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DE

VORWORT

Der vorliegende T#tigkeitsbericht 1987 des Strahlenschutzprogramms der
Kommission der Europdischen Gemeinschaften gibt einen Uberblick {Uber die
Ergebnisse von rund 320 einzeloen Forschungsprojekten und verweist auf
etwa 600 wissenschaftliche Ver6ffentlichungen. Eine Reihe von
Forschungsarbeiten haben sich mit den radiologischen Folgen des nuklearen
Unfalls von Tschernobyl befasst und weitere Forchungsvorhaben wurden
vorbereitet, fiir die die erforderlichen Mittel durch den Beschluss des
Ministerrats vom 21. Dezember 1987 bereitgestellt wurden, mit dem die
Revision des Strahlenschutzprogramms angenommen wurde. Die vorrangigen
Themen beziechen sich auf den Transfer von Radioaktivitdt durch die
verschiedenen Lereiche der Umwelt, Behandlung von Strahlengeschiédigten,
Massnahmen um die radioaktive Kontaminierung herabzusezten und
wissenschaftliche Grundlagen fir die Aufstellung abgeleiteter
Notfall-Bezugswerte.

Gesteigerter Wert wird auf Koordinierung der Forschungsarbeiten und auf
umfangreichen Informationssustausch gelegt, wodurch auch das
Strahlenschutzprogramm dazu beizutrdgt, ein Eutopa der Forscher zu
schaffen. So trafen sich 1987 Vertagspartner und eingeladene
Sachverstidndige in 26 Studiengruppen, um ihre Forschungsplédne aufeinander
abstimmen und eine Zusammenarbeit zu stimulieren. 30 Workshops und
Seminare wurden organisiert, um Probleme und Losungsansdtze zu diskutieren

fir Schwerpunktsthemen wie H Sofort- und Spatwirkungen nach
Strahlenbelastung, Strahlenempfindlichheit des sich entwickelnden
Organismus, Dosimetrie : Messungen und ihre Interpretation, Wirkungen

niederer Strahlendosen, Ubertragungsmodelle der Radioaktivitdt 4in der
Umwelt, natiirliche Strahlenbelastung, Abschdtzung der Folgen nuklearer
Unfdlle, Interventionswerte fiir die radioaktive Kontaminierung von
Nahrungsmitteln und Information der Offentlicheit (s. Kapitel 1V),

Die Verdffentlichung von Sitzungsberichten und Monographien erweitert den
Kreis der angesprochenen Wissenschaftler erheblich (s. Kapitel V).

Der Wunsch auch Ldnder ausserhalb der Europdischen Gemeinschaft in diese
Bestrebungen einzubeziehen, filhrte 2zu der Unterzeichnung einer
Absichtserkldrung mit der Atomic Energy of Canada Ltd, mit der bestimmte
gemeinsame Forschungsziele 3jm Strahlenschutz definiert wurden und eine
Koordinierung der entsprechenden Arbeiten angestrebt wird. Ausserdem wurde
die bereits laufende Zusammenarbeit wnit dem Department of Energy der
Vereinigten Staaten von Amerika intensiviert.

S. FINZI W. HUNTER
Direktor Direktor 1.V.
Forschung ilber nukleare Sicherheit Gesundheit und Sicherheit






EN

FOREWORD

The 1987 Progress Report of the Radiation Protection Programme of the
Commission of the European Communities provides an overview of the results
of about 320 individual research projects resulting in approximately 600
scientific publications. A seriles of research studies concentrated on the
radiological consequences of the nuclear accident at Chernobyl and further
research projects have been prepared using the financial means which were
made available by the decision of the Courcil of Ministers on 2! December
1987, adopting the Revision of the Radiation Protection Programme. The
priority topics refer to the transfer of radiocactivity through the various
components of the environment, treatment of irradiation victime, measures
to reduce the radiocactive contamination, scientitic basic data for the
derivation of emergency reference levels.

Increased importance is being given to coordination of research work and
comprehensive information exchange, contributing also in the frame of the
Radiation Protection Programme to the creation of a Europe for research
workers. Thus, in 1987, meetings of 26 study groups were held, at which the
contracting parties and invited experts sought to haimonize their research
plans and to stimulate cooperation. At 30 Workshops and Semina,s, problewus
and solutions were discussed in key subjects such as acute and late eifects
after irradiation, radiosensivity of the developing organism, dosimetry:
wneasurements and their interpretation, effects of low doses, models of
radiocactivity transfer in the environment, natural radiation exposure,
assessment of consequences of nuclear accidents, intervention levels for
the radioactive contamination of foodstuffs and information for the public
(see Chapter 1V).

The publication of proceedings and monographs increases considerably the
number of scientists brought into contact with the Programme actions (see
Chapter V).

The desire to include countries outside the European Community in these
endeavours resulted in the signing of a Memorandum of Understanding with
the Atomic Fnergy of Canada Ltd, defining some cormon research objectives
in the field of radiation protection and establishing ways of coordinating
work in this area. Furthermore, the previously established cocoperation with
the US-Department of Energy has been intensified.

S. FINZI W. HUNTER
Director Acting Director
Nuclear Safety Research Health and Safety
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FREFACE

Le présent rapport d'activités 1987 du Programme Radioprotection de la

Commission des Communautés européennes donne un apercu des résultats de

plus de 320 projets de recherches repris dans quelque 600 publications. Une
série de travaux a #té consacrée @ 1'étude des conséquences radiclogiques

de 1'accident nucléaire de Tchernobyl, et d'autres projets ont &té préparés
pour lesquels des moyens financiers nécessaires ont été accordfs par la

décision du Conseil des Ministies le 21 décembre 1987, adoptant la révision
du Programme Radioprotection. Des sujets prioritaires concernent le

trensfert de la radioactivité par les divers composants de 1'environnement,
le traitement des victimes d'accidents nucléaires, les mesures pour réduire
la  contamination radiocactive et les bases scientifiques pour

1'établissement des niveaux dérivés de riffrences en cas d'urgence.

Une importance accrue est accordie A la coordination des travaux de

recherche et aux é&changes d'informations. Le Programme Radioprotection

contribue ainsi, lul aussi, & la création d'une Europe des chercheurs.

C'est dans cet esprit qu'en 1987 les partenaires contractuels et des

experts invités se sont rencontris dans 26 groupes d'études afin de

concerter leurs plans de recherche et de stimuler la coopération. Trente

ateliers et séminaires ont étl organisis, afin de discuter des problémes et
des recherches nécessaires concernant des thémes clés tels que les effets i
court et & long terme aprés irradiation, la sensibilité aux radiations de

1'organisme en voie de développement, la dosimétrie : les mesures et leur

interpictation, les effets des irradiations 3 faibles doses, les modiéles de
transfert de 1la vradioactivité dans 1l'environnement, 1'irradiation

naturelle, 1'évaluation des cousdquences d'accidents nucléaires, les

interventions en cas de contamination i1adioactive des denries alimentaires

et 1'information du public (voir chapitre IV).

La publication de «ccmptes rendus et de wmoncgraphies contribue

considirablement 7 agrandir le cercle des chercheurs touchés par ces

actions (voir chapitre V).

Le désir d'€largir la coopération avec des pays en dehors de la Communauté

europienne a conduit & la signature d'une déclaration d'intentions avec

1'Atomic Energy of Carada Ltd diéfinissant des objectifs communs dans

certains secteurs de 1recherche en radioprotection et visant une

coordination dea travaux nfcessaires pour atteindre ces objectifs. De plus,
la coopération d¥#jd entamfe avec le Department of Energy des Etats-Unis

d'Amérique a été Internsifide.

S, FINZI W. HUNTER
Directeur Directeur a.i.
Reccherche Sécurité Nuclfaire Santi et Sécurité
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor Contract no..  B16-A-001-F

Association pour le Dlveloppement
de la Physique Atomique, ADPA
118, route de Marbonne

F-31062 Toulouse C3dex

Head(s) of research team(s) [name(s) and address(es)]:

Prof. D. Blanc Dr. M. Terrissol

Centre de Physique Atomique Centre de Physique Atomique
Université Paul Sabatier Universiti Paul Sabatier
118, route de Narbonne 118, route de Narbonne
F-31062 Toulouse Cidex F-31062 Toulouse Cidex

Telephone number: 61-53.08.18
Title of the research contract:

Theoretical support to calibration of neutron area monitors in
radlation protection.

List of projects:

1. Theoretical support to calibration of neutron area monitors in
radiation protectioun.
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Title of the project no.:

Determination of photon and neutron fluence spectra around the
Cadarache accelerator.

Head(s) of project:

Mrs C. CAZES-FRAGNAC and M. TERRISSOL

Scientific staff:

Mrs CAZES-FRAGNAC, MM. O. BAUDEL, D. BLANC

I.  Objectives of the project:

L'ensemble du travail a pour but d'apporter un support
théorique aux travaux conduits par le CEA dans le domaine de la
radioprotection en ambiance neutronique. La finalité étant la réa-
lisation d'un programme de simulation sur ordinateur du transport
des neutrons et des photons reproduisant fidélement les conditions
réelles et permettant de faire varier de nombreux paramétres.

II. Objectives for the reporting period:

Adaptation a la configuration géométrique du site de
Cadarache. Comparaison code Monte-Carlo, mesures autour de
I'accélérateur.

- 18 -



Progress achieved:

Les programmes de calcul que nous mettons au point pour le
transport des neutrons permettent de calculer la fluence particulaire
Qi en neutrons dans le détecteur pour chaque tranche d'énergie et
par neutron source (voir dernier rapport 1986). Ceci nous permet
d'évaluer le Kerma dans le modérateur

n
K=1I ¢k
. i
i=1
ol n est le nombre de tranches d'énergie prises en considération et K,

le facteur de conversion fluence-kerma.

En comparant les résultats obtenus par le code de calcul et les
mesures effectuées a l'aide de chambres d'ionisations et de compteur
Ceiger a Cadarache, nous avons constaté une sous-estimation d'un
facteur 2 par le calcul. Ceci nous a amené a prendre en considération
d'une maniére plus précise les formes du convertisseur d'uranium vers
les rétrodiffusés et ainsi tenir compte de I'émission 4 1 et des bou-
cliers de fer. De méme, le calcul et l'expérience ont montré que l'on
pouvait négliger l'air entre le bouclier de fer et le modérateur, ainsi
que le chariot de fer ; ce qui a permis un gain de temps de calcul
non négligeable.

Nous pouvons voir sur la figure, la comparaison des résultats
expérimentaux et du code de calcul aprés ces modifications. En ordon-
nées est porté E.¢ (E)/A E ol ¢ (E) est la fluence particulaire dans le
modérateur par neutron source d'énergie moyenne E dans une tranche
d'énergie de largeur AE. Le spectre expérimental est toujours supérieur
au spectre obtenu par le calcul, mais I'allure et les pics sont conservés.
Avec ces corrections le Kerma (calculé @ 50 cm) est

17.10° 17Gray/neutron par le code Monte-Carlo

26.10° ' Gray/neutron par mesure expérimentale

le facteur est passé de 2 & 1,5 et nous nous efforcons de rechercher
et de remédier 3 cette différence.

.19 -
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IV. Objectives for the next reporting period:

Adaptation compléte de la simulation aux conditions expérimen-

tales en vue de mettre au point |'étalonnage d'appareils de radiopro-
tection.

Comparaison simulation-mesures.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Service d'Instrumentation et de Dosimétrie en Radioprotection
Dr G. PORTAL

CEA/CEN/FAR 92265 FONTENAY AUX ROSES

Dr BUXEROLLE

CEA/DPT

Centre 'Etudes de Cadarache, B.P. N° 1
13115 SAINT PAUL LES DURANCE

VI. Publications:
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RADIATION PROTECTION PROGRAMME

Progress Report
1¢67

Contractor: Contract no.: BI6-A-180-F
Centre de Physique ntcrique

Université Paul Sabatier

118, route de harboune

F-21062 Toulouse Cidex

Head(s) of research team(s) [name(s) and address(es)].

rrof. D. Blanc Dr. M. Terrissol

Certre de Physique Atomicue Centre de lthysique Atomique
Universit® Paul Sabrtier Universits Paul Sabatier
118, route de Narborne 118, rcute de Narberne
F-310¢2 Toulouse C'dex F-21062 Toulouse (/dex

Telephone number
Title of the research contract:

Simulation of low-energy electron transpert as a function of time.
Application to mucrodosimetry and radioblology.

List of projects.

1. Simulatlion ovf lcw-enerpy electron trarsyort as a function of
time. Arplication to microdestuetry ana r1adtiobloleps.
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Title of the prcject no:

Electron transport calculations, considering interaction transfer ener-
gies and the related radiation species and their temporal development
with application to biophysical models of radiation action.

Head(s) of project:

M. TERRISSOL

Scientific staff:

M. TERRISSOL, A. BEAUCRE, V. CAUDRELIER

. Objectives of the project:

The aim of the research is to obtain spatial and time function
distribution (1016 to 1 second ) of all chemical species involved
within the slowing down of electrons and photons in biological mate-
rial for energies up to 30 keV.

Il Obijectives for the reporting period:

Achievement of the Monte-Carlo type code which solves the equation
of diffusion for the chemical evolution of species created in liquid
water.

.24 -



I1l.  Progress achieved.

We have developped a Monte-Carlo code to simulate the chemical stage
following water radiolysis by low energy electrons. The model tries to
solve the differential system :

_ 2
) Ci /at = Div

Ci - Zj kij Cicj
here the Ci’ the concentrations of species i, are a function of space and
time, Di are the diffusion constants and kij the rate of reaction between

species i and j. In the case of pure irradiated water, we have species

- + - . .
eaq’ H, OH, HZOZ’ Haq’ H2, OH , HZO and about 20 possible reactions bet-
ween them.

Space and time evolution starting at 10_12

to SMOLUCHOWSKY law and DEBYE equation. Among lots of routines, to spare

computer time, for instance, (in order to reach times of about 1 second

second are done according

after irradiation) we have built a program which splits, as many times
as necessary the space distribution of species into "clusters". A cluster
is a group of species able to react during a time step, but unable to

react with any species of any other cluster.

We are able to apply our set of programs to the simulation of species
evolution created by electrons with initial energies ranging from 50 eV
to 10 keV. We have begun to introduce other species, impurities or sca-
vengers and the corresponding set of reactions in our programs and the
first obtained results are promising. For instance we can see on figures
the effect of dissolved oxygen for 100 eV and 1 keV incident electron
in liquid water. Fig. 1-2 represents G values for e;q and OH radical for
various 02 concentrations and 100 eV incident electrons. Fig. 3-4 are for
1 keV incident electron.

For low energy photons, we are able now to simulate their transport
down to about 10 eV with a new set of photoionisation cross-sections and

numerical technics to obtain the differential ones. The achievement of
the photon-electron cascade will be done next year.

.25 -
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IV Objectives for the next reporting period:

Improve the simulation code by comparisons with other experimental
or theoretical works. Perfect the simulation of the thermalization of

subexcitation and solvated electrons. Achieve the photon-electron cascade
code down to about 10 eV in gazes and liquid water.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:

M. TERRISSOL, A. BEAUDRE, V. CAUDRELIER : "Simlulation of spatial tempo-
ral evolution of chemical species created by electrons and photons in

liquid water". Proceedings of the Bth International Congress of Radiation
Research, EDIMBURG July 1987, Taylor & Francis editors, p. 48.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor. Contract no: BT6-A-002-NL

Radiobiological Institute TNO
Division for Health Research
Lange Klelweg, 151

NL-2280 HV Rijswijk

Head(s) of research team(s) [name(s) and address(es)]:

Dr. J.J. Broerse Dr. J. Zoetelief
Radiobiological Institute TNO Radiobiological Institute TNO
Division for Health Research Division for Health Research
Lange Kleiweg, 151 Lange Kleiweg, 151

NL-2280 HV Rijswijk NL-2280 HV Riiswijk

Telephone number; 15-13.69.40
Title of the research contract:

Neutron dosimetry instrumentation for radiation protection and
radiobiology.

List of projects:

l. Neutron dosimetry instrumentation for radiation protection and
radiobiology.
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Title of the project no.: 1:

Neutron dosimetry instrumentation for radiation protection
and radiobiology.

Head(s) of project:  prof.dr. J.J. Broerse and Dr. J. Zoetelief

Scientific staff: Prof.dr. J.J. Broerse, A.C. Ekngels and Dr. J. Zoetelief

. Objectives of the project:

Studies on neutron dosimetry are required for radiation protection as
well as for radiobiological investigations of mechanisms relevant for
risk assessments. In radiation protection dcosimetry there is still a need
for the development of sensitive detectors with a response proportional
to dose equivalent for a wide range of radiation qualities. For the in-
terpretation of biological results obtainedc with various types of radia-
tion, it is essential that dosimetry systems provide information on ra-
diation quality in addition to accurate and precise dose values., The
practical implementation of high-pressure ionization chambers for these
purposes will be investigated.

Il.  Objectives for the reporting period:

From previous studies with thimble type tissue-equivalent (TE) and Al
high-pressure ionization chambers operated at pressures up to about 8 MPa
with several filling gases, it was concluded that initial recombination
increases with increasing radiation quality and that the relative reading
(reading with reference to atmospheric pressure) can be increased. The
studies for 2.l MeV neutrons are aimed at developing a sensitive system
for determination of total dose (equivalent) and photon dose for a large
energy range and at obtaining information on cavity size effects and
initial recombination as a function of neutron energy.
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1. Progress achieved.

For 2.1 MeV neutrons, produced by the p(2.9)+T reaction, the relative
readings (defined as the Ilonization chamber reading at pressure p and a
collecting potential of 60U V relative to that at 0.1 MPa and 600 V) as a
function of the pressure of various gases are shown in Figures 1 and 2
tor the TL and Al chambers, respectively. For CH, in the TE chamber and
CH,, TE-CH, and C h, 1n the Al chamber at lower pressures the increase in
the relative reading 1s more rapidly than proportional with the pressure.
For CH, and 1k~CH, gas an increase in the relative reading is observed up
to a maximum followed by 4 decrease. A similar observation is most likely
valid for C HA when the measurements are extended to higher pressures.
The maxima ébserved in the relative reading with the different chambers
differ in value and are reached at different pressures for CH, and
TE-CH,. For Ar a continuous increase of the relative reading with pres-
sure Is found.

An incredse of the gas pressure results in an increase of the mass
ot the gas in the chamber. As a first consequence, the ionization due to
charged particles created in the wall increases with pressure, but se-
condly, also the amount ot secondary charged particies produced in the
gas increases with pressure. Consequently, an increase more rapidly than
proportional to the pressure is to be expected when the contribution to
the ilonization from charged particles produced in the gas is significant
and lon recombination is not too large. Among the investigated gases con-
taining hydrugen, the probabllity for interaction with 2.1 MeV neutrons

is largest and ion recombination is lowest for (H,. Consequently, the
largest incredse of the relative reading with pressure 1s observed for
CH,. The more rapid incrcase observed for the Al chamber is expected

since Al has a smaller cross section for 2.1 MeV neutrons.

A comparison of the relative readings of the TE and Al high-pressure
chamber with CH, for 0.9 and 2.1 MeV neutrons shows that the maximum re-
lative readings increase with increasing neutron energy (Al chamber: 30
and 110; TE chamber: 16 and 25 ror 0.9 and 2.1 MeV neutrons, respective-
ly). The pressures at which the maxima are reached, increase with neutron
energy (2 MPa and 4 MPa for 0.9Y and 2.1 MeV neutrons, respectively) and
the ratio ot the maximum relative readings with the Al and TE chamber
increases with neutron energy (about 1.9 and 4.4 for 0.9 and 2.1 MeV neu-
trons, respectively). The recombination parameter R(500V)/100V) at about
I MPa of 1.42 for 2.1 MeV neutrons is smaller than the corresponding
value of 1.49 10or 0.9 MeV neutrons.

Assuming that the reading at 0.1 MPa in the Al chamber is completely
due to secondary charged particles created in the gas, it 1is estimated
for the TL chamber with CH, gas that at 1 bar the contributions to the
total ionization of secondé}y charged particles created in the wall are
about 0,47 and 0.77 for 0.9 and 2.1 MeV neutrons, respectively.

The dependence of the relative reading with Ar in the TE and Al
chambers for 2.1 MeV neutrons is qualitatively similar to that for 0.9
MeV neutrons, mainly due to photons and can be used to derive the photon
component of the total absorbea dose (1).

Ethene showed for photons a large initial recombination (1). It
might have been expected that the ion recombination for neutrons in
ethene would result in a very small reading, thus providing a neutron
insensitive detector. However, the readings for 2.1 MeV neutrons with
ethene up to about 1.5 MPa indicated a cousiderabie neutron seusitivity.
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Conclusions

The use of methane in the TE high-pressure chamber appears to pro-
vide the most suitable detector among the investigated gas-chamber
combinations for total dose determination in neutron photon fields
for neutron energies from 0.9 to 15 MeV.

The pressure dependence of the relative reading of the TE and Al
chamber filled with CH, can be used to assess neutron energy and
cavity size effects.

Ion recombination in CH, can be used to assess neutron energy.

The use of Ar in the Al high-pressure chamber seems most suitable to
determine the foton dose, as an alternative method to GM-counters.

Reference

Zoetelief, J., Engels, A.C., Bouts, C.J., Broerse, J.J. and Hennen, L.A.

In: Proc. Fifth Symp. on Neutron Dosimetry. Commission of the Euro-
pean Communities, EUR-9762, Vol. II. pp. 705-715 (1985).
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tion of the pressure of various gases for 2.1 MeV neutrons.
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IV. Objectives for the next reporting period-

The experimental studies with the TE and Al high pressure ionization
chambers employing CH Ar, TE-gas and C,H, will be extended to neutron
energies of 0.5 and 5 MeV. For these gasés, the analysis of the pressure
dependence »f the reading, of ion recombination and of cavity size ef-
fects will be continued. The intormation on cavity size effects is of
importance to arrive at the saturation value of the readings at high-
pressures at neutron euergies below 15 MeV studied up to now. Depending
on the results obtained at 0.5 MeV a start will be made to investigate a
practical high-pressure ionization chamber dosimctry system under actual
conditions for radiation protection.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Dr. N. Golnik, Institute of Actomic Energy, Swierk, Poland.
Dr. J.J. Coyne, National Bureau of Standards, Gaithersburg, MD, USA.

V1. Publications:

Zoetelief, J., Golnik, N. and Broerse, J.J. Studies of high pressure
ionziation chambers in neutron and photon tields. Proc.Sixth Symp. on
Neutron Dosimetry (to be published in Radiation Protection Dosimetry).
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RADIATION PROTECTION PROGRAMME

Progress Report
1087

Contractor: Contract no: Ble-A-006-UF

H.H. Wills Physics Latcratory
University ot Bristol

Tyndall Averue

Cb Bristol BS8 ITL

Head(s) of research team(s) [name(s) and address(es)]

Prnl. k.G. Chanmbers Dr. D.I. Henshaw

H.H, Will Tlyslcs Lalcratory H.l. V1iis Phys cs Laboratory
Univergity «f Rristol hiversity of Fristol

Tyndall Avenue Tyidall Aveuue

6B Bristol BS8 111 Cl trictol BEE 1T]

Telephone number:  272-241.61
Title of the research contract

A prograrmme of study to examine the microdistribution of
alpha-emitting radionuclides {in man and the development of fast
neutron spectrouetry and dosimetry.

List of projects

]. The microdietributicen oi alpha-active nuclides in the humen
lung.

2. A study of the uptake and burial of alpha-radionuclides in
human bone.

3. The provisior of facilities tor tlhc assay of occupationally
ripused plutenfum in lvng, liver aud skeleton,
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Title of the project no.: BI6-006-K (2)

The microdistribution of a-active nuclides in the human lung.

Head(s) of project:
Dr D L Henshaw
Professor R G Charbers

Scientific staff:
Dr D L Henshaw

Dr AP Faws

I.  Objectives of the project:

This project extends existing research in this laboratory using quantitative analysis of
(R-39 a-particle autoradiographs. The Tung burden of «-activity fran particulate matter
will be studied for the general population. The activity as a function of such factors as
age and geographical Tocation and smoking history will be studied. Application of the
analysis techniques will enable the abundance of the principal a-active nuclides at each
site and the identity of individual particles with multiple activity to be determined.
The aim will be to use this information to elucidate the deposition, retention and
clearance patterns of different o-emitting particles in association with their physical
size and chemical form In particular, the patterns of retention in both 1ymph nodes and
tracheobronchial wall can te determined enabling proper microdosimetric calculations to be
made.

Il.  Objectives for the reporting period:

The large tissue sample held remains rich in scientific data especially in relation to
particles retained at the visceral pleura. The latter is considered important and the in
depth investigation will continue in 1987.
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[1I. Progress Achieved:

Work has continued on a study of alpha-emitting particles retained at the visceral pleura
This, however, has been limited and the data obtained has not substantially added to the
information given in our last report. Within the funding provided, the largest effort
during 1987 has been concentrated on studying alpha-emitting particles in human bone where
substantial progress in our understanding has been made. A full report on our work in
human bone appears under separate heading.
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IV. Objectives for the next reporting pertod:

For the studies in lung, the funding provided by CEC is limited to technical developnents
only and we expect the research in 1933 to be Timited to this aspect. Our main research
effort will be in human bone as outlined in a separate report.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:
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316-006-K (2)
Title of the project no .

A study of the uptake and burial of alpha-radionuz1ides in human bone,

Head(s) of project:

Or D L Henshaw
Professor R G Chambers

Scientific staff:

Dr D L Henshaw, Nr Alorley and Mr ® H Randle

| Objectives of the project:

In recent years new and sophisticated techniques for low-level a-particle autoradiography
in (R-39 nuclear track detector have been developed in this laboratory. These techniques
allow quantitative analysis of a-anitting particles in hunan tissue, The present study
aiims to use these techniques to fill important gaps in the scientific knowledge by
providing a quantitative description of a-radionuclide uptake in human bone as a function
of age, for the general population expased to natural levels of activity. The work will
include vherever possible parallel detenninations of the a-radionuclide Tevels present in
the liver which should provide new information on the rate of translocation to the
skeleton in man,

Il.  Objectives for the reporting period:

As tissue collected during 19% reaches the minium recanmended storage period of one
year, analysis of the autoradiographs can cammence, [t is expected that the year will be
daninated by routine analysis of the sample set. It is hoped that by the end of 1987 a
cross section of data on alpha-activity levels in autopsy bore from natural background
sources will emorge, Nne particular aim will be to set Timits to the presence in bone of
natural ly occurring a-radionuc] ides,
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111, Progress achieved:

Methodology. During 1987 further bore samles were collected. We now have a sizeable
sample set from over 120 cases. The majority of cases comprise samples of rib, vertebra
and skull but the set includes 8 whole famurs and 2 vertebral colums. All of this tissue
has been mounted against C(R-39.

We report below our analysis carried out on a set of bones fram adults and children which
were obtained by the National Radiological Protection Board and came mainly fram residents
in West Cutbria. In addition to our own measuranents the NPB have determined plutonium
levels separately by radiochemical analysis. The breakdown of cases is as fol lows:

Adults Children
Case Age/Sex Residence Case Age Residence
N1 64M Oxfordshire X7 14 Newcastle
N 82F West Cuibria X3A 15 West Cutbria
N3 65F " X883 15 "
N M " X9 9 "

X10 <1 !

X11  Sstill Bom "

X12 4 "

The methods of analysis using CR-39 autoradiographs have been described in our previous
report and are the subject of a recent publication (see publication). It is important to
note that the tissue is mounted wet and unfixed. This is to avoid the possibility of
contamination at the Tow levels of activity present.

Results. During the year significant progress has been made in our understanding of
alpha-emitters in bone at natural levels of exposure. One important feature is that the
activity is dominated by 210pg, (There is a marked lack of point double and triple decays
characteristic of the decay of “““Rn produced fram the decay of 226pa and fram which the
activity of the latter in bone is calculated,) In our previous report we had difficulty
in interpretting the a-autoradiographs because we persistantly saw activity not only in
bone but also in the surrounding tissue and blood. An example is illustrated in fig. 1
taken fran the vertebra of case Nl. This is the same example as was shown in last year's
report. In contrast we have recently published an autoradiograph of a rib section, fiq.
2, which was freeze dried in a laboratory that handles plutonium. The examle is shown to
i1lustrate that the technique is well capable of producing well defined autoradiographs at
Tow-Tevels of exposure and therefore that the effect in wet tissue is real.

During the year our attention was drawn to recent unpublished data showing a-
autoradiographs of rat femur after administration of 210pg, These show similar behaviour
to that illustrated in fig. 1. As a result of this animal investigation, it is now clear
that our own results do indeed show a true picture of the distribution of a-activity in
human bone at natural levels of exposure. In particular, it appears that 210pg cannot be
described either as a bone volume or a bone surface seeking a-radionuclide. It appears to
have no special affinity for bone and as such is present everywhere throughout bone and
neighbouring tissue and blood and crucially in the marrow, including the red marrow. This
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3. Dose Values

1y.y L usv.y ™t
Adult's Bones Total {Mainly <o) 4 386
Childrens's Bones Total (“ainly Z10p0) 10.4 208
Black Report(?)  2L0p, 0.3 5.5
a 0.65 13
2% (High LFT) 1.45 2
Total High LET 2.3 475

Note that in this table dose values for 228Ra have not been calculated. Final plastic
calibration for ZZGRa and conversion to marrow dose is still in progress but since the
activity in bone is clearly daminated by ?'mPo, the total dose values to red marrow quoted
will not change significantly.

Discussion

The direct measurement of alpha-particle activity in red marrow has shown that e-radiation
contributes significantly to the total radiation dose received, This is daminated by 210p,
with 204 having a much smal ler contribution to the red marrow dose at natural levels.
Furthennore the dose marrow dose fran plutonium in these non-occupationally exposed cases
represents an extremely small camponent of the total o-dose. The Tow LET dose to red
imarrow has been calculated as 1 rrSv‘y‘1 (see ref 2). Our present measurements show that
in the samples analysed, the high LET dose in adults is 289 rrSvgy’1 and in children 020
mSv.y'l. Further work is in progress to obtain better statistics in children as a
function of age.
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IV Objectives for the next reporting period

The year will be daninated hy further studies of a-activity in human bone and red marrow.
In particular the aim will be to neasure the o-doses in the red marrow of children as a
function of age. At the same time studies will continue in the current tissue under

storage, Here detailed investigations will be made in whole fawr and the vetebral
colum,

V  Other research group(s) collaborating actively on this project [name(s) and
address(es)]

VI  Publications.

hitzialokou 1., Henshaw N, L. and Faws A 2, "Automated Image Analysis of Alpha-particle
Autor Wiographs Of 'hinan Pone” Mucl Instr Meths A263, 504-514 (1938)
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B16-006-K (3)
Title of the project no.:

The provision of facilities for the assay of occupationally exposed plutonium in lung,
1iver and the skeleton

Head(s) of project:
Or D L Henshaw
Professor J E Enderby

Scientific staff:

Dr D L Henshaw

|.  Objectives of the project:

Much of this work will involve the analyis of a-activity by CR-39 autoradiography in
autopsy samles for 1itigation purposes. Therefore, the measuranents obtained will not in
general be available for publication

The dbjective of the project, vis-a-vis the CEC funding provided, is to construct new
laboratory facilities and in due course gain approval by the Health and Safety Executive
{'K) for this work, The analyses should use techniques proven in the related research at
Bristol on uptake of a-radionuclides by man,

Il.  Obijectives for the reporting period:

The objective was to analysce such cases as became available through the National
Radiological Protection Board (UK) vhere existing collaboration exists. Work should
comnence on a purpose-built lahoratory in the Physics Departient at Bristol University.
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[11 Progress achieved

[t is not been possible to do meaningful work on this project during 1937, since no
Titigation cases becane available for analysis. We have, however, analysed a set of bone
saples fran adults and children fram natural packground cases where we have used 7R-39 to
Took at total a-activity and NRPB have measured plutoniun levels using radiachemical
analysis. These results are the subject to a separate report.

The Tack of litigation cases for analysis and lack of adequate funding have camined to to
make the contruction of purpose-built facilities in the Bristol Laboratory unfeasible at
the moment.

The CFC funding provided for 1337 has instead been used principally on our studies in
human bone for which a full report has been nade.
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IV. Objectives for the next reporting period:

Notwithstanding the lack of tissue samles available in 1937, the analysis of any samples
that becare available in 1938 can proceed. If adequate funding becames available,
proposals will be drawn up for new 1aboratory facilities for this work.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

(1) National Radiological Protestion Poard, Harwell (K,

V1. Publications:
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6~A-0C4-1

Com.Naz.per la Ricerca e per lo
Sviluppc dell'Energia Nucleare e
delle Energie Alternctive, ENEA
Viale Regina Margheritu, 1.5
I-00198 Roma

Head(s) of research team(s) [name(s) and address(es)]:

Prof. M. Coppola

Div.Fislica e Sclenze Biored.
ENEA, CRE Casaccia

Casella Postale 2400
I-00100 Roma

Telephone number;  6-10.48.39.064
Title of the research contract

Study of radiobiological effects at low doses.

List of projects:
l. Sftudy of radiobiologicsl effects at lcw doses.
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Title of the pioject no.:

Study of radiobiological effects at low loses.

Head(s) of project:

Dr. Vincenzo Covelli

Scientific staff:

Prof. M. Coppola, Dr. V. Di Majo, Dr. S. Rebessi, Dr. G. Bertoncello

. Objectives of the project:

Study of the biological effectiveness of low doses of different radiation
qualities for various modes of irradiation and suitable endpoints (life-
shortening and tumor induction) in experimental animals.

A. Analysis of results obtained from large experimental series on mouse
populations whole-bedy irradiated with low doses of neutrons and X rays
(single and fractionated), for the study of dose-effect relationships for
tumor induction in different organs at risk.

B. Study of in vivo risk of transformation per cell by an experimental model
system based on transplant of irradiated cell suspensions into syngeneic

hosts. Results to be compared with data for irradiated intact animals.

II. Obijectives for the reporting period:

Analysis of data of tumor induction in mice irradiated with low doses of
neutrons and X rays.

Initiation of the follow-up of mice irradiated with fractionated doses of
fission neutrons.

Additional consideration of the risk of neoplastic transformation per cell in

epithelial tissues.

- 48 -



1l Progress achieved:

The main activity in 1987 was direcic ! 10 the conunuwation of in vivo studies
of the dose-response relationships for laie somatic effects induced by either
sparsely or densely ionizing radiation in mice. In particular, the attention
was focused upon tumor induction and life-span shortening in female mice
at low doses of fast neutrons and X rays. These studies were fostered by
previous experimental observations, indicating a significant excess risk of
solid tumors in male mice at fission neutron doses around 0.1 Gy, while X-
ray doses below 3 Gy appeared to be little effective in respect to this
endpoint.

Complete observation of survival and late pathology was carried out on over
2000 BC3F; female mice, which had been irradiated with single doses of
either 1.5 MeV neutrons, produced by a Van de Graaff accelerator (0.5 to 16
cGy), or 250 kVp X rays (HVL=1.5 mm Cu) (4 to 256 cGy), and followed until
spontaneous death.

Data of mean survival time appear to be consistent with a linear decrease
with the dose, without threshold, for both fast neutrons and X rays,
although the effect was too small to be significant at the lower doses, i.e.,
below 8 cGy and 64 cGy, respectively. The ratio of the fitted linear slopes
was 12.3 £ 1.8.

Mortality rates for specific causes of death were examined using a Weibull-
type time dependence, and the relative risks at the various doses were
calculated accordingly. This calculation indicated that the risk of death
with ovarian tumors is already appreciably increased below 0.1 Gy for both
ncutrons and X rays. For other solid tumors the minimum doses of this
experiment producing a significant increase of the risk are 8 cGy and 64
cGy, respectively.

These findings were consistent with the analysis of the final tumor age-
adjusted incidence (Fig. 1), which showed that for ovarian tumors the dose-
response curve presents a steep rise starting between 5 and 10 ¢Gy for both
neutrons and X rays. For other solid tumors, the incidence was significantly
increased above that in the control, starting from the doses of 8 ¢Gy and 128
¢Gy, respectively. This was also confirmed by the results of a statistical
analysis, testing the existence of a positive trend of tumor incidence with
the dose.

Research  activity in 1987 also comprised the continuation of the

experimental in vivo study of the carcinogenic effect of fractionated doses
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of fission-neutrons and X rays, in particular the follow-up of the animals
irradiated during
The

transformation of epithelial cells have been discussed and the feasibility of

the previous year.

results of experiments aimed at studying the risk of neoplastic

new experimental series has been contemplated.
Further experimental work was also carried out during this year to study

the dependence on the damaging agent (radiation and/or chemicals) of the

relative yield of different types of chromosomal aberrations in human
lymphocytes.
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Fig. 1. Percentage incidences of solid tumors induced in mice by X rays (A)

and fast neutrons (C). Plots B and D are for ovarian tumor induction after X-
and neutron

ray

irradiation,

respectively.
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IV Objectives for the next reporting pernod.

Analysis of data of tumor induction in mice irradiated with low doses of
neutrons and X rays.

Continuation of the follow-up of mice irradiated with fractionated doses of
fission neutrons and X rays.

Further investigations on the risk of neoplastic transformation per cell in

epithelial tissues.

V  Other research group(s) collaborating actively on this project [name(s) and
address(es)]

VI  Publications:

1) Di Majo, V., Coppola, M., Rebessi, S., Bassani, B., Alati, T., Saran, A,
Bangrazi, C. , Covelli, V. Radiation hepatocyte survival and liver tumor
induction in the mouse. Int. J. Radiat. Biol. 51, 749, 1987.

2) Coppola, M., Bertoncello, G. Neutron RBE at low doses: micronuclei
formation in the murine eye-lens epithelium. Int. J. Radiat. Biol. 51,
914-915, 1987.

3) Di Majo, V., Coppola, M., Rebessi, S., Saran, A., Alati, T., Covelli, V.
Radiation epithelial cell survival and twumor induction in the mouse. In:
Proceedings of the 8th  International Congress of Radiation Research,
Edinburg (Fielden, EM., Fowler, J.F,, Hendry, J.I{., Scott, D., eds.), vol. 1,
p. 193, Taylor & Francis, 1987.

4) Covelli, V., Coppola, M., Di Majo, V., Bassani, B., Rebessi, S. Dose-response
curves for carcinogenesis at low doses of neutrons. In: Proceedings of
the 8th [International Congress of Radiation Research, Edinburg
(Ficlden, E.M., Fowler, J.F., Hendry, J.H., Scou, D., eds.), vol. 1, p. 208,
Taylor & Francis, 1987.

5) Covelli, V., Coppola, M., Di Majo, V., Rebessi, S., Bassani, B. Relazione
dose-effetto per l'induzione di tumori dell'ovaio del topo alle basse dosi.
In: Abstracts of 1V Convegno Nazionale SIRR, S. Teresa, Lerici, p. 29,
1987. '
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6)

7)

8)

9)

10)

Di Majo, V., Coppola, M., Rebessi, S., Covelli, V. Efficacia biologica
relativa per effeui somatici tardivi nel topo. In: Abstracts of IV
Convegno Nazionale SIRR, S. Teresa, Lerici, p. 30, 1987.

Covelli, V., Coppola, M., Di Majo, V. Rischio di trasformazione
neoplastica a livello cellulare. In: Radiazioni e Tumori, Atti VIII
Congresso Nazionale AIRM, Ischia, 1987 (in press).

Coppola, M., Covelli, V., Di Majo, V., Rebessi, S. Study of dose-response
relationships for late somatic effects of low neutron doses. Proceedings
of the 6th Symposium on Neutron Dosimetry. Radiation Protection
Dosimetry (in press).

Covelli, V., Coppola, M., Di Majo, V., Rebessi, S., Bassani, B. Tumor
induction and life shortening in BC3F| female mice at low doses of fast

neutrons and X rays. Radiat. Res. (in press).

Coppola, M. Aspetti radiobiologici rilevanti ai fini della radioprotezio-
ne. Sicurezza e Protezione, ENEA/DISP (in press).
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BL6-A-193-1

Istituto Nazicnale di
Fisica Nucleare

Sede Centrale INFN
Casella Postale 56
I-00044 Frascatl / Roma

Head(s) of research team(s) [name(s) and address(es)]:

Prof. P. Dalpilaz Dr. P. Colautti
Laboratori Nazicrali dell’ Laboratori Nazionali dell’
INFN di Legnaro INFN di Legnaro

Via Romea 4 Via Romea 4

1-35020 Leguaro (Padova) 1-35020 Legnaro (Padova)

Telephone number:  049/641.200
Title of the research contract:

Stochastic variables 1in the erergy deposit and their meaning in
the hazard of neutrons.

List of projects:

1. Stochastic variables in the energ» deposit and their meaning in
the hazard of neutrons.



Title of the project no.: BI6-A-193-I

STOCHASTIC VARIABLES IN THE ENERGY DEPOSIT AND THEIR MEANING IN THE
HAZARD OF NEUTRONS

Head(s) of project; DR. P. COLAUTTI

Scientific staff: P. COLAUTTI
G. TALPO
G. TORNIELLI

I.  Objectives of the project:

The project concerns with the study of the stochastic variable "y
(lineal energy) at simulated diameters less than ! um.

Objective of the project is to investigate the possibility to manu-
facture a spherical tissue-equivalent proportional counter able to work
properly at pressures as low as possible in order to simulate tissue

diameters less than 1 um.

Il. Obijectives for the reporting period:

The proportional counter had to be manufactured and the anode and
grid characteristics optimized in order to reach the best performances

at low pressure.



il Progress achieved:

Because of the severe delay in the signature of the contract (the
Istituto Nazionale di Fisica Nucleare has signed only in the autunm of
1987) the experimental work in the last year could not be developed fol-
lowing the objectives of the project. Nevertheless the work to provide
the Legnaro Laboratories of a facility to produce collimated neutron
beams has been carried on. Reproducible and dose-calibrated neutron beams
are necessary to study the quality changes when different simulated dia-
meter are used.
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IV. Objectives for the next reporting period:

An effort will be done in order to recover the delay. In particular
the experimental work will be devoted to the study of the working charac-
teristics of a TEPC, with and without field-grid, at simulated diameter
less than 1 um.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Dr. H. SCHRAUBE and Dr. G. LEUTHOLD
Institut fur Strahlenschutz FSF - Minchen - FRG

Dr. D.E. WATT
Physics Department of the St. Andrews University - U.K.

VI. Publications:

P. Colautti, G. Talpo, G. Tornielli

"Fasci collimati di neutroni presso i Laboratori Nazionali di Legnaro"
IV Convegno Nazionale della Societa Italiana per le ricerche sulle
radiazioni (SIRR)

S. Teresa, Lerici 13-16 settembre 1987,

P. Colautti, G. Talpo, G. Tornielli

"A Facility to Produce Collimated Neutron Beams at the Legnaro
Laboratories"

Proceedings of the IV Symposium of Neutron Dosimetry, Neuherberg,
October 12-16, 1987.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor Contract no - BI6-A-]192-}
Université de Lincges

Allie André laurcis

F-67060 Linoges (Cifdex

Head(s) of research team(s) [name(s) and address(es)]:

Fr. J.l.. Decossas Dr. J.C. Vareiile
L.E.P.O.F.I. L.E.P.O.F.I.

123, rue Albert Thomas 123, rue Albert Thomas
F-87060 L.imopes C{dex F-67060 Limoges C{dex

Telephone number;  55.45.74.51/55
Title of the research contract.

Study and realizetion of

a
doseneter.,

I'igh perfoirence personal neutron

List of projects.

1. Study and

realizaticn of a high pecrformance personal neutron
doscmeter.
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Title ot the projectno.: B 16 - A - 192 - F

Study and realization of a high performance personal neutron dosemeter

Head(s) of project:

Dr. J.L. DECOSSAS
Dr. J.C. VAREILLE

Scientific staff:
Dr. DECOSSAS, MAKOVICKA, VAREILLE

Objectives of the project:

Calculation of dosemeter responses for neutrons, realization of a compo-
site radiator detector system based on CR 39 and experimental test of the
developed dosemeter.

Objectives for the reporting period:
Etude de la contribution des atomes lourds de recul (C et 0 dans notre
cas) & la réponse du dosimétre.
Premiéres vérifications expérimentales du systéme (CH )n-CR 39 con-
cu d'aprés les calculs rapportées dans la nériode 1986 gt les résultats

précédents sur la contribution C et O.

. . . . 10 . .
Premiers essais d'implantation de "B pour obtenir un convertisseur aux
neutrons thermiques de sensibilité voisine de celle des neutrons rapides.
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Par exemple, a 1 MeY. le calcul donne Nyq = 756 lraces cm ™2 alors que I'exper ience condutt 3 Ng =

780 traces cm™2 ; rappelons que s1 les C et O n'etaient pas pris en compte, le calcul ne donnerait
que di = 300.

* En utihsant la méthods différentislle on compare 1'efficacité effective Ee (traces mSv™ !

cm™2) calculée par le programme exposé dans le précédent rapport et les résultats expérimentaux
obtenus dans le cadre des irradiations communes du CENDOS, groupe n° 5, et a Fontenay -aux-Roses
(3, 4 MeV) (figure n® 2) A noter que les mesures sont faites avec un CR 39 de pravenance
PERSHORE et un autre détecteur du méme type, appelé CAD, fourm par 1a Société ESSILOR. On note
I'excellente concordance entre ces deux détecteurs (figure n® 2).
* Les ions 108 implantés dans le convertisseur ont des énergies faibles (S0 keY ou 80 key)

de Tagon que 1a profondeur d'implantation exclut une absorption des a emis dans le radiateur Dans
ces conditions, on obtient une efficacité effective qui augmente avec la densité d'implantation (figure

n° 3). Trecka cm ‘msv '

- 14 d
N c }» 1000
°,'~ ot M s :
e vo7 T THTE
- 0.5 If L
'» b ~d 500
: T} N | {
8 T l
(=4 no ', ; r 100 4,‘ ‘T . _
0.1.10 10" 2.0
Neutron energy, F‘n (MeV) . Boron Implentation Denaily { atoms cm ° )
Fig 2 - Efficacité effective --- théorie Fig 3 Efficacité dosimétrique avec
oCAD - OCR 39 radiateur implanté: O * 0 (CHp) /4 métal

3 - _Discussion

On note que la contribution des ions C et O est importante dans la réponse d'un systéme
dosimétrique. Bien sir on a représenté le cas du CR 39 seul, mais lorsque un convertisseur existe le
probléme se pose encore de fagon non négligeable. Ainsi avec le convertisseur de polyéthyléne
optimisé (cf. C.R. activité 1986) d'éparsseur e = 35 pm, la contribution des C et O est de I'ordre de
45 % de 13 reponse totale a des energies de 2,8 MeV ou 3,4 MeY. De plus, dans le cas de
convertisseur plus épais (équilibre protonigue) aux mémes énergies, la réponse en C et O demeure
20 ® de celle correspondant aux protons enregistrés issus du radiateur. Si on souhaite relier les
calculs 3 1'expérience, cette contribution compligque le travail et on 8 intérét & utiliser la méthode
différentielle.

Pour ce qui concerne la réponse aux neutrons thermiques, I'implantation voisine de 2 1019
atomes de Bore cm™ 4, conduit a une valeur de £, semblable a celle obtenue aux neutrons rapides. Cela

est encourageant pour aborder le test complet du dosimétre aux neutrons thermiques - rapides..
L'implantation dans des feuilles metalliques sera aussi utilisée. Bien sir le comportement de la
reponse en fonction de la densité d'implantation mérite de nouvelles investigations
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IV Objectives for the next reporting period:

La phase de test systématique qui peut ouvrir la voie & la faisabilité du
dispositif nécessite impérativement un systéme de dépouillement automa-
tioue. L'appareillaae livré en décembre 1987 sera donc testé et calibré
avant d'aborder toute série de mesures. La fiabilité du dosimétre impliaue
eqalement de maitriser le bruit de fond que nous allons étudier de Fagon
systématique dans le CR 39 et le CAD.
Ce travail préparatoire devrait permettre d'aborder les irradiations com-
munes du CENDOS dans le but de tester le dosimétre ((CHZ)n dopé (R 39 ou*
f - CAD
(Fe dopé (CHZ)n
dans la structure différentielle.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

- Irradiations en neutrons dans le cadre du CENDOS-EURADOS (n°® 5)
- Colleboration avec le SIDR - CEA - Fortenay-aux Roses.

V1. Publications:

1 -
L. MAKOVICKA, J.L. DECOSSAS and J.C. VAREILLE

Experimental study of the dosimetric efficiency of a radiator-CR 39 fast
neutron dosemeter
Rad. Prot. Dos., 20, 1/2, 63-66, 1987.

L. MAKOVICKA, B. BARELAUD, J.L. DECOSSAS and J.C. VAREILLE
Detection of the thermal neutrons by CR 39 using a boron implanted
cgnvecter"

6N Symposium on Neutron Dosimetry

Neuherberqg - R.F.A. - October 12-16, 1987.

2 -

L. MAKOVICKA, Thése d'état n° 17-87, Limoges, 1987
"Contribution & la dosimetrie neutron gamma

Etude d'un ensemble radiateur-détecteur type CR 39".
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor

Contract no.: BI1€E-A-005-F
Cormissariat & 1'Fnergie

Atomique, CEA

CFN de Gremnoble
85 X

1'-38041 Greroble Cédex

Head(s) of research team(s) [name(s) and address(es)]:
Mme S. Descoulrs

Serv.de Frot.contre les Rayoun.
CFA, CFN de Grenoble

85 A

}-38041 Grenoble Cidex

Telephone number: 7€-£8.44.00
Title of the research contract:
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Title of the project

Study on a transfer doscmeter for the determination of dose in tissue close to
beta radiation sources.

Head of project

Y. Herbaut

Scientific staff

J.B Leroux, A. Marchetto, M. Delahaie, P. Jaubert.

[ - Objectives of the project

Evaluation of the uncertainties in beta absorbed doses measured with
currently used extremity dosemeters.

. Use of an extrapolation chamber as a reference detector, and TSEE or ultra
thin TL dosemeters as transfer instruments.

IT - Objectives of the reporting period

The reference detector, in a beta irradiation field calibrated by PTB consists
of an EICI-FWT extrapolation chamber, connected to a Keithley electrometer
and an on line APPLE II computer. This study starts again after a temporary
break - Simultancously, we have brought into operation the detecting system
for thermally stimulated exoelectron emission and a beta irradiation facility
for sources calibrated by LMRI (France).

IIT - Progress archieved

Extrapolation chambers

Two ionisation chambers, type FWT-EIC1, were used. Their entrance window is
a graphite coated mylar foil, 0,83 mg.cm~2 thick, or a 7 mg.cm 2 A 150 TE
material absorber. The cavity of the chamber can be filled with air or methane
based tissue equivalent gaz (GET) in circulation.

They are connected to a Keithley electrometer (model 642 with a measuring
limit of 1077 A) and an on line APPLE II computer carrying out the data
acquisition and the data processing. These chambers, in electronic equilibrium
conditions, were irradiated in ¢°Co beams so as to compute the arcas of the
collecting volume with a relative uncertainty of 2 %.

