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Preface

It has been customary, in the past, for the EC Radiation Protection Research Unit to
publish a summary of the results described in the Final Reports of the research projects at
the end of a programme period. The immediate past publication (EUR 13200) presented
a Review of the Radiation Protection Programme from 1960-1989 and a Synopsis of
Results 1985-1989. This document presents a synopsis of the research results arising
from projects supported during the period of the Third Framework Programme from 1990-
1995 as well as the results arising from the Chernobyl Research Programme carried out
from 1991-1996 with a special budget (APAS-COSU) which fell outside the normal
Framework Programme.

The research done during the Third Framework Programme was divided into to distinct
contractual periods covering 1990-1991, when the work was carried out as a separate
Radiation Protection Research Action, and 1992-1995, when the Radiation Protection
Research Unit was integrated into the Nuclear Fission Safety Programme. The dissolution
of the Soviet Union made it possible to initiate collaborative research projects with
institutes in the newly independent countries of Belarus, Ukraine and the Russian
Federation to investigate the radiological consequences of the Chernobyl reactor accident.
The Chernobyl research provided an additional challenge to the programme and the
radiation protection research workers throughout the European Union and the successful
execution of this programme, often under difficult administrative and practical conditions,
which concluded with the "First International Conference on the Radiological
Consequences of the Chernobyl Accident™ held in Minsk in March 1996, bears witness to
the quality of Radiatioon Protection Research in the European Union as well as to the
determination and dedication of all the individual scientists involved including those from
Belarus, the Ukraine and the Russian Federation.

The implementation of both aspects of the programme has been guided by the members
and experts associated with the Management and Coordination Advisory Committee (CGC)
"Radiation Protection”. The deep interest and keen attention paid by the Committee to the
developments in the programme and the wise advice given to the Commission staff has
been a major factor contributing to the success of the programme.

The programme continues to stimulate radiation protection research throughout the
European Union and the results constitute an important contribution to the further
development of radiological protection philosophy and international recommendations
issued by the International Commission for Radiological Protection (ICRP).

E Andreta S Frigren

Director DG XII.F Director DG XI.C

Energy Nuclear Safety and Civil Protection
J Sinnaeve V Ciani

Head of Unit DG XII.F.6 Acting Head of Unit DG XI.C.1

Radiation Protection Research Radiation Protection
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CHAPTER 1

EXECUTIVE SUMMARY






The Commission’s radiation protection research activities are based on the Euratom
Treaty which conferred on the Commission since 1957 the responsibility to establish
uniform "basic standards for the protection of the health of workers and the general
public against the dangers arising from ijonizing radiations and ensure that they are
applied" and for the "study of the harmful effects of radiation on living organisms". The
Radiation Protection Research and Training Programme has therefore supported
research in the Member States with the aim of providing the scientific input needed for
the continuing development of radiation protection philosophy and practices. The
Commission’s programme plays an increasingly visible and well defined role in the work
of the non-governmental international organisations, such as [CRP and ICRU which issue

the recommendations on radiological protection, as well as in providing essential data to
UNSCEAR.

Radiation Protection research is a Community activity with unique structure as it is
concerned with a recognized hazardous agent, ionising radiation and radioactivity, and
covers a wide range of complex topics from the identification of source terms, the
distribution of radioactivity in the environment and the resulting exposure of the
population through a quantitative and mechanistic analysis of the health effects to the
continued development of risk assessment and protection policy. The specific field of
radiation protection research exists because of the need to integrate all the research
results coming from the wide variety of topics to form a comprehensive and coherent
safety and protection culture.

The Programme has been implemented, until recently, in five-year periods via cost-shared
contracts with individual institutions. The last five-year period covered 1985-1989 but
then the Programme was brought into synchrony with the Third Framework Programme
by a Council Decision adopting a Research and Training Programme for the European
Atomic Energy Community in the Field of Radiation Protection (1990-1991). The
radiation protection research was continued through a Council Decision adopting a
Research and Education Programme in the Field of Nuclear Fission Safety (1990-1994)
which included Area 1: Radiation Protection and Area 2: Reactor Safety. This
programme of radiation protection research was extended to June 1995 by a Council
Decision which provided additional funds for the Third Framework Programme. This
third framework programme period heralded the introduction of multi-national, multi-
partner contracts which have provided a structure for, and thus intensified, the
collaboration between the different research institutions in the Programme.

In 1986 the accident at Chernobyl occurred and in 1991 a collaboration with the
Chernobyl Centre for International Research (CHECIR) was launched with the
Communication of the Commission to the Council. Following the dissolution of the
Soviet Union, the research started via CHECIR was continued under an Agreement for
International Collaboration on the Consequences of the Chernobyl Accident signed in
June 1992. The research carried out under this Agreement has been supported in a series
of annual non-framework programme budgets (APAS-COSU, Hors - Programme Cadre)"
from 1991 to 1996. Sixteen projects covering radioactivity in the environment, counter-
measures, emergency management and health effects were supported by the programme
which were all implemented through multi-partner contracts with institutes in the
Member States and in the three affected republics.



This synopsis provides a critical review of the progress achieved under the major
headings of the programme: Human exposure to radiation and radioactivity;
Consequences of radiation exposure to man; and Risk and management of radiation
exposure; and it also reviews the results from the Chernobyl research under the headings:
Radioactivity in the environment; Off-site emergency management and pathways of
exposure; and Evaluation of the health consequences and retrospective dosimetry. The
final chapter describes the development of the current programme, the changes that have
occurred and the way in which the priorities of the new programme were developed.

The continuous involvement of a highly qualified scientific management staff covering all
disciplines encountered in radiological protection and their constructive cooperation with
research consortia significantly contributed to keep the research projects on target within
the priorities laid down.

