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this Organization, which was created in 1948, the health professions of some
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health that will permit them to lead a socially and economically productive life.

The WHO Regional Office for Europe is one of six regional offices throughout
the world, each with its own programme geared to the particular health problems of
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advanced medical services. The European programme therefore differs from those of
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quate, accessible and acceptable to all.
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NOTE

WHO policy in respect of terminology is to follow the official recommen-
dations of authoritative international bodies, and this publication complies
with such recommendations.

Nearly all international scientific bodies have now recommended the use
of the SI units (Système international d'unités) developed by the Conférence
générale des poids et mesures (CGPM),a and the use of these units was
endorsed by the Thirtieth World Health Assembly in 1977. The following
table shows three SI- derived units used frequently in this report, together
with their symbols, the corresponding non -SI units and the conversion
factors.

Quantity SI unit and symbol Non -SI unit Conversion factor

Radioactivity becquerel, Bq curie, Ci I Ci = 3.7 X 10'" Bq
(37 GBq)

Absorbed dose gray, Gy rad 1 rad = 0.01 Gy

Dose equivalent sievert, Sv rem 1 rem = 0.01 Sv

a An authoritative account of the SI system entitled The SI for the health professions has
been prepared by the World Health Organization and is available through booksellers, from
WHO sales agents, or direct from Distribution and Sales, World Health Organization,
1211 Geneva 27, Switzerland.

vi



Foreword

The WHO Regional Office for Europe has, over the years, developed a series of
publications on public health aspects of nuclear power production and the
disposal of radioactive waste. Following a report on the principles of public
health action for accidental releases (1984), a working group was convened in
Mol, Belgium in October 1985, to provide more detailed practical guidance in
relation to such accidents.

The disaster at Chernobyl, USSR in April 1986 has dramatically high-
lighted the need for comprehensive contingency planning for - and emergency
response to - such accidents. Such planning must be multisectoral and well
coordinated, covering a wide range of governmental action at central, regional
and local levels. Not least, the importance of clear guidance to the public must
be recognized. There is also a need for close collaboration among neighbouring
countries.

It must be accepted that there has been a major crisis of confidence in
nuclear safety and, for its part, WHO is now embarking on an expanded
programme related to public health aspects of radiation protection, to ensure
that experience gained following the recent accident is fully evaluated and
utilized.

Although the present volume was prepared before the Chernobyl accident,
its conclusions are still considered as valid guidance to those concerned with the
various aspects of emergency response.

It is appropriate that grateful thanks be recorded for the support provided
by the Government of Belgium to this series of publications.

J.I. Waddington

Director, Environmental Health
WHO Regional Office for Europe
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Introduction

In 1984 the WHO Regional Office for Europe published a report (1) on the
principles of public health action in the event of the accidental release of
radioactive materials into the environment, which is concerned largely with
power reactors. Even though such reactors represent the major source of
potential accidental release in many countries, they are by no means the only
source, and emergency plans should also be developed for other types of
nuclear installation. In addition, there may be unplanned releases from
weapons accidents or terrorist activities which, by their very nature, defy the
effective implementation of anything but the most general emergency plans.
Nevertheless, the experience of planning to deal with accidental releases
from nuclear installations will serve as a basis for the public health authority
to deal with these other types of emergency.

In the previous report it was shown that accidents can be divided into
three successive phases - early, intermediate and late - and that in each
phase different decisions are required for action to protect members of the
public. There is no single accident sequence that can be used for the prep-
aration of emergency plans for different types of nuclear installation. How-
ever, the three phases appear to be common to all accidents and provide a
framework within which radiological criteria can be established.

The previous report discussed the pathways of exposure relevant to each
phase, and the potential consequences for health. In each phase the organs
and tissues at risk were identified and both the stochastic and non -stochastic
effects resulting from irradiation were considered and numerical risk values
presented. In an accident that may lead to exposure of the public, the only
means by which that exposure may be avoided or limited involve the
introduction of countermeasures which interfere, to a greater or lesser
extent, with normal living conditions. Countermeasures were identified that
were applicable in each phase, and the risks and difficulties associated with
introducing each countermeasure were discussed.

The principles evolved by WHO for protecting the public in accidents
are consistent with the latest recommendations of the International Com-
mission on Radiological Protection (ICRP) (2). In the report of an ICRP
task group (3) on the radiological criteria used for planning protection of the
public in accidents, the principles established are as follows.

