi&eur mOOanique 
3. OOpoussi&eur ~lectro

statique 

Dioxyde de soufre : 

1. Iavage du d1arbon 
2. Epuration A la d1aux 
3. Proc::M~ EDF-IFP 

Centrale au fuel 

Poussi&es : 

1. ~ussiereur mlicanique 
2. OOpoussi~eur ~lectro

statique 
3. Utilisation d'additifs 

Dioxyde de soufre : 

1. Valorisation des fuels 
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4, 7 F par torme de p:lussi&e retenue 
4,9 F " " 

9 F " " 

1300F par torme de so2 pi~~ 
5400F " 
72CIJF 

500 F. par torme de 1:l()Ussi&e reterme 

9':0F 
3500 F 

" 

lourds 1exx> F par torme de ro2 pil§gre 
2. Utilisation de 'lBTS 

(IO%} 1300 F 
3. Injection de chaux 2300 F 

Ia base de r~tats ainsi obtenus pennettrait 
de calculer, dans \me €!tude ul~ieure, les ra~rts oout-efficacite 
des syst~s avec un in:iicateur d'efficacite expr~ en tennes 
d' effets sani taires, mieux adapte i!. des ocrnp:~raisons avec d' autres 
secteurs imustriels. 
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Association EURATOH-CEA 099-76-1-PSAF 

SOUS-a:Nl'RAT N° : 0!9 F 
Eoole Nationale de San~ Publique de Rerlnlis 
A8soc:iation Ville:t!OO 

Responsable scientifique : L. MASSET 

ETUDE DE L'IRRADIATION NATURELLE EN BRETAGNE 

Cette ~t:ude s' inscrit dans le cadre des recherches 
rnethodologiques d'l!valuation de 1 'exposition de la population e~e 

aux radiations ionisantes et r~n:l, pour oe qui la coiX:erne, ll 
une tentative d'~laboration d'un bilan d'eJqX>sition ll 1' irradiation 
d'origine naturelle. L'objectif principal est de chercher ll d~finir 
des protoooles de rnesure ad~ts pour @valuer 1' irradiation naturelle 
a 1 I €chelle de la r{gion et ~ ~tablir un indice repr~sentatif de la 

· dose pop.Uation correspon:lante. Ia Bretagne constitue une zone pilote 
int&essante par la diversitl!! goologique des sols et par la pr~n:l~ 
ranee des terrains grani tiques. 

I - EVALUATICN DE L'EXPOSITI<N :E:Xl'ERilE 

1. 1. Mise au point d 'une rn~thode de rnesure 

Divers ~es de rnesure sont tes~s en vue d'obtenir 
une @valuation syst€rnatique et rapide de 1 'activit~ naturelle sur un 
territoire ~ten:lu. 

• L 'enregistrement rnanuel de 1' activitl!! tellurique en milieu 
naturel, dMini par 1 'absence de toute perturbation artificielle du 
terrain, est insuffisant il plusieurs titres ( faible densi~ de rnesure 
du fait d'une mise en oeuvre lourde, absence de prise en canpte de 
tous les paran~tres d' environnenent • • ) ; il reste oepen:lant indis
pensable d~s lors qu'il s'agit de faire intervenir des crit&es goolo
giques dans l'analyse et qu'il s'agit de disposer d'une base de 
r~ference pour juger de protoooles plus ~res. 

. L' enregistrement autanatique en continu sur route pezmet 
d' augrnenter de faqon significative la densit~ des relev~s et d 'unifoJllliser 
les con:litions de la rnesure ( MAB 601 couple ll un enregistre.ur -
stan:lardisation des do~s par rapport a un RSS 111 ) • 

1.2. Msultats g~&aux 

• L'analyse d'environ 60CX) rnesures r~ties dans 230 a:mnunes 
( soit approxirnativanent 1/5 de la Bretagne ) met en ~idence les 
principa.ux r~sultats suivants : 
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• Ia valeur moyenne du rayoJ:li1E!IIel'lt cosmique, mesure en mer, est 
de 4,1 ± o, 7 prad/h . 

• I.es niveaux d'activi~ les plus faibles ( 4-6 prad/h ) corres
pondent aux zones inhabi tees et les valeurs plus elevees ( superieures 
~ 8, 5 prad/hl correspondent aux zones habitees et aux affleurements 
granitiques. Certaines variables de 1 'enviro1111Sllent, tels que les lieux 
de passage ou les points d 'eau, senblent au contraire faiblanent 
correlees avec la radioactivite • 

• Le niveau !ID'Jen d'activite du milieu naturel ( moyenne = 
9 ± 2, 7 prad/h ) est inf&ieur ~ celui des routes ( IIOYffilile = 
11 ± 3, 5 prad/h ) , lui -mene inf&ieur ~ celui du milieu urbain 
( rrOyenne =12, 1 ± 3, 9 tzadlh ) oil. la distribution des valeurs est 
plus etalee. 

• Fait rotable I 1 I etude de la distribution des valeurs dans les 
ccmnunes suggike que la moyenne des releves enregistres dans chaque 
enviro1111Sllent de reference ( naturel, routier, urbain ) est statisti
quanent representative. I1 senble done possible de carac~riser la 
ccmnune par 3 valeurs au moins. 

. ra prise en canpte des paranetres geologiques souligne la neces
si~ d'at:PI.'Ofondir l'etude pour confi..Drer ou infirmer la validite de 
la mesure sur route et pour chercher ~ etablir des protocoles d' evaluation 
s.implifies. 

II - E.VAWATICN DE L I IRRADIATIOO OOMESTI<PE 

L'etude d'un lot restreint d'habitations dans des 
conditions st:arnardisees ( mesures ponctuelles repetees ~ un mois 
d' intervalle dans des pieces closes depuis 12 heures au moins ) met 
en ~denoe des concentrations de radon tres variables selon les 
constructions, et parfois e!evees ( jusqu' ~ 39 [Ci/1 d' air ) • En 1' etat 
actuel des travaux, 1' importante fluctuation t:.erp::>ro-spatiale des valeurs 
mesurees n' a pas pu etre mise en relation avec les mat&iaux de construc
tion ou les conditions climatiques. 

~CWSICN 

Cette etude decrit de fa<;;on relativarent afPtDfondie 
1 'exposition externe en Bretagne. Elle souligne la necessite de poursuivre 
les investigations pour @valuer 1' irradiation d 'origine danestJ_que. 
Diverses orientations sont envisagees ~ cet ilgard ( mesure de 1 'exr:o
sition externe dans les constructions, intercanparaison de 1 'enregistranent 
scintillanetrique avec celui du dosi.metre , poursui te des mesures de 
radon en utilisant rotatment un prelevenent continu ) . 
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Association EURATOM-CEA 099-76-1-PSAF 

SOUS-cDNI'RAT N° : 020-UK 
St George' s Hospital r.allcal School de wndres 

Responsable scientifique: T.E. BENNETT 

El'UDE DE IDRI'ALITE EN RELATIOO AVF£ LES 

IRRADIATIOOS DIAGDSTIQUES El' LE TABI\.C 

Le probl~ ~tudi~ est celui de 1 'existerx::e d'une synergie 
entre les relations ionisantes et le tabac dans 1' induction des affections 
respiratoires chez 1 'hame. 

Cette etude porte sur une oohorte r~trospective de sujets 
males, anployes d'usines de la region londonienne, qui avaient fait, en 
!960, l'objet d'une experimentation visant ~determiner l'efficacit~ 
du depistage radiologique pr~ du cancer du pou110n. Les infonnations 
les ooncernant, rx:rn, adresse, age, anpl01Jeur, lieu de 1 'anploi, m~in 
traitant, radiogra];hies proc~tes, affections respiratoires et oonsan
mation de tabac avaient ete not~s dans le dossier initial. Trois oohortes, 
chacune de 30 000 sujets, avaient ~e ~tudiees. Deux oohortes avaient 
~e l'objet de radiogra];hies du thorax tous les 6 IOOis pendant 3 ans, 
alors que la troisi~ oohorte n'en avait subi que deux, une ~ !'entree 
et une 3 ans apr~s. la distribution des Ages au d~ de l'etude en !960 
etait unifonne de 45 a 64 ans. 

Tous les dossiers sent disponibles ainsi que
1

pour l'une 
des oohortes, les films de !963 jusqu'aujourd'hui. 

Dans un pranier tanps, il a ~te necessaire de proc~ 
~ une infonnatisation des donnees de base et ~ une etude de la distribution 
des activit~ professionnelles. Les 27 000 sujets actuellanent repertori~ 
repr~entent 6000 professions differentes, regroupees en 200 categories 
(oorrespondant ~ celle; de 1 'Office of Population and Census Survey) • Il 
est ainsi possible de classer la population par niveaux socio-~rx:rniques. 

Tous les sujets sent des anployes d' usine; de la region 
londonienne et n'ont ~t~ exposes ~ aucun ri9]Ue professionnel oonnu 
( chimique, respiratoire, . • ) • Il s' agit de travailleurs de 1' industrie 
a&ona.utique et electronique. 

L'~tape suivante oonsistant ~ rassanbler les ci:>rlnees 
suJ;:pl€mentaires, relatives ~ !'exposition aux irradiations diagrostiques, 
~ 1' identification des personnes et dans certains cas, au sui vi de leur 
pass~ au oours des vin:Jt annees ~ulees, a ~~ mise en place. 

Le sui vi sera fait selon la sequence : errq>loyeur, rOOdecin 
traitant, CCmit~ du General Practitionners, derni~ adresse connue et 
Registre Central du National Health Service ~ Southport pennettant 
notcmnent de oonnaitre les causes de dec~s. 

D 'autres sources d' infonnation seront ~tuellanent 
utilisees ,ocmne les listes aectorales, registres hospitaliers, registres 
du cancer, dossiers de retraites • • • Des list:iD]s rassanbleront toutes ler 
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infonnations dont !'analyse a pour but de d~tenniner les risques de 
mortalit~ pour des affections spkifiques lires au tabac ou ii d'autres 
facteurs isol~s ou oanbin~s. 
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Association EURATOM-<:EA 099-76-1-PSAF 

SOUS-roiT'RAT N° : 021-099-79-IO-PSAF 
Centre d'Etudes sur 1 'Evaluation de la Protection dans 
Damaine Nucleaire ( CEPN ),Fontenay-aux-Roses 

Responsable scientifique : F. FAGNANI 

RECHERCHE DES VALEURS IMPLICITES DU DETRIMENT SANITAIRE 

Cette etude s'inscrit dans un projet general de 
oamparaison des efforts de protection dans l'industrie electronucleaire 
et divers autres secteurs d'activite. 

Le secteur etudie est celui de 1' industrie de 1 'amiante 
dans la mesure ou ce produit conduit a un des risques professionnels 
les plus importants. 

L'amiante est, d'autre part, une des rares substances 
mcives pour lesquelles on dispose de donnees relatives aux relations 
" dose-risque " ; celles-ci ont ete obtenues essentiellanent a travers des 
enquetes epid€miologiques menees aupres de travailleurs. 

L I etude oamporte deux volets principaux. Le premier 
concerne !'evaluation des risques asbestosiques. 

On y rappelle les di verses sources et conditions 
d'exposition au risque. 

On §vogue ensuite la oamplexite de la pathologie de 
1 'amiante et 1 'Mterogeneite des effets ( fibrosants et cancerogenes 
asbestose et cancers broncho-pulrnonaires, mesothelianes, etc ... ) ; 
leS caracteristiqueS specifiqueS deS affectiOns dueS a 1 I amiante telleS 
que : effets differes a lon:J tenne, maladies evolutives, non specificite 
de certains canoers, difficultes de diagnostic, etc •.. sont passees en 
revue afin de souligner le caractere incertain de la rnesure du risque. 

On aborde ensuite la question des relations exposition
risque. On ne considerera que les risques lethaux. Pour le canoer broncho
pulrnonaire, les travaux publies font etat de diverses relations exposition
risque lineaires sans seuil. On en a retenu plusieurs afin de disposer 
d'une fourchette refletant les inoertitudes de la quantification. Pour 
les mesothelianes, on a retenu un rrodele suggere par Julian Peto et al. 
lequel depend du tenps ecoule dep.ris la praniere exposition. 

Pour la I!Ortalite associee a 1 'asbestose, il existe 
plusieurs modeles dependant du temps de sejour des fibres dans les 
alveoles pulllOnaires. Nous avons retenu ici encore les hypotheses extrE!nes 
afin de fournir des fourchettes de resultats. 
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Le second volet de 1' etude concerne 1' evaluation des 
valeurs irnplicites de l'effet evite. 

On y preseni;e un bref apergu de la reglarentation 
actuelle, laquelle a entraine une reduction des anpoussierarents 
dans les usines utilisant 1' amiante. 

Les donnees oorx:ernant l'efficacite des rresures de 
reduction de 1' snpoussiE!rement et le coU.t de celles-ci sont tres 
lacunaires. Il a ete possible cependant de proceder, dans le cas 
fran~s, a une ~uation grossiere de la reduction des niveaux 
d'exposition, ainsi que des ooiits associes pour des usines d'amiante 
manufacture ( textiles, garnitures de frein ) . Pour un effectif 
global de 2 a :nx> employes, la reduction des empoussierements est 
en noyenne de 1,5 a 2,5 fibres/cm3 et les coats s'elE!vent a plusieurs 
dizaines de millions de francs. A partir des donnees relatives a la 
reduction des niveaux d'empoussiE!rement, on a calcule,cx:rtq)te tenu des 
effectifs, un ordre de grandeur du risque sanitaire evite, ce qui rous 
a pennis de tirer des foorchette<3 de valeurs irnplicites de l'effet evite. 
On a rnis en perspective ces valeurs a '\eC les donnees ex>rreS!JOndantes 
calculees sur les informations :r:rovenant de la litterature internationale. 
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Association EURATOM-CEA 099-76-1-PSAF 

SOUS-<DNTRAT N° : 023-099-79-IQ-PSAF 
Centre d 'Evaluation de la Protection dans le dcrna.ine 
Nuclffiire (CEPN) Fontenay-aux-Roses 

Responsable scientifique : F. FAGNANI 

OP!'IMISATION DE IA Pro!'ECTION D.ZINS LE CAS DES TRAVAILLEUPS -

ETUDE EXPIDRA'IDIRE GENERALE Er APPLICATION A L I IDcr'RACI'ION 

00 MINERAl D 'URANIUM 

Deux rapports distincts ont ete r&Uges. Le pranier 
ooncerne une etude exploratoire de faisabilite relative ii l'optimisation 
des expositions professionnelles dans le cadre du fonctionnement nonral 
du cycle du CXJObustible PWR. Le second rapport a trait ii 1 'optimisation 
des expositions professionnelles dans une mine d 'uranium. 

L'etude de faisabilite detel:mi.ne tout d'abord les 
niveaux de risque individuel et oollectif pour chacune des installations 
du cycle du CXJObustible. Ce travail a ete effectue ii partir d 'une 
synthese des donnees franc;:aises et internationales. 

La a:mparaiSOn est rrtenee tJOur un cycle ii 1 I equilibre 
no:rmalise ii production anrruelle d' e~ie nette de 5, 6 'lWh ( energie 
liee au fonctionnenent d'un reacteur de 1 G'le durant 5600 h ) . 

Il en ressort que les maillons du cycle presentant 
les risques les plus eleves ( individuel et/ou oollectif ) sont 
1 I extraCtiOn dU minerai f le reacteur et le retrai ternent. LeS deteJ:minants 
de ces niveaux de risque ont ete explicites ( radon pour les mines, 
vieillissement des structures des reacteurs, probli!mes de oonception 
entralnant des difficultes lors de 1 'exploitation et de la maintenance 
des equipanents ) . 

La deuxiane partie du rapport concerne les perspectives 
de realisation d'etudes d'optimisation. 