Dosimetry - Research in radiation protection dosimetry is currently based on experience
gained over some decades. The current task of research in this area is to provide the
methods and techniques needed to implement radiation protection concepts and
regulations. One of the major tasks has been to provide the data and practical guidance
for implementing the revision of the Directive for the EC Basic Safety Standards which
was adopted on 13 May 1996. The efficiency with which this work - which is of benefit
to radiation protection worldwide - was carried out was entirely due to the high standard
of research and the level of competence within the EU Member States. This is a
consequence of the continuous involvement of the EC Radiation Protection Research
Programme and the high level of integration and collaboration in Europe which has been
achieved in this area of research.

The collaboration and integration has also led to other developments of practical
relevance. Examples are a new comprehensive approach to radiation monitoring in the
workplace combining methods of ambient and individual monitoring with those of
computational dosimetry. In internal dosimetry, the international collaboration ensures
rapid transfer of research results into practical use. There is, however, still a need for
basic research in specific areas. Examples are the basic data for high energy particle
interactions and the human metabolism of incorporated radio-nuclides. The considerable
progress achieved in these areas was made possible by the application of methods
developed in other scientific areas, such as ultra-sensitive analytical methods for trace
elements.

The progress and achievements have been good or very good in most areas. The most
obvious exception is the area of mixed field neutron individual monitoring. Future
research in this area will have to take account of developments in other scientific fields
and adopt a more targeted approach. There will be a continued need for some basic
research for exposure to high energy radiation and in internal dosimetry.

Radioecology - In the past research in radioecology has been limited to the monitoring
of contamination levels in different compartments of a food-chain and its consequent
modelling. During the 1990-1995 period the more traditional empirical approach of the
past has gradually evolved into a more mechanistic approach with the aim of providing
a structure to environmental engineering and putting environmental management on a



sound scientific basis. In this context a number of important results have had
considerable influence on this development, such as the fundamental understanding of
the mechanisms of absorption/desorption by components of clay and the role of organic
matter; the development of the experimental and mathematical methodology to predict
the true absorption of radionuclides through the gastrointestinal tract in livestock animals;
and an improved description of the operative physico-chemical and biophysical factors
determining the contamination load of water, sediments and biota.

With the development of the new attitude towards radioecological research in the Third
Framework Programme it became clear that environmental assessments should be based
on contamination loads and total inventories of contaminants as they flow through the
environment, rather than on local concentrations and concentration changes. This
concept forms the basis for the Fourth Framework Programme and has led to
radioecological priorities where the determination of fluxes of radionuclides in different
types of ecosystem has become the central objective of the investigations. The
ecosystems studied include agricultural land and semi-natural ecosystems, as well as
freshwater and marine environments. The flux models developed for these ecosystems
will be used to evaluate their vulnerability and a Geographic Information System based
classification will be produced. As an extension of these classifications, strategies of
environmental restoration (exclusively dealing with large surface decontamination in
contrast to site restoration) will be developed in order to create a fully comprehensive
environmental strategy which can be used in the case of a future accident.

Radioecological Consequences of Chernobyl - The radioecological research carried on
round Chernobyl has contributed to considerable progress in our understanding of
radionuclide behaviour in different ecosystems, which has clearly demonstrated that good
science leads to well-informed decisions. Such information has been acquired on the
mechanisms which govern radionuclide interaction with the environment which has given
a better assessment of the environmental consequences of the accident and the resulting
radiation dose to the population. A wide variety of remedial measures have been
developed or critically evaluated, with an assessment of their usefulness which has
considered not only effectiveness but also their appropriateness for use in the
contaminated regions. Although radiocaesium activity concentrations in most food
products are well below intervention limits some problems remain, in particular "private"
milk and some semi-natural products, especially mushrooms.

In the contaminated regions of the three republics the relative importance of different
pathways of contamination varies, depending on where people live and the extent to
which the applied countermeasures have reduced contamination levels in the foodstuffs
which they eat. Urban residents purchase food from shops which largely originates from
the collective agricultural system, whereas much of the rural population are subsistence
farmers who purchase few products from shops. Since most countermeasures have been
directed towards the collective system the intake of radiocaesium via this route is
currently low. The contamination levels in foodstuffs grown by private farmers in rural
areas will depend on many factors, including deposition rate, soil type and agricultural
practices such as the extent of usage of forest areas. *'Cs intake by urban residents from
private farming will arise from the cultivation of private vegetable plots and food gifts
from rural relatives. The significance of mushroom consumption in contributing to



radiocaesium intake and whole body burdens has been clearly demonstrated for rural
inhabitants, but more data and further evaluation is needed for urban inhabitants since
the tradition of collecting mushrooms in the autumn is widespread in the three republics.
Similarly, the intake of radiocaesium via fish or game and possible counter-measures
needs further consideration. Possible remedial measures, appropriate to private farmers,
need to be evaluated further so that radiocaesium activity concentration in private milk
can be reduced below intervention limits.

Health Effects - Research in this area is, in general, at the more fundamental end of the
spectrum although many projects have a clearly defined goal in the short to mid-term.
Examples of these more targeted projects are the development of biological dosimetry
using the chromosome painting technique and the reassessment of the possibilities for the
treatment of over-exposed accident victims where the application of growth factors holds
great promise. Other research has, in the past and also in the Third Framework
Programme, been concerned with the measurement and analysis of dose effect
relationships at low radiation doses. During the 1990-1995 period the emphasis has
moved somewhat towards the desire to develop an understanding of the basic processes
induced in the cellular DNA by the radiation and to couple this understanding to cancer
modelling and epidemiological studies to derive a better assessment of low dose radiation
risk. This trend is clearly identifiable in the priorities selected for the Fourth Framework
Programme.

In the health effects studies considerable progress has been achieved in many of the
prajects with quite remarkable progress registered in areas such as DNA repair research
and early events in radiation carcinogenesis. Much of this progress is being made
possible by the developments in molecular biology which finds increasing application in
this area of radiation protection research. The newly available techniques stimulate not
only the rapid progress but also the development of new concepts, new ideas and
different paradigms, such as in the treatment of accident victims, and in radiation
cytology. The areas where the research continues to press forward with great promise
are the areas of prime interest for the future such as DNA repair, early events in
carcinogenesis and new treatments for accident victims. In other areas of health effects
research the studies have been less successful and in spite of the new methodologies
certain goals have not been achieved. These areas are typically those which have had to
be seriously reconsidered before inclusion as topics in the new programme.