1



- Non -stochastic effects should be avoided by the introduction of
countermeasures to keep individual doses below the thresholds for
these effects.

- Individual risk from stochastic effects should be limited by introduc-
ing countermeasures that achieve a positive net benefit to the indi-
viduals involved. This can be accomplished by comparing the re-
duction in individual dose (and therefore risk) that would follow the
introduction of a countermeasure with the increase in individual risk
resulting from the introduction of that countermeasure.

- The incidence of stochastic effects should be limited by reducing the
residual health detriment. This source -related assessment may be car-
ried out by cost -benefit techniques and would be similar to a process of
optimization, in that the cost of health detriment in the affected
population is balanced against the cost of further countermeasures.

Following these principles, reference levels were proposed for the doses at
which introduction of each countermeasure was warranted in each phase.

The present report is concerned with the implementation of the prin-
ciples of the previous report. It is based on the collective knowledge and
experience of the members of a Working Group, convened by the WHO
Regional Office for Europe and WHO headquarters in collaboration with
the Government of Belgium in Mol on 1 -4 October 1985, to discuss practical
guidance for public health action in the event of an accidental release of
radioactive material. The Group included experts from 11 countries and
representatives from international organizations such as the Commission of
the European Communities (CEC), the Nuclear Energy Agency of the
Organisation for Economic Co- operation and Development, and the Inter-
national Commission on Radiological Protection.

Dr N. Wald was elected Chairman, Dr R.H. Clarke and Dr. J. -C. Nénot
were the Rapporteurs, and Dr M.J. Suess and Dr P.J. Waight acted as
Scientific Secretaries. The composition of subgroups formed during the
meeting and the list of participants are given in Annexes 1 and 2,
respectively.

This report is addressed to those organizations and individuals respon-
sible for public health in the event of a nuclear accident. It will also be of use
to those medical practitioners who are not administratively responsible in
an accident, but who may need to be aware of the consequences and of
action to be taken in the aftermath of an accident. Other organizations with
direct responsibilities in the event of an accident will also need to become
aware of the role and responsibility of the public health administration.

The guidance will be applicable to all types of nuclear installation and to
accidental releases to both the atmosphere and the hydrosphere. However,
to assist public health authorities in defining the size and scope of the
contribution that might be required from them in case of an emergency,
some information is given on the typical probability and magnitude of
accidental releases from large nuclear installations and on the associated
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range of radiological consequences. The example given refers to a standard
pressurized light water reactor of the type currently used for electricity
generation. Many of the features will be common to other nuclear instal-
lations, such as other types of reactor or fuel reprocessing plants. Atmos-
pheric releases of radioactive material are generally of more concern
because the probability of occurrence is higher and the potential exists for
higher doses to be received in the short term. Accidental releases to the
aquatic environment are less likely to occur and, in general, are likely to
involve lower exposure levels and some delay before exposure of the popu-
lation occurs; therefore, it is expected that this type of accidental release will
leave enough time to implement the appropriate protective measures.
Nevertheless, the principles for protecting the public following accidental
aquatic releases will be the same as for releases to the atmosphere.

This report first summarizes the range of accident sequences for which
plans need to be prepared for protecting members of the public. The
measures that can be taken are described and the levels of dose at which they
should be considered are summarized. Guidance is given on routes of
exposure and the monitoring procedures that are likely to be applied to
assess levels of exposure. The report then considers the problems that will
need to be considered by public health authorities and by medical practi-
tioners who will become involved in the provision of clinical services. The
administrative arrangements applicable are outlined and consideration is
given to the information and training aspects of planning to which public
health authorities should have an input.
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1

Purposes of planning
for radiation accidents

Safety analyses of nuclear installations usually identify and describe a wide
range of potential accident sequences leading to exposure of the public. The
predicted frequency of these accidents usually decreases as the magnitude of
the corresponding releases increases.

Emergency plans should be designed to deal with an appropriately wide
range of possible accidents. However, it would be a misallocation of re-
sources to prepare detailed emergency plans and procedures for dealing with
hypothetical accidents having extremely low probability of occurrence, even
if the associated potential consequences may be very high. Therefore, such
worst -case scenarios will not be covered in this report, although their
consideration may be useful for other applications such as the characteriz-
ation of the overall risk associated with a nuclear installation, for the
purposes of siting and risk assessment.