En ce qui concerne le retraitanent, 1 'abserx:e de donnees 
ne pennet piS d'envisager pour le nanent des etudes ooncretes. Pour les 
mines, la distinction est faite entre 1 'extraction filonienne et les 
gisanents salimentaires. Dans les deux cas, il convient d 'approfondir 
les oonnaissances relatives ii 1 '~luation de 1 'exrx>sition ( ProblE!me de la 
oonversion WL/SV ) et mettre au point des rrodeles de s:inn.Ilation de la 
ventilation. Enfin, pour les reacteurs, deux axes de recherche sont 
proposes, d 'une part, 1 'explicitation des interactions entre protection 
et exploitation, d' autre part, la mise au point d 'une base de donnees 
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dosimetriques associant aux dPbits de dose le tanps d 1 intervention par 
type d 1operation. 

Le second rapport presente un rocxlele theorique 
general de l 1 exposition externe et de la contamination 0( dans une 
mine filonienne. Ce rocxliHe tend a expliciter les parametres l)rincipaux 
intervenant dans le calcul de ces deux roodali tes d 1 exoosi tion 
( teneur en uraniun dans les chantiers, dans les zones hors chantier, 
caracteristiques liees a la gEianetrie des zones, tenps de sejour dans 
les di verses zones, debits d 1 a er age or:imaire o.t secondaire. Aussi bien 
pour 1 1exposition externe que pour la contamination o( , le modele 
theorique detennine 1 1 engagement d 1 €qui valent de dose collective 
effective. Il pennet de plus d 1 analyser les parametres fondarrentaux 
du risque. 

On a precede ensuite a une discussion des principales 
actions envisageables pour reduire 1 1une ou l 1autre des roodalites 
d 1exposition. La connaissance des couts associes a ces actions pennettrait 
d 1 effectuer une analyse cout-efficacite rnettant en balance notanment 
les OOO.ts de protection envisageables et la reduction du risque travail
leurs qui en resulte. En fonction de la valeur de l 1hcmne-Sievert 
travailleur t il serai t alorS poSSible de proceder a une etude d I opti
misation du risque professionnel confcrm€ment aux rea:mnandations de 
la CIPR. 
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Document 3 

Association EURATOM-CEA 099-76-1-PSAF 

SOUS-a:Nl'RAT N° : 024 F 
Centre d 'Evaluation de la Protection dans le danaine 
Nucleaire ( CEPN ) Fontenay-aux-Roses 

Responsable scientifique : F. FAGiMNI 

E.'I'UDE DES TRANSFERI'S DE RADIONUCLEIDES A ~VERS 

LES CIRCUITS DE DISTRIBUTION ( CAS DES VIANDES NON OOVINES, 

DE L I ALIMENTATION ANIMALE I DES PffiOOITS IRRIGUES ) 

Ces etudes ont ]X>ur but de detenniner les contaminations 
specifiques et globales des produits livres a la consarrnation, connaissant 
les niveaux de contamination au stade de la production. 

On modelise le transfert d'un radionucleide donne a 
travers les circuits de distribution des produits en fonction des echanges 
et des transfonnations subis. A partir des donnees statistiques dispo
nibles 1 On estirne SOUS certaineS hypotheses econaniques les flux d I echanges 
inter-regionaux. La connaissance des tableaux. d' echanges pennet alors de 
calculer les transferts de contamination. 

Au cours des annees precedentes, on a successivE!lleilt 
aborde les problemes des cereales, des produits laitiers, des produits 
de la mer, des viandes bovines. 

- Viandes non bovines : 
Les statistiques recueillies au cours de cette derniere 

etude ont I!Ontre que la part prise par chacun des pays de la Carrnunaute 
dans la production et les echanges varie beaucoup selon les viandes consi
derees, de mane que les ronsarrnations rnoyennes. En raison de la :r:=t 
jroportante prise par la viande porcine en R.F.A. et en France, on a 
decide d'etudier les echan;Jes au niveau regional JX>ur ces deux pays. 
La viande de volaille merite aussi une analyse detaillee, dans le cas de 
1' Italie et de la France. 

Les donnees statistiques exploitees concernent 1 'annee 
!977. Les hypotheses de contamination p:::>rtent sur le Cs 137. Les activites 
in:Jerees annuellanent sont extrErnanent faibles et sont plus elevees a 
partir de la conscmnation de viande de p:::>rc qui est la viande la plus 
consO!Illee en Europe. Les OChanges de produits ont p:::>ur effet de trans
mettre, en partie, la contamination de la viande de p:::>rc du Danemark 
vers le Royaume-Uni, ainsi que des :?ays-Bas a 1 'Italie. Au niveau 
regional, on note en Allenagne un transfert sensible du Niedersachsen 
vers plusieurs regions. 

Pour la volaille, le transfert le plus notable entre 
pays se fait des Pays-Bas vers la R.F.A. 

- Alimentation animale : 
L etude de l'alimentation animale est le oamplement 

lo:rique des precedentes. Elle met ."! profit les donnees deja recueillies 
a 1 'occasion des recherches sur les echanges de produi ts lai tiers, 
cerealiers et marins. 
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Le premier volet de 1 1 etude develoH_Je plus particu-
lieranent les aspects techniques de 1 1 alinentation an:imale 

besoins des differentes espOCE!s an:imales 
apports dis:IX>nibles 
rations alimentaires •.. 

LeS ratiOnS types retenueS pennettent d I evalUer leS 
activites in]'erees par les differentes especes an:imales : volaille, 
por~ins, bovins, ovins •.• , a partir des roncentrations de radioelanents 
dans les matieres prEmieres utilisees, et par ronsequent, la part de 
rontan:ination transferee a 1 1hcmne par suite de la CX>n&:mnation de 
produits animaux. 

- Ugl.m::s irrigues 

Le but de la recherche est de detenniner 1 1 influence 
des echanges et 1 1 importance de 1. irrigation sur la rontan:ination 
moyenne des irrlividus de la C.E.E. divisee en 25 zones gi§ographiques. 

Apres une analyse eroncmique des circuits et des flux, 
le recueil des donnees sur les productions, les ronscmnations et les 
€changes d 1 une part, et 1 1 estimation des statistiques incormues d 1 autre 
part, ont pemtis de construire un nodele de transfert des rontaminations 
qui prend en canpte les taux d 1 irrigation regionaux, les differentes 
voies de transfert a la plante et a l 1hcmne. 

Il ressort de cette etude que 1 1 I talie centrale et 
meridionale sont les seules regions qui, par 1 1 importance des e>qXJrta
tions et de 1 1 irrigation effectuee, etendent le risque de rontamination 
aux principaux pays irnportateurs de la C.E.E. notanment a la ~A et dans 
une rroindre mesure a la France, en cas d 1une J)resence eventuelle de 
radioelanents en quantite irnportante dans les eaux d 1 irrigation. 
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Association EURATOM-CEA 099-76-1-PSAF 

SOUS-<XNI'RAT N° : 025 F 
Hopital Necker de Paris 

Responsable scientifique : J.L. FUNCK-BRENTANO 

OJMPARAISON DES LESIOOS INDUITES AU NIVEAU DU REIN CHEZ LE RAT 

Er CHEZ L 1 HQ\1111E PAR LES RADIATIONS IOOISANTES 

Cette etude entre Clans le cadre d 1une tentative d 1 ex
plication de la pathologie humaine par un JrodP.le animal 

I - ETlDE DE L I ANIJ'W.. 

1.1. Lesions non tumorales 

Dans un travail prel:i.minaire, il est a~ que la 
frequence des nephrites spontanees varia'it: oonsiderablement en fonction 
de la souche de rats etudiee. Apres 2 ans d 1elevage, tous les anirnaux 
Sprague Dawley etaient ma.crosoopiqua:nent -porteurs de lesions renales 
a type de nephrite associant des dilatations kystiques des segrrents 
distaux 1l. une glanerulonephrite. Chez le rat :•Jag, la frequence des 
ananalies ma.crosoopiques est considerabla:nent plus faible et le tableau 
lesionnel est incanplet. Il semble done qu 1une predisposition genetique 
du tissu renal soit essentiellement a 1 1origine des differences dbservees 
Clans les deux lignees. 

Dans la lignee sensible, les lesions renales sont 
detectees plus precocanent lorsque les anirnaux sont sounis a une irra
diation interne Chronfque OOnsecutive a 1 I eliminatiOn urinaire et a 
1 I inhalation de radionucleides EroetteurS ">( ( plutonium, americium, 
curium ) . Dans la lignee non sensible, la cause de la rrort des anima.ux 
sanble le plus souvent liee a des pathologies entrant Clans le cadre 
nosologique des maladies autoimnunes. 

1.2. Lesions tumorales 

Dans la lignee sensible, des tumeurs renales benignes 
et malignes de nature histologique diverse, sont observees avec une 
frequence de 0, 5 pour mille en cas d 1 irradiation et qui atteint 40% 
Clans le cas d 1 irradiation ccmbinee avec le tabac. 

Dans la lignee non sensible, un seul cas de tumeur 
a ete observe mais les doses delivrees au rein ont ete beauooup plus 
faibles. 

Au total, il oonvient de souligner la variabilite des 
types tumoraux ainsi que la frequence relativement elevee des nepu:o
blastanes chez le vieux rat indicatrice de lesions dysgenesiques de 
1 1organe. 
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II - E'IUDE DE L '.fDM.lE 

L'analyse se propose de vi5rifier si les lesions observees 
dans les maladies auto-inmunes sont ccmparables a celles observees chez le 
rat et notarrment a celles qui suggerent une rPaction auto-inrnune apres 
oontamin.ition par les anetteurs « . 

Certaines maladies systaniques avec atteinte renale 
peuvent realiser chez l'hcmne un aspect lesionnel c::ctrparable aux maladies 
auto-inmunes. Dans le syndrane de Sj(igren, 1' il'lage histologique est tout 
a fait comparable a celle que l'on a observee apres irradiation chez le 
rat Sprague Dawley et a un degre I!Dindre chez le rat Hag. 

Considere cxmne le resultat d'un desordre .inrnunologique 
d'origine lymphocytaire, le syndrare de Sj(igren est souvent traite par les 
oortiooides ou les irrrnuno-suppresseurs. Des rats ont done ete soumis a un 
traitanent inrnuno-Sl.l[presseur par l'Azathioprine ou a une thymectanie 
neonatale ou enoore a une irrrnuno-st:imulation par le B.C.G. POur verifier 
1'action de'ces traitements sur le develo~ent des lesi~ renales. 

L' etude oonclut que si 1' i=adiation entraine des lesions 
renales proches de celles observees au oours du syrrlrane de Sj(igren, 
1' induction d 'une irrrnuno-depression ou au oontraire d 'une irrrnuno-st:imu
lation n'entraine pas de I!Ddification appr&:iable des lesions. 
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Association EURATOM-cEA 099-76-I-PSAF 

SOUS-cDNI'RAT N° : 026 F 
Dl!partenent de Clrlmie A[.pliqu~ et d 'Etudes Analytiques, 
Service d'Etudes Analytiques, CE'A, Fontenay-aux-!bses 

Responsable scientifique : A. REGNAUD 

E'l'UDE DES RE11Cl'IONS DE DIFFERENI'ES FOIHS PHYSICD-CHIMIQUE5 

DU~EN P~ D'EAIJ DE MER 

• 
L' ~tude a port~ sur Pu (VI) . 

L 'eau de mer nous est tr~s vi te apparue etre un milieu 
trop cx:mplexe pour etre utilis~ :inmE!diatsnent dans les ~iences 
projet~s. 

Nous avons travaill~ avec une eau de mer s:i:mplifi~ 
(S1) contenant NaCl 0,546 M ( 31,91 gl-1 >, NaH003 2,3 ro-3 M 
( 0,!9 gl-1 ), le m nesur~ est de 7,70. Les solutions sont faites 
~ partiJ:; de 1 'eau peiillllt~ puis bidistill~ du laboratoire. 

Nous avons choisi d' introduire des mic:ro-vol1.11res 
d' une solution concentr~ de plutonium de fagon ~ nodifier le IID.iJls 
possible le milieu. 

Le plutonium est suivi par spectrophotan~trie 
d'absorption dans le visible et le r=he infra-rouge. Nous n'entrons 
pas dans la discussion des spectres obtenus : celle-ci devrait essen
tiellement faire l'objet d'un rapport s~~. Cependant, les rensei
gnements qu' ils fournissent sont oondenses avec d 'autres elenents et 
utilises dans le tableau ci-joint,resume des essais effectues. 

Nous avons ete amenes a etudier s~enent 1' influence 
des constituants de S1), a savoir 1 'eau seule, les carbonates, les 
chlorures et ~ suivre en fonction du tanps 1' evolution de ces diff&entes 
solutions ( voir tableau ) • 

La conclusion principale ~ laquelle nous aboutissons 
est 1 'existence de Pu{VI) sous forme d'une espece carbonat~ dans (S1). 
Cependant, il sanble que cette espece disparaisse lentsnentX ( a 1 1 echelle 
du laboratoire ) au profit d'un hydroxyde insoluble avec etablissement 
d'un equilibre. Le facteur temps joue done un role tr~s :important et 11 
nous parait prillordial de suivre 1' evolution de certaines rolutions 
( J;H, spectres d'absorption, apparition ou diSParition de l_)hases rolides 
sur des periodes de tanps d' au IIDins six IIDis pour pouvoir deer ire de 
fagon plus sUre le camporteMent du plutoni~. 

x quelques IIDis. 
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MILIEU Cli!SEWPU'ICNS ~ 

I!M(S1) 50 ml I!M(S1) + 5 pl Pu(VI) (1) 
NaCl 0,546 M 

I -3 Evidence Pu(VI) nar ar.parition d'une C
0

(2) = 2,5 I0-5 M HNaCD3 2,3 IO M 
dMcmnation dans le spectre vers fil 7,45 
850 nn 

50 ml (S1) + 50 f1l Na'.)H '1 + 50 Jll Pu(VI) 

r:fl 7,95 puis 7,70 ( 8j) et 7,50 
_I 

( 2 roois ) 

Evidence Pu (VI) 850 nn eo= 2,5 I0-4 M 

Absence PI:D~ 832 nn 

• 
50 ml (S1) + 250 ,ul Nl'DH ~ + 250 f1l Pu(VI) 

r:fl 7,60 pUS 7,50 ( 2 !OOiS ) Co= 1,25 I0-3 M 

Evidence Pu(VI) 
Un precipit~ ar.r.arait au bout Pu(VI) d~roit en fooction du 
de 2 roois tanps 

NaH<l)3 
2,3 ro-3 M 

50 ml Nall0)3 2,3 ro-3 '1 + 250 pl NaOH I '1 + 250 1u1 Pu(VI) 

Evideoce Pu (VI) oanplex~ 
r:fl 7,9 puis 8,3 ( 2 1/2 100is ) Canplexe(s) -j Pu(VI) I Awarition d'un rrecipit~ au bout Pu (VI) -carbonates hyd..-oxide 
d'1,5 mois) 
Disparition presque totale du ~ic Pr~ipite 
d'absorption de Pu(VI), au bout de vert de plus en plus abondant 
2 1/2 roois 

Hp 50 ml. H2o dt'lgazee A 1 'argon + 40 f'1 Pu (VI) 

dt'lgazee 

Pu02+ ( 832 nn ) rR 3,40 2+ 2 aJ1!:>aratment PI:D2 est la seule 

es['OCe r>resente 

50 ml Hp dt'lgazee + 250 ;ul N1>D11 I M + 250 Jll Pu (VI) 

Precipit~ de plutoniurn cjui se Le r:fl diminue rapidanent en rai1 
redissout partiellemell'~ en fonction du son de !'hydrolyse 
tanps 

· ( 6quilibre ions_p-!',ydroxydes~pH 
r:fl (15j) 4,60 
Evidence PuO~+ ( 832 l1l\ ) r.as de canplexes 

NaCl 0,55 M 50 ml NaCl 0,55 '~ + 85 f1l NaOH 1 ·~ ( exanp t de carbonate ) + 100 ,.uJ. Pu (VI) 
eau dt'lgazee 

Pr~ipit~ vert abondant i.mnOOiat , Fil instable ( hydrolyse ) 
ri! 5,6 (15j) 

I absence cam:>lexes chlorure - aucune indication donnee :>at" les 
spectres d' absornt~on 

' (1) Solutwn de Pu(VI) • 0,25 '1 en HC104 _., 1 N 
(2) Concentration initiale du plutonium clans la solution 
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Association EURATOM-CEA 099-76-1-PSAF 

SOUS--o:Nl'RAT N°: 027-F 
I>epartement de Protection, Service d 'Etudes et Recherches 
sur l'Environnerent, Laboratoire des Transferts Atm:>s
pheriques, CFA, Fontenay-aux-R::>ses 

Responsable scientifique : C. CAPUT 

EFFET DE L' HUMIDITE A'IM)SPHERIQUE SUR I.A CAPI'ATION DE 

L I IODE ELEMENTAIRE PAR LES VEGETI'AUX 

Les travaux effectu~s jusqu'ici sur la captation de l'iode 
elementaire par les v~g~taux concluaient gen~ralement a un taux 
de sorption directement relie au taux de diffusion gazeuse a tra
vers les stomates, l'humidite n'intervenant qu'au deuxieme degr~, 
en tant que parametre agissant sur l'ouverture stomatique. Vingt 
exp~riences ont ~te r~alisees dans une chambre d'exposition sur 
des plants de haricot en pots dans des conditions contrOl~es 
d'humidite, de temperature , de vitesse de l'ecoulement, d'eclai
rement et de r~sistance foliaire de transfert a la vape~r d'eau. 
Lors de chaque essai de 6 heures, 6 feuilles ont ete prelevees 
a intervalles reguliers pour permettre d'acceder a la cin~tique 
de captation, les concentrations dans l'air ~tant mesurees avec 
la meme fr~quence. La concentration en iode etait inferieure a 
0,1 ~g m-3 d'air, marque a !'isotope 132. Dans tous les cas la 
cinetique de captation est representee par une droite, ce qui 
implique une vitesse de d~pot constante, done !'absence de satu
ration. 