This determination has been th2n confirmed in a (Sr + Y)®° irradiation becam

of a Biichler facility calibrated by PTB, at three source-detector distances :
11 c¢m, 30 cm, 50 cm.
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For the same detector, and for the °°(Sr + Y) source, experiments done with
air and with GET piovide the product Sig | W

-Stg is the ratio of average mass collision stopping powers, in the
case of the beta spectrum, for tissue and TE gas.

.Wg is the average energy required to produce an ion pair by beta
rays in the gas.

Stg wWgre = 28,41 + 2 % I/C
If we choose Wgre = 29,2 + 2% J/C %

Then Stg = 0,973 ¢ 2,9 %
Experiments have been carried out for the °°(Sr + Y) radionuclide, with a
cavity chamber having an entrance window made of graphite coated mylar
(0,83 mg.cm~? thick) or A 150 TE plastic (7 mg.cm~2 thick) - Their ratio gives
the corresponding transmission factor T :

T=1036: 1,8 %

An intercomparison for 294Tl, organised by LARI is actually in progress.

717 ICRU : report 31 (1979)

Exoelectron emission for dosimetry

For the readout of TSEE dosemeters, caracteristics of two monopoint counters
have been studied. The parameters, which have been varied, were : high
voltage, gas flow rate, amplification gain, discriminator level.

One of the counters was realized by M. Petel (CEA/FAR, IPSN/DPT), the
other was developed by G. Holzapfel (PTB, Berlin).

Experiments have been run with a 14C source and BeO dosemeters developed
by the Professor A. Scharmann (Giessen).

Figure 2 shows dose response, for 9°(Sr + Y) irradiation.
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Figure 2 - Response versus absorbed dose
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[rradiation faeility

An irradiation facility, for beta sources 42 mm in diameter, calibrated by LMRI
with filters according to ISO 6980 was developed by Fontenay-aux-Roses.

IV - Objectives for the next reporting period
The future research would be split as follows :

Study of dosimetric characteristics, for beta irradiation, of a Lithium
fluoride thermally stimulated exoelectron dosemeter, already realized by the

laboratory, and comparison of the obtained results with those given by an
extrapolation chamber.

. Use of dosemeters developed by other laboratories, especially for extremity
dosiinetry, as transfer detectors (BeO dosemeters, ultra thin TL Vinten disks).
V' - Other resecarch group
M. Petel @ CENLFAR

IPSN/DPT/SIDR

BP 6 -

92260 Fontenay-aux-Roses (France)
V'l - Publications
2 - Lins Galdino Scrgio @ Etude comparée des caractéristiques de compteurs

utilistés en emission exoélectronique thermostimulée (1987) - Rapport de stage
- INT/SPR/87.1251.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI16-A-007-D

Kernforschungsanlage Jiilich GmbH
Postfach 1913
D-5170 Jtilich 1

Head(s) of research team(s) [name(s) and address(es)]:

Prof.Dr. L.E. Felnendepen
Institut fiir Medizin
Kernforschungsanlage Jtlich
Postfach 1913

P-5170 Julich 1

Telephone number ~ 2461-61.64.43
Title of the research contract:

Application of microdosimetric methods to radiation protection.

List of projects:

1. Implementation of a low-pressure proportionral counter for use
as a dlagnostic working area and euvironmental dosemeter of high
sent {tivity and high dynaumic range in LET.

2, Magnitude and meaning of local dese profiles around single
decays of 1incorporated radionuclides in radiation protection.
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Title of the prcject no. : 1

Implementation of a low-pressure proportional counter for use as a diagnostic working
area and enviromental dosemeter of high sensitivity and high dynamic range in LET

Head(s) of project :

J. Booz

Scientific staff :
J.Booz, L.E. Feinendegen, Th. Schmitz

B. Bednarek (Univ. Krakow), K. Morstin (Univ. Krakow)

I. Objectives of the project :
- Adaption of the KFA counter to practical requirements
- Developement of a simple external calibration method for the KFA counter

- Collection of information on dose equivalent distributions of neutron/gamma fields at
working areas with the KFA counter

II. Objectives for the reporting period :

- Participation in the final interpretation of the intercomparison 1986 at the PTB in
Braunschweig

- Investigation on methods to further improve the dose equivalent response of the KFA
counter

- Measurement of dose equivalant in the cold neutron facility at the research reactor of
the KFA Jilich and other working areas

- Participation in the intercomparison 1987 at the PTB in Braunschweig

- 70 -



III. Progress achieved :

A diagnostic working area monitor called the KFA counter, has been designed and
constructed. Its response, optimized to match H (10) for neutrons between thermal and
20 MeV, and its nonlinear amplifying system, in conjunction with a data acquisition
system, enables the measurement of microdosimetric distributions and the evaluation of
absorbed dose, dose equivalent, dose and dose-equivalent rate for neutrons and gammas in
one single reading. Details of the developement and first results of performance tests
together with related references have been specified in the final report BIO-A-288-D,
1980-1984 and in the progress reports BI6-007-D, 1985 and 1986 to the Commission.

Participation in Intercomparisons at the PTB Braunschweig

During an intercomparison measurement at the accelerator facility of the PTB in
Braunschweig in 1986 measurement were performed in monoenergetic neutron beanéso of
5 MeV, 1.2 MeV, 570 keV, 144 keV and 73 keV as well as in the fields of a ““Co
standard source and a heavy water moderated Cf source.

The objectives of a detailed interpretation of the data, which was carried out
during 1987, were to obtain information on the neutron energy dependance of the
detectors, to study the sensitivity of the instruments and to intercompare different designs
and data processing and evaluation procedures. The report of this work is in preparation
and will be published as CEC-report in 1988.

2.0 The results
showed that the
1.6+ / response of the KFA
' counter in terms of

H (10) is near to one
12k / for neutron energies
: above 1 MeV and

decreases to a
minimum of about 0.2

0.8 J at around 100 keV.
The reponse in terms
0.4 - of He” however, for
. anterior posterior

irradiation is closer to
0 one (Figure 1). The
O' [:Lmuui_LumLLuuui_uJiuuLLmuLuuunl_LLuunl_ underestimation around

%] 1 2 3 4 S 3 7 100 keV neutron

19 10 10 10 1@ 10 18 l@ energy will be

En/ev modified to get a slight

Figure | ; Measured (dashed) and calculated (solid) dose ?}:/eresftlrl\auf)n during

cquavalent  response, Hv He . for the KFA counter as a peiiodo owing report
Junction of ncident neutron érergy E". :

The sensitivity of the KFA counter depends on radiation quality as well as on the
counter construction, especially the wall thickness. In Table 1 the relative uncertainties,
i I, with respect to ambient dose equivalent for a 30 s menggrement in the considered
tfields are shown for a dose equivalent rate of 100 uSv h. For °YCo, the dose is deposited
bya great number of events with low lineal energy, y. In the neutron fields, the dose
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equivalent reading is dominated by a smaller Table 1 - Relative uncertainty of
number of high y events so that the standard
deviation s% for these fields is iarger than in
the case of °0Co.

dose-equivalent measure-ments
with the KFA counter

During a second intercomparison at 1
the PTB in Braunschweig (end 1987) Radiation Sy-H™
experiments in monoenergetic ncutron fields %
were performed at the accelerator and reactor
facilities,  using 19.2 MeV, 2.5 MeV,

570 keV, 24 keV and thermal energy 3> MeV 22

neutrons. The results will be evaluated in 73 keV 42

1988. ZDZC"(DZO) 21
6OCo 1.3

Measurements around a Cold Neutron Facility

A new research facility, referred to as ELLA (External Neutron Guidance
Laboratory), came into operation at the DIDO research reactor of the KFA-Jiilich this
year. Cold neutrons of 0.0025 eV are produced in a water target near the reactor core
and are then guided to the experiments.

0.24F An experiment
L d:Z,LIIT) with the KFA-counter

was performed in the
center of the cold
neutron beam, at about
30 cm in distance from
the end of the beam
line. The counter was

018 r

— 012 F placed in a beam
‘>’) L catcher, which contains
O a  high amount of
> i boron. The result of
006+ this experiment is

R shown in Figure 2 -

/ \ solid line - together

r / with a calculation for

OOO T I P .,1\/ - oatl the case  that  the

T rararty FOTTIY R Prm P
_ _ _ q- 2 3 4 counter is irradiated in
10 3 10 2 101 100 10 110 10 10 a pure thermal neutron
. - beam - dashed line.
y/kev pm The calculation was
] normalized so that the
Figure 2 - height of the proton
peak at about

100 keV.um™! is equal to the corresponding peak in the experiment. If it is assumed,
that the calculation models the measurement with the KFA-counter reasonably well, then
it can be deduced from the comparison of the spectra that the dose distribution is indeed
dominated by thermal neutrons. In addition however, there are primary photons in the
beam, which can be seen from the fact that the measured photon dose component is

about 20 % higher than the calculated one.

Measurements at side positions accessible to the staff showed a dose equivalent
contribution of 28 % from neutrons.
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IV.

VI.

Objectives for the next reporting period :

Participation in the interpretation of the intercomparison 1987 at the PTB
Braunschweig

[-urther improvement of the dose-equivalent response of the KFA counter

Collection of information with the KFA counter on dose-equivalent distributions of
neutron gamma fields at simulated realistic radiation protection fields and at working
areas, e.g. at Cadarache and GSI Darmstadt

Other research group(s) collaborating actively on this
project [name(s) and address(es)] :

Members of EURADOS Committee 1 on "Dose equivalent meters based on
microdosimertic techniques”

G. Portal, CEA Fontenay-aux-Roses

Publications :

Ih. Schmitz, Th. Smit, J. Booz and L.E. Feinendegen. Data Processing for Measuring
Dose Fquivalent with a Tissue Equivalent Proportional Counter. 1AEA
Seminar on the Application of Computer Technology to Radiation
Protection, Bled 22.-26. Juni 1987 (in press)

J. Booz and L.E.Feinedegen. Application of Microdosimetry. Radiation Research;
Proceedings of the gth International Congress of Radiation Research,
Vol 2. Taylor and Francis (London), pp. 331-337 (1987)

Th. Schmitz, K. Morstin and J. Booz. Performance of a Dose Equivalent Meter for
Area Monitoring. Sixth Symposium on Neutron Dosimetry, Neuherberg
12.-16. Oktober 1987; Radiat. Prot. Dosim. 1988 (in press)

K. Morstin, A. Dydejczyh and J. Booz. Nuclear Model Calculations for High Energy
Neutron Dosimetry. Sinth Symposium on Neutron Dosimetry, Neuherberg

12.-16. Oktober 1987; Radiat. Prot. Dosim. 1988 (in press)

B. Bednarek, P. Olko and J. Booz. Double Peak Effect in Proportional Counters and

its Interpretation. Nucl. Instr. and Methods 1988 (in press)
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Title of the project no.:

Magnitude and meaning of local dose profiles around single decays of incorporated
radionuclides in radiation protection.

Head(s) of project:

J. Booz

Scientific staff:

J. Booz, L.E. Feinendegen, P. Olko

I.  Objectives of the project:

- Assessment of energy deposition distributions and local dose profiles around
single decays of incorporated radionuclides

- Implications for radiation protection limits of incorporated radionuclides

- Understanding of the underlying radiation mechanisms

I.  Obijectives for the reporting period:

- Evaluation of microdosimetric distributions from 125, and other radiation sources
to model targets of DNA

- Development of analvtical functions describing energy-deposition distributions
from protons and alpha particles.
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Energy deposition distributions for protons and alpha particles.

An analytical function was dcvcloped
to simulate encrgy dcposition spectra
in spherical volumes. It is applicable
for calculating the
deposition

straggling of
DNA.
Statistical fluctuations of the cnergy
by
particles were calculated

energy cven  in

deposition protons and alpha
in sites of

nanomcter to micromcter dimension.

The calculaticn distinguishes between
particles crossing the sites (ion events)
outside and

only through

and those passing

dcpositing  cnergy
sccondary clectrons (delta cvents), The
straggling of cnergy deposition for
of

ionizations, l'l(i)(j), was cxpressed by a

the ion- c¢vent  distribution

two parametric Fermi-like function.
The delta-event spectra, fl(g)(j), were

approximatcd by a function
depending on the mean valuc, jF(S),
of the distribution only. Thc total
probabilty of producing a givcn
number of ionizations in the sitc is
obtained " by adding, delta and ion
distributions, using appropriate

weighting factor.

Basing on track-structure simulations
performed with the ion transport code
MOCA-14, the complete set of model
paramctcrs was calculated for protons

and alpha particlcs in the cnergy
range 0.3 to 3.5 McV,amu and for
sitec diameters | to 1000 nm.

This analytical simulation of

ionization distribution will be used to
calculate biological response functions
low

and to analysc ccll response at

doscs.

PROBABILITY DENSITY
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IV Objectives for the next reporting period

- Development of analytical functions describing the ionization distribution
from monoenergetic electrons in model targets of 2 to 8000 nm
ns

Application of these functions to the electrons emitted from 1251

- Application of these functions and those developed for the description of
ionization distributions from charged ions to various radiation modalities

V  Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

- H.G. Parcetzhe, GSF Neuherberg
- D.T. Goodhead, MRC Harwell

VI  Publications:

J. Booz and L. E. Feinendegen: A microdosimetric understanding of low-dose radiation
effects. Int. J. Radiat. Biol. (1988) 1n press

I. Pomplun, J. Booz, A. Dydejesyk and L. F. Feinendegen: A microdosimetric interpretation
of the radiobiological effectivness of 1-125 and the problem of quality factor.
Radiat. Fnviron. Biophys, 26, pp.181-188 (1987)

J. Booz, HL G Paratzke, 'L Pomplun and P. Olko: Auger-electron cascades, charge potential
and microdosimetry of iodine-12>. Radiat. Environ. Biophys. 26, pp. 151-162
(1987)

D. . Charlten F. Pomplun and J. Booz Some Consequences of the Auger Effect
Fluorescence Yield, Charge Potential, and Energy Imparted. Radiat. Res. 111,
pp. 553 564 (1987)

- Pomplun, J. Booz and D. . Charlton: A Monte Carlo Simulation of Auger Flectron
Cascades. Radiat. Res 111, pp. 533-332 (1987)

J Booz and U . Femendegen. Application of Microdosimetry. Proc. of the 8th ICRR,
Edinbureh, Vol 2, ed. t M. Feelden ecal., pp. 331 337 (1987)
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor. Contract no.: BL6-A-019-UK
United Kingdom Atomic Energy

Authority, UKAEA

11 Charles II Street

GB London, SWI1Y 4QP

Head(s) of research team(s) [name(s) and address(es)]:

Mr., J.A.B. Gibsor

Environmental & Mec.Sc.Div.
Hurwell Laboratory of the UKAEA
Didcot

GB Oxon OX11 ORA

Telephone number.  €235-24141/4075

Title of the research contract:

Gamma-ray dosimetry, neutron dosimetrv and spectrometry.

List of projects:

1. Factors affectirg thermoluminescent ecttput in LiF (T'.D 600 and
TLD 700) using giow curve analysis,

2, Neutren spectrometiy,

3. Levelopnent of a CR-39 personnel nevtron dosimeter.
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Title of the project no. 1

Factors affecting Thermoluminescent Output
in LiF (TLD 600 and TLD 700) using
Glow Curve Analysis

Head(s) of project:

M Marshall

Scientific staff:

II.

A Douglas
A Perks

K Bull

A B Gibson

(== Mo S

Objectives of the project:

To provide a more general understanding of thermoluminescence by
studying the effect on glow curve structure of various factors such
as type of radiation, annealing conditions and temperature during
irradiation, Particular areas to be studied include: the effect of
cooling rate during anneal on peak positions; the effect of doses in
the supralinear region on glow curve shape; UV phototransfer; and UV
sensitisation. The study depends on appropriate analysis of glow
curves into their individual glow peaks,

Objectives for the reporting period:

The glow-curve fitting routines will be developed further, if
possible, (a) to improve the goodness of fit to data (including the
effect of temperature gradient if necessary) and (b) to reduce the
computing effort required for analysis. The use of other techniques
to aid the process of separating glow curves into their component
glow peaks will be pursued. Experimental data on the change in glow
curves with dose will be analysed fully and other data obtained
previously will be analysed as time permits. Additional experiments
to complete and supplement sets of data will be performed as
required. A little effort will be given to the mathematical
modelling of simple trap structure, and their use to demonstrate
effects such as supralinearity.
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III.

A,

Progress achieved:
Glow curve analysis

A new technique for analysing TL glow curve structure by comparing
glow curves with a "standard" glow curve which has been well
characterised, It improves the identification of individual peaks and
gives a quantitative measure of changes in peak intensity, normalised
to unit dose, for different annealing, irradiation and storage
conditions. The ratio of the height at each point along a glow curve
to the height of corresponding points on the "standard" glow curve is
determined (each glow curve is first normalised to unit dose)., The
ratio curve so obtained has flat regions where individual glow peaks
dominate, The value of the ratio in these regions gives the
sensitivity for that glow peak compared with the same peak in the
standard curve. Using these ratios and the best estimate of glow
peak shapes, the technique allows successive stripping of glow peaks
from glow curves, so that complex glow curves can be separated into
their component peaks, The use of the glow curve ratio technique,
combined with the non-linear least squares fitting technique
previously developed, is proving to be a powerful tool,

The technique is currently being used to determine the supral%nearity
and saturation characteristics of a large nurber of peaks in 'LiF
TLD-700 (Harshaw Chemical Co) both for the normal readout and the UV
phototransfer readout used for dose re-estimation, The TLDs have
been irradiated with gamma rays in the dose range 0.01 Gy to 20 KGy.
The technique can easily also be applied to examining the variation
in the intensity of glow peaks as a result of various annealing,
irradiation and storage treatments,

The non-linear least squares fitting program (written in FORTRAN 77)
has been successfully transferred to a Personal Computer and other
relevant programs will be transferred. This will facilitate the
progress of the project.

Experimental artefacts

The work reported previously on variations in thermal contact and on
the temperature gradient across chips of LiF has shown that these
effects are usually insignificant at the heating rate of 1°c s~!1
normally used, However, occasional anomalous results are probably
due to variations in thermal contact.

Experimental study of changes in sensitivity after high doses

We have investigated a reported progressive increase in sensitivity
of lithium fluoride sintered chips (Vinten) after repeated exposures
to 2 Gy of gamma radiation with annealing at 300°C for 1 hour and
80°C for 17 hours. The effect of repeated anneals and repeated
exposures to 2 Gy on the background, the response to 20 mGy and the
response to 2 Gy have been examined. Increases were observed in the
background and the sensitivities which were consistent with our
understanding of the behaviour of thermoluminescent lithium fluoride.
We are currently
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investigating the effect of using the standard anneal procedure which
incorporates heating at 400°cC.

Theoretical modelling of the TL process

The equations describing the kinetics of the localised transition
model for thermoluminescence have been solved numerically, It has
been found that, contrary to expectations from the simplified
equations, there exist regimes of trap parameters where glow curves
of non-first-order shape are obtained.

Work on numerical calculations for the more usual TL kinetics, where
transport between traps and recombination centres occurs via the
conduction and valence band, has continued. A single FACSIMILE
progran has been produced which allows the calculation of trap
filling during irradiation and trap emptying during both a storage
period and the subsequent read-out cycle, This program is presently
being used in a study of TL fading.
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IV. Objectives for the mext reporting period:

The glow-curve fitting and analysis routines will be used to analyse
experimental data previously obtained. Additional experiments to
complete and supplement sets of data will be performed as required,
The techniques developed and results obtained will be written up for
publication. The theoretical study of TL fading will be completed.

Other research group(s) collaborating actively on this project
[name(s) and address(es)]:

None

Publications:

J A Douglas, C A perks and A D .otterill, The variation with LET of
the response of TLD-700 and TLD-600 at temperatures up to 200°¢, 8th
International Conference on Solid State Dosimetry, Oxford, August
1986, Radiation Protection Dosimetry 17 (1-4), pp 479-482 (1986).

R K Bull, The creation and filling of thermoluminescence traps
during irradiation, ibid, pp 459-463,

C A Perks and R K Bull, Fading of thermoluminexcence in materials
exhibiting second order kinetics., (letter to the editor), Nucl,
Tracks Radiat, Meas, 11(6), pp 327-328, (1986},



Title of the project no. 2

Neutron Spectrometry

Bead(s) of project:

H J Delafield

Scientific staff:

Birch
G Harrison
A B Gibson

(TR

I. Objectives of the project:

(2)

(p)

(c)

To complete development and calibration of the high-sensitivity
transportable neutron spectrometry system based on large Hy-
filled counters with compact electronics providing simultaneous
data-acquisition. The aim is to have a spectrometer covering
the energy-range from about 50 keV to > 2 MeV at dose-
equivalent rates 5-50 pSv h~

To develop a e alpha-recoil counter to extend the neutron
energy range upwards to about 14 MeV,

To develop a comprehensive data analysis programme to produce
the best overall neutron spectrum based on measurements with
hydrogen counters, a 4He counter and incorporating multisphere
data.

II, Objectives for the reporting period:

(a)

(b)

(c)

(d)

To further develop Monte Carlo calculations of response
functions for both H, and ‘He counters to include end-effects,

To analyse measured response functions for H, counters,
including comparison with Monte Carlo calculations and their
incorporation into the unfolding codes, and to derive the energy
calibration equations,

To make comparative measurements of the neutron leakage
spectrum, from the ASPIS shielding facility at the NESTOR
reactor (Winfrith), with the high-sensitivity cylindrical H,
counters and the small spherical counters (type SP2},

To measure the neutron spectrum in free-air from an 24!Am-pe

source with the 4He counter for comparison with other
measurements and calculation,
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III.

A.

Progress achieved:

Calculation of response functions and comparison with measurerernts

In order to determine the neutron spectrum from the pulse-height
distribution measured by the counters, it is necessary to have a
patrix of their response functions. Ideally these response functions
would all be determined experimentally using monoenergetic neutrons,
but since this is impracticable, a Monte Carlo code has been used to
calculate the response functions for both the hydrogen and helium-4
filled counters, and so provide a means of interpolation between the
measured functions, The Monte Carlo code has now been developed to
include end-effects in a counter,

For the cylindrical H, filled counters, the Monte Carlo calculations
of the response functfons are in good agreement with the experi-
mentally measured functions for the counter irradiated either end-on
or side-on to its axis. This agreement, which extended to include
response functions both within (trapezium shaped) and above the
working-range of the counter, was obtained with the measured response
functions corrected for room scatter using a shadow cone.

For the %He counter (6 atm ‘He plus 4 atm Ar) the calculations of the
response functions have been further developed to take into account
the ¢ Ar(n,«) and *“Ar(n,p) reactions, as well as counter end-
effects., Again good agreement between the calculated and measured
response functions was observed, enabling the Monte Carlo program to
be used to generate the response function matrix for unfolding.

Analysis of measured response functions for H,_counters

The measured response functions obtained with monoenergetic neutrons,
on the previous two visits to the National Physical Laboratory, were
analysed to provide both the shape of the response functions and
traceable calibrations for neutron energy and fluence-rate.

Within the working energy-range of a counter the shape of the
response function matrix is taken to be a trapezium, To determine
the shape of the response function, a general computer fitting
program FATAL was used to fit a theoretical trapezium-shaped response
function, with high-energy cut-off broadened by counter resolution,
to the measured pulse-height distribution corrected for room-scatter,
This theoretical fit provided parameters describing the shape of the
experimental response function, including the high-energy cut-off
corresponding to the neutron energy calibration and the counter
resolution, Since Monte Carlo calculations of the response functions
were in good agreement with the measured functions, the Monte Carlo
calculations provided a convenient method of both interpolating and
incorporating the measured values of the slope of the response
function into the unfolding program,

For neutrons with energles above the working energy-range of the
counter, the response function is no longer traperzium shaped, and an
erpirical method was used to adjust the response functions given by
the Snidow and Warren (Nucl, Inst, Meth, 51, 109, 1967) calculation
used in the unfolding program. The measured over-range response
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functions were incorporated into the unfolding program, using values
for a "range correction factor" of 0.8 and 0,55 for side-on and
end-on incidence respectively.

Energy equations, relating the neutron energy to the channel no, of
pulse height analyser, were derived for all counters, The fluence
calibrations showed that for side-on irradiation, the average value
of the ratio of the fluences estimated for the cylindrical counter to
those determined by the long counter is 1.07 + 0.05 (SD), implying
that the numbers of H, atoms in the counters are close to the assumed
values based on the counter internal dimensions and filling
pressures,

A comprehensive report describing the development and calibration of
the set of four H, cylindrical counters has been written.

C. Measurements of neutron spectra

A visit was made to AEE Winfrith to make measurements of the neutron
leakage spectrum from the ASPIS shielding facility at the NESTOR
reactor., Measurements with the high-sensitivity cylindrical counters
were made at different angles of incidence for comparison with
measurements made at the same location with the small spherical
counters (type SP2)., These results will be analysed to assist in
optimising the method of interpretation for the cylindrical H,
counters. The He counter was used to measure the neutron spectrum
above 2 MeV,

The development of the ‘e alpha-recoil counter, to measure neutron
spectra up to 15 MeV, is now complete, Measurements have been made
of the neutron spectrum from an 41pn-Be source in free air and the
results show very good agreement with other measurements and
calculations. A report on the design and calibration of the counter,
the Monte Carlo code used to calculate the response functions, the
unfolding codes developed, and the measurements undertaken, has been
written and is in press,

Also supported by the RPR Core Programme and Eurados-Cendos,
measurements were made of the neutron spectra at two positions of
health physics interest inside the containment building of a Swiss
PWR at Gosgen. The measurements were made with the small spherical
H, counters (type SP2), the large cylindrical 4He recoil counter to
extend the measurement range up to 15 MeV and a multisphere
spectrometer to determine the neutron fluence-rate below 40 keV. The
neutron spectra show a steady rise in the fluence rate as the neutron
energy decreases, with major contributions to the dose equivalent
from two energy regions: less than 50 keV and 100-500 keV,
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IV. Objectives for the pext reporting period: (only to July 1988)

(1) Publication of two comprehensive Harwell reports on research and
development of both high sensitivity H, counter system and 4He
alpha-recoil counter.

(ii) To analyse and report upon comparison of cylindrical and small
spherical H, counter measurements of leakage spectrum from ASPIS
shielding facility at the NESTOR reactor,

This project terminates in July 1988.

V. Other research group(s) collaborating actively on this project
[name(s) and address(es)]:

1. Continued co-operation with Dr M C Scott, Department of Physics,
University of Birmingham,

2. Collaborative measurements with Dr C Wernli and Dr C Barth (EIR,
wirenlingen, Switzerland) of neutron spectra inside containment
building of PWR.

3, Collaboration through Eurados-Cendos.

VI. Publications:

1, Scientific Journals

Birch, R., Delafield, H.J. and Perks, C.AR,, Measurement of the
neutron spectrum inside the containment building of a PWR.
Proceedings of the 6th Symp. on Neutron Dosimetry, Neuherberg,
W Germany, Oct 12-16, 1987 (In press).

2. Reports

Delafield, H.J. and Birch, R. Development and calibration of large
volume proton-recoil counters for neutron spectrometry in
radiological protection, AERE-Report (1988) (In preparation)

Birch, R. An alpha-recoil proportional counter to measure neutron

energy spectra between 2 MeV and 15 MeV, AERE-Report (1988) (In
preparation).
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Title of the project no. 3
Development of a CR-39 Personnel Neutron
Dosemeter

Bead(s) of project:

K G Harrison

Scientific staff:

R J Goodenough

I. Objectives of the project:

To explore improvements which can be made in neutron dosimeters
(lower energy and dose threshold, better reproduceability and flatter
dose-equivalent response), using CR-39 plastic processed by electro-
chemical etching, and to determine the practical limitations for
routine personnel dosimetry. Plastic samples manufactured under new
and improved conditions will be tested for neutron response (energy
and angle), background, ageing, fading and environmenta] effects.

II. Objectives for the reporting period:

(i) To hold the European Workshop on the "Development of Personnel
Neutron Dosimeters Based on (Proton-Sensitive) Track Etch
Detectors" (see 1986 Progress Report).

(1i) To determine the optimum solution to the problem of angular
response,
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III.

Progress achieved:

Work during the first part of the year concentrated on completion of
the processing and analysis of CR-39 samples irradiated in the Joint
European/US/Canadian Irradiations in November 1986, and a comparison
between these results and those obtained in a comprehensive set of
calibration irradiations at the National Physical Laboratory in July
1986, In addition, long term high-humidity room temperature
ageing/fading studies were completed early in the year, All this
work was to have been written up for a paper in the Neutron Dosimetry
Symposium at Neuherberg, but this was not completed in time. However,
it will be written up as part of the case for formal approval of an
operational neutron dosimetry service at Harwell, which is to
commence pre-operational trials on 1 January 1988,

The results from the Joint Irradiations have been published by KfK as
a Eurados-Cendos Report (number 1987-01), KfK 4305 (see publication
1),

Effort was expended on the organisation of the Harwell/CEC/Eurados-
Cendos Workshop on the Development of Personal Neutron Dosemeters
Based on (Proton-sensitive) Etched-Track Detectors, which took place
at Harwell over the three days of 12-14 May 1987, Forty-seven
scientists from fourteen countries participated in the Meeting, at
which twenty-four papers were presented and discussed. These papers
have been refereed and published in a special issue of the Journal
Radiation Protection Dosimetry (vol 20 Nos 1, 2) (see publication
2).

The impression gained at the Meeting was that simple neutron
dosemeters based on CR-39 are close to being acceptable for routine
use, with some doubt about their angular response, Although variable
backgrounds and sensitivity are under reasonable control in present
supplies of plastic, the reasons for these variations are not well-
enough understood to allow complete confidence in the quality of
future material,

The Workshop undoubtedly achieved its aim of clarifying the state of
the art in this subject.

This project has now terminated. A report summarising the
performance characteristics and tests on the proposed CR-39
operational neutron dosemeter will be prepared early in 1988 as part
of the formal approval procedure required in the UK, under separate
(ie non-CEC) funding, Copies of this report will be sent to CEC when
it is available,
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IV. Objectives for the next reporting period:

Project terminated.

V. Other research group(s) collaborating actively on this project
[pame(s) and address(es)]:

Close discussions on progress maintained with members of the UK Track
Etch Group (Bartlett, NRPB, Chilton; Harvey, CEGB, Berkeley, UK:
Henshaw, Univ. Bristol) and with members of the EURADOS-CENDOS Track
Etch Group. (Bartlett, NRPB, Chilton, UK; Decossas, Univ. Limoges,
France; Harvey, CEGB, Berkeley, UK; Lembo, ENEA, Bologna, Italy,
Medioni, CER, Fontenay, France; Piesch, KfK, Karlsruhe, FRG;
Schraube, GSF, Neuherberg, FRG and Tommasino, ENEA, Rome, Italy).

VI. Publications:

Reports

1. R J Goodenough and K G Harrison, "Summary of Results obtained at
Harwell using Electrochemical Etching of Commercial Grade CR-39" in
EURADOS-CENDOS Report 1987-01 published by KfK as KfK 4305 (Editor: E
Piesch), September 1987,

Publications in Scientific Journals

2. Proceedings of a Workshop on "Etched Track Neutron Dosimetry"
(Harwell (UK) May 1987), published as Vol 20 Nos 1 and 2, Radiation
Protection Dosimetry (1987) (Editors: D T Bartlett, J Booz and
K G Harrison),
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6-A-009-UK

Medical Research Council
20 Park Crescent
GB Loundon WIN 4AL

Head(s) of research team(s) [name(s) and address(es)]:

Dr. D.T. Goodhead

MRC Radiobiological Unit

Cell and Molecular Biolcgy Div.
Harwell, Didcot

CB Oxon OX1! ORD

Telephone number;  235-83.43.93

Title of the research contract:

Biophysical studies of relations between radiation dose, quality

and biological effect.

List of projects:

1. Analysis of physical properties of diverse radiations in
relation tu their observed biological effectiveness.
2. Developnent of radiation sources and dosimetric techniques for

radiobiological studies at low and high dose-rate.
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Title of the project no.: 1

Analysis of physical properties of diverse radiations in relation to their
observed biological effectiveness.

Head(s) of project: D. T. Goodhead
Scientific staff: D. T. Goodhead
H. Nik joo
J. Thacker

. Objectives of the project: This project is to generate and analyse rele-
vant physical and biological data and to deduce the implications for
radiation protection. The specific aims are:-

a) Calculation and comparison of local energy deposition by radiations of
different qualities in target structures of varying size and shape includ-
ing simple models of biological macromolecules such as the DNA duplex and

higher order DNA structure.

b) Undertaking of in vitro biological experiments to supplement and extend
the data already available on the biological effectiveness of diverse
radiations in inducing relevant cellular effects.

c) Comparison of physical properties of radiation energy deposition with
observed biological effectiveness, so as to identify regions of volume and
energy which do, or do not, correlate with biological effectiveness.

Il.  Obijectives for the reporting period:

(1) Scoring and tabulation of absolute frequency distributions of energy
deposition in small cylindrical volumes by mono-energetic electrons
(100 eV to 100 keV), mono-energetic photons (100 eV to 10 keV) and
X-ray spectra (up to > 100 keV).

(2) Determination of killingof repair deficient mutant lines of V79 hamster
cells by a-particles and ultrasoft X-rays, transformation of 10T}
mouse cells by a-particles at low dose-rate and induction of
aberrations in V79 cells by a-particles at low dose-rate.
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Ill.  Progress achieved:
{1) Frequency distributions of energy deposition in small targets

We have previously produced an extensive calculation and tabulation of
absolute frequencles of energy deposition by segments of mono-energetic
protons and a-particles in cylindrical water volumes of dimensions
1-500 nm. These were achieved by using a Norsk Data super minicomputer to
superimpose randomly the target volumes on particle tracks generated by
the Monte-Carlo track structure code (MOCA-14 of Wilson and Paretzke,
which includes the electron code MOCA-7. We have now used MOCA-7 to calcu-
late corresponding energy deposition distributions for the full slowing-
down tracks of a selection of mono-energetic electrons of initial ener-
gles between 0.1 to 100 keV. (MOCA-7 does not include relativistic
corrections and is therefore restricted to electrons of <100 keV). The
target cylinders have diameters (d) from 1 - 100 nm and lengths varying
from d/5 to 4d, and thereby include cylinders which simulate DNA
(d = 2 nm), nucleosomes (d = 10 nm) and chromation (d = 30 nm). For
efficient spatial scoring of the very large overall dimensions of the
higher energy electrons a multiple-stage initial sampling procedure was
applied. For lower energy electrons direct scoring was used, and the
consistency of the two methods was confirmed at intermediate energies.

Energy deposition distributions in these small targets by mono-
energetic or broad-spectrum X-rays can be calculated by folding together
the distributions for mono-energetic electrons weighted according to the
primary electron distribution produced by the X-rays. In preparation for
this, distributions of Compton- and photo-electrons have been calculated
for typical X-ray spectra used in biological experiments.

Energy deposition distributions for low-energy mono-energetic photons
can be scored directly from Monte-Carlo electron tracks produced with
probabilitles proportional to the photo-absorption cross-sections and de-
excitation probabilities corresponding to the atomic composition of the
irradiated material. Extensive input-tables have been formulated for
absorption of characteristic K X-rays of C (0.28 keV), Al (1.5 keV) and
Ti (4.5 keV) in mammalian soft tissue, DNA or tissue excluding DNA. (Thus
the contributions of energy deposition within a DNA-sized target cylinder
can be separated into those which arise from photon-interactions either in,
or out of, the target cylinder itself). Full distributions of absolute
frequencies of energy deposition have been calculated in target cylinders
of diameters 1 - 50 nm for each of these three mono-energetic X-rays.
Since the dominant element in tissue is oxygen, the above distributions
have been compared with those obtained by using a very simplified input-
table containing oxygen only; the differences were small in most cases. In
collaboration with E. Jones this oxygen-only approximation was used to
compare the energy-deposition distributions for K characteristic X-rays of
elements of Z = 4 to 14 and Z = 17,20 1in a selection of target sizes.

In this way it is possible to seek regions where energy deposition does
not smoothly follow initial X-ray energy and to investigate their biolog-
ical significance, if any.

The internal spatial structure of energy deposition events in DNA
after a variety of radiations is being investigated in collaboration with
D. E. Charlton. In this way it is possible to estimate the probability of
production of a single or double strand break in DNA arising from an event
of given energy deposition. Combining this with the distributions of
absolute frequencies of energy deposition, as computed above, allows esti-
mitions of the total numbers of strand breaks produced by the radiations.
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MOCA-7 has also been used to evaluate the contribution which low-
energy electrons maxe to the total dose deposited by high-energy
electrons (up to 100 keV). It was found that in irradiations with mono-
energetic 100 keV electrons about 43% of the dose was deposited via low
energy (0.1 - 5 keV) electrons. This 1s slightly greater than earlier
estimates using the method of Burch (1957) and implies, as did Burch, that
low energy electrons are 2 rajor contributor (*30-50%) to the dose
deposited in any low-LET irradiation.

(2) Biological effectiveness of a-particles and ultrasoft X-rays

Experiments have continued to build up a body of data on the effect-
iveness of radiations of different qualities in inducing a variety of
relevant cellular effects. These have concentrated on radiations whose
track structure can be analysed in detail down to the nanometer level as
described above, especially slow a-particles (3.2 MeV) and ultrasoft X-rays
(0.28 and 1.5 keV), with hard (250 kVp) X-rays or y-rays as comparative
reference.

Previously in this laboratory Jones, Cox and Thacker (see Contract
No. BI6-144-UK) have isolated from V79 hamster cells three stable mutant
lines which are abnormally sensitive (by factors of 2.0 - 3.1) to killing
by low-LET radiations {250 kVp X-rays), apparently belong to different
complementation groups and show survival curves of different shapes. Their
sensitivity to high-LET radiation (3.2 MeV a-particles of LET 124 keV pm'1)
has now been found also to be greater than that of the parent V79 cell
line, but by reduced factors of 1.8 - 2.1. Nevertheless, these a-particle
sensitivity factors are larger than the average (1.6) found in earlier
studies with human ataxia telangiectaslia fibroblasts (relative to normal
human fibroblasts). These hamster data should now make it possible to
distinguish between two opposing influences on the observed RBE of sensi-
tive cells, namely the RBE of the microscopic damage but opposed by
'wasted' damage in a single track. Prelimlnary experiments suggest that
the sensitivity factor of at least one of the V79 mutants to low-energy
electron 'track-ends' (from C-K ultrasoft X-rays) is as large as it 1s for
hard X-rays.

Conditions have been investigated for optimum irradiation of plateau
phase V79 cell lines (including mutants) with o-particles at low dose-rates
over periods of hours to days requiring full control of the gaseous
environment and temperature. Since the required culture dishes could best
be fabricated from metal (with thin Hostaphan bases) a variety of stain-
less steels were tested but all were found to react unfavourably with the
cells or culture medium over this extended time. These problems do not
apparently occur with dishes of pure titanium.

In collaboration withU.K.A.E.A., Harwell, the effects of o-particles
on 10T} mouse cells have been investigated. Conditions were established to
mimic with a-particles the neutron irradiations used by Hill et al. (1984)
when they found, surprisingly, an increase in transformation frequency
with decreased dose-rate of fission-spectrum neutrons. We found cell sur-
vival to be the same after irradiation with 3.2 MeV a-particles at high
(V1 Gy min=') and low (5 x 10‘3Gy min~1) dose-rates. Preliminary results
to date show no difference in transformation frequencies after these two
dose-rates of a-particles. This is in agreement with recently published
a-particle results by Hieber et al. However, the serum (Nu-Serum) which
we used in our preliminary experiments is substantially different from
that used by Hill or Hieber.

Methods were developed to irradiate unattached mammalian cells with
low-energy O-particles despite their very limited range (£ 20 pm in water).
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With these methods, in collaboration with S. Lorimore, mouse bone marrow
has been irradiated with a-particles in vitro and then assayed in vivo for
survival of colony forming units in spleen. Reproducible survival curves
have been obtained, providing the first haemopoietic stem cell survival
data for a-particles with precise dosimetry. It was recently discovered
in this Jaboratory by Savage and Holloway that sister chromatid exchanges
(SCE) can be induced by irradiation of unstimulated human lymphocytes by
fast neutrons (42 MeV d-Be). A number of studies have shown that there is
no such induction by X-rays. Apparently, therefore, this finding demon-
strates a qualitative different in cellular effect between high- and low-
LET radiations and an effective RBE which is infinite. Since this has
interesting implications for the nature of the initial microscopic damage,
we have carried out corresponding irradiations with a-particles of well-
defined track structure. They were found to be yet more effective than
the neutrons in inducing SCE.

Investigations have continued, in collaboration with Raju et al. at
Los Alamos, U.S.A., on the biological effectiveness of C-K and Al-K ultra-
soft X-rays. The observed RBEs confirm earlier results from our
laboratory (RBE increasing with decreasing X-ray energy) and, in addition,
show that the oxygen enhancement ratio decreases with decreasing energy
and that the cell-cycle response is similar for all X-ray energies. The
maln uncertainty in biophysical interpretation of the effectiveness of
ultrasoft X-rays is due to the finite thickness of the cells and the
consequent need for assumptions as to the relevant dose-averaging
procedures within the cell. To test these assumptions experiments have
commenced with 10T} cells which apparently are considerably thinner.
Following our earlier measurements of cell killing and DNA double strand
breakage in yeast by ultrasoft X-rays, in collaboration with Frankenberg
et al., delayed plating (repair) experiments were continued.
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IV. Objectives for the next reporting period:

(1) Continue scoring and tabulation of absolute frequency distributions
of energy deposition in small cylindrical volumes by mono-energetic
electrons of 0.1 to 100 keV and combine these for representative hard
X-ray spectra; improve statistics by application of a Cray XMP48 super-
computer. Consider relativistic extension of the Monte-Carlo electron
code to >100 keV.

(2) Characterization of sensitivity of repair-deficient mutant lines of
V79 hamster cells to a-particles and low-LET radiations, investigate
effects of low dose-rate a-particles on hamster cells (killing,
aberrations and possibly mutation) and on 10T} cells (transformation),
and consider direct comparison of effectiveness of cyclotron-produced
a-particles and protons.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

D.E. Charlton, Physics Dept., Corcordia University, Canada.

D.Frankenberg, GSF, Frankfurt, W. Germany.

E.Jones, St. Bartholomew's Medical College, London, U.K.

S.Lorimore, Division of Radiation Oncogenesis, MRC Radiobiology Unit,
Chilton, U.X.

H.G.Paretzke, GSF, Neuherberg, W.Germany.

M.R.Raju, Life Sciences Division, Los Alamos National Laboratory, U.S.A.

C.J.Roberts, U.K.A.E.A. Harwell Laboratories, Didcot, U.K.

W.E.Wilson, Radiological Physics, Battelle Pacific Northwest Laboratories,
U.S.A.

VI. Publications:
Full Papers

(1) D.E.Charlton, "Atomic data required for the calculation of local energy
deposition near isotopes decaying by electron capture or internal
conversion."” 1In: Nuclear and Atomic Data for Radiotherapy and
Related Radiobiology, Proceedings of an Advisory Group Meeting,

Ri jswi jk, Sept. 1985. (IAEA, Vienna), pp. 27-35 (1987).

(2) D.T.Goodhead, "Physical basis for blological effect."
Ibid. pp. 37-53 (1987).

(3) D.T.Goodhead, "Relationship of microdosimetric techniques to applica-
tions in biological systems." In: Dosimetry of Ionizing Radiations,
Vol. 2, eds. K.R.Kase, B.E.Bjarngard and F.H.Attix {(Academic Press,
New York), pp. 1-89 (1987).

(4) C.J.Roberts and D.T.Goodhead, "The effect of 238p,, a-particles on the
mouse fibroblast cell line C3H 10T3: Characterization of source and
RBE for cell survival." 1Int. J. Radiat. Biol., 52, 871-882 (1987).

(5) M.R.Raju, S.G.Carpenter, J.J.Chmielewski, M.E.Schillaci, M.E.Wilder,
J.P.Freyer, N.F.Johnson, P.L.Schor, R.J.Sebring and D.T.Goodhead,
"Radiobiology of ultrasoft X-rays: I. Cultured hamster cells (V79}."
Radiat. Res. 110, 396-412 (1987).
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{6 D.T.G dhead, "Bi physical models f radiation action." In: Radlation
Research, Proceedings of the 8th Int. Congr. of Radiatlion Research,
Edinburgh, July 1987 (Taylor & Francis, London), Vol. 2, pp. 306-311
(1987).

{(7) Z.S.Aghamohammadi, D.T.Goodhead and J.R.K.Savage, "Induction of sister
chromatid exchanges (SCE) in Gglymphocytes by plutonium-238
a-particles.”" Int. J. Radiat. Biol. {(in press).

h rt C mmunicatlions

(8) M.R.Raju, S.Carpenter, M.Cornforth, M.Schlllacl and D.T.Goodhead,
"Cell killing by ultrasoft X-rays." In: Abstracts of Papers for
Thirty-fifth Annual Meeting of the Radlation Research Soclety,
Atlanta, Feb. 1987. (Radiat. Res. Soclety, Philadelphia), p. 31.

(9) H.NikJjoo and D.T.Go dhead, "Physical and bilological consequences of
high- and low-LET radlations in blologlcal targets."
In: Radlation Research, Proc. 8th Int. Congr. of Radlatlon Research,
Edinburgh, July 1987 (Taylor & Francils, London), Vol. 1, p.80 (1987).

(10) H.NikJjoo and D.T.Goodhead, "Energy deposition 1in small size targets by
high and low LET radiations."
Ibid., Vol. 1, p. 87 (1987).

(11} C.J.Roberts, D.T.Goodhead, G.R.Morgan and P.D.Holt, "Transformation
of C3H 10T} with 238pyu alpha particles.®
Ibid., Vol. 1, p. 182 (1987).

(12) J.S.Bedford and D.T.Goodhead, "Breakage of human interphase chromo-
somes by alpha particles."
Ibid., Vol. 1, p. 226 (1987).
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Title of the project no.: 2

Development of radiation sources and dosimetric techniques for
radiobiological studies at low and high dose-rate.

Head(s) of project: D. T. Goodhead
Scientific staff: D. T. Goodhead
H. Nik joo

I.  Obijectives of the project:

This project is to develop experimental technologies and methodologies
of special radiation sources for quantitative investigation of relevant
biological effects and their interpretation. The specific aims are the
investigation and optimization of conditions of production of ultrasoft,
and intermediate energy, X-rays, especially by proton bombardment. This
should include assessment of a variety of monoenergetic beams which can
be produced, their accurate measurement and their applicability to
investigate problems in radiation biology and biochemistry.

Il. Objectives for the reporting period:

To obtain quantitative information on production and characterization
of K-characteristic X-rays by prcton bombardment of selected elements
from Z-5 to about Z-=30, and to evaluate these in terms of usefulness
as practical beams for measurement of radiation effects.

(2) To obtain accurate measurements of external and internal dimensions

of cultured mammalian cells under irradiation conditions.
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il.  Progress achieved:

Characterisation of ultrasoft X-rays produced by proton-bombardment of
solid targets has been carried out with proportional counters in vacuo as
well as with attenuation and ionization measurements in air. The most
detailed measurements have been carried out on targets of C and Al, the
K-shell X-rays of which have been used in numerous radiobiological experi-
ments with proton bombardment at energies of 600 to 700 keV on our
Cockcroft-Walton accelerator and appropriate filtration to extract the
X-ray beam from vacuum to air and to eliminate scattered protons if
necessary. We have collaborated with Jones and Smith in their measurements
on the Van der Graaff accelerator at St. Bartholomew's College of X-ray
production as a function of incident and emission angles for proton bom-
bardment energies of 500 keV. Targets investigated were B, C, two grades
of Al, Si/C, Si/N, Au (M-shell X-rays) and TiBp. Apart from identifying
production rates and optimum angles, the proportional counter measurements
highlighted the contamination which can arise from carbon deposits on the
target and the consequent difficulty in filtering out the C-K X-rays for
lower atomic number targets. These production measurements, in conjunction
with the track structure analyses of the various ultrasoft X-rays
(Project 1), allow an assessment of the likely practical and theoretical
usefulness of developing additional beams for radiobiological studies.

In July 1987 we organised the First International Workshop on Tech-
niques in ultrasoft X-ray Radiobiology. This was held in Oxfordshire and
was attended by personnel of all groups active in this field in the world
(as far as we are aware). It was attended by more than 40 people repre-
senting at least 14 different groups, 6 countries and 4 continents. As
intended, the meeting concentrated on the diverse technical problems
associated with the physics and biology of the application of ultrasoft
X-rays to investigative radiobiology.

The original results from our laboratory showing the biological
effectiveness of ultrasoft X-rays, desplite the very short range of their
secondary electrons, have now been confirmed in a number of other labora-
tories. In particular, similar results for Al-K X-rays on hamster cells
have now been obtained in 4 laboratories, for C-K X-rays on hamster cells
in 2 laboratories and C-K on yeast cells in 2 laboratories. However, the
ma Jor uncertainty in detailed mechanistic interpretation of these results,
especially for the C-K X-rays, arises from the rapid attenuation of the
X-rays through a single attached cell and the consequent need to assume the
intra-cellular distribution of target material in order to calculate a
relevant average dose for the cell. The hamster cells are relatively
thick, typically 4-7 um, and recent experiments with thinner cells have not
revealed the simple dependence with cell thickness which might have been
expected, although the problem is confounded by the thinner cells also
being, coincidently, more radiosensitive even toy-rays. It is now clearly
of central importance to carry out accurage measurements of cell thickness
under the exact conditions of irradiation. Various methods have been
attempted with optical microscopy of living cells, including phase-
contrast, bright-field with vital stain and Namarski interference contrast
but none of these provide the desired accuracy. Fixation, embedding and
subsequent measurement by optical or electron microscopy provide high pre-
cision but leave open the question of possible distortion by the prepara-
tion procedures. Preliminary data suggests that laser confocal microscopy
on living cells may be able to resolve this question.

Consideration has been given, in collaboration with F. 0'Neill, to
the production of very short, high-intensity pulses of ultrasoft X-ravs bv
laser-bombardment of Al pellets. This would allow fast time-resolved
studies of early radiation processes.



IV Objectives for tha next reporting period:

(1) Further development ot ultrasoft X-ray sources, including preliminary
experiments with laser-rroduced plasmas, and consideration of methods
for reduced dose-rates.

(2) Measurements of thickness of living cells, under conditions of
irradiation, by means of laser confocal microscopy and comparison with
fixation and electron microscopy.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

D. Frankenberg, GSF, Frankfurt, W. Germany.
F. O'Neill, Rutherford & Appleton Laboratories, Chilton, U.K.

M. R. Raju, Life Sciences Division, Los Alamos National Laboratory,
U.S.A.

A. Smith and E. Jones, St. Bartholomew's Medical College, London, U.K.

VI. Publications:

(13) M.E.Schillacci, S.G.Carpenter, M.N.Cornforth, M.R.Raju, R.J.Sebring,
M.E.Wilder and D.T.Goodhead, "RBE dependence on cell thickness
using ultrasoft X-rays." In: Radiation Research, Proc. 8th Int.
Congr. of Radiation research, Edinburgh, July 1987
(Taylor & Francis, London), Vol. 1, p. 182 (1987). (Abstract).
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.. BI6-A-028-DK

Risé National Laboratory
DK-4000 Roskilde

Head(s) of research team(s) [name(s) and address(es)]:

Dr. J.W. Hansen

Risé National Laboratory
Accelerator Department
DK-4000 Roskilde

Telephone number:  2-37.12.12
Title of the research contract:

Investigation of alanine as an accident dosimeter and
interpretation of dose-effect relationships by model description.

