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1. Introduction

In terms of radiological impact, the most important pathways

and radionuclides identified after the Chernobyl accident

did not provide surprises but were essentially as would have

been predicted from accident scenarios analyses. What was

surprising, as a result of the length and magnitude of the

release and the prevailing atmospheric conditions, is the

extent of the contamination, covering large parts of European

countries. This has had an important political impact,

promoting a desire to have international arrangements for

providing early warning of atmospheric releases and for

internationally agreed intervention levels. Indeed it is

difficult to establish a clear relationship between the

various countermeasures adopted in the different countries

and the pattern of radioactive contamination being measured

in those countries. Another aspect which contributed to the

complexity and confusion resulting from the emergency

response in the countries of concern, was the fact that the

Derived Intervention Levels, existing or adapted at the

moment, for the various exposure pathways have been found to

be identical in certain countries and significantly different

in others, even when environmental and socioeconomical

conditions were not very different.

In the fields of Health effects from Radiation, an important

observation, made on the operative and accident management

staff who took part in operation in the first few hours after

the occurence of the accident and received high radiation
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doses, was the damage to the skin from burns due to

thermoradiation and also to beta-irradiation of significant

areas of their skin, while in the case of a number of people

this extended to the mucous membranes of the nasopharynxe and

gastrointestinal tract. The radiation damage to wide areas of

the skin was one of the main factors contributing to the

overall severe condition of the patients and was a

determining factor in the main fatal complications (1).

Another important conclusion is that bone marrow

transplantation was indicated and feasible only for a very

limited group of victims (13 individuals); furthermore given

the remaining possibility of self-repair, transplantation has

only been moderately effective. It must be underlined that

nobody beyond the bounds of the Chernobyl site is reported to

have suffered any symptoms of direct radiation sickness.

As far as radiation effects on ecosystems are concerned, it

seems that significant effects may be observed only in

Chernobyl plant cooling pond, where aquatic organisms were

subjected to the highest radiation burdens. Inside the 30 km

zone, radiation levels were observed at some points which may

produce significant changes in population of radiosensitive

plant species at these points. But the results are

preliminary and studies of the effects of the Chernobyl

accident on living organisms and ecosystems are continuing.

The various consequences of this disaster have shown again

the importance of the risk linked to radioactivity
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associated with the nuclear energy.

In.this context, there is an urgent need to re-assess the

means (personnel, equipment), their use and their integration

in the framework of the emergency organisation at national

and international levels.
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2. Radioprotection of workers

A total of 203 personnel members of the hit power plant were

affected at various degrees of severity; a certain

aggravation role being played by widespread beta-damage to

the skin.

As of end of August, 31 people had died as a result of the

accident, all of these were operating personnel, firefighters

and emergency workers who had dealt with the immediate

consequences of the accident .

For the majority of patients, clinical recovery occured

toward the end of the second month following the accident.

In the case of practically all patients, without there being

any apparent link with either the presence or degree of

severity of acute radiation sickness, a complex mixture of

of nuclides was found to have entered the organism, these

being mainly isotopes of iodine, caesium, zirconium, niobium

and ruthenium.

The fight against the fire in a nuclear power plant, under an

environment of high radiological risk, represented a new

situation never met previously. The I.A.E.A. intends to

elaborate a technical guideline (criterias and

specifications) regarding the protecive equipment (cloths,

masks) against high levels of contamination of air by

beta-emitters.

Two other technical documents will be also established by the

Agency, the first one on the evaluation and the limitation of
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radiation exposure of workers during the re-entry in the

damaged plant, immediately after the accident has occured;

the second one on the radioprotection problems arising from

the decontamination of the site.

Regarding the health consequences of the exposed workers, it

is recognized that a mass of invaluable information has been

provided by the experienced physicians on the treatment of

the victims. A good conventional treatment was applied to the

majority of the patients, as opposed to the much-publicized

bone marrow transplantations, which were applicable only for

cases within a small range of radiation dose and which were

largely unsuccessful (2).

Consequently the need and the potentiality of success of

transplants in case of nuclear accidents are questionable.