Dans le cas d'une humidite relative faible (30%), les 
valeurs des vitesses de depot obtenues ont ~te portees en fonc
tion de !'inverse de la resistance stomatique sur le graphique 
de la figure 1. On observe que la droite obtenue est en bon accord 
avec la relation 

(1) 

que l'on peut deduire en supposant que le transfert de l'iode se 
fait exclusivement a travers les orifices stomatiques. Le coeffi
cient 0,32 qui appara!t dans cette relation est le rapport des 
coefficients de diffusion moleculaire de l'iode et de l'eau 
(0,08 cm2 s-1 et 0,25 cm2s-l respectivement). 

Lorsque l'humidite relative devient plus importante 
(voir fig. 2), la vitesse de depot obtenue est superieure a celle 
que l'on pourrait deduire de la relation (1) ce qui prouve que 
l'iode n'est pas absorbe exclusivement par voie stomatique, mais 
qu'un mecanisme d'adsorption superficielle intervient. Ainsi par 
exemple dans le cas d'une humidite relative de 80% et d'une re
sistance stomatique pour la vapeur d'eau de 2,5 s.cm-1, la vitesse 
de depot d'iode par voie stomatique calculee par la relation 
Vd = 0,32/r ne represente que 10% environ de la vitesse de depot 

mesuree. Il apparait done clairement que l'humidite relative 
constitue le parametre principal conditionnant la captation. 
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0,1 0,2 0,3 0,4 
Conductance H20, cm •'"' 

H • 25\ 

-t H • 45\ 

Transfert foliaire de l'iode par voie stomatique (cas d'une faible 
humidite relative). Les conductances foliaires vis-a-vis de l'iode 
et de la vapeur d'eau sont proportionnelles. L'ordonnee a l'origine, 
representative du depot cuticulaire, croit avec l'humidite relative. 
Elle est voisine de zero pour H = 25%. 
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Cinetique de captation de l'iode par les feuilles dans differentes 
conditions d'humidite atmospherique et de resistance stomatique (va
leurs extremes et une valeur intermediaire obtenues parmi 20 expe
riences). La vitesse de depot rapportee a l'unite de surface foliaire 
est donnee par la pente de la droite relative a l'essai considere. 
La vitesse de depot rapportee a l'unite de surface de sol est obtenue 
en multipliant ce resultat par l'indice foliaire (surface foliaire/ 
surface sol). 
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SOUS-<XN.rRAT N° : 028/099-PSTF 
Centre de DevelO!'Pffilel"lt des Etudes et Applications 
en Hygiene et Securi te ( CEDHYS ) , Avignon 

Responsables scientifiques : J. CHALABREYSSE, R. COULON 

ETUDE COMPARATIVE DE L' IMPACT SUR L' ENVIRONNEMENT DES 
INDUSTRIES CONVENTIONNELLES ET NUCLEAIRES : ASPECTS METHODOLOGIQUES 

Les etudes qui ant ete effectuees ont porte plus particulierement sur 
!'analyse de !'impact des rejets atmospheriques d'une centrale au charbon 
en vue de la comparaison avec celui des rejets atmospheriques d'une centra
le nucleaire et d'une centrale au fuel. 
Au terme de !'annexe technique du contrat, les actions suivantes devaient 
etre realisees : 

un inventaire bibliographique de toutes les informations disponibles sur 
le sujet ; 
la mise au point des modeles previsionnels permettant !'evaluation des 
consequences des rejets a l'echelle regionale (dispersion atmospherique, 
depot, dispersion dans les eaux, transferts dans les chaines biologiques); 
!'etude in situ des parametres d'environnement relatifs .a la region etu
diee (meteorologie, hydrologie, demographie, pedologie, utilisation agri
cole du milieu •.• ) ; 
!'etude des differents termes sources (nature des polluants, quantites 
rejetees, modalites de rejet, forme physico-chimique ; 
le choix des elements polluants qui seront etudies ; 
la mise en oeuvre d'un programme preliminaire de mesures radiologiques 
et chimiques portant sur les differents composants de 1' environnement au 
voisinage des installations concernees. 

La nature et 1' importance des travaux effectues dans le cadre des themes 
indiques ci-dessus vont etre brievement decrites : 
1/ INVENfAIRE BIBLIOGRAPHIQUE 

Les 1nformations relat1ves aux centrales utilisant du combustible nucle
aire ou fossile (charbon ou fuel) ont ete rassemblees et analysees, 
notamment en ce qui concerne les connaissances relatives aux rejets de 
polluants, radioactifs ou non, et leurs transferts dans l'environnement. 

2/ MISE AU POINT DES K>DELES PREVISIONNELS 
Les mo<lliles qui seront ut1hs~s sont, pour la plupart, decrits dans le 
document CEE n° N/3865/79 etabli conjointement par le NRPB et le CEA. 
Quelques modifications leur ont ete apportees pour tenir compte des 
caracteristiques d' emission et des caracteristiques d' environnement pro
pres aux sites et a la region etudiee. 

3/ ETUDE DES PARAMETRES D'ENVIRONNEMENT 
Pour pouvoir ~valuer la d1spersion atmospherique et le dep6t des dif
ferents polluants rejetes et quantifier leur transfert a la r.opulation 
on a entrepris de rassembler les principales caracteristiques regionales 
a savoir, les donnees meteorologiques, les donnees economiques (produc
tions agricoles) et les donnees demographiques (repartition geographique 
de la population) • 

collsvs
Text Box
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4/ ETUDE DES TERMES SOURCES 
L'etude bibliographique mentionnee ci-dessus a perrnis d'obtenir un cer
tain nombre d'informations concernant les divers types d'installations. 
Par ailleurs, une campagne de mesure in situ des rejets atmospheriques 
d'une centrale au charbon a ete effectuee. Cette centrale comporte 4 
tranches (3 de 55 MW rejetant chacune par une cheminee de 65 m et une 
de 250 MW rejetant par une cheminee de 140 m de hauteur). Le charbon 
brfile est extrait d'une mine situee a proximite de la centrale. Les 
echantillons preleves etaient : 
- de la lignite en provenance de la mine, 
- des cendres de foyer, 
- des cendres volantes du depoussiereur, 
-de l'air de la cheminee, 
- des cendres humides des terrils. 

Ces echantillons sont analyses en recherchant plus specialement : 
sur la plan radioactif, U-238, Ra-226, Po-210 et Th-232 ; 

. sur le plan non radioactif, des substances Fdnerales CSOx et NOX (uni
quement sur les prelevements d'air), ainsi que Al, Cd, Cr, Co, Cu, Fe, 
Ni, Pb, V, Zn) ; 

et des substances organiques (acides organiques, hydrocarbures polycycli
ques aromatiques). 

Par ailleurs, une campagne de mesure similaire est entreprise dans le cas 
d'une centrale au fuel. 

5/ CHOIX DES ELEMENTS ETUDIES 
Ce choix, qui decoule de l'inventaire bibliographique, se traduit par la 
recherche des polluants indiques plus haut : en fonction des resultats 
une selection pourra etre operee afin de ne conserver que les polluants 
les plus significatifs. 

6/ MISE EN OEUVRE D'UN PROGRMME PRELIMINAIRE DE MESURES DANS L'ENVIRONNEMENT 
Des prelevements ont ete effectues dans l'environnement de la centrale 
au charbon qui a fait l'objet de la campagne de mesure des rejets atmos
pheriques. 

Apres etude de la rose des vents, deux points de mesure ont ete determines. 
En ces deux points, des prelevements de poussieres atmospheriques portant 
sur quelques milliers de metres cubes d'air ont ete effectues. La granu
lometrie des poussieres recueillies est deterrninee ainsi que leurs concen
trations en metaux (Al, Cd, Cr, Co, Cu, Fe, Ni, Pb, V, Zn). De plus, les 
prelevements atmospheriques effectues font l'objet de mesure de concentra
tions en SOx et NOx. 
Par ailleurs, des echantillons d'eau, de sol, de produits vegetaux (sala
de, pommes de terre, carottes, raisin, epinards) et de produits animaux 
(crottes de lapin) font egalement l'objet d'analyse des memes substances 
radioactives et non radioactives. 

Une synthese de !'ensemble des donnees est en .cours de realisation : elle 
a pour objet d'une part de caler les evaluations previsionnelles basees 
sur !'utilisation de modeles et les mesures realisees in situ, d'autre 
part de mettre en evidence !'impact des rejets de la centrale pour une 
comparaison avec les impacts d'autres installationsproductrices d'energie. 

collsvs
Text Box
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Association EURATOM-GEA 099-76-1-PSAG 

SOUS-<XNI'RAT N° : 029-UK 
Universite d 10xford 

Responsables scientifiques : D. GRAY, s. PARISH 

ANALYSE DE ~ EXPERIMENTALES RELATIVES AUX 

EFFETS DE L 1 INHAIATICN D1EME'l'l'EUR) ALPHA SUR IA CANCEroGENESE 

PUIIDNAI'RE 00 RAT 

Certaines recherches experimentales menees au sein 
du Service de Radiop-1thologie et de Toxicologie Experimentales du cm-DPr 
en vue d 1 ameliorer la connaissance des detenninants du risque du cancer 
pu]monaire chez les rnineurs d 1 uranium, c:x:rrportent notarnnent 1 1 exposition 
de lots d 1animaux d 1 §.ge different a des concentrations variables de radon, 
en association ou non avec diverses substances { tabac, benzoflavone, 
chimiotherapie anticancereuse. 

La presente etude a pour but de developper des methodes 
awropriees pour proceder au traitement de ces donnees exner:imentales 
et pour tenter de les m:rleliser. Les trois aspects suivants ont ~te 
abordes : 

1. Etude de la relation dose-effet entre 1 1 inhalation de radon et la 
pr~ence de cancer du poum:>n chez le rat 

Dans un premier tarps, 1 1 etude de la prevalence de 
cancer pulmonaire { representee par tous les cas de cancers pulnonaires 
releves dans la poi=Ulation etu:liee ) , dans les lots de rats soumi.s a des 
expositions differentes, a conduit a preciser le node de m::>rta).ite des 
animaux afin d 1eviter tout biais dans la methode de canparaison. A cet 
€gard, il est apparu fondamental de connaitre le delai senarant 1 1 irra
diation de la m::>rt r:ar tumeur, ce qui amene a distirr:]uer les tuneurs 
letales qui sont diagrostiquees a 1 1 occasion de la m::>rt spontanee de 
1 1 animal et les tuneurs deoouvertes a 1 1 occasion de la m::>rt du rat r:ar 
affection intercurrente ou au cours d 1 un programne de sacrifice syste
matique. 

Les donnees sernblent indiquer que le cancer du poum:>n 
detecte n 1 est pas letal habi tuellanent et que 1 1 exces de nnrtali te 
apreS fOrte exposition n I est pas dii a 1 1 augmentatiOn de 1 1 incidence 
des cancers. 

L 1 analyse de la pr~ence tl.m:>rale en fonction de 
la dose d 1 irradiation pennet de decrire une relation pratiquanent 
lineaire si 1 1 on exclut le lot d 1 animaux SOt1llis a 39tX> WIM, lot dans 
lequel on observe ootcmnent 1 1 esperance de vie la plus courte. 

Par ailleurs, l 1hypothese d 1 une inhibition du develop
penent ou de la detection des tumeurs du poli!On r:ar des lesions oon 
neoplasiques du r:arenchyme pu]monaire est suggeree pour expliquer 
1 1 absence de relation dose-prevalence tlm:>rale en cas de nnrtalite precoce. 
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2. Etude de 1 1 influence de 1 1 aae de 1 1 animal lors de 1 1 exposition 

En praniere analyse, les resultats n 1 indiquent aucune 
relation entre la pr~alence brute de cancer du pouron et 1 1 age au 
llKll1el1t de 1 1 exposition. Cepemant, la distinction entre turews lC>tales 
et non letalesmontre que le risque d' apparition des tumeurs [Allmonaires 
au bout d 1un tanps donne s 1accrolt avec l 1age de 1 1animal lors de 
1 1exposition. Ce r~sultat oonoorde avec les observations faites chez 
les mineurs d 1uraniun. 

3. Etude des effets cx:mbines de 1 1 exposition au radon et ~ d 1 autres 
agents 

L 1 interpretation des obsenrations realisees sur l 1hanne 
oblige frequannent ~ prendre en ocxnpte le pheru00ne de ocxnpeti tion 
de risque. Plusieurs oofacteurs ont ete etudies pour preciser cet aspect 
du problane : 

3.1. ~siti~~ tabac 

L I etude de differents lots de rats sounis ~ la :Eumee de 
cigarette avec ou sans inhalation oonjointe de radon met en ~idence 
une action synergique puissante, avec un exces oonsiderable de cancer 
du pou100n dans le groupe sounis aux deux produi ts. 

3. 2. ~en~.£hirniotherapi~~L~ti~~e~ 

L 1 etude de rats exposes ~ 1 1 inhalation de radon 
( 6-70CIJ WIM ) et sounis parallelanent ~ differentes drogues anti
cancereuses ( Endoxan, Bl~ine, Methotrexate • . ) n 1 a pas ~s 
de mettre en evidence une quelCX>lXJUE! reduction de la nrmlence de 
cancers p.Ilmonaire; dans les lots examines. 

3.3. ger!~.!U.ii_:_FeE_59 

L I experience se prO!X)se de verifier si : 1 1 induction des 
tumeurs par le cerium exerce un effet queloonque sur les cancers du 
poum::>n irrluits par le radon et si le Fer 59, utilise en tant que 
traceur dans 1 1 etude de la clairance pulmonaire, n 1 agi t pas en synergie 
avec le radon. Les resultats de l 1 etude de 3 lots de rats n 1ont pas 
pennis de oonclure. 