List of projects:

1. Investigation of alanine as an accident dosimeter and
interpretation of dose-effect relationships by model description.
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Title of the project no.:
1. Experimental and theoretical investigations of the
alanine dosimeter as a personal accident dosimeter

in mixed field radiation.
Head(s) of project:

J.W. Hansen and K. Sehested

Scientific staff:

Johnny W. Hansen and Kjeld J. Olsen

I.  Obijectives of the project:
The amino acld alanine is a very versatile dosimetrlec material with prop-
ertles appropriate for an accident dosimeter. The project concerns devel-
opmenf. of the alanine dosimetar as a persnnal accident dosimeter and to
investigate its properties with respect to high-LET radiations covering a
broad range in LET and partincle atomiec number, Ot particular interest is
the establishment of experimental data for "igh-LET particles similating

the secondary particle spectrum “ollowing neat»on exposures,

Il.  Obijectives for the reporting period:
Iqvestigation of changes in dose meter response following irradiation

with high- and 1ow~-LET radiation.

Response of the dose meter to neitrons.

Fnerzy dependence of tne dose meter response at 1ow-LET irradiations.
Irradiation with very heavy ions and ions of vary high LET.

Use of the alanine dos=a meter as a Lransfer d2s2 meter for postal dosime-
try comparison.

Due to the temporary siaitdown of the tandem van de~ Graaff accelerator at
the Niels Bohr Institute At Risy and necessiary repairs o® our ESR spec-
trometer, changes of the inteaded reseiareoh program “or 1987 were neces-

sary.
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Illl. Progress achieved:

Tha decay of the radiation-induced free radicals in alanine and thus the
fading of dose meter response following irradiatton have been studied.
The irradiations concern: 6-20 MeV electrons, 4-18 kVj, x-rays, ®°Co
Y-rays, 6 and 16 MeV protons, 4 MeV/u 180-1ons, 15.2 MeY/u 40Ca-ions and
16.5 MeV/u ?*°U-ions. The decay kinettecs alter heavy charged-particle
exposures have becn correlated with the calculated dose distribution
around the ion path and it has been shown that the fading following
high-LET exposures may be calculated from the dose distribution and the
fading in dose meter response after high-dose exposure to fast electrons
of very high dose rate. Determinatinn of the special fading properties
alter high~-LET exposures are essential for the proper use of the dose

meter both in general high-LET dos{metry and in radiation protection.

The decay rate of the CH35HCOOH radical in L-a-alanine depends on the de-
posited energy density and dose rate. Long-term stability of the dose
meter response following 1ow-LET exposures has benn investigated by re-
peated measurements of dose meters exposed to 6 and 20 MeV electrons, 4
and 16 MV, x-rays and $9Co Y-rays. The dose meters exposed to ®°Co Y-rays
showed a decrease in signal of 1.9% over a period of 4 years in samples
given a dose of 100 Gy. Dose meter3 exposed to pulsed radiation, 1i.e.
linear-accelerator-produced electrons and x-rays, showed a decrease in
response of about 6% over U years independent of the dose in the dose
range of 10-100 Gy. In exposures with a pilsed 10-MeV electron beam to a
dose of 54105 Gy, which is the dose for maximum obtainable response, a
decay of 13% has baen observed after 2000 hours.

Time stability in dose-response has been studied after exposures with
high-LET beams of 15.2 MeV/u %°Ca- and 15.5 MeV/u 2?*U-ions. For low
average doses, single tracks, a decay in response of 8% and 6%, respec-
tively, in 2000 hours has been measured. For high average doses (approx.
10® Cy), overlapping tracks, an increase in response of 5% and 8% for
“°Ca-and ?'*U-i{ons, respectively, has heen ohserved with a maximum after
approximately 100 hours after exposure. Thereafter, a decay of 8% and 6%,
respectively, takes place after 2000 hours. These results for single

track exposures show approximately the same decay as results obtained for
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6-MeV protons (6%) and 4 MeV/u *®0-ions (7.5%) that was published in our
last year progress report; they contradict an expected larger decay fol-
lowing exposure with partieles of the same velocity but with a higher
LET. We ascribe, however, this small decay and the smaller decay for
238y-ions (rather than for “°Ca-ions) to the additional exposure from the

heavy-ion-induced radioactivity in the sample itself.

We have tried to correlate measured radical decay for fast electron expo-
sures to saturation doses with calculations on energy-density distribu-
tions in the track of heavy charged particles in order to predict radiecal
decay after high-LET exposures. We calc:lated the fraction of energy loss
in the track deposited at doses above 5-10% Gy and converted this frac-
tion of energy into percentage radical decay by multiplication with the
amount of decay observed after fast electron exposures to 5:10° Gy. We
see a good agreement between experimental data and results obtained from
this crude model (Table 1). It is observed from Table 1 that the decay
following the !€0-ion exposure is higher than for the exposure with
“®Ca-ions even though the average LETs for the stopping particles in the
target are comparable. This 1s, however, due to the higher initial energy
of the *°Ca-ions with a following larger fraction of the total ion energy

deposited at high particle velocities where the track is wide.

Table 1. Decay in 2000 hours after a dose of 10 kGy.

Decay Decay  LETg, Eyim
meas. cale. MeVem?g™! _Ei;;r
MeV/u % _ % 1
16 protons * 3.2 3.6 38 30
6 protons 6 4.7 119 39
4y 180 7.5 7.0 7.4410° 58
15.2 *°Ca 8 6.2 2+10" 52
16.5 *°%y 6 7.0 1.1-10° 58

Eyjm = track energy deposited above a dose of 5-10° Gy saturation.

* penetrating particle.
Fast neutron irradiations have been carried out with a radiotherapy beam

of neutrons produced by 12.5-MeV deuterons via a Be(d,n)B-reaction in a

thick berylium target. The mean fast neutron energy was 5.6 MeV and the
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Jamma contamination of the total neutron + gamma dose was 4%. Exposures
were measured with an 1onization chamber calibrated in terms of dose to
tissue, and were converted into absorbed dose in water. The value of
kerma, K=0.86, was calcilated from tables of Bach and Caswell for a mean
neutron energy of 5.6 MeV, using the elemental composition of alanine.
The factor to convert dose in alanine to dose in water was taken to be
unity. In order to evaluate the effectiveness of alanine relative to ®°Co
Y-rays to pure neutron doses from measurements performed using a mixed
neutron beam, we note that the total beam dose consists of 96% neutrons
and 4% gamma components. Assuming additivity of the alanine signals, the

signal per unit of mixed neutron beam dose is;
S(DT)/Dt = E,*Rge0.96 * Rg-0.04,

where R 1s the signal per unit of gamma-ray dose and E, is the relative
effectiveness of "pure" 5.6-MeV neutrons. From this a relative effective-

ness E, = 0.62:0.03 is obtained.

The relative effectiveness of the alanine dosimeter has also some energy
dependence for low-LET radiation. X-ray expnsures have been carried out
using a 250-kvp x-ray radiotherapy unit filtered to give an average x-ray
energy of 90 keV. Exposures were measured in terms of roentgen in air and
converted into absorbed dose in water using tables by Hubbel. An effec-
tiveness of the alanine dosimeter to 250 kVp x-rays relative to ®°Co

Y-rays was measured to be Ry/Rg = 0.83:0.04,

An accurate determination of the relative effectiveness of alanine ex-
posed to 15.2 MeV/u *°Ca-inns, 13 MeV/u 7“Ge-ions, and 16.5 MeV/u
23%y-{ons has unfortunately up to nnow not been pussible due to unreliable
dosimetry on a very unstable accelarator. As a first step i{n an accurate
determination of dose (rom these ions the range has been measured using

stacked 5 um-thick radiochromic dye fi{lm samples.

Postal dosimetry comparisons between various radiation therapy centers in
Finland, Poland, USA, and Denmark have been carried out using the alanine
dose meters. It 13 possible to compare doses within an accuracy of about
2% at the 95%¢ confidence level.
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IV. Obijectives for the next reporting period:

Experimental and theoretical iavestigations on fading of response from
low-and high-LET radiations.

Establishment of dose-response data from low energy protons and a-parti-
cles.

Investigation of radiation sensitivity by deiterization of alanine.

V. Other research group(s) collaborating actively on this project {[name(s) and
address(es)]:

VI. Publications:

J.W, Hansen, Heavy Charged Particle Dosimetry, Theory and Application.
Proc. II Symp. of Radiologlcal Physiecists, 1986, Smolenice, Czechoslova-
kia, 1987.

K.J. Olsen and J.W. Hansen, Radinal Recombination {n Single Tracks of
Heavy Charged Particles. Proc. 8th Int. Congress of Radiation Research,
Edinburgh, Scotland, 1987.

J.W. Hansen, K.J. Olsen and M. Wille, The Alanine Radiation Detector for
High and Low-LET Dosimetry. Radiat. Prot. Dos. 19, WNo. 1, U3-47, 1987.

M. Waligdrski, J.W. Hansen and E. Byrski, Apnlication of the Alanine

Detector to Gamma-Ray, X-Ray and Fast Neutron Dosimetry. Institute of
Nuclear Physics, Krakow, Poland, Report No. 1373/PL.
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RADIATION PROTECTION PROGRAMME

Progress Report
1967

Contractor: Contract no..  BI6-A-003-UK

Division of Radiation Science
and Acoustics

National Physical l.aboratory
Queens Road

GB Teddington, Middx TW!1l OLW

Head(s) of research team(s) [name(s) and address(es)]:

Dr. J.B. Hunt

Div.of Rad.Science and Acoust.
National Physical Laboratory
Queens Road

GB Teddington, Middx TW1l OLW

Telephone number;  1-943-6€53
Title of the research contract:
Development and investigation of a reproducible multisphere system

fcr radiation protectien purposes, and 1its use to correct
personnel dosemeter measurements.

List of projects:

1. Development and 1nvestigation of a reproducible multisphere
svetem for radiation protectlon purposes, and its use to correct
personnel dosemeter measurements.
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Title of the project no.:
The design, construction and calibration of a multisphere spectromcter
system for radiation protection purposes; and its use to correct

personnel dosemeter measurements.

Head(s) of project:
Dr J B Hunt

Scientific staff:
Dr D J Thomas and Mr A G Bardell

. Objectives of the project:
The main objective is to provide a specification for the contruction of
a reproducible multisphere spectrometry system for use in stray nculron
fields. Through a combination of computational techniques and
measurements in standardised neutron fields, both monoenergetic and
broad-range, a set of vresponse functions appropriate to the
specification will be determined. Where possible, recommendations and
simple recipes for the assessment of neutron spectra and/or neulron dosc
equivalent will be provided. It is also hoped to use the system to
compute correction factors for typical dosemeters employed at specific

locations.

Il.  Objectives for the reporting period:
During this period it was hoped to complete the analysis of the
calibration data obtained during November Y86, and to carry out further
calibration measurements to both extend the neutron energy range to
higher and lower energies and to check the consistency of the previous
measurements. It was intended to finalise the response matrix for each
of the sphere systems and to test it by making use of broad-range
neutron sources as integral benchmark data. On the computational side,
it was envisaged that the response matrix would be calculated using the
discrete-ordinates transport code ANISN, and the calculations compared
with the measured values. It was also proposed to test ANISN and other
unfolding codes by participating in two EURADOS Committee 4 benchmark

intercomparisons.
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I1l. Progress achieved:

The NPL sphere set is made up of nine polythene wmoderating spheres with
diameters ranging from 7.6 to 38.1 cm, and before it can be used to
characterise neutron fields a necessary pre-requisite is that the
response as a function of energy must be determined for each sphere. Two
approaches to deriving these response functions are available -
calculation and measurement. Both methods are employed in this work
because (a) the reliability of the calculations is uncertain, and (b)
measurements can only cover a small part of the full energy range. The
degree of agreement in the region where both measurements and
calculations are possible should give some indication of the reliability
of the calculations as a method of interpolating in regions where
measurements are lmpossible.

The measurement programme has now been underway since November 1986 when
an intensive three week measurement period was undertaken at PTB (see
1986 Progress Report). A second measurement period of two weeks in July
1987 extended the range of calibrations down in energy to 1 keV and up
to 14.8 MeV, with a number of new energies in between. Some repeat
measurements were also undertoken to check the consistency of the

results between the two measurement periods.

The neutron fluence was determined using either the DePangher long
counter, a proton recoil proportional counter or a proton recoil
telescope. Flve different neutron fluence monitors were employed,
allowing an assessment to be made of any variations in the incident
particle beam energy, the angular distribution of the emitted neutrons,
the stability of the target material, and the stability of the incident
beam current. The shadow cone technique was used to determine the room
and eir inscatter contributions to both the spheres being calibrated and
the neutron fluence measuring device. Corrections were also applied for
dead-time effects, air attenuation or outscatter, noise, photon
contamination and scattering by the spheres and the neutron fluence
devlces into the monitors. The analysis of the first set of data has
been completed except for a small correction to account for low encrgy
neutrons scattered by the target assembly. The analysis of the second
set of data is still in progress.

The preliminary results were presented at the Sixth Symposium on Neutron
Dosimetry at Neuherberg, Munich in October 1987. The NPL and PTB sphere
systems employing the larger spherical 3He detector are in good
agreement throughout the energy range, although the PTB system is
consistently 5% more sensitive. The responses of the PIB system
cmploying the small 3He detector and the GSF system based upon a Lil
scintillation counter agree within $10% throughout the energy range. The
results have been compared with two recent calculations published by

other groups. There are marked discrepancies between the experimental
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and theoretical results in both amplitude and shape, which cannot be
explained by the small differences in the density of the polyethylcne.
This clealy indicates that the use of a calculated response matrix
normalised by a one-point-calibration factor may lead to considerable

errors in interpreting multisphere data.

One vital parameter for the calculations is the 3He number density
within the proportional counter used as the3 central thermal neutron
detector. Because the cross section for the “He(n,p) reaction is well
known in the thermal region, this number density can in fact be deduced
from a measurement in a known thermal fluence.

Measurements have been performed using the thermal column facility at
NPL, and the results have been analysed with some care. Although it is
in principle a fairly simple and straightforward experiment, the
interpretation of the results is somewhat involved, and in the past has
not always been performed in the necessary detailed and rigorous manncr.
Three proportional counters are available for use with the NPL sphere

3

system, and the “He number densities derived for these were found to be
very similar, but on average about 10% lower than the manufacturers
estimates. While the thermal column was in use the opportunity was taken
to measure the thermal efficiency of the smaller spheres (up to and

including the 25.4 cm sphere).

Calculations of the responses are being performed with the discrote
ordirates neutron transport program ANISN which has now been implemcnted
and tested at NPL. Although there still exist disagreements of up to
about 10% with calculations performed using the version of ANISN run at
Harwell, the excellent agreement with various test problems provided
with the program, and also with Bonner sphere calculations performed by
a group at the University of Texas in the USA, indicate that the program
is running correctly at NPL. No final explanation for the difference
with Harwell calculations has been forthcoming, but it is possible that
the two versions of the program differ in some details of the algorithms
used.

The initial calculational results for the NPL spheres are in reasonable
agreement with experiment, but further work is necessary in order to
investigate variations with polyethylene density, and to allow in some
way for void regions within the spheres, and for the external stcel

shell of the proportional counters.
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IV. Objectives for the next reporting period:

Measurement programme: The analysis of the measurements at all eleven
neutron energies will be completed, and all corrections to the results
will be applied. Data obtained using radionuclide neutron sources will
be used as integral data to test the derived response matrix. It is
hoped to carry out some measurements under field conditions.
Computational programme: The response matrix will be computed, including
an investigation of the effects of changes in the input data. The
response matrices of other mwmultisphere sets will be computed.
Participation in the two EURADOS Committee 4 benchmark intercomparisons
(see 1986 Progress Report) will continue.

V. Other research group(s) collaborating actively on this project [name(s) and

address(es)]:
Drs G Dietze, M Cosack and H Klein Dr H O E Schraube
Group 6.5 - Neutron Dosimetry Gesellschaft fur Strahlen-und
Physikalisch-Technische Bundesanstalt Unweltforschung mbH
Bundesalle 100 Ingolstaedter Landstrasse 1
D-3300 Braunschweig D-80U42 Neuherberg, Munchen
Federal Republic of Gerwany Federal Republic of Germany

and some members of EURADOS Committee 4, "Numerical Dosimetry".
VI. Publications:

Alevra A V, Cosack M, Hunt J B, Thomas D J and Schraube H O E.
"Experimental Determination of the Response of Four Bonner Sphere Sets
to Monoenergetic Neutrons”.

Sixth Symposium on Neutron Dosimetry, Neuherberg-Munich, October 12-16,

1987. To be published in Radiation Protection Dosimetry.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor Contract no.. BI6-A-172-D

Gesellschaft fiir Strahlen-
und Umweltforschung ubH
CSF

Ingolstddter Landstr. 1
D-8042 Neuherberg b.Miinchen

Head(s) of research team(s) [name(s) and address(es)]:

Prof. W. Jacobi Dr. G. Burger

Institut fiir Strahlenschutz Institut fiir Strahlenschutz
GSF GSF

Ingolstiddter Landstr, | Ingolstddter Landstr., 1
D-8042 Neuherberg b. Miinchen N-8042 Neuherberg b. Minchen

Telephone number. 89-31.87.22.25
Title of the research contract:

Radiation exposure analysis and biological desimetry.

List of projects.

l. Exposure analysis for cccupationally, medically and
accidentally exposed persons (with emphasis on
irradiation).

2. Microdosimetry and blulogpical doslmetry.

neutron
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Title of the project no..

Exposure Analysis for Occupationally, Meditally and Accidentally

Exposed Persons (with tmphasis on Neulron Irradiation)

Head(s) of project:

A. Wittmann

Scientific staff:

A. Morhart, A. Wittmann, R. Wiechell,

o G. Burger, H. Schraube
. Objectives of the project:

lhe objective of the projecl arc investigalions on Lhe applicalion of the
new quantities as defined in 1CRU 39 in ncutron radiation protection.
Emphasis is 1laid upon generation of relevanl conversion functions, per
formance of [ield analysis al various working places and of exposure
analysis of personnel. The lalter includes sludies on personal moniloring

as well as on calibralion Lechniques.

Il.  Objectives for the reporting period:

I. Continualtion of phantom improvemenls based on patienl's organ recon-
slruclions.

2. Furlher invesligalions o* working places and personnel exposure in case
of neutron radialion.

3. Performance of and participation in personal monitoring inlercumpdrison

sludies.
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Progress achieved:

lhree dimensional phantom reconstruction.

Further improvemenls hdave been made in the programme pdackayge MOVIE BYU
providing a threcdimensiond! surfate reconstruction from serial tomo-
graphic images. A voxel model of the bodies was developed Lo allow for
radiation trdansport dnd spatially resolved duse deposilion calcula-
tions. Bdsed on the voxel model dny arbitrary section through the body,
even a nonplanar one can be reconstructed and displayed. The programmme
wds dapplied Lo whole body tomugramms of children (in collaboration with
B 16 133 D). Relevanl orgdns, das occuring in the definition of He'

have becn reconslructed.

Exposure analysis

In order further analyse theoreticdally exposure conditions in different
working environments Lhe necessary conversion functions were revised
according to improved calculations and newer quality faclor assump-
Ltions. lhe slandard mdle anthropomorphic phantom was complelely recal -
culaled. Mean spectral oryan fluences dre now avdilable for several
exposure geometries in mdle and femdale phantoms. Conversion functions
for organ dose cquivalents and finally He have been derived using three
different quality factors ULased on assumplions expressed in 1CRU 16
(GSE), T1CRP 51 (GSF*?) and ILCRU 40 (tig.1). lhe latter is based on Y
rather Lhan LET. The Y distlributions hdave been calculdated as a function
of neulron energy using o revised code of 1. Coyne. In addition also
the operdational quanlilies H*(10) and H'(10), as deflined in the ICRU-
sphere were recdlculated with the nes quality lactors. Fig. 2 shows the

ratio He/H‘(IU) for threc exposure geomelries.
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The new conversion functions have been applied to 45 calculated and
measured spectral distributions from calibration sources and stray and
leackage fields in working environmentis. The ratios of He, (ICRU 40)
1o He' (ICRU 16) are between 1.2 and 1.6.

An experimental working place andlysis was performed wilhin three power
reactors by means of multisphere mcasurements, the use of several com-
mercial remcounters and two types of Albedo dosimeters (GSF, Alnor)
fixed on phantoms. All instruments were calibrated at bare and moderate
C1-252 sources. Conversion functions were used for determination of
MADt and ambient dose cquivalenl (H*(10)). Results can be summarized as

follows:

Conversion factors for HMADE and ambient dose equivalent as derived
from Bonner multisphere measurements were numerically very similar

for all working places measured.

Commercial remcounters overestimale the dose equivalent generally by
a factor of two.

- The neutron response of the GSF Albedo dosimeler is roughly 4.5 times
higher than ihat of the Alnor type.

The calculation factor for the Albedo dosineter varies by a factor of
4 for different working places. It can be reasonably determined by

measurements with the 3" and 12"-sphere.

No intercomparison studies hdave been performed in 1987, due to the

th

orgdaniczation of the 6 Symposium on Neutron Dosimetry.
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IV Objectives for the next reporting period:

lhe firstl project will be terminaled by completivn of neutron conversion
functions, and compilation and evaluation of exisling dala on radiation
fields in working environmenls. Emphasis will be shifted conlinuously for

the remaining contracl period on Lo projecl no. 2.

V  Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Or. Drexler, GSF Neuherberg

Dr. Siebert, PIB-Braunschweig
Dipl.Phys. Piesch, GFK-Karlsruhe
Or. J.B. Hunt, NPL leddingtlon
Or. Cosack, PIB Braunschweig

Dr. Colautti, INFN, Legndaro,

Dr. /o0elelief, INO, Rijswijk

VI. Publications:

Burger, G., lLeuthold, G., Morhart, A., Wiltmann, A.: Neulron conversion
functions and their actcurdcy. Proc. 6lh Symposium on Neulron Dosimelry,

Neuherberg, 1987 (in press) (1988)
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Title of the project nc :

Microdosimetry and Biological Dosimetry

Head(s) of project:

G. Burger

Scientific staff:

G. Burger, G. leuthold, M. Aubele,

K. Rodendacker, A. Voss

.  Objectives of the project:

The objective of the project is an improved understanding of biological
efficiency of radiation. 1lhis necessitales as a first slep a Lhorough
andlysis of the physical stages of radiation interaction and local energy
deposition in model targets of living maller. lhe investigalions include
calculations of energy distributions in cavities, lhe continuation and
exlension of charged particle track structure dnalysis and sludies on

cytometric biological dosimelry.

Il.  Objectives for the reporting period:

1. txtension of track simulation cdlculations and energy deposition
analysis in small cavilies and applicalion to secondaries in cdse of
photon and neutron irradiation of phantoms.

?. Improvements and application ol the NBS -Washinglon code for proporiio-
nal counter calculations in collabordlion wilh several groups within
EURADOS .

3. Conlinuation of investigdlion of cytomelric assays for biological dosi-

metry.
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Progress achieved:

. Monte Carlo simulation of charged particle tracks in water vapour have

been completed for protons in the enerqy range from 0.2 MeV up to
15 MeV and a-particles in the energy range from 1 MeV/amu up to
15 MeV/amu. FfFor the ions single and double differential ionization
cross section given by Senger and Wilson were used. The simulation of
secondary electron tracks is based on a program given by Paretzke.

The proximity function approach of Kellerer was applied to determine
the contributions of 1ion core, isolated &-ray and mutual interaction

components to Y Fig. 1 shows the results for low energy protons. As

can be seen onm the total YD the LET-aproach represented by the
asymptotic values for large targets is increasingly underestimated for
proton energies with decreasing energy below 500 keV energy and target
sizes below 10 nm. The same holds for a-particles in the energy range
below 5 MeV/amu. The reason is that 'high LEF' tracks are rather homo-
genious with decreasing energy deposition in the penumbra. 'Low LET'
tracks as represented by high energy protons show a very discontinuous
local event pattern, with high event density clusters at the end of
rather isolated é&é-ray tracks. Y  in these cases 1is grossly under-

D

estimated by the LET-approximation (see annual report 1986). YD was

finally calculated for the proton recoil distributions from fast
neutron irradiation of soft tissue.

D tEvimm

Fig 1: Individual proton trdck
contributions to the dose mean
lineal energ for proton ener
gies of 0.2-1.0 MeV as a func-
tion of target diameter

(1 = ion core events only, e
isolated &-ray events, e e
b-ray interaction, i e = ion
core-6 -ray interaction)

1,900 T Tooeaa
DIAETER (M)

The continous revision of the code was dgrecd upon by J. Coyne and
turopean collegues within EURADOS working groups I and IV. The code in
the version available at GSF was applied to calculate dose mean lineal
energy distributions as a function of neutron energy to determine the

new qualily factor, as defined in ICRU 40 (see project 1).
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3. Biological dosimetry

The shape assay of mouse sperms was further investigated. 1o improve
the material no testes biopsies were tdken, but mature spermatozoa were
directly collected from epididymides, alcohol fixated and Feulgen
stained. In addition blood smears were taken and similarly prepared. To
check the suitability of the new preparation technique and the extended
feature set for morphological and DNA-chromatin texture analysis, mice
(101/E1 x C3H/E1) were whole body irradiated with a single dose of 2
Gy Cs-137 gamma rays. They have been sacrified after 21 and 35 days
post irradiation and samples were taken. Measurements are made with the
TV-microscope using the 100x objective (oil immersion). Physical reso-
lution is about 1 micron (MTF 0.5). In the blood smears 50 lymphocytes
and 50 granulocytes were interactively selected and measured with a
digital resolution of 0.25 micron pixel size. In the sperm specimens
200 spermatozoa were measured after image zooming with a digital reso-
lution of 0.1 micron pixel size. The cells were reclassified inlo 3
classes: control, 2 Gy - 21d, 2 Gy-35d by multivariate discriminant
analysis. Confusion matrices are shown in Tables I - Il!:

Table I: 3-class case of sperms with shape parameters only

Control Day 21 Day 35 % correct

Control 724 34 46 90.0 %
Day 21 101 134 316 64.7 %
Day 35 93 249 460 57.4 %

Table II: 3-class case of sperms with chromatin features

Control Day 21 Day 35 % correct

Control 749 2 50 93.5 %
Day 21 81 931 194 17.2 %
Day 35 64 175 561 70.1 %

Table III: 3-class case of lymphocytes with chromatin features

Control Day 21 Day 35 % correct

Control 129 35 33 65.5 %
Day 21 13 126 59 66.3 %
Day 35 21 46 132 66.3 %

The results demonstrate the existence of marked morphometric and pho-
tometric changes in both sperms and white blood cells in mice after a
whole body dose of 2 Gy. lhe sperm shape assay seems inferior Lo

chromatin measurements.
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V.

1)

2)

VI

Objectives for the next reporting period:

Completion of YD—calculations for target sizes down to 10 nm for
neutrons and gammas in the whole energy region of interest in radia-
tion protection and application to phantom calculations.

Performance of dose effect studies for mouse sperms and leucocytes for

gammmas and eventually fission neutrons.

Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Dr. Siebert, PTB Braunschweig

Dr. Hartmann, DKfZ Heidelberg

Dr. Menzel, University Homburg

Dr. Rechenmann, INSERM Straflbourg

Publications:

Leuthold, G., Burger, G.: Mathematical simulation of proton tracks in
water vapour and their microdosimetric analysis (submitted to Rad. and

Environm. Biophysics) (1988)
Leuthold, G., Burger, G.: Dose mean lineal energy for fast neutrons in

small spherical targets. Proc. b6th Symposium on Neutron Dosimetry,
Neuherberg 1987 (in press) (1988)
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Contractor: Contract no.: BI6-A-011-D

Gesellschaft flir Strahlen-
und Umweltforschung mbH
GSF

Ingolstddter Landstr. 1
D-8042 Neuherberg b.Miinchen

Head(s) of research team(s) [name(s) and address(es)]:

Prof. Dr. W. Jacobi Dr. H.G. Paretzke

Institut flr Strahlenschutz lustitut flir Strahlenschutz
GSF GSF

Ingolstddter Landstr. 1 Ingolst3dter Landstr. 1
D-8042 Neuherberg b. Miinchen D-8042 Neuherberg b. Minchen

Telephone number:  89-31.87.22.25
Title of the research contract:

Track structure calculations.

List of projects:
1. Track structure calculations for radiation risk estimation.
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Title of the project no.: 1

Track structure calculations for radiation risk estimation

Head(s) of project:
Dr. H.G. Paretzke

Scientific staff;
Dr. K. Long, S. HenB

|. Objectives of the project:

Track structures of charged particles describing the primary locations

of relevant molecular changes produced by irradiation will be calculat-
ed for complex, heterogeneous, condensed targets (cells, etc.) and evalu-
ated with respect to the characteristics determining their biological
consequences (e.g. DNA damage, cellular damage). The radiation fields
considered include internal emitters, external photon fields and RZE-par-
ticles. To this purpose the existing Monte Carlo-Computer programs for
particle transport simulation will be modified with respect to the physi-
cal cross section data base, the geometrical scoring routines and the
methods of classification of results.

Il.  Objectives for the reporting period:

Improvement and implementation in track structure code of photo-absorp-
tion, - coherent and -incoherent scattering cross sections for 15 ele-
mental and molecular materials of importance in radiation biophysics
(including liquid water and DNA) from 1 eV to 100 MeV,

Calculation of electron and positron inelastic scattering cross sec-
tions and stopping power for water molecules of increasing density
(from quasi-free molecules in gas to dense liquid clusters),

Further testing of complex geometry computer routines needed to simu-
late heterogeneous biological targets and improvement of their speed of
computation,

Identification of useful sets of quantities describing the relative
biological effectiveness of different fields of ionizing radiation
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Methodology:

- Various sets of literature data on photon scattering cross sections
vere evaluated, checked for consistency with other integral data and
the data chosen vere prepared in a tabular form adequate for fast com-
putation and minimum storage requirements.

- The local density approximation for an interacting electron gas wvas
used to calculate charged particle scattering in an isolated molecule
and in & 'molecule’ within condensed matter where the other molecules
are arranged according to the pair correlation function derived by mo-
lecular dynamics simulations for liquid water.

- The complex geometry computer routines were tested by comparison of
computed results for the location of points deterministically migrating
on straight lines through the bodies (within/without body) with analy-
tical solutions.

- Several quantities (specific energies in small sites of various dimen-
sions, LET_ with variing q, associated clusters, etc.) were tested for
their usefﬂlnonl to explain experimental cellular inactivation (mamma-
lian cells) data for various radiation fields.

Results:

- The photon scattering cross sections for all materials, energies and
types of interaction (differential in angle and target shell) are now
available in a form optimized for speed of computation and memory space
needed.

- In cooperation with Diercksen et al., Max-Planck-Institut fir Astrophy-
sik, Garching, the electronic properties of a single water molecule and
an =35 cluster of vater molecules has been calculated using an LCAO-
approach with linear combinations of Gaussian orbitals, and from this
the double differential cross section for secondary electron emission
vere derived, First the case of positrons was considered (vhere no ex-
change effects have to be taken into account); fig. 1 shows results
obtained for the stopping power of such positrons in single wvater mole-
cules and at high molecular density. The results for electrons in water
vapour shov differences to the experimental results of Bolorizadeh and
Rudd, vhich most likely is due to remaining problems in our theory as’
vell as in the experimental data.

- The complex geometry algorithms describing the simulated bodies are
accurate enough for the intended purpose; in some cases the speed of
computation has to be improved.

- Intercomparisons of calculated results for various sets of potentially
classifying track structure quantities with experimental cell inactiva-
tion dats indicate that, a), there are basic differences in the biolo-
gical natures of primary relevant events produced in mammalian cells by
irradiation with high and low LET-radiations, and, b), that it is ne-
cessary to consider for classification both the microstructure of clus-
ters vithin cell nuclei and the total number of clusters exceeding
certain sizes within the same nucleus.
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Fig. 1: Calculated stopping power for positrons in water calculated

Discussion

The implementation of the photon interaction cross sections has been
completed now,

The theory develloped for the derivation of electron and other charged
particle inelastic scattering cross sections shov the right trends with
increasing targed density. However, the absolute values do not yet
agree well with all reliable experimental data (e.g. on binding ener-
gies measured in ESCA-work), and means to improve this agreement have
to be looked for.

The complex geometry computer routines appear to vork well; more rea-
1istic bodies simulating DNA coiled around histones should now be de-
velloped.

Puther work is needed to improve classification schemes particularly
taking energy migration along affected molecules into account.
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IV. Objectives for the next reporting period:

- Evaluation and implementation of proton and alpha particle inelastic
scattering cross sections for the same 15 target materials from 1 keV
to 1 GeV per nucleon.

- Improvement of the local density functional theory and application to
other target molecules (DNA and -bases); derivation of electron inelas-
tic scattering cross sections from 1 eV to 100 MeV for condensed biolo-
gical target molecules.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Physical aspects: Dr. Booz (KFA Jilich) and other members of EURADOS-
committee 1, Prof. Blanc (Univ, Toulouse), Prof. Sigmund (Univ. Odense),
Prof. Hatano (Inst. of Technology, Tokyo), Dr. Toburen (Battelle, Rich-
land), Dr. Inokuti (Argonne National Laboratory, USA), Dr. Turner (Oak
Ridge National Laboratory), Dr. Diercksen (Max-Planck-Institut,
Garching) .

Biological aspects: Drs. Dennis, Lloyd (NRPB, Chilton), Drs. Broerse,
Barendsen (TNO, Rijswijk), Dr. Goodhead, (MRC, Chilton), Dr. Lafuma (CEA,
Fontenay-aux-Roses), Prof. Hall (Columbia Univ., N.Y.)

VI. Publications:

1) J. Booz, H.G. Paretzke, E. Pomplum, P. Olko:
Auger-Electron Cascades, charge potential and microdosimetry of
iodine-125.
Radiat. Environ. Biophys. 26 (1987) 151-162.

2) W.E. Wilson and H.G. Paretzke:
An Analytical Model for Ionization Distributions Produced in Nanometer
Volumes by Recoil Protons.
Accepted by Radiat, Prot. Dos. (1987).

3) W.E. Wilson, N.F. Metting, H.G. Paretzke:

Microdosimetric Aspects of 0.3 to 20 MeV Proton Tracks-I: Crosses.
Submitted to Radiat. Res.
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Contractor: Contract no.: BI6-A-013-D

Julius-Maximilians-Universitidt
Wirzburg

Institut flir Med. Strahlenkunde
Sanderring 2

D-8700 Wiirzburg

Head(s) of research team(s) [name(s) and address(es)]:

Prof. Dr. A.M. Kellerer
Institut fir Med.Strahlenkunde
Universitdt Wiirzburg
Versbacher Str. 5

D-8700 Wiirzburg

Telephone number:  931-201.38.36
Title of the research contract:

Development of the twin detector method and of microdosimetric
concepts and methods for radiation protection.

List of projects:

1. Implementation of the twin detector method.

2, Computational studies for the twin detector method.
3. Mathematical and numerical studies in microdosimetry.
4, Microdosimetry of heavy ion beams at the UNILAC.
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Title of the project no.: 1

Implementation of the Twin-Detector Method and Computational Studies

Head(s) of project:

Prof.Dr.Albrecht M.Kellerer

Scientific staff:

Dr.J.Breckow, Dr.H.Roos, Dr.R.Greinert, H.Friede

I.  Objectives of the project:

The variance-covarinace method (Kellerer and Rossi, Radiat.Res.97, 237,
1984) permits the determination of microdosimetric parameters in radia-
tion fields of fluctuating intensity. A pair of detectors (the twin
detector) is exposed to the same radiation field and registers the
energy imparted within each of the detectors simultaneously. The dif-
ference between the variance (due to the fluctuations of energy im-
parted) and the covariance (due to the dose-rate fluctuations of the
radiation field) determines the intrinsic microdosimetric fluctuations
depending only on radiation quality, i.e. the inherent properties of

the radiation.

1I.  Objectives for the reporting period:

The prototype experimental set-up which had been developed in the first
reporting period has now been employed in time-varying radiation fields
for which the conventional variance method is not suitable. The measure-
ments performed in radiation fields of low dose rate show the applicabili-
ty of the method and the advantages, such as facility and speed of
measurement.
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I11. Progress achieved: )

Measurements were performed with a low dose rate Am-241 source

(3.5 MBqg, 4 nGy/s) and with Sr-90 (33 MBq, 300 nGy/s) and Cs-137
(185 MBqg, 750 nGy/s). It has been shown that the determination of the
dose mean energy Imparted,Ep , the specific energy, Zy , or the lineal
energy, ¥p , can be performed over a wide range of absorbed dose and
dose rate (about 4 orders of magnitude in the left figure, but can be
expanded up to 6 orders of magnitude).
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The values obtained in fluctuating radiation fields are consistent with
results at constant dose rate, and with single-event measurements. The
right figure shows, as an example, the correlation diagram of the
specific energles, z, in the two detectors of the twin device for a
time-varying Sr-90 field. The covariance, Cag. contributes the predomi-
nant part of the variances, Va and V. The derived value of &, agrees
well with that obtained for Cag close to zero (constant dose rate).
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IV. Objectives for the next reporting period:

The irradiation and detector geometries in the prototype measurements
do not guarantee the uniform fluence throughout the sensitive volume of
the counters for which the microdosimetric variables €, z, and y are
usually considered . Furthermore, the present detectors are not
tissue equivalent. These limitations will have to be removed to extend
the work beyond the methodological developments. In the next phase of
the work more suitable radiation sources will be employed and a tissue
equivalent twin-detector device will be deployed. Subsequent measure-
ments will be performed also in a pulsed accelerator beam.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Radiation Research Laboratories of Columbia University, New York,
(Drs.H.H.Rossi and M. Zaider).

V1. Publications:

Breckow, J., Wenning, A., Roos, H., The Variance-Covariance Method .
Experimental Realisation and Tentative Applications. IMSK 86/110.

Breckow, J., Wenning, A., Roos, H., Kellerer, A.M., The Variance-

Covariance Method: Microdosimetry in Time-Varying Low Dose-Rate
Radiation Fields. Submitted to Radiat.Environ.Biophys.

132 -



Title of the project no.: 2

Mathematical Numerical Studies in Microdosimetry

Head(s) of project:

Prof.Dr.Albrecht M.Kellerer

Scientific staff:

Dr.J.Breckow, Dr.H.Roos, Dr.R.Greinert, Dr.L.Hieber

. Objectives of the project:

The development of microdosimetry in recent years has been greatly in-
fluenced by the new methods of the simulation of charged particle tracks.
This has led to various extensions of microdosimetric concepts. However,
there is still insufficient connection to work performed in stochastic geo-
metry and stereology. To introduce mathematical methods developed in
other fields into microdosimetry is a main objective of the program. Appli-
cation of microdosimetric concepts to radiobiology is a second objective.

Il.  Obijectives for the reporting period:

Past work has led to the identification of close connections between theo-
rems involving the proximity function in microdosimetry and analogous
results which are relevant to other applications. One problem of particular
interest is that of systematic sampling which is important in stereology.
The application of the concept of the proximity functions to such problems
has, therefore, been an objective in this research period.



Itl.  Progress achieved:

A fundamental theorem in microdosimetry links the proximity functions of
the charged particie tracks and of the reference site with the energy
weighted mean event sizes of y, z or y. The formula is a general relation
for the variance of the intercept of two randomly superimposed objects.
This generality has permitted various extensions of the theorem which
has first been developed for the microdosimetric application. A new field
of application has now been the well known lattice problem, more broadly,
the problem of area or volume estimation by systematic sampling.

In this and related problems there has long been an interest in periodic
or nearly periodic oscillations of the magnitude of the variance which
result when the resolution of the test system is increased. Matheron, who
has made important contribution to stochastic geometry termed this the
'Zitterbewegung'. In the work of the last research period, closed expres-
sions have been found for these dependences, and criteria have, for the
first time, been developed for the presence or absence of the oscilla-
tions. A condition for their presence is the existence of discontinuities

in the chord-length distribution of the specimen.

The studies have employed Euler's method of successive approximations in
terms of the Bernoulli polynominals to the fundamental relation in terms
of the proximity functions. While the Bernoulli polynominals provide so-
lutions in the case of systematic planar sectioning, a more general meth-
od is now considered which permits similar procedures for more general
test systems, and especially for point sets.
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IV. Objectives for the next reporting period:

A generalization of Euler's method of successive integrations by parts to
a broader class of functions will be the main objective in the next re-
search period. This involves further studies of the classical lattice-point
problem.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Radiation Research Laboratories of Columbia University, New York,
(Drs.H.H.Rossi and M. Zaider).

VI. Publications:

Kellerer, A.M., On the Variance of Volume Estimators from Systematic
Planar Sections. Submitted to the Journal of Microscopy.
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Title of the project no.: 3

Microdosimetry of Heavy lon Beams at the UNILAC

Head(s) of project:

Prof.Dr.Albrecht M.Kellerer

Scientific staff:

Dipl.Phys.M.LaBmann, Dr.H.Roos, Dr.J.Breckow

|.  Objectives of the project:

The project is aimed at microdosimetric studies with heavy ion beams of
the linear accelerator UNILAC of the GS| (Gesellschaft fir Schwerionen-
forschung, Darmstadt). While a variety of radiobiological projects are
being performed with the heavy ion beams, there has been a lack of
microdosimetric studies on heavy ions. Such studies are required to
supplement and to verify computational results obtained from simulated
particle tracks.

Il. Obijectives for the reporting period:

Aim of the present experimental investigations is the determination of
radial distributions of energy in particle tracks of higher velocity than
previously investigated.

Measurements of the radial energy distribution, for protons between 4 MeV
and 11 MeV, were carried out.
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I1l.  Progress achieved:

Experimental work on the determination of lateral distributions of nitro-
gen light-emission in lineal particle beams was continued. The calibra-

tion and testing of the instrumentation has been completed. Numerical
results on the lateral distribution of light emission around proton beams
have now been obtained. These new data are of interest primarily because
they permit comparisons with computational results. The proton energy was
varied between 4 MeV and 11 MeV. The tandem-accelerator at the Physics
Department of the University of Erlangen was used. Beam intensity was
monitored with a Faraday-Cup. An example of the measurements is given in
Figure 1. The measured light-intensity distribution of 11 MeV-protons is
shown, for seven different pressures of nitrogen from 0.53hPa to 227hPa
(corrected for collisional quenching). The left curve represents the first
negative system at 391.4nm, the right curve the second positive system at
337.1nm,
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For the interpretation of the experimental data their Abel-inversion is
required, and this was achieved by a new optimisation method utilizing
the generalized reduced gradient algorithm (GRGA). Figure 2 shows the
Abel inverted specific emission density normalized to 1g/ccm. The de-
pendence on radial distance is constructed from segments obtained at dif-
ferent pressures (left curve: first negative system; right curve: second
positive system). At small distances the influence of the finite beam
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width becomes apparent. One concludes, that it is possible to cover seven
orders of magnitude in emission density and four orders of magnitude in
radial distance. At present the measurements are limited to a maximum of
Sum equivalent radial distance, due to accelerator produced radiation
background.
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Fig.2

Multiplying the ordinate values of the first negative system by a factor
of 7.8 10-14 one obtains the absorbed dose in gray.

The results are now being compared to corresponding data from a simula-
tion code.
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IV. Objectives for the next reporting period:

After the termination of the experimental studies for the determination
of radial energy distributions, numerical comparisons will be performed
with data from charged particle-track simulations.

The problem of the background noise at higher ion energies will require
special attention.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Gesellschaft far Strahlen- und Umweltforschung

(GSF, Neuherberg), Institut far Strahlenschutz,
Physikalisches Institut der Universitat Warzburg,
Physikalisches Institut der Universitat Erlangen,
Ceselischaft far Schwerionenforschung (GSl), Darmstadt.

VI. Publications:
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Contractor. Contract no.: BI6-A-008-NL

Rijkainstituut voor Volksgezondheid
en Milieuhygiéne (RIVM)

P.0.Box 1

NL-3720 BA Bilthoven

Head(s) of research team(s) [name(s) and address(es)]:

Dr. H.P. Leenhouts
Laboratory for Radiation Res.
RIVM

P.0.Box 1

NL-3720 BA Bilthoven

Telephone number: 030-743016

Title of the research contract:

Comparative risk assessment of radiation and other

mutagenic

agents., Low dose relative risk of different ilonizing radiations

and comparison with UV radiation.

List of projects:

1. Comparative risk assessment of radiation and other mutagenic
agents. Low dose relative risk of different ionizing radiations

and comparison with UV radiation.
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Title of the project no.:
Comparative Risk Assessment of Radiation and Other Mutagenic Agents.
IT. Low Dose Relative Risk of Different Ionizing Radiations and

Comparison with UV Radiation.

Head(s) of project:

H.P.Leenhouts

Scientific staff:

E.Wijngaard
K.H.Chadwick

H.P.Leenhouts
. Objectives of the project:

The aim of the project is to develop a comprehensive conceptual approach
to permit a comparative risk assessment of the cellular effectiveness of
different radiations and other mutagenic agents on the basis of the
mechanisms of action. To that purpose calculations of the radiation
quality dependence of the linear term of the dose relationship will be
made and both experimentally and theoretically the similarities and
differences between ionizing radiation and UV will be investigated in a

consideration of the quadratic term of the dose relationship.

Il.  Obijectives for the reporting period:

- Calculation of DNA damage induced by different radiation types, using
the modified track model;

- Application of the model to calculate the effect of monoenergetic
neutrons on eukaryotic cells;

- Analysis of experimental data in terms of the molecular hypothesis of
radiation biology;

- Confirmation of preliminary results on the fractionation and delayed
plating effects after irradiation of stationary CHO cells with UV and

comparison with results using X-rays.
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IIl.  Progress achieved:

Track structure model:

The modified track structure model has been applied to calculate the
efficiency of different types of radiation for the production of DNA
strand breakage, 1i.e. of both single strand breaks and double strand
breaks induced by the passage of one 1ionizing particle. The track
structure model gives information on energy deposition events along the
path of an ionizing particle at nanometer dimensions and the calculations
take {nto account the physical dimensions of the double helix structure
of the DNA molecule. The data of Ritter et al. (Nature, 266, 653-655
(1977)) have been reanalysed and calculations of the relative track
efficiency for double strand break inductlon as a function of electron
energy have been made. Results show that electrons with an energy between
50 and 500 eV are the most efficient.

The track structure model has also been applied to data on cell survival
after mono-energetic neutron irradiation (data: Hall et al. Rad.Res. 64
245-255 (1975) and Kellerer et al. Rad.Res. 65 172-186 (1976)) assuming
that the initial slope of the cell survival curve (pa D-term) is related
to the production of DNA double strand breaks. The model, which only
takes recoil protons into account as yet, gives a good fit to the
experimental data (see fig. 1) showing that neutrons with an energy of
about 400 keV are most effective. The fitting parameters indicate that
the damage ils caused by water radicals Induced very close to the DNA (0.5

nm) or by direct action of radiation on the DNA molecule.

Interpretation of non-stochastic effects using the molecular hypothesis
for cellular radiation biology.

The molecular hypothesis for radiation biology has been developed in
previous contracts to explain cellular effects of radiation such as cell
killing, chromosomal aberrations and mutations assuming that DNA double
strand breaks are the cruclal lesions. Some non-stochastic effects appear
to be the consequence of an accumulation of cellular effects, e.g. animal
lethality: The cellular model has therefore been extended to take into
consideration the non-stochastic effects and mathematical formulas have
been derived as a basls for the analysis of animal data, using the a-
and B-coefficient of cellular effects. At the cellular level, dose rate
changes affect the 8 term whereas radiation quality affects the a term.
Analysis of animal survival has indicated that these changes with dose

rate and radiatlon quality are reflected at the anlmal 1level. This
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IV. Objectives for the next reporting period:

- Analysis of cell survival and transformation data after exposure to
high energy fons (100-1000 MeV/u, Z = 6 to 26), using track structure
model.

- Comparison of data developed 1in stationary CHO cells studying the
effects of fractlonation and delayed plating with predictions developed

from the molecular hypothesis of radiation biology.

Initiation of experiments to study the interaction of X-ray and UV
Induced lesions In cell survival of stationary CHO cells.

V. Other research groun(s) collaborating actively on this project [name(s) and
address(es)]:

- Drs.J.M.Nelson, L.A.Braby and N.F.Metting, Pacific Northwest Laboratory
Richland, USA.

- Drs.A.Cebulska-Wasilewska and M.Waligorski, Institute for Nuclear
Physics, Krakow, Poland.

VI.  Publications:

Leenhouts, H.P. and K.H.Chadwick
Fundamental aspects of the dose effect relatlionship for ultraviolet
radlation. 1In: “"Human exposure to ultraviolet radiation: Risks and

regulations" (eds. W.F.Passchler, B.F.M.Bosnjakovic) Elsevier,
Amsterdam (1987) 21-25.

Chadwick, K.H. and H.P.Leenhouts
DNA damage and chromosome aberrations. In: “"Radiation Carcinogenesis
and DNA Alterarlions" (eds. F.J.Burns, A.C.Upton, G.Silinl) Plenum
Publ. Corp. N.Y. (1986) 245-264.

Chadwlick, K.H. and H.P.Leenhouts
Chromosome break-points, somatic mutation and oncogene activation:
some comments. In: "Radiation Carcinogenesis and DNA Alterations”
(eds. F.J.Burns, A.C.Upton, G.S5ilini) Plenum Publ. Corp. N.Y. (1986)
265-276
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Leenhouts, H.P. and K.H.Chadwick
The yield of chromosomal aberrations and its correlation with other
biological endpoints. In: "Radiation Carcinogenesis and DNA
Alterations" (eds. F.J.Burns, A.C.Upton, G.Silini) Plenum Publ.
Corp. N.Y. (1986) 277-291.

Leenhouts, H.P. and K.H.Chadwick
Track structure and single hit detectors. In: "Radiation Research"”.
Proc. 8th Int.Congress Radiation Research. Taylor and Francis,

London. vol. 1 p. 84 (Abstract).

Leenhouts, H.P. and K.H.Chadwick
On the common nature of the cytotoxic 1lesion. In: "Radiation
Research". Proc. 8th Int. Congress Radiation Research. Taylor and

Francis, London, vol. 1 p. 63 (Abstract).
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Contractor: Contract no.: BI6-A-023-I

Com.Naz.per la Ricerca ¢ per lo
Sviluppo dell'Energia hucleare ¢
delle Frergie Alterreative, ENFA
Viale Regina Mergherita 1.5
1-00198 Roma

Head(s) of research team(s) [name(s) and address(es)]:
Dr. I.. lLewbo

ENEA - Laloratorio Applicazioni di
bosimetria

Via Mazzini 2
I-40138% Bologna

Telephone number; 051-498350
Title of the research contract:

Track-structure detectors tor neutren and alpha dosimetry.

List of projects:

l. leutron dosimetry by dameage track detector: advantages and
limitations.

2. Applied personal dosimetry by chemical etched CR-3Y dosimeters.
3.

The asgsessment of low «ccncentration of alpha

enitting
radionculides.
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Title of the project no.:

1. Neutron dosimetry by damage track detetor: Advanteges and limita-

tions.