Epidemiology - Studies in this area are crucial to the derivation of low dose radiation risk
which is currently determined from the follow-up of the Japanese Atom Bomb survivors.
However, the Japanese were exposed to a very short flash of radiation and it has been
increasingly recognised during the last few years that the risk from an exposure
protracted over the major part of a lifetime, as is the case with radiation workers and,
in the case of radon, for the population, may not be simply related to the risk
experienced by the Japanese. The epidemiological research has consequently been
changing to include studies of populations exposed over long periods of time such as the
nuclear workers study and to develop the necessary mathematical tools to analyze these
populations. In addition, the risk of indoor radon exposure for the population has yet
to be defined and a major European cooperation is concerned to develop sufficient
statistical power to resolve this problem by means of a lung cancer case-control study in



regions with high radon levels. This study is supported by a follow-up of Uranium miners
in Europe where the induction of lung cancer by high level exposure to radon decay
products is well documented. Several other studies addressed particular epidemiological
problems such as effect of age at exposure, internally deposited radioactivity, secondary
cancers following radiotherapy and the relationship between Chernobyl and the incidence
of childhood leukaemia in Western Europe. Epidemiological studies are by their nature
long-term requiring meticulous data collection and verification and careful analysis.
Progress in the area has been good taking into account the special nature of the studies
and there has been a clear development of the strategy so that, in the new programme,
epidemiological studies will concentrate on better defined populations and on the
problem of the risk from a chronic protracted exposure over a major part of the lifetime.

Health Consequences of Chernobyl - This period has been successful for the health
projects studied in the Chernobyl research programme and many of the original short-
term objectives were met: the potential for conducting sound specific epidemiological
follow-up in the republics has been demonstrated; reconstruction of organ dose or whole
body dose using both physical and biological techniques appears feasible with accuracies
and dose thresholds as required for epidemiological studies; the views of doctors on the
treatment of bone marrow damage have drastically changed and the need for
standardization of medical nomenclature and methodology has become evident; the
diagnoses of thyroid cancer in children made real progress, the tumours have been
classified, the subtypes identified, and cytochemical and molecular biological
investigations carried out. The clinical aspects of the post-Chernobyl! thyroid carcinoma
also made substantial progress, even if it was not easy to discuss and come to an
agreement for common protocols with the different surgeons in the CIS, since thyroid
cancer was treated differently there than in the West. A protocol for diagnosis,
treatment and follow-up has been devised. It is particularly gratifying that considerable
humanitarian aid has been provided by the Commission to the republics in the form of
specialised equipment and drugs as a direct result of the thyroid cancer research.

The studies on the health consequences of the Chernobyl accident have shown that, in
1996, the only health effect in the exposed populations which can be linked to the
Chernobyl accident is the large increase of thyroid cancer in children who were living
near Chernoby] at the time of the accident. However, cancer is known to appear several
years after radiation exposure and it is evident that there is a need for continued
surveillance of the exposed populations.

Radon research - Research in this field was focused with good progress along two main
axes during the 1990-1995 period, namely: improvement of the estimation of the risk
arising from inhalation of the decay products; and, in parallel, the development of
efficient remedial actions to reduce the level of indoor radon, applicable to the European
building stock. Research on the estimation of risk encompassed a large range of
activities including the characterisation of the properties of airborne radon decay
products which are important for the calculation of lung dose; deposition patterns in the
respiratory tract; dose-effect relationship for the induction of lung cancers in animal
experiments; case-control epidemiological studies; and retrospective assessment of radon
exposure. The research for the development of efficient remedial actions included
studies of correlations between soil characteristics and indoor radon concentrations;



modelling of radon movement in soil and entry into buildings; modelling of radon
movement inside dwellings and studying radon permeability in and exhalation from
building materials; and evaluating the efficacy, reliability and permanence of practical
solutions.

Substantial efforts have been made in all Member States of the European Union in terms
of basic research, in terms of surveys to map the varying level of radon exposure; and in
the development of remedial actions but more research is needed to improve the
understanding of the mechanisms involved in the development of lung cancer associated
with radon.

The actions taken to mitigate the radon exposure situation range from the setting of
action levels for dwellings, to costly investments in modifying building and work practices.
The socio-economic impact of decisions taken by the society (property owners, mining
industries, regulatory agencies, public health services) can be far reaching. Therefore,
a careful objective estimation of the risk of radon exposure is of great importance, since,
both underestimation or overestimation will have undesirable consequences in terms of
either potential threats to public health or a waste of manpower and money. Therefore,
in the Fourth Framework Programme, priority is given to the development of a large and
comprehensive multi-disciplinary study aimed at the best possible assessment of the risk
arising from the inhalation of the radon decay products.

Risk Management - Much has been achieved in this area of the programme and this is
exemplified by the wide dissemination and use of a number of software products that
have been developed for risk assessment, decision support in nuclear emergencies and
for optimisation of radiation protection. The existence and wide use of these software
products is contributing to the more uniform and consistent application of radiation
protection principles and risk assessment methods within the EU. Moreover, they
provide a basis or platform for the integration of new knowledge and developments in
the respective areas; this should enable the more effective use and better integration of
future EC and national R&D resources in these areas and help avoid unnecessary
duplication. In some areas the methodological developments are now relatively mature
and are largely fit for purpose (eg, optimisation of radiation protection in normal
operations, probabilistic accident consequence assessment, assessing the health and
environmental risks of radioactive materials released to the environment); it is important,
however, that these are maintained "state of the art" given their widespread and
increasing use within the EU and often within a regulatory context. Much, however,
remains to be done in other areas: in particular, in improving the quality and
comprehensiveness of decision support systems for managing the off-site consequences
of any future nuclear accident and promoting a more coherent and integrated approach
throughout Europe; in better understanding risk perceptions and improving radiation risk
communication; and in developing approaches to aid the more effective allocation of
resources for the management and reduction of diverse health and environmental risks.
These topics are priorities within this area of the new Programme.