3.4. ~ 

Le resultat des analyses oonduites sur des lots 
d 1 animaux soumis ~ differents protoooles d 1exposition au radon et ~ ce 
polluant atmospherique montre que la survie la plus breve est observee 
en cas d 1exposition au S02 prealable ~ celle du radon et que la survie 
la plus longue est celle des anirnaux uniquanent exposes au radon. 
Cepemant, la frequence des cancers du potmOn est identique dans tous les 
lots. 

4. Elaboration de protoooles exp&imentaux 

L 1 ensenble des donnees recueill tes dans le laboratoire 
au oours des dix dernieres annees a fait 1 1objet d 1une etude critique 
en vue d 1 apporter d 1 eventuelles modifications aux futurs protoooles 
d 1experiences. Les principales oonclusions de ce travail soulignent 
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trois ~tifs : 

- nbssitl! dlune randanisation des rats dans chaque exr.*ience 

- n&::essitl! d'une ~tude silmlltani§e de diff~ts niveaux de doses 
afin d'Witer le biais lMmtuel d'une roodification dans la sensibilite 
de la souche de rats au oours du tsnps 

- nbssite de porter une attention particulim A la FAJ!ssance 
statistique de 1' ~tude ( rar:p:>rt entre la taille des ~tillons 
et la dimension de 1' effet atteOOu. ) . 
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International Commission on Radiological Protection. 
180-76-1 BIOC. 

Head of research team: Bo Lindell, Chairman, ICRP. 
General subject of contract: Examination of the scientific 

problems related to radiation protection with a 
view to improving the planning and application of 
the results of research to this question. 

Title of the project: Preparation of recommendations on radiation 
protection. 
Head of project and scientific staff: Bo Lindell. 

At the beginning of the term of this contract, ICRP was com
pleting the review of its basic recommendations on radiation pro
tection; this was published in 1977 as Recommendations of the 
International Commission on Radiation Protection (ICRP Publication 
26). 

Since its foundation in 1928 ICRP has maintained a continuing 
review of the biological bases of radiation protection, and in the 
past thirty years it has published five basic sets of recommen-
dations. As will be shown, ICRP has initiated, within the last 
four years, a program intended to develop practical guidance on 
the policies recommended in ICRP Publication 26, and, at the same 
time, to continue studying the biological effects of irradiation 
so as to ensure a sound b~sis for radiation protection. 

One of the most important features of ICRP Publication 26 is 
its emphasis on the need to keep all justified exposures from 
radiation as low as reasonably achievable, with dose limits as 
additional boundary constraints for the most highly exposed 
individuals. This emphasis contrasts with the former concept 
that the dose limits themselves could be used for purposes of 
planning and design. Instead, ICRP now recommends that the 
planning and design of installations involving exposure of people 
should take account of the recommendation that such exposures should 
be minimised to the lowest practicable level. 
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Because of this emphasis on keeping doses as low as practicable, 
ICRP has reviewed a number of its former publications in order to 
ensure that they conform to this basic principle. Plans were 
therefore made to prepare revised versions of the following 
reports: 

ICRP Publication 7. 

ICRP Publication 12: 

Principles of environmental monitoring 
related to the handling of radioactive 
materials. 
General principles of monitoring for 
radiation protection of workers. 

ICRP Publication 13: Radiation protection in schools for 
pupils up to the age of 18 years. 

ICRP Publication 15/21: Protection against ionizing 
radiation from external sources. 

ICRP Publication 16: Protection of the patient in x-ray 
diagnosis. 

ICRP Publication 17: Protection of the patient in radio
nuclide investigations. 

It is expected that most of these reports will be completed in 
1981. 

In addition to the revised reports referred to above, ICRP 
initiated work on three urgent aspects of radiation protection. 

The important principle of keeping all justified doses as low 
as reasonably achievable has to be applied in a number of differing 
circumstances, and therefore ICRP decided to prepare a report 
giving advice on the practical application of this fundamental 
recommendation. This should be completed in 1981. 

Natural radiation constitutes the main exposure to man, and 
it varies greatly in different places. Some variations are caused 
by man-made activities, such as the construction of buildings. 
The extent to which the ICRP system of dose limitation should be 
applicable to natural background radiation is the subject of a 
special report that is currently being worked on. 

One particularly important aspect of exposure from natural 
background radiation is that of underground miners to radon and 
its daughter products. ICRP has recently recommended an appro
priate limit for occupational exposure to radon and its daughter 
nuclides. It took as the basis for this limit the level of risk 
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corresponding to the present limit on effective dose equivalent 
of 50 mSv in a year. There are several ways of assessing the 
relationship between the inhaled amount of radon and its daughters 
and the level of risk. The dosimetric method used for most radio-
active materials in ICRP Publication 30 and a similar method, 
slightly modified because of the special problems of the short
lived daughters of radon, have both been used. Epidemiological 
studies have provided a third method. There is a reasonably close 
agreement between the results of these methods, and ICRP recommends 
a limit which is at the low end of the dosimetric results and 
which is consistent with the epidemiological conclusions. These 
conclusions are not specific to radon because they relate to the 
consequences of exposure to the whole mining environment which 
includes some potentially hazardous non-radioactive agents. An 

ICRP report is being prepared for publication. 

The recommended annual limit for intake by inhalation (the ALI) 
for radon-222 daughters, in terms of inhaled potential a energy, 
is 0.02 J in a year. The corresponding derived air concentration 
expressed in the practical units previously widely used is then 
0.4 working levels. 

As indicated above, ICRP regards as one of its main functions 
the responsibility of maintaining a continuing review of the 
fundamental bases of radiation protection. During the past four 
years ICRP has reviewed the very extensive epidemiological and 
radiobiological information that has become available and has con
cluded that the new information does not call for changes in the 
risk factors for stochastic effects or the dose-effect relation
ships for non-stochastic effects underlying the dose-equivalent 
limits recommended in ICRP Publication 26. 

In ICRP Publication 26 ICRP concluded that a dose equivalent 
in the lens of the eye accumulated over a working lifetime of 
15 Sv would not produce opacities that would interfere with vision. 
The ICRP's committee on radiation effects has reviewed the available 
human information and has concluded that, at this level of accumu
lated dose equivalent, some opacities might be produced which, 
while not in themselves detrimental to vision, might develop 
without further exposure to the point of causing deterioration of 

vision. 
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Although the combined effects of the present dose-equivalent 
limit for skin and the effective dose-equivalent limit make it 
very unlikely that dose equivalents in the lens would reach 15 Sv 
in a working lifetime, ICRP has decided to reduce its recommended 
dose-equivalent limit for the lens of the eye from 0.3 Sv in a 
year to 0.15 Sv in a year. 

In 1976 ICRP had started to revise the values of the Annual 
Limits for Intakes (ALis) of radionuclides by workers that had 
previously appeared in ICRP Publication 2 (1969). In 1978 it 
decided to extend this process to include all radionuclides with 
half-lives greater than 10 minutes. By 1980 ALis had been pub
lished, in ICRP Publication 30, for over four hundred radionuclides 
of fifty-one elements; ALis for a further forty-two elements are 
expected to be available in 1981. 

The system of dose limitation now used by ICRP takes account 
of all body tissues that are irradiated following intake of the 
radioactive material, instead of only the critical organs as 
previously. The system ensures that the total risk from 
irradiation of any combination of organs does not exceed that from 
irradiation of the whole body at the recommended dose-equivalent 
limit. This summation of risks from individual organs can now 
be made on the basis of the much better knowledge of the sensitivity 
of each organ to radiation damage than was available 20 years ago. 
These improvements have in themselves caused only small changes in 
the values of ALI for individual radionuclides, bvt might require 
a reduction in the limits for some mixtures of radionuclides. 

Much larger changes, however, have resulted from improved 
knowledge of the uptake and retention of radionuclides in body 
tissues, and of the radioactive decay schemes of some radionuclides. 
As a result of this new information, a few values of ALI now 
recommended in ICRP Publication 30 are substantially greater, and 
others substantially smaller, than those that can be derived 
from ICRP Publication 2. 
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PUBLICATIONS 

ICRP Publication N° 24 I 1977 
Radiation Protection in Uranium and other Mines 

ICRP Publication N° 25 I 1977 
The Handling, Storage, Use and Disposal of Unsealed Radionuclides 
in Hospitals and Medical Research Establishments 

ICRP Publication NO 26 I 1977 
Recommendations of the International Commission on Radiological 
Protection 

ICRP Publication N° 27 I 1977 
Problems Involved in Developing an Index of Harm 

ICRP Publication N° 28 I 1978 
Statement from the 1978 Stockholm Meeting of the International 
Commission on Radiological Protection 

The Principles and General Procedures for Handling Emergency 
and Accidental Exposures of Workers 

ICRP Publication No 29 
Radionuclide Release into the Environment Assessment of 
Doses to Man 

ICRP Publication N° 30, Part 1 I 1979 
Limits for Intakes of Radionuclides by Workers 

ICRP Publication N° 30, Supplement to Part 1 I 1979 
Limits for Intakes of Radionuclides by Workers 

ICRP Publication N°-31 I 1980 
Biological Effects of Inhaled Radionuclides 

ICRP Publication N° 30, Part 2 I 1980 
Limits for Intakes of Radionuclides by Workers 
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IV. 

LISTE DER VOR 1980 BEENDETEN VERTR~GE 

LIST OF CONTRACTS TERMINATED BEFORE 1980 

LISTE DES CONTRATS TERM1NES AVANT 1980 
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IV. CONTRACTS TERMINATED BEFORE 1980 

* 
** 

*** 

Dosimetry 

188-BIO UK 

169-BIO UK 

246-BIO UK 

097-PST UK 

107-PST D 

110-PST N 

CEGB, Berkeley (Wheatley>* 
** NPL, Teddington (Lewis) 

*** Univ. Aberdeen (Mallard) 

* CEGB, Berkeley (Wheatley) 

KFA, Julich (Heinzelmann>*** 

TNO, Arnhem (Julius>*** 

Radioactive contamination of the environment 

186-BIO UK AERE, Harwell (Chamberlain>** 

Short-term effects of ionizing radiations 

*** 191-BIO EIR Univ. Dublin (Mullins, Greally) 

213-BIO D Univ. Giessen (Lohmann) *** 

Long-term effects of ionizing radiations 

162-BIO I ** CNEN, Bologna (Prodi) 

Final report in 1977 

Final report in 1978 

Final report in 1979 
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ACTIVITES DE COORDINATION 

(1980) 
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V. COORDINATION 

Study group meetings, symposia and conferences have proved to be a most 

effective means of coordination because they are naturally adapted to 

scientific work and easily accepted by scientists. These meetings, 

focusing on the evaluation of particular subject areas of the programme, 

are attended by research workers involved in the contract programme, as 

well as scientists from non-participating laboratories or organizations 

and scientific staff members of the Commission. 

On the following pages the various meetings held in 1980 are listed 

A. Meetings of Study Groups, where scientists involved in the contract 

programme, independent experts and staff members of the Commission 

discuss specific subject areas of the programme. 

B. Meetings organized or eo-organized by the Commission. 

C. Meetings of Experts, whose activities have the effects both of 

coordinating and stimulating efforts towards practical measures 

of radiation protection, in accordance with Chapter III of the 

Euratom Treaty. 
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A 

MEETINGS OF 

STUDY GROUPS IN 1980 

Study Group "Calibration of Dosimeters used in Radiation Protection" 

Luxembourg, 16-17 January 1980 
17 Participants. 

,Principal subject 
Calibration problems of measuring instruments for use in radiation 
protection 

Study Group "Collection and Evaluation of Neutron Dosimetry Data" 

(CENDOS Committee) 

Brussels, 25 February 1980 
5 participants from 3 countries and the Commission. 

Principal subject 
Discussion of the state-of-the-art of projects and planning of future 
activities. 

Study Group "Radiation Immunology" 

Brussels, 3 March 1980. 
6 participants from 2 countries and the Commission. 

Principal subjects : 
Orientation of future research concerning Radiation protection and 
radiobiological aspects in immunology. 

Study Group "Radiation Protection in Nuclear Power Plants" 

Luxembourg, 6 March 1980 
5 participants 

Principal subject 
Discussion on "Job-related" doses. 
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Study Group "Common goods containing radioactive substances" 

Brussels, 25 March 1980 
5 participants 

Principal subject 
Radiation Protection related to consumer products containing 
radioactive substances. 

Study Group "Radiation Protection dosimetry" 

Luxembourg, 5 May 1980 
14 participants 

' Principal subject 
Meeting of technical experts on radiation protection dosimetry. 

Study Group "Calibration of Dosimeters used in Radiation Protection" 

Luxembourg, 6-7 May 1980 
17 participants 

Principal subject 
Calibration problems of measuring instruments for use in radiation 
protection. 

Study Group "Chemical structures, associated pollutants and behaviour 
of radionuclide~' 

La Baule, 6-8 May 1980 
12 participants from 6 countries and the Commission. 

Principal subjects : 

Behaviour of radionuclides and associated pollutants in different marine 
ecosystems (In situ studies); 

- Biogeochemistry of trace elements in sediments; 
- Results obtained in controlled conditions. 

Study Group "Primary effects of ionizing radiation on nucleic acids" 

Rotterdam, 27 and 28 August 1980 
21 participants from 7 countries and the Commission. 

Principal subject : 
Future orientation of work; presentation of research programmes accepted 
for new contracts by the Commission. Initiation of collaboration. 
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Study Group "Dosimetry" 

Rome, 3-4 November 1980 
42 participants from 5 countries and the Commission. 

Principal subject : 
Organization of future research in dosimetry and exchange of information 
on the following subjects 

- Quantities and units 
- Reference radiations 
- Health physics dosimetry and instrumentation 
- Microdosimetric studies and physical data 
- RBE and epidemiology 
- Intercomparison. 

Study Groug "Collection and Evaluation of Neutron Dosimetry Data" 

(CENDOS Committee) 

Rome, 5 November 1980 
6 participants from 5 countries and the Commission. 

Principal subjects : 
Discussion of the state-of-the-art of projects and planning of future 
activities. 

Study Group on "Behaviour of Technetium in the Environment" 

Louvain-la-Neuve, 4-5 November 1980 
20 participants from 7 countries ~d the Commission. 

Principal subjects : 
- Biochemical and toxicological aspects of Technetium; 

Technetium in marine environment; 
Technetium in dulcicol ecosystems; 
Technetium in terrestrial environment. 

Study Group "Radiation Protection dosimetry" 

Luxembourg, 10 November 1980 
28 participants 

Principal subject 
Meeting of technical experts on radiation protection dosimetry. 
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Study Group "Radiation risks resulting from medical uses of radiation" 

Brussels, 26 November 1980 
12 participants from 5 countries and the Commission. 

Principle subject : 
Harmonization of current and planned research within the framework of 
the Radiation Protection Programme 1980-1984. 

Study Group "Epidemiological studies" 

Brussels, 26 November 1980 
14 participants from 3 countries and the Commission. 

Principle subject : 
Harmonization of current and planned research within the framework of 
the Radiation Protection Programme 1980-1984. 

Study Group "Radiation risks resulting from nuclear activities, natural 

radiation and technologically enhanced levels of exposure" 

Brussels, 27 November 1980 
14 participants from 3 countries and the Commission. 

Principle subject : 
Harmonization of current and planned research within the framework of 
the Radiation Protection Programme 1980-1984. 

Study Group " Radiation passport" 

Luxembourg, 4 December 1980 
20 participants. 

Principal subject 
Discussions on problems concerning the radiation passport. 
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B 

MEETINGS ORGANIZED OR CO-ORGANIZED BY THE 

COMMISSION OF THE EUROPEAN COMMUNITIES IN 1980 

Behaviour of transuranics in the aguatic environment and sediment-water 

exchanges techniques for identifying speciation 

(JRC ; !AEA ; DG XII Biology - Radiation Protection) 

Ispra, 24-28 March 1980 
42 participants from 11 countries and the Commission. 