Head(s) of project:

L.Tommasino

Scientific staff:

L.Tommasino, G.Torri

I.  Objectives of the project:

The solutions of many problems in neutron dosimetry (respectively for
personnel, area and environmental monitoring) may be achieved through
the optimization of the electrochemical etching parameters such as
Electric Fields, Temperalure and Frequency. The major scope of this
project is to demonstrate how it possible to obtain any desired neutron-
dosemeter response throu,n a proper choice of these parameters.

iIl. Objectives for the reporting period:

Investigation of the electrochemical etching parameters for the optimi-
zation of CR-39 detector response to neutrons will be continued. Parti-
cular efforts will be made to study the neutron response of CR-39 with
large backgrounds after two-steps etching.
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Progress achieved:

The most important characteristic of the electrochemically etching
process is the ability to control the etching procedures with an exter-
nal apparatus to obtain any desired neutron detectors response.

In 1987 the choise of etching parameters has been made in order to
reduce the detectors background and to obtain any desired neutron
detector response with limited track overlapping and small dependence on
neutron energy.

The optimization of these parameters has proved to be successful
using (among other things) samples irradiated in the Joint European/USA/
Canadian irradiation organized by EURADOS-CENDOS.

In particular the etching parameters used are 3 hours pre-chemical
etching at 25°C. Under these etching conditions, the sizes of the track
spots are relatively uniform when compared with those obtained etching
only electrochemically at high temperatura (60°C). It was thus possible
to count only spots with sizes greater than a certain value thus elimi-
nating part of the background spots.

In this way it was possible to improve the signal-to-noise ratio
for materials charaterized by relatively large background.
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IV. Objectives for the next reporting period:

Since the background of CR-39 detectors till represents the most
important start coming for neutron dosimetry, investigations on the
optimization of the etching paramters will be continued with the major

mission goal of reducing this background.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

R.V.Griffith - Lawrence Livermore Laboratory - USA
W.G.Cross ~ Chalk River Nuclear Laboratory - CANADA

VI. Publications:

L.Tommasino - Future developments in etched track detectors for neutron
dosimetry -~ Rad. Prot. Dos. 20, 121-124 (1987).
D.Azimi Garakani, B.Flores, L.Tommasino and G.Torri - Intercomparison

results of the Cendos Irradiations. EURADOS-CENDOS Report 1987 - 01.
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Title of the project no.:
Project N.2 - Applied Personal Dosimetry by Chemically Etched CR-39

Dosimeters,

Head(s) of project:

Dr. L. Lembo

Scientific staff:

L. Lembo, O.Civolani, M.Beozzo

. Objectives of the project:
Development of a CR-39 Neutron Personnel Dosimeter for Large Dosimetry

Services.

Il.  Obijectives for the reporting period:

Construction and setting up of the various devices required to
transfer the track etch detectors using the electrochemical technique

in routine neutron dosimetry.
Study of dosimetric characteristics of chemically and electroche-

mically etched CR-39 detectors.
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I1f.  Progress achieved:

During 1987 the activities developed have been mainly devoted to
the construction and setting up ot the various devices required to
trasnfer the track etch dztectors using the electrochemical technique in
routine neutron dosimetry and to investigating some dosimetric charac-
teristics of chemically and electrochemically eteched CR-39 detectors.

In particular 10 lucite cells, each capable of simultaneously
eletectrochemical etching 24 CR-39 detectors, 30x 28 mm in dimension
and 600 ,um thick, have been designed and made. During the etching
cycle, usually beginning early in the morning, 4 of these cells are
placed inside an oven meintained at a temperature of 60°C, where they
are automatically filled with the KOH solution by means of a hydraulic
circuit. When the etching cycle, controlled by a HP pocket computer, is
ended the cells are automatically emptyed and cleaned several times with
running water. After the cleaning cycle, the cells are allowed to dry
in the oven overnight. In this way the whole etching cycle is
automatically performed, with no need for the operator to manipulate the
etching solutions or contreol the etching conditions.

The detectors are one-side etched, while, on the opposite side a
bar code identification label is affixed. Track evaluation is performed
with a small, cheap image analyser; this instrument and a bar code
reader are both connected to a PC computer for data recording and dose
calculation.

We plan to introduce this new technigue in our personnel dosimetric
service early in 1988, substituting the currently used technique based
on nucleare emulsion.

As for the study of CR-39 dosimetric characteristics, a systematic
investigation of the background with respect to storage time and batch
purchasing, has been performed.

CR-39 materials from American Acrylics Plastics, 600 ,um thick,
masked with polyethylene film on both sides, have been investigated. The
experimental results showed that the background of samples bought in
January 1987 _and stored in a refrigerator at about 0°C, increased from
about 60 cm ~ at about 800 cm -~ after nine months, and the sensitivity
at Cf-252 neutrons decreased by about 20% in the same period. A new
CR-39 batch purchased from the same manufacturer in July, 1987 has shown
a background equal to 200 c¢m , much higher than the corresponding one of
the first batch. All the experiments have been performed in a 6.25 N
KOH solution at 60°C, using the following etching conditions: 6 hours at
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35 chm_l 50 Hz plus 2 minutes 35 chm—1 2000 Hz, followed by 15
minutes of normal chemical etching.

Using the above etching conditions, we participated in the neutr n
irradiation intercomparison experiment organized in 1986-87 by Eurados-
Cendos. Fig. 1 shows the energy dependence we obtained with this expe-
riment using CR-39 detectors with no additional radiator and etched only
on the back,

After a visit to NRPB laboratories in November 1987, comparison of
our background measurements with those performed by NRPB, emphasized the
need to 1nvestigate the possibility of reducing the wvalue of the
electric field used during our etching cycles, with the aim of obtaining
a lower and more reproducible background without losing too much in

sensitivity and energy response.
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V. Objectives for the next reporting period:

Introduction of the developed CR-39 dosimetric system for routine
personnel dosimetry. Investigations for obtaining a lower and more
reproducible background of CR-39 detectors by reducing the electric
field used during the etching cycles.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

D.Bartlett, NRPB, HARWELL (U.K.)

VI. Publications:

E.Piesch '"Neutron irradiation of proton-sensitive track detectors:
results of the joint European/USA/Canadian irradiation organized by
Eurados-Cendos (1986)" - KfK 4305 EURADOS-CENDQS REPORT 1987-01,
Kernforschungszentrum Karlsruhe GmbH, Karlsruhe.
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Title of the project no.:

3. The assessment of low concentration of alpha emitting radionuclides.

Head(s) of project:

G.Sciocchetti, L.Tommasino, G.Torri

Scientific staff:

F.Breuer, G.Cotellessa, G.Sciocchetti, L.Tommasino, G.Torri

|.  Objectives of the project:

Development and applications of new detectors based on track-structure
properties (damage track detectors and silicon-based devices) for the
asgessment of low concentrations of natural and man-made alpha emitting
radionuclides in man and IN environment.

Il. Objectives for the reporting period:

A. Man-made alpha emitters

Simul taneous measurements of alpha particles on neutron-induced fission
for the identification and characterization of plutonium bearing parti-
culate from Chernobyl.

B. Natural alpha emitters

Continuation of radon measurements both in indoor and outdoor environ-
ments and automation of the reading system. Development of a micropro-
cessor-based radom sampler and dosemeter.
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il

Progress achieved:

A. Man-made alpha emitters

Membranes used for the filtration of large-amounts of air from the
Chernobyl accident have been gathered both from Italy and Sweden. These
filters are now been exposed for the assessment of low concentrations of
alpha emitters.

The next step is to irradiate the same filters to large thermal
neutron fluxes to measure the neutron-induced fission fragments.

The simul taneous reasurements of alpha particles and neutron-indu-
ced fission will be used for the characterization of plutonium bearing
particles from Chernobyl.

B. Natural alpha emitters

The scopes of large scale surveys of indoor radon may be very
different. There are "screening' surveys which are required to investi-
gate the geographical variations in the country or region, while other
surveys are designed to obtain the average population doses for use in
epidemiological studies.

In this second case, measurements of long-term radon concentration
are needed which can be conveniently obtained with all available monitor
devices based on damaged track detectors.

For screening applications, an exposure period as low as one week
is required. For these measurements, damage track detectors are conside-
red not sufficiently sensitive and the diffusion barrier charcoal absor-
ption colletor, DBCA, is used in spite ot its reponse highly dependent
on temperature and humidity.

In 1987 project it has been possible to demonstrate how simple is
to measure short-term radon exposure by spark counting large detector
areas. In particular, by using 100 cm_ cellulose nitrate foil, the
detection limit becomes as low as 8 Bq/m for one week exposure. Using
the long-term radon monitor devices, a large scale surveys of soil radon
has been made throughout Latium and Campania.

For several locations, results of measurements gathered for diffe-
rent years have been analysed.

Appropriate software for alpha track automatic reading of radon-
dosimeters has been developed.
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IV Objectives for the next reporting period:

Man-made alpha emitters
‘haracterization of plut nium bearing particles from the Chern byl ac-
cident.
Natural alpha emitters
Indoor radon survey both for monthly and weekly variations of radon
concentrations in typical houses.

Setting up of a complete system for the electrochemical etching
and automatic reading to process a large number of passive detectors for
extensive sirvey of radon air concentration.

V  Other research group(s) collaborating acuvely on this project [name(s) and
address(es) )"

1, D.E.Cherouati and M.Dahmana, Commissariat aux Energie Nouvelles,
Algeria.

2. J.L. Seidel and M. Monnin, CNRS, Clermont-Ferrand, France.

3. B.Flores, University of Riobamba, Ecuador.

4., D.Azimi-Garakani, University of Tehran, Iran.

VI. Publications:

D.Azimi-Garakani, B.Flores, S.Piermattei, A.F.Susanna, J.L.Seidel,
L.Tommasino and G. Tossi - Radon-gas sampler for indoor and soil measu-
rements and its applications, Paper presented at the IV International
Conference on Natural Radiation Environment, Lisboa, 7-11 Dec.1987.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6-A-015-UK

National Radiological
Protection Board, MNRPB
Chilton, Didcot
GB Oxon OX1l ORQ

Head(s) of research team(s) [name(s) and address(es)]:

Dr. T.0. Marshall
Instrumentation Department
NRPB

Chilton, Didcot

G3 Oxon 0X1l ORQ

Telephone number:  235-83.16.00
Title of the research contract:

The implementation of new ICRU operational quantities for use in
radiation protection.

List of projects:

1. Investigation into the choice of phantom shape for the
calibration of personal dosemeters in terms of the new operational
quantities,

2. Field measurements of photon energy and angle spectral
distribution, the determination of area dose equivalent,
individual dose equivalent and effective dose equivalent and their
comparisons.

- 159 -



Title of the project no.:
1. Investigation into the choice of phantom shape and material for the
calibration of personal dnsemeters in terms of the new operational

quantities.

Head(s) of project:

Dr D T Bartlett
Instrumentation Department
NRPR

Chilton, Didcot

Oxon, O0X11 ORQ UK
Scientific staff:

Dr D T Bartlett
Dr P J Dimbylow
Mr T M Francis

Mr T O Marshall
I.  Obijectives of the project:

The new ICRU operational quantities for external radiation exposure
require the choice of suitable phantoms on which to calibrate personal
dosemeters when determining their energy and angular response. ICRU have
indicated that the ICRU tissue equivalent sphere {s a suitable phantom
for dosemeters designed to he worn on the body. Material of ICRU soft
tissue composition cannot be produced. Also the sphere is an
fnconvenient shape for routine calibration. Accordingly, investigations
are heling carried out of the suitability of alternative materials and

shapes.

Il.  Obijectives for the reporting period:

The objectives for the reporting perlod were to carry out
investigations, both by calculation and experiment, of the dependence of
the response of personal dosemeters on the shape and material of phantoms

used, or to be used, for calibration or type testing.
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Progress achieved:

1. Methodology

Calculations have been performed of the dose equivalent
distributions inside and the energy and angle spectral distributions
of the hackscattered radiation field at the surface of phantoms of
interest for incident photon radiation. The calculations employ a
Monte-Carlo code 'DEIPHOS' developed at NRPB. In general,
sufficient histories are accumulated to reduce the statistical
uncertainty to less than 5Z. The program is run on a VAX 785 at
NRPB Chilton.

The purpose of these calculations of backscatter radiation
fields is8 to provide data to he ahle to predict the response of
personal dosemeters {rradiated on the phantoms with sufficient
accuracy to agsess the suitability of the phantoms as suhstitutes
for an ICRU sphere for calihration and type testing and, where
required, provide correction factors. Calculations have also been
made of the backscattered radiation field at a distance of 1 cm from
the phantom surface. The results of these calculations provide an
egtimation of the dependence of the response of a dosemeter on {ts
geparation from the bhody.

The purpose of the calculations of dose equivalent at a depth
of 10 mm in phantoms of ICRU 4—element tissue other than the 30 cm
sphere 18 to sssess the Importance of the effect of phantom geometry
on the ratio of the response of a personal dosemeter to the dose
equivalent at 10 mm, Examination of the effect of phantom geometry
provides a means of assessing the suitahility of the use of the ICRU
gsphere for the calibration of pergsonal dosemeters whose aim i3 to
measure Hp(10) when worn on a body of markedly different shape to

the ICRU sphere.

2. Results

The calculation of the response as a funct{on of incident
photon energy and angle of a minimal design of personal dosemeter
and 1ts comparison with H'(10) have been completed, analysed and

published. The results show the importance of the lateral extent of
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the covering material over the detector for normal incidence at some
energies as well as more generally for other angles of incidence.

Calculation of bhackscattered fluence and planar fluence energy
and angle spectral distributions have been completed for mono-
energetic photons (broad beam) incident at angles (radians) of cos_l
0.1 increments on 20, 30 and 50 cm diameter spheres of ICRU
4-element tissue and a 30 cm diameter sphere of MS20, and normally
incident on a 30 cm cube of MS20, and a 30 cm cube of PMMA (Perspex
or Lucite). The dose equivalent at a depth of 10 mm as a function
of incident photon energy and angle has been calculated for 20 and
50 cm diameter spheres of ICRU tissue and previous results for a 30
cm diameter sphere augmented. A comparison has been made between
the results obtained of backscattered radiation energy and angle
spectral distribution for a 30 cm sphere of ICRU 4-element tissue
with results of similar calculations for the same phantom obtalined
by PTB. There was good agreement. Accordingly, calculations have
not been performed for water or polyethylene phantoms : it is
proposed to use the results of such calculations performed by PTB.
A 30 cm cube of PMMA is being constructed.

Measurements have been made with thermoluminescent detectors
mounted on the front surface of the MS20) cube phantom, to validate

the calculations.
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IV. Objectives for the next reporting period:

During the next reporting pertod a full analysis of the results will

be made and a report prepared.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Contact has been maintained and di{scussions held with groups at
Physikalisch-Technische Bundesanstalt, Braunschweig (Heads of research

teams: Prof. Dr S Wagner and Prof. Dr R Jahr).

VI. Publications:

Bartlett, D T, Dimbylow, P J and Francis, T M. ‘'Calculations of the
Energy and Angle Dependence of Response of a Simplified Design of Photon
Personal Nosemeter and its Relationship with the Recommended ICRU
Calibration Quantity'. Radiat. Prot. Dosim. 16(4), 319-323 (1986).

- 163 -



Title of the project no.:

2. Field measurements of photon energy and angle spectral distribution,
the determination of ambient dose equivalent penetrating, and effective
dose equivalent, and their comparison.

Head(s) of project:

Dr D T Bartlett

Instrumentation Department

NRPB

Chilton, Didcot

Oxon, OX11 ORQ, UK
Scientific staff:

Dr D T Bartlett
Mr P H Burgess
Mr D R McClure

I.  Objectives of the project:
The ohjective of the project is to determine the degree of
approximation to effective dose equivalent which is afforded for

practical radiation fields by ambient dose equivalent and individual dose

equivalent penetrating.

Il.  Obijectives for the reporting period:

The objectives for the reporting period January to December 1987
were to analyse and report the results of the complete set of

measurements.
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Progress achieved:

1. Methodology

The photon spectrometer constructed for and used 1n these
studies consisted of four Geiger-Muller tubes provided with various
filters which result in distinctly different energy responses,
fitted into lead collimators to define an acceptance angle for lower
energy photons. Photon energy spectra could be crudely analysed in
terms of energy 'hins': 10 to 40 keV, 40 to 100 keV, 100 to 180 keV,
180 to 600 keV and 600 keV upwards. High energy components where
the energy exceeded 2 MeV could be identified. For photon energles
up to 180 keV, the angular distribution of the field was measured in
conical 'bins' of cone half angle "/4. The energy and angle
dependence of response of the spectrometer was characterised using
the ISO Narrow and Fluorescent series of radiation fields and the
deconvolution program tested using simulated responses to
theoretical spectra.

When making fleld measurements, the direction of the highest
intensity (in terms of alr kerma) was {dentified and six
measurements made in the orthogonal direction defined by this
direction and the horizontal and vertical planes. The time for a
measurement was such as to accumulate at least 1000 counts 1n each
of the detector. Backgrounds are typically 0.3 counts s_1 and
therefore alr kerma rates of greater than 1 uGy h-1 were required in
order to obtain a satisfactory signal to noise *ratio.

The measgsured count rates are deconvoluted to give a crude
energy and angle spectral distributions of alr kerma rate. These
distributions will be folded with conversion coefficients to ambient

dose equivalent at 10 mm, directional dose equivalent at 10 mm,

and to instrument and dosemeter resnonses.

2. Results

Fleld measurements have been made at 6 sites in each of 3
bufldings at BNF plc Sellafield, 8 sites at Amersham International,
a simulated fluoroscopy examination and at an industrial radiography

facility. With the exception of the fluoroscopy examination, no
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significant low energy components (E < 100 keV)) were identified.
However, in all cases where fissioning material or other neutron
emitting sources were present in significant quantities, a high
energy component (E > 2 MeV) was noted. The analysis of the results

1s in hand and a full report in preparation.
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IV Objectives for the next reporting period:

The objectives are to prepare a full report, and to publish the
results with a discussion of the implications for choice of monftoring

quantities, ianstruments and dosemeters.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

None.

VI. Publications:

None.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: B16-A-016-UK

National Radiological
Protection Board, NKPB
Chilton, Didcot

GB Oxon OX11 ORQ

Head(s) of research team(s) [name(s) and address(es)]:

Dr. A.F. McKinlay
National Radiological
Protection Board, NKPB
Chilton, Didcot

GB Oxon OX11 ORQ

Telephone number: 235-£3.16.00
Title of the research contract:

Calculation of doses from external radiation. Thermoluminescence
dosimetry studies.

List of projects:

1. Calculation of doses from external radiation.

2. Investigation of methods for improving the thermoluminescence
pruperties of thin dosemeters for application to beta and low
energy photon dosimetry.

3. A study into the development of multiple dose re-assessment 1in
thermoluminescent materials for high dose wmeasurement and into
factors affecting the efficlency of both optical and thermal
transfer and recombination processes in these materials.
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Title of the project no.: 1

Calculation of doses from external radiation

Head(s) of project:

Dr P J Dimbylow

Scientific staff:

Dr D G Jones
I.  Objectives of the project:

To calculate organ doses and effective dose equivalent in various
situations of practical dosimetric importance. Calculations should also
be undertaken to assist in the understanding of experimental
measurements. Particular areas covered are the calculations of medical
exposures and the interpretation of the results of personal monitoring
for epidemiological studies of working populations.

Il.  Objectives for the reporting period:

(1) Improvements in the modelling of phantom and dosemeter. In
particular the introduction of an overlying absorber on the
dosemeter so that it more accurately simulates a real dosemeter.

(2) Dose comparisons in other field configqurations.

(3) Further work on scattered radiation fields.
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I1l.  Progress achieved:

Work on the comparison of personal dosemeter readings with organ
doses and effective dose equivalent for parallel beam irradiation was
considerably extended. Calculations were carried out for AP, PA and
lateral directions and for a complete rotation about the phantom in a
horizontal plane. The range of energies used was from 10 kev to 10 MeVv
and the phantom was based on the Cristy (1980) adult hermaphrodite model
with some small modifications.

The effective dose equivalent (H ) was calculated and compared with
the dose recorded by an idealised dosemeter placed on the phantom. This
dosemeter was located on the midline of the anterior of the body 14 cm
above the bottom of the trunk. Some of the calculations were repeated
with a 1 cm thick tissue equivalent absorber placed on top of the
dosemeter, but this had little effect for radiation of energies above a
few tens of kev. The relationship between H, and dosemeter reading is
shown in the fiqure.

The relationship between H, and kerma in air and between some
selected organ doses and kerma in air were determined and compared with
some results calculated by Wiiliams et al (1985) at GSF which were based
on separate male and female phantoms. Expressing the differences as a
percentage of the maximum value within the energy range, the results for
doses to the skin, skeleton and lungs showed good agreement with maximum
differences of 5, 4 and 6 percent respectively. The differences for bone
marrow, gonads, breasts and thyroid were 12, 15, 18 and 20 percent
respectively and may be due to the differences in the size between the
GSF male and female phantoms. The breast volume in the GSF phantom is
also about 50 percent larger than in the Cristy hermaphrodite. The
results for the smaller organs like the gonads and the thyroid are

affected by the necessarily poorer statistical precision.
References
Mathematical phantoms representing children of various ages for use in

estimates of internal dose, Cristy M, Oak Ridge National Laboratory,
NUREG CR-1159, ORNL/NUREG/TM-367 (1980).

=171 -



The calculation of dose from external photon exposures using reference
human phantoms and Monte Carlo methods, Williams G, Zankl M, Eckerl H,
Drexler G, Part II: Organ doses from occupational exposures. GSF-Bericht
5-1079 (1985).
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IV Objectives for the next reporting period:

(1) Dose comparisons in other field configurations.

(2) The calculation of radiation fields associated with spatially

distributed sources.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Gesellschaft fiir Strahlen und Umweltforschung, Munich, W. Germany.

VI. Publications:

None.

- 173 -



Title of the project no.: 2

Investigation of methods for improving the thermoluminescence properties
of thin dosemeters for application to beta and low energy photon
dosimetry.

Head(s) of project:
Dr C M H Driscoll

Scientific staff:
Mr T M Francis Mr J B O’Hagan Mr D J Richards (part)
I. Objectives of the project:

i) To investigate the properties of thin thermoluminescent dosemeters

suitable for use in beta dosimetry.

ii) To investigate methods for increasing sensitivity and lowering dose
thresholds of these dosemeters, and

iii) To investigate methods for increasing the mechanical stability and
rigidity of thin dosemeters for use in routine dosimetric

applications.

Il.  Objectives for the reporting period:

i) To determine the response of carbon-loaded LiF/PTFE and the Vinten
extremity dosemeter to various beta sources and low-energy photons.

ii) To determine how effectively carbon-loaded LiF/PTFE discs and the

vinten extremity dosemeter evaluate directional dose equivalent (up

to 60°) from various beta sources and low-energy photons.

- 174 -



IIl.  Progress achieved:

LiF/PTFE discs (loaded with 5% carbon at manufacture) and Vinten
extremity dosemeters were irradiated along with control TLD-100 chips (to
relate the measurements to e?§lier studies). Three beta sources were
used: *°sr°y; *°*TL; and 'Tem (B, = 2.27, 0.763 and 0.225 MeV
respectively). Measurements were inlfially carried out with the TLDs
mounted on a MS 20 phantom and under an aluminised mylar window
(0.0085 mm thick). The measurements at normal incidence were carried out
in an automatic exposure jig. The angular measurements used a jig
specifically constructed for this purpose. A cross-comparison was
carried out to determine any difference in scatter contributions from the
sources in the two jigs. Throughout the study the same orientation of
the dosemeters (with their respective controls) on the MS 20 phantom with
respect to the radiation field was maintained. To ensure precision in
the measurements a technique was developed for re-using the Vinten
extremity dosemeter under research conditions. These dosemeters have
been re-used more than 20 times with no significant degradation in
response and no appreciable increase in background.

Two ISO narrow x-ray spectra with mean energies 248 and 33 keV were
used for the low energy photon study. The TLDs were mounted on a MS 20
cube phantom of 30 cm sides under an aluminised mylar window (0.0085 mm
thick). The cube was constructed of slabs 1 cm thick and the TLDs were
mounted on the front slab. This construction ensured that the TLDs could
be positioned in exactly the same location for each irradiation.
Recesses were machined in the block to ensure that the TLD-100 chips
(0.9 mm thick) were coplanar with the front face of the phantom. Six
TLDs (either carbon loaded discs or Vinten extremity dosemeters) were
irradiated on the phantom at a time along with six TLD-100 chips. The
TLDs were irradiated on the axis of rotation for the angular measurements
to ensure that all were exposed to the same field conditions. The
quantities of interest for each radiation condition are the sensitivity
of the dosemeter and its detection threshold. The sensitivity is defined
as the net response in terms of counts (recorded counts minus background)
per unit directional dose equivalent. The threshold is calculated at the
95% confidence level: twice the standard deviation on the mean background
signal divided by the sensitivity. The results are summarised in the
tables.

In conclusion, this preliminary study has shown that the energy
responses of carbon-loaded LiF/PTFE discs are within 40% of unity
(response to 9°Sr/9°Y taken as unity) for low energy beta radiation. The
angular response for the three detectors studied were within 50% of the
values for directional dose equivalent obtained with an extrapolation
chamber. The detection threshold is ~ 2 mSv for '*'Pm. This high
detection threshold is principally due to the low sensitivity of the
detector since the variation in signal from undosed samples is comparable
with that for the TLD-100 chips. Improvements in sensitivity of up to a
factor of 40 may be achieved by incorporating lithium fluoride doped with
magnesium, copper and phosphorous. The dose threshold would be improved
by a factor of 40 if no increase in background signal resulted.

- 175 -



Table 1

Response of LiF TLDs to beta radiation as a function of angle

(Normalised TL counts/unit Directional Dose Equivalent)

905 A0y 2040 470
TLD-100 chips 0° | 1.00 (3%) 0.38 (2%) 0.03 (4%)
30° | 0.98 (2%) 0.38 (9%) 0.04 (29%)
60° | 0.73 (5%) 0.25 (13%) | 0.03 (43%)
Vinten extremity 0° | 0.10 (10%) 0.10 (26%) 0.02 (10%)
30° | 0.10 (4%) 0.09 (6%) 0.02 (8%)
60° | 0.09 (5%) 0.07 (3%) 0.01 (22%)
C-loaded discs 0° | 0.013 (10%) | 0.012 (11%) | 0.008 (16%)
30° | 0.012 (15%) | 0.012 (2%) 0.007 (10%)
60° | 0.011 (2%) 0.008 (21%) | 0.005 (29%)

(Figures in brackets represent one standard deviation)

Table 2

Low energy photon response of LiF TLDs as a function of angle

(Normalised TL counts/unit Directional Dose Equivalent])

248 kev 33 kev
TLD-100 chips 0° | 1.00 (8%) 1.4 (13%)
30° | 1.06 (4%) 1.4 (4%)
60° | 0.94 (7%) 1.2 (3%)
Vinten extremity 0° | 0.07 (2%) 0.08 (10%)
30° [ 0.08 (16%) [ 0.09 (2%)
60° | 0.07 (10%) | 0.09 (2%)
C-loaded disc 0° | 0.013 (2%) 0.018 (4%)
30° | 0.013 (4%) 0.017 (2%)
60° | 0.014 (2%) 0.016 (2%)

(Figures in brackets represent one standard deviation)

Table 3

Dose threshold (uSv] (at 95% confidence level)

as a function of Beta radiation calibration source

905r/90Y 204T1 147Pm
TLD-100 chips 20 70 750
vinten extremity 110 120 750
C-loaded disc 1200 1200 2000
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IV Objectives for the next reporting period:
Project completed

V  Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:
Francis T M, Driscoll C M H ’'Thermoluminescence beta dosimetry’, NRPB
Radiological Protection Bulletin, No 65, 26-29, 1985.

Francis T M 'The development of a reference instrument for the direct
determination of dose equivalent from beta radiation at various depths in
tissue’ Radiation Protection Dosimetry, 12, 219-222, 1985.

Francis T M, O’'Hagan J B, Richards D J, Driscoll C M H 'Responses of
thermoluminescent materials to beta radiation and low energy photons’
Radiation Protection Dosimetry, 17, 89-92, 1986.

Driscoll C M H, McWhan A F, O'Hagan J B, Dodson J, Mundy S J, Todd C D
'The characteristics of new LiF preparations and sensitised LiF’
Radiation Protection Dosimetry, 17, 367-371, 1986.



Driscoll C M H, Barthe J K, Oberhofer M, Busuoli G, Hickman C ‘Annealing
procedures for commonly used radiothermoluminescent materials’ Radiation
Protection Dosimetry, 14, 17-32, 1986.

Driscoll C M H, Richards D J 'Reader annealing of LiF chips’ Radiation
Protection Dosimetry, 18, 99-100, 1987.

O’Hagan J B, Francis T M, Williams S M 'The re-usability of the Vinten
extremity dosemeter’ to be published in Radiation Protection Dosimetry
1987.

Bartlett D T, Dutt J C, Francis T M 'A new detector for the assessment of
individual dose equivalent, superficial (skin dose): preliminary results’
in the Proceedings of the 5th Information Seminar on the Radiation
Protection Dosemeter Intercomparison Programme - Beta Dosimetry, at ENEA,
Bologna, Italy, 25-27 May 1987, to be published in the EUR series,
Commission of the European Communities, 1987.

Driscoll, C M H, Francis, T M, Williams S M, O'Hagan J B, Bartlett D T

'Response characteristics of carbon-loaded dosemeters to beta radiation’,
to be submitted to Radiation Protection Dosimetry.
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Title of the project no.: 3

A study into the development of multiple dose re-assessment in
thermoluminescent materials for high dose measurement and into factors
affecting the efficiency of both optical and thermal transfer and

recombination processes in these materials.
Head(s) of project:

Dr C M H Driscoll

Scientific staff:

Mr J B O’Hagan Mr D J Richards (part)
I.  Objectives of the project:

i) To investigate phototransfer processes in a range of
thermoluminescent materials including lithium fluoride, calcium
fluoride and calcium sulphate in order to gain further information
about electron transfer processes in these materials.

ii) To investigate methods for increasing the efficiency of the
phototransfer process so that lower detection thresholds for
re-assessment of absorbed dose can be achieved, and

iii) To develop multiple dose re-assessment procedures in these materials
so that high primary absorbed doses can be assessed in the normal
response range of luminescence detecting systems.

Il.  Obijectives for the reporting period:

i) To determine the degree of multiple dose re-assessment from lithium
fluoride (in chips and PTFE disc form), calcium sulphate, calcium
fluoride and beryllium oxide.

ii) To develop a procedure for evaluating the dose received by a
dosemeter which produces a thermoluminescence signal above the
normal response range of the luminescence detecting systems during
the primary readout cycle.
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llI. Progress achieved:

The multiple dose re-assessment properties of LiF (TLD 100) chips,
LiF (TLD 700)/PTFE discs, CaF, (TLD 200) chips, CaSO, (TLD 900) chips and
BeO (Thermolux 995) ceramic pellets have been studied; (the last two
materials being different preparations from those reported
previously‘l’). The TL signals from these materials were recorded over
the primary absorbed dose range 100 mGy to 1 kGy and during five cycles
of re-assessment, along with the signals from undosed controls of the
same type. The re-assessment parameters for the LiF/PTFE discs were a
pre-heat at 115°C for 120 s, followed by exposure to ultra-violet
radiation (254 nm) at 115°C for 300 s, followed by a post-irradiation
anneal at 115°C for 120 s. Other materials were exposed to ultra-violet
radiation under the same conditions but at room temperature.

The signals from all samples exposed to high radiation doses were
above the detection range of the luminescence detecting system. The
number of re-assessment cycles required to bring these signals within the
dynamic range was determined as a function of absorbed dose. For all the
materials, five re-assessment cycles were required to achieve this. BeO
was the only material to produce negligible intrinsic photo-
thermoluminescence (PTL) (<10 uGy equivalent). For other materials a
computerised glow curve acquisition and analysis system was used for the
subtraction of the PTL signal from the recorded signal to obtain the
photo-transferred TL (PTTL) and to determine the glow curve structure due
to these processes, as summarised in table 1.

The magnitude of the re-assessment signal as a percentage of the
primary signal is given for each material in table 2. The re-assessment
efficiency of the LiF chips is different from those of the discs due to
differences in the annealing treatments applied during ultra-violet
exposure.

The detection threshold D, of each material as a function of the
re-assessment cycle is given in table 3. The increase in D with
re-assessment cycle is due to a decrease in sensitivity coupled with an
increase in the variation of the PTL signal. This explains the less
pronounced increase in D with re-assessment cycle for BeC where the PTL
contribution is very low.

In conclusion, multiple dose re-assessment has been shown to be a
useful technique for determining a high dose from a wide range of
thermoluminescent materials when the primary signal is above the normal
response range of the luminescence detecting system. It can also be used
when information about the primary signal is lost, for example due to an
electronic fault in the read-out apparatus. The use of a glow curve
analysis system allows any PTL signal to be subtracted from the recorded
signal of re-assessed dosemeters.

References
1. O’'Hagan J B, Pearson A J, Driscoll C M H ‘Multiple dose

re-assessment in thermoluminescent materials’ Radiat. Prot. Dos.,
17, 347-350 (1987).
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Table 1

Glow curve analysis results of the temperatures (°C) of the

main glow peaks in the primary readout and those due to PTL

and PTTL for several TL dosimetry materials

Primary
Dosemeter read-out PTL peaks | PTTL peaks
peaks
LiF (TLD 100) chips 220 120 + 220 230
LiF/PTFE 0.2 mm disc 220 190 240 - 260
LiF/PTFE 0.4 mm disc 220 190 235
Caso, 160 145 165
CaF, 170 + 250 170 190 + 280
BeO 200 180 200
Table 2

Re-assessment efficiency (expressed as a percentage of

the primary read-out) as a function of re-assessment cycle

for several TL dosimetry materials

Dosemeter Re-assessment cycle
1 2 3 4 5
LiF/PTFE (0.2) | 14 2 0.5 0.2 0.2
LiF/PTFE (0.4) 20 4 2 1 0.5
Caso, 1 1 1 0.5 0.5
CaF, 0.2 | <0.01 | <0.01 | ¢<0.01 | <o0.01
BeO 10 2 1 0.5 0.2

(LiF chips were not re-assessed at an elevated temperature —
see reference (1) for data)

Table 3

Detection threshold (mGy] at the 95% confidence level

as a function of re-assessment cycle for several TL dosimetry

materials (see ref (1) for additional results)

Material Primary Re-assessment cycle
Read-out 1 2 3 4 5
LiF/PTFE (0.2) [ 2 60 400 850 1000 2000
LiF/PTFE (0.4) | 0.4 60 200 450 650 850
CaSo, 0.3 40 40 50 50 120
CaF, 0.01 7 500 1000 1000 1000
BeO 0.02 2 2 10 10 15
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IV. Objectives for the next reporting period:
Project completed

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:

O'Hagan J B, Pearson A J, Driscoll C M H 'Multiple dose re-assessment in
thermoluminescent materials’, Radiation Protection Dosimetry, 17,
347-350, 1986.

Driscoll C M H, Richards D J, O'Hagan J B, Francis T M 'What’s new in
TLD’ to be published in NRPB Radiological Protection Bulletin, 1987.

Driscoll C M H 'Dose re-assessment of LiF:Mg,Cu,P’ to be published in
Radiation Protection Dosimetry, 1987.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6-A-010-D

Universitdt des Saarlandes
St.Johanner Stadtwald
D-6600 Saarbriicken

Head(s) of research team(s) [name(s) and address(es)]:

Dr. H.G. Menzel Prof. Dr. R. Grillmaier
Universitdt des Saarlandes Universitdt des Saarlandes
Boris Rajewsky Institut Boris Rajewsky Institut
D-6650 Homburg (Saar) D-6650 Homburg (Saar)

Telephone number.  6841-16.62.02
Title of the research contract:

Dosimetric research and radlation protection dosimetry with
proportional counters and physical and biological accident
dosimetry.

List of projects:

1. Basic physical data for the dosimetry and radiation protection
dosimetry of neutrons and photons with low pressure proportional
counters.

2. Investigation of practical aspects of employing microdosimetric
counters as dose equivalent meters.
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Title of the project no.: 1

Basic physical data for dosimetry and radiation
protection dosimetry of neutrons and photons with
low pressure proportional counters.

Head(s) of project:
H. G. Menzel

Scientific staff:
K. H. Folkerts
A. Kunz
P. Pihet
P. Dahmen

. Obijectives of the project:

The accuracy and precision achievable in dosimetry of external
ionising radiation depends on the availability of adequate
basic physical data. Examples for required improvements are
neutron interaction data (cross sections, secondary charged
particles) and dosimetric data (kerma factors) for different
elements and materials and neutron energies above 14 Mev. Ttre
ability of low pressure proportional counters (PC) to measure
absorbed dose with relatively low uncertainty and, simul-
taneously, ionisation yield spectra due to single primary in-
teractions is used to determine required interaction and dosi-
metric data for neutrons and photons.

Il. Objectives for the reporting period:

To carry out measurements with low pressure prcportional
counters with different wall materials for monoenergetic
neutrons above 20 MeV at the Swiss Institute for Nuclear
Research (SIN). To continue the investigation and optimization
of the timing properties of proportional counters. To perform
combined measurements of pulse height and time-of-flight
spectra for neutrons and mixed radiations. To investigate
possibilities to decrease the lower limit for the simulated
diameter in low pressure proportional counter measurements.
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lIl. Progress achieved:
Lo~ préssure proportisnal counters (PC) with walls made of

A-150 plastic (TEPC) and graphité (CPC) were used to measure
ionisation yield speztra and kerma in radiation fields designed
to produce monoenergetic (and polarized) neutrons in the energy
range of 20-60 MeV at the Swiss Institute for Nuclear Research
‘SIN). The neutron beams were produced by bombarding a thin
teryllium target (370 mg cm-2) with prctons of 29.6, 43.7 and
£2.7 MeV resulting in (mean) rneutron energies of 27.2, 29.7 and
£0.3 MeV. The counters were filled with propane based TE-gas
Tisture at a pressure corresponding to a “"simulated diameter”
f 1 um at a density 2f t g cm-3. Cylindrical caps made of
rolyethylane and graphite of various thicknesses were used on
the detectors in order to study the dose and charged particle
build~- up and to achieve charged particle equilibrium for kerma
measurements.

The meAasurements were evaluated in terms of absorbed dose
Jistributions 1n the microdesimetric quantity 1lineal energy
and in terms of kerma. The 1onisation yield spectra measured
with the TEPC with and withou* pclyethylen build- up caps and
normalized to the charge of the proton beam incident on the Be-
target reveal that complete build- up is achieved for a-par-
ticles and heavy reccils (y > 1580 keV um-') with the intrinsic
wall thickness of 2.5% mm A-152, There 15, however, a distinct
build-up effect of fast protons (y ¢ 30 kaV um-') with
‘ncreasing wa'l thicknecs. The relative ncrease in neutron
absorbed dose per monitar amounts to 30% for a € mm thick cap
and 40% for a 123 mm cap. Comparable results were obtained at
the other energies. The builld-ur effect in carbon seen with
graphite caps 1s entirely cue to prctons from the (n,p)}
reaction in carbon.

Fluence and spectral fluence measurements were not available
fcr the neutrcen teams used s that results cannot be given in
terms cf kerma factors. However, several quantitive conclusion
of relevarce for neutron cosimetry can be drawn from the
results. The ionisati=sn y‘eld sgectri meacured with the CPC
ravaal the szignificant increase in dose contribution of protons
frem the (n,p) process 1n carbon at neutron energies above

20 MeVY. In view of the 1mportarze of this and other non-elastic
prccesses for kerma and atsorted dosze in this energy range and
the reverse rate of cark-n and ovygen 1n A-150 plastic and
mus~le tissue the prcoblem of tissue-equivalence in dosimetry
and micrcdosimetry becomes very apparent. The combinaticon of
TEPC and CPC measurements ("twin counter methcd”) has been used
to evaluated gas-to-wall abenrbed ra,y3 dose conversion factors
for the CPC. The methoad ta!les advantage of the icnisaticn yield
spectra and the fact that carkbcn has a Yarge relative abundance
of 0.7768 (by weight) in £-'580, Values of rm,g remain nearly
ccnstant (0.8 - 0.28) for TE gas ©-1led CPC’s in the energy
range 15 - 60 MeV,
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The kerma ratios of carbon and A-1£0 have been evaluated from
the measurements and, tcogether with previously obtained
experimental results between 14 and 19 MeV, compared to
theoretical values. Whereas there is good agreement with the
data of Brenner and Dimbylcw belcw: 20 MeV, the experimental
results are systematically lower for the measurements at SIN.
This must be, at least partly, due to a contamination of the
radiation field with neutrcns of lower energies. The final
maasurements of kerma factors will have to include time-of-
Tight discrimination of the low energy neutron events.

Procgress has been achieved 1n the understanding and
cptimizaticon of the timing properties of PC. The investigaticn
cf the achievable time resoluticn with photons (see Progress
Report 192€) was continued using pulsed beams of monoenergetic
rautrons of 506 keV, 140 leV and 15 MeV at PTB, Braunschweig.
These measurements provided informaticn on the timing
properties for mixed neutron gamma-ray irradiations and for the
large dynamic range of pulse heights produced by neutrons. The
erperiments were performed using the dual parameter data
acquisiticon system of PTB which allows detailed analysis of the
correlated pulse height and time-cf-flight spectra. PC's with
gsometrical diameters cf €.35 mm, 12.7 mm and 52 mm filled with
propane or iso-butane based TE-gas mixtures or pure iso-butane
~ere used. Similar to the results for photons also for neutrons
the best time resolution was cobtained with iso-butane and the
smallest counter (6.25 mm counter filled with iso-butane:

20ns FWHMY . Iso-butanz based TE-gas mixture was only slightly
infericr. Propanz based TE-gas, however, leads to comparably
i;onr time resclution and distinct dependence of the time
resolution on pulse “eight. The results obtained will be used
for the time-of-flight discrimiration of low energy neutron
zontamination in the high ernergy neutrorn bteams at SIN.

The objectives for the reporting pericd have been largely
achieved. No progress has been made with regard to extending

7T measurements to lower s3imulated diameters.
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Iy. Objectives for the next reporting period: .
7c perform combined pulse height and time-of-flight

measurements with 1ow pressure propcrticnal counters with walls
made of A-150 plastic and graphite in beams of gquasi-
monoenergetic neutrons iIn the energy range 20 -~ 60 MeV at the
Swiss Institute for Nuclear Researcr and to evaluate ionisation
y‘eld spectra, kerma ard, f possible, hLerma factors for
different energies. To carry out measurements with graphite
prcpcrtional counters for monoerergetic reutrons between 13 and
20 MeV at PTB (jointly; with PTB). To compare the experimental
rasults with theoretical data based cn nuclear mode)
calculations.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Physikalisch- Te:xhnische Bundesanstalt (PTB), Braunschweig
Gruppe Neutronendosimetrie (Cr. G. Dietze).
Braunschweig

Nationa! Bureau of Standards (NBS), Washington, D.C.
Center for Radiation Research (Dr. J. J. Coyre).

Universitdt Basel und Schweizerisches Institut fir
Nul:learforechung {SIN}!, Switrerland.

VI. Publications:

Menzel, H.G., Fast nautron and pizn interaction data from low
pressure proportional counter measurements, in Nuclear and
Atomic Data for Radiotherapy and Related Radiobiology, Proc. o7
an Advisory Group Meeting organized by the International Atom::
Energy Agency, Rijswiil, Sept. 1928, p. 265-284 (19°7).

Prenrer, D.J., Zaider, M., Coyne, J..!., Menzel, H.G. and Prae?,

R.E., Evaluation of nonelastic neutron cross secticns in carbon
above 14 Mev, Nucl. S2i, Eng. 95, 211-215 (1987},
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Title of the project no.: 2

Investigaticns of practical aspects of employing
microdosimetric countersz as dose equivalent meters.

Head(s) of project:
H. G. Menzel

Scientific staff:
K. H. Folkerts .
A. Kun:z »
P. Pihet
P. Dahmen.

.  Obijectives of the project:
Radiation protection dosemeters based on tissue equivalent
proportional ccunters (TEPC) have been shown to have very good
energy response for nautrons in terms of operational guantities
such as H*(12) and to posses:z diagnostic capacity for mixed
radiations. The construction of a portable area monitor based
cn a TEPC will be completad and the instrument will be tested
in calibrated neutron and mived radiaticn fields and in
radiation environments of practicz! importance. The
construction will be optimized <for operatiosnal health physice
requirements and with regard to the instrument respo?se.

Il. Obijectives for the reporting period:

To perform measurements cf dose equivalent with the TEPC system
in mixed radiation environments of practical importance. To
participate in the sscond intarcompariscn of TEPC area monitors
for 1ow energy neutrons at the filtered beam facility of the
Rasearch and Measuring Peactor (FMREB) and at the accelerator
facility of PTB, Braunschweig (coord. by EURADCS- Committee 1).
To perform measurements in well defined neutron radiation
fields of radiation prctection and dosimetric interest. To in-
vestigate possibilities to improve the dose equivalent response
of the TEPC in the intermediate and low neutron energy range.
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118 Prog;ess achieved; . . ) .
Trhe and’ogu2 electronics (linear amplifiers and high voltage

supply) for our prototype TEPC area mcnitcr "HANDI" were
designed and constructed. Design criteria were low power
consumption and small physical size without significant loss in
performanze characteristics in comparison tc conventional
labcratory electronic instruments. The complete prototype
portable area monitor was tested in the second interccmparison
o»f TEPC instruments at PTB (see below). In paralell work was
performed using CAD- techniques in order to further miniaturize
and optimize the electronics and to implement a more powerful
microprccassor. The final design is expected to meet the
criteria required for operational health physics instruments.

Dose equivalent measurements with TEPC systems (both the
ccnventiona' labcoratory system and the HANDI prototype} ir
mived radiation envircnments cf practical importance were
continued. In the environmentsz of several neutron therapy
facilities in Great Britain, France, Belgium and Germany a
ccmprehensi.e set »f measuremernts was carried out. If pocssible
cempariscns were made with conventicnal neutron dose equivalent
rate meters ("rem ccunters”) and other instruments such as the
DINEUTP2N (Mourges ot al., Proc. £th Symp. Neutron Dosimetry,
2¢7 (1224)).The results cbtained show that in general neutron
dos2 equivalent measur2d bty the TEPZ and the "rem counters”
agree within 50%, tre difference being largest for higher
neutrcn energies. The differences in results were considerably
largar if compared tc the DINEUTRON. Measurements were also
rerformed in working 1reas and storage raoms of a nuclear fuel
procensing plart. The Jd-agnostic capacity of the TEPC
inttrument was used to analyze the radiation field and its
Yzeal and temporal! variation. Neutrons originate from
spantanecus fission 1#d (a,n)- reactions and are shielded by
va-icus materials of varying thickness. The spectral
infrrmat ion was also used to assess the energy of photons. In
severa' positions the mean photon energy was found teo be lessz
than 100 %eV. The czrvaentional microdosimetric method tc
determire photon dose fractions by €itting a standard photon
spectrum (e.g. a %Mz spectrum) is inadequate in these
situnatiors and a sinrple threshold method grovides better
results. This experiencz2 is cf practical importance fcr the
final evaluation prccedures to be installed into the portable
area mcnitcr.

With *taese and previcus measurements a zomprehensive set of
TEPC dose equivalent measurements in mixed fields of practical
interest (physical and madizal accelerators and nuclear
industries) has been obtained. Tre investigations have
demcnstrated the suitability of TEPL snstruments in terms of
dcze equivalent (rate) meters ard of their diagnostic capacity.
The experience gained is being 1ncluded in the final design of
cur portable mived radiraticn area monitor.

- 189 -



In November 1927 we particirated with both, the prototype HANDI
and the labeoratury microdosimetry system in the second part of
the intercomparison of TEPC instruments, jointly organized by
EURADOS Committee 1 and PTB. At the filtered reactor beam
facility of PTB the teams of thermal neutrons, 24.5 and 144 keV
neutrcons were used. At the accelerator facility monoenergetic
neutrons 0.57, 2.5 and 14.8 MeV were available in addition to a
80Co reference radiation field. The final results of this part
of the intercomparison are being evaluated at present.

Theoretical! and experimental! studies were carried to ascertain
the influence of small amcunts of 3*He added to the counting gas
orr the dose equivalent respcnsze of a TEPC. The aim of this
investigation is to improve the low respgonse in the
intermediate and low.neutron energy range and is based con tlre
prcposal made by ,Pscona fer icnization chambers (Proc. 5th
Symp. on Neutron Desimetry, p. 221 {1924)) . 'The principle of
this approach is to take advantage 2f the mcderation of low
energy neutrcons in the ccunter wall and the large cross-section
of the 3He(n,p)3H reaction in which 764 keV kinetic energy is
released to the charged particles. Calculations showed that a
fraction of not more than 1% 3He by weight should increase the
response of a TEPC with walls of 2 mm thickness appreciably for
neutron energies telow 100 keV. For neutrons in excess of 1 MeV
the influence on the dose equivalent response is expected tc be
negligible. Measurements at PTB with TEPC counters filled with
propane based TE-gas mixture and additional 0.1, 0.5 or 1% 3He
were tested in the radiation fields of the thermal neutrcn
beam, 24.5 and 144 keV neutrons (filtered reactor beams),

2.5 MeV monoenergetic neutrons and of a D20 moderated 252Cf-
source. The wall thickness was varied by using polyethylene
build-up caps of varying thickness. A preliminary evaluation
showed principal agreement with the thesretical estimates. As
an example, the addition of ¢.1, 0.5 and 1.0% 3He increased
total dose eguivalent measured by a ccunter with a 2.5 mm thict
wall made of A-150 plastic in the thermal neutron beam by
factors of approximately 2.5, 17 and 25, respectively, if
compared to the pure TE- gas mivture. In the radiation field cof
a D20 mcderated 2%2Cf scurce an increase of 30% was observed
for additional 1% 3He. The dose equivalent could be further
increased for some of the radiations investigated by increasing
the wall thickness.

The objectives for the repcrting pericd have keen fully
achieved.
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IV. Obijectives for the next reporting period:

To carry out the final evaluat:on o>f the second part of the
EURADDS intercompariscn of TEPC instruments at PTB and the
TEPC measurements with small 3He-gas additions to the TE- gas
mixture. To use these results to optimize the dose equivalent
response ¢f the TEPC and the calibraticn and cperating proce-
dures of TEPC based area monitors. To continue radiation pro-
tection measurements with TEPC instruments in mixed radiation
fields of practical interest (acceleratcrs and nuclear in-
dustries). To zontinue wcrk on the development cf the partaktle
TEPC area monitor suitable for operaticnal health ghysics and
to test its performance.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Physikalisch- Technische Bundesarstalt (PT2), Braunschweig
Gruppe Neutronendcsimetrie (Dr. G. Dietze) and Gruppe
Metrologie der Reaktorneutrcnen (Dr. W. Alkterts)

Universte Catholigue de Lcuvain, Belgium (Drs.A.Wambersie anrd
J.P.Meulders)

National Physical Laboratory, Teddingtcr and University =f
Leeds, U.K, (Drs. J. Hunt and A. . Waker)

E'JRADOS- CENDOE Committee 1

VI. Publications:

Menzel, H.G., Applications of microdosimetry in radiation
protection, in Radiaticn Research, Prcoc. 2th Int. Congress of
Radiation Research, Edinburgh, July 1927, E.M, Fielden, J.F.
Fowler, J.H. Hendry, D. Scott eds., p. Z45-250,( 1987) (Taylar
and Francis, London}.