Off-site emergency management after Chernobyl - A number of important achievements
have resulted from research carried out in the area of emergency management and
pathways of exposure. Perhaps the most important has been the joint development of



the RODOS system for aiding decisions on the management of the off-site consequences
of any future nuclear accident. The installation of the RODOS prototype in Belarus,
Russia and Ukraine, and decisions to integrate it within national emergency arrangements
in the respective countries, augurs well for a more effective and coherent response to any
future accident that might affect Europe. Further developments are, however, needed
to complete the system and technical assistance would greatly accelerate its
implementation in the three countries. Important insights were also gained on post
accident management, particularly in the longer term, from the Chernobyl experience.
The importance of social and political considerations was highlighted and this has
implications for both the longer term management of the contaminated environment
around Chernaobyl and for the development of policies and strategies for the management
of any future accident. The social and psychological impact of the accident has been
considerable and persistent and was largely unexpected. The extent to which this was
influenced by the broader changes then occurring in the Former Soviet Union is a matter
for conjecture; it is clear, however, that this aspect needs greater attention in future.
Increasing social trust and enabling individuals to exercise greater personal control were
identified as key issues for improving the situation for those continuing to live in
contaminated areas. Means for achieving this through a decentralised approach have
been identified and will be evaluated in the new programme.

Major improvements have been made in models for assessing internal and external doses
in the contaminated areas. These models are more realistic than those currently used
by the respective national authorities and, in general, result in significantly lower
estimates of dose. The adoption of these improved models would, in principle, result in
the more effective allocation of resources to the long term management of the
contaminated territories and, moreover, help allay anxiety in the population consequent
upon the smaller estimates of dose. Further developments are, however, still needed to
assess dose distributions and to make more reliable estimates of doses from natural/wild
praduce. The Atlas of caesium contamination for the whole of Europe provides much
needed perspective on the geographic scale and extent of the contamination; moreover,
it provides a useful, albeit approximate, surrogate for the geographical variation in the
(longer term) exposures from the accident. The data underlying the Atlas will be of long
term value to the scientific community for research and development purposes.

Radiation Protection in Medicine - Research on the use of ionising radiation in diagnostic
radiology was concerned mainly with establishing the scientific basis to combine good
quality diagnostic imaging with radiation protection optimisation strategies. Special
attention was given to involve the medical and technical staff in these activities. Good
progress was achieved by the development and extension of the Quality Criteria concept
and by the assessment of reference dose values for a series of radiological examinations.
Both of these investigations prepared the ground for the standardisation of quality
assurance programmes and quality control protocols, and will lead to straight-forward
auditing procedures. The research results have contributed to the evaluation of patient
benefit and protection measures for newly introduced radiological techniques and also
to the ongoing revision of the Medical Exposure Directive (84/466/EURATOM). They
will, consequently, also impact on the design and construction of new radiological
equipment. As a further spin-off the research results were integrated in projects of other
programmes of the EC, such as the Guidelines for Quality Assurance in Mammography



Screening of the "Europe against Cancer - Breast Screening Action". Future research
actions will concentrate on the quantitative approach to defining the link between the
required diagnostic information and the exposure of the patient as an operational tool
for optimisation strategies, including a strong component of the expansion of safety
culture.

Training Activities - The importance of continuing Training Activities in Radiation
Protection has been stressed by the Council Decision on the specific programme "Nuclear
Fission Safety". The main emphasis has been put on European Radiation Protection
Education and Training (ERPET) activities but, in addition, a few short period
fellowships have been granted. Training packages were elaborated and some 50 training
courses were organised during the 1990-1996 period in subjects areas which are crucial
for maintaining and developing expertise in radiation protection. It is the aim of the
ERPET initiative to facilitate access to up-to-date knowledge in key areas and to
contribute to the harmonisation of training programmes in the Member States. As an
extension of this approach common strategies for education and training in radiation
protection should be developed together with other competent international scientific
organisations.

The final chapter of this synopsis presents the reasoning which has lead to the
development of the priorities used for the new programme. Briefly, the reasoning rests
on the need to increase the contribution of the Commission’s programme to the total cost
of the successful contracts coupled to a restricted budget which dictates the choice of well
defined research priorities. The approach taken to maintain as comprehensive a
programme as possible was to define some other topics for concerted action type of
support. In this way the programme has become leaner but fitter and provides a clearly
defined stable platform for the future development of the Fifth Framework programme
and the maintenance of an efficient continuity in the research.
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21 GENERAL INTRODUCTION

The Radiation Protection activities of the European Commission are carried out within
the terms of the Euratom Treaty which created the legal basis for regulation and
research in the field with a responsibility to establish uniform "basic standards for the
protection of the health of workers and the general public against the dangers arising
from ionizing radiations and ensure that they are applied" (Article 2b, and also Articles
30 - 39) and for the "study of the harmful effects of radiation on living organisms"(Annex
I, VI). The regulatory aspects of Radiation Protection defined in the form of Council
Directives laying down Basic Safety Standards are the responsibility of DG XI Direction
C: Nuclear Safety, Civil Protection and Industry. The research aspects of Radiation
Protection which have been carried out since 1958 are currently the responsibility of DG
XII Direction F : Nuclear Fission Safety Programme. There is thus a close connection
between regulation and research in radiation protection which is defined in the Treaty
and revealed in the regular interactions between DG XI and DG XII although there is,
of course, a delay between the acquisition of research results and their application in
regulation. Nevertheless, it is undeniable that the Radiation Protection Research and
Training Programme has contributed to the continuing development of radiation
protection philosophy, practices and regulation over the past 35 years.