Principal subjects : 

- Methods for the determination of transuranic ; 
- Chemical speciation at environmental levels ; 
-Methodologies for studying the bioavailability of transuranics in 

aquatic organisms ; 
-Chemical methods for the determination of metal fractions and applica

bility to transuranics on fresh estuarine and coastal sediments. 

Seminar on Radioactive releases and their dispersion in the atmosphere 

following a hypothetical reactor accident 

Ris6 (Denmark), 22-25 April 1980. 
108 participants from 15 countries and the Commission. 

Principal subjects : 

- Characteristics of accidental releases 
- Atmospheric phenomena influences ; 
- Deposition ; 
- Short range models ; 
- Intermediate and mesoscale range models 
- Experimental studies. 

Seminar on chemical structures, associated pollutants and behaviour of 

radi onuc l ides 

La Baule (France), 6-8 May 1980. 
12 participants from 6 countries and the Commission. 

Principal subjects : 

Behaviour of radionuclides in areas under the influence of discharges of 
low-level liquia wastes from re-processing plants <Influence of local 
conditions ; re-processing practices ••• ) 

-Preliminary results of the Danish investigations at Thule ; 
- Role of the non-radioactive pollutants associated with low-level wastes 

discharges. 



- 1293 -

15th Annual meeting of the European Society for Radiation Biology 

Rotterdam, 25 to 28 August 1980 
267 participants from 21 countries. 

Principal subjects : 
Modern trends in Radiation Biology have been presented and discussed 
by about 140 papers : the shape of the dose-effect curves in the low 
dose region; combined effects as well of high and low LET radiation 
as of drugs and radiations; extrapolation from one species to another; 
differences between stem cells and clonogenic cells; oxygen effect a.o. 

7th international chromosome conference 

Oxford, 26-30 August 1980 
Approximately 300 participants from 20 countries. 

Principal subjects : 
Organization of chromosomes at the molecular level; chromosomes in the 
cell cycle and chromosomes in action; chromosomes in meiosis; population 
cytogenetics; chromosomes and speciation; chromosomes and malignant change; 
induced chromosome variation; human chromosomes (including origin of chromo
some abnormalities in man, chromosome rearrangements, karyotype/phenotype 
correlations and genome mapping). 

EULEP Symposium on Bone and Bone seeking radionuclides, physiology, 
dosimetry and effects. 

Rotterdam, 29 August 1981 
40 participants from 8 countries. 

Xth international conference of yeast genetics and molecular biology 

Louvain-la-Neuve, 8-12 September 1980 
400 participants from 22 countries and the Commission. 

Principal subjects : 
Mitochondrial genetics; genetic engineering; regulation of metabolism; 
mutagenesis and repair; regulation of DNA transcription. 
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7th Symposium on Microdosimetry 

Oxford, 8-12 September 1980 
200 participants from 23 countries, international organizations 
and the Commission. 

Principal subject: 
Consequences of the microdistribution of absorbed energy from ionizing 
radiations for radiation protection: 

physical principles of radiation interaction and energy deposition, 
spatial and temporal distributions of radiation interaction processes, 
experimental and mathematical determination of energy deposition spectra, 

problems of radiation quality and its distribution within phantoms and 
the human body, relations between microdosimetric descriptions of 
radiation quality of mixed radiations and the mean quality factor, 

dependence of biomolecular and radio-chemical effects and kinetics 
on radiation quality and their explanation in terms of primary energy 
deposition processes, 

dependence of biological effects on external radiation and incorporated 
radionuclides and their interpretation in terms of microdosimetry, 
influence of Local distribution and nature of sensitive targets, 

analysis and interpretation of dose-effect ralationships including 
epidemiological data, in terms of radiation effect mechanisms and 
their relevance to radiological protection, 

discussion of models of radiation mechanisms with particular regard to 
the influence of radiation quality and biological repair processes on 
dose effect relationships. 

Seminar on the European Radiation Protection Dosimeter Intercomparison Programme 

Grenoble, 6-8 October 1980 
35 participants from 8 countries and the Commission. 

Principal subject: 
Discussion of results of beta-dosimeter intercomparisons carried out in 
1979/1980 and of the problems encountered in beta-dose assessment. 
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European Seminar on Radiation Protection Quantities for External Exposure 

Braunschweig, 13-15 October 1980 
55 participants from 18 countries, international organizations and the 
Commission. 

Principal subject: 
Exchange of information and ideas to clarify the usefulness of currently 
discussed concepts for radiation protection quantities: 

Quantities used for defining basic and derived radiation protection 
Limits (their purposes and their interrelationships). 

Concepts of operational quantities (purposes, theoretical considerations, 
calculated and measured datal. 

Relationships between operational quantities and quantities used for 
specifying primary protection Limits (i.e. effective dose equivalent, 
dose equivalent for specified tissues, mean whole body dose equivalent). 

Measurement and calibration problems associated with operational 
quantities. 

Purpose and function of operational quantities as seen from the demands 
of practical radiation protection. 
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c 

MEETINGS OF EXPERTS IN 1980 

Bruxe11es 7.3.1980 Group of experts, 

art. 37 Euratom Treaty 

15 participants 

Subject: Reference accidents 

Bruxelles 26.3.1980 Group of experts, 

art. 37 Euratom Treaty 

35 participants 

Subject: Power Stations - Recommendations 

Bruxelles 14.4.1980 Working group 

15 participants 

Subject: Recommendations - art. 37 

Euratom Treaty 

Luxembourg 12-13.5.1980 Working group 

26 participants 

Subject: Basic Safety Standards 
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Bruxelles 19.5.1980 Working group 

15 participants 

Subject: Reference accidents - art. 37 

Euratom Treaty 

Rome 10.6.1980 Working group 

15 participants 

Subject: Meteo (art. 37 Euratom Treaty) 

Bruxelles 13.10.1980 Working group 

20 participants 

Subject: Intervention levels in the event of 

nuclear accidents 

Bruxelles 4-5.11.1980 Working group 

26 participants 

Subject: Basic Safety Standards - art. 31 

Euratom Treaty 

Bruxelles 18-19.12.1980 Working group of experts 

15 participants 

Subject: Meteo (art. 37 Euratom Treaty) 
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VI. PUBLICATIONS 1976-1980 

The scientific research results of the Community's Radiation 

Protection Programme are presented in articles published in 

scientific journals. References to these are given in the 

corresponding project reports. In certain cases the Commission 

initiated surveys of detailed results of specific activities in 

the field of radiation protection and published them as monographs 

proceedings and radiological protection data as announced on the 

following pages 

A. Monographs and Proceedings 

B. Radiological Protection Data 

C. Other publications. 
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A. 

MONOGRAPHS AND PROCEEDINGS 

- ~r2~l~~~-eQ~~2-~~-!n~_grg~ing_~~~-gf_£QD~~~~r_gggg~_£QD!sining_rs2i2s£!iY~ 

~!:!~~!sD£~~ 

Proceedings of the seminar organized by the Commission of the European 

Communities (Health and Safety Directorate) in Luxembourg on 13/14 November 1975 

The most important subjects treated during the sessions were the following : 

the practical application of the principles laid down in Article 12 of the 

amended Euratom Basic Safety Standards (population dose) 

- the technical, economic and health criteria to be observed when authorizing 

the marketing of consumer goods containing radioactive substances ; 

special cases (plasters, ceramics, paints, electrical and electronic equip

ment containing radioactive substances ; 

- state of national legislation in relation to the stipulations of articles 4 

and 5 of the revised Basic Safety Standards (systems of reporting and 

prior authorization) 

the radiological protection methods to be applied when goods are in use and 

when they are discarded. 

The last session - a round table discussion - was concerned with informing 

the public. 

It emerges from the conclusions of this seminar that only action at Community 

level in this particular field of the health protection of the general public 

against risks from ionizing radiations can guarantee for useful and valid 

solutions. 

Eur Report 5601 d/e/f, 1976, 161 pages 

To be ordered through 

Office for Official Publications of the European Communities 

Boite Postale 1003 - Luxembourg 

FB 450,- DK 71,- DM 30,50 FF 54,- Lit 8.150,- Fl 31,10 E 5,50 S 12,90 
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- ~2~i£_fb~~i£2!_92!2_fQ[_~~~![QQ_QQ~i~~![~, edited by J.J. BROERSE 

Based on the results of a workshop on Basic Physical Data for Neutron 

Dosimetry held in Rijswijk <The Netherlands) on 19-21 May 1976, this 

monograph reviews the current status in neutron dosimetry and the agreements 

that were reached on the use of some common basic physical parameters. 

As appendices are joint tables of kerma factors and a draft of a protocol 

for neutron dosimetry for radiobiological and medical applications. 

Main topics treated : 

- Source and field characteristics 

- Cross sections and mass energy transfer coefficients measurements and 

calculations 

- Detector response, measurements and calculations 

- Dose distributions in phantoms for a Limited set of conditions 

- Standardisation, calibration and intercomparison. 

Eur Report 5629e, 1976, 323 pages
1

to be ordered through : 

FB 900,

E 11,-

Office for Official Publications of the European Communities 

Boite postale 1003 - Luxembourg 

OK 142,

t 25,80 

OM 61,- FF 108,- Lit 16.300 FL 62,20 
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- B22i22E1i~i1~-2~~-~2~~-~~-l2-~~~~~ 
Compte-rendu du seminaire organise par la Commission des 

Communautes europeennes a Wepion (Belgique> les 24 et 25 avril 1975. 

Le rapport etabli sur base de donnees fournies par les services 

competents des pays riverains de la Meuse, donne un aper~u des 

conditions radiologiques actuelles dans le bassin du fleuve; il 

montre comment la situation pourrait evoluer sur ce point et quels 

problemes en resulteraient. Les questions touchant les Pays-Bas, 

qui de taus les riverains ont le plus a redouter une pollution des 

eaux de fleuve, ont ete traitees de fa~on plus detaillee. 

Internal Doe. nr V-3559/1/75, f, d, n, 1976, 60 pages, 

Available at : Commission of the European Communities 

Directorate General "E~loyment and Social Affairs" 

Health and Safety Directorate 

Batiment Jean Monnet, A-2/078 

Luxembourg - Kirchberg 
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- ~QD~-~2!!Q~_!!2D~e12D!2!i2D-2D9_Q!h~!-!!~2!~~D!_2f!~!-!29i2!lQD_iDiY£~, 
H. BALNER 

This monograph deals mainly with current concepts about bone marrow trans

plantation as therapy for serious radiation injury. Such injury can be 

classified according to the following broadly defined dose ranges : 

1) the supralethal range, Leading mainly to the cerebral and intestinal 

syndromes; 

2) the potentially Lethal or therapeutic range which causes the bone marrow 

syndrome, and 

3) the sublethal range which rarely Leads to injury requiring therapy. 

The bone marrow syndrome of man and animals is discussed in detail. The 

optimal therapy for this syndrome is bone marrow transplantation in conjunc

tion with conventional supportive treatment. The principal complications of 

such therapy are Graft versus Host Disease and a slow recovery of the reci

pient's immune system. The review contains a number of guidelines for the 

handling of serious radiation accidents. 

Co-ordinated research activities in a number of contracts with the European 

Communities and of other institutions have Led to considerable progress in 

this field of bone marrow transplantation. 

Of interest to Authorities responsible for radiation protection, scientist 

working in radiation protection, health physics, radiation 

biology and radioimmunology, and medical doctors. 

1977, 83 pages, 

To be ordered through your bookseller, or 

Martinus NIJHOFF Medical Division 

P.O.B. 442 THE HAGUE/THE NETHERLANDS. 
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- fir~!-~~r2~~~Q-~tm~2~i~m_QQ_B~9:~g~iY~l~Q£~ 

Proceedings of the Seminar on Radiobiology-Radiation Protection - Orsay 

(France) 24/26 May 1976 

edited by R. CHANET 

The principles and concepts used in radiation protection are presented as 

models providing solutions to the numerous problems raised by the monitoring 

of human and environmental contamination by chemical pollutants. One relati

vely recent hypothesis is the "rad-equivalent" and the objective discussions 

arranged by the Commission and Professor LATARJET centred on the possible 

uses of this concept, the attraction of which lies in its simplicity and 

practical utility. 

The discussions were focussed in particular on the study of mutagens present 

in the environment, to which a concept of this kind could, in the opinion 

of its apologists, be applied most successfully. 

Eur Report 5725 e, 1977, 265 pages ; to be ordered through : 

Office for Official Publications of the European Communities 

Boite Postale 1003 - Luxembourg 

FB 430,- DK 70,50 DM 28,- FF 58,- Lit. 10.200 Fl 29,20 E 6,85 S 11,80 



- 1306 -

- £ir~!-~Qf2r~~!i2Q_~~~iQ~r_2Q_!h~-;~r2e~~Q_f~r~2Q~1_Q2~i~~!~r_!Q!~r£2~e~ri~2Q 

.Er29r2~~~ CPhoton-Intercompari sons 1974/75) 

21-23 June 1976 in Berlin 

This seminar was attended by 70 experts from Member State research institutes 

and dose measurement stations with which the Commission has carried out 

comparative measurements in personal dosimetry for several years in an attempt 

to improve the accuracy of personal dosimeters used in practical radiation 

protection work. This work touches therefore directly on the important 

aspect of physical radiation protection surveillance as Laid down in the 

recommendations and basic safety standards for the health protection of 

workers and the general public against the dangers of ionizing radiation. 

The main purpose of this seminar was to make a final critical review of the 

results of the personal dosimeter comparison programmes carried out in 

Europe under the auspices of the European Commission in recent years - both 

from the point of view of the personal dosimetry processing centres and 

of the institutes which had produced the requisite irradiation for the com

parisons - in order to consider the matching results obtained from the com

parisons and the difficulties encountered. 

Internal Doe. nr 1623/77, 1977, 154 pages, 

Available at Commission of the European Communities 

Directorate General "Employment and Social Affairs" 

Health and Safety Directorate 

B~timent Jean Monnet 

Luxembourg - Kirchberg 
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.!_n~.!:_m.!l!J..O!! !!n~ .I.!:.a.!..n]!l,a ~n_R_2<!['!!i~n_P.s~t~c!1wJo.l' .I!:..a_s!e_~ion 
~~!:.e.!e.!:'t~t.!_v!s_f!:_O_!!l..!_h.= ~ i~e_M_:~b_!lr:_ ~t~t~s _o!_ t~e-~C.!.. 

Papers presented at the first and second seminars on 7/8 October 1975 
and 16/17 November 1976. 

On 7/8 October 1975 and 16/17 November 1976 the Directorate
General for Employment and Social Affairs (Health and Safety 
Directorate) held the first and second information and training 
seminars for trade union representatives from the nine Community 
countries on aspects of worker protection in the nuclear energy 
industry. 

The Commission's aim in arranging these seminars is to inform 
the representatives of the European Trade Union Congress of 
current problems and trends in radiation protection and to promote 
frank exchanges with union representatives, to take up problems 
and proposals emerging from everyday working life, and hence to 
set up a constructive dialogue which will assist union representa
tives and the Health and Safety Directorate in achieving optimum 
radiation protection for workers. 

The programme for the first seminar comprised the following topics: 
-Community powers and responsibilities in the field of radiological 

protection. 
-Physical and medical survei I lance in normal and accidental 

conditions. 
-Protection of workers occasionally exposed to ionizing radiation. 

-Occupational irradiation recorded in the Member States. 

- Delayed effects of low radiation doses. 

- Special problems caused by plutonium 239. 

- Problems caused by radioactive waste. 

The second seminar covered the following problems: 

- Information for workers on the hazards of the nuclear industry and 
on radiological protection. 

- The use of the radiation logbook in Germany. 

- The role of radiological protection units. 

-Problems of radiological protection with regard to the maintenance, 
repair and decontamination of nuclear power stations. 

-Compensation for occupational diseases caused by ionizing radiation 
(Community principles, legislation in the Member States). 

-Radiological protection of female staff (risks, scientific and legal 
aspects). 