Schuhmacher, H., Alterts, W.G., Menzel, H.G., 8uhler, G.,
Dosimetry of low energy neutrons using low pressure
proposrticnal counters, Radiat. Res. 111, 1-13 (1987).

Schuhmacher, H., Menzel, H.G., *luge, H., Dosimetry of a bare
and a D20 moderated ?%°Cf scurce using lcw pressure
proportional counters, Radiat. Prot. Dosim. 19, 103-109 (12°7)

Pihet, P., Meulders, J.P., Marqueb-eucq, S., Menzel, H.G.,
wWambersie, A., Dose equivalent determined by tissue-
equivalent proportional cocunters in the envirornment of the
neutroan therapy facility at Louvain-la-Neuve, Brit. Journ.
Radiol., 60, 21t (19987)

Menzel, H.G., A study of the National Physical Laboratory
microdosimetry research programme in collaboration with the
University of Leeds, NPL Peport RS (EXT) 93 (1987).
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Head(s) of research team(s) [name(s) and address(es)]:
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GB London SEI OAA GB London SEl 0AA

Telephone number:  1-928.89.89
Title of the research contract:

Computation of the radiation dose due to the daughter products of
radon deposited in the lung.

List of projects:

1. Computation of the radiation dose due to the daughter products
of radon deposited in the lung.
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Title of the project no.:

BI6-025-UK

Computation of the radation dose due to the daughter
product.; of radon depsited in the lung.

Head(s) of project:
Dr. A.K.M.M. Haque

Scientific staff:
Dr. I.A.M. Al-Affan

Research Fellow

I. Objectives of the project:

Human exposure to radon and its daughter products, even in
the normal living and working conditions, could amount to
a substantial proportion of the total exposure to natural
radiation. A comprehensive computation of the radiation
dose to the lungs would be valuable in view of the new
information on aerosols, lung parameters, stopping power,
etc.

Il.  Obijectives for the reporting period:

Extensive analysis and comparison of dose calculation
results.

Calculation of microdose spectra for alpha particles from
RaA and RaC' for different lung generations and depths in
tissue.

Calculation of ?} ., Yo and ED and find out if they give
;nformation about radiation quality of alpha from RaA and
ac',

Assess the radiosensitivity of those cells which are 1lying
in the way of alpha track (including basal cells).
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It nas been found that realistic changes in wvalues : of some
factors chancge the dose rate by a factor of 2. The annual dose
in generation 5§ corresponding to radon concentration of 23
Bg/m® (NRPB Survey) at a depth of 1 and 20 mam from the
mucus-tissue interface are 4.3 and 1.8 mGy, respectively.

In order to calculate the microdose spectra for the alpha
particles, a theoretical approach based on the method used by
Hague (1967), taking into account the distribution of the chord
length of <the alpha particles striking a spherical volume
(tissue) of 1 sam in diameter. Figure below shows <the total
number of events as a function of the energy deposited by 6 MeV
(RaA) and 7.7 MevV (RaC') alpha particles. The activity of
radon daughters has been assumed to line the mucus surface, the
sensitive volume being at a distance of 10 mm from it. .

The parameters ?; and ?D for the above spectra have been
found to be 111 keV/um and 136 kev/um for_ RaA and 87 keV/um and
107 kev/uam for RaC' respectively. i; and v, as a function of
depth in tissue have also been calculated for RaA and Rac'

Some chemical compounds present in mucus due to inhalation
may be transferred to the tissue cells of the lung. Work is in
progress to assess the radiosensitivity of those cells in the
presence of chemical compounds (such as smoke).
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IV. Objectives for the next reporting penod:

Lung Cancer induction model with information cn lung cells, their
radiosensitivity and distribution

Sensitivity analysis and risk evaluation with epidemiolcgical and
radiobiological information.

Preliminary study of Monte Carlo simulation in the dosimetry of the lung.

V. Other research group(s) collaborating actively on this project [name(s) and

address(es)]:
Prof. D.M. Taylor University of Heidelberg,
Germany
Dr. A.C. James NRPB, UK.
VI. Publications:
(1) Hagque A.K.M.M. AND AL-AFFAN I.A.M. (1987).

Influence of the physical state and stragglimg on the
computation of the radiation dose due to radon daughters
deposited in the lung. Phys. Med. Biol. 32,/00/-~/pos.

(2) Haque A.K.M.M, AND AL-AFFAN I.A.M. (1987) .
Radiation dose to the 1lung due to inhalation of alpha
emitters, BNES Conference on Health Effects of 1low dose
ionising radiation, London, 11-14 May, 1987.

(3) Hague A.K.M.M. AND AL-AFFAN I.A.M. (1987) . Detailed
cosideration of factors affecting the assessment of dose
to the 1lung due inhalation of alpha emitters, 8th

International Congress of Radiation Research, 19-24 July,
1987, Edinburgh.

(4) Hague A.K.M.M. and Al-artan I.A.M. (1987) . Main factors
afrecting the dose calculation of lung due to inhalation of
radon daughter products. (to be punlished) Sci, To<x.
Environ. 1988,
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6-A-018-TK

National Radiological
Protection Board, NRPB
Chilton, Didcot

GB Oxon, O0Xll ORQ

Head(s) of research team(s) [name(s) and address(es)]:

Mr M.C. O'Riordan
Radiological Measurement Dept
NRPB

Chilton, Didcot

GB Oxon OX1ll1 ORQ

Telephone number:;
Title of the research contract:
The development of realistic phantoms to assist 1in the

interpretation of in vivo measurement of low-energy
photon-emitting radionuclides in bone.

List of projects:

1. Production of skull and chest phantoms suitable for the
calibration of detectors for the measurement of 241-Am, 210-Pb and
90-Sr 1in bone.
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Title of the preject no.:

Production of skull and chest phantoms suitable for the calibration of
detectors for the measurement of Am-241, Pb-210 and Sr-90 in bone.

Head(s) of project:
F A Fry
Scientific staff:

M R Bailey, N J Dodd, M D Dorrian, G Etherington, N Green, J D Harrison

. Objectives of the project:

The objective of this project is to design and construct phantoms which
can be used to calibrate detectors for in vivo measurement of low-energy
photon-emitting radionuclides in bone.

Il. Obijectives for the reporting period:

Experiments will be conducted on the application of radionuclides to bones
in a controlled manner. Artificial substitutes for overlying and
underlying tissues will be prepared. Skulls will be obtained and
labelled.
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Ill.  Progress achieved:
There has been limited progress on the original detailed objectives,
primarily because of the need to redirect the staff involved onto
Chernobyl-associated problems. Advantage was, however, taken of unusual
opportunities to measure the distribution ofagone—seeking radionuclides in
nan, resulting from the administration of Y (half-life 107 days) and
Np (half-life 2.4 days) to human volunteers in experiments on
radionuclide biokinetics conducted at NRPB.

In both studies the radionuclide was administered by a single intravenous
injection of 0.5 ml of 0.9% sodium chloride solution to which the
f?dionuclide had been added as the citrate at pH 7. In the first study
Y was administered to two volunteers: the first received 0.4 kBg in a
pilot experiment, %he second 4.0 kBg. In the second study one subject
. 23
received 4.0 kBg Np

Measurements were carried out in a low-background enclosure which has
steel walls 150 mm thick lined with 10 mm aged lead and 2 mm steel, and a
filtered air supply. With the subject lying horizontal, longitudinal
scans of the body were made using four large (150 mm diameter) cylindrical
NaI(TI) detectors mounted in a vertical ring centred on the subject. The
exact detector co-ordinates chosen were calculated for maximum efficiency,
taking into account the size of the body. The detectors were fitted with
side shields and slit collimators to reduce the contributions to the
measured spectrum from activity in the body at either side of the section
in view. A count time of 300 seconds was used for each of the 10 subject
positions. In position 1 the top of the head was aligned with the edge of
the detectors. For each subsequent position the bed on which the subject
was lying was moved 200 mm along. The background-subtracted spectrum for
each position was analysed using a multiple linear regression program to
give an estimate of the activity present at the time of measurement, which
was then decay corrected to the time of injection.

Yttrium-88

A single scan on the subject injected with 0.4 kBq %%y showed the activity
present to be insufficient for this purpose. Figure 1 shows the results
of scans carried out at 2 hours, 22 days and 84 days after injection on
the subject who received 4 kBq. For comparison, Figure 2 shows the result
of a scan carried out on a phantom constructed with by activity
distributed according to the volume of bone in each part of the body, and
the calculated response to activity distributed according to bone surface
area. The latter was based on the work of Durbin and Schmidt (Health
Phys. 49: 623-661, 1985). They estimated the initial distribution of
americium in the human skeleton from the concentrations measured in_ the
bones of Cynomolgous monkeys killed soon after injection of 241 pm,
combined with the mass distribution of human skeletons. The response to
activity distributed in accordance with the estimated bone surface
distribution shows quite good agreement with the measurements on the
subject; much better than the bone volume distribution. However, there
appears to be less activity deposited within the subject’s head than
predicted by either model. (The additional activity at about 90 cm from
the top of the head on the first scan may well be due to activity in soft
tissues, and particularly the bladder. About 20% of the injected activity
was excreted in urine on the first day.)
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Neptunium-239

Two scans were made on the E.xg::ject, at 1 and 3 days after injection, and
compared with a scan of a Np phantom containing activity distributed
according to estimated bone surfgs:g area (Figures 3 and 4). However,
because of the short half-life of Np, activity in the legﬁ could not be
detected with a 300 second count after 3 days. As for 'Y, there is
reasonably good agreement between the subject and the bone surface model.

FCURE 1 - DISTRIBUTON OF “TTRUW-88 W FIGURE 3 : DISTR'BUTION OF NEPTUNUM-239
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The measured whole body activity of yttrium-88 for the volunteer subject
in Figure 1 at 2 hours, 22 days and 84 days post intake were 3.0 KBg, 2.2
KBg and 1.5 KBq respectively. In Figure 2 the yttrium-88 activity of the
phantom was 11.0 KBq. . -



IV. Obijectives for the next reporting period:

Further longitudinal scans will be carried out on subjects injected with
bone-seeking radionuclides, and inferences drawn about the skeletal
distributg?gs. It is expected that another subject will receive #%y, and
two more Np.

In view of the overall objective of improving techniques to assess the
body content of bone-seeking radionuclides, a model of plutonium retention
and excretion will be developed.

Experiments will be conducted on the application of radionuclides to bones
in a controlled manner. Artificial substitutes for overlying and
underlying tissues will be prepared. Skulls will be obtained and
labelled.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:

None.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6-A-020-F
Commissariat 3 l'Energie

Atomique, CEA

CEN de Fontenay-aux-Roses

B.P.N° 6

F-92260 Fontenay-aux~Roses

Head(s) of research team(s) [name(s) and address(es)]:

Dr. G. Portal

IPSN/DPT/SIDR

CEA - CEN, Fontenay-~aux-Rosedy
B.P.N> 6

F-92260 Fontenay-aux-Roses

Telephone number:  4b.54.72.28
Title of the research contract:

Neutron individual and area dosimetry, realization of neutron

calibration sources, beta-particle dosimetry, accident dosimetry
of clothes.

List of projects:

1. Fstimation of mean electrcu energy.
n

2. Thermoluminescence and exoelectron dosimetry 1in tissue cof
cotton.

3. Dosimetry on natural and synthetic tissue by EPR.

4. Realization of an "ecperational' spectrometry unit for neutrons.
5. Study and 1realization of an individual dosimeter based on
phutographic emulsions.

6. Arca and Iindividual dosimetry with proportional courters.
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Title of the project n° : 1

Head(s) of project:

J. BARTHE - M. PETEL

Scientific staff:

R. CHUITTON

I. Objectives of thne project:

The wethod is based on the use of a single dosemeter which can be
read either simultaneously or consecutively by radlothermoluminescence
(RTL) and thermally stimulated exoelectron emission (TSEE). The differ-
ence between the responses obtained using these two techniques arises
from differences between optical transmissloa through a depth of a few
hundred micrometers In the case of RTL and electron transmission from a
deptn of between 1 and 10 nm from the detector surface in the case of

TSEE.

II. Objectives for the reporting period:

The objective for the reporting period is the design of eguipments
for simultaueous EE and TL measurements and the use of beryllium oxide
detectors; these detectors will replace lithium fluoride bellets which
are very sensitive to thermal effects (including annealing) 1inside and

outside the read-out system.
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III. Progress achieved:
1 - Mixzed counter

The first part of this work relates to the realization (still under-
way) of a double heated reader for the simultaneous counting of exoelec-

trons and measurement of thermoluminescence.

The most difficult problem to be solved is the spatial separation of
photons emitted directly rrom the thermoluminescent sample and photons
arising from electron multiplicatlon corona effects. Two simultaneous

measurement wethods have been investigated:

1/ Geometrical separation: the photomultiplier only “sees" photons emit-
ted from the surface of the sample. As the solid angle involved is
very small and the sensitlvity law, this solution was not retained.

2/ Electronic separation: the photomultiplier simultaneously “sees”
photons emitted from the thermoluminescent sample and photons genera-
ted through electron avalancne in a zone close to the anode where the
electric field is intense. Photons coming from the TL sample form a
siowly varying coutinuous flux. Photuns generated through the dis-
charge dre emitted during a very short lapse of time ranging from a
few tens of nanoseconds to a few microseconds depending on operating
conditions: 103 to 103 photons in the proportional counting region,
109 to 108 photons at the opoundary of the proportional counting

reglon.

The numbers of exoelectrons emitted are determined {in the same way as
with conventional systems. Thermoluninescence signals are determined
with a circuit enabling the continuous component of the composite signal
to be extracted. It ls unevertheless necessary to correct this composite
signal tor mean deformations arising from tne superpositioning of pulses
due to electron avalanche. This 1Is accomplished using the exoelectron

cnannel to control the "coincidence” chanuel.
Some problems still remain: one of these problems is the persistence

of the anodlc sheath due to the dltfusion and migration of positive lons

up until the time when they are collected by the counter walls. Another
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difficulty arises from changes 1n the instantaneous gain of the counter
due to modifications in space charge that become increasingly troublesome

at high counting rates.

Finally, a further aifficulty has been encountered with the use of
conventional LiF pellets (Harshaw) and BeO pellets (consolidated Cera-
mics) whose macroscopic conductivities are insufficient to ensure a good

conductivity of the fiela at the sample.
2 - Beryllium oxide

In addition to tne very low conductivity of TLD 700, other problems
have arisen when attempting to use lithium fluoride (PTL 7 from Desmar-
quet and TLD 700 from Harshaw): after a few measurements tnere is incom-
patibility between the thermal annealings needed for TL and TSEE measure-

ments.

Furtnermore, TSEE ccuat rates are 100 times lower than TL count
rates. This results in a high threshold (about 5 mGy) which considerably

limits the usefulness of such dosemeters for individual dosimetry.

In order to overcome these problems, beryllium oxide pellets (Conso-
lidated Ceramics) have been selected. 1In contrast with LiF (figure 1),
TSEE and TL 91OW curves no longer exnibit separated peaks (figure 1). It
is therefore absolutely necessary to racord them simultaneously with the

same nead.

External thermal annealing (outside the reader) is no longer neces-
sary. However, the low electrical conductivity of Be0 pellets necessita-
tes the use of a multipoint counter tne electric field geometry of which

makes it less sensitive to surface charge defects.

The sensitivity of BeQ pellets is quite sufficlent: 3 104 cps/mGy/cm2
for electron emission and 2 103 cps/mGy/cm2 for thermoluminescence; the
background signal under the same conditions corresponds to a few perceat

of the measured signal.
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Exoemission and tnermoluminescence measurement reproductivity corres-

ponds to one reduced standard deviation at about 5Z.

3 - Conclusions

The reading of beryllium oxide pellets with an appropriate reader
appears to be the ideal solution for simultaneous TSEE and TL measurement

of low energy electrons and photons. Phenomenological studies will be

conducted as soon as a new reader head becomes available.

20000 Intensity {cps) n

[xolmission
.

40000

e

Figure 1 - EETS and TL glow curves for berylium oxide.



IV. Objectives for the next reporting period:

Termination of the development of the new TSEE reader head (multi-
point).

Termination of the electronics for separating TSEE and TL signals.

Applications to measurements of the mean energies of compositep

radiations.

V. Other research group(s) collaborating actively on this project [name(s)

and address(es)]:

Professor a. SCHARMANN

I Physikalische Institut der Universitdt Giessen
Heinrich, Buff-Ring 16

6300 GLESSEN - FR6

VI. Publications:

M. PETEL and J. BARTHE

"Measurement of the Mean Energy of Soft Betas using Thermolumines-
cence and Exoelectron Emission”

8th Inter. Conf. on Solid State Dosiumetry

Rad. Prot. Dosim. 17(1/4) (1966) pp.
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Title of the project n° : 2

Thermoluminescence and Electron Emission from Cotton Fabrics.

Head(s) of project:

J. BARTHE - S. LORRAIN

Scientific staff:

Ph. BLANCHARD

1. Objectives of the project:

The aim of this work is to develop a method to determine the dose
received by a person accidentally irradiated with y radiation, but not
wearing a dosemeter. The clothing worn is used to estimate the dose.
Clothing is made from natural or synthetic fibers very nearly equivalent
to biological tissues.

Two complementary research activities are involved:

- dosimetry by low temperature thermoluminescence after phototransfer,
only the clothing fabric itsel:r being used,

- dosimetry of specially adapted textile fabrics doped with a radiother-
moluminescent product. In both cases the various procedures and metho-

dologies are defined.
Il. Objectives for the reporting period:

The main objective for this rteporting period is the doping of
textliles tabrics with radiosensitive TL wmaterials. This i3 now done
because fading effects with non doped fabrics read by the Photo—ILnduced

thermoluminescence make the method too time consuming for general use.

Pnenomenology and methods are reported together with practical

aspects of the work already.
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III. Progress achieved:

1 - Introduction

The very low sensitivities of cotton and synthetic fabrics have led
us to consider incorporating TL sensitive materials in textile fibers so
as to produce faorics with an overall enhanced radiosensitivity. Alumina
(a thermoluminescent material described in a previous report) has been

used for this purpose.

Textile cloths have been coated with thermoluminescent alumina in
such a way as to conserve thermoluminescent properties without changing

the external aspect of the fabric.

2 - Results

The following three methods have been used for readouts: low tempe-
rature photoinduced thermoluminescence, conventional thermoluminescence

at positive temperatures, exoelectron emission.

- Attentlion 1s drawn to the fact that spectral emission from the A
and B peaks of alumina (figure 1) is superimposed on type on the para-
sitic emission from the alumina support. The use of adopted filters
enables the effect of this support to be reduced so as to obtain a signal
free from triboluminescent effects (figure 2). However, optical fading
measurements are not very encouraging: peaks A and B are attenuated by a

factor of more than 50%.

After X-irradiation at room temperature, 4 peaks are observed by
conventional TL: C, D, D' and E; the corresponding temperatures being:
90, 135, 169 and 255°C respectively. These peaks depend on the particu-
lar alumina used. The 1ntensity of peak E varies linearly with air-kerma

as shown 1in figure 3.

- Exoelectronic emission measurements are performed with a multipoint
counter at a 2°C/s heating rate. Aluminized cottons exhibit after a B, ¥y
or X irradiation a TSEE peak at 330 ¥ 10°C. The upper limit of the tem-

erature region explored is 385°C because of a progressive burning of the
p P
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cotton even Iin a methane atmosphere. This peak 1Is characteristic of TSEE
emission from alpha alumina and does not occur with noncharged textile
supports. Attention 13 alsu drawn to the fact that the charging method
adopted does not lead to any parasitic triboemission as 1is generally the

case.

- The reproducipility observed for measurements performed on several
dozen difterent samples of charged cottons irradiated at a single dose of
0.2 Gy 1is about 104; for one square centimeter surface of charged cotton

fabric, we obtaln at about:

Peak amplitude: 270 *¥ 28 counts/second

Surface area : 9847 * 970 counts/second.

Background noise is negligible; 1in general tests realized up to now

show such nolse to be less than 10 mGy.

3 - Coaclusions

Encouraging results have been obtained; however several phenomena
are still not clearly understood. In particular the role of external
parameters such as amblent lignt, storage temperature, humidity, succes-

slve washings, mechanical friction, etc.. require further investigations.
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Iv.

Objectives for the next reporting period:

The main objective for 1988 is the characterization of the effects of

external parameters on photo-induced thermoluminescence, thermostimulated

exoemission and classical thermoluminescence response.

VI.

Other research group(s) collaborating actively on this project

[name(s) and address(es)]:

Laboratoire d'Emission Electronique et de Luminescence

Université de Nice, Parc Valrose, 06000 Nice -F-

Publications:

P. IACCONI, D. LAPRAZ, P. KELLER, G. PORTAL and J. BARTHE
"Photoinduced Thermoluminescence of X-irradiated a-Al,03 Dosimetric
Properties”

Proc. of the VII Int. Conf. on Sol. State Doslmetry

Rad. Prot. Dosim. 17(1/4) (1986) pp. 475-478.
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Title of the project n° : 3

Dosimetry on natural and synthetic fabrics by ESR.

Head(s) of project:

J. BARTHE - F. BERrANN

Sclentific staff:

R. CHUITTON

I. Oblectives of the project:

The general objectives of the work is to develop a method to deter-
mine the doses received by a person not wearing a dosemeter. Doses are
evaluated using a method based on electron paramagnetic resonance (RPE).

The technique has the following advantages:

- {t is non destructive

- the Information contalned can be read and reread as many times as desi-
red

- many textlile polymers give EPR signals

- textile Eabrics are almost blological tissue equivalent.

I1. Ubjectlves for tue reporting period:

The wain objective of the work undertaken during this period has been
background nolse (or predose) measurements of irradiated fabrics. Gene-
rally, it will not be possible to procure fabric manufactured In the same

way and having the same composition as that {mplicated in an accident.

Ia order to satisfy this objective, the thermal kinetics of the
paramagnetic resonance signal were studlea berore and after irradiatfon.
The results obtained are particularly encouraging for polypropylene based

textiles.
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I1I. Progress achieved:

Unirradiated fabrics exhibit a background signal due to the presence
of an intrinsic concentration of free paramagnetic radicals. These
radicals are generated in textile fibers as a result of natural (cotton)

or synthetic (propylene) fabrication processes.

The chemical and physical treatments carried out prior to readout are
described in the previous report; tne same treatments are still applied

before measurements are wade.
1 - Principles

KPE measurements are made on textile fabric samples after having
eliminated free radicals created by irradiation. This elimination is
carried out by thermal wmeans insofar as the radicals created by

irradiation are less stable than the original radicals.

In order to defline and optimize (where it exists) the radio-induced
radical elimination procedure, a complete study has been performed on the

thermal activation energy of the radical populations.
2 - Method

Witn amorphous polymers, radical recombination is described by an
equation of the 20d degree with respect to temperature. This mechanism
also applies to crystalline polymers at high temperatures near to the
softening point. Two main models can be used to describe the kinetic
laws:

- avalanche recombination in a thermal wave

- stepwlse recombination.

The first model applies to simple cases but cannot be applied to more
complex cases; the second model 1s in more widespread use. The funda-
mental assumptions made are as follows:

- the existence of second order kinetics with a transient formation of a

radical complex,
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- a continuous distribution of radicals as a function of their activation
energles,

- the existence of a capture sphere within which no recombination takes
place,

- radlical diffusion veloclities Increase with tewperature.

Under these conaltions, the shape of the recomblnation curves does
not depend on the {nitfal radical concentration for a given substance;

step leveis depend on temperature.

3 - Results

Flgures 1, 2, 3 and 4 show the shapes of the ESR spectra as well as
the evolution of the resonance amplitudes of cotton and polypropylene as
4 functlon of temperature. In the case of cotton, radical recombination
{s observed up to 120°C with the disappearance of two lateral resonance
lines; above 170°C, the wain line becomes sharper and its amplitude
fucreases indicating that free radicals are being generated thermally.
In this case, only part of the radlio-induced radical population be elimi-

nated.

In the case of polypropylene, raaical recombination occurs up to
100°C accompanied by the disappearance of the radlio-induced signal;

above 120°C a progressive destructlon occurs.

The disappearance of the ESR signal from PP created by ionizing
radlatlon Is a very Interesting phenomenon, as 1t allows the unknown
background noise of an irradlated fabric to be determined.

4 - Conclusion

The lowest detection tnreshold (0.5 Gy) was obtained with polypropy-

lene fabric using a readout/heating cycle; the most accurate dose measu-

rements were made with this material.
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Figure 1 — Stepwise recombination for cotton fabric
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Figure 4 - Stepwise recombination for polypropylene
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Iv.

Objectives for tune next reporting period:

The main objectives to be fulfilled in 1988 is the determination of a

complementary method to determine background noise from irradiated cotton

samples.

VI.

Other research group{s) collaborating actively on this project

[name(s) and address(es)]:

Institut Textlle de France
B.P. n°60
69132 ECULLY Cedex - France

Publications:

V. KAMENOPOULOV

"Propriétés dosimétriques des fibres textiles : application 2a la
dosimétrie par résonance paramagnétique &lectronique d'un accident
d'irradiation gamma”

Th2se de Doctorat, n’174, Toulouse (1987), 183 pages.
V. KAMENOPOULOQOV, J. BARTHE, P. MICKMANI and G. PORTAL

"Accidental Gamma Irradiation Dosimetry Using Clothing”
Rad. Prot. Dos. 17 (1/4) (1986) pp. 185-188.
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Title of the project n® : 4

Reallzation of an "operdational” gpectrometry unit for neutroans

Head(s) of project:

J.L. CHARTIER

Sclentific staff:

F. POSNY - R. MEDIONI - J. POITREAU - M. SUEUR

I. ObJectives of the project:

Study and realization of a spectrometry system for the characteriza-
tion of neutron flelds encountered in radioprotection.

Such flelds present generally a broad and complex energy distribu-
tion, an anisotropic angular distributlon and the spurious photon radlat-
ions cannot be neglected.

As also, most devices used in radlation protection give a response
which {s strongly dependent on neutron energy, the evaluation of dosime-
tric quantitles needs the knowledge of the spectral distribution in a
wide energy range.

For all these reasons, the detectors used must be quasli-isotroplc,
have a good energy resolution and be able to discriminate neutrons from
photons.

To meet as closely as possible these criteria proton recoll detectors
with spherical or quasi-spherical geometry have been chosen. We Intend,
witii two spherical gas-filled proportional counters and one NE213 liquid
scintillator probe, to analyze neutron fields extending from 20 keV to
20 MeV.

IL. Objectives for the reporting period:

In 1987, the main objectivey concerned:

- the determination of the characteristics of the two spherical counters
(type SP2, manufactured by the Winfrith Laboratory, U.K.) with mono-
energetic neutron beams (Van de Graaf accelerator at the CEN-Bruydres-
le-Chatel)

- checking the NE213 probe response in the same beams and its efficliency
calibratlon with the 14.7 MeV neutron beam at the BIPM

- testing the whole spectrometric system (detectors + methods + computer
codes) by measurements of broad neutron spectra at the CEN Cadarache

- testing our neutron-photon dlscrimination method.
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IILI. Progress achieved:
1 - Spherical counter characteristics

- N°1 1is filled with hydrogen (3 bars) and covers an energy range from
20 keV to 500 keV
— N°2 is filled with methane (5 bars) and works from 120 keV to 2 MeV.

In botnh, traces of 34e were added as calibration gas.

With monoenergetic neutrons from 60 keV to 2 MeV, we have determined:
- the experimental response functions
(10 energies for n°2, only 3 for n°l)
- the efficlency curve for n°2 (linear variation from 95% at 120 keV to
65% at 2 MeV)
- the variation of the energetic resolution for n°2 (between 20% and 10%

in the 120-400 keV range; less than 10% above 500 keV).

We have now to confirm the results for n°2 and to continue the expe-

rinents for n°l (next measurements at Bruydres—le—Chdtel in January 1988).

Tne knowledge of these experimental parameters is essentfial to justi-

fy tne simplifying hypotheses of the unfolding code (based on SPEC4).
2 - NE 213 probe

The same beams (for energies between 1 to 2.4 MeV) have allowed the

control of some characterfistics of the probe.

Some discrepancies in the results led us to verify the energy and
efficiency calibration with {4.7 MeV neutrons at the BIPM. A defect in

the electronic system was observed.

Complementary measurements with a calibrated Am-Be source
confirm our previous conclusions. Modifications 1in the unfolding code
(Tom's code) are 1in progress to input the experimental values of the
efficlency, meanwhile a more accurate code is under elaboration and

comparison with the Tom's one.



3 - Spectrometry of wide spectra

The test of the whole Spectrowetry System (3 detectors + 2 electronic
lines + 2 unfolding codes) was achieved in wlde spectra at the CEN-Cada-
rache (from 20 keV to 15 MeV). Tne results are encouraging but show that

other measurements must be done.

4 - Neutroa—photon discrimination

The spectrum of a calibrated Am-Li source was measured with the

methane-filled counter. Results are in progress.

In conclusion, the good quality of the SP2 proportional counters have
allowed us to make progress in the realization of the operatlonal spec-

trometry system.



IV. Objectives rcr the next reportlng period:

Next year programs will be devoted on unfolding codes to achieve more

accurate results and evaluate the uncertalnties.

V. Other research group(s) collaborating actively on this project

[name(s) and address(es)]:

V1. Publications:

Two papers nave been presented at the Sixth Symposium on Neutron
Dosimetry (Munich — October 1987).

They wili lead to a publication in "Radiation Protection Dosimetry"
under the title: Experimental simulation and characterization of neutron

spectra for calibrating radiation protection devices”.
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Title of the project n° : 5
Study and realization of an individual neutron dosemeter based on

photugraphic emulsions
1

Head(s) of project:
G. POKRTAL
Sclentific staff:
C. HEILMANN, Ph. BLANCHARD
I. Objectives of the project:
Replace the microscoplc track counting method for nuclear emulsious

by an activation method to determine the amount of silver present 1in an

emulsion as a result of (n,p) reactions.

I1. Objectives for the reporting period:

Study of a method to discriminate between the signal due to neutron

{nteractions and the signal due to pnoton radiations.

Determination of mlaimum detectable doses.
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I1I. Progress achieved:

Studies conducted ian 1987 have shown that it 1is possible to use
neutron activation to determine the residual silver present in emulsions

after appropriate processing.

This method has been applied to neutron detection. We have studied
the principles of an individual dosemeter consisting of various nuclear
emulsionS and a hydrogen converter. The protons generated 1n (n,p)
reactioas on the hydrogen nuclei of the converter are detected by this
method in the developed ewmulsion. The difficulties involved in the
technique led us to study ways of reducing background signals from unused
emulsions and to the development of discriminating techniques to mianimize
the effect of electromagnetic gamma radiation on measurements. Work
essentially involved determining dose thresholds. It was shown that with
current know-how that this threshold is about 1 mGy, a level that is suf-
ficient for certain physical studies but insufficient to deterwine doses
recelved by personnel. Work 1is being continued in 1988 in order to
further diminish the effects of electromagnetic radiation so as to reduce

this threshold.
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IV. Objectives for the next reporting perlod:

Reduction of effects due to pnoton radiation.

Decrease of tne minimuw detectable dose.

V. Other research group(s) collaboratlng actively on this project

[name(s) and adaress(es)]:

S.A.D.V.1I Centre de Recherches Nucl&aires de C(ronenbourg

Strasbourg

V1. Publications:

Thesls of University: Strasboury

C. Heilmann
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Title of cthe project a° : 6
Area and Iadividual Dosimetry with proportional counters
Head(s) of project:
J. BARTHE - M. PETEL
Scientific staff:
R. CHUITTON - J.C. CHaPUIS
I. Objectives of the project:

The objectives of this work are wmultipurpose:

1/ to realize a new tlssue equivaleant plastic conducting material to
replace the out of manufacture american product

2/ to realize a large tlssue equivalent proportional counter (TEPC) which
can be employed inside a rem—meter

3/ to optimize by calculations and experiments the ionization coefficient
of the gaseous mixture, and, in consequence, the gaseous gain

4/ to reallze a dosemeter—individual rate meter for equivalent dose mea-

surements.
II. Objectives for the reporting period:

The work accomplished this year (1987) relates essentially to deve-
loping and experimentaliy verifying a mathematical model to solve
Boltzmann's equation at thermodynamic equilibrium and the establishment
of the corresponding computer programs; special attention has been given

to the cross-sections used for high E/P values [103 to 10% townsends].
Although different gases have peen considered, calculations and expe-

rimental measurements have only been done up today for nitrogen and

methane.
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III. Progress achleved:

The work presented in this report relates to modelizing the operation
of a proportional counter through finding solutions to the continuity

equations describing the spatio-temporal behavior of electrons and ions.

The modelized counter is of a small slze corresponding to the indivi-
dual dosemeters studied. This simulation enables the evolution 1in time
of phenomena resulting from an irradiation of the counter to be monito-
red, which leads in the present case, to the production of electrons in

the gas cavity.
1 - Geometry

The structure of the modelized counter corresponds to a cylindrical
wire model. The anode (wire) Is raised up to a potential of between O

and 103 volts; the cathode is at a ground potential.

The dimensions of the counter are as follows:
- anode radius : 25
- cathode radius : 1 cm

- height of cylinder: 1 cm.

The cavity s filled with gas (N2 or CH,) at a pressure of 40 torrs.
The source particles, the electrons, are introduced into the gas with a
unf{form volumic distribution Iinside a coaxlal cylindrical sleeve 1 mm

thlck located 1 mm from the cathode.

In practice, electrons are generated by 1lonlzing particles extracted
from the cathode by the {ncident radiation. 1In the regfon around the
cathode, the clectrons generated experience little multiplication; the
confijuratlon chosen most closely simulates the distribution due to a
charged secondary particle traversing the counter as a chord near to the

anode, angular symmetry being taken Into account.
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2 - Operatiog hypotheses

The electric field leading to charge displacement increases strongly
as the anode 1s approached; near to the anode the electrons possess
sufficient energy to generate ions in collisions with gas molecules.
These collisions (characterized by the ionization coefficient a) between
electrons and neutral molecules lead to the generation of positive 1lons

and new electrons.

It is assumed that during the preliminary period there are no elec-
tron attachments to the neutral molecules. The recombination of elec-
trons and positive ions is also neglected. Modifications in the 1local
electric fleld through space charge etfects are considered as well as
particle diffusion which tends to homogenize space densities. It is also
assumed that there are no secondary particle emissions on the electrodes.
The only charj;ed particle populations taken into account in the calcula-

tions are those of electrons and positive ions.

Ionization and diffusion coefficients are only functions of the posi-
tion of the point considered in the cylindrical volume and to a first
approximation aepend only on radius; displacements and collisions occur
along such radii; correlations do not exlst between particles circula-

ting on different radii.

3 - Results

The program developed enables the densities of particles at a given
instant in the interelectrode space to be determined. As shown in figure
1, an electron packet introduced near to the cathode first diffused in
the gas, then spreads out towards the anode. A high concentration of
positive ions is observed near the anode leading to a lot of amultiplica-
tion: the densities 1in the vicinity of the wire are very high. After
about 70 ns, all the electrons are collected, the number of positive lons
remains constant but the packet diffuses and moves slowly towards the

cathode for collection.
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Figure 2 shows the quantity of cnarge collected as a functlon of
time. A rapld collection of electrons is observed together with a slower

collection of positive {ons.
4 - Conclusioas

Comparisons between calculated and experimental results, in particu-
lar for Ny and CH,, show good agreement for yaseous gains (less than 20%

dlfference between values).
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Figure 1 : Electron and fon densities
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Figure 2 : Current pulse
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IV. Objectives for the next reporting period:

Ihe main work envisaged for 1988 still related to calculations and
experimental measurements on the gazeous gain for a counter geometry
close to the optimum solution end with a gazeous mixture compromize
between highest gain and sensitivity and good tissue equivalence.

V. Other research group(s) collaboratfag actively on thils project

[name(s) and address(es)]:
Groupe de Recherche sur les Décharges de faible intensité

Centre de Physique Atomique, Université Paul Sabatier,
31062 TOULOUSE Cedex - France -

VI. Publications:

None for 1987.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6-A-021-F

Université Louis Pasteur
11, rue Humann
F-67085 Strasbourg Cldex

Head(s) of research team(s) [name(s) and address(es)]:

Dr. R.V. Rechenmann
LBRM -~ INSERM U.220
Université louls Pasteur
11, rue Humann

F-67085 Strasbourg Cidex

Telephone number;:  88-35.13.27
Title of the research contract:

Heavy charged particle track structure in tissuelike media,
incidence on mlcrodosimetric interpretations.

List of projects:

1. Heavy charged particle track structure in tissuelike media,
incidence on microdosimetric interpretations.



Title of the project no.:

Heavy charged particle track structure in tissuelike media, 1incidence on

microdosimetric interpretations.

Head(s) of project: R.V. RFCHENMANN
Scientific staff: R.V. RECHENMANN
B.  SENGER

E. WITTENDORP-RECHENMANN

I.  Objectives of the project:

The contracting Laboratory is intended to continue the track feature
measurements along heavy charged particle (hcp) trajectories materialized
in ionographic detectors. These data have to be interpreted in terms of hcp
interactions with dense matter. In a second stage, the codified fundamental
interaction processes will be used for building up a realistic ionizing
track pattern which will be later on introduced in interpretative radiobio-

logical action models.

Il.  Objectives for the reporting period:

The 1interactive opto-electronic analysing system has been further deve-
loped in order to improve the experimental track feature data base, notably
by the development of specific codes for automated data acquisition and
treatment. In addition, theoretical ionization data have been derived by
means of the Double-Differential Cross-Section Mixed Treatment (DDCS-MT) in
the case of molecules of biological interest ionized by protons. A com-
puter-assisted method has been developed which allows multidimensional
graphical representations of microdosimetric quantities obtained by means

of available theoretical, empirical or semi-empirical expressions.









IV Objectives for the next reporting period:

Further experimental investigations will be carried out on the determi-
nation of track parameters, along trajectories of hcp's recorded in nuclear
emulsions. Programs will be worked out in order to perform accurate data
acquisition and treatment of these track features. In the framework of the
edification of a modular track structure model, it is foreseen to develop
semi-empirical formulas of the differential and integrated electron elastic
scattering cross-sections. A particular attention will be paid to the
possibility to cover a wide energy range (especially towards the low ener-
gles) as well as a large variety of molecules. Intercomparisons between
track parameter data obtained by various approaches will be continued by
means of the computer-assisted multi-dimensional graphical representation
method.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

- Laboratoire '""Rayonnements et Structures' - Université de Met:
(Prof. C. TAVARD).

- Fom-Institute for Atomic and Molecular Physiscs, Amsterdam
(The Netherlands) (Dr. J.B. SANDERS).

VI  Publications:
- R.V. RECHENMANN, B. SENGER and Ph. SCHALK, Computer-assisted multi-dimensional representa-
tions of 1ionisation cross-sections for medium energy a-particles traversing tissuelike
media. Innov. Tech. Biol. Med. 8, 391 (1987).
E. WITTENDORP-RECHENMANN, J.-L. VONES H, R.V. RECHENMANN, and C. KLEIN-SOYER, J.-P.
CAZENAVE, Development of a computer-assisted methodology combined with a specific auto-
radioqraphic procedure. Application to the study of human endothelial cell regeneration.
Submitted to Innov. Tech. Biol. Med.
E. WITTENDORP-RECHENMANN, J.-L. VONESCH, V. KOIIEL-VIGNERON and R.¥ RECHENMANN, Modular
intera tive opto-electronic system for track structure analysis. VI Symp. on Neutron
Dosim., Munich (1987).
B. SENGER, J.-L. VONESCH and R.v. RECHENMANN, Application of computer-assisted mult'ﬁ
dimensional qraphics in microdosimetry : lonisation of methane by 0-10 MeV protons. VI
Symp. on Neutron Dosim., Munich (1987).
Communications
- B. SENGER, E. WIITEN ORP-RECHENMANN et R.v. RECHENMANN. Sections efficaces doublement
diftérentielles d'ionisation par particules chargées lourdes. Actes du Colloque (e,2e) (R'P
n°784 NRS |, Paris (décembre 1986) ; ed. Cl. Tavard, Metz (1987).
- S. TALK, B. SENGER et R./. RE'HENMANN, Diffusion des électrons produits au cours de l'ioni-
s1tion de molécules par des particules chargées lourdes. To be published in the Actes du
olloque (e,2e) (R°P n°784 CNRS), Paris (1987).
Diplome d'Etudes Approfondies (D.E.A.) : spécialité "Physique Radiologique™.
DIAMEL ADDI. "“Relation parcours-énergie des particules o d'énergies moyennes (£<13.6 Mev)

dins des milieux tissulaires. as des émulsions ionographiques 3 68% et 80% de composante
NOH en volume". Iniversité ouis Pasteur, Strasbourg et niversité Paul Sabatier, Toulouse
199 7).
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RADIATION PROTECTION PROGRAMME
Final Report

Contractor: Contract Nno.: BI6-A-022-D

I. Physikalisches Institut
Justus-Liebig Universitdt Glessen
Heinrich-Buff-Ring 16

D-6300 Gilessen

Head(s) of research team(s) [name(s) and address(es)]:

Prof. Dr. A. Scharmann

I. Physikalisches Institut
Justus-L{iebig-Universitdt
Heinrich-Buff-Ring 16
D-6300 Giessen

Telephone number: 641-702.27.10
Title of the research contract:

Beta-ray individual dosimetiy using excelectron emission.

List of projects:

l. Beta-ray individual dusimetry using exoelectron emission.
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Title of the project no.: B16-022-D

Beta-ray individual dosimetry using exoelectron emission

Head(s) of project:

Prof. Dr. Drs. h.c. A. Scharmann

Scientific staff:

2 scientific assistants
1 technical assistant

I.  Objectives of the project:

Development of a finger ring dosemeter, discrimination between skin
and depth doses, testing of a novel conducting polycarbonate foil as

a dosemeter cover and making available of BeO thin film dosemeters for
the laboratory at Fontenay-aux-Roses.

Il. Objectives for the reporting period:
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I, Progress achieved:

1. Introduction

Thermally stimulated exoelectron emission (TSEE) is an effect whose
mechanism is8 closely related to thermoluminescence. During exposure to
ionizing radiation electron traps in the energy gap of insulators are
occupied. Without transfer of additional energy this state can be conserved
over a long period. Upon thermal stimulation of the solid trapped electrons
are released into the conduction band. Those in the vicinity of the surface
will be able to leave the solid and to be detected as exoelectrons if their
energy exceeds the electron affinity. The TSEE intensity is peaking at
characteristic temperatures and the area under the TSEE muxima provides a

measure of the absorbed dose.

Exoelectrons are emitted from an escape depth of less than about 15 nm. In
spite of this surface behaviour TSEE dosemeters have a sensitivity for
penetrating radiation which is similar to conventional solid state bulk
methods like for instance TLD. The density of the dose information in a 15
nm surface layer is therefore extremly high. For Lhis reason TSEE offers
favourable properties for the detection of weakly penetrating radiation. It
is suited for the detection of skin doses and depth dose distributions in

mixed fields of gamma and low energy beta radiation.

In a joint research project this application has becn tested together with
the institute of the Commissiariat a ’Energie Atomique in Fontenay-aux-
Roses (France). Moreover an attempt was made to develop a finger ring
dosemeter based on TSEE. The investigations were carried out with BeO
thin film detectors whose general dosimetric properties are described

in (1).

2. Detectors

The detectors were prepared by the Battelle Institute in Frankfurt in the

following manner:
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- evaporation of a 75 nm Be film onto graphite discs,

- subsequent heat treatment at 1200 - 1300 °C in wet nitrogen (10 mbar
water vapour) for oxidation and sensitization.

Detectors of two different sizes were available:

- type 1 had an outer diameter of 13 mm and was designed for whole
body dosimetry,

- type 2 had an outer diameter of 4.5 mm for applications in finger rings.

From previous measurements is known that such detectors fairly well fulfill
the Bragg-Gray conditions when irradiated with photons. The major
proportion of the exoelectron emitting traps is not occupied by secondary
electrons created in the BeO layer or the graphite substrate but by
elctrons impinging from outside. For this reason the tissue equivalence of
the dosemeter is mainly depending on the composition of the covering
material. Throughout all the investigations of the present research the
detectors were covered with Macrofol, a black, graphitized polycarbonate
foil. Due to its electric conductivity this foil prevents electrostatic
charging in front of the BeO layer. Additionally optical fading is avoided
which, however, would only be weak. With respect to its effective atomic

number Macrofol behaves like carbon.

BeO thin film detectors have no uniform sensitivity for ionizing radition,
even those of the same production cycle. Therefore an individual
calibration of each detector was necessary. The sensitivities varied by a
fuctor of about 2 for detectors of the same size. Since the TSEE is related
to the surface properties of the exoelectron emitting solid, it can

strongly be affected by surface contaminations. The dose response of almost
all formerly discussed TSEE dosemeters was influenced by exposure to
humiditiy. BeO thin film detcctors behave comparatively more stable. They
show no significant effect when stored over several weeks under saturated
methanol or water vapour. However, the response may vary, if they are
dropped into water. The size of this effect is not uniform. Therefore all
detectors were submitted to a test procedure prior to their further use. It

consisted of the following steps:
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a) pre-annealing in the read-out equipment from room temperature to
600 °C without previous exposure to ionizing radiation
b) 3 subsequent ®Co exposure (0.33 mSv) and TSEE read-out cycles

-~

c) storage of the unirradiated detectors in distilled water over

24 hours
d) drying over 24 h hours in air at room temperature
e) steps a) and b)
f) storage of irradiated detectors in distilled water over 24 hours
g) drying over 24 h hours in air at room temperature
h) dose read-out
i) step b).

This test procedure enabled the preselection of detectors whose dose
reaponse was reproducible even under the worst case of a strong exposure
to humidity. A typical result for such detectors is shown in Fig. 1. During
the further dose measurements the detectors could be re-used after each
readout without any additional treatment. In spite of the positive results
demonstrated in Fig. 1 the BeO layer must be protected against contact
with undistilled water, because calcareous depousits would diminish the

exoelectron emission probability.

15
a
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?210 H, 0 H,0 iclj"rcxdicxt$d
5V 4Lh 4h) dosemeter
%] (21 b in RO
CCL) [ L4 | ° . . : . . . )
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NUMBER OF READOUT

Fig. 1! Reproducibility of the dose response of a BeO thin detector after
exposure to distilled water (0.33 mSv %Co)
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3. Dose readout

Since BeO thin film dosemeters cover a linear dose range of more than 6
orders of magnitude a proportional counter was applied which enabled a
sufficient pulse resolution for high dose readouts. It consisted of a
cylindrical counting tube. The samples were heated-up in the counting
volume. In order to establish a constant gas amplification of 105
temperature variations of the counting gas were avoided by stabilizing
the tube and the gas on a temperature of 35 °C. Fluctuations of the

gas pressure were compensated by equivalent variation of the counting

voltage. The counting gas was methane.

4. Skin and depth dose determinations

BeO thin film dosemeters were covered with Makrofol sheets of a thickness
between 1.9 - 19.2 mg/cm? and exposed to the beta radiation from the radio-
nuclides 47Pm, 3%4T] and %9Sr+%Y of a Buchler beta ray secondary standard at
the CEA institute in Fontenay-aux-Roses. The dosemeters were placed on a
plexiglass support mounted on a phantom. For reference irradiations with a
80Co source they were covered with 10 mm plexiglass. Both beta and photon
irradiations were carried out with a constant cavity absorbed dose of 2 mGy
referred to the irradiation position at the surface of the cover in front of

the dosemeters.

The response after irradiation with beta rays has been normalized to the
TSEE following %Co irradiation. For 2°¢T]1 and 'Pm, Fig. 2a displays the
relationship between foil thickness and the TSEE sensitivities obtained

in this manner. The results for ?°Sr+%Y are shown in Fig. 2b. For the same
irradiation arrangements the dependence of absorbed doses in soft tissue
on depth in a tissue equivalent semi-infinite phantom is also plotted in
Fig. 2a and Fig. 2b. The data needed for these plots have been taken from

the PTB calibration reports of the Buchler beta ray secondary standard.
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According to these reports the absorbed dose Dg(d) in a depth d can be
described by

Dg(d) = Dc-ko-T(d)

where Dc = cavity absorbed dose at d = 0, generated in an air filled
cavity under Bragg-Gray conditions
ko = mass stopping power ratio of tissue and air averaged over

the spectral beta-ray flux
T(d) = De{d)/Dc{d=0) (transmission factor)
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Fig. 2a: Open symbols, full line:
Dependence of the TSEE sensitivity of Makrofol covered BeO
thin film dosemeters for beta rays from 3°%Tl and 7Pm
on foil thickness. All values are normalized to the TSEE
response after exposure to ®Co photons and referring to a

constant cavity absorbed dose at the outer surface of the
covering foils.

Closed symbols, dashed line:
Normalized depth dose in soft tissue (kp-T(d)).

Fig. 2b: Results according to Fig. 2a for "Sr+%Y.
The absorbed dose Dg(0) in tissue at depth d = 0 is given by
D((O) = Dc* ko,

Since all sensitivities depicted in Fig. 2 are referring to constant

values of D¢ only the productsof ko' T(d) have been plotted.
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The normalized TSEE sensitivity of BeO thin film dosecmeters covered with
Makrofol sheets is related in almost the same manner to foil thickness as
the product kp T{(d) to the depth in soft tissue. An air gap of 0.5 mm
between the covering polycarbonate foil and the BeO surface of the
dosemeter or differences of the substrate thickness in the range between

1 - 3 mm had no influence on the measured TSEE results.

The electron/photon sensitivity ratio of the dosemeters is close to 1, as
indicated by Fig. 2a and 2b, because all plotted TSEE responses are
normalized to °Co photon radiation. Former investigations ® revealed a

linear dose range from about 10 uGy to 10 Gy.

The CEA institute in Fontenay-aux-Roses and the I. Physikalisches Institut
of the universily of Giessen participated with 46 BeO thin film detectors
in the CEC beta dosimeter intercomparison. It was intented to carry out the

test in the following manner:

1. In Giessen:
Preselection of BeO thin film detectors.
Encapsulation in specific TSEE batches.
Precalibration with 6°Co.
Mailing of the dosemeters to the CEC irradiation laboratories.

2. In Fontenay-aux-Roses:
Readout of the doses given by the irradiation laboratories.
Calibration of the response for beta rays with %Sr,

3. In Giessen:
Additional calibration with $°Co.
(This additional measurement cycle should ensure that the
TSEE properties of the dosemeters remained constant over
the duration of the test.)

According to these intentions BeO thin film detectors of an outer diameter
of 13 mm were provided with batches in Giessen and covered with Makrofol

sheets of a thickness of 60 um according to 7 mg.cm-2. All preselecied
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46 dosemelers were exposed to *Co and readout in Giessen three times
with the above mentioned proportional counter. Then they were sent to the

CEC irradiation laboratories.