If, in the past, several -victims of radiation accidents were

treated efficiently in specialized European hospitals like

the C.T.R. (Centre International de Radiopathologie) (3) in

France, nevertheless a large number of victims would present

serious management problems. In particular medical teams and

structures must be foreseen for such eventuality. One of the

recommendations made by the IAEA deals with the formation and

the training of the physicians who may have to participate

in the first aids and the early treatment of victims of a

radiation accident. The Agency, in cooperation with WHO, will

identify the subjects to be taught to the medical students in

order to meet this need.
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Furthermore, considering the impressive number of medical and

paramedical staff involved in the cares to the evacuated

population it is necessary that the physicians, specialized

or generalists, may be able to give appropriate advices to

the members of the public.

Finally, methods for physical and biological radiodosimetry

need to be developed further as the treatment depend on a

rapid recognition of the severity of the exposure.
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3. Radioprotection of population

3.1. Radiation exposure

The exposure of individual members of the public may arise

by various pathways, a) extended exposure to the

radionuclides of the plume and to the activity deposited on

the ground, b) internal exposure by inhalation of activity in

the plume and material resuspended into the air from

contamination surfaces, and by consumption of contaminated

foodstuffs.

The prediction of the doses liable to result from an

accidental release can be based on two methods that, in our

opinion, must be complementary. The first one is a

theoritical assessment of the amount and the nature of the

radioactive release during the early phase of the accident.

The second method is to use the results of early off-site

measurements of radionuclides made after the release to the

environmental has begun. Indead the difficult question arises

as to which are the most appropriate models to use in an

emergency situation, a paper on this subject has been

presented recently (4). The "on-line" models are particularly

interesting because they allow very quickly the assesment of

the environmental consequences due to a large atmospheric

release in progress and they provide an overall view of the

radiological situation on a wide area (5). Chernobyl has

shown that it is important to be able to predict, in advance,

possible deposition of radionuclides due to the action of
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rainfall on the plume. Study of plume rise for very energetic

releases is also a priority as well as the development of

operational evaluation system and decision oriented system.

The feasibility of input parameters optimisation by feedback

of environmental survey data is one of the major priorities

in this field at the CEN/SCK. Indeed, the interaction between

environmental measurements and models predictions is the

basis for a decision which may lead to important socio-

economical consequences.

The real-time assesment of accident consequences is one of

the recommendations made by the IAEA for further development.

Furthermore, detailed studies of the dispersion of the

Chernobyl plumes should make possible, improvements in the

capability for reliable trajectory model predictions.

3.2. Effects of exposure and countermeasures, in the early

phase of accident.

It is necessary not only to evaluate the exposure of the

individuals directly affected by the accident, but also to

consider the deleterious health effects to the population

that may result from this exposure.

I.C.R.P. has classified health effects into two categories:

stochastic and non-stochastic (6). Stochastic effects are

those whose probability increases with increasing radiation

doses, without treshold; the severity of stochastic effects

is independent of the dose, only the probability of its

occurence is dependent on the dose. Non-stochastic effects
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are those whose severity increases with dose and for which

therefore a thresold may exist.

Decisions on the implementation of countermeasures will be

taken, at least during the early phase of the accident, with

the purpose of avoiding the non-stochastic effects and

limiting the stochastic effects of the irradiation.

Concerning the population exposures in the 30 km zone around

the Chernobyl plant, on the basis of an analysis of the

radioactive contamination of the environment in this zone,

decisions were taken to evacuate the population of Pripyat

and a number of other inhabited places, a total of 135,000

people were evacuated.

But before that the decision of evacuation has been taken,

the population in Pripyat was recommended to minimize the

time spent outside and to keep windows closed; in addition,

iodine prophylactic treatment was given there. Later on

measurements of the content of iodine isotopes in the thyroid

glands of 206 people evacuated from Pripyat showed that the

prophylactic measures played a positive role as did the

restrictions introduced regarding the consumption of milk

from cows for personal use (iodine content of the thyroid

gland indicated a dose of less than 0.3 Gy). One must remind

that decisions to take countermeasures in the early phase

have to be made on the basis of individual risk; for

stochastic effects, the quantity dose equivalent should be

used for the expression of risk. A certain number of persons
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in some regions of the European Community have taken stable

iodine, although the national authorities explicitly advised

against the use of iodine tablets, because the dose avoided

by their use does not seem to justify the risks, small, of

widespread use of the I tablets.

3.3. Problems and priorities associated with the recovery

phase.