This publication contains reports presented at the 1975 and 1976 
seminars. Although it is addressed basically to the participants at 
these two meetings, the document also contains useful information 
for all persons concerned with questions and information relating 
to radiation protection. 
Internal document No 1957/77 DE/FR/EN 

Available at: CEC 
Directorate General IIEmployment and 
Social Affairs 11 , Health and Safety Directorate, 
V-F-3 
B8timent Jean Monnet AZ/103 
Luxembourg-K i rchberg 
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~~E~£!~-

A.J. B=RTINCHAMPS (Co-ordinating editor) 

J. HUTTERMANN (Editor on Physical aspects) 

w. KOHNLEIN (Editor on Biological aspects) 

R. TEOULE (Editor on Chemical aspects) 

This book results from a common effort of the members of the European study 

group on "Primary effects of radiation on nucleic acids". It contains the 

state of knowledge in this field, written in close collaboration by 27 authors. 

For the first time the three essential approaches to research on effects of 

ionizing radiation on DNA and its constituents have been described together 

in one book, thus providing a handy tool for obtaining an overall view of the 

various aspects of the fundamental problems involved. 

The first section <Physical aspects) gives a general background of the main 

physical - chemical properties of nucleic acids and emphasizes those which 

are relevant to radiation research. It deals mainly with the structure, yields 

and various properties of the free radicals induced by radiation in DNA in 

the solid state. 

The second section (Chemical aspects) gives a survey of the primary processes 

as well as the final products in the radiolysis of aqueous solutions of DNA 

and its components. 

The effects of radiation on DNA and its functions in the living state consti

tutes the essential of the third section <Biological aspects), detailed consi

deration being given to replication, transcription, repair, transformation, 

transfection, the methods of testing them, and the material in which it is 

usually or the most easily observed. 

Of interest to Radiation physicists, chemists and biologists, to graduate 

students in biochemistry, molecular biophysics and biology, 

and to specialists in fundamental radiation protection. 

1978, 420 pages, 85 figures 

To be ordered through your bookseller, or 

Springer-Verlag Berlin, He.ide lberger Platz 3, D-1 Berlin 33, or 

Springer-Verlag New York Inc., 175 Fifth Avenue, New York, NY 10010, USA. 
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Proceedings of the Second Symposium at Neuherberg/Munchen, 

September 20-21, 1976 

edited by W.A. MDLLER and H.G. EBERT 

224 The Second Symposium on the Biological Effects of Ra, held at 

Neuherberg, was focussed on two topical aspects of radiation protection. 

One aspect was the Long·term effects of high-LET ionizing radiations on 

man and the quantitative data involved in risk assessment at Low doses. 

The evaluation of epidemiological studies and experimental research was 

discussed in order to provide facts and figures contributing to an 

objective assessment of the radiation hazard from incorporated radionuclides. 

The other aspect was that of radiation protection in medicine. In the case 

of 224 Ra treatment of ankylosing spondylitis the questions of benefit and 

risk of this therapeutic use of ionizing radiations were discussed, the 

aim being to achieve the therapeutic effect while reducing radiation 

exposure - and therefore the hazard - to a minimum. 

The proceedings contain the complete texts of 23 papers as well as the 

final round table discussions. 

1978, 236 pages, to be ordered through your bookseller or 

Martinus NIJHOFF Medical Division, P.O.B. 442, The Hague/THE NETHERLANDS 



- 1310 -

Investiqations into the anissioo of c:arbon-14 ClCJI!X?UlXis fran nuclear 

facilities 

J. SQIWIBIICH, H. RIEtEL. J. BRE:1'SCHNEIIER 

'Dlis report deals ~th the anission of carbon-14 fran nuclear 

facilities (nuclear power plants and reprocessing facilities) and 

the resulting radiation exposure. A preliminary survey is made of 

studies oonc:erning the calculation and assessnent of the rates of 

fonnation and release of C-14- fran reactOrs and reprocessing facilities 

and previous measurements of anission rates fran such facilities are 

S~.J~~~Brized. 'nle netlxlds adopted for sanpl.ing and measuring c-14 oc:.llp)UI1ds 

in air are described, and the results of nme than 700 individual 

measurements for light-ter cooled reactors are reported. 'nle results 

of calculatioos of the radiation exposure of the population are also 

discussed. 

CEC NcM!nber 1978 - Doe. V-3062/78-EN 

Available at : CEC 
Directorate General "Employment and 
Social Affairs", Health and Safety Directorate, 
V-F-3 
B3timent Jean Monnet A2/103 
Luxembourg-Kirchberg 
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- I~i~~-~l~~2~i~~-2~-~~~!~2~_Q2~i~~!cl_i~-~i2!29l_2~~-~~9i£i~~ 
23 to 27 May 1977 

edited by G. BURGER and H.G. EBERT 

The growing importance of nuclear energy and the applications of neutron 

sources in research, medicine and industry imply considerable efforts in 

radiobiological research and increased emphasis on the assessment of radiation 

hazards to man. Since the second Symposium on Neutron Dosimetry in Biology 

and Medicine was held in 1974, ;nteresting results of research related to 

the physical aspects of neutron dosimetry have been achieved. 

In particular, the discussion of relevant theoretical and experimental 

aspects of neutron dosimetry in mixed radiation fields is a prerequisite 

for the worldwide comparison of radiobiological and clinical results. 

Therefore the following topics have been embraced : 

- Physical basis of neutron interaction and en.ergy deposition 

-Radiation quality and radiobiological implications ; 

- Calculations of radiation transport ; 

-Neutron sources, irradiation facilities and collimators 

- Neutron spectrometry ; 

-Neutron and mixed field dosimetry, methods and instrumentation, free-air 

and phantom measurements ; 

-Calibration, standardization and intercomparison. 

Eur Report 5848 d/e/f, 1978, 950 pages, in press 1 
to be ordered through 

Office for Official Publications of the European Communities 

Bo,te Postale 1003 - Luxembourg 
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!_e.!u.lt.! _2f_E,!!v_ir_2n~.!:!.t.!l_R.!d..io.!c!i~i!Y_M.!.a.!U.!.e~.!:!.t.! j_n_tJ!e_M.!,m~e.!. 

1t.!t.!,S_O.f !h.!,_£U.!,O.J:!.e.!n_C_2111.!!!U,!!i!Y_f_2r_Aj_r_-_D.!,P_2S_itj_O,!!.:: !!a!e.!..:: !!,iJ!., 
' 1915.::117E_,_L.!:!x.!.m~.!!r.s.1978. 

The present document is the sixteenth report published by the Health and 
Safety Directorate of the Commission of the European Communities concern
ing ambient radioactivity. It was drawn up using the data collected by 

_.the stations in charge of the surveillance of environmental radioactivity 
in the Member States. The results are extracts from the data sent to the 
Commission in application of Article 36 of the Treaty of Rome instituting 
the European Atomic Energy Community. 

This is the second document which includes data from the enlarged Community 
viz. Belgium, the Federal Republic of Germany, France, Italy, Luxembourg, 
the Netherlands, plus Denmark, Ireland and the United Kingdom, who joined 
the Community of 1 January 1973. 

The results presented in this report deal with radioactive contamination 
of the air, precipitation and fallout, surface water and milk during 1975 
and 1976. 

EUR Report 5944 DA/DE/EN/FR/IT/NL 
1978 - 328 pages 
to be ordered through 
Office for Official Publications in the European Communities 
Boite Postale N° 1003 
Luxembourg 