When they came back from there they were readout and calibrated with
93r in Fontenay-aux-Roses. Here two different readout equipments were
available, a mono-needle counter and a recently developed multi-needle
counter. The latter system is the more advanced. However, until 1986

it was not sufficiently tested for routine applications. For this reason
the older mono-needle Geiger-Miiller equipment was employed for the CEC
intercomparison, whose reliability has been proved during numerous

previous applications.

In former TSEE experiments with beta-irradiated BeO thin films the ratio
of the sensitivities beta/gamma was close to 1. However, when the cali-
bration results of the *Co and %Sr irradiations in Giessen and
Fontenay-aux-Roses were compared it turned out that they differed for the
majority of the dosemeters in an unexpected manner, although the TSEE
characteristics of the detectors had not changed. For this reason the

9Sr calibration in Fontenay-aux-Roses was repeated with a Buchler
secondary standard. Afterwards all dosemeters were irradiated again and
sent to Giessen for an additional readout. The readout measurements in

Giessen gave a better agreement between beta and gamma calibration.

Additional experiments showed that the readout problems for beta-rayed
dosemeters in Fontenay-aux-Roses were caused by charging-up of the BeO
thin films during the TSEE measurements. Its amount was depending on the
insulating character of the films and was not uniform for all detectors.
Since mono-needle Geiger—Miller counters are operating at a significantly
higher gas amplification than proportional counters they produce more
positive ions and stronger charging effects. Obviously the TSEE dosemeters
used for the CEC intercomparison charged up more than formerly used

samples.
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Under these circumstances the calibration results obtained in Giessen were
considered as more reliable and used to calculate the CEC intercomparison
doses by applying them for the original readout results in Fontenay-aux-
Roses. After these doses had been reported to the CEC the dosemeters
which showed the strongest and the lowest charging effecis were used for a
direct comparison of the recently developed multi-needle counter of the CEA
laboratory in Fontenay-aux-Roses and the proportional-counter in Giessen.
The experiments were carried out in Giessen. Both instruments had to read-
out the same set of 8 dosemeters which were irradiated with a %Co source
in one cycle and with #Sr in a second cycle. The whole procedure was
repeated three times in order to test the reproducibility. For each series

of three similar measurements the standard deviation of the TSEE response
was below 10 % and good agreement between proportional and multi-needle

counter was obtained.

From these results can be concluded that both instruments are also suited
for TSEE measurements on highly insulating samples. The TSEE data of the
CEC intercomparison would therefore probably have been bettier, if they
were not obtained with an obviously less reliable mono-needle counter.
These data are summarized in Fig. 3 which has been taken from the CEC
report on the results of the intercomparison (2). Its ordinate values give
the ratio of the measured to the irue dose. Although the results are
beyond the possibilities of BeO thin films because of the reasons
mentioned above, it can be seen that the deviations between true and

measured dose are not dependent on the beta energies.

Development of a finger ring dosemeter

For the application in finger rings 300 dosemeters with a diameter of

4,5 mm (type 2) were ordered from the Battelle Institute in Frankfurt.

Like type 1 detectors of 13 mm diameter they exhibit TSEE maxima at about
270 and 480 °C, but with a different ratio of the intensities. The repro-
ducibility of the dose response is the same. If both TSEE maxima are taken

for dose readout, the sensitivity differs from type 1 detectors by a
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Fig. 3: Intercomparison results obtained with BeO thin film detectors
for exposures to various radionuclides (2)

factor of about 4.5 according to the smaller BeO area. The lower
detection limit for gamma or beta rays 18 in the range of about 0.14 -
0.18 mSv,

The diameter of 4.5 mm enabled the application of finger rings which are
used for LiF thermoluminescence detectors by the CEA institute in
Fontenay-aux-Roses. In this device the detectors are enclosed by a heat
shrinkable sleeve consisting of PVC which has an unshrunk thickness of
0.07 mm. It turned out that is was difficult to get the enclosure
waterproof for BeO thin film dosemeters. For this reason an improved
finger ring construction was necessary. The measurements with this new

construction are not finished until now.
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IV. Other research group(s) collaborating actively on this project [name(s) and
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Dose Determination with the TSEE of BeO thin Film Detectors. Radiat.
Prot. Dosim, 17, 97-98 (1986)

- 2580 -



RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6-A-029-D

Kernforschungszentrum Karlsruhe
KFZ

Postfach 3640

D-7500 Karlsruhe

Head(s) of research team(s) [name(s) and address(es)]:
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Title of ihe project no.:  BI6-A-029-D

Microdosimetry and local dosimetry of 226

239Pu

Ra,
241, .
and Am in the beagle dog skeleton.

Head(s) of project: Dr. E. Polig
Prof. Dr. D. M. Taylor

Scientific staff: Dr. E. Polig
Prof. Dr. D. M. Taylor
Fr1. A. Stassen

I.  Objectives of the project:

To determine the microdistribution of the radiation dose from internally

226 239

deposited Ra, Pu and 241Am in selected bones taken from beagle

dogs in the University of Utah life-span studies.

To improve understanding of the mechanisms of bone tumor induction in
dogs and man by alpha-emitting radionuclides from the nuclear fuel cycle
in order to provide better risk estimate models for man.

Il.  Obijectives for the reporting period:

a) Continuation of the analysis of 226

Ra autoradiographic samples. Conclu-
sion of analysis of lumbar vertebra samples from 10 uCi/kg animals.

Begin measurement and analysis of samples from 1 uCi/kg animals.

b) Determination of morprometric parameters and local radiation doses for
the beagle skeleton.

c) Dose factors for the osteonal deposition of aipha-emitters in humans
and beagle.
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a)

b)

Fig.1 Dose factors for a volume label of

Progress achieved:

Further analysis of lumbar vertebra samples from dogs injected with 10
uCi/kg 220
and resorption of old bone decreases from an initial value of about

Ra revealed that the difference between formation of new bone

15 /a to 9.6 /a at 1400 days post injection. An investigation of the
translocation of hotspots into mineralized tissue shows that the rate of
mineralization remains approximately normal (1.13 u m/d) and also 9es
the formation interval, is in good agreement with control values. These
results indicate that the overall reduction of bone formation is caused
by reduced formation areas not by a reduction in the mineralization rate.
The augmentation rate of the diffuse label is 0.0058/d (214/a) and the
discrimination factor Ra/Ca for diffusion is 1, i.e. there is practically

no discrimination between Ra and Ca.

A number of important morphometric parameters can be derived by calcu-
lation from input data such as fresh weight, the ratio ash weight/fresh
weight, percent cortical bone volume and surface/volume ratio in trabe-
cular and cortical bone. The computational procedure is applicable to
both the skeleton as a whole or to parts of it. For the beagle skeleton

239-Pu

Volume label

plane surface

Dose factor (102Gycm?Bq'day™)

.....
.....
.......

.....

Distance from surface (um)

239Pu in human (70 ym dia. of
Haversian canal) and beagle osteons (30 um dia.) Comparison with a
plane bone surface. Dose rate = dose factor x concentration.

- 253 -



a total bone mass of 622.3 g and a mass of bone marrow of 339.8 g was
obtained. 47.8% of the skeletal volume is bone. The total skeletal sur-
face was determined as 23000 cm?, of which 68% must be attributed to
trabecular bone.

By the additional use of histomorphometric information and data on
the retention of alpha-emitters, further parameters such as mean sur-
face concentration, fraction of bone surfaces undergoing formation,
dose rates to bone lining cells etc. can be calculated. As an example

a calculation for 239

Pu in the beagle skeleton has been carried out.

To calculate dose factors in osteons of cortical bone, a FORTRAN com-
puter program was designed. The calculational procedure is based on a
Monte Carlo simulation of alpha-decays originating in bone which sur-
rounds tissue-filled cylinders (Haversian canals). Dose factors in
beagle osteons are significantly larger than in human osteons or at
plane surfaces (Fig.l). The effect of "cross-fire" decreases with de-
creasing diameter of the Haversian canals. At small distances from the
wall of the canal, cross-fire contributes about 20-40% of the radiation
dose.

An improved expression for the estimation of toxicity ratios was
derived. The derivation takes into account different dose factors in
trabecular and cortical bone and differing affinities of a radionuclide
to these two types of bone. Using this formula, a toxicity ratio
239Pu/226Ra of 15.6 results for the beagle and a ratio of 23.0 for
humans. The experimentally determined value for the beagle is 16.6.
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IV. Objectives for the next reporting period:

1.

. Begin the analysis of

Continuation of measurement and analysis of autoradiographic samples

226

from beagles with 1 uCi/kg Ra. Begin of measurement of samples from

0.3 uCi/kg animals.

239Pu autoradiographs (NIAR) from beagle bones.

. Calculations of hit probabilities to cell nuclei from static and dy-

namic labels of alpha-emitters in trabecular bone and osteons.

V. Other research group(s) collaborating actively on this project [name(s) and

address(es)]:

University of Utah, Radiobiology Division, Bldg. 351, Salt Lake City,
UT 84112, USA.

VI
1.

. Polig E.: Kinetic analysis of

Publications:

Polig E., Jee W.S.S., Dell R., Johnson F.: Local dosimetry of 226Ra.

In: Research in Radiobiology, Ann. Report C00-119-262 (1986), p.52.

239Pu retention equations. In: Research

in Radiobiology, Ann. Report C00-119-262 (1986), p. 58.

. Polig E.: Local dose calculations in the skeleton based on morphometric

and physiologic parameters. In: Research in Radiobiology, Ann. Report
C00-119-262 (1986), p. 67.

. Polig E., Jee W.S.S.: Bone age and remodeling: A mathematical treatise.

Calcif. Tiss. Int. 41, 130 (1987).

. Polig E., Bruenger F.W., Jee W.S.S.: Quantitative autoradiography of

Radium-226 in bone: 1. The measurement technique. Rad. Prot. Dosim. 16,
205 (1986).
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3. Investigation of dose equivalent quantities for individual
dosimetry
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Title of the project no.: 1

Development of neutron spectrometers for radiation protection practice

Head(s) of project:

Dr. M. Cosack (until 31.12.1987), Dr. K. Knauf,
Dr. H. Klein (since 1.1.1988)

Scientific staff:

A. Alevra, Dr. S. Guldbakke, Dr. M. Matzke, Dr. B.R.L. Siebert

I.  Objectives of the project:

Development and investigation of neutron spectrometers for use in

real radiation fields

a) Development of a well-specified and reproducible multisphere
system (Bonner spheres). Experimental determination of the
response of Bamer spheres in monoenergetic neutron fields with
the aim of establishing a response matrix by intercamparison
with calculated responses.

b) Development of a neutron spectrometer using recoil proton
proportional counters and an NE213 scintillation detector.
Investigation of these systems in monoenergetic neutron fields
and in fields with broad energy spectra.

Il. Objectives for the reporting period:

Additional measurements with the Bonner sphere system will be
carried out in monoenergetic neutron fields and in neutron fields
with a broad energy range from a number of radio nuclide sources.
Reliable response functions for different sets of Bonner spheres
should be obtained and the influence of the detector type and size
and the density of polyethylene will be studied. An unfolding code
will be implemented. A neutron spectrometer based on proportional
counters will be connected to a movable personal computer which
indicates the spectral flux density on-line. Various materials
(e.g. Fe, Al) will be tested in the new calibration facility in
order to achieve structured calibration neutron fields of different
kind.
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. F??gﬁgiiﬁffPfgﬁght Bormer sphere systems are available at PTB, NPL
and GSF. The PTB system consists of 14 spheres with diameters
froam 5.08 cm to 45.72 cm. Before a system can be used for cha-
racterising neutron fields it is necessary to determine the re-
sponses as a function of energy for each sphere. Two approaches
for deriving these response functions are available - calcula-
tion and measurement. Both methods are employed in this work
because (a) the reliability of the calculation is uncertain, and
(b) measurements in monoenergetic neutron fields can only cover
a small part of the full energy range. The degree of agreement
in the region where both measurements and calculations are
possible should give same indication of the reliability of the
calculations as a method of interpolating in regions where
measurements are impossible.

In November 1986 during a three week period extensive measure—
ments were performed at PTB (see 1986 Progress Report). In a
second period in July 1987 additional measurements were carried
out in order to extend the energy range investigated down to

1 keV and up to 14.8 MeV and to reduce the energy gaps in
between. Some measurements of the first period were repeated to
check the consistency of the results between the two measurement
periods.

The preliminary results were presented at the Sixth Symposium on
Neutron Dosimetry at Neuherberg, Munich in October 1987 (see
Publ. no. 1). The NPL and PTB sphere systems employing the lar-
ger spherical He3 detector are in good agreement throughout the
energy range, although the PTB system is consistently S % mare
sensitive. The responses of the PTB system employing a small He3
detector and the GSF system based upon a LiI scintillation
counter agree within + 10 % throughout the energy range. The
results have been compared with two recent calculations pub-
lished by other groups. Marked discrepancies have been observed
between the experimental and the theoretical results both in
amplitude and shape which obviously camnot be explained by small
differences in the density of the polyethylene material of the
spheres.

2. Neutron spectrometry with proton recoil proportional counters:
In order to indicate the neutron spectral fluence obtained from
the spectrometer by analyzing the measured proton recoil spec—
trum on-line, a computer (IBM 6150) was installed and the main
parts of the required software were developed and put into
operation. In looking for calibration procedures with the new
calibration facility it was found that passing the neutrons of a
Cf252 source through iron will produce a proper calibration
spectrum at low energies which also shows lines at 24 keV and at
81 keV. With teflon instead of iron a satisfactory result has
not been achieved up to now.
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3. Neutron spectrometry with NE213 scintillation detectors:
Three NEZ1: liquid scintillation detector systems differing in
volume by a factor up to 32 were installed and carefully
investigated with respect to the proton light output function.
For this purpose time—of-flight measurements were performed in a
p(20) + Be neutron field with a broad energy distribution. The
evaluation of the light output and detector resolution data
which are needed for the calculation of the response matrix is
in progress.
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IV. Objectives for the next reporting period:

The analysis of the Bonner-sphere measurements will be completed. Further
measurements with thermal neutrons and radionuclide sources are planned.
The measured responses will be compared with theoretical predictions to
obtain a consistent response matrix. Various few channel unfolding codes
will be tested for use with Bonner sphere spectrometers. The development
of a neutron spectrometer with NE213 scintillators is continued. Spectrum
unfolding techniques will be compared with time—of-flight spectrometry.
Work on the movable system for on-line indication of spectral neutron flu-
ences 1s continued. The neutron spectrum of the iron—filtered reactor beam
and of a Cf252 source together with resonance materials will be examined
to achieve a multi-line spectum for calibration of proportional counters.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Dr. J.B. Hunt, Dr. D.J. Thomas, Mr. A.G. Bardell

Div. of Rad. Science and Acoustics National Physical Laboratory,
Queens Road, Teddington, Middx, TW11, OLW, UK

Dr. G. Portal, J.L. Chartier, Department de Protection Technique
Commissariat a 1'Energie Atomique,

Fontenay—aux—Roses, France

Dr. H. Schraube

Gesellschaft fiir Strahlen— und Umweltforschung

Institut fiir Strahlenschutz,

D-8042 Neuherberg, Fed. Rep. of Germany

VI. Publications:

1. A.V. Alevra, M. Cosack, J.B. Hunt, D.J. Thomas and
H. Schraube
Experimental Determination of the Response of Four Bonner—
Sphere Sets to Monoenergetic Neutrons.
Contribution to the Sixth Symposium on Neutron Dosimetry,
Neuherberg, 1987 (to be published in Radiat. Prot. Dosim.)
2. K. Knauf, J. Wittstock
Neutron Spectrometry with Proton Recoil Proportional Counters
at the Research and Measurement Reactor Braunschweig, Status
of the Technique.
PTB—Report, PTB-FMRB-114, Braunschweig (1987)
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Title of the project no.: 2

Realization of dose equivalent quantities for photons and neutrons using
microdosimetric methods

Head(s) of project:

Dr. W.G. Alberts, Dr. G. Dietze

Scientific staff:

Dr. H.J. Brede, Dr. S. Guldbakke, H. Kluge, Dr. U.J. Schrewe,
Dr. H. Schuhmacher

I.  Objectives of the project:

Investigation of tissue—equivalent low-pressure proportional
counters (TEPC) for determining dose equivalent quantities.
Development of a transfer instrument based on a TEPC. Measurement
of dose equivalent in tissue—equivalent spheres. Intercomparison of
instruments for practical radiation protection dosimetry based on
tissue-equivalent proportional counters in well-defined
monoenergetic and broad neutron fields.

Il.  Objectives for the reporting period:

Intercomparison of prototypes of instruments for practical
radiation protection dosimetry based on TEPC's by irradiaton in
low-energy filtered neutron beams between thermal and 144 keV.
Investigation of tissue—equivalent proportional counters in low-
energy neutron fields by using time-of-flight technigques,
especially with respect to the influence of the wall thickness and
the cavity size on the microdosimetric spectra and the response.
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Progress achieved:

The work for this project has been concentrated on three different
sub jects:

1.

Calibration procedure:

Since long time the calibration of low-pressure tissue-equiva-—
lent proportional counters (TEPC) in units of lineal energy y
has mainly been performed by using an internal c—particle source
and observing the pulses ccrresponding to @—particles of nominal
energy from the source crossing the detector cavity. The uncer-
tainty of this method, however, is up to 10 %. Now it has been
shown that this uncertainty can be strongly reduced, if a cam—
plete t—particle spectrum is measured and the upper edge of the
spectrum (see Fig. 1) is also used for the calibration procedure
(see Publ, No. 3, U.J. Schrewe et al.). This edge corresponds to
a—particles which are slowed—down and cross the cavity with
maximm energy loss.
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Fig. 1: Pulse height spectrum obtained by a TEPC (cavity
diameter: 5.1 cm) with a built-in Cm244 a—particle source.
P events from unscattered a—particles,

P' events from a—particles absorbed by the central wires,
S events from scattered and slowed—down y-particles.

2. Application of time—of—flight techniques:

Tissue—equivalent proportional counters are used for dosimetry
in mixed neutron—photon fields. The discrimination between
neutron and photon induced events is usually performed by
setting a threshold in the measured pulse-height spectrum or by
fitting a pure photon spectrum to the lower part of the pulse
height distribution. The accuracy of both methods is limited
due to an overlap region from about 1 keV/um to 10 keV/ym where
events from neutrons and photons contribute. In order to study
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the different procedures of n-y discrimination, time-of-flight
techniques were applied. With various commercial detector sys-—
tems a time resolution down to about €0 ns has been achieved.
In neutron fields below 5 MeV this resolution is sufficient to
study the discrimination techniques and to discriminate between
events induced by photons from the target and photons fram
(n,Y) or (n,n'y) reactions in the detector.

3. Intercomparison of radiation protection instruments:
Tissue—equivalent proportional counters are able to measure
dose equivalent in mixed neutron-photon fields. Several groups
in Europe have, therefore, developed prototypes of dose
equivalent meters for area monitoring based on a TEPC. In 1986
a first intercomparison initiated by the EURADOS Committee I
("Dose equivalent meters based on microdosimetric technqies')
was performed in various reference neutron and photon fields
at the PTB. The results have been reported during 1987 (see
Publ. No. 2, G. Dietze et al.). In November 1987 a second
intercomparison was carried out which included also reference
neutron fields at low neutron energies obtained with the
filtered beams at the PTB research reactor (thermal, 24 keV
and 144 keV neutrons) and at energies of 2.5 MeV and 14.8 MeV
produced at the accelerator facility. In 1988 dose equivalent
response data for monoenergetic neutrons will be available for
all investigated prototypes in the full energy range from
thermal up to 14.8 MeV.
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VI

Objectives for the next reporting period:

Investigation of tissue-equivalent proportional counters (TEPC) in
neutron fields below 1 MeV using time-of-flight techniques.
Realization of a transportable data acquisition system with on-line
analysis for use with a TEPC-based dosemeter.

Analysis of the second intercomparison of dose-equivalent meters
based on microdosimetric techniques.

Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Dr. H.G. Menzel et al., Universitdt des Saarlandes, Fachrichtung
Biophysik, D~6650 Homburg/Saar

EURADOS Committee 1 ("Dose equivalent meters based on microdosi-
metric techniques')

Publications:

1. H. Schuhmacher, H.G. Menzel, H. Kluge
Dosimetry of a bare and a D O-moderated Cf252 source using
low-pressure proportional counters.
Radiat. Prot. Dosim. 19 (1987) 103 - 109

2. G. MMetze, J. Booz, A.A. Edwards, S. Guldbakke, H. Kluge,
J.B. Leroux, L. Lindborg, H.G. Menzel, V.D. Nguyen, Th. Schmitz,
H. Schuhmacher
Intercomparison of dose equivalent meters based on micro—
dosimetric techniques. (presented at 6th Symposium on Neutron
Dosimetry and to be published in Radiat. Prot. Dosim.)

3. U.J. Schrewe, H.J. Brede, P. Pihet, H.G. Menzel
On the calibration of tissue-equivalent proportional counters
with built—in a—particle sources. (see No. 2)

4, U.J, Schrewe, H.J. Brede, G. Dietze
Investigation of tissue—equivalent proportional counters in
mi xed neutron-photon fields also applying time-of-flight
techniques. (see No. 2)
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Title of the projectno.: 3

Investigation of dose equivalent quantities for individual dosimetry

Head(s) of project:

Dr. B.R.L. Siebert

Scientific staff:

Dr. W.G. Alberts, B. Bauer, Dr. 5. Guldbakke, R. Hollnagel,
Prof. Dr. R. Jahr, H. Kluge

. Objectives of the project:

Experimental and theoretical examination of individual dosemeters.
Investigation of procedures for calibration and evaluation of
individual dosemeters in order to achieve compliance with the
system of dose limitation for radiation protection. Investigation
and intercomparison of appropriate quantities for individual
dosimetry (choice of phantom and measurement positions).

Il.  Obijectives for the reporting period:

Computational study of spherical and cylindrical phantoms.
Measurement of the free—in-air response and its angular dependence
for individual dosemeters to be supplied by CEN, Fontenay—aux-Roses
and KFK, Karlsruhe in neutron fields produced at the PIB research
reactor.

Measurement and czlculation of the response and its angular
dependence of the same individual dosemeters on appropriate
phantoms .
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Progress achieved:

The camputational study of spherical (ICFU-sphere) and cylindrical
phantans has been completed (see Publ. no. 1, B.W. Bauer et al.). A
hollow elliptical cylinder was chosen as a simplified anthropo—
morphic phantom. The inner void was dimensioned such as to simulate
the lung volume. For anterior-posterior irradiation one finds an
enhanced and for lateral irradiation a reduced albedo contribution
to dose equivalent on this cylindrical phantom as compared to the
ICRU-gphere phantom. These effects depend on the cross section
density of the phantom material and therefore on neutron energy. An
additional computational study revealed a strong influence of the
phantom shape on the dose equivalent response of track-etch detec-
tors, especially at higher energies (see Publ. no. 2, R. Hollnagel
et al.). Finally, by a computational study on the response of a
set of two albedo dosemeters worn on the chest and the back it
could be shown that this set allows to reduce the influence of
unknown directional distribution of the neutron field quite
considerably (see Publ. no. 3, R. Jshr et al.).

The fluence and dose—equivalent responses free—in-air of various
individual dosemeters and its angular dependence were measured at
all ISO-defined energies between 144 keV and 5 MeV. A new track-
etch dosemeter from TASL, Bristol, has been studied at some neutron
energies. Furtheron, albedo dosemeters from CEN, Fontenay-—sux-Roses
and KFZ, Karlsruhe and also a new set of Harshaw dosemeters have
been irradiated at PTB and analyzed in cooperation with the other
groups. A hollow elliptical cylinder consisting of polytheylen has
been built and used in addition to spherical and slab phantoms also
consisting of polytheylen. A first intercomparison of calculations
and measurements shows quite encouraging results (see Publ. no. 4,
W.G. Alberts).
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IV. Objectives for the next reporting period:

Computational study of the influence of slab phantoms on detector
responses and calibrations and comparison with the ICRU-sphere and
the hollow cylinder phantoms. A new Monte-Carlo program will be
used in order to obtain additional confidence in the results.
Measurement of the free—in-air and on-phantom response of
individual dosemeters at low neutron energies (filtered beams at
the reactor). Test of the Lypothesis that the on—phantom response
may be calculated from measured free-in-air responses and camputed
albedo fluences. Search for optimal calibration procedures.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

G. Portal, CEN, Fontenay—aux-Roses, France and
E. Piesch, KFK, Postfach 3640, Karlsruhe, Germany
D.L. Henshaw, TASL, Bristol, Great Britain

VI. Publications:

1. B.W. Bauer, R. Hollnagel and B.R.L. Siebert
Numerical Study of the Influence of Prhantom Material and Shape
on the Calibration of Individual Dosimeters for Neutrons.
6th Symp. on Neutrondosimetry, Minchen-Neuherberg, 1987
(to be publishe¢ in Radiat. Prot. Dosim.)

2. R. Hollnagel, R. Jahr and B.R.L. Siebert
Influence of Phzntoms on the Response of Etched Track Detectors.
Pad. Prot. Dos. 20 (19€7) 25 - 29

3. R. Jahr, R. Hollnagel and E.R.L. Siebert
Response of a System of Two Albedo Dosemeters worn on Chest and
Back in Various Mrectionally Tistributed Neutron Fields.
6th Symp. on Neutrondosimetry, Minchen-Neuherberg, 1987
(to be published in Radiat. Prot. Dosim.)

4, W.G. Alberts
Response of an Albedo Neutron Tlosemeter to
Various Phantoms.
submitted to Rac. Prot. Tos.

252Cf Neutrons on
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract N0 BI6-A-024-UK

University of St.Andrews
College Gate

St.Andrews

CB Fife KY16 9AJ

Head(s) of research team(s) [name(s) and address(es)]:

Dr. D.E. Watt

Department of Physics
University of St.Andrews
North Haugh

GB St.Andrews KY16 9SS

Telephone number:  334-761.61
Title of the research contract:

Specification and measurement of radiation efiectiveness.

List of projects’
l. Specificatlon and measurement of radiation effectiveness.
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Title of the project no.: Specification and Measurement of Radiation
Effectiveness.

Head(s) of project: Dr D E Watt

Scientific staff: £ B Saion

|.  Objectives of the project:  To develop a microdosimeter for the

measurement of dose equivalent of intermedvate energy neutrons in
mixed fast neutron and y-ray fields.

Objectives for the reporting period:  To ccmplete test with the proto-
type cnunter with laboratory neutron sources and Lo interpret the
results by comparison with the theoretical analyses.

To explore a correction procedure for low aeiqy events due to the
fast neutron comoonent.

Upon satisfactory completion of the test tn design and manufacture a
t issue-equivalent ver:ion of the dosimeter.
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Progress achieved: A series of e:periments has been performed using the
prototype co-axial double cylindrical proportional counter in order to
establish its performance. The result of the measurements of the
operational charscteristics shows that the counter has acceptable gas
gain and resolution as typically epplied in microdosimetry. The
optimum conditions for operation have been investigated by adding a
small amount of 'magic gas' to the filling gas with the object of
extending the sensitivity of the counter tu lower energy recoils.
However, the experiment has so far achieved only limited success.
Results for combination of 'magic gas' and TE-gas, in any attempt to
increase the counter sensitivity, have not been reported in the

literature.

The counter has been fully tested for its response in coincidence and
anti-coincidence modes with the outer counter. Input voltages as

low as 20mV are easily measurable with this system which minimises the
possibility of loss of small pulses generated coincidently in the
inner and outer counters. This test has been incorporated with micro-
dosimetric measurements, of a laboratory neutron source, of the
response to intermediate energy neutrons. The results have been
interpreted quantitatively. They demonstrate that this new type of
microdosimeter can be operated to discriminate in favour of

intermediate energy neutrons in mixed fields.

Upon satisfactory completion of this preliminary part of the project,
an equivalent version of the counter has been constructed except for
the TE self-supporting dividing wall of thickness t.5um. Special
techniqu2s are being developed to prepare uniform thin conducting

layers of A-150 plastic.

Theoretical analyses of event spectra of intermediae neutrons for the
counter operated with the anti-coincidence arrangement have been
calculated to explore the contribution to the response from fast
neutrons. Fast neutrons are estimated to contribute a correction factor
up to 50% for tMeV neutrons and 20% for 5MeV neutrons. Empirical
techniques are being developed to reduce the errors inherent in

applicétjon of the correction factor.
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IV. Objectives for the next reporting period: To complete laboratory trials
with the tissue-equivalent version. To perfect a method for
fabrication of the plastic dividing wall. To further study the
correction factors reauired for fast neutron events occurinag
in the low-eneray recoil reqion and to set-up a computer program for
analysis of data prior to formulating it into RUM form.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Dr P Colautti. Institute of Nurlear Physices, Legnaro, Padova. [ =ly.

VI. Publications: Saion, £ B and Watt, D £ (1987). Microdosimetry
of lniermediate Neutrcns 1n Fast Nectren Fields., Siatt. Symposium
of Neucron Dosimetry, Munich. 12-16, FRG.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.: BI6-A-026-UK
European Radiation Dosimetry Group

EURADOS /CENDOS

Radiobiological Institute TNO

P.0.Box 5815

NL-2280 HV Rijswijk

Head(s) of research team(s) [name(s) and address(es)]:

Dr. J.A. Dennis
Chairman of EURAIOS
NRPB

Chilton, Didcot

GB Oxon 0X11 ORQ

Telephone number: 0235/8316G0/221
Title of the research contract:

Collaboration on resecarch and development concerned with the
methodology and data of rediation dosinetry.

List of projects:

1. Develupment and implementation of microdcsimetric instruments
and methods for radiation protection.

2. Skin dosimetry and surface certamination monitoring

3. Application of cthermoluminescence to routine personal
dosimetry.

4. Dissemination and development ot computer programs for
dogimetric preblems. ('humerical dosimetry')

5. Basic physical data and characteristics oi radiation protectior
instrunentation.
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Title of the project no.:

1. Development and ILaplementation of Microdosimetric Instruments and
for Radiation Protection

Head(s) of project:

H G Menzel

Scientific staff;

A A Edwards, J Booz, G Dietze, G H Hartmanan, L Lindborg, A Marchetto,
V D Nguyen, H Paretzke, T Schmitz, H Schuhmacher, A J Waker

I.  Objectives of the project:

The devalopment of dose equivaleat weters based on aicrodoslmetric
technlques €for use {in area moaltoring, Landlvidual wmoaltocliag and as
transfer Lnstruments.

Il.  Objectives for the reporting period:

To carry out the second pact of the {atecrcomparlson of wicrodosimetric
instrumeats for area wonitoring with neutrons including measurements with
low energy neutrons in Flltered reactor beans. To prepare a final report
on the results of the flrst part of the Llatercomparison.

To coatiaue henchmark calculatlons with differeat computer codes €ar the
complilation of alcrodosimetrlc spectra produced by neutron radiations and
to continue the davelopment of programs for the calculation of
microdosimetric spectra from photon radlatinas.
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Il Progress achieved:

The results of the flrst pact of the [Intercomparison of rcradiation
pctotectinn fastruments bhased on microdosimetric principles at
Physikalisch—-Technische Bundesanstalt have been reported in a PTB Report
(PTB-ND-29 (1986), preliminary results) and at the 6th Symposium on
Neutron Dosimetry at Neuherberg 1a October, 1987. The final report 1is
completed aand 13 belng preparad for publicatioa by the CEC. This report
on the {intercomparison of five diffecent microdosimetric dose equivalent
meters in the filelds of monoenergetic neutroa sources (0.073-5 MeV), a
D20 anderated 252 cf source and a 90Co soucce provides vresults i{n teras of
dose equivalent, absorbed dose, quality factors, neutron and gamma ray
dose fraction and comparison of 1lineal energy spectra (for part of the
participating systems). There 13 also a detailed analysis gilven of
statiscical wuncertaiities which is a wmore coaplex problem for
tissue-cquivalent proportional couater (TEPC) meagurements than wmost
conveational dose meters bhecause dose equivalent {8 not only determined by
the pulse frequeacy but also by the pulse heights. As expected, the
detector sensitivity was shown to depend on detector size and radiation
quality. There were, however, additional {nfluences established as, for
example, the detector wall thickness at 1low neutron enecgles. The
fnfluence of calihratinn, detector design, shape and size of the sensitive
volume and pressuce of the gas fllling on the results are discussed in the
repoct.

Although final conclusions oa the pecformance of TEPC {nstrumeants and
recommendations will have to iaclude the results of the second part of the
futercomparison (see bhelow) relevant findings have beea established in
this ficrst f(ntercomparison: (1) The calibhraction procedure has to take
account of the phantom based definition of the quantity amblent dose
aquivalent, H*(10). (2) The parameters with significant influence on the
responge of TEPC systems are wall-thickness, 3imulated diamater and the
procedure to evaluate the qualiry factor. These parameters caan thecefore
be used to further improve the response.

In November/December 1987 the second part of the iIntercomparison was
carried out, again jointly organised by PTB and Committee 1 of
EURADOS-CENDOS. Quasi-Monoenergetic neutrons (thermal neutrons, 24.5 aad
144 KeV neutrons) were provided by the rceactor facility FRMB of PTB
(flltered reactor beams). At the accelerator facility monoenergetic
nautrons of 0.57, 2.5 and 14.8 MeV were available. In addition,
measurements were performed at a 60Co and a D720 moderated 252¢f-gource.
Two additional {institutions (EIR, Wirealingen (CH) and Ualversity of
Leeds) joined the group of participants of the flest intercomparison (CEN
de Fontenay-aux—Roses, CEN de Grenohle, KFA Jilich, NIRP Stockholn,
University of Saarland). A conventlonal neutron dose equivalent metec
(Rem counter) was operated by PTB in the {intercomparison. At present
results are being collected.

Reports on the second intercompacrison and summary of both parts will be
presented at the second Wockshop on Implementation of Dose Equivalent
Meters Based on Microdosimetric Techniques in Radiation Protection to be
held at Schloss Elmau (FRG) from October 13 to 20, 1988. This workshop
will be Jointly organised by the Commission of the European Communities
and the GSF, Neuherherg togethec with EURADOS.
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The objectives f[or the reporting period have been fully achleved with
regacrd to the intercomparison programme. The assessment of the prograss
of the other activities 1Is more difficult. The calculations of the
response of TEPC to photoas, 1in particular 1ow energy photoans are very
complex so that results are not anticipated before 1989. The development
of a reference code for energy depositina calculatinons for neutron
irradiations and beachmark calculations ace belng carried out.

Progress, however, has heen slower than anticipated dua to techalcal and
organisational reasons. The necessity to 1link neutron transport
calculatinng with energy deposition codes has become very urgent In view
of the results of the {ntercomparison. With regard to this problem a
combined effort of EURADOS project groups 1l and 4 is expected.
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IV Objectives for the next reporting period:

To analyse the results of the second part of the intercomparison of dose
equivalent meters based on microdosimetric techalques and to prepare a
report based on thls Intercomparison. To prepare a report summarising
both parts of the Intercomparison and providiag conclusions and
recommendat{ons. To orgaalye, together with CEC and GSF, Neuherberg a
Workshop on Implementation of Dose Equivaleat Meters Based on
Microdosimetric Techniques Iin Radlatlon Protectioan at Schloss Elmau (FRG),
October 18-20 1988. To coantlinue energy depositioan calculations for
neutron radliatlion, (benchmark calculations, development of reference code)
and calculations for the response of TEPC to photons.

V  Other research group(s) collaborating actively on this project [name(s) and

address(es)]:
CEN, Fontenay-aux—-Roses NIRP, Stockholm
CEN, Grenoble NRPB, Chilton
DKFZ, Heldleberg PTB Braunschwelg
GSF, Neuherhary University of Leeds
KFA Julich University of Saarland, lomburg (Saar)

VI Publications:

Dietze, G, Booz, J, Edwards, A A, Guldbakke, S Kluge, H, Leroux, J B,
Lindborg, L, Menzel, H G, Nguyen, V D, Schmitz, Th, Schuhmacher, H
Intercomparison of dose Equivalent Meters Based on Microdosimetric
Techniques. Presented at 6th Symposium on Neutron Dosimetry, Oct. 1987,
Munich - Neuherberg and to be published in Radiat. Prot. Dosim.

Dietze, G, Edwards, A A, Guldbakke, S, Kluge, H, Leroux, J B, Lindborg, L,
Menzel, H G, Nguyen, V D, Schmitz, Th, Schuhmacher, H

Investigation of Radlation Protection Instruments Basgsed on
Tissue-Equivalent Proportional Counters. Regults of a
EURADOS-Intercomparison, prepared for publication by the CEC.
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Title of the project no.:

2. Skin Dosimetry and Surface Contamination Moni{toring

Head(s) of project:

P Christensen

Scientific staff:

J BBhm, T O Marshall, M Charles, J Patau, Y Hethaut, F Plesch,
J R Harvey, D Regulla, M Heinzlemann, M J Rossiter, H Julius

I.  Objectives of the project:

The evaluation of exposures to heta and low energy photon radiations
and the development of appropriate techniques and methods for their

measurement .

Il.  Obijectives for the reporting period:

To continue the preparation of a review of survey I{nstruments for skin
dosimetry and surface contamination monitoring. To perform calcula-
tions in the field of low—energy photon dosimetry alming at an im
nroved accuracy. To prepare a concluding report on the Importance of
problems of skin doslmetry and surface contamination monitoring. To
continue preparations for a henchmark intercomparison of computational
methods for beta radlation dosimetry. To make measurements and calcu-
lations of dose rates from particulate heta-ray sources. To Inter—
compare dose—-rate measurements of equal 147Pm—sources using different
measurement methods. To continue the co-operation with the
NDirectorate General V in the organisation and data evaluation of an
intercomparison of personal dosemeters for heta radiation dosimetry.
To continue the evaluation of the biological effectiveness of low—
penetrating radiations In co-operatfon with EULEP.
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Progress achieved:

The preparation of a review document on dose rate meters for skin dose
measurements has continued and the final document 13 expected to he
ready in 1988, The preparation of a document dealing with {nstruments
for monitoring of surface contamination {3 planned to start in 1988,
The accuracy of transport calcnlations concerned with low energy
photon radiation has heen {mproved by introducing more precise values
of the prohahiliries of the interactlon processes. Calculatlons have
heen performed For a 80 keV polnt source located at the centre of an
ICR1 sphere, The calcnlations were made by a computer program
developed at CPA, Toulouse. Plans have heen made also to use computer
programs applied at XFA, Jil{ch and PTB, Braunschweig. Detajled
nrograms for henchmark experiments testing the validity of computer
§roRT 4R for determining dose raggs from an extended, 8 em diameter,

Sr/ " Y source and particulate Co sources of leEerSBt s&aes have
heen set un., The measurements of dose rates from the Sr/ Y source
will take place at PTR, Rraunschweig and those of the Co soitrces at
CFGR, Rerkeley and CEN, Grenohle. The calculatfons will be performed
at CPA, Toulouse, The experimental work will take place during 19838,
Further evaluations have heen made of the responses to a questionnalre
concerned with problems of skin dosluwetry at the working place and a
report of the results was presented at the CEC Reta Intercomparison
Information Seminar held at Rologna, 25-27 May 1987, The results will
he published in the proceedings of this seminar. A project with the
purpose of preparing experimental data on skin dose rates from typical
heta ray sources from the working place has heen lnitiatef47 In this
connection four, carefully prepared, equal, 4 cm x 4 em, Pm
sources, mounted on equal holders have heen prepared and distributed
to four lahoratories (NRPR, PTRB, Fontenay~aux-Roses, and Risd) for
making comparative measurements of dose rates at different distances
and angles from the sources. The measurements will take place during
1988, Members of the Committee have contributed with advising the
Directorate General V on the organisation and data evaluation of an
intercomparison of personal dosemeters for heta dosimetry. Reports on
this work will be published in the proceedings from the CEC Beta
Intercomparigson Informat{on Seminar held at Bologna, 25-27 May 1987.
The evaluation of data on the biological effectiveness of low-
penetrating radfation has continued in co~operation with FULEP, who
are now taking part In the work of a Task Group set up by ICRP to deal
with these probhlems.
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IV. Objectives for the next reporting period:
To finish the preparation of a review document on dnse rate meters for
skin dose measurements and to start the preparation of a review docu-
ment concerned with surface contamination monitoring. To intercompare
different computer programs for performing transport calculations con-
cerned with low energy photon radiation. To continue the atudy of the
importance of problems of skin dosimetry and surface contamination
monftoring. To perform benchmark intercomparison of computational
methods for beta rafl,tion dosimetry. To {ntercompare the measurement
of dose rates from Pm sources carried out at different laborator-
ies. To continue the evaluation of the biological effectiveness of
low-penetrating radiations in co-operation with EULEP. To co—operate
with Dicectorate General 12 fn the planning and organisation of a
workshop on skin dosimetry and surface contamination monitoring.

V. Other research group(s) collaborating actively on this project [name(s) and

address(es)]:
RNL, Risé CEN, Grenoble
NRPB, Chilton RSO TNO, Arnhem
PTB, Braunschweig KFA, JUlich
SPEE/LMR, Grenoble KFZ, Karlgruhe
GSF, Neuherberg NPL, Teddington
CEGB, Berkeley CPA, Toulouse

VI. Publications:

Christensen, P, Herbaut, Y, and Marshall, T O,
Personal Monitoring for Extecnal Sources of Beta and Low FEnergy Photon
Radiations. Radiat. Prot. Dosim. 28, 241-260 (1987).

Patau, .J P, Casanovas, A M, and Oustrin, J.

Accuracy of Transport Calculations Concerning Low Energy.Photon
Radiations. {(Nctober 1987). In press.
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Title of the project no.:

3. Application of Thermoluminescence to Routine Personal Dosimetry

Head(s) of project:

J R Harvey
Scientific staff;

J R Barthe, G Busuoli, P Christensen, K E Duftschmid, H W Julius,
J BBhm, M Marshall, T O Marshall, M Oberhofer, D Regulla

. Obijectives of the project:

Study and resolution of problems encountered in the application of
thermoluminescence dosimetry techniques in individual and

environmental monitoring

Il.  Objectives for the reporting period:

The two unpublished reports will be published i{n the open literature.
Reprints of all six reports listed above will be bound in a single
volume and distributed to assoclate members of EURADOS-CENDOS.
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. Progress achieved:

The year was spent collating the reports produced during the working
life of this committee. Two papers have been published, one on the
relative tissue kerma sensitivity of thermoluminescent materials to
neutrons and the other a report of a thermoluminescence dosimetry
workshop held in Ispra, Italy in 1985. Reprints of all the reports
produced by the committee were bound into a single volume which was
distributed to all members of EURADOS-CENDOS.
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V. Oujec.ves for the next reporting pernod:

The tasks undertaken by this committee have now been completed and the
committee has been disbanded.

V. Other research group(s) collaborating actively on this project [name(s) and

address(es)]:
CEGB, Berkeley PTB, Braunschweig
CEA, Fontenay—-aux—Roses AERE, Harwell
ENEA, Bologna NRPB, Chilton
RNL, Riso CEC JRC, Ispra
OFZ28, Seibersdorf GSF; Neuherberg

RSO TNO, Arnhem

VI. Publications:

J A B Gibson, The relative tissue kerma sensitivity of
thermoluminescent materfals to neutrons. Radiation Protection
Dosimetry Vol. 15, No.4, pp.253-266

J R Barthe, J Bohm, P Christensen, C M Driscoll, J R Harvey, H W
Julius, M Marshall, T O Marshall and M Oberhofer, Report on a workshop
on the Application of Thermoluminescence Dosimetry to Large Scale
Individual Monitoring. Ispra, 11-13 September 1985. Radiation
Protection Dosimetry, Vol. 18, No. 1, pp.47-61. .

EURADOS-CENDOS, Aspects of Individual Monitoring. Ed. J R Harvey.
Published by Nuclear Technology Publishing, Ashford, Kent, UK, 1987.



Title of the project no.:

4,

Nissemination and Nevelopment of Computec Programs for Dosimetric
Problems {'Numerical Dosfmetry')

Head(s) of project:

B R L Siebert

Scientific staff:

M Buxerolle, J L Chartier, P Dimbylow, B Grosswendt, K G Harrison,
G Hen, D J Thomas, A J Wittmann

Objectives of the project:

To disseminate information ahout computer programs developed in Europe

and America for dosimetric and shielding problems by collecting

information ahout existing programs and where necessary testing and

evaluating them.

Objectives for the reporting period:

Final Report on the californium-252 benchmark problems.

Benchmark studies on the exposure of a phantom by extended area
sources (homogenenusly distributed caesium—135). Intercomparison
of H derived from computed organ doses. Selection of anthropo—
morpﬁfg and simplified phantoms for further studies.

Benchmark calculations for Bonner Spheres.

Intercomparison of unfolding codes for Bonner spheres.

Improvement of database and code for charged particle calcula-
tions. Supporting calculations for EURANDNS Committee 1
(especially for the intercompaclson of tissue equivalent
proporti{onal counter measurements in 2 keV filtered reactor beams;
NBS + PTB).
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Progress achieved:

The intercomparison of calculations of spectra fronm ZSch sources
moderated by D.0 and 1,0 spherical moderators of various slizes has
been complsgsd'and will be published. The main conclusion is that
moderated Cf sources can serve as well described and relatively
i{nexpensive neutron sources, However, the particulars of each
facility (eg, room size, construction of set up and source contain-
ment) need to be taken acecount of hy appropriate calculations. The
final agreement of the calculations (delivered by colleagues from AERFE
Harwell, GSF, Munich, IKE, Stuttgart and PTH, Braunschwelg) is quite
satisfactory. An important by-product of this i{ntercomparison {s an
improved set of [nput data for this kind of calculations.

An Intercomparison of computer codes as applied to mult{sphere (ie,
RBonner sphere) spectroscopy and dosimetry in neutron fields has heen
initiated. In a first step numerically simulated Bonner sphere
readings are used as [nput. This serves to examine the unfolding
capability of the di{fferent codes without perturbatlons due to experi-
mental variances and covariances. 1In a second step the readings were
statistically altered {n order to simulate experimental variances.

A preliminary evaluatlnn of fi{ve contributions so far received allows
to recommend the multi{sphere system as a useful instrument for prac-
tical neutron spectrometry and dosimetry in radiation protection
environments.

The quality of unfolded spectra and der{ved dose equivalent depends on
the use of correct response fuanctions. Therefore, the committce
initiated an intercomparison of calculatfons. 1Tn a first contribution
bagsed on the AN[SIN code it was found that the natural differences in
the denslty of polyethylene moderators led to strong variations I{n the
response functions.

No progress has heen made in the selectlion of appropriate anthropomor-
phic phantoms. It {s understood that ICRP {s preparing a report on
this subiject.

There has been slight progress in establishing a definitive computer
code for the computation of charged particle spectra resulting from
neatron {rradfations. No progress has been made {n the establishment
of a simflar code for photon radlations.
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IV. Objectives for the next reporting period:

l. Discusston and publication of the first step of the Intercompari-
son of unfolding codes for Bonner spheres.

2. Tnclusion of experimental variances and covarlances I{n the inter—
comparison of unfolding codes.

3. Survey on the need for calculation for photon dosimetry.

4., Intercomparison of bhenchmark calculatlons for Boaner spheres.

5. Supplementary calculations for Project 1,

V. Other research group(s) collaborating actively on this project [name(s) and

address(es)]:
AFRE, Harwell IKE, Stuttgart
CFA, Fontenay-aux-rtroses NPL, Teddington
CEN, Cadarache NRPB, Chilton
GSF, Munich PTB, Braunschweig

VI. Publications:

No publications in this perfod.
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Title of the project no.:

5. Basic Physical Data and Characteristics of Radiation Protection
Ingtrumentation

Head(s) of project:

J J Broerse, J R Harvey, K G Harrison

Scientific staff:

1. Tonization Chambers: H J Brede, .J .J Broerse, G Dietz, S Guldehakke,
V D Haigh, V E Lewis, D R Schlegel-Bickman, H Schraube, U J Schrewe
2. Track—-Etch Detectnrs: D T Bartlett, .J-L Decossas, K G Harrison,
J R Harvey, L Lembho, R Medioni, E Plesch, H Schraube, L Tommasino,

-C Vv G Z 1
l. o{)]ecn%é”é teHe prg?ggta:m :

The collectlion and evaluatlon of physical data relevant to the
aggessment of the blological effects of ionizing radiatlions and to the
assessment of occupational aad environmental expnsures of the

population of the Eunropean Communities.

Il. Objectives for the reporting period:

Occupational exposures will be Inferred from systematic enquiries,
working place analysis and field studies. A specific example of such
a type of study is the determination of neutron spectra in PWR
contalanents to evaluate appropriate quality factors.

The activities of the working group on the application of track

detectors {n neutron dosimetrv will be continued. A European workshop
on the appllcation of track detectors is to he held in May 1987,

- 287 -



Ill.  Progress achieved:
The use of Mg/Ar ion{sation chambers for determination of the photon
absorbed dose in mixed neutron-gamma-ray fields has been shown to have
specific advantages. Compared to C/CO, ionisation chambers, Mg/Ar
chambers have a considerably smaller relative neutron sensitivity
(k. ). The k -values of Geiger-Muller (GM) counters are smaller than
those of Mg/Ar ionisation chambers, however, the energy dependence of
the response of Mg/Ar lonisation chambers to photons is considerably
smaller than that of (energy compensated) GM counters.

In a previous joint study by PTB-Braunschweig, FRG; GSF-Neuherherg,
FRG and TNO-R{ jswi jk, Netherlands, performed w{thin the framework of
CENDNS, the character{stics of Mg/Ar ionisation chambers uere
investigated (Zoetelief et al, Phys. Med. Biol. 31, 1339, 1986).

Among the characteristics studied were the dependence of the reading
on gas flow rate, chamber wall thickness and charge collection, and
the relative neutron sensitivity. A major conclusion is that the
relative neutron sensitivity for different chambers of the same design
(Exradin-MG2) in the same neutron beam show considerable variations.

A workshop on 'The Development of Personal Neutron Dosemeters Based on
Tract Etch Detectors' was organised at AFERE, Harwell, May 12-14, 1987.
The workshop was co~sponsored by the UKAEA Harwell Laboratory,
EURADOS-CENDOS, and the Commission of the Eurnpean Communities,
Directorate General for Science, Research and Development, Radiation
Protectinn Programme.

The workshop was attended by approximately 45 scientists representing
most of the groups in Europe and continental America actively engaged
In track-etch neutron dosimetry. Invited papers were given on:
characteristics of neutron fields, quantit{es and units, fundamentals
of neutron response, ageing and environmental effects, polymer
physics, activities 1n the USA, and future developments. Contributed
papers were given on many different neutron dosimetry systems based on
track-etch. The workshop concluded with a round-table discussion.
The delegates expressed the view that the workshop had been extremely
valuable. The proceedings w11l be published by Nuclear Technology
Publishing.