The choice of the upper end of the frequency range of potential accident
sequences on which to base emergency plans should therefore be an appro-
priate compromise between the requirement to protect the potentially
exposed population (which would imply consideration, for planning pur-
poses, of severe accidents) and that of practicability of emergency counter-
measures (which would imply avoidance of committing disproportionately
large amounts of resources to cope with very unlikely events). This threshold
is frequently associated with accident sequences (called "reference acci-
dents" in this report) which historically have had frequencies of occurrence
in the range 10- 4 -10' per year. The more modern designs of nuclear reactor
have lower frequencies for the same magnitude of release (4) but emergency
plans still consider the same order of release for preparatory planning.

Characteristics of Releases from Nuclear Installations

The majority of accidents requiring an off -site response will involve at some
stage the potential or actual release of radioactive materials to the atmos-
phere. As emphasized in the Introduction, this report is primarily concerned
with the consequences of these atmospheric releases.

The probability of occurrence, magnitude and isotopic composition of
an accidental release will vary depending on the type of nuclear facility and
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the severity of the accident. In the preparation of emergency plans, different
source terms are considered, each being defined by the quantities of the
different radionuclides liable to be released, their physicochemical form, the
amount of time available before the release commences, and the expected
duration of the release. These time factors are very important and may be
decisive in the selection of the most effective and practicable protective
measures to reduce the potential health consequences to the public.

The interval between the recognition of the start of an accident sequence
having the potential for off -site consequences and the emergence of radio-
active material into the atmosphere is important. If it is very short, only
limited off -site action may be feasible before the release actually starts; this
is improbable at large nuclear facilities with elaborate safety systems. In
most cases there will be a delay before the uncontrolled release occurs, which
may vary from about half an hour to one day or more (5).

The duration of release also has important off -site consequences and
may last from a fraction of an hour to several days (1,5). Within this period
there may be irregular and unpredictable peaks in the release rate. During
the course of prolonged releases, changes may occur in the meteorological
conditions, such as atmospheric stability, wind direction and velocity, or the
presence and degree of precipitation. All these factors may modify the
concentration of the dispersed radionuclides. For example, a change in
meteorological conditions may well decrease the concentration, thus reduc-
ing the individual doses received, but may lead to population groups becom-
ing involved who were not identified in the earlier stages.

At the stage of decision -making on emergency planning, it is for national
regulatory authorities to decide on the level of consequences and the prob-
ability of occurrence that they are prepared to adopt in the definition of the
reference accident. They would generally require that there exists a signifi-
cant discontinuity in the probability- consequence relationship, so that
more severe but very unlikely accidents can be discounted for emergency
planning purposes.

The data and value ranges presented in the examples result from a review
of a number of safety assessments carried out by competent authorities in
several countries (4,6 -11). Table 1 shows the orders of magnitude of the
release of the groups of radionuclides which are most relevant in the case of a
reference accident in a light- water -cooled reactor producing 1000 MW of
electricity per year. The possible range of radiological consequences associ-
ated with these typical releases depends on the distance to the nearest
population group and on meteorological conditions. Orders of magnitude
of individual doses are shown in Table 2 for the more important exposure
pathways during the early phase of a release, namely the whole -body dose by
external irradiation due to exposure to the airborne plume, the dose to the
thyroid of children by inhalation of radioiodine from the cloud, and the dose
to the lung by inhalation of radioactive aerosols. These doses are given
merely to offer public health authorities an idea of the order of magnitude of
individual doses liable to arise in the event of a nuclear emergency severe
enough to activate the emergency plan. They should not be regarded as
definitive for a particular nuclear plant at a given location.
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Table 1. Example of a range of atmospheric releases
from a reference accident

Range of
annual
probabilities

Total activity
release (Bq)

Activity (Bq) associated with:

other
noble gases iodine radionuclides

(Ru. Cs)

10-4-10-3 1016 -1017 -1016-1017 1013 -1014 1013 -1014

Table 2. Example of a range of radiation exposures
from a reference accident

Type of dose
(Sv)

Distance from the point of release

1 km 3km 10km

Whole -body
(external irradiation) 10- 2 -10 -1 5 X 10 -3 -5 X 10-2 10- 3 -10 -2

Thyroid (inhalation) 10-1 -1 10-2 -10-1 10 -3 -10-2

Lunge (inhalation) 10-2 -1 10- 3 -10 -1 10- 4 -10 -2

a The lung dose values depend heavily on the radioisotopic composition of the "other -
nuclides released.

Source: Kelly, G.N. et al. (12) and Charles, D. & Kelly, G.N. (13).