BFR: 1.150,- -
HFL: 79,- -

DKR: 203,- -
UKL: 19,- -

DM : 74,- -
USD: 36,-

FF 167,- - LIT 31.000,-
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~-E~r£8~~D-~~~!r2D_Qg~i~~!r~_lD!~rf£~e~ri~£D_fr£i~f!_iE~Qlf2 

~~~~l!~-~Qg_E~~l~~!i9D 

edited by J.J. BROERSE, G. BURGER and M. COPPOLA 

A total of twenty groups from nine countries ~articipated in sessions 

of the European Neutron Dosimetry Intercomparison Project (ENDIPJ 

which were held during 1975 at GSF, Munich-Neuherberg and TNO, Rijswijk. 

The data of all participants are collected, the analysis and evaluation 

of the results are given in the present report. Specific chapters deal 

with the experimental arrangements and monitoring results at GSF and TNO, 

characteristics of the dosimetry systems employed by the participating 

groups and the basic physical data and correction factors employed for 

the determination of kerma and absorbed dose. Recommendations for 

future studies on neutron dosimetry for biological and medical applica

tions are given at the end of the report. 

EUR Report 6004 EN, 1978, 175 pages, to be ordered through: 

Office for Official Publications of the European Communities 

Boite Postale 1003, Luxembourg 

Price: BFR 360,- DKR 63,50 

HFL 24,80 UKL 6,--

DM 23,- FF 52,20 LIT 9.700,

USD 11.30 
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2i~!b_2~~~2~i~~-2~-~i£r222~i~~!r~ 

Brussels, 22-26 May 1978 

edited by J. BOOZ and H.G. EBERT 

The proceedings contain on 1261 pages 93 invited and contributed papers 

and 10 reports of poster sessions and summaries of discussions. 

The emphasis of the Symposium was put on the application of microdosimetry 

in the fields of radiation protection, of radiobiology and -chemistry, and 

of radiotherapy and -diagnostics. The following main topics are discussed: 

biological and chemical principles of the radiation effects 

from external radiation and incorporated radionuclides, interpreted 

with the aid of microdosimetry; 

physical principles of radiation interaction and energy deposition; 

spatial and temporal distribution of radiation interaction processes 

in organs, cells and their substructures and biomacromolecules; 

analysis and interpretation of dose/effect relationships; models 

of radiation effect mechanisms; problems of radiation quality and 

quality factors. 

EUR Report 6064 DE-EN-FR, 1978, 1261 pages, to be ordered through: 

Harwood Academic Publishers Ltd. 

Chansitor House, 37/38 Chancery Lande 

London WC2A ?EL I U.K. 
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1D!~rm~2i~!~_gD~rs~-~~~!r2D_fr22~£!i2D4--~-~~r~~~-21_g~J~!iDs_1££bDi9~~§£ 

~-er2e2~~2-22~r£~-~D2-i!~-~eeli£~!i2D~ 

Final report of contract nr 135-74-7 BIO UK 

Central Electricity Generating Board, Berkeley Nuclear Laboratories, 

England 

A.J. MILL and J.R. HARVEY 

A wide ranging study of possible techniques for producing intermediate 

energy neutrons has been made and the use of neutron filters in the beam 

tube of a high flux reactor has been identified as the most promising 

approach for general application. The technique is already used in a few 

reactor centres where neutron beams of energy 2 eV, 24 keV, 120 keV are 

produced with filters of scandium, iron and silicon respectively, placed 

in a neutron beam tube. It has been shown that it is possible in 

principle to extend the range of energies down to 50 eV by the use of single 

isotope filters. The lower energy neutron beams (below 2 keVl would be 

unique. They could be used, not only for calibrating a range of neutron

sensitive instruments, but also for studies including fundamental radio

biology, basic nuclear physics and for radiotherapy of brain tumours. 

A notional facility has been designed which could be located at a high 

flux reactor, of which seven in Europe are particularly appropriate. 

The cost of the isotopes would be about t1M, a cost comparable with 

conventional neutron-generating facilities. 

EUR report 6107 EN, 1978, 88 pages, to be ordered through: 

C.E.G.B. - Berkeley Nuclear Laboratories 

Gloucestershire, U.K. 

or 

Office for Official Publications of the European Communities 

Boite Postale 1003, Luxembourg 
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Proceedings of the contractants meeting organized by the Commission of the 
European Communities in Brussels, 28-29 November, 1978. 

These proceedings include the text of all presentations made by the con
tractants on the assessment of radio-induced non-disjunction and the under
standing of the mechanisms involved : 

Preface 
by D. de Nettancourt (CEC Brussels) 

The role of non-disjunction in aneuploidy in man: 
An overview 
by K. Sankaranarayanan (Leiden, The Netherlands) 

Aspergillus nidulans as a test organism for assessing radio-induced chro
mosomal non-disjunction 
by I.D. Normansell, J.T. wood, C.N. Igwe and G. Holt (London, Great 
Britain) 

Radiation-induced mitotic and meiotic aneuploidy in the yeast Saccharomyces 
cerevisiae 
by James M. Parry, D. Sharp, R.S. Tippins and Elizabeth M. Parry 
(Swansea, Great Britain) 

Enhanced non-disjunction and recombination as consequences of y-induced 
deficiencies in Petunia hybrida 
by A. Cornu and D. Maizonnier (Dijon, France) 

Induced non-disjunction in Drosophila oocytes 
by B. Leigh (Leiden,The Netherlands) 

The induction of non-disjunction by irradiation in mammalian oogenesis and 
spermatogenesis 
by Ingo Hansmann and Hans-Dieter Probeck <Gottingen, Germany) 

A first exploration of a Robertsonian translocation heterozygote in the 
mouse for its usefulness in cytological evaluation of radiation-induced 
meiotic autosomal non-disjunction 
by J.H. Nijhoff and P. de Boer (Wageningen, The Netherlands) 

The induction of sex-chromosomal non-disjunction and diploid spermatids 
following X-irradiation of pre-spermatid stages in the Northern vole 
Microtus oeconomus 
by A.D. Tates, P.L. Pearson, M. v.d. Ploeg and N. de Vogel <Leiden, 
The Netherlands) 

Relationships between satellite association and the occurrence of non
disjunction in man 
by James A. Houghton (Galway, Eire) 

The possible contribution of electron microscopy to the understanding of 
the mechanism of non-disjunction in man 
by P.B. Holm, S.W. Rasmussen and D. von Wettstein (Copenhagen Valby, 
Denmark) 

Published by ELSEVIER, North-Holland, Biomedical Press, in 1979, as a 
special issue of Mutation Research, 61, 1, pp. 1-119, D. de Nettancourt 
and K. Sankaranarayanan editions. 
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Metlx:xl.ology for evaluatiffi the radiological CO!'lSOOUences of radioactive 
effluents released in rormal operations - July 1979 

A report prepared W'rler oont.ract for the Ccmnission of the 
Emopean Ccmmmities within its Research and Develq:ment 
Programne on "Plutoniun Recycling in Light water Reactors" 

'fue aim of this report is to present a metrodology for the 

evaluation of health detriment to the pop.llation of the oountri.es 

of the European Ccmmmity, fran discharges within the camunity of 

liquid and gaseous radioactive effluents. 'lhl.s metrodology is based 

on a series of sequential IIDdels describing the transfer of radio

nuclides through the different sectors of the enviroment, the 

pathways of exp:>sure of man and the consequential health detriment. 

The methodology oould be applied to evaluate individual exp:>sure, but 

since health detriment is of interest here,the ~is in the study 

has been in the est.i.llation of collective dose and oonsequent numbers of 

health effects. The IIDdels chosen are of sufficiently general character 

that the correspon:ling meth:ldology can fini wide application for the 

evaluation of the radiological =sequences of discharges of effluents. 

CEX:: July 1979 - OX. V/3865/79-.EN-FR 

Available at: CEC 
Directorate General "Employment and 
Social Affairs", Health and Safety Directorate, 
V-F-3 
B8timent Jean Monnet A2/103 
Luxembourg-K i rchberg 
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Radiation-induced non-disjunction 

Proceeding of a workshop organized by the Commission on October 28-29, 

1979 in Brussels, which reviews the achievements and the current efforts 

of the contractants of the Commission who are studying radiation-induced 

non-disjunction in man and in experimental species. They provide up

to-date information on 

the occurence of aneuploidy in man and in the progeny of humans 

with radiation history ; 

dose-response relationships 

the mechanisms which are suspected to lead to the manifestation 

of the trisomic condition. 

The research efforts presented by the contractants involve the use 

of several different test systems developped in micro-organisms 

(Aspergillus and yeast>, insects (Drosophila), plants (Petunia>, and 

mammals (Mouse, Microtus) as well as direct observations on human 

material. Ten communications from Belgian, Dutch, British, Danish, 

German, and French scientists were pr.esented which are reproduced in 

extenso in the proceedings. (Special issue of Mutation Research, 

Vol. £1, n° 1, June 1979 (pp. 119), Editors D. de Nettancourt and 

K. Sankaranayanan, published by Elsevier/North Holland). 

To be ordered at : 

Elsevier/North Holland 

Biomedical Press 

P.O.Box 211 

NL - 1000 AE Amsterdam 

Netherlands 
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Radioprotection - no 16 - 1979 

Proceedings of the Seminars held in Luxembourg, 10-11 October 1977 

and 12-13 October 1978 on : 

Infoonation arxi tra:in:in:J on radiation protection for trade union 
representatives fran the nine Member states of the European Ccmrunities 

The following detailed subjects were dealt with at the third Fadia

tion Protection Sani.nar: 

- 'H1e independance of radiation protection units under the tenus of 

Article 35 of the 1976 EURMG1 Basic Safety Standards; 

- Training in arxi infoonation on radiation protection; 

- Analysis of the main innovations emerging fran ICRP 26; 

- 'H1e protection of occasionally exposed workers. 

The fourth Fadiation Protection Sani.nar concentrated on the following 

subjects: 

- The concept of optimization in radiological protection; 

- Future progress in the use of dos.i.Jletry; 

- Tasks and results of the United Nations scientific ccmnittee on the 

effects of atomic radiation. 

r-Dreover, a first exchange of views took place at the fourth Fadia

tion Protection Sani.nar on an en:JUiry carried out by the European Con

federation of Trade Unions into radiation protection practice. 

FllR 6264 DE/EN/FR - 1979 

Office for Official Publications in the Ellropean Q:mnuni.ties 

B.P. 1003 - Luxanboorg 

Price: 320 BFR - 57 .so DI<R - 20 J:M - 46 FF - 8 900 LIT - 22 HFL - 5 UKL -

5,30 IRL - 10.50 USD 
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A Small Scale Neutron Dosimetry Intercomparison 

edited by J.J. BROERSE, J. ZOETELIEF, G. BURGER, H. SCHRAUBE, A. RECOURT 

During the past six years two extended neutron dosimetry intercomparisons 

have been performed, the International Neutron Dosimetry Intercomparison 

<INDI) under the sponsorship of the ICRU (1978) and the European Neutron 

Dosimetry Intercomparison Project <ENDIP) under the sponsorship of the 

Commission of the European Communities (ENDIP, 1978). The conclusions 

of both intercomparison programs are that there is a strong need for 

a common agreement upon the application of basic physical parameters 

and for standardization of experimental techniques applied for the 

determination of absorbed dose. In order to accomplish consistency 

in neutron dosimetry results obtained at different 1nstitutes, a small 

scale intercomparison was extended to analyse the existing discrepancies, 

to learn about detector characteristics and to decide on the appropriate

ness of different types of ionization chdmbers to be used as reference 

dosimeters. 

EUR Report 6567 EN, 1979, 38 pages, to be ordered through: 

J.J. BROERSE, Radiobiological Inst1tute TNO 

P.O.Box 5815, NL-2280 HV RIJS~IJK I THE NETHERLANDS 
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Chromosomal aspects of male sterility in mammals 

Summary and synthesis, together with the list of individual con

tributions, of a workshop organized by P. de Boer (Department of 

Genetics, Agricultural University, Wageningen, the Netherlands) 

and A. G. Searle <M.R.C. Radiobiology Unit, Harwell, U.K.) with 

partial financial support of the Commission. The workshop was held 

at the M.R.C. Radiobiology Unit, Harwell on 24-26 October 1979, 

with two major aims : 1) to discover the similarities and differences 

between the male-sterile conditions associated with various forms 

of chromosome anomaly in mammals (mainly the mouse) and 2) to try 

and integrate the phenotypic pecularities of these syndromes with 

the basic cytological and physiological aspects pf spermatogenesis 

in general and male meiosis in particular. 

The summary and synthesis of the workshop have been published under 

the heading 

"Workshop on chromosomal aspects of male sterility in 

mammals" 

in J. Reprod. Fert. <1980) 60, 257-265 
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Radiation repair in yeast 

Proceedings of a workshop organized by the Commission on September 10, 

1980 which revi•w• the state of knowledge on radiation repair in yeast. 

A summary of the present situation is provided on : 

- the detection and quantification of lesions 

sensitivity mutations and repair models ; 

repair functions 

inducibil ity ; 

repair activity at different ~tages of the cell cycle ; 

- the need to explore in details the biochemistry of repair. 

The proceedings contain the abstracts of papers contributed for the 

workshop. 

Copies can be obtained from 

Prof. A. Goffeau 

U.C.L. 

Enzymologie 

Place Croix du Sud, 1 

Boite 8 

B - 1348 Louvain-la-Neuve 

Belgium 
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Seminar on Radioactive releases and their dispersion in the atmosphere 

following a hypothetical reactor accident 

Proceedings of the Seminar held.in Ris6 (Denmark), 22•25 April 1980. 

The aim of the seminar, jointly organized by the Health and Safety Directorate 

(DG V) and the Biology, Radiation Protection Programme (DG XII) of the 

Commission was to provide a review of the currently available data on 

atmospheric phenomena and parameters involved in the atmospheric dispersion 

of gaseous effluents, over distances up to and including the mesoscale, and 

of current dispersion modelling techniques. 

The summaries of the sessions were presented by the Chairmen at the end 

of the Seminar (Panel session). 

The set of release and dispersion data will be considered in the framework 

of a second seminar dealing with the transfer and analysis of the risks of 

atmospheric releases to man and its environment. 

The proceedings contain the papers contributed for the Seminar. 

Copies can be obtained from 

Commission of the European Communities 

D.G. XII - Biology, Radiation Protection 
and Medical Research 

Rue de la Loi, 200 

B-1049 BRUSSELS 
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Irradiation and thyroid disease dosimetric, clinical and 
carcinogenic aspects. 

J.E. Dumont, J.F. Malone, A.J. Van Herle. 

Thyroid cancer caused by irradiation is an important public health 
problem because of the many possible causes of external and internal 
exposure: accidental, diagnostic and therapeutic. Three aspects are 
considered. Data in the Literature are analysed to define the quan
titative relation in man between irradiation and thyroid disease : 
thyroid insufficiencey and neoplasia. The clinical characteristics 
of nodules and cancers of this origin, the prognosis and the thera
peutic attitude are discussed. Next the radiobiology and the dasi
metry of the thyroid are described and the necessary relation between 
the study of bath is emphasized. The relative radioresistance of the 
gland is demonstrated. The characteristics of thyroid growth regula
tions is then discussed in relation with current concepts of carcira
genesis. The possible application of experimental in vivo and in vitro 
data and these current concepts to the case of irradiation-induced 
thyroid cancer is considered. New Lines of research are suggested. 

EUR 6713, 1980, 254 p. 
Medicine series 

to be ordered at 
Office far Official Publications of the European Communities 
Boite Pastale 1003 
GD-Luxembourg. 

Price : BFR 800 
LIT 22.800 

DKR 153,60 
HFL 54,20 

DM 49,20 
UKL 12.10 

FF 115,60 
USD 27.60 

IRL 13,40 



- 1325 -

Ion chambers for neutron dos1Met~y 

edited by J.J. BROERSE 

This monograph reviews the current status of ion chambers and their use 
for neutron dosimetry. The objectives of the monograph are to discuss 
systematic errors in neutron dosimetry with ion chambers for the purposes 
of radiation protection, including biological and medical applications, 
and to suggest common procedures. Information about the characteristics 
of eight different tissue equivalent ionization chambers is included in the 
present monograph. A number of ion chambers have been checked at the neutron 
irradiation facilities of GSF Neuherberg and TNO Rijswijk and the results 
of the tests are reported. A separate review is concerned with the experi
mental techniques to measure small currents in ion chambers. The ionization 
in the gas-filled cavity has to be related to the absorbed dose in the 
surrounding medium. The cavity theory and its practical implications for 
neutron dosimetry with ion chambers are discussed. 

Reviews about kerma values, stopping power, W values and k , the relative 
neutron sensitivity of photon dosimeters, are included. I~ order to establish 
the actual dose distribution in the various organs, the practical kerma values 
in different biological materials are summarized. The finite size of ion 
chambers can present a serious problem when they are used to measure the dose 
distribution over the human phantom. The effective points of measurement for 
in-phantom measurements with photons and neutrons are discussed. The con
clusion contains a discussion on the adoption of a common set of basic 
physical parameters and the characteristics of the neutron dosimetry systems to 
be used for on-site dosimetry intercomparisons. 

EUR Report 6782 EN, 1980, 351 pages, to be ordered through: 

Harwood Academic Publishers 
37/38 Chancery Lane, London WC2A 1EL, Great Britain 
ISBN: 3-7186-0048-X 

Price: HFL 115,00 
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RADIATION PROTECTION - No 18 
DEVELOPMENT AND TESTING OF THE TANDEM DOSE EQUIVALENT RATE METER 

FOR BETA AND PHOTON RADIATION TO BE USED IN RADIATION PROTECTION 

J. BOEHM, K. HOHLFELD 

Physikalisch-technische 
Bundesanstalt 
Braunschweig 

The Commission of the European Communities is concerned to ensure 

the protection of workers and the general public from the dangers of 

ionizing radiation by laying down basic safety standards and by promoting 

developments to improve practical radiation protection. 

The aim of this study was to develop a device which satisfied the 

practical radiation protection requirements laid down in the Euratom 

basic safety standards. 

The study should be of interest to all those who are responsible 

for practical radiation protection. 

EUR 6834 DE/EN - 1980 

Price: BFR 120- FF 17,40- HFL 8,20- USD 4,30- DKR 23,30- IRL 2-

UKL 1,80- DM 7,50- LIT 3600 

Office for Official Publications of the European Communities 

B.P. 1003 - Luxembourg 
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A critical review of nuclear accident dosimeters 

B. MAJBORN 

Report prepared by 
Ris~ National Laboratory 
Roskilde - Denmark 

Pursuant to the Treaty establishing The European Atomic Energy 

Community, the Commission has the task of laying down basic safety 

standards for the protection of the health of workers and the general 

public against the dangers arising from ionizing radiation. 

The basic safety standards call also for the determination of the 

dose and committed dose in the event of accidental exposures. 

Although experience has shown that accidental exposures are very 

unlikely, it is necessary to verify the reliability of the methods used. 

This study surveys the state of the art of accident dosimetry up 

to mid-1979; it will also be of interest to groups other than those 

responsible for radiation protection. 

EUR 6838 EN - 1980 

Price: BFR 140- DM 8,80- LIT 4200- USD 4,95- DKR 27,20-

FF 20,30 - HFL 9,60 -IRL 2,35 - UKL 2,10 

Office for Official Publications of the European Communities 

B.P. 1003 - Luxembourg 
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Behaviour of transuranics in the aquatic environment and sediment-water 

exchanges techniques for identifying speciation 

Proceedings of the CEC/IAEA joint technical meeting held in Ispra, 

24-28 March 1980. 

Twenty-six articles were presented in the three main topics areas : 

- methods for the determination of transuranic chemical speciation 

at environmental levels 