A joint European/USA/Canadian joint irradiation of track-etch
detectors was undertaken in the Autumn of 1986. TIrradiations of the
detectors, which were sent by post, were undertaken by: AERE Harwell;
PNL, Richland; PTB, Braunschwelg; GSF, Neuherberg; and CRNL, Chalk
River. Neutrons were provided at 144 keV, 570 keV, 1.2 MeV, 5.3 MeV,
14.7 MeV, and from Cf-252 sources. Groups from the following 13
laboratories provided track—-etch detectors: KfK, Karlsruhe; ENN-DISP,
Rome, NRPB, UK; ENEA, Bologna; CRNL, Chalk River; LEPOFI, Limoges;
AERE, Harwell, LLNL, Livermore; CEGR, Berkeley; RNL, Riso; CEN,
Fontenay-aux-Roses; PNL, Richland and Bristol University Physics
Department.

The results of the joint irradiation were compiled and published,
together with introductory remarks and conclusions during the course
of 1987. (Neutron Irradiations of Proton-sensitive Track Etch
Detectors: Results of the Joint European/USA/Canadian Icradiations.
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F. Plesch. KfK 43054 EURADOS/CENDOS Report 1987-01, September 1987).

A committee meeting was held on 19 October 1987 at GSF Munich
following the Sixth Symposium on Neutron Dogimetry. The results of
the recent jJoint {irradlation and the future programme were discussed,
It was concluded that the 1986 joint [rradiatton had heen very useful
and there was widespread support for another, possibly in 1988, A
detatled proposal was prepared., It was felt that as well as being a
useful and economical source of well calibhrated neutrons, such joint
frradiations gave delegates an insigzht fnto the performance of thelr
systems vis-a-vig those developed at other laboratories. It was also
felt that the background characterist{cs of the etch plastics should
be consldered in the future programme. These characteristics, which
are currently cansing some problems, will become more iwmportant 1f
quality factors rise or permitted radiation levels are reduced.
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IV. Objectives for the next reporting period:

1. The characteristics of Mg/Ar ionisation chambers will be studied
in photon and neutron fields as a jolnt project between PTB, NPL and
TNO with an emphasis on the relative neutron sensitivity. The
discrepanc‘es in the k values of a series of chambers of the same
design will be investigated to resolve this problem in the us of Mg/Ar
chambers.

2. A joint irradiation of track—etch detectors will be carried out
with participating laboratories from Europe and North America.
Attempts will be made to pool information on available plastics for
track-etch detection with an emphasis on quality control, bhackground,
ageing and environmental effects.

V. Other research group(s) collaborating actively on this project [name(s) and

address(es)]:
BIPM, Paris AERE, Harwell
GSF, Neuherberg CEA, Fontenay—-aux—Roses
PTB, Braunschweig CEGB, Berkeley
NPL, Teddington ENEA, Bologna
TNO, Rijswijk ENEA, Rome

KfK, Karlsruhe
Limoges University
NRPB, Chilton

VI. Publications:

E Piesch, Neutron Irradiations of Proton—Sensitive Track Etch
Detectors: Results of the Joint European/USA/Canadian Irradlations.
KfK 4305 EURADOS-CENDOS Report 1987-01, September 1987.

Neutron Irradiations of Proton Sensitive Track Detectors: Resnlts of

a Joint Irradiatlion Organised by CENDOS. Ed. K G Harrison, August
1985, AERE Harwell Labhoratory Report, AERE-R11926.
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Title of the project no.:

6. Assessment of Internal Dose

Head(s) of project:

J A B Gibson

Scientific staff:

P J Darley, Miss F A Fry, K Henrichs, R Kunkel, J Piechowski, R Roth,
H Schiefendecker, R G Thomas (corresponding member)

. Objectives of the project:

Preparation of guidance on the Interpretatinn of monitoring data
relating to internal exposures of radiatfon workers and the
{mplementation of ICRP recommendations on this topic within Europe.
The objective will be achieved by the ponling and exchange of

information and in comparing aperatlonal experience.

Il.  Objectives for the reporting period:

To establish a programme of work to:

develop computer models for
excretion analysis;

{nterpret data from air sampling, biocassay and
in-vivo monitoring; establish availability of autopsy data; consider
compatibility of dose records; exchange information.
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. Pregress achieved:

There was one meeting of the group in October 1987 where it was agreed
that a programme of work be established under 7 headings.

(1)

(11)

(1i1)

(iv)

(v)
(vi)

(vii)

Models; excretion (long and short-term), metabolic
uncertainties, effects of health, chemicals, etc;

air sampling; PAS v SAS and use of alarm air samplers,
statistical {interpretation, effect of transportability (D,W
or Y);

in-vivo monltor{ng{ interference from Chernobyl, partial
body monitoring;

bioassay; urine data within first 24 h, faecal sampling,
frequency and Interpretation;

autopsy data; availability and information exchange;
dose records; compatibility;

information exchange.

The following specifications were identified.

(a)
(b)

(c)

(D

(e)

()

(8)

List elements of f{nterest in RP (Miss F A Fry by 1.11.87).

Proposals for stable element metabolic studies (P Roth by
1.12.87, Abstract, and 31.3.88).

Models for elements Identified in (a) (K Henrichs by
31.3.88).

Identification of source of autopsy data in FDR
(K Henrichs), ¥France (J Piechowski), USA and UK
(Miss F A Fry and J A B Gihson - all by 30.11.87).

Dose record format; FDR (KH), France (JP), UK (FAF), OECD
(J A Dennis).

Database - metabolism and models (JABG and Miss FAF by
1.12.87 abstract and 31.3.88).

Laboratories assessing internal dose; FDR (H Schiefendecker

(KH) by 30.11.87), France JP by 30,11.87) and Italy
(J A Dennis).
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IV Objectives for the next reporting period:

To carry out the work specified in Section ITI above. The group would
meet informally at the CEC Workshop on Biological Assessment of
Occupational Exposure to Actinides, 30.5.88 to 2.6.88 {n Versaflles.
The next main meeting would be In Frankfurt on 18-20 October of 1988,
The inclusion of a parallel session on Assessment of Internal DNose at
the SRP International Symposium, Malvern, 4-9 June 1989 would be
dlscussed with the organisers.

V  Other research group(s) collaborating actively on this project [name(s) and

address(es)]:
UKAEA, Harwell GSF, Frankfurt
CEGB, Berkeley GSF, Neuherberg
NRPB, Chilton KFK, Karlsruhe
University of Saarland, Homhurg US DOE, Washington

CEA/ISPN, Fontenay-aux—Roses

VI. Publcations:

No publications in this perlod.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.:

International Commission on
Radiation Units and Measurements
1CRU

7910 Woodmont Avenue, Sulte 1016
USA Bethesda, MD 2081¢

Head(s) of research team(s) [name(s) and address(es)]:

Prof. A. Allisy

Intern. Commission on Rad.
Units and Measurcuents, ICRU
7910 Woudmont Ave, Suite 1016
USA Becthesda, MD 20814

Telephone number; 301-657-26.52
Title of the research contract:

Quantities, units and measurement

techniques
radiation.

List of projects:

1. Quantities, units and mnreasurement

techniques
radiation,
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Title of the project no.:

l. Quantities Units and Measurement Techniques for Ionizing

Radiation

Head(s) of project:

Professor Andre Allisy

Scientific staff:

. Obijectives of the project:
The development of internationally acceptable recommendations
regarding:
(1) Quantities and units of radiation and radioactivicy,
(2) Procedures suitable for the 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 uniforumity in reporting.
The TCRU also considers and makes recommendations in the field of

radiation protection.

ll. Obijectives for the reporting period:
Completion of work (publication) of [CRU reports on: (1) the use of
computers in external beam radiotherapy procedures with high energy
photons and electrons, (2) tissue substitutes in radiation dosimetry and
measurements, (3) determination of dose equivalents for external
radiation sources—-part 2. Completion of drafting work (consideration
by the ICRU) of reports on: (1) clinical neutron dosimetry (physics
aspects), (2) definitions of physical parameters to specify performance
of imaging instruments in nuclear medicine and (3) determination of

absorbed dose distribution around a source used for interstitial therapy



IIl.  Progress achieved:
During 1987 the International Commission on Radiation Units and

Measurements (ICRU) completed work on three reports which are now either

in press or at the stage of preparing the printer's manuscript:

(1) [ICRU Report 42, Use of Computers in External Beam

Radlotherapy Procedures with High-Energy Photons and

Electrons (in press)

(2) ICRU Report 43, Determination of Dose Equivalents from

External Radiation Sources--Part 2 (in press)

(3) ICRU Report 44, Tissue Substitutes in Radiation Dosimetry

and Measurements (preparing printer's manuscript)

ICRU Report 42, Use of Computers in External Beam Radiotherapy

Procedures with High-Energy Photons and Electrons, continues the series

of reports (ICRU Reports 23, 24, 29) dealing with dosimetric problems in
external beam~therapy with high-energy photons. Since the publication
of these reports, computers have played an increasingly important role
in dosimetric and treatment-planning procedures in an increasing number
of therapy centers. The report should prove valuable to therapists and
physicists who use computers as an integral part of treatment planning
and will help call attention to the many details assoclated with
treatment planning.

ICRU Report 43, Determination of Dose Equivalents from External

Radiation Sources—--Part 2, is, as the title indicates, the second in

what will be a three part series on determination of dose equivalents.
ICRU Report 39, defined new quantities for use in the monitoring of
individual exposures and areas where individuals can be exposed. ICRU
Report 43 now follows this up with an exposition of the basis for the
defined quantities and information on how the dose equivalents received
by exposed individuals may be determined when additional data on
{rradiation conditions are available.

ICRU Report 44, Tissue Substitutes in Radiation Dosimetry and

Measurements, provides information on the need for carefully selecting
materials for use in constructing phantoms and radiation detectors which

are necessary for the measurement of absorbed doses within and around
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irradiated budy tissues. For a given radiation energy and type, the
materials should absorb and scatter the radiation to the same extent,
within known acceptable limits, as the irradiated tissue. This report
should lead to improved accuracy in the determination of absorbed dose
in radiotherapy, radiodiagnosis, radiation protection and radiobiology.

ICRU's review of a draft report on the physics aspects of clinical
neutron dosimetry was completed during 1987 and modifications based on
the results of the review are now being wmade. As soon as this is
completed preparation of the printer's manuscript can begin.

Sufficient progress was made during 1987 on the drafting of a
report on physical parameters to speclfy performance of imaging
instruments in nuclear medicine that it is expected that this report
will be reviewed by the ICRU in 1988.

Work continued during 1987 on the development of reports concerned
with (1) absorbed dose standards for photon irradiation and thelr
dissemination, (2) chemical dosimetry, (3) clinical dosimetry for
neutrons——dose specification for reporting interstitial therapy,

(5) measurement of dose equivalent, (6) phantoms for therapy, diagnosis
and protection, (7) statistical methods used ILn particle counting, and
(8) stopping power for protons and alpha particles.

Recently initiated are efforts concerned with (1) imaging,

(2) revision of recommendations on dose specification for reporting
external beam therapy with photons and electrons, and (3) stopplng power
for heavy ions.

The ICRU is studying the need for new work concerned with
(1) concepts, quantities and units, and measurenent techniques for
characterization of materials-effects studies, (2) hyperthermlia and

(3) magnetic fields.
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IV. Objectives for the next reporting period:

Completion of work (publication) of ICRU r=ports on: (1) use of
computers in external beam radiotherapy procedures with high-energy
photons and electrons, (2) the basls for quantities used in
determination of dose equivalent from external radiation sources,

(3) tissue substitutes in radiation dosimetey and measurements and
(4) physics aspects of clinical neutron dosimetry

Completion of the drafting work on a report on physical parameters

to speclfy the performance of imaging instruments in nuclear medicine.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:

ICRU Report 42, Use of Computers In External Beam Radiotherapy

press)

ICRU Report 43, Determination of Dose Tquivalents from

External Radiatlon Sources--Part 2 (in press)
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor:

Contract no.: BI6-A-217-US
ICRU - International Commission on

Radiation Units and Measurements
7910 Woodmont Avenue, Suite 1016
USA Bethesda, MD 20814

Head(s) of research team(s) [name(s) and address(es)]:
Prof. A. Allisy

Bureau International des Poids
et Mesures

Pavillon de Breteuil
F-92310 Sévres

elephone number: 14-271-2414-755
itle of the research contract:

Environmental monitoring needs

connected with nuclear reactor
ccidents.

List of projects:

1.

Environmental monitcring needs connected with nuclear reactor
accidents.
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Title of the project no.:

l. Enviroamental Monitoring Needs Connected with Nuclear Reactor

Accidents

Head(s) of project:

Professor Andre Allisy

Scientific staff:

. Obijectives of the project:
The development of {aternationally acceptable recommendatiouns
regarding the practical aspects of measuring dose equivalent, including

environmental monitoring related to nuclear reactor accldents.

Il.  Objectives for the reporting period:
Initiatlon of the 1irafting work on an TCRIJ report on measurement of

dose equivalent.
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IIl.  Progress achieved:

During 1987 the ICRU report committee responsible for the drafting
work on an I[CRU report on measurement of dose equivalent began its
work. An outline for the report was developed which includes the
following toples:

l. Introduction
2. General Considerations
Energy dependence
Angular dependence
Measurement of dose as a function of LET
Measurement of kerma (taking into account energy
dependence)
Adjustment of response of an instrument to approach an
ideal one
Role of wall thickness and composition on the
measurement of the new operatlional quantities
Geometry of detector
Role of various types of Lnstruments
3. Characteristles of [nstruments
4, Calibration of Instruments
Phantons to be used
Raeference pnint
5. Conversion Factors
(callbratlon quantitles to new operational quantities)
6. Correction Factors
(sphere to phantom)

Drafting work was Lnttlated and drafts of sone sections of the

report werae reviewed by the report committee and modifications agreed

upon.



IV. Objectives for the next reporting period:

Completion of the drafting work and revision on the basis of the

comments of the report committee.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:
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III B

VERHALTEN UND KONTROLLE DER RADIONUKLIDE IN DER UMWELT

BEHAVIOUR AND CONTROL OF RADIONUCLIDES IN THE ENVIRONMENT

COMPORTEMENT ET CONTROLE DES RADIONUCLEIDES DANS L'ENVIRONNEMENT







RADIATION PROTECTION PROGRAMME
Progress Report
1987

Contractor. Contract n0.!  g16--030-DK

Risé Mational Labtoratory
DK-4000 Roskilde

Head(s) of research team(s) [name(s) and address(es)]:

Dr A. Aarkrop

Health Physics Department
RIS¢ National Laboratory
DK-4000 Roskilde

Telephone number:  02/37.12.12
Title of the research contract:

Behaviour of long-lived radionuclides in terrestrial and marine
(North Atlantic Region) environments.

List of projects:

1. Terrestrial environment : Dynamic models of the human foodchain
and determination of less wellknown long-liived radionuclides.

2. Marine environment Experimental studies (turnover of
radionuclides 1in biloindicators), field studies (North Atlantic
region - Baltic sea), and Thule studies.
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Title of the project no.:

Terrestrial environment a) dynamic models of the human food-
chain and b) determination of less wellknown long-1lived radio-
nuclides.

Head(s) of project:

Dr. Sven Poul Nielsen(a), Dr. Elis Holm{(b)

Scientific staff:

Lars Botter-Jensen(b)

I.  Obijectives of the project:

a) To test available dynamic models, (e.g. NRPB) using the
Danish/Nordic fallout data bank, to simplify these models
if warranted, to investigate the influence of changes on
agricultural practice, which have taken place in the last
25-30 years on the models, and to see if such an influence
could be dealt with in future modelling. The perspective of an
EEC fallnut data bank will also be consiiered.

b) To develop counting equipment and analytical methods for
determining and measuring less wellknown long-lived radio-
nuclides in low «concentrations in environmental samples.

I.  Objectives for the reporting period:

a) Suitable data sets from the Chernobyl contamination of the
human foodchain will be identified and used for model calcul-
ation, as well as fallout data from other Nordic countries.
Further model development and comparisons will be made in the
context of BIOMOVS.

b) 7 -spectroscopy using passivated implanted planar silicon
detectors will be applied in order to check Tc-counting samples
for imparities. The radiochemical procedure for Tc will be
improved in order to remove Ru from the samples. The development
and application of windowless /-counters will be continued.
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I1l.  Progress achieved:
a) NDynamic models

The 1311 data collected in Denmark, Finland, and Sweden
after the Chernobyl accident have heen used for a comparison
between predictions from fallout models and actual observ-
ations. Data on airconcentrations (particulate and gqas),
total deposition (soil samnples), grass and milk were used.

In order to eliminate daily variations time integrated data
were applied.

It appeared that the model based upon the observed air con-
centrations of 1311 overestimated the deposition by a factor
of 2, the grass levels by a factor of 10 and the milk concen-
trations by a factor of 100. The variation between the 3 coun-
tries were least for the deposition and grass levels (relative
jJeometric SD a factor of 1.2) and highest for milk (relative
geometric SD a factor of 2.4). The reason for the great dis-
crepancies for milk was primary due to the fact that only very
few cows in the Nordic countries ware grazing when the Chernobyl
fallout arrived. The reason for the other overstimates by the
model were 1) the Chernobyl fallout came in the very beginning
of the growing season, when the growth Jdilation and field loss
are high and when the initial retention on the crops is low. 2)
the rate of deposition of the fallout was high, as it came in
showers, this also reduced initial deposition and enhanced
field loss. 3) the physicochemical properties of the Chernobyl
debris may have been different from those of globhal fallout.

The Cherobyl data are being compiled in a Nordic data base,
which is compatible with the CEC REM-bank in Ispra.

b) Determination of less wellknown long-lived radionuclides

Tc-99 radiochemical analysis

After the Chernobyl accident it was noticed that the 99Tc count-
ing samples contained impurities of 103ru, 106Ry, and 110m pq,
The analytical method used did aopparently not decontaminate
efficiently for these radionuclides. The main effort in 1987
within this project has therefore been to develope a new method
for 997c analysis., This task has been very pertinent because it
was necessary to ensure that the Chernobyl accident 4id not
pertubate the marine radiotracer stuiies, where 99Tc probably
now is the only usuable tracer after the Chernobyl accident.

A method for analyzing 997¢ in environmental samples has been
Jeveloped applying solvent extraction in which the valences of
Tc¢ and Ru are controllei with H307 and NaOCl. Tc and Ru, which
are oxidized to TcO4, and RuO4 bv NaClD are separated by ex-
traction with CCly at Py=4. The Rudy4 is reduced to low valence
and technetium is kept in the Tcd4 state with Hp0,. Tc, Ru, and
other nuclides are subsequently separated by solvent extraction
with cyclohexanone ani 5% TIOA/xylene. The decontamination of
the procedure is 1.35x10°% for 103Ruy and 1.66-10% for 119mpq,
The chemical yield of 99Tc is 55%.
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A procedure for purification of 99Tc from electrodepositioan
plates was also developed. This procedure was successfully
applied to a number of analyses carried out according to the
old 99Tc analysis (cf. project 2b: Field studies).

Development of low-level beta counters based on Passivated
Implanted Planar Silicon detectors

A desire to use beta spectrometry in connection with low-level
beta counting led to the development of a prototype anticoin-
cidence beta counter based on Passivated Implanted Planar
Silicon (PIPS) detectors. The research work was based on many
years of experience with the development of gas flow anticoin-
cidence GM counters for ultra low-level beta counting applic-

ations.

Two types of PIPS detectors with an active area of 450 mm2 were
investigated. One was a partially depleted type with a deple-
tion depth of 100 microns and another was a fully depleted
type with a depletion depth of 500 microns. The two PIPS detec-
tors were arranged in a mechanical set-up with a common
square formed guard counter placed on top of the sample
counters. An optimal guard effect was obtained by using PIPS
detectors mounted with radial microdot connector to allow the
detectors to be placed in a close geometry to the gquari
counter. Initial measurements were carried out with the gas
flow guard counter operated in GM mode.

The PIPS detectors were coupled to a Canberra preamplifier type
2003BT and to a home designed electronic module incorporating
linear amplifier and anticoincidence gates., In total count mode
a background in a 100 mm lead shelding of approx. 0.5 cpm was
obtained. The efficiency of a 138C1 test source (activity
deposited on 25 mm diameter plastic disc) was measured to be
approx. 44%.

The spectrometry properties of the beta counter - when using
anticoincidence technigue - is being investigated.
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IV. Objectives for the next reporting period:

The Chernobyl 137Cs data will be used for similar model
investigations as carried out for 1311 in 1987. Sensibility and
uncertainty analyses will be investigated.

Experiments with an ionexchange method for 99Tc will be carried
out for large volume seawater samples. The procedure for Am
analysis will be improved in order to avoid contamination from
naturally occurring radionuclides.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Oak Ridge National lahoratory, USA (Dr. F.O. Hoffman)
Studsvik Energiteknik AB, Sweden (Drtr. U, Bergstrdm)
National Radiological Protection Board, UK (Dr. G.M. Smith)

VI. Publications:
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Title of the project no.:

Marine environment: a) Experimental studies (turnover of radionuclides
in bioindicators), b) Field studies (North Atlantic region -~ Baltic
Sea), and c¢) Thule stulies.

Head(s) of project:

Dr. Henning Dahlgaard(a), Dr. Asker Aarkrog(b,c)

Scientific staff:

Dr. Sven Poul Nielsen, Dr. Elis Holm, Dr. Heinz Hansen.

I.  Obijectives of the project:

a) To improve knowledge on the turnover of radionuclides in the two most
widely used bioindicator organisms in coastal waters: Fucus vesiculosus
and Mytilus edulis under field comparable conditions. b) To study the
dispersion of waterborne pollution in the northern North Atlantic by
means of radioactive tracers discharged from nuclear facilities and to
set up models for this Aispersion. c¢) To follow the behaviour of Pu and
Am in the benthic environment at Thule, Greenlani. The results of this

study may be implemented to waste disposal problems.

Il.  Obijectives for the reporting period:
a) Samoles from the 85-85 excretion experiment will be analysed amd

reported. A full salinity follow-up stuly is planned. Puarthermore, the
experiments on the mechanisms of Tc accumulation and retainment in Fucus

will be continued.

b) In June 1987 we will join a cruise to the Greenland Sea on board the F/S
Polarstern. We will continue the studies of the Chernobyl debris in the
Baltic Sea ard the Danish Straits. The compartment model developed for the
NE Atlantic will be validated using 99Tc and if possible Chernobyl debris.

c) Studies of other eleamnents than Pu and Am, e.g. U and Th will be carried

out in the Thule sediment and the sedimentation rate stulies will be re-

ported.
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11l Progress achieved:
a) Exoverimental studies

A new one year loss experiment with Mytilus was started in the Mediter-
ranean in onllaboration with the IAEA laboratory in Monaco Auring
November/December 1987. Several mussels were contaminated with 60co,
65zn, 106py, 110mpg  134cg, 154p,, 239py, 241am, and 244Cm before they
were put out in the Mediterranean in small net bags. Samples will be
recovered monthly 3uring 1988. This experiment is to be comapred with
earlier experiments performed with the same methodology in the Baltic

under very different environmental corrlitions.

During 1987 most samples from the earlier long-term loss experiment
with Mytilus and Fucus in the Baltic were analysed. Preliminary data
analyses indicate differences in the behaviour of plutonium added to
the experiment in different oxidation states (+IV va. +VI). The reduced
form is accunulated faster than the oxidisel form in both mussels and
seaweer], This can be exolained by the higher affinity for particles
(filtered by the mussels) and other surfaces (e.g. the surface of
seaweeds) for reduced plutonium. However, plutonium taken up from the
reduced state is initially also lost much faster fram mussels than
oxidised plutonium, whereas the loss rates after two weeks are identi-
cal. Probably this shows that the loss of the two different isotopes
after two weeks is fron the same state, For fucus vesiculosis the
faster loss of the plutnnium isotope added in the reduced state appears
to continue for at least some months. This could indicate that the re-
duced plutonium stays closer to the surface of the plants, which is
gradually lost, whereas the plutonium isotope initially present in the

oxidised state might penetrate deeoer into the tissues.
b) Field stulies (North Atlantic reqgion - Baltic Sea)

The jroup participated in the F/S Polarstern cruise in June 1987 to the
Greenland Sea. Anproximately 100 seawater samples were omllected for
radiocesiam (54), 90sc (37), 99Tc (25), Su (18), and Am (18) analysis.
The 9Tc were orecipitatel from larye volunes (n.2-1m3) of water with

97 alded on boari as viell determinant. The sanpl ing this year shall
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be seen in context with the socalled Greenlard Sea Project (GSP), which
is a cooperation between scientific institutes from 8 countries aimining
at a better understanding of the processes going on in this part of the
NE Atlantic. The sampling in June was supplemented by another one in
September taking place in the southern part of theGreenland Sea. Ap-
proximately 20 samples were here oollected from the Islardic ship
Bjarni Samundsson. Finally, the Greenland Fisheries and Environmental
Research Institute collected 14 seawater samples along the West coast of
Greenland in Aug.-Sept. 1987.

The results of the 99Tc analysis from the F/S Gauss cruise to the Baltic
Sea in Oct.-Nov. 1986 show that the Chernobyl accident did not contribute
significantly to the 997c levels in the marine environment. Hence one may
still use 99Tc as an oceanic tracer in the NE-Atlantic.

c) Thule studies
The analysis of the sediment samples for 210po and 210ph fram the 1984
sampling has been continued by our Canadian colleagues at Bedford. No

results are however yet available. The results from the 1984 expedition
have been published.
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IV. Objectives for the next reporting period:
Samples from the Mediterranean loss experiment will be taken during

1988, and further laboratory experiments on effet of food is planned.
Special emphasis will bhe put on data processing and oublication of
accumulated results. The contamination of the North Sea with 99Tc will
be investigated. During the Greenland Sea Project in 1988 large volume
(400 2) deep water samples will be oollected in order to get a better
understanding of the vertical mixing in the Arctic waters. The planning
of the 1989 expedition to Thule will be carried out.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:
N.S. Fisher, Brookhaven Nat. Lab., UJSA

Manuella Notter, SNV, Sweden

P. Guegqueniat, CEA, France

A.D, Bettenomurt, L.N.E.T.I., Portugal

Elis Holm, IAEA, Monaco

Gordon Christensen, IFE, Norway

John Snith, Bedford Inst. of Oceanography, Canada

Albert van Weers, ECN Netherlands Energy Research Foundation, Holland
Hartmut Nies, Deutsches Hydrographisches Institut, Hamburg

VI. Publications:

Lars Hallstadius, Estrella Garcia-iontano, Ulf Nilsson, and Seren
Boelskifte. An Improved and Validatel Dispersion Model for the North
Sea and Adjacent Waters. Journal of Environmental Radioactivity 261-274
(1987).

A. Aarkrog, S. Boelskifte, H. Dahlgaard, S. Duniec, L. Hallstadius, E.
Holm, and J.N. Smith. Technetium-99 and Cesiunr-134 as Long Distance
Tracers in Arctic Waters. Estuarine, Coastal and Shelf Science 637-647
(1987).

A. Aarkrog, S. Boelskifte, H. Dahlgaard, S. Dunie~, E. Holm, and J.N.

Smith, Studies of Transuranics in an Arctic Environment. Journal of
Radinanalytical and Nuclear Chemistry, Articles 39-50 (1987).
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A. Aarkrog, S. Boelskifte, L. Batter-Jensen, H. Dahlgaard, Heinz Hansen,
ard S.P. Nielsen. Environmental Radioactivity in Denmark in 1985.
Risz~R-540 (1987).

A. Aarkrog, S. Boelskifte, E. Buch, G.C. Christensen, H. Dahlgaard,
L. Hallstadius, H. Hansen, E. Holm, and J. Rioseco. Environmental
Radioactivity in the WNorth Atlantic Region, The Faroe Islands, and
Greenland included, 1985. Risz~R-541 (1987).
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no: BI6-B-183-D

Technische Hochschule Darmstadt
Karolinenplatz 5
D-6100 Darmstadt

Head(s) of research team(s) [name(s) and address(es)]:
Prof. Dr. K. Bichmann

Fachb.f.Anorgan.Chemie u.Kernchemie

Technische Hochschule Darmstadt

Hochschulstrasse 4

D-6100 Darmstadt

Telephone number; 06151/161

Title of the research contract:

Investigation of the lead 210 pathways via waste air and waste
water of uranium mining sites.

List of projects:

1. Investigation of the lead 210 pathways via waste air and waste
water of uranium mining sites.
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Title of the project no.:

No.BI-6-0183-D (B): "Untersuchung der Transportwege von

210Pb iiber Abluft und Abwasser von Uranminen"

Head(s) of project:
Prof, Dr. K. Bachmann

Scientific staff:
H. Klenk Ing. E. Lisson

Dr. Ing. G. Hartmann Dipl. Ing. D. Kubin

I.  Objectives of the project:
The general mechanisms of distribution of 210Pb from areas
with increased natural radioactivity with special reference
to formation, transportation and environmental deposition
0f210Pb is investigated. To determine the air pathways of
210Pb, air filter and cascade impactor samples are collected;
to estimate its environmental distribution, soil samples
should be included. For evaluation of these samp1es,2’1c8ta1

Pb,

Ra, Unat and their correlations should be determined.

deposition, inactive elements (e.g. Fe, Mn, Al, ZIn),
226

Il. Obijectives for the reporting period:

1. Determination of the environmental distribution of 210

210Pb,226

at suitably chosen places (meteorological stations) to gather

Pb
by analysis of soil samples ( Ra, inactive elements)
information on the distribution in the main wind direction.
2. Trial of cascade impactors at the sampling places to

evaluate 210Pb—concentr'ations with reference to the particle

diameter of the suspende matter.
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Ill.  Progress achieved:

1. Methodology
210Pb:

low level beta-counting preceding precipitate exchange

on thin sulphide layers

226Ra: alpha-scintillation using the decay of the daugther

nuclide 222Rn

in equilibrium

Inactive elements (XK, Ca, Ti, Ma, fFe, Zn, Rb, Sr, Y, Ir, Pb):
energy dispersive X-ray fluorescence

U and Th: extraction with tributyl phosphate (TBP) and bis-
(2-ethylhexyl) phosphoric acid (HDEHP) and measurement

with EDXRFA

2. Results

a)sampling period: June 29 - July 3, 1987: cascade impactor
samples were taken at 6 meteorological stations, and soil
samples were repeated. Additionally, two soil samoles were
taken in the north and in the south of the uranium mining
site taking into account geological criteria in order to

determine the 'background'

226

b) enclosed are two figures on the deposition of Ra and

210Pb around the uranium mining site,.

3. Discussion

Fig. 1: Deposition rates for 226Ra are determinated by

226

integration of the Ra-concentration of the soil

profiles (0 - 10 cm) and subtraction of the back-
ground (10 - 15 cm).

210Pb— deposition was determined similar to 226Ra.
2|0Pb _ 226 210

222

Fig. 2:

The difference of Ra gives the Pb-depo-

sition resulting from the
210pp . The 210

port is in agreement with the location of the waste

Rn transport and the

222

decay into Pb part from the Rn trans-

air ducts and the resulting increased emission of
222
Rn.
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Objectives for the next reporting period:

Integration of Rn and U measurements and correlation
with the existing results in order to achieve a better

understanding of the transport and deposition mechanisms.

Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Kernforschungszentrum Karlsruhe
Postfach 3640
7500 Karlsruhe

Centre d'Etudes Nucleaires
60-68 Avenue du Général Leclerc
8p. n%

92265 Fontenay-aux-Roses

Publications:

No publications for this reporting period
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RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no.:  B16-B-032-UK

Imperial College of Science
and Technology

Exhibition Road

GB- London SW7 2AZ

Head(s) of research team(s) [name(s) and address(es)]:

Dr. J.N.B. Bell

Pure and Applied Biology Dept.
Imperial College Reactor Centre
Silwood Park

GB- Ascot, Berkshire SL5 7PY

Telephone number:  0990/23.911
Title of the research contract:

Time-dependent transfer of radionuclides from atmosphere and soil
to crops, following simulated reactor accidents.

List of projects:

1. Time-dependent transfer of radionuclides from atmosphere and
soll to crops, following simulated reactor accidents.



Title of the project no.:

Time-dependent transfer of radionuclides from atmosphere and soil to crops,
following simulated reactor accidents.
B16-032-UK

Head(s) of project:
11

Dr. J.N.B. Be Miss M.J. Minski

Department of Pure & Applied Biology Imperial College Reactor Centre
Imperial College, Silwood Park, Silwood Park, Ascot,
Ascot, Berkshire, SL5 7PY, U.K. Berkshire, SLS 7PY, U.K.

Scientific staff:
Mrs. E. Goodyear (Grade 3 technician)

Mr. W.R.C. Munro (Research Student)

. Objectives of the project:

4
To further the understanding of the factors affecting uptake and sub-
sequent retention of radiocactive aerosols on aerial plant parts, and
elucidate the relative importance of soil-plant and air-plant pathways
for selected radionuclides on the ultimate collective dose to man. To
determine the effect of temporal changes in the availability of radio-
nuclides in the soil on uptake into crops.

Il. Obijectives for the reporting period:

Application of aerosols contaminated with radionuclides in wind-tunnel
experiments on crops at different growth stages, followed by transfer to
the field, including dual isotope experiments. Measurements of 137¢s and
13%c¢ on winter wheat growing in the lysimeters at intervals up to the
final harvest; corresponding measurements of total exchangeable Cs in the
soils and movement down the profile. Extension of the lysimeter experi-
ments to other crops for the summer growing season.
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I1l.  Progress achieved:
1. Methodology

During the reporting period the wind-tunnel has become fully operational
for the administration of labelled aerosols onto crops. This follows the
characterization of the aerodynamic properties of the tunnel described for
the previous reporting period, which used wooden blocks as surrogates for
spaced plants. Experiments have been performed with grass swards, peas,
young cabbage plants, and leeks, with measurements of aerosol gradients in
the air above the crop and levels of contamination on the crop in each
case, thereby generating data for velocities of deposition. The aerosol
generation facilities installed at the upwind end of the tunnel have been
upgraded by the addition of a Kr source for removal of electrostatic
charges. Further improvements have been made to the aerosol sampling
system and the soft-ware associated with the traversing gear used with the
hot-wire anemometer, thereby resulting in significantly greater accuracy
in air concentration measurements.

Unfortunately health physics considerations have precluded use of radio-
active aerosols in the tunnel during the reporting period. However, in
order to fulfill the objectives of the contract, a procedure has been
developed to perform dual isotope experiments using 133¢cg (stable) and
137cg. fThis involves growing plants in nutrient solution in a Perlite
matrix spiked with 137cqg to provide the tracer for the soil-plant pathway.
The '¥3cs is applied in Su silica aerosols onto the shoots in the wind-
tunnel, with the Perlite protected from deposition, thereby providin? a
separate identifiable tracer for the direct air-plant pathway. The 33¢cs
is measured by neutron activation analysis.

The lysimeters containing the soils characteristic of the main wheat
grouin? areas of the CEC which now contain both *37cs (applied in 1983)
and !?%cs (applied in 1986) have been used during the reporting period for
growth of three different crop species in order to determine soil-plant
transfer factors for aged and fresh contamination. Winter wheat sown in
1986 has been harvested on three occasions up to maturity in September and
counting of separate plant parts is in progress. During the summer 1987
growing season, spring oil-seed rape and savoy cabbages have been grown
in the lysimeters, with sequential harvesting to maturity (September for
the oil-seed rape and December for the cabbages). In the case of the
final cabbage harvest, the roots have been separated from the soil for
counting to determine total plant 137cs and 3cs uptake.

2. Results

Figure 1 shows the horizontal profile for aerosol 13305 concentration in
the tunnel at 255 mm and 370 mm above a 24-day old spaced pea crop. This
shows a highly satisfactory level of uniformity across the working section
of the tunnel, particularly in the central region unaffected by the side
walls.

Figure 2 shows the air concentration of Cs aerosol as measured at the end
of the test section above and below the pea crop. This was constant to
within 5% from 100 mm to 370 mm above the crop, with a sharp fall below
canopy due -to interception by the crop.
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IV. Objectives for the next reporting period:

Continuation of the lysimeter studles,
oll-seed rape, winter wheat, and cabbage.

from 12387 experiments.

using crop rotatlon with winter
Counting of backlog of samples
Dual-1s tope studies on the relative importance of

soll and air to plant pathways for contamination of edible crop parts at

different growth stages.

V.

None

VI.

Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Publications:

Grogan, H.A., Mitchell, N.G., Minski, M.J. and Bell, J.N.B. (1987).
Pathways of radionuclides from soils to wheat,In: (P.J. Coughtrey,
M.H. Martin and M.H. Unsworth, eds.). Pollutant Transport and Fate

1n Ecosystems. pp 353-70. Blackwell Scientific, Oxford.
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RADIATION PROTECTION PROGRAMME
Progress Report
1987

Contractor: Contract no.:  g1g_p-0p33-D

Lehrgebiet Strahlemschutz in der
Kerntechnik der Rhein.West{idlissch.
Technischen Hochschule Aachen
Templergraben 55

D-5100 Aachen

Head(s) of research team(s) [name(s) and address(es)]:

Prof. Dr. H. Bonka

Lehrgebiet Strahlenschutz in der
Kerntechnik der RWTH Aachen
Templergraben 55

D-5100 Aachen

Telephone number:  0241/80.54.40
Title of the research contract:

Improvement of models for the calculation of the dry deposit of
radionuclides and radioiodine bound to aerosol particles.

List of projects.

1. Measurement of the influence of the height on the diffusion
coefficients of the turbulence both in the field and in a
windtunnel.
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Title of the project no.: 1
Measurement of the influence of the height on the diffusion coefficients

of the turbulence both in the field and in a windtunnel

Head(s) of project:
Prof. Dr. H. Bonka

Lehrgebiet Strahlenschutz in der Kerntechnik der RWTH Aachen
Templergraben 55, D-5100 Aachen

Scientific staff:

Dr.-Ing. H.-G. Horn; Dipl.-Ing. M. Maqua;; Dipl.-Ing. D. Oberschachtsiek;
Dipl.-Ing. Th. Hattingen

I. Objectives of the project:

- Measurement of the vertical distribution of eddy diffusion-coefficients
in and above different kinds of vegetation (field and windtunnel expe-
riments)

- Use of the results of the measurements to improve the models for the
calculation of the dry deposition of radionuclides bound to aerosol
particles and radioiodine

Objectives for the reporting period:

- Continuation of the field experiments with additional measurements of
the eddy flow

- first wind-tunnel experiments with model vegetation

- development of a computer code for the transformation of the measured

three dimensional eddy-flow data to eddy-diffusion coefficients



Progress achieved

Methodology:

Wind-tunnel modelling of the exponential profile above ground in
1:1 scale

Comparison of modelled turbulence with turbulence measured in the
field

Design of 1:1 scale model-grass and installation in the wind tunnel
Vertical wind-speed and turbulence measurements in and above the
model grass vegetation

Development of FFT-techniques to analyse frequency distribution in
turbulence

First analysis of one dimensional flow recording with FFT

Results

The caracteristical flow over bare ground as well as the profile
within the grass vegetation were modelled in the wind tunnel. Compa-
rison with field measurements showed a good agreement of the u-pro-
file as well as the turbulence characteristics (see Fig. 1).

To model the grass canopy, brass strips (0.1 x 4 x 100 mm) were
irregularly fixed in a styrofoam bed. The flow above bare ground
could be modelled in the first 1.3 m of the test section (Fig. 2). The
following model-grass canopy has a total length of 1.2 m. It can be
extended to a total length of 1.7 m.

Spatial equilibrium conditions in flow through the grass are reached
after approx. 0.8 m.

The wind speed profiles were recorded at different u above the grass.
As an example, Fig 3 shows the flow and the result of a FFT analysis
atz - 5 cm 1n the grass for u(z = 27 cm) = 3 m/s.

In order to analyse the three-dimensional flow, the calibration
techniques for 3-wire-probes were tested. Also, programmes were de-
veloped to analyse the frequency distribution in the flow as well as
correlations between the three components of flow.
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Discussion

All experiments made during the last year showed that it is possible
to model the flow within and above the grass vegetation sufficiently
compared with the field. The wind-tunnel model installed is a good
base to proceed with three dimensional measurements of flow and tur-
bulence in the next reporting period.
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IV. Objectives for the next reporting period:

- Measurements (wind-tunnel and field) with three dimensional probes
- Calculation of the diffusion coefficients from the measurements

- Recalculation of the dry deposition on grass with the measured tur-
bulent flow.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:
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RADIATION PROTECTION PROGRAMME
Progress Report
1987

Contractor: Contract n0..  p16-B-055-D

BRENK Systemplanunyg
Heinrichsallee 38
D-5100 Aachen

Head(s) of research team(s) [name(s} and address(es)]:

Dr. Ing. H.D. Brenk
BRENK Systemplanung
Heinrichsallee 38
D-5100 Aachen

Telephone number:  0241/51.33.21
Title of the research contract:
Modelling of the deposition and postdeposition tehaviour of

accidentally released radionuclides in urban and suburban
environments.

List of projects

1. Modelling of the deposition and postdeposition behaviour of
accidentally released radionuclides 1in urban and suburban
environments.
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Title of the project no.:

Head(s) of project:
Dr.-Ing. H.D. Brenk
BRENK SYSTEMPLANUNG
Heinrichsallee 38
D-5100 Aachen

Scientific staff:

Dr. rer.nat. H. de Witt BRENK SYSTEMPLANUNG
Dr. rer.nat. R. Goértz Heinrichsallee 38
A.G. Knaup D-5100 Aachen

Objectives of the project:

Extended literature search

2. Acquisition and compilation of appropriate material
and data-bases

3. Development cf the hydrological model

4. Development cf a surface specific erosional model

5. Physico-chemical processes affecting the sorption/
desorption behaviour

Il.  Objectives for the reporting period:

Reporting period: 01.01. - 31.12.1987

1. Extended literaturc search

2. Acquisition and compilation of appropriate material
and data-bases

3. Development of the hydrological model
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IH.  Progress achieved:
1. Methodology

The research work proposed is intended to explore the litera-
ture and other relevant sources for pertinent information re-
lated to the deposition and post-deposition radionuclide beha-
viour on urban surfaces including hydrological characteristics
of such surfaces.

The considerations are intended to form the basis of a modeling
effort to address the specific needs of regional type accident
consequence analysis problems.

2. Results

The relevant literature related to the hydrologically induced
transport of nonpoint source pollutants indicates that a full
understanding of the problem requires the following basic in-
formation, cf. DONIGIAN et al. (1}:

1. Characterization of the hydrology of the drainage area
2. Characterization of the water induced transport

3. Type and extent of physico-chemical interactions of sur-
face deposits on a receptor surface.

Not all of these aspects are well understood. Consequently,
the accuracy of a model is limited by various factors incl.
how well the individual processes involved can be quantita-
tively described. At first the hydrological characteristics of
urban surfaces will be discussed below.

3. Discussions

The description of the hydrological characteristics of urban
drainage areas including pervious and impervious surfaces is

a fairly well established scientific subject and has been do-
cumented in many publications and standard textbooks, cf. CHOW
(2), DYCK et al. (3). In the context of this study the establish-
ment of rainfall-runoff-infiltration relationships is of prima-
ry interest.

Surface runoff (or overland flow) is defined as the excess of
precipitation that does not remain on the area receiving the
rainfall. The understanding of the formation of surface runoff
requires knowledge of the state of the physical parameters go-
verning the flow of water over and through the media of the
drainage system as well as the climatic and physiographic factors
involved. The most important parameter appears to be the infil-
tration capacity of the surface which is largely determined by
the soil texture, thickness, degree of compaction, and the soil
moisture content. Impervious surfaces, by definition, have a
zero infiltration capacity.

A variety of models has been devised in the literature for
estimating the surface runoff volume connected to the sewage
system including the rational formula, linear and nonlinear
reservoir models, the unit-hydrograph theory, the runoff-curve
number approach, etc.. For describing the rainfall-runoff cha-
racteristic of urban impervious surfaces a simple linear reser-
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voir model described by NEUMANN et al. (4) has been adapted for
this study. This model relates the surface runoff (R) to the
amount of precipitation (P), the depression storage (M), and
the loss by runoff to pervious surfaces (V) of a storm event
and is given by R =P - M -V (R,P,M,V given in mm).

Based on experimental studies in urban environments, Munich,
West Germany (4), a value of M = 1 mm and a precipitation rate
dependent loss V (on the order of 0 - 15 ¢ of the rainfall) has
been adopted for this study.

For pervious surfaces a rainfall-runoff relationship similar to
the equation mentioned above may be used. However, appropriate
allowance has to be made for the infiltration capacity of this
type of surface. Numerous equations are available in the litera-
ture for describing the infiltration capacity of a soil, incl.
the HORTON-equation (5).

Hydrometeorological data of a typical West European site along
with an increased depression storage (M = 3 mm) of soil surfaces
indicate that surface runoff of this type of surface is relative-
ly seldom to occur, unless that local factors promote the for-
mation of surface runoff.

(1) DONIGIAN, A.S. et al., in: Modeling of Rivers (ed. by SHEN,
M.W.), Chapter 12, J. Wiley and Sons, New York 1979

(2) CHOW, V.T. (ed.), Handbook of Applied Hydrology,
Mc Graw Hill Book Comp., New York 1964

(3) DYCK, S. et al., Grundlagen der Hydrologie, W. Ernst Verlag,
Berlin 1983

(4) NEUMANN, W. et al., Berichte aus Wassergilitewirtschaft und
Gesundheitsingenieurwesen, Institut fiir Bauingenieurwesen,
TU Minchen, Nr. 11 (1976)

(5) HORTON, R.E. Transactions of the AGU, No. 20, (1939)



IV. Objectives for the next reporting period:

1. Extended literature search

2. Acquisition and compilation of appropriate material
and data-bases

3. Development of a surface specific erosional model

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:
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RADIATION PROTECTION PROGRAMME
Progress Report
1987

Contractor’ Contract N0.:  p1g_B-035-B

Katholieke Universiteit Leuven
KUL

Naamsestraat 22

B-3000 Leuven

Head(s) of research team(s) [name(s) and address(es)]:

Prof A. Cremers

Centrum voor Oppervlaktescheikunde
en Colloidale Scheikunde, K.U.L.
Kardinaal Mercierlaan 92

B-3030 Leuven (llcverlee)

Telephone number:  016/22.09.31
Title of the research contract:

Dynamics of radionuclide chemistry in suils and sediments.

List of projects.

1. Dynamics of radionuclide chemistry in soils and sedimeuts.
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Title of the project no.:

DYNAMICS OF RADIONUCLIDE CHEMISTRY IN SOILS AND SEDIMENTS

Head(s) of project:
Prof. A. CREMERS

Scientific staff:
A, Maes, J. De Brabandere, F. Van Elewijck, P. De Preter, J. Tits.

. Objectives of the project:

The main objective of the project is a physico-chemical and mechanistic
study of the geochemical hehaviour of radionuclides in natural systems
such as soils and sediments. The chief emphasis of the work 1is on the
geochemical phase associations of radionuclides and dynamic aspects of
radionuclide scavenging and remohilization processes. The various
factors which are being considered are the geochemical composition,
physico-chemical conditions and microbiological effects.

If.  Obijectives for the reporting period:

The main activities for the 1987 reporting period were directed towards

the following objectives.

- The geochemical phase associations of Eu in soils and sediments

- The behaviour of Zn-65 in scils. Particular emphasis is placed on the
identification of retention mechanisms and the competitive effects
between different adsorbents.

- Technetium retention and reoxidation rates of reduced Tc-forms in
soils.

- Quantitative and interpretative study of the solid/liquid distribution
behaviour of radiocesium in soils.
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IH.  Progress achieved:

Europium geochemical phase association in soils

In order to assess quantitatively the geochemlcal phase associations
of lanthanides, a quantitative characterization 1is neccesary of the
binding constants of the different potential sinks in the soil or
sediment. A comprehensive study was made on the stability constant of Eu
with humic acids (HA) of different origin (commercial, and various
subfractions of podzol HA). On the basis of an ion exchange method,
developed in this laboratory, it was shown that the stabilities of thc
Eu-HA complexes were remarkably similar for all samples : Log K = 144.5.
Moreover, it was shown that in dilute solutions, a 1-1 Eu-HA complex 1is
formed and that transition metals were poorly competitive with Fu
complexation.

Humic acids : quantitative characterization

The experimental study of the binding of radionuclides by humic acids
requires methodologies for measuring the nature and capacities of the
functional groups 1involved 1in complex formation. Two methodological
developments have taken place during the 1987 period.

!. Titrimetric characterization

Acidimetric titrations were carried out on a series of HA of
different origin, making use of an automated and completely informatized
titration system at the chemistry dept. (Dr. R. Paterson) of Glasgow
University. This procedure allows the {dentification of various
functional groups by plotting the titration data differentially in terms
of the pH change per unit added base or acid. In general, two or three
peaks, corresponding to different functional groups can be identified.
Figure | shows such a plot for a podzol-extracted HA, characterized by
functional groups which are titrated at characteristic pH values of
resp. 4.25, 7.22 and 9.,73.

2. The cobalti~hexammine method

A new method has been developed for measuring the functional group
capacity of HA. either in a mixed sediment or soll or a very dilute HA
extract, The method 1s based on the strong coagulating effect of
cobaltihexammine (Cohex) on HA : the addition of an amount of Cohex,
equivalent to the functional group capacity leads to quantitative HA
coagulation. Analysis of the pH-dependence of the functional group
capacity, obtained by using Co-60 labelling, clearly demonstrates the
occurrence of the two functional groups (carboxylic, phenolic) : the
capacity of the COOH-groups, obtained by this method, agrees with the
result obtained by the classical Ca—-acetate method. On the basis of this
method, it could be shown that the podzol extracted HA is significantly
enriched in phenolic groups, as compared to the bulk soil,

Behaviour of Zn-65 in soils

The key mechanisms, governing the retention of trace quantities of Zn
in soils are complexation with oxides and humic acids. Competitive
effects for Zn sorption were studied for a podzol (HA system) and
goethite, a typical oxide mineral. The Zn sorption in the separate
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systems showed pronounced differences in pH dependence : both systems
can be simuiated succesfully in terms of multiple-site adsorption
models., For the mixed systems, it could be shown that in fairly acid
conditions, HA is the dominant sink., At a pH of about 5, the oxide
becomes the phase controlling the Zn sorption. A typical example of the
behaviour of Zn in a mixed system is shown in figure 2.

Technetium

Two 1ssues were addressed during the 1987 period : the distribution
of reduced forms of Tc between fulvics and humics and the effect of
alternating oxic and reducing conditions on the reoxidation of Tc. In
podzol extracts a tendency could be demonstrated for a Tc enrichment in
the fulvic acid fraction.

Preliminary findings further indicate that alternating redox conditions
are conducive to the formation of less readily oxidizable Tc-forms, a
finding which is relevant to the aging effect of Tc in soills.

Ceslum retention in soils : quantitative aspects
1. Current views

There 1s a general consensus that the single most important factor,
determining the Cs retention in soils and sediments is the property of
certain layer silicates (hydrous mica's) to preferentially adsorb alkali
ions of low hydration. However, due to the lack of quantitative insight
into this interception process, it has not been possible to assess these
phenomena in terms of their effect on the solid/liquid distribution
behaviour of Cs 1n the system. Some significant methodological
developments have occurred within the context of another CEC program
(Nuclear contamination of the urban environment) which enable us to
quantify this effect.