Through the 1970s and 1980s the Programme was implemented in a series of five-year
periods via cost-shared contracts with individual institutions. The last five-year period
covered 1985-1989 and the Report EUR 13200 presents a historical review of the
programme from 1960-89 and a synopsis of the results of the 1985-89 period. The
Programme was then brought into synchrony with the Third Framework Programme for
Community Research and Technological Development (1990-1994) by a Council Decision
of 20 June 1989 adopting a Research and Training Programme for the European Atomic
Energy Community in the Field of Radiation Protection (1990-1991) (89/416/Euratom)
{OJ No L 200/50 of 13.7.89} with a budget of 21.2 MECU. The radiation protection
research was continued after this two year programme through a Council Decision of 28
November 1991 adopting a Research and Education Programme in the Field of Nuclear
Fission Safety (1990-1994) (91/626/Euratom) {OJ No L 336/42 of 7.12.91} which included
Area 1: Radiation Protection with a budget of 28.64 MECU and Area 2: Reactor Safety
with a budget of 7.00 MECU. This programme of radiation protection research was
extended with a budget of 12.5 MECU as part of a Council Decision of 15 March 1993
(93/167/Euratom,CEE) {OJ No L 69/43 of 20.3.93} which provided additional funds for
the Third Framework Programme.

During the 1985-1989 programme the accident at Chernobyl occurred and a revision of
the programme supported ten "Post-Chernobyl Actions" which were concerned with the
radiological consequences of the accident for the Member States. In 1991, with "glasnost
and perestroika" it became possible to develop more direct research projects with the
Soviet Union and a collaboration with the Chernobyl Centre for International Research
(CHECIR), an initiative of the International Atomic Energy Agency (LAEA), was
launched with the Communication of the Commission to the Council (SEC(91)220 DEF,
12.2.91). With the dissolution of the Soviet Union at the end of 1991 the research
originally started in the frame of CHECIR was continued under an Agreement for
International Collaboration on the Consequences of the Chernobyl Accident signed in
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June 1992 by M Pandolfi, Vice President of the Commission and representatives of the
Ministries and State Committees responsible for Chernobyl Affairs of the three affected
republics, Belarus, Ukraine and the Russian Federation. The research carried out under
this Agreement has been supported in a series of annual non-framework programme
budgets (APAS-COSU, Hors - Programme Cadre)" from 1991 to 1996 with a total budget
of 23 MECU.

Radiation Protection research has a unique structure as it has to cover a wide variety of
scientific disciplines ranging from aspects of atomic physics, radiation physics and
chemistry, cellular and molecular biology, animal and human carcinogenesis, animal and
human metabolism, haematology, dermatology, epidemiology, radioecology, soil science,
plant physiology, hydrology, marine ecology, emergency management, risk perception,
assessment and management, through to diagnostic radiology. These topics cover a
complete spectrum of complex problems from the identification of source terms, the
distribution of radioactivity in the environment and the resulting exposure of the
population through a quantitative and mechanistic analysis of the radiation induced
effects, especially cancer, to the continued development of risk assessment and protection
policy. The broad nature of the programme imposes certain demands on the programme
managers who are all scientists with expertise and experience in one or more areas of
radiation science and with basic education in different disciplines such as physics,
chemistry, agriculture, plant physiology and medicine. The specific field of radiation
protection research exists because of the need to integrate all the research results coming
from the wide variety of topics to form a comprehensive and coherent safety culture.

The Report "Evolution, achievements, perspectives - Radiation protection programme
1987-92 - Post-Chernobyl actions 1988-89 - APAS-COSU 1991-92 {Eur 15229} presents
a summary of the results arising from the research supported in the programme in the
period 1990-91. Consequently, this synopsis concentrates more on the results of the
research supported in the normal programme in the period from 1992 to 1995 together
with a summary of the results of the research carried out under the Chernobyl
programme from 1991 to 1996. In this respect it is important to note that the results of
the Chernobyl research were the topic of the "First International Conference on the
Radiological Consequences of the Chernobyl Accident" organised by the European
Commission and the Belarus, Russian and Ukrainian Ministries of Chernobyl Affairs,
Emergency Situations and Health in Minsk (Belarus) from 18 - 22 March 1996. The
proceedings of the conference {The Radiological Consequences of the Chernabyl
Accident, eds. A. Karaoglou, G. Desmet, G.N. Kelly, and H.G. Menzel (EUR 16544)}
as well as the final reports of the 16 projects which made up the Chernobyl research
programme {EUR 16527-16542} can be obtained from the Office for Official
Publications of the European Communities in Luxembourg.

22 EVOLUTION OF RADIATION PROTECTION RESEARCH ACTION 1990 -
1995

The Radiation Protection Research Programme of the Community has developed over
the years to be a wide ranging comprehensive approach to the field with newer
developments, such as emergency management or cell transformation, introduced in the
programme when justified. Occasionally topics have been discontinued, such as primary
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radiation effects, when it was felt that continued research in that topic was no longer
producing useful results for the programme. The programme makes use of
multidisciplinary research in a series of inter-related topics with a long-term goal which
is the provision and use of the data and understanding for an accurate assessment of low
dose radiation risks and for the development and implementation of the Basic Safety
Standards. The programme has achieved an appropriate balance and maturity over the
years but has lost nothing in dynamism as new developments in, for instance, computer
technology and molecular biology, have driven the research in a "state of the art"
situation and current progress in many topics is both rapid and exciting. The programme
is gradually becoming recognised to be one of the more influential and important
coordinated groupings of scientists working in this field in the world, an influence which
is increasingly acknowledged by the input which scientists from the programme have in
international committees such as the International Commission on Radiological
Protection (ICRP), the International Commission on Radiation Units and Measurements
(ICRU) and the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR). The Programme remains at the forefront of developments in the field and
is, by design, flexible enough to be easily adapted to changing priorities.