Time Phases

For the purposes of developing intervention levels three phases of an acci-
dent have been identified, which are generally accepted as being common to
all accident sequences (1,3) - the early, intermediate and late (or recovery)
phases. Although these phases cannot be represented by precise periods, and
may overlap, they provide a useful framework within which the radiological
criteria were established in the last report (1).

Early phase
The early phase is defined by the period when there is the threat of a serious
release, i.e. from the time when the potential for off -site exposure is recog-
nized to the first few hours after the beginning of a release, if a release occurs.
The interval between the recognition of an accident sequence and the start of
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the release can be from less than half an hour to about a day (1,5) and the
duration of the release may be between half an hour and several days. This
variation in timing renders difficult decisions about the introduction of
countermeasures, since there will be a need to forecast the future course of
the accident and thus to predict doses and potential reductions of dose for
situations that will not have arisen.

The feature common to both the warning period and the first few hours
of release is that operational decisions are based on analysis of data from the
nuclear installation itself and existing meteorological conditions. Thus de-
cisions to implement countermeasures during the early phase will be based
primarily on plant conditions and the associated potential doses to individ-
uals in the population, assessed on the basis of prior analysis of plant fault
sequences and probable meteorological patterns.

Some environmental measurements of off -site exposure rates and air-
borne concentrations from the plume may become available in this phase.
Because of potential changes in release rate, meteorological conditions and
wind direction, and in other unknown factors such as duration of release
and the degree to which measurements represent future plume configur-
ations, such measurements will be of minimal value for calculating projected
doses.

Intermediate phase
The intermediate phase covers the period from the first few hours after the
start of the release to one or more days. It is assumed that the majority of the
release will have occurred at the beginning of this phase and significant
amounts of radioactive material may already have been deposited on the
ground, unless the release consisted only of noble gases. As previously
stated, there is no clear boundary in emergency planning between the first
and second phases.

It is during the intermediate phase that measurements of radioactivity in
food, water and air, as well as radiation levels from deposited radioactive
materials, will become available. The radiological characteristics of the
deposited material will also be determined. Based on these data, dose
projections can be made for principal exposure pathways, and these doses
compared to pre -established intervention levels, so that decisions on the
implementation of countermeasures can be made.

The intermediate phase ends when all the countermeasures based on
environmental measurements have been implemented. If the accident is
severe, the phase may be prolonged while extra measurements are made at
locations further from the plant.

During the intermediate phase it would be expected that a group of
experts would be formed from representatives of both the local and national
authorities to advise on radiological protection of the public (3). The
responsibility for deciding on countermeasures involving the public may, in
this phase, transfer from the operator who had such responsibility in the
early phase to a government representative, who would be advised by the
experts.

8



Recovery phase
The late or recovery phase is concerned with the return to normal living
conditions. It may extend from some weeks to several years after the
accident, the duration depending on the nature and magnitude of the
release. During this phase the data obtained from environmental monitoring
can be used to make the decision to return to normal living conditions, by the
simultaneous or successive lifting of the various countermeasures decided
during the first two phases of the accident. Alternatively, the decision could
also be made to continue certain restrictions for long periods of time, with
consequences for such aspects as agricultural production, occupation of
certain areas or buildings, and the consumption of certain foodstuffs.

The withdrawal of countermeasures in the recovery phase will be based
on analyses of actual cost, risk, benefit and societal impact of any residual
contamination following decontamination, natural decay and weathering,
and thus no predetermined levels have been provided for the withdrawal of
countermeasures.

Health Effects

The previous report (1) described in detail the non -stochastic and stochastic
effects, and only a brief summary is given here. The difference between
non -stochastic and stochastic effects is illustrated in Fig. 1, which is based
on an ICRP task group report (14). Non -stochastic effects in individuals
usually become more severe with increasing dose. In populations, an
increase in dose may also result in increased frequency. Since the mech-
anisms of non -stochastic effects include cell death, and other effects may in
themselves be observable at incipient stages, delineation of the dose -
response relationship for any given type of non- stochastic effect depends on
the stage and severity at which the effect is recognized. Fig. 1 shows how the
frequency and severity of a non -stochastic effect, defined as a pathological
condition, increase as a function of dose in a population of individuals of
varying susceptibilities. The severity of the effect increases most steeply in
those who are of greatest susceptibility (curve a), reaching the threshold of
clinical detectability at a lower dose than in less susceptible subgroups
(curves b and c). The range of doses over which the different subgroups cross
the same threshold of detectability is reflected in the upper curve, which
shows the frequency of the pathological condition in the population, and
which reaches 100% only at that dose which is sufficient to exceed the
defined threshold of severity in all members of the population.