The resuspension of plutonium from terrestrial surfaces has

been shown to be a real problem at distance up to 50 km from

Chernobyl. The prediction of resuspended air concentrations

has long been recognised as one of the major areas of

uncertainty in accident consequence analysis. It is also

important to understand how radionuclides behave once

deposited on urban surfaces; there are, for example,

insufficient data on the retention of small particles on

urban surfaces and on the effectiveness of simple cleaning

techniques in their removal. There is a need to study and

develop decontamination measures of industrial and urban

areas.

Natural ecosystems, like forests, deserve more study,

describing more thorougly the biogeochemical occurences in

such ecosystems (7). Furthermore, forests constitute a

reservoir of deposited radioactivity and fires could spread

radioactivity, this phenomenon has been observed recently at

the Cote-d'Azur (8).

Concerning the food-chain transfer, the Chernobyl release
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gave the opportunity, for some major radionuclides, of

testing the generic models often used for radiological

assessments of nuclear facilities, and of calibrating for

application to the real situation. It must be underlined that

many models have been calibrated using data from nuclear

weapons fallout. It is important, therefore, to compare the

transfer behaviour of the Chernobyl nuclides with these data

(9). This is especially important for the long-lived and

radiologically important radionuclides of caesium and

strontium.

Techniques of reclamation of contaminated agricultural soils

after accidents must be carefully evaluated in the light of

the Soviet experience; the choice of appropriate crops in

order to reduce the transfer of radioactivity to man must

also retain attention.

Several components of foodchain models for which particular

uncertainty or a lack of data have been .associated up to now

(i.e. transfer to produce of grazing animals other than the

cow, transfer to animal after fodder storage etc.) need to be

further investigated.



- 12 -

4. Emergency planning and preparedness

4.1. National level

The emergency plan, based on a study of the radiological

consequences of the radioactive releases following a

reference accident, must be prepared in advance to control

and limit effectively the consequences of the accident. The

plan should, however, be sufficiently flexible to allow its

adaptation to the real situation, since this will generally

differ from the reference accident (10).

In the case of the Chernobyl accident, the summary report

prepared by INSAG (Inst. Nuclear Safety Advisory Group)

underlines the importance of the fast response provided by

the steering team headed by specialists sent from Moscow to

help the local authorities and the Plant'Staff. THis fast

centralization of operational means was very effective from

the point of view of organization and coordination of all

needed actions.

This essential point of the coordination of the means was

also underlined in the report submitted to the Belgian

"Conseil Superieur d1Hygiene Publique" on the problems

arising from the contamination resulting of the Chernobyl

accident. It is said in this report that "the integration and

the use of these means in the framework of the emergency

plans should be reassessed, the plans absolutely need to be

coordinated and prepared by appropriate training"• The

training, at each level of responsability, is the keystone
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of efficiency; it will reveal the preparedness of every

participant and the weak points to strenghten in order to

manage the consequences of a nuclear accident.

4.2. International level

Aims, criteria and practices of transfrontier emergency

planning for nuclear installations have been studied by a

Group of Experts, convened by the Commission of the European

Communities; the report of this Group was issued in January

of this year (11). After the Chernobyl accident, the

Commission intends to adapt initiatives in the field of the

exchange of information and the mutual assistance in case of

emergency within the E.E.C., in coordination with the

analogous initiatives being promoted on a broader scale by

the I.A.E.A. Indeed, the Agency has prepared recently two

international conventions : the first one would commit

parties to provide early notification and information about

nuclear accidents with possible transboundary effects, the

second one would commit parties to endeavour to provide

assistance in the event of nuclear accidents and radiological

emergencies. The technical grounds for both conventions

being respectively the guidelines issued earlier as

INFCIRC/321 (12) and INFCIRC/310 (13).
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4.3. Emergency Response

The basic ICRP recommendations of 1977 (6) and the Basic

Safety Standards for Radiation Protection issued in 1983 by

IAEA/WHO/ILO/NEA have stipulated that the establishment of

Intervention Levels for particular circumstances, including

nuclear emergencies, is the responsibility of national

authorities, due to the large variety of administrative,

social and environmental conditions existing in the various

countries. A consequence of this statement is that

differences appeared in the setting up of Intervention Levels

and their criteria of application among the various

countries. However, in all cases, the overall principle seen

as the basis for deciding whether or not any given

countermeasures should be applied is that the social cost and

harm associated with the implementation of the countermeasure

should be less than those associated with the detriment which

could be avoided by that countermeasure. The introduction of

countermeasures will usually be based on Derived Intervention

Levels for specific environmental matrices and foodstuffs

expressed in terms of radioactivity levels corresponding to

the respective dose Intervention Levels.