Although some of the research in the programme is basic, much of the work undertaken
is of a pre-normative nature impinging directly on the development of radiation
protection standards and on their application both at the European and at the
International level. The scientific contents of the Programme have been systematically
modified to the needs and priorities of improving radiological protection. In the early
Eighties, risk management and the radon issue became important and a sector on the
evaluation of radiation risks and their management including the risks derived from
exposure to radon and its daughter products was added; by the mid-Eighties, more
attention was given to the reduction of patient exposure in medical diagnostic radiology
and to radiation effects on the developing organism; and in the late-Eighties, cellular and
molecular studies of radiation-induced cancer gained in importance. In the field of
radioecology, the Chernobyl accident highlighted the need for more research on the more
vulnerable natural and semi-natural ecosystems; in dosimetry, new equipment for
measuring exposure has been developed and research on dosimetry of incorporated
radionuclides was emphasised; and in risk management, a strong impetus was given to
the planning of the management of nuclear emergencies and the development of decision
support systems.

Although the 1985-1989 Programme was considered to be comprehensive and sound, it
was suggested that the Programme needed to be more adventurous in its approach and
adoption of more radically new developments in radiation protection. This is, of course,
a laudable objective and has always been a point of consideration in the continuing
evolution of the programme although the approach is not without its dangers and is thus
being implemented with caution especially in view of the insufficient level of funding
needed to maintain the comprehensive package of activities. Strong support is being
given to research which makes use of the most up-to-date methodology and concepts
and "think-tank" type of meetings are organised to advise on new research priorities.

The structure of the Programme developed for 1990-91 period was derived from the
previous programmes but the topics were grouped into three newly defined
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representative areas, i.e.:

1. Human exposure to radiation and radioactivity, with two sub-areas, namely
measurement of radiation dose and its interpretation, and transfer and behaviour
of radionuclides in the environment.

2. Consequences of radiation exposure to man; their assessment, prevention and
treatment, with three sub-areas, namely the stochastic effects of radiation, the
non-stochastic effects of radiation, and radiation effects on the developing
organism.

3. Risks and management of radiation exposure, with two sub-areas, namely the
assessment of human exposure and risks, and the optimization and management
of radiation protection.

This structure has been maintained for the programme period 1992-1995 even though the
contracts accepted for the 1990-91 period were finalised and a new call for proposals and
evaluation procedure was undertaken to create the 1992-94 programme which led to
some minor differences between the work contracted in the two periods. The contracts
funded for the 1992-1994 period were extended up to July 1995 using the additional
funds provided by the Council Decision (93/167/Euratom,CEE).

The changes made to the structure of the Radiation Protection Research Programme
together with revisions in Programme management, have enhanced the interaction
between the different subject areas and have improved the integration of data from the
whole of the programme into risk evaluation.

Cooperation with other EC research programmes has been extended via contacts, for
example, with the "Joint Opportunities for Unconventional or Long Form Energy supply”
(JOULE) programme on external costs of energy cycles and with "Science and
Technology for Environmental Protection" (STEP) programmes on atmospheric
dispersion and risk assessment from pollutants released in the environment. In addition,
in the frame of the cooperation with the CIS links were established with the European
Community Humanitarian Office (ECHO) for the provision of special equipment for the
treatment of childhood thyroid cancer in Belarus and the Ukraine and the "Technical
Assistance to the Commonwealth of Independent States" (TACIS) of DG 1A for training
of medical personnel and for the development of emergency management systems in the
CIS. The Radiation Protection Research Programme has also been actively collaborating
with the programme "Europe Against Cancer" in the field of breast cancer screening by
mammography.

One area of continuing concern to the programme has been the maintenance of radiation
protection expertise throughout the Union. The nuclear energy industry developed
intensively in the late 1950’s and early 1960’s. This created a boom in the development
of radiation protection but now the most experienced scientists in the field are retired or
rapidly reaching retirement age. This loss of experienced scientists is happening at
exactly the same time when the decrease in funding jeopardises the career development
of the younger scientists so that the high level expertise in radiation protection practice
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and research in the Community is in danger of being irretrievably depleted.
Furthermore, the variations in the level of expertise which currently exist between the
different Member States need to be reduced, especially in view of the need to define
European wide policies for nuclear emergency management. Increased attention has
consequently been given to additional specialised training of scientists in the field. A
specific training committee has been created from the Management and Coordination
Advisory Committee "Radiation Protection" (CGC) and from the staff of DG XII-F-6
(previously DG XII-D-3) and DG XI-C-1 (previously DG XI-A-1). The committee
advises the Commission on education and training activities including appropriate subjects
and target groups and monitors the choice of proposed training courses and their
organisation and success. The Commission’s services have concentrated their efforts
under the heading "European Radiation Protection Education and Training" (ERPET),
and collaboration has been established in this respect with international scientific
cooperative groups "European Late Effects Project Group" (EULEP), "International
Union of Radioecologists" (IUR), and the "European Dosimetry Group" (EURADOS)
which organise some of the courses. ERPET has encouraged the organisation of training
courses; the development and provision of information and training packages; the
allocation of fellowships for the exchange of scientists; and the promotion of the
participation of young scientists in scientific conferences. In total, 52 training courses
were organised during the 1990-1996 period. They covered a wide range of topics and
attracted approximately 1600 participants. One extremely interesting development during
the last period has been the support given to young European graduates to attend a yéar-
long courses on Radiation Biology at St Bartholomew’s Hospital Medical College for the
degree of Master of Science at the University of London, UK. The participation of the
programme in the European-isation of this MSc course includes the development of an
advanced module as part of the curriculum with teachers taken from contractors to the
programme and the teaching of certain modules of the course at universities in Germany,
the Netherlands and Austria.

The programme continues to expand contacts with other countries and international
organisations. Sweden became fully associated with the 1990-1991 Programme and
Sweden, Norway and Switzerland applied for an association for the 92-95 period though
the negotiation of the European Economic Area prevented implementation of these
agreements. The special programme for Scientific and Technical Cooperation with the
Countries of Central and Eastern Europe (PECO) permitted 19 projects to be attached
to existing multi-national contracts for the 1992-1993 period and in the 1994-1995 period
this number increased to over 50 projects.