For stochastic effects, as also illustrated in Fig. 1, the severity of the
effect is independent of dose, and only the predicted frequency of the effect
increases with increasing dose, without threshold.

Non -stochastic effects
The main interest in emergency planning is the identification of the dose
levels below which non -stochastic effects are not likely to occur in a normal
population. Non -stochastic effects can be induced in any organ or tissue
given high enough doses. The discussion here is limited to effects in those
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Fig. 1 . Characteristic differences in dose -effect relationship
between non -stochastic and stochastic effects
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organs and tissues that are known to be most at risk from accidental releases
from nuclear installations.

Whole -body irradiation at high enough doses will cause nausea, vomit-
ing and diarrhoea; at even higher doses, early mortality will result from bone
marrow cell depletion. Inhalation of large quantities of radioactive material
will deliver high acute doses to the lung, leading to permanent impairment of
lung function and even early mortality. Although severe irradiation of the
gastrointestinal tract can also lead to early mortality, in nuclear accidents it
is likely that irradiation of the bone marrow will be more important.
Furthermore, at sufficiently high doses to the thyroid, non- stochastic effects
may occur which may occasionally lead to death. Other non -lethal effects
include impairment of fertility, skin damage and cataracts, but these are all
less significant than those mentioned above. In addition, it should be
emphasized that single -organ irradiation is most unlikely to occur in a
nuclear accident, and that irradiation of several organs and tissues will be
the most common type of exposure.

In the event of external irradiation in utero, the classic effects of suf-
ficiently high doses on the developing fetus are gross congenital malfor-
mations, mental and growth retardation and death. For internal irradiation,
differences in cellular metabolism may lead to different levels of risk. For
example, the fetal thyroid is only at risk to ingested radioiodine when it is
sufficiently developed to accumulate iodine.

Table 3 gives the levels of dose below which non- stochastic effects are
not likely to occur in a normal population. It shows that, except for the fetus,
the severe diseases and early deaths are related to high doses; accidents
leading to such high doses will occur very infrequently.

Table 3. Levels of dose below which acute non -stochastic effects
are unlikely to occur in a normal population

Dose (Gy) Organ Effect

0.1 fetus teratogenesis

0.5 whole body vomiting

1 whole body early death

3 gonads sterility

3 skin depilation, erythema

5 lens cataract

5 lung pneumonitis

10 lung early death

10 thyroid hypothyroidism
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Stochastic effects
The stochastic effects following irradiation are either late somatic or genetic.
The late somatic effect of primary concern is the increased incidence of fatal
and non -fatal cancers in the irradiated population. The appearance of these
cancers is usually delayed and may be spread over several decades. These
late somatic effects include cancers for which the cure rate is low (lung,
leukaemia) and others for which the cure rate is high (skin, thyroid).
However, any cancer causes psychological effects that can significantly
reduce the quality of life. There is a risk that serious hereditary disease may
occur in subsequent generations following irrradiation of the gonads.

Risk factors for stochastic effects are given in the previous WHO report
(1). These risk factors are values averaged over all ages and for both sexes of
a normal population. It should be recognized that these risk factors are
based on the assumption of a linear dose response curve without threshold,
and consider only fatal cancers. For specific organs these factors may vary
substantially with age, sex and other variables; consequently, they may lead
to overestimation or underestimation of the risk. However, as they do not
take into account the non -fatal cancers, such as thyroid and skin cancers,
they may underestimate the total risk of cancers of some specific organs or
tissues. These risk factors should therefore be considered as approximate
values, and used as such.

Psychological effects
In addition to the predicted physical health consequences of irradiation,
considerable psychological effects may constitute a significant public health
problem. In contrast to the health effects previously described, the level of
anxiety generated by possible exposure is not related to the level of exposure.
Psychological stress may well be exhibited where radiation is low or insignif-
icant. Psychological effects can be attributed to:

- the association of nuclear accidents with the explosion of a nuclear
bomb;

- the inability of the human senses to detect ionizing radiation;
- inadequate and often conflicting information concerning the accident.

Recognition of this potential problem, and planning to deal with it, is an
essential component of emergency preparedness.