2. Methodology and results

The principle of the method is based on the use of cationic complexes
such as silver thiourea and cobaltihexammine which exhibit very high
selectivity for the regular clay exchange sites but which, for steric
reasons, are excluded from the Cs-high affinity sites (HAS) 1in hydrous
mica's. Thus 1in the presence of a suitable background level of such
"masking agents" 1t is possible to quantitatively characterize the Cs
specific sites in terms of their number and their Cs-selectivity. This
procedure was tested for a loam and an clay soil which showed HAS
capacities of resp. 0.12 and 0.27 meq./100 g. Moreover, the Cs to K
selectivity patterns on the HAS were found to be convergent, as
illustrated in figure 3, showing the composition dependence of (Ln)Kc of
Cs to K. Consequently, it appears that different soils may be
characterized by a common quantitative characteristic as regards Cs
sorption. It follows that the 1n situ solid/liquid distribution
behaviour of Cs in soils can be expressed quantitatively in terms of the
capacity of the HAS, the Cs-K selectivity coefficient and the K
concentration in the soil solution. The quantitative relation has the
form

(HAS) Kc (Cs-K)

" M
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Consequently, the K _(Cs) value, the key parameter in the soil-to-plant
transfer, can be Tationalized and predicted In terms of readily
measurable soil properties.

Methodology for in situ KD measurements in soils

In order that radionuclide values be relevant to the quantitive
assessment of soil-to-plant transfer, it is mandatory that they refer to
conditions which are representative for the "in situ” field condition. A
method is developed which is based upon the disperison of a soil sample
in a (Cat+Mg) solution of resp. 5 and 10 meq/l, i.e. the range of ionic
strengths normally occurring in soils. Such method generates K and Ca+Mg
levels in the equilibrium fluid which are in the range found in the soil
solution by immiscible displacement techniques. In the particular case
of Cs and Sr, it is shown that respectively K and Ca + Mg liquid phase
levels the are key factors for the in situ distribution behaviour of
these radionuclides.

9.00 122
§.00
1.00
b.00
----- 3,00
4,00
3.00 973
2,00
1.8

I S N W SR W
0.4 0.8 L2 L6 1.9 23 2.7 31

Figure 1. Differential titration curve for a podzol-extracted humic
acid.

. 347 -






V.

Vi

Objectives for the next reporting period:

Quantitative and interpretative study of cesium retention in soils
under In situ conditions.

The humic acid chemistry of technetium and Tc-aging phenomine in
solls.

The geochemical phase association of 7Zinc-65 in soils.

Humic acid chemistry of Europium.

Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Laboratoire de Biochmie, Université de Nantes (P. Pierl)
Chemistry Dept. (R, Paterson), Glasgow University.

Publications:

Maes A., De Brabandere J. and Cremers A.

A modified Schubert Method for the measurement of europium humic acid
complexes in alkaline conditions.

Radiochemica acta (in press).

Maes A., Henrion P., De Brabandere J. and Cremers A.

Europium humic acid complexes in reducing conditions. (Published as
abstract).

Int. Conf. Chemistry and migration of activation and fission products
in the geosphere. Munich, Sept. 1987.

Stalmans M., De Brabandere J., Van Elewijck F., Maes A., Cremers A.,
Henrion P. and Coqneau M.

The fate of technetium in soils and sediments : A physico-chemical
approach.

Health Physics (in press).

Staimans M., Maes A., Sterckx D., Cremers A. and Cogneau M.

Technetium organic matter associations in soills : Methodological
aspects.

Health Physics (in press).
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Title of the project no.:

Assessment of the radioactivity levels in Irish soils and their
transfer into agricultural produce as a result of the Chernobyl
accident.

Head(s) of project:

Mr John D Cunningham

Scientific staff:

Dr Geraldine Mac Neill
Dr John O'Grady
Mr Jarlath Duffy

I.  Obijectives of the project:

The principal objective of the project is to study the levels of
radioactivity in Irish soils and to estimate soil to plant transfer
factors for various types of agricultural produce. The transfer
factors will be computed primarily for Cs-137 although other
radionuclides will be considered, when present in sufficient
quantities to allow an accurate assessment. The factors influencing
transfer will be studied by considering the behaviour of deposited
radionuclides in different soil types and through a detailed
examination of the soil characteristics.

Il.  Obijectives for the reporting period: -

The first objective was to select a number of representative
locations typifying the range of different soils used for
agricultural purposes in Ireland. At each of these locations soil
samples would be taken on pasture land and tillage land. Sampling of
soil would be carried out twice yearly. Samples of grass would be
taken simultaneously, with an additional sampling round for grass in
the intervening period. Agricultural produce would be sampled just
prior to harvest.
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Progress achieved:

MeLhodology

Eleven sites were selected for sampling purposes. The locations were
chosen so that the principal soils used for agricultural purposes in
Ireland were represented. Where possible, the sites were located in
areas which had suffered high deposition following the Chernobyl
accident.

With regard to the agricultural produce, it was decided to concentrate
on three main types - wheat, barley and potatoes. These were expected
to be widely available and this would therefore enable comparison of
results. Some additional vegetable samples would be collected where
available, particularly in areas which concentrated on vegetable
rather than cereal production.

Following selection of the sites, sampling commenced in Spring 1987.
The sampling methods were decided in advance of the first sampling
round and were essentially unchanged during further rounds. They may
be described as follows:-

(1) Soil from the pasture land was taken using 4 corers, of
decreasing diameters, one for each of the depths 0-5 cm, 5-10 cm,
10-15 cm and 15~30 cm. The cores were_taken at 25 points
scattered over an area of approx 100 m”~ and bulked to form 4
samples, one for each depth. The soil was oven dried and
sieved to 2 mm.

(11) Sampling of tillage land was carried out using a single 0-20 cm
corer. This depth was thought to correspond to the ploughing
depth in most areas. A total of 20 cores was taken from an area
of approx 100 m®. Sample preparation was as for the pasture
soil.

(iii) Grass samples were cut from a height of approx 5 cm above the
ground. The grass was then air dried before being ashed.

(iv) Cereal samples were taken, a few days before they were due to be
harvested, from lm x 20cm plots scattered over an area of approx
100 m®. The samples were thrashed and the grain was ashed.

(v) Potato samples were picked from the site which had earlier been
sampled for soil. The potatoes were scrubbed clean prior to
ashing.

Sampling for the first year was concluded in October 1987. All soil
samples have been tested for particle size, C.E.C., total carbon content
and available potassium. Gamma spectrometric analysis has been

carried out on the pasture land soils collected in the first round of
sampling. Measurements on cereal and potato samples have also been
completed.



Results

Analysis of the pasture land soill has shown that the most abundant
radionuclides present as a result of Chernobyl are Cs-137, Cs-134 and
Ru~106. Examination of the core profiles from the pasture land
indicates that, one year after Chernobyl, most (>80Z) of the deposited
radiocaesium and Ru-106 is retained in the first 5 cm of soil. It is
also clear that there is a significant contribution (between 8 and
40%Z) from weapons fallout to the amount of Cs-137 present at this
depth. Transfer factors between soil and grass will be calculated
when analysis on the grass samples has been completed.

Measurements on cereal samples indicate that levels of Cs-137 in both
wheat and barley are of the order of 0.1 Bq kg'l. As results on the
tillage soils are not yet available, the transfer factors can not yet
be calculated.

Measurements on levels of Cs-137 in potatoes range from .02 Bq kg'l
to 2.1 Bq kg'l. The highest levels were found in potatoes grown in a
peat organic soil. Some additional vegetable samples collected at
this site also showed relatively high levels of activity.

Discussion

Conclusions on the effect of soil characteristics on the transfer of
Cs-137 between soil and plant must awailt the results of the activity
analyses on the tillage soils and on the grass. However it is already
clear that the organic matter content is important with respect to

the absorption of Cs-137 by plants. It would appear that this nuclide
enters plants more readily from soil rich in organic matter than from
those which are predominantly mineral in character. Particular
attention will be paid to this site in the sampling programme for the
second year.

Comparison of data from pasture land cores from different sites shows
a variation in rate of movement of Cs—~137 and Cs-134 down through the
core. The extent of downward movement is determined largely by the
degree of exchange on adsorption to mineral particles and also by the
amount of water movement. An attempt at correlating the rate of
vertical movement of radiocaesium with soil characteristics will be
carried out when the analysis for further sets of pasture samples has
been completed. The rate of downward movement of Cs-137 has important
consequences for the amount available for uptake by grass.

The sampling programme for the second year of the project will be
finalised when measurements on the first years samples have been
completed. It 1s envisaged that sampling will be continued at all of
the eleven sites. However, the results of the first sampling round
may indicate that it would be most beneficial to the project to
concentrate resources at certain sites.



IV. Objectives for the next reporting period:

The first objective is to complete measurements on all samples
collected during the first year of sampling. Analysis of the results

of these measurements will give the first estimates of transfer
factors.

Sampling will begin again in Spring 1988 and should be completed by
October 1988. Measurements on these samples will commence immediately
atter collection and are expected to be completed by Spring 1989.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

An Foras Taluntais

Johnstown Castle Research Centre
Wexford

Ireland

Physics Department
Trinity College
Dublin 2

Ireland

VI. Publications.

- 355 -






RADIATION PROTECTION PROGRAMME
Progress Report
1987

Contractor: Contract N0.:  py6-p-034-1
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Telephone number:  187/53.61.11
Title of the reseaich contract.

Laboratory and field research on long-lived radionuclides in the
marine environment.

List of projects:

1. Behaviour of Tc and Se in the marine environment.

2. Mechanisms 1involved in accumulation of transuranium in some
compartments of the marine environment.

3. Descriptive models for circulation of radionuclides and
transfer of radionuclides in the marinc food chain.
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Title of the project no.;: BEHAVIOUR OF Tc AND Se IN THE MARINE ENVIRONMENT.

Head(s) of project:

Scientific staff; SCHULTE E.H., PAPUCCI C., R. DELFANTI

Objectives of the project:

A better knowledge on the environmental behaviour of 1long-lived
radionuclides 1is necessary for the implementation of recent
recommendations of ICRP, in particular for the assessment of
collective dose committments deriving from operations, such
as programmed or accidental releases from nuclear plants and
radioactive waste disposal where transuranium nuclides and other
long-lived radionuclides (Tc-99, I-129, Se-79, etc.) may represent
an important contribution to the radiological impact on man.

Objectives for the reporting period:

— macro and microdistribution of selenium in benthic organisms
— studies on the vertical transport of radionuclides in the

water column.
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Progress achieved:

Studies on the vertical transport of radionuclides in the water
column.

Once introduced into superficial ocean waters, radionuclides
are dispersed by physical and biological processes such as currents
and transfers through food chains. Besides the horizontal dispersion
mainly exerted by currents, the vertical trasport of radionuclides
from superficial waters to the deep ocean and to bottom sediments
represents an important pathway and input of radioactivity to
sediments which may act as the ultimate sink for different radio-
isotopes.

The event of the Chernobyl nuclear accident and its radioactive
fall-out presented a unique scientific opportunity to study
the grobiochemical behaviour of short- and long-lived radionuclides
in the marine environment after a single pulse input.

The field and laboratory investigations, started in 1986, intended
to evaluate biologically mediated processes in the water column
in transporting radionuclides as well as their deposition on
the sediment surface and the biological importance (bioturbation)
in phenomena which 1lead to the incorporation of radionuclides
into the sea-bottom and to their remobilization from anoxic
sediments.

In field studies radiotracers delivered by the Chernobyl accident
were considered, while in laboratory experiments radioisotopes
of Se and Tc were used.

Following the Chernobyl accident, measurements on radioactive
fallout and selected marine samples were carried out. In the
Ligurian Sea peak concentrations of Chernobyl radionuclides
in surface seawater were found on day 4 and 5 of May 1986. After
three weeks of contact with seawater only 2% of 137-Cs and 5%
of 103-Ru present in the water column were in the particulate
form and could be trapped on 0.45 um filters.

Since ruthenium normally occours in the particulate state or
adsorbed to particulate matter, most of the fallout ruthenium
should have been in the particulate form at the time of immission
into the seawater, while cesium isotopes are most soluble and
dilute readily in the water column.

This fact is reflected in the different behaviour of Cs and
Ru in samples of Mytilus sp. measured for radioactivity every
second day from May 2nd onwards. Maximum concentrations of cesium
(7.7 Bq kg - FW) occured in mussels only one day after the
revealed peak concentration of Cs in seawater, as to be expected
due to its high solubility, and dropped sharply during the following
days reaching values close to normal background concentrations
(0.2 Bq kg “" FW) two months later.

un the contrast the behaviour of ruthenium isotopes showed a
marked delay with respect to the cesium isotopes.
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Maximum concentrations (235 Bqg kg -1 FW) for 103-Ru were observed
in mussels three days after .ue peak concentration in the water
and sharply decreased over the absorbition period (56 days). This
fact revealed the setthing and/or sea.mentation behaviour of particulate
ruthenium which reached mussels some 4-5m below the surface with
a delay of 1-2 days with respect to the more soluble cesium.

In coastal areas ruthenium isotopes reached shallow water sediments
quite rapidly. At the beginning of June 1986 most of the radioactivity
in the upper sediment layers was due to ruthenium isotopes while
in July 1986 no radionuclide from Chernobyl fall-out could be detected
in sediments from 500 m depth. Either the sedimentation velocity
of particulate ruthenium was too slow or the formation of the thermocli-
ne impeded the passage of rutheniun particles to deeper waters.

On the other hand the vertical transport processes for cesium were
much slower. Only 6-12 months after immission about 10% of cesium
isotopes deposited at the sea surface were found in the upper =Z-
4 cm of shallow water sediments; i.e., thus about 90% of the cesium
of the Chernobyl fallout is still solved in the water column and
will be transferred to sediments over longer time scales.

Studies on the remobilization of Selenium from sediments by biological

activities (bioturbation)

Investigations on the influence of the infaunal biological
activities on the ©biogeochemical c¢ycling of ~adionucli-
des were continued, considering the behaviour of different physico
- chemical forms and compounds of selenium-75 at the sediment-
water interface.

As demonstrated in previous studies, bottom-dwelling organisms
rework the upper sediment strata (20-30 cm) and re-oxidize portions
of anoxic sediments, thus previously reduced and immobilized radio-
nuclides may be re-oxidized and re-cycled to the water column.

Aliquots of a strongly reducing coastal sediment sample were mixed
with de-oxigenized seawater to gain a slurry to which then different
chemical forms of 75-Se were added under strict anoxic conditions.
One aliquot (400 g) was spiked with 144.3 kBq of 75-Se-methionine,
a second aliquot (500 g) with 85.8 kBq of 75-Selenite, and a third
one (450 pg) was spiked with 91.6 kBgq of 75-Selenate. The slurries
with 75-Se were stirred for more than one hour sustained by vigorous
bubbling of nitrogen through the suspension and then filled equally
into six tubes, two tubes for each 75-Selenium form (¢ 3.2 cm;
35cm lenght; surface 8 cm ) and let settle for 10 days. Only one
tube of the three pairs of tubes for each 75-Se-form received specimens
of the polychaete worm Marphysa bellii weighing 1.12; 2.65 (75—
3e-MethioiLine), 2.40; 1.35 (75-Selenite) and 1.70; 1.85g (75-Selenate;,
while the remaing three tubes served as blanks. The whole oxidized
overlaying water volume was sampled daily and measured for radioactiviuy.
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After sufficient settling of the sediments but prior to the start
of the experiments, the radiocactivity in the overlaying water
was determined. The measurements revealed that 96.5; 97.5; and
80.3% of the spiked radioactivity of 75-Se-methioline, 75-Selenite,
and 75-Selenate were bound to the sediments.

After 73 days only very small fractions of
the radioactivity of the different Se-forms were remobili-
zed from the sediments by the worms and realesed to the water column
and/or subsequentely to the air where they were trapped by active
carbon.

Total remobilized fractions of radioactivity from Se-methionine,
selenite and selenate contamined sediments amounted to 9.57; 6.61;
and 6.13%, respectively. Of these percentages parts of 4.8; 3.1;
and 3.3% were lost to the water, while the blanks without the worms'
activity lcs. only between 0.62 - 0.73% of the total radioactivity
present in the sediments, probably by diffusion processes. All
blanks showed a distinct reoxidized sediment zone of 7 mm depth
at the end of the experiment.

In all three experimental sets volatile forms could be detected
and trapped on active carbon (Se-Met: 1.22; Selenite: 0.66; and
Selenate: 0.79%). The contents of the different Se-forms in the
sediment-dwelling worms were surprisingly low; only 2.?2; 2.67;
and 1.93% of the initial Se-methioline, selenite, and selenate,
respectively, were accumulated in the polychaetes. Concentration
and transfer factors will be calculated when stable Se-measurements
are available.

At the end of the experiment the sediments contained still 70-86%
of the initial radioactivity according to the Se-forms. After centrifu-
gation the radioactivity in interstitial waters of the sediment
samples varied between 0.05 - 0.25% of the .initial activity
thus, it can be assumed that at the beginning of the experiment
all radioactivity was bound to the sediment. Interstitial water
contents of the sediment varied on a weight/weight basis from 17.7-to
21% in the presence of worms and from 36.1-37.6% in the blanks,
demonstrating clearly the effectiveness of the biological activity
of the polychaetes in strongly compacting superficial sediments.
Preliminary experiments made witn ciiquots of 75-Se-spiked water
samples revealed high adsorption affinities of Se-forms to container
walls in relative short time scales.

An average of 20% of the initial radioactivity was absorbed
to the container walls.

Comparing the results to those of experiments made with Tc-95m
under similar conditions it can be concluded that Se-forms are
far more tightly bound to sediments than pertechnetate and consequently,
their remobilization and recycling to the water column is a much
slower précess.
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IV. Objectives for the next reporting period:

- macro and microdistribution of Se in benthic organisms

- role of zooplankton in vertical transport processes of radionucli-
des in the water column

- analyses of Tc-99 in biological matrices form the Mediterranean.

V. Other research group(s) collaborating actively on this project [name(s) and

VI

address(es)]:

Publications:

Caratteristiche del fallout da Chernobyl nell'ambiente

marino
costiero italiano:

Delfanti R. and C. Papucci; Proceeding of the III Conv

. Naz.
SITE, Siena 21 -25/10/1986; in press.
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Title of the project no.: 2

MECHANISMS INVOLVED IN ACCUMULATION OF TRANSURANIUM NUCLIDES IN
SOME COMPARTMENTS OF THE MARINE ENVIRONMENT.

Head(s) of project: R. DELFANTI
Scientific staff: R. BONIFORTI, R. DELFANTI, 1I. NICCOLAI, C.
PAP I, C. PERONI, E. SCHULTE, A. ZATTERA.

|. Objectives of the project:

A better knowledge on the environmental behaviour of
transuranium nuclides is necessary for the implementation of
recent recomandations of ICRP, in particular for the assessment
of collective dose commitments deriving from operations, such
as programmed or accidental releases from nuclear plants and
radioactive wastes disposal, where long-lived radionuclides may
represent an important contribution to the radiological 1inpact
on man.

Il.  Objectives for the reporting period:

- Role of mixing and sedimentation processes in 239,240-Pu
redistribution in coastal marine sediments.
~ Sedimentation and biodiffusion rates in deep-sea sediments.



I1. Progress achieved:
METHODOLOSGY
In 1983 and 1984 two sampling campaigns were carried out

in the Gulfs of La Spezia (Liqurian Sea) and Gaeta (Tyrrhenian
Sea) for studies on Plutonium behaviour in coastal marine

environments. One core from each area was selected for the
determination of the recent sedimentation rate and of the
mixing characteristics. Both cores were collected in areas

under the direct influence of a river (Magra river for the La
Spezia Gulf and Garigliano river for the Gaeta Gulf).

In summer 1987 a sampling campaign was carried out in the
Taranto Gulf (Ionian Sea). Sediment cores were collected along
the slope of a canyon (Taranto Valley) and on the continental
shelf, 1in areas characterized by the sedimentation of fine
material.

Deep sea sediments were collected in 1984 and 1985 during
the METEOR 69 and ESOPE (Etude des sediments oceaniques par
penetration) cruises in the following Atlantic areas:
~ Nordostatlantisches Monitoring Programm (NOAMP) Area
- Present NEA Dumpsite
- Great Meteor East (GME)

- Southern Nares Abyssal Plain (SNAP)

The sampling was carried out by a modified Reineck corer
in the first two areas and in coastal environments and by a
SIPAN corer with subsequent subsampling with a core barrel in
the last two areas.
The cores were sectioned directly onboard into slices 1 cm
thick. Selected sections of each core were analyzed for
239,240-Pu, 210-Pb and, for deep sea sediments, for 14-C.
239,240-Pu were separated from the matrix by a double anion
exchange radiochemical procedure followed by electroplating and
alfa spectrometry.
210-Pb determination was based on the measurement of its
granddaughter, 210-Po, which 1is assumed to be 1in secular
equilibrium with 210-Pb. The supported 210-Pb fraction was
determined by the measurement of 226-Ra in several samples,
using the Radon emanation technique.
14-C measurements were carried out wusing a benzene 1liquid
scintillation counting method.

RESULTS AND DISCUSSION

a) Shallow water environment

The use of the vertical profiles of both 239,240-Pu and
210-Pb allowed the calculation of the sedimentation and mixing

rates at the two sampling stations. A time dependent
sedimentation-mixing model was used, based on a mass halance
equation. The shape of radionuclide vertical profiles
indicated, at both sites, low mixing rates. It was assumed a

constant flux for 210-Pb and a 239,240-Pu input function
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proportional to 90-Sr deposition. As the mixing rate seemd to
be low, the mixing coefficient was assumed to be constant along
the sediment column. In this way, sedimentation rates of 0.50
and 0.45 cmy-1 and mixing coefficients of 0.25 and 0.50 cm2y-1
were calculated for the La Spezia and Gaeta cores respectively.
The shape and width of the Plutonium subsurface peaks and the
210-Pb vertical profiles were well described by the model, but
the computed 239,240-Pu activities in the upper sediment layers
were lower than the experimental values.

A higher mixing coefficient (in the order of 5 cm2y-1) could
better simulate Plutonium profiles, but 210-Pb wvertical
distribution indicated, in both cases, low mixing rates.

A possible explanation of this fact is that particle supply by
river runoff has increased the Plutonium flux to the sediments.
In fact, at both sites 239,240-Pu inventories (La Spezia
Gulf:130 Bgm-2; Gaeta Gulf: 255 Bgm-2) are much higher than
the cumulative fallout deposition (82 Bgm-2) at these
latitudes.

b) Deep sea sediments.

Sediment cores from deep sea sediments were collected from
different sedimentary environments (abyssal hills, plain, fault
areas). The Plutonium inventory calculated for the dumpsite
area (14 Bgm-2) is comparable to those calculated for the NOAMP
and GME hill stations (12 Bgm-2 and 9 Bgm-2 respectively) which
are 13-20% of the total fallout delivery at the corresponding
latitudes. In the SNAP area Plutonium inventories
(0.3-1.1 Bgm-2) are only 1-3% of the fallout deposition. A
higher inventory (36% of Pu delivery) was found in a NOAMP
station located at the foot of an abyssal hill. 1In general,
Plutonium inventories are strongly related to primary
production. This factor can explain the low inventories
calculated in the oligotrophic SNAP area, but it can not
explain the differences between the two samples collected from
the top and the foot of the same abyssal hill (NOAMP samples).
14-C measurements indicate undisturbed sedimentation
(3.6 cmky-1) in the sample at the foot of the hill, with a
mixed layer of 6-8 cm thickness. The sample collected at the
top of the hill shows, on the contraty, a disturbed sedimentary
recotrd and higher 14-C age of the mixed layer. A possible
mechanism leading to the unusually high inventory at the foot
of the hill could be the transport of surficial eroded material
downslope the abyssal hill, increasing Plutonium deposition at
the foot.

The Plutonium vertical profile at the GME station shows a

subsurface maximum and cannot be simulated by a classical
biodiffusion model. For the desciription of the mixing
characteristics at this site 1 molel has been used that
simulates the tianspott of suitf = , rilinnuclide-rich material
to a fixed depth i1nto the sedim nt by benthic organisms or an
equivalent mechanism. By this molel, a mixing coefficient of

0.1 cm2y-1 with a tianport rate of 0.1 y-1 was calculated.
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IV. Objectives for the next reporting period:

- Field studies on soluble and particulate radionuclide -
fractions for evaluation of the processes taking place at the

river-sea interface.

— Plutonium vertical profiles and inventories in sediments from

Mediterranean continental shelf and slope (Ionian Sea).

- Mixing and sedimentation processes in deep-sea sediments.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

VI. Publications:

Papucci,C. & Delfanti,R. (1987) - Distributions of 239,240-Pu
and 14-C in North-East Atlantic sediments. Proceedings of the
International Symposium on Radioactivity and Oceanography,
Cherbourg, June 1-5, 1987. 1In press.

Delfanti,R., Buffoni,G., Papucci,C. and Paganin,G. (1987) -
Determination of recent sedimentation rates in the Tyrrhenian
Sea using 210-Pb and 239,240-Pu. 1Ibid. 1In press.

Papucci,C. & Delfanti,R. (1987) - Evaluation of particle
mixing depth and rates in Atlantic surface sediments using
239,240-Pu vertical profiles. ESOPE cruise Report, JRC Ispra.
In press.
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TITLE OF THE PROJECT NO.: 3

DESCRIPTIVE MODELS FOR:

A) Circulation of radionuclides in the marine environment:

B) Transfer of radionuclides in the marine food-chains relevant
to man.

HEAD(S) OF PROJECT: G.C. BOERI

SCIENTIFIC STAFF: M. BELLI, R. DELFANTI, P. NICCOLAI, C.
PAPUCCI, C. PENTASSUGLIA, M. POGGI, U. SANSONE, E. SCHULTE,
G. VENTURA.

I. OBJECTIVES OF THE PROJECT:

Validations of existing theoretical models for representing
dispersion and transfer processes in the marine environment and
1n food chains leading to man. Therefore, a bibliographic
study of available models and their potential application to
the Mediterranenan will be carried out, combined with field
studies in marine and brackish water environments with the
objectives to correlate levels of radionuclide concentrations
in biotic and abiotic matrices to inputs of radioactivity from
different sources and to describe the geobiochemical cycling in
the marine environment.

II. OBJECTIVES FOR THE REPORTING PERIOD:

- bibliographic study of available transfer models;
~ first field studies in selected brackish and marine sites.
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III. PROGRESS ACHIEVED:

Radioecological studies in the Friuli-Venezia Giulia Region

1. Introduction

The radioactive fallout derived from the accident at the
Chernobyl nuclear reactor has been used to 1improve past
knowledge of mechanisms of transfer and accumulation of
radionuclides in natural and anthropized ecosystems and has
provided an wunique opportunity for a critical review of
environmental transfer models.

The Friuli-Venezia Giulia Region (a region in North East of
Italy) was more affected than other 1Italian regions the
radiocactive fallout from the Russian nuclear power station and
has been chosen as a large and important natural study site in
which the principal components of the marine and brackish water
environments can be followed for an adequate number of years.
The main aims of the study are as follows:

- Characterization of the environments studies.

- Testing and development of methods for environmental
analyses.

- Radiological monitoring.

- Validation of models regarding the dispersion and transfer of
radionuclides in the acquatic food chains relevant to man.

First seasonal sampling campaign in the acquatic enviroment

Activities started in spring 1987. Attention was concentrated
on the Marano and Grado lagoons and the sea along the caost
between Bibione and Duino (Northern part of the Adriatic Sea)
because these enviroments are the wultimate recipients of
materials eroded by surface run-off and transported by

water-bodies. The rivers Stella, Corno, Aussa and Natissa and
a number of drainage canals flow general, downstream from the
spring-line. The Tagliamento and Isonzo rivers flow directly

into the sea, West and East of the Marano and Grado lagoons,
and collect most of the water from the mountainous part of the
region.

The first seasonal sampling campaign has bee carried out from
22nd June to 4th July 1987 and was aimed at collecting the
initial experimental data required to start a complete
radioecological characterization research program of the river,
lagoon and marine environments for the next 3 years.

These activities have been planned on the basis of the results
of environmental studies conducted by the University of Trieste
and a National Research Council Institute in the study area.
In this way on the basis of these studies and with the direct
assistance of the scientists concerned, 54 sampling stations
were selected, of which 27 stations on the lagoon, 24 stations
at sea, and 3 stations on the rivers.

The following samples have bee collected at these sites:

- marine and lagoon sediments;

- the biologically most important components of the lagoon
benthos;

- some species of non-migratory fishes, characteristic of
brackish lagoons;
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- acquatic plants and algae characteristic of lagoon
environments;

- water and suspended material 1in the lagoon and 1in the
Tagliamento, Isonzo and Stella rivers.

The sampling strategies were defined on the basis of the
results obtained from provious investigations and modellization
of the study area.

Analyses

Determination of gamma-emitting radionuclides on are in
progress. The following additional analyses have also been
carried out:

Sediments: Determinations of redox potential, particle size
analysis, measurement of total gamma activity at the

sediment-water interface.

Biotic components: Taxonomy, determination of fish stomachal
contents.

Water: pH, temperature, salinity and dissolved oxygen at
various depth.

The definitive programme for the radio ecological study on the
lagoon, marine and estuary environments will be defined on the
basis of the results obtained in this preliminary stage.
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IV. OBJECTIVES FOR THE NEXT REPORING PERIOD:

~ application of selected transfer models to Mediterranean
coastal environments

- further field studies in selected environments and
acquisition of radiological data.

V. OTHER RESEARCH GROUP(S) COLLABORATING ACTIVELY ON THIS
PROJECT [NAME(S) AND ADDRESS(ES)]:

Given the multidisciplinary nature of the research project, the
necessary skills were found by involving a considerable number
of scientist and local government organization and especially:

Local Public Health Board U.S.L. "Triestina" and "Bassa
Friulana":

Dr. F. DE GUARRINI

Dr. M. MARINARO

Dr. G. MATASSI

ENEA - COMB:

Dr. R GIACOMELLI
Dr. M. NOCENTI
Dr. P SPEZZANO

VI. PUBLICATIONS:

A bibliographic study on the available models and their
potential application to the Mediterranean coast has been
carried out. On the basis of this study 27 references have
been singled out.

- 370 -



RADIATION PROTECTION PROGRAMME

Progress Report
1987

Contractor: Contract no: PI6-B-042-k

Univ. Catholique de lLouvain
Halles Universitaires

Place de 1'Université 1
B-1348 Louvaln-la-Neuve

Head(s) of research team(s) [name(s) and address(es)]:

Prof .J. Decallonne
Unité de Microbiovlcgie
U.C.L.

Place Croix du Sud 2
B-1348 Lcuvain-la-hecuve

Telephone number; 010/47.36.72

Title of the research contract:

Description of the intcractions and processes that are involved in
Tc-99 movement and cyeling.

List of projects:

1. Modelling of Technetium movement in soil
2. Study of the bilogeochemical cycle of Tc-99

;3 uncertainties
assoclated with predictions
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Title of the project no.: 1

Modeling of Technetium movement in soil

Head(s) of project:

Prof.J.Decallonne

Scientific staff:

Dr.C.N.Chiang

I.  Objectives of the project:

The first part of the project was to investigate the possibility of
quantitatively predicting the movement of pertechnetate in soils and
streams.

The second part of the mroject was to investigate the possibility of
quantitatively predicting the effect of Tc-99 as vertechnetate on
microorganisms.

Later work will consist to fit together the two submodels,in order to
describe quantitatively the movement of pertechnetate through soils and
streams,as influenced by microorganisms.

Il.  Objectives for the reporting period:

Since the part achieved on modeling bacterial growth concluded
satisfactorily,the planned work for the present period involves the
search for microorganisms able to reduce and/or accumulate Tc-99.

Thanks to facilities available in the project n®2,four lysimeters
contaminated in 198k,twice with 0.5 mCi Tc-99 as ammcnium pertechnetate
per unit,we have started the isolation of microorganisms,bacteria
especially in the plough layer,followed by identificetion of the most
representative strains.This should normally gives us a better

knowledge of bacteria which have actually grown under contaminated soil.
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Progress achieved:

1.Methodology:The four lysimeters have been sampled,using PVC pipes of
25 cm lenght with 2.5 cm of diameter.Each pipe,with embedded soil,was
sawn in portions of 5 cm,which may be considered as representative
layers from O to 20 cm of depth.Each layer has been counted for the
number of living bacteria,using the classical plate count procedure,to
estimate the actual aerobic and anaerobic bacterinl popualatiion.

Using the dilutions set for the counting,different media were inocula-
ted with soil suspension,namely Plate Count agar,Tryptic Soy,Brain
Heart and MRS media.Once the growth was obvious,the most representati-
ve colonies were isolated and identified by a procedure developped

in this laboratory{Maissin et al.,1987).In addition to these identi-
fications,autoradiographic technique has been used to study their
ability to accumulate the Tc-99.The practical steps of which can be
outlined as follows:bacteria are grown in media enriched with Tec-99,
at a concentration of 1075 M,up to a population density of 107
bacteria/ml,average case being between 24 to 36 hours.An agar film of
washed bacteria is further obtained using an haematometer(Thoma cell)
and contact exposed with an aporopriate film(Hyper film-3H,Amersham
code RPN12) during 3 weeks at -Ln°c,

2.Results:The first observation was the number of the living aerobic
bacteria,in terms of average values for the U lysimeters(Table I).

The populations are relatively small,if compared to what is generally
expected under a lawn.The first 5 cm however logically exhibit the
highest number and can exceed 10 bacteria/gram of dry soil.For the
anaerobic bacteria,the populations never exceed 10k bacteria/gram,
which can be considered as small too,svecially if one considers the
gravimetric moisture content at the sampling veriod which was
relatively high(40%).The stability of the number of anaerobic bacteria
may be used as a proof of the non limitation of oxygen diffusion in
this sampled layer.

The identification tests show in the aerobic group of bacteria some
significant differences between the populations developped at
different depths.From the first 5 cm,gram negative rods and cocci were
found,with a majority of species t.!_ugingto the family of Rhizobia-
ceae,represented by Agrobacterium tumefaciens and A.radiobacter.

In the second layer,5-10 cm,different Coryneforms species were found,
namely Arthrobacter globiformis and A.simplex.Within the third layer,
endospore-forming rods were identified as Bacillus polymyxa,and pro-
bably B.macerens and B.circulans.In the last layer,15-20 cm,gram
negative facultatively anaerobic rods were isolated whose identifica-
tion must still be confirmed.

For the autoradiographic studies,after processing of the film,we found
sensibilized areas on preparations with bacteria grown on Tc-99
enriched media.But,the variations in repeated preparations make the
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results still questionnable, in terms of the reliability of the method
adapted. Unless, there could be a difflerence for the same strain to
accumulate the Tc-99.

3.Discussion : The numbers of living uzerobic ani anaerobic bacteria, rather
low, remain an observation Jdifficuli to explaiun. The autoradiographic
experiment, developped simultaneously, should normally help to select the
strains with ability to accumulate the Tc-99, but so far the lack of pre-
cision in the results does not allow further interpretation.

Based on the recent work of Henrot, quoted in the project n®2, for a better
description of the isotope dynamic in the soil, further identification

of anaerobic strains should be carried out. However, in this long term
contamined soil, indications of aerobic bacteria possible ability to
accumulate the isotope, may represent a field of investigation.

Table I. Populations found in the 4 lysimeters(l)

Depth - Lys.l Lys.2 Lys.3 - Lys.h Average
(cm) AE AN AE AN AE AN AE AN AE AN

0-5 12.0 2.9 9.0 5.3 11.0 2.3 8.0 3.8 10.0 3.6
5 -10 2.6 3.4 2.4 3.5 2.1 3.5 1.6 k.2 2.2 3.7
10-15 2.3 46 2.2 4.1 1.3 4,3 1.8 2.8 1.9 . 3.7

15-20 i6 - 16 3.3 1.1 2.3 - - 1.6 2.8

' aerobic bacteria x 106 g.
anaerobic bacteria x 107/g.
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IV. Obijectives for the next reporting period:

For the time being,two groups of bacterial strains are actually further
investigated for identification,namely 12 aerobic strains and il anaerobic
ones.

Their ability to accumulate and/or reduce the Tc-99 will be investigated,
more specially as far as the anaerobic strains are concerned,by using the
autoradiographic procedure as outlined above.

Simultanously,simulation studies using small soil columns will be carried
out according to the procedure of Zamani et al.(1985) with the bacterial
species which will appear as the most promising in relation with the
reduction and/or accumulation of the Tc-90.

V. Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

-Prof .MYTTENAFRE C.,Université Catholique de Louvain,Belgium

-Oak Ridge National Laboratory - ORNL:Dr.Auerbach,Hoffman,Blaybock,USA
-Prof.PIERI J.:Université de Nantes,France

-Prof.CREMERS H.,Katoliek Universiteit Leuven,Belgium

VI. Publications:’ o
R.Maissin,A.Bernard,V.Duquenne,S.Baten,G.Gerard et J.Decallonne.
Ceractéristiques d'une procédure d'identification informatisée des
Lactobacillaceae.

Belgian Journal of Food Chemistry and Biotechnology,42,176-184(1987)



Title of the project no.: 2.

STUDY OF THE BIOCHEMICAL CYCLE TC-99; UNCERTAINTIES ASSOCIATED
WITH PREDICTION

Head(s) of project:
Prof. C. MYTTENAERE

Scientific staff:

COGNEAU, M., DEHUT, J.P., DEPRINS, D., FONSNY, K., HENROT, J.,*
SOMBRE, L., VAN LAER, S. VANDECASTEELE, C.M.**

I.  Obijectives of the project:

The objectives of the project is to reduce the uncertainty
which affects the Tc behaviour in a terrestrial environment
thanks to a better knowledge of its long term behaviour in
soils (lysimeters contaminated in 1983) and its deposition
on plant surfaces (interception and ecological half-life-
phytotron allowing to study the wet deposition in relation
to climatic and ecological conditions).

The present scope is to reduce the existing uncertainties
associated with predictions and later to apply the available
techniques to radioisotopes which were deposited on the soil
and plant surfaces after the Tchernobyl accident.

Il.  Obijectives for the reporting period:

The long term availability of Technetium deposited on soil
was simulated using two compartments sub-models which des-
cribe the Tc removal from the plough layer and the evo-
lution of the bioavailability of the fraction remaining in
the root zone.

The purpose of the work conducted in 1987 was

- to validate the model describing the ageing phenomena of
Tc in soil

- to study the degradation of the bio-incorporated Tc and
its availability to plants

- to estimate the interception of the Tc deposited on
non grass types of plant in relation to plant growing
status.

* Phd thesis in the Ecology Program of the University of
Tennessee; Research work in Oak Ridge National Laboratory (TN)
** Scientific collaborator
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Iil.  Progress achieved:

1. vValjdation of the long term behaviour model in soils

The LLN model was validated, introducing the data collected
during the period 1983-1987. The following decay model con-
sidering two compartments has been validated.

Cs = D1 x (R exp (-A1 t) + (1 - R) exp (-Az t)) +
Dz x I x (R exp (-A1 (t - T2)) +
(1 - R) exp (-A2 (t - T2))

T2 = 102 days ; 2 contaminations

Cs is the activity present in the soil per unit of area
(Bq.m-2)

D1, D2 is the activity deposited per unit of area

R 1s the fraction of the deposited activity associated
with the first compartment

I is the indicative value corresponding to the contami-
nation (equal to 0 if t < Tz and to 1 if t > T2)

In our experimental conditions, the values of R indicate
that more than 70% of the deposited activity was associated
to the first compartment (available Tc - Tis2z of % 50 days).
The Tc belonging to the second compartment has a very long
Tis;2 : ¢ 30 years. Such a model may be applied for more than
two contaminations and it would be interesting to validate
it for regular chemical depositions.

2. Technetium speciation jin soils (Ageing of technetium)

Analysis of the Tc transfer from soil to plants has shown
that the availability of TcO«- deposited on soil decreases
with time and that the transfer factor decreases from 464
(1984) to 3 (1987). The phenomena has been observed by
different scientists and was explained by its reduction and
its association with organic matter. The role of soil bacte-
ria in the sorption-desorption processes has been studied
recently (1,2).

The reduction with time of the Tf factors may be described
using a two compartments equation which parameters value
fit very well with the parameters of the same equation
applied to the percolates activities for the same period.
Such a result confirms that the Tc of the soil water com-
partment is only available to plants (TF: Ti;2 first com-
partment 35 days; second compartment 3 years).

These observations are in complete agreement with the
chemical determination (sequential extractions of the Tc

of the samples of soil collected in the lysimeters). The re-
sult have shown that
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- the total activity decreases with depth (more than
50% of the total activity in the first 5 cm layer)

- The Tc extracted by water (bioavailable Tc) repre-
sents only a very low percentage of the total acti-
vity (+ 3 % of the total Tc)

- the bound Tc is the most important fraction for the
different depths (55% bound to organic substrates;
33% bound to sesquioxides; 9% removed by ashing and
acid digestion).

3. Final balance of the Tc in the soils

Taking into account of the results obtained in the
lysimeters and of the very low biocavailability of residual
Tc, a study of the Tc distribution within the three compart-
ments investigated was conducted and the results given by
the figqure 1. Six years after the first deposition, 27% of
the deposited Tc remains in the soil, 41% was exported by
the plant and 32% was lixiviated and harvested in the
percolates.

4. Availability of the bioincorporated Tc

The figure 2 gives the transfer factors obtained in minily-
simeters filled with soils on which leaves of poplar and
needles of harches were deposited. Ray-grass was grown on
these soils in order to study the biodegradation of the or-
ganic material and the Tc availability of bioincorporated
Tc.

After the three first harvest it seems clear that the bio-
availability of technetium is higher in the '"poplar system"
and that the biodegradation of that material is quicker.

Transfer factors expressed in (cpm dry weight plant / cpm
dry weight soil), were very high in both media and corres-
pond for the first harvest to the non metabolized fraction
of Tc stored in the plant material.

The Tf decrease with time as it was observed in the
lysimeters. Nevertheless the Tf of the third harvest increa-
se and that result would correspond to a more intense degra-
dation of the poplar material (will be checked up in 1988).

5. Interception of TcO4 by plant canopies

The interception factors calculated for wheat at different
moments of the growth cycle are given by table 1 (Intensity
of the rain : 20 mm/h; activity : 1.4 106 Bq m-2 traced with
Tc-95m ) .

Values obtained directly after the rain are situated within
the range of the values found in the literature for grass
(0,02 - 0,82). The highest values obtained for plants
harvested at maturity (long-term r values) may be explained
by the absorption of Tc deposited on the soil and reabsorbed
by the plants. These values would have to be checked up for
other non grass types of vegetation.
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IV. Objectives for the next reporting period:

Validation of the long term model for Tc-99;

Study of the transfer

of bioincorporated Tc;

Study of the direct contamination of non grass-type plants by Tc;
Application of the methods to the Cs-137 contamination of trees
(study of the biogeochemical behavior of Cs-137 in forest ecosystems)

V. Other research group(s) collaborating actively on this project [name(s) and

address(es)]:

- Prof. CREMERS: KUL {Katoliek Universiteit Leuven, Belgium)

Prof. PIERI, J.: Université de Nantes (F).

- Oak Ridge National Laboratory — ORNL: Dr. Auerbach, Hoffman, Blaylock.

~ Pacific Northwest Labor. Richland, Washington: Prof. Wildung, Dr.

VI

1.

4.

Cataldo.

Publications:

HENROT, J.
HENROT, J.
SOMBRE, L.
VANDECASTEELE,

Behavior of technetium in soil: sorption-
absorption processes, PHD, University of
Tennesse, Knoxville.

Bicaccumulation and chemical modification of
technetium by soil bacteria. Report of a
Research sponsered by the Office of Health
and Environmental Research, US DOE. Contract
N' DEAC05-840R21400 with Martin Marietta
Energy Systems, Inc.

Contribution & 1'étude du transfert du
radiocésium dans une chaine d'eau douce sim-
plifiée Eau-Algue verte (Scenedesmus
obliquus) - Mollusque filtreur (Dreissena
Polymorpha). Thése doctorat 3éme cycle en
Ecologie (Radiohydrobiologie).

C.M. Influence du technetium sur la nitro-

génase d'Azotobacter. Thése de doctorat
en Sciences Agronomiques.
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RADIATION PROTECTION PROGRAMME

Progress Report
1987
Contractor Contract N0 . BIg-B-046-UK

United Kingdom Atomic Energy
Authority, UKAEA

Charles Il Street 11l

GB- London SWI1Y 4QP

Head(s) of research team(s) [name(s) and address(es)]

LDr R.G. Derwent

Env.& Med. Sciencec Div.
AERE

larwell, Didcot

GB~ Oxun 0X1l ORA

Telephone number  0235/241.41
Title of the research contract.

Distribution aud transfer of radionuclides in terrestrial and sea

environments.

List of projects.

1. Cumparison of radionuclide deposition to vegetation
2. Comparative study of soil to plant transfer of Neptunium,

Plutouniuw, Americium and Curium
3. Exchange of radicnuclides between the sea and atmosphere.
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Title of the project no.: 1

Comparison of radionuclide deposition to vegetation

Head(s) of project:

Dr R G Derwent

Scientific staff: P A Cawse
S J Baker
P Burton
J Woodvatt

. Objectives of the project:

The objectives are to examine the influence of geography and climate on
the nuclear weapons fallout 'baseline'in atmospheric deposition, in soil
and in vegetation, and to apply these 'baseline' data to parallel

studies in the environment of nuclear installations. Samples will be
analysed for Sr-90, Am-241, plutonium and gamma-emitters including Cs-134
and Cs-137. The continuous measurements will allow seasonal effects to
be established and an atmospheric input/vegetation output inventory of
radionuclides will be derived at specific sites.

An associated collaborative study is being made in France by CEA
Cadarache extending southwards to 44ON (see Section V) for comparison
with the measurements in Gt. Britain which extend northwards to 58°N.
Some of the study sites are located near to the coast so that the
significance of sea to land transfer of actinides can be assessed.

il.  Objectives for the reporting period:

(a) to maintain continuous sampling at the 1] field plots of atmospheric
deposition, ryegrass and lucerne, including sampling of herbage
grown in standard soil with low radionuclide content. The samples
from sub-plots indicate the importance of atmospheric deposition of
radionuclides by eliminating the effects of soil variability from
site to site, and can thus demonstrate the influence of nuclear
installations.

(b) to complete analysis of samples collected in 1986 and to commence
analysis of 1987 samples for gamma—emitters and actinides, and
stable Na and Ti to assess deposition of sea spray and soil dust.
Particle size distributions in rainwater will be measured.

(c) to sample soil profiles at each site and to commence analysis of
radionuclides to establish the extent of migration.

(d) to collaborate with CEA Cadarache on implementation of the project,
and comparison of results.
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Ill.  Progress achieved:

The routine collection of total (wet and dry) deposition, ryegrass
and lucerne has proceeded at the 11 field plots (Fig. 1). The
vegetation is now well established and receives standard fertiliser
and herbicide treatments: it was harvested at the end of May 1987
and again in September. Soil profiles have been sampled to 0.5 m

depth from grassland next to the plots, by removing soil from 12 depth
intervals.
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Concentrations of Cs-134 and 137 in ryegrass had decreased by 2
orders of magnitude at 5 months after the Chernobyl accident, and did
not exceed 100 Bq Cs-137/kg dry weight; lucerne shows much less
uptake. The influence of nuclear installations on environmental
levels of radionuclides is evident, by order of magnitude increases in
soil concentrations of plutonium and Am-241 at the Dounreay and
Braystones (near Sellafield) plots, with a similar increase in the
seasonal atmospheric deposition of actinides and concentrations in
ryegrass and lucerne, ie, up to 0.7 Bq Pu-239+240 kg~! and 0.9 Bq
Am-241 kg™ '. Results from sub-plots indicate that these increases
occur by interception of actinides by foliage and that soil to plant
transfer is relatively minor.

Fxamination of particulate matter in deposition and on leaves shows
three main groups, namely spherical (| to 10 ym dia.), angular

(5 to 15 ym) and aggregate (16 to 50 ym). Up to 25 x 106 particles/
litre are present, but the association with radionuclides is unknown.



V.

(a)

(b)

(c)

(d)

VI.

Objectives for the next reporting period:

to mainta:n the sampling programme for atmospheric deposition and
vegetation according to the established schedule and to continue with
the analysis of gamma-emitters and actinides in all samples. The
fate of Cs-134 and Cs-137 derived from Chernobyl fallout will continue
to be followed.

to derive an inventory of radionuclide deposition to soil and
vegetation, including seasonal (summer/winter) comparisons, and to
examine the site specific differences.

to use the data from plots that are distant from nuclear instal-
lations to assess the climatic effect on radionuclide deposition and
accumulation in soil.

to collaborate with CEA Cadarache on progress of the measurements and
interpretation of results.

Other research group(s) collaborating actively on this project [name(s) and
address(es)]:

Centre d'Etudes Nucleaires de Cadarache, Service d'Etudes et de
Recherches sur 1'Fnvironnement: Chef, A. Grauby, BP no. 1, 13115
Saint-Paul-lez-Durance, France.

Collaboration is made with A. Grauby, J. Delmas and C. Colle.
Discussions took place with CEA Cadarache in autumn 1987 and results
were discussed at the 5th Workgroup Meeting on Soil to Plant Transfer
at Egham GB, April 1987.

Publications:

R S Cambray, P Burton, P A Cawse et al. (1987). Observations on
radioactivity from the Chernobyl accident. Nuclear Energy, 26:
77-101.

Short Communication/Summary

P A Cawse and S J Baker (1987). Atmospheric deposition of radio-
nuclides and transfer to vegetation in Gt. Britain, 49-50, In 5th
Report of Workgroup on Soil to Plant Transfer Factors, Egham, UK,
April 1987, RIVM BILTHOVEN, The Netherlands.
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Title of the project no - 2

(omparative study of soil to plant transfer ot Neptunium, Plutonium,
Americium and Curium.

Head(s) of project: D'r R C Derwent

Scientific staff: P A Cawse
S J Baker
P Burton
D Jenkins

I.  Obijectives of the project:

Ihe objectives are to provide improved dataon soil to plant transfer of
actinides following contamination of difrerent soil types that occur in
Gt. Britain and in France. The effect of ageing in soil of actinides
will also be determined with respect to plant uptake and the distribution
of actinides in soil compartments. The information gained will improve
the accuracy of radiation dose estimates to man from the ingestion
pathway.

Il Objectives for the reporting period:

(a) to analyse crop samples collected from the Am-24! and Np-237
tracer experiments in 1986, and to continue the harvesting
programme throughout 1987. The influence of ageing on uptake of
tracers is to be examined by the soil to plant transfer factors
obtained during the course of the study which is intended to
proceed for three years, using ryegrass and lettuce as test plants.

(b) to set up a further tracer experiment using Cm-244 in nitrate
form added to an organic (fen) soil and a brown earth.

(¢) to collaborate with CFA Cadarache, who are carrying out a series
of experiments with additional crop plants using the same organic
(fen) soil from Gt. Britain, and French soils (brown acidic and
brown calcarcous earth).
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Progress achieved:

Analysis of samples collected in Autumn 1986 and Spring 1987 has
proceeded and soil to plant transfer factors for Np-237 and Am-241
have been derived. In Summer 1987, further samples of ryegrass and
lettuce crops have been obtained and prepared for analysis.

The results from the first year of ryegrass growth show that
according to the soil type and treatment, the concentrations of Np-237
and Am-241 vary from 0.8 to 95 Bq kg~! and 0.7 to 100 Bq kg~! dry wt.
respectively. Thus 