The contacts with the Canadians and the Americans at the management of contracts level
have been maintained and in 1991 and 1994 meetings were organised between the
programime managers and representatives from the Atomic Energy of Canada Limited,
the Atomic Energy Control Board and the Radiation Protection Bureau of Health
Canada. In 1991 and 1995 comparable meetings were held with representatives of the
US Department of Energy’s Office of Health and Environmental Research and Office
of International Health Studies and the National Institute of Health. The conclusion of
Memoranda of Understanding with these organisations has been delayed because of
negotiations on the problem of intellectual property rights. An exchange of lcttcrs
between the Commission and the Radiation Effects Research Foundation
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Japan signed in 1992 has helped to consolidate the existing collaboration.

Several collaborative programmes have been established with the US including a joint
EC/US study of the uncertainty associated with the prediction of the consequences of
accidental releases of radioactive material, an evaluation of models for predicting
atmospheric dispersion in complex terrain, the integration of the CEC and US radon
research programmes through common programme evaluation panels and through the
creation of two DOE/CEC working groups, one on radon risk assessment and a second
one, together with the Canadians, on residential radon epidemiology. The programme
and the Office for Health and Environmental Research of the US DOE continue to co-
organise international scientific conferences in order to improve dissemination of research
results and to stimulate collaboration.

There has been increased interaction with international agencies, in particular with the
International Atomic Energy Agency (IAEA) the World Health Organisation (WHO) and
the Nuclear Energy Agency (NEA) of the Organisation for Economical Cooperation and
Development (OECD). In 1995 the programme co-sponsored an international
conference on "One Decade After Chernobyl" together with the IAEA and WHO.
Collaborative programmes with international agencies include a joint NEA/CEC
Benchmark Exercise on Probabilistic Accident Consequence Models and joint IAEA/CEC
coordinated research on Validation and Model Performance (VAMP). Close cooperation
with the TAEA Coordinated Research Programmes on "Radon in the Human
Environment" and "Radiation Doses in Diagnostic Radiology" has also been established.
Members of the scientific staff of the programme also participate in working groups and
committee meetings of the International Commission on Radiological Protection (ICRP),
the International Commission on Radiation Units and Measurements (ICRU) and the
United Nations Scientific Committee on the Effects of Atomic Radjation (UNSCEAR).

The Radiation Protection Research Action continues to produce impressive results
exemplified by the many publications in quality scientific journals and the proceedings of
meetings organized by the Programme. Software packages have also been developed
during the programme and these are made available to all interested parties. The final
reports of the 1990-1991 programme have been published in EUR 15295 and the
complete texts of the final reports of the 1992-1995 programme will be published in a
separate report (EUR 16769). The dissemination of the results of the programme
remains an important task and staff remain alert to every possibility to improve this.

23 EVOLUTION OF THE CHERNOBYL RESEARCH PROGRAMME 1991-1996

The Radiation Protection Research Action has been carrying out research on the
consequences of the Chernobyl Reactor accident since 1991. The collaboration was
originally established when the Chernobyl Centre for International Research (CHECIR)
was set up by the All-Union Ministry for Atomic Power and Industry in collaboration
with the JAEA. Following the dissolution of the Soviet Union, CHECIR became an
Ukrainian institute and on June 23 1992 Vice President Pandolfi, on behalf of the
Commission, signed "The International Agreement for International Collaboration on the
Consequences of the Chernobyl Accident" with representatives of the Ministries or State
Committees of Belarus, Ukraine and the Russian Federation responsible for the
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Consequences of the Chernobyl Accident. Within the terms of this Agreement a Co-
ordination Board has been established with representatives from the Commission and
each of the three Republics which is responsible for the oversight of the programme, the
choice of projects, the coordination of the participating institutes and the general policy
of the programme.

The funds provided for the Chernobyl research through the APAS-COSU (activités
complémentaires de préparation d’accompagnement et de suivi) budget were renewed
each year from 1991 to 1994. With the funds made available for research on the
consequences of the Chernobyl Accident in 1991 a sum of 2.1 MECU was spent to
establish 5 Experimental Collaboration Projects (ECP) on environmental issues and 2
Joint Study Projects (JSP) on emergency management. In 1992 this sum was increased
to 4.7 MECU to continue these projects and to initiate 2 ECP and 1 JSP on health
consequences. In 1993 a further 3 ECP, one each on health consequences, retrospective
dosimetry and the environment, and 3 JSP, one on health consequences and two on
emergency management, were initiated. The topics covered in the 16 projects are
indicated by the titles given in the following list:

ECP 1: “Contamination of surfaces by resuspended material”

ECP 2: "The Transfer of radionuclides through the terrestrial environment to
agricultural products and livestock, including the evaluation of agro-
chemical practices" '

ECP 3: "Modelling and study of the mechanisms of the transfer of radioactive
material from the terrestrial ecosystems to and in water bodies"

ECP 4: "Evaluation and development of decontamination strategies for a range of
environmental situations and evaluations of their efficacy and other
impacts"”

ECP 5: "The behaviour of radionuclides in natural and semi-natural ecosystems
(forests, marshes, heather, etc.)"

ECP 6: "Biological Dosimetry including Cytogenetics"

ECP 7: "Epidemiological investigations including dose assessment and dose
reconstruction”

ECP 8 "Molecular, cellular, biological characterisation of childhood thyroid cancer"

ECP 9: "Transfer of radionuclides to animals, their comparative importance under
different agricultural systems and appropriate countermeasures"

ECP 10: Retrospective dosimetry and dose reconstruction”

JSP 1: "Real-time on-line decision support systems for off-site emergency
management following a nuclear accident"

JSP 2: "Development and application of techniques to establish intervention levels
for use in nuclear accidents"

JSP 3: "Treatment of accident victims"

JSP 4: "Development of optimal treatment and preventive measures for childhood
thyroid cancer”

JSP 5: "Pathway analysis and dose distribution"

JSP 6: "European atlas of radioactive contamination and external exposures

resulting from the Chernobyl accident”
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These sixteen projects finished in April 1996 although final reports of the projects were
prepared for the Conference in Minsk in March 1996 and have been published as EUR
Reports (EUR 16527 - 16542).