Countermeasures and Objectives of Emergency Planning

Emergency measures designed to reduce adverse health effects are of two
types: those that reduce the radiation exposure (protective measures) and
those that reduce the health consequences of accidental exposure (medical
care). The potential protective measures that could be implemented are:

- sheltering
- stable iodine administration
- control of access to the affected area

12



evacuation

relocation

- control of food and water supplies
- personal decontamination
- decontamination of areas.

The implementation of one or more of these measures depends not only on
the nature of the accident, and its time phase, but also on specific local
conditions such as population size and climatic and meteorological con-
ditions. As a general principle, it is reasonable only to implement those
protective measures whose social cost and risk will be less than that incurred
by the radiation exposure.

Sheltering
A significant reduction in whole -body and skin doses due to external irradi-
ation can be achieved by remaining indoors during the early phase. A
substantial reduction in inhalation dose, affecting thyroid and lung, can also
be achieved by closing windows, doors and other openings and switching off
any ventilation systems. The shielding dose reduction factor provided by
buildings can vary from 0.2 -0.8 in the plume to 0.08 -0.4 from deposition (1).
Appropriate ventilation control can result in a reduction of inhalation dose
by about a factor of 10.

The risk and harm resulting from short -term sheltering are low.
Unplanned long -term sheltering can lead to social, medical and psychologi-
cal problems.

Stable iodine administration
The administration of stable iodine compounds is effective in reducing the
uptake of radioiodine by the thyroid gland. It is most effective when ingested
prior to or at the time of exposure, and rapidly loses efficacy if administered
a few hours after exposure. Consequently, it is necessary to ingest the stable
iodine as soon as possible when a significant radioiodine release is predicted.

The recommended dosage of stable iodine compounds (KI or KIO3) is
100 mg iodine equivalent daily for those over 1 year of age, and 50 mg iodine
equivalent daily for infants. Undesirable but relatively minor side effects
may occur in a very small proportion of people. In many circumstances it is
unrealistic to attempt to distribute stable iodine to the population at risk
once the accident has occurred; prior distribution is recommended either to
individual dwellings or to focal points from which the iodine can be made
available within a short time.

Control of access
Controlling the movement of people to and from the area affected by the
accident will reduce the number exposed and facilitate emergency oper-
ations. Difficulties may arise if this countermeasure is maintained, as popu-
lation groups may be anxious to move from or to return to their homes, to
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tend to domestic animals, or to salvage goods or products from the closed
areas. With adequate control, the risk of traffic accidents should be
minimal.

Evacuation
Evacuation is effective against external and internal exposure, but is a very
disruptive measure and most difficult to implement. This is particularly true
when large populations are involved. It should therefore be applied only
when absolutely necessary to avoid short -term accumulation of doses lead-
ing to non -stochastic effects, and as far as possible to small population
groups in the vicinity of the nuclear facility. It should be remembered that
evacuation requires time to implement and will probably be most effective
either if there is sufficient warning before a release or if it is used to avoid
exposure to deposited radionuclides during the intermediate phase. Any
emergency plan should take into account the private exodus of people from
both affected and unaffected areas so as to minimize the disruptive effect.
Although the social and economic costs of evacuation may be high, the risks
to health are considered to be relatively small and will primarily result from
traffic accidents.

Relocation
Relocation is implemented to avoid long -term high doses from the ground
deposition of radionuclides, usually after the release has ended. It is less
urgent than evacuation, and may be either short- or long -term. It is ex-
pensive, and depends on the availability of an appropriate reception area.
The stress involved in relocation should not be underestimated.

Control of food and water supplies
Food control may entail destroying contaminated foodstuffs or restricting
or banning their consumption, delaying their consumption by converting
them to other products (e.g. milk to cheese), or storing them until the
activity decreases to an acceptable level.

Control of water supplies usually means prohibiting the use of water
from a contaminated source for any purpose.

Such measures may cause other problems in areas where there is already
a shortage of food and /or water.

Personal decontamination
Personal decontamination should be undertaken only where there is evi-
dence or a strong suspicion of body surface contamination. In general,
domestic showers are adequate for decontaminating the skin, and most
contamination of clothing can be removed by laundering.

Medical assistance may be required if there are contaminated injuries or
where contamination cannot be removed by repeated washing. The only risk
from personal decontamination is that of spreading radioactivity to pre-
viously uncontaminated areas.
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Decontamination of areas
This protective measure involves the removal of contamination from the
affected area to another location where it will be less hazardous. It may
consist of washing, vacuum cleaning surfaces, ploughing agricultural land,
or removing surface layers of soil. These measures are effective in reducing
external radiation from deposited radioactivity and in restricting internal
doses from the inhalation of resuspended radionuclides. The risk is to those
who are exposed in performing the procedures.