As already said, the response to the emergency situation

created by the successive arrivals of radioactive plumes for

Chernobyl, hit reactor into the various European Countries,

outside the Soviet border, has been extremely variable. The

discrepancy between neighbouring countries sometimes caused
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unnecessary concern and confusion in the public. So, one of

the INSAG recommendations for future actions is to give

guidance on Intervention Levels and corresponding Derived

Intervention Levels, in cooperation with WHO and FAO. It is

worthwhile to underline that the establishment of

internationally accepted Derived Intervention Levels, also

called Derived Emmergency Reference Levels (DERL), is

considered by the CEC as a subject of high priority.

4.4. Information of the Public

It has been recognized that anxiety in the off-site

population is a real health consequence of a radiation

accident, although it will not necessarily be related to the

magnitude of any release or exposure. As such, it must be

dealt with as part of the public health aspects of nuclear

emergency planning (10), an inadequate information leading to

seemingly irrational public action and causing undue

individual anxiety. Therefore education and training should

be provided within the emergency planning zone and outside

it. This has been demonstrated during the Chernobyl event for

example in Sweden (14) where it soon became clear that the

attitude of the general public would be a grave problem,

although the policy of the SSI and other authorities has been

complete openness in providing information as it became

available. The normal SSI facilities and staff were found to

be inadequate for the occasion.

Telephone calls from worried or frightened individuals
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blocked the switchboard. Several research projects on public

perception, and how it was influenced during the emergency,

have been initiated in Sweden.

This type of public reaction was not limited, of course, to

Sweden; Belgium, among other countries, has been confronted

to the same situation.

In general, significant difficulties were experienced by

national authorities to explain the features and magnitude of

the risks and the meaning and rationale of the counter-

measures adapted, or not adapted.

The CEN intends to carry out the organization of a workshop

on public communications aspects in emergency situations,

notably on ways and means to explain to the public and

clarify scientific concepts and the rationale for certain

decisions.
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5. Conclusions

At the international level, it is recognized that the IAEA

and other United Nations organisations have to play a keyrole

in assessing the accident's impact and promoting actions for

a better emergency preparedness on an international basis.

Other governmental organisations such as NEA/OECD and CEC are

in the process of making an independent assessment of the

situation in order to define their future activites in Safety

and Radiation Protection fields.

As far as the WHO is concerned five recommendations were made

(15) with respect to the guidance needed at the international

level. In Belgium considering the lessons learned from the

accident, a reorganisation of the Emergency Planning is

underway, it is expected that the responsabilities of the

different authorities and institutions will be clearly

defined. At the CEN/SCK, the radiation protection programme

has been reconsidered in the light of the recommendations

issued by the various international organisations (table I).

The Centre must be ready for action and assistance in case of

necessity.
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TABLE I - PRIORITIES (SUMMARY)

AREA

MODELLING

TOPIC

- Validation for

- atmosph. tpt

- transfer in

ecosystems

Intern. Organiz.

IAEA/WMO

IAEA/CEC/WHO

X

X

Guidance on the use

of real-time models IAEA/CEC

RADIATION
EXPOSURE

- Evaluation of
indiv. doses and
collective doses

- Values of Radiation
dose per unit

intake

(age, physico-chem)

IAEA/UNSCEAR

CEC

IAEA/CEC

Assess, of world- UNSCEAR

wide radiol. impact WHO/IAEA

Develop, of criteria
for re-entry : IAEA
protective cloths
decontamination



TABLE I - PRIORITIES (SUMMARY)

(cont'd)

AREA

COUNTERMEASURES

TOPIC

- Sheltering
Evacuation

Intern. Organiz

IAEA/NEA

- Interv. Levels IAEA/WHO

and DERL

- Criteria and

Procedure for
Sampling and

FAO/NEA

Emergency IAEA/WHO
Monitoring

CEN/SCK

Response to
transboundary release IAEA

HEALTH EFFECTS Non-Stochastic IAEA/WHO
(prognosis, treatment) UNSCEAR

CEC

Epidemiological

studies

CEC/WHO

- Medical formation IAEA/WHO