The projects all operate in the same way with a coordinated group of institutes from the
Community Member States working together in a consortium with a coordinated group
of institutes from the three Republics. Experience has shown that, although the concept
of collaboration was a difficult one to convey to the scientists in the three Republics at
the start of the work, there has been a generally positive appreciation of the benefits that
this sort of collaborative work can bring. In general, between 40 - 50 % of the budget
is of direct benefit to the three Republics and is spent in provision of equipment, local
assistance and exchange of scientists.

During the execution of this Chernobyl programme contacts have been established with
other international and national programmes of a similar nature such as the World
Health Organisation "International Programme on the Health Effects of the Chernobyl
Accident"(IPHECA), the US NCI/DOE Programme in Ukraine and Belarus, the Council
of Europe, the IAEA, and with several bilateral programmes of European countries to
facilitate collaboration and avoid duplication of research effort.

24 MANAGEMENT AND STATISTICAL INFORMATION

The first line guaranteeing an active management of the programme lies in the eight
Commission staff members who have over 160 years of scientific experience in radiation
protection between them. The scientific staff, who deal with the day to day running of
the programme have been supported by the members of the Management and
Coordination Advisory Committee "Radiation Protection" (CGC-10) in a close
collaboration both in the selection of proposals, in the development of policy and in the
definition of a strategy for the programme. It is the scientific staff who have written this
critical synapsis of the progress achieved by the contractors over the 1990-1995 period
assessing both the strengths and weaknesses of the research and trying to indicate the
future directions with the most promise for progress in the field of radiation protection.

The major change in the management of the programme in 1990-1991 was the
introduction of multi-national, multi-partner contracts implemented on a cost-shared basis
which have provided a structure for, and thus intensified, the collaboration between the
different research institutions in the Programme. These multi-national contracts have
been surprisingly successful possibly because the programme has a long history of
encouraging interaction between, what were previously, individual contractors through
contractors meetings, the European and International scientific collaborative groups
sponsored by the programme such as EULEP, EURADOS and IUR, and the many
special scientific meetings.

A second major change in the management of the programme introduced in the 1990-
1991 programme was the creation of an association contract with the National
Radjological Protection Board (NRPB) in UK. In the early programmes several
Association contracts had been established but most of them had been discontinued
except for one with the Commission d’Energie Atomique in France. Under the
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Association agreement with NRPB several multi-partner contracts, each having a NRPB
scientists as a coordinator, were grouped and managed through NRPB. The execution
of the Association Contract was coordinated by a Steering Committee made up of three
representatives each from the Commission and NRPB. The steering committee met each
half-year to discuss both the scientific progress of the contracts and the financial follow-
up and this allowed a very efficient and flexible management of the contracts in the
Association.

In the period 1990-1991 the call for proposals resorted in the submission of 333 multi-
national projects with a total of 835 partners of which 75 contracts with 351 partners,
including 26 Swedish and international partners, were approved for support. In addition,
62 single partner contracts were prolonged from the previous contract period. The
programme in the period 1992-1995 received 202 multi-national proposals with a total
of 685 partners which led to 86 contracts with 458 partners, including 71 Swedish,
Norwegian, Swiss and international partners. The Swedish, Norwegian and Swiss partners
were supported by their own governments in this second contract period.

The management of the APAS-COSU Chernobyl Research programme evolved with
time. The day to day responsibility for the scientific management was taken up by
scientific staff members in Brussels and each project had both a western coordinator and
a coordinator in one of the three republics. One member of the staff was given the
responsibility of following the financial and administrative management of the programme
and a Coordination Board was created made up of one representative of the relevant
Ministries or State Committees for Chernobyl Affairs from each republic and three
Commission staff members to oversee the running of the programme. In order to
facilitate the communications with the Chernobyl area and the execution of the field work
around the Chernobyl site an office was established at Zeleny Mys just outside the 30 km
exclusion zone and a fully-equipped radiological laboratory was set up at Pripyat. In order
to centralise the provision of equipment, local assistance, training arrangements and
travel expenses for scientists in the three republics a substantial part of the programme
was administered through the radiological institute Forschungszentrum Rossendorf in
Dresden, Germany with the help of three local secretariats established in Kiev, Ukraine,
Minsk, Belarus and Moscow, Russian Federation. An important result arising from the
management of this programme was the realisation of the need to work constructively
on the scientific infra-structure in each of the three republics as well as on the purely
research aspects of the programme.

In the period from 1991 to 1996 some 80 research groups from the European Union and
some 120 research groups from the three republics worked together on the 16 projects.
The success of the programme owes a great deal to the enthusiasm of the coordinators
both from the Union and the three republics as well as the great desire for cooperation
expressed by all the participating scientists.

Statistical Data
The statistical breakdown of the programme is presented in the following figures for the

periods from 1990-1991 and from 1992-1995 and in the table for the APAS-COSU
programme from 1991 to 1996. The radiation protection programme has maintained the
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same scientific structure throughout the full 1990-1995 period of the Third Framework
Programme. The scientific subject areas are categorized as follows:

L

IL

III.

Human exposure to radiation and radioactivity
I.1.  Measurement of radiation dose and its interpretation
1.2.  Transfer and behaviour of radionuclides in the environment

Consequences of radiation exposure to man; their assessment, prevention
and treatment

IL1. Stochastic effects of radiation

I1.2. Non-stochastic effects of radiation

I1.3. Radiation effects on the developing organism

Risk and management of radiation exposure
III.1. Assessment of human exposure and risks
III.2. Optimization and management of radiation protection.

The allocation of resources, expressed in percentages, to the different subject areas of
the programme is presented for both periods in the pie diagrams.

The participation of institutes from the Member States in the contracts is presented for
both contract periods in the first two bar diagrams and the distribution of the total
number of partners (or projects) per contract is presented in the third and fourth bar
diagrams for both periods.

The allocation of resources in ECU, to the 16 projects which made up the Chernobyl
Research Programme is presented per year in the table. This table also indicates the
development of the programme with time.
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