The applicability of protective measures during various phases of the
accident is shown in Table 4.

Table 4. Range of applicability of various countermeasures

Countermeasure
Phase

early intermediate late

Sheltering + ±
Radioprotective prophylaxis + ± -
Respiratory protection + -
Body protection ± ± -
Evacuation + + -
Personal decontamination ± ± ±
Relocation - + ±
Control of access ± + ±
Food control + +
Decontamination of areas ± +

+ = Applicable and possibly essential.
± = Applicable.
- = Not applicable or of limited application.

Source: International Atomic Energy Agency (5)

Guidance on Dose Value for the Introduction of Protective
Measures

The principles for protection are identified in the Introduction to this
book as:

- avoidance, if possible, of non- stochastic effects in individuals;
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- limitation of individual stochastic risks by balancing the risk and cost
of countermeasures against the risk and cost of further exposure;

- limiting the residual health detriment in the affected population.

The individual exposure should be as low as reasonably achievable, taking
into account the risk of exposure and the risk associated with the
countermeasures.

The decision to implement a protective measure, particularly in the early
and intermediate phases, must be made on the basis of the risk to the
potentially exposed individual, and the dosimetric quantity used must,
therefore, express this risk. The quantity "effective dose equivalent" has
been recommended (1,15) for expressing the risk to individual members of
the public during normal operation; this cannot, however, be applied to
non -stochastic effects following accidents, since the risk coefficients and
their associated weighting factors are based on fatal cancer incidence and
serious hereditary defects with the assumption of proportionality between
dose and risk. Therefore, the quantity that should be used to evaluate the
non -stochastic effects will be the absorbed dose. In most accidents, the
primary exposure of the public will be from beta- and gamma -radiation, and
dose equivalent may be considered the suitable dosimetric quantity for
expressing the stochastic risk to the individual.

Where an intake of radioactive material occurs at levels at which non -
stochastic effects cannot occur, the individual committed dose equivalent is
generally an accepted quantity to be applied to members of the general
public. Other dosimetric quantities, such as the collective dose, will be of
interest in decision- making during the late phase as part of an input to the
general process of cost -benefit analysis.

Establishment of ranges of individual dose
It is clear that the risks, difficulties and disruption that follow the implemen-
tation of the various protective measures are widely different and thus the
level of dose at which a given protective measure will be introduced is
influenced by such considerations as well as by other site -specific factors.
For these reasons, it is not possible to set one generally applicable interven-
tion level at which a particular action would always be required. On the
other hand it should be possible to define for each protective measure, on
radiation protection grounds, a lower level of dose below which the intro-
duction of the protective measure would not be warranted, and an upper
level of dose for which its implementation should almost certainly be
attempted. These two levels may be of guidance to national authorities when
setting criteria for introducing protective measures.

The early phase
The introduction of sheltering for a limited period of time and, where
appropriate, the administration of stable iodine, are countermeasures that
have been accepted by many national authorities as constituting only a small
risk to the individual. On radiological protection grounds the introduction
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of such countermeasures would not appear to be warranted at projected
doses, liable to be received in the short term, that are below the dose limits
recommended for members of the public in any one year (5 mSv). It would
seem reasonable that the levels of dose at which these countermeasures
would almost certainly be justified be set an order of magnitude higher.

Evacuation is the most disruptive of the countermeasures that have been
identified as applicable in this phase. Consideration of its introduction
should start at dose levels significantly higher than those for the counter-
measures mentioned above. Although it is difficult to justify choice of a
particular value, the level of projected dose liable to be received in the short
term, below which evacuation would not be justified, is likely to be about an
order of magnitude greater than the dose limits for members of the public in
any one year. The overriding aim in introducing countermeasures in the
early phase is avoidance of non- stochastic effects. Therefore, evacuation
should certainly be undertaken if the projected doses are liable to exceed
those above which non -stochastic effects may occur. The resulting most
restrictive upper and lower dose levels for the most common protective
measures applicable in the early phase are shown in Table 5.