-methodologies for studying bioavailability of transuranics in 

aquatic organisms 

- chemical methods for the determination of metal fractions and applica

bility to fresh, estuarine and coastal sediments. 

The working papers were .followed by technical group discussions on chemical 

speciation, bioavailability and sediment-water interactions. 

Working reports and recommandations prepared by the three technical groups 

will be published in an !AEA technical report series. 

Available : 1981. 

To be ordered through the Division of Publications 

I.A.E.A. 

P.O. Box 100 

A-1400 VIENNA 
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7th Symposium on Microdosimetry, Oxford, 8-12 September 1980 

The Commission of the European Communities in collaboration with the 

National Radiological Protection Board, Harwell, United Kingdom, 

organized the 7th ~ymposium on Microdosimetry in Oxford from 8 to 12 

September 1980. 

The proceedings contain all scientific contributions and the round 

table discussion and give quite a complete picture of the actual situation 

of microdosimetry research and its application in the fields of radio

biology and -chemistry, of radiotherapy and -diagnosis, and above all in 

radiological protection. In 120 papers relevant research results have 

been presented on the following subject groups: 

physical principles of radiation interaction and energy deposition, 

spatial and temporal distributions of radiation interaction processes, 

experimental and mathematical determination of energy deposition spectra, 

- problems of radiation quality and its distribution within phantoms and 

the human body, relations between microdosimetric descriptions of 

radiation quality of mixed radiations and the mean quality factor, 

dependence of biomolecular and radio-chemical effects and kinetics 

on radiation quality and their explanation in terms of primary energy 

deposition processes, 

dependence of biological effects on external radiation and incorporated 

radionuclides and their interpretation in terms of microdosimetry, 

influence of local distribution and nature of sensitive targets, 

analysis and interpretation of dose-effect relationships including 

epidemiological data, in terms of radiation effect mechanisms and 

their relevance to radiological protection, 

- discussion of models of radiation mechanisms with particular regard to 

the influence of radiation quality and biological repair processes on 

dose effect relationships. 

Proceedings available beginning 1981. For information: 

C.E.C. 
Biology, Radiation Protection and 
Medical Research 
D. G. XII 

200, rue de la Loi 
B-1049 Brussels 
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European Seminar on Radiation Protection Quantities for External Exposure 

Braunschweig, Federal Republic of Germany, 13-15 October 1980. 

The proceedings contain 18 papers and a round table discussion of the seminar 

which was organized by the Commission of the European Communities (CEC) in 

collaboration with the Physikalisch-Technische Bundesanstalt <PTB>, Braunschweig~ 

with the Institut fur Strahlenschutz of the Gesellschaft fur Strahlen- und 

Umweltforschung mbH Munchen (GSF), Neuherberg, and with the Institut fur 

- Medizinische Physik und Biophysik of the Universitat G~ttingen. 

During recent years there have been important changes and new proposals of 

radiation protection concepts, which have had a strong impact on radiation 

quantities. In addition, the change to SI-units resulted in the foreseen 

demise of the radiation quantity exposure, and it is still not clear which 

quantity is going to replace it. 

In recognizing the need for an internationally consistent solution, and being 

faced with inconsistencies among the various proposals for appropriate 

operational quantities, this seminar had been planned. 

The programme embraced the following subject groups: 

1) Quantities used for defining basic and derived radiation protection 

limits (their purposes and their interrelationships). 

2> Concepts of operational quantities (purposes, theoretical considerations, 

calculated and measured data>. 

3) Relationships between operational quantities and quantities used for 

specifying primary protection limits <i.e. effective dose equivalent, 

dose equivalent for specified tissues, mean whole body dose equivalent). 

4> Measurement and calibration problems associated with operational 

quantities. 

5> Purpose and function of operational quantities as seen from the 

demands of practical radiation protection. 

Proceedings available beginning 1981. For information: 

C.E.C. 
Biology, Radiation Protection and 
Medical Research 
D. G. XII 

200, rue de la Loi 
B-1049 Brussels 
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Bone and Bone-seeking Radionuclides Physiology, Dosimetry and Effects. 

Proceedings of the Symposium organized by the European Late Effects Project 

Group (EULEP) and the Commission at Rotterdam, 29 August 1980. 

9 papers have been collected on the following subjects : 

1. An outline on bone tumor induction and its significance; a review 

on bone cells and on construction and reconstruction of bone. 

2. Under the heading of modern methods for studying the detailed 

uptake of radionuclides in bone 3 papers have been presented : 

Cytological studies of plutonium; the spatial distribution of 

plutonium-239 in bone, the initial uptake and its subsequent 

changes and dosimetry of alpha-emitting in bone. 

3. Concerning the quantitative and biological aspects of bone tumor 

induction by ionizing radiations 3 further papers deal with bone 

dose and tumor induction; biological factors as illustrated in 

work with Strontium-90 and biological factors as illustrated in 

work with short-Lived alpha-emitters. 

Edited by V. Volf 

Published by Harwood Academic Publishers Ltd. 
Chansitor House, 37/38 Chancery Lane 
GB-London WC 2A 7EL, 1981, 150 pages 

To be ordered through your bookseller or at the Publisher's address. 
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RADIOLOGICAL PROTECTION DATA 

- E~!Y1!!_2f-~D~ir2D~£D!!!_r!2i2!f!i~i!x_~£!!Yr~~~D!!_iD_!n~-~~~E£r_~!!!£! 

Qf_!h~-EY!2e~!D_f2m~YDi!X_fQ! 

air -deposition - water 

milk 

1973 - 1974 

1972 - 1973 - 1974 

The present document is the fifteenth report published by the Health and 

Safety Directorate of the Commission of the European Communities concerning 

ambient radioactivity and using the data collected by the stations in charge 

of the surveillance of the environmental radioactivity in Member States. 

The results are compiled and extracted from the data sent to the Commission 

in application of Article 36 of the Treaty of Rome instituting the European 

Atomic Energy Community. 

It is the first document in which data from Denmark, Ireland and the United 

Kingdom which joined the European Community on 1 January 1973 are included in 

addition to data from Belgium, the Federal Republic of Germany, France, Italy, 

Luxembourg and the Netherlands. 

The results presented in this report cover the years 1973 and 1974 for air, 

deposition and surface water and the years 1972, 1973 and 1974 for milk. 

Eur Report 5630 dk/d/e/f/i/n, 1977, 255 pages, to be ordered through 

Office for Official Publications of the European Communities 

Bo,te Postale 1003 - Luxembourg 

FB 600,- DK 94,45 DM 38,70 FF 80,- Lit. 14.300 Fl 40,40 E 9,60 S 16,-
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E~~i~~-21-~!i!!ins_iDfQ!m!1iQD_QQ_!!1~!D!!_!!2i!1iQD_ftQm 

D!!Y!!!-t!9iQ!~1iYi1~-iD-EY!QQ!· 

This report reviews the information available for the Member States 

of the European Communities, together with Austria and Switzerland, 

as regards external exposure, both indoors and outdoors, from cosmic 

and terrestrial sources of natural radiation. It discusses the impli

cations of various methods of measurement and highlights present 

deficiencies in the data. Proposals for obtaining more comprehen

sive, reliable information are outlined but, in practical terms, 

provisional isodose maps have already been established and useful 

comparisons with the environmental radiation exposure resulting from 

the nuclear industry are already possible. 

Internal Doe. nr V-4024/77, e, d, f, 1977, 109 pages, 

Available at : Commission of the European Communities, 

Directorate General "Employment and Social Affairs" 

Health and Safety Directorate 

B3timent Jean Monnet, A-2/078 

Luxembourg - Kirchberg. 
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Padiological protection - no 15 
Results of environmental radioactivity measurenents in the !Bnber 
States of the Emopean o::mnunity for air - deposition - water -
milk. 

'l11e present docl.inent is the seventeenth report published by the 

Health and Safety Directorate of the Q:mnission of the European o:mmmities 

concerning ani:>ient radioactivity. It was drawn up using the data collected 

by the stations responsible for environnental radioactivity II'Ollitoring in 

the Member States. 'ttle results are extracts fran the data sent to the 

Q:mnission in application of Article 36 of the Treaty of a:me establishing 

the Emopean Atanic Energy Ccmrunity. 

'l11e results presented in this report deal with radioactive contamination of 

the air, precipitation and fallw.t, surface water and milk during 1977 in 

the nine .Member States of the European Qmruni.ty, viz. Belgim~, Denmark, 

the Federal Replblic of Germany, France, Italy, Ireland, Luxemlxlurg, the 

Netherlands and the lhited Kingdan. 

'l11e results are presented in four mam sections: 

- artificial radioactivity in the air at ground level, 

- artificial radioactivity in precipitation and fallout, 

- radioactive contamination of water, 

- radioactive contamination of milk. 

'l11e report also contains suwlementary data on slx>rt-lived radioelements 

detected during the fourth quarter of 1977, the list of sanpling stations 

and laboratories together with a list of publications by .Member States in 

this field. 

'Ihis report places special alphasis on the measurement results for specific 

radionuclides, rut it also contains data on total beta activity so as to 

ensure continuity vis-il-vis previous reports and provide oc:uparative 

values. 

ruR 6212 DA/DE/EN/FR/IT/NL 1978 

290 pages. 

Office for Official Publications 

of the Emopean o:mmmities 

Bolte Postale 1003 - LuxelrOOurg 

)?rice: 
750 BFR- 132 DKR- 47.50 DM- 109 FF- 21 200 LrT- 51,50 HFL-

12.60 UKL - 25 l5D 
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Radiological protection - no 17 
Results of Environmental Radioactivity Measurements 
in the Member States of the European Community for 
Air - Deposition - Water - Milk 

This document is the 18th report on ambient radioactivity published 

by the Health and Safety Directorate of the Commission of the European 

Communities. It was drawn up using the data collected by the stations 

responsible for environmental radioactivity monitoring in the Member 

States. The results are extracts from the data sent to the Commission 

under Article 36 of the Treaty of Rome establishing the European Atomic 

Energy Community. 

The results presented in this report deal with radioactive conta

mination of air, deposition, surface water and milk during 1978 in the 

nine Member States of the European Community, viz. Belgium, Denmark, the 

Federal Republic of Germany, France Italy, Ireland, Luxembourg, the 

Netherlands and the United Kingdom. 

The results are presented under four main headings: 

- artificial radioactivity in the air at ground level; 

- artificial radioactivity in deposition; 

- radioactive contamination of water; 

- radioactive contamination of milk. 

The report also contains supplementary data on short-lived radio

elements detected in the fourth quarter of 1978, the list of sampling 

stations and laboratories, together with a list of publications by 

Member States in this filed. 

This report place~ special emphasis on the measurements results 

for specific radionuclides, but it also contains data on total beta 

activity so as to ensure continuity vis-a-vis previous reports and 

provide comparative values. 

EUR 6620 DA/DE/EN/FR/IT/NL 1980 

Office for Official Publications in the European Communities 

B.P. 1003 - Luxembourg 

Price: BFR 840 - DM 51,90 - LIT 2400 - USD 30 - DKR 161,80 -

FF 121,40- HFL 57,20- IRL 14- UKL 13 
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c. 

OTHER PUBLICATIONS 

Catalogue of Contracts on the Radiation Protection Programme 

Containing information on the scientific content of the projects which make 

up the contract programmes, and on their administrative features such as 

contractor, duration, budget, etc.. The aim pursued through its publication 

is to convey a better transparency to the Commission's programme, and to 

serve as an aid for its"management. 

For the convenience of the reader, contracts in the main oart of the 

catalogue are systematically assigned to six major sections i.e. dosi

metry, radioactive contamination of the environment, genetic effects, 

short-term and long-term somatic effects of ionizing radiation and 

evaluation of the radiation risk. In some cases where a contract is 

composed of several projects belonging to different sections, it is 

categorized according to its main research area. Therefore, a "list 

of research subjects" is given in the appendix where the relation 

between contracts and detailed subjects of the programme is clearly 

indicated. Furthermore, tables are added with details e.g. about 

geographical distribution of localities where research is performed, 

and on the organizations and institutions to which the contractors 

belong. Finally a list of the scientific research group leaders is 
* given. The catalogue refers to the situation in October 1977. 

Available at C.E.C. 
Biology, Radiation Protection and Medical Research 
D.G. XII 
200, rue de la Loi 
B-1049 BRUSSELS. 

* Revised edition in 1979. 
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Catalogue ot Contracts on the Commission's Radiation Protection Programme 

(September 1979) 

Containing information on the scientific content of the projects which 

make up the contract programme, and on their administrative features such 

as contractor, duration, budget, etc. The aim pursued through its publi

cation is to convey a better transparency to the Commission's programme, 

and to serve as an aid for its management. 

T~is catalogue is the second edition and contains the changes that have been 

made to the 1976-1980 contract programme since the first edition (December 1977). 

It describes the status as of September 1979. 

Available at 

c.r:.c. 
Biology, Radiation Protection 
and Medical Rp<earch 
D.G. XTT 

200, r~e de la Loi 

B-1049 BRUSSELS 
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Radiation Protection Programme, 1980-1984. 

Research Priorities and Scientific Documentation (October 1979>. 

The Commission of the European Community has prepared a new multiannual 

research programme in the field of Biology - Health Protection concerning 

radiation protection and covering the period 1980-1984. The Council of 

Ministers agreed on that programme in December 1979. 

The first part of this booklet contains the official proposal for the 

framework of the scientific programme as it was transmitted from the Commis

sion to the Council of Ministers. It underlines the priorities derived from 

the present and foreseeable needs in radiation protection. In order to 

provide an overall view the research priorities have been grouped into six 

major sectors : radiation dosimetry and its interpretation, behaviour and 

control of radionuclides in the environment, short-term somatic, late somatic 

and genetic effects of ionizing radiation and evaluation of radiation risks. 

The second part presents a documentation which is the outcome of the various 

ways in which the Commission has worked with the scientific community and 

assembled its views and opinions. As it is published it should give a 

detailed insight into the aims of the new Community Radiation Protection 

Programme and help interested institutions and scientists to prepare research 

projects and to improve joint planning and coordination. 

Available at 

C.E.C. 

Biology, Radiation Protection 
and Medical Research 
D.G. XII 

200, rue de la Loi 

B-1049 BRUSSELS 
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VI I. 

VERZEICHNIS DER FORSCHUNGSGRUPPENLEITER 

LIST OF RESEARCH GROUP LEADERS 

INDEX DES CHEFS DE GROUPES DE RECHERCHE 
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VII. RESEARCH GROUP LEADERS 

* 

Aarkrog, 229 
Allwright, 1221 
Anagnostopoulos, * 

Barendsen, 5 
Bazin, 887 
Becciol ini, 891 
Bennett, 1221 
Blanc, 17, 171 
Bootsma, 479 
Bovard, 291 
Brachet, 437 
Bridges, 515 
Broerse, 5, 153, 1131 
Burger, 29, 165 
Busuoli, 161 

Cant i L Lon, 277 
Caput, 1221 
Celis, 361 
Chalabreysse, 1097, 1221 
Chamberlain, 337 
Cigna, 199 
C Lemente, 104 7 
Cramp, 925 
Cullen, 1023 

Dalebroux, 583 
Dams, 1123 
Dean, 1221 
de Choudens, 143 
Delpoux, 583 
Dennis, 59, 557, 1027, 1039 
Deruytter, 349 
Detollenaere, 281 
Devoret, 641 
Devreux, 707 
de Zeeuw, 233 
Donato, 171 
Doria, 867 
Drexler, 1208 
Dumont, 879 
Duplan, 931, 1111 
Duursma, 285 

Ebbesen , 1127 

Faber, 603 
Fagnani , 1221 
Fa Laschi , 633 
Farulla, 1105 
Fasel La, 611 
Feinendegen, 83 
FL iedner, 781 
Fraccaro, * 
Funck-Brentano, 1221 

Garattini, 775 
Goddard, 1221 
Gaff eau, 683 
Gossner, 981 
Grauby, 307 
Gray, 1221 
Gri Llmaier, 47 

Hamers, 873 
Hansmann, 659 
Harris, 923 
Halt, 615 
Hopewell, 1015 
Houghton, 469, 475 
Huttermann, 897 

Jacobi, 29, 165 
Jones, 1151 

Kellerer, 107 
Ki efer, 701 
Ki rchmann, 295 
Kohn Lei n, 925 
Kriegel, 1135 
Kuhn, 313 

Lafuma, 1221 
Latarjet, 545 
Leonard, 583 
Lindell, 1275 
Lindop, 1063 
Lohman, 505 

Bericht noch nicht verfugbar/Report not yet available/ 
Rapport pas encore disponible. 



Magni , 537 
Maisin, 959, 1115 
Malone, 619, 1023 
Mass~, 1221 
Mathe, 729 
Met all i, 101 
Mi eh a, 281 
Mitchell, 217 
Morgan, 1057 
Muth, 47 
Myttenaere, 341 

Nielsen, 319 

Ol ivieri, 647 

Parment ier, 73 
Parry, 523 
Pauly, 1201 
Peirson, 177, 563, 1215 
Peschle, 863 
Pieri, 223 
Pohl it, 677 
Portal, 181 

Ramsden, 1089 
Radman, 627 
Rechenmann, 37 
Regnaud, 1221 
Reich, 119 
Ri ngoet, 233 
Rorsch, 365 
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Sankaranarayanan, 1221 
Scheer , 1007 
Schnabe l , 903 
Scholes, 915 
Schulte-Frohlinde, 907 
Si mons, 493 
Simmons, 1075 
Smith, 557,1027,1039 
Sobels, 381 
Sowby, 1275 
Stieve, 327 
Stryckmans, 833 

Teoule, 919 
Thierfelder, 843 
Tognoni , 1221 

Uzzan , 1221 

van Bekkum, 815 
van den Hoek , 303 
van de Putte , 365 
vanderborg ht , 1143 
van der Eb, 431, 433 
Vennart, 1081, 1085 
von Sonnt ag , 907 
von Wettstein, 597 

Wagner 187 
Watt, ~25 
Westergaard, 355 
White, 193 
Wiernik, 1015 
Winder, 465 
Wyckoff, 157 
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lnstitut 

Gade, nr. 

Postnummer, sted, land 

Fordelingskoden er tilpasset stralingsbeslo.yttelsesprogrammets forskellige arbejdsom-
rllder. De rubrikker, der svarer til Deres interessefelter, bedes forsynet med et X. · 

0 1. Radioaktlv mlljetorurening. 

0 2. Genetiske virkninger at strAiing. 

0 14. StrAiingsvirkninger pA lang sigt og inkor
porerede radionukleiders toksikologl. 

0 5. StrAiingsmAiing og dens tortolkning; dosl· 
metri. 

0 3. StrAiingsvirkninger pA kort sigt, akut strA- 0 6. Vurdering at strSIIngsrisici. 
lingssyndrom og dets behandling. 

Sitremt De er interesseret i at blive optaget pa vor torsendelsesliste, bedes De tilbagesende. dette kort 
I udtyldt stand (maskinskrevet). 

Falls Sie daran inte~essiert sind, ih unsere Versandliste aufgenommen zu werden, schicken Sie uns bitte 
diese Karte vollstiindlg ausgefillit zuruck (Maschin~nschrift). ~, ' 

I • 

Name 

lnstltut 

Straae, Nr. 

PLZ, Ort, Land 

.Der Verteiler-Code ist den verschiedenen Tatigkeitsbereichen des Programms 
. Strahlenschutz angepaf3t, Bitte die Felder. ankreuzen, die lhren lnteressengebleten 
entsprechen: 

0 1. Radloaktlve Kontamination der Umwelt. 

0 2. Genetische Strahlenwirku!'gen. 

0 3. Frilhwirkungen bel Bestrahlung, akutes 
Strahlensyndrom und seine Behandlung. 

0 4. Splltwirkungen bei Bestrahlung und Toxiko
logie inkorporierter Radionuklide. 

o 5. Strahlenmessung und ihre Interpretation, 
Dosimetrie. 

0 6. Abschiitzung des Strahlenrlsikos. 
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KOMMISSIONEN FOR DE .EUROP.tEISKE F.tELLESSKABER 

Generaldirektoratet for forskning, 
videnskab og uddannelse 

Biologi, stralingsbeskyttelse og 
medicinsk forskning 

Rue de la Loi 200 

B-1049 BRUXELLES (Belgien) 

KOMMISSION DER EUROPAISCHEN GEMEINSCHAFTEN 
Generaldirektion 

Forschung, Wissenschaft und Bildung 

Biologie, Strahlenschutz 
und medizinische Forschung 

Rue de la Loi 200 

B-1049 BROSSEL (Belgien) 
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