Table 5. Dose levels for early -phase protective measures
as developed by ICRP

Protective measure

Dose (mGy)

Whole body
Lung,a thyroid and
any single organ

preferentially irradiated

Sheltering and stable iodine
administration 5 -50 50 -500

Evacuation 50 -500 500 -5000

a In the event of high -dose alpha -irradiation of the lung. the numerical values of the absorbed
dose will be multiplied by a factor of 10. reflecting the relative biological effectiveness.

Source: International Commission on Radiological Protection (3).

The intermediate phase
The additional countermeasures applicable in the intermediate phase
include restricting the distribution and consumption of locally produced
water and fresh food and relocating groups of people pending decontami-
nation of land or buildings. The disruption associated with countermeasures
involving controlling food and water may be much less than that associated
with relocation, which would be likely to be introduced to avert a higher
level of projected dose. In general, there should be little penalty in not
distributing fresh food, including milk. It may be appropriate to control the
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distribution and consumption of fresh foods if the projected committed dose
equivalent within the first year would otherwise exceed the dose limit for
members of the public in any one year. However, under certain conditions,
such as the unavailability of alternative supplies, it may be appropriate to
allow a higher level of dose. The dose levels at which relocation would be
considered depend largely on the size of the population affected.

When defining radiological criteria, one may consider that the annual
dose equivalent limits for members of the public are clearly set at a low level
of risk; the levels at which relocation would be considered should be signifi-
cantly higher, and a factor of 10 seems appropriate. The time over which the
contamination persists will affect decision- making; for example, it may be
acceptable to allow people to receive higher doses in the first year after an
accident if the annual projected dose is expected to decrease rapidly. In
addition, the national interest may dictate that an industrial activity be
continued in a contaminated area where the dose to essential personnel
exceeds the annual occupational dose limit (50 mSv).

For both control of foodstuffs and relocation of population groups, the
level of dose at which these protective measures should certainly be imple-
mented should be an order of magnitude greater than the levels suggested
for considering their possible introduction.

The resulting upper and lower dose levels for protective measures appli-
cable in the intermediate phase are shown in Table 6. As with the protective
measures applicable in the early phase, national authorities should give
special consideration to the implications of irradiation of pregnant women
and other special groups.

Table 6. Doses for intermediate -phase protective measures
as developed by ICRP

Protective measure

Dose (mSv or mGy)
committed in the first year

Whole body Individual organs
preferentially irradiated

Control of foodstuffs and water 5 -50 50 -500

Relocation 50 -500 not anticipated

Source: International Commission on Radiological Protection (3)

It will need to be decided at the time of an accident whether or not to
implement an appropriate protective measure. This decision will be influ-
enced by many factors involving the actual or potential release and the
prevailing environmental and other conditions.
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The above principles form the basis on which appropriate national
authorities can specify levels at which emergency action would be imple-
mented. In some cases all the quantitative data necessary to determine the
balance of risk may not be available. Under these circumstances some
general guidance on dose levels for the implementation of protective measures
may be useful. Because of differences between various sites and countries the
particular levels may vary; it can easily be proved in specific cases that a
risk -benefit analysis could lead to other values for the introduction of any
given countermeasure.

The recovery phase
As indicated previously it is neither feasible nor necessary to provide pre-
determined dose levels for the withdrawal of protective measures in the late
phase, since this will be based on analyses of actual cost /risk, of the residual
contamination, and of the benefit to and impact on society of the main-
tenance of the protective measures introduced.

19



2

Assessment of off -site
radiation exposure

During the early and intermediate phases of an accident there is a need to
predict the doses of radiation that members of the public are likely to
receive. The main difference between the early and intermediate phases is
that in the early phase decisions are made on the basis of predictions of
potential doses yet to arise, whereas in the intermediate phase decisions can
be based on the results of the confirmed environmental monitoring.

Activity Distribution in the Environment and Relevant Exposure
Pathways

During the early phase of the accident estimates of the potential doses to
members of the public in the immediate locality are estimated from the
expected or already measured values of activity release. A comprehensive
emission monitoring system is required to enable an estimate to be made
of releases from all critical leakage points. Predictions of future release
rates must be based on the available information on the conditions in the
plant and possible future developments. In some installations data from
static (fixed post) monitoring devices in the environment may be
available.

Fig. 2 illustrates the pathways by which material released to the at-
mosphere is dispersed throughout the environment, leading to human
exposure (16).

In the case of releases into the atmosphere, the most important pathways
during the early phase are:

external doses of beta- and gamma- radiation from airborne radio-
active materials (external submersion dose);

external doses of beta- and gamma- radiation from radionuclides
deposited on the ground;

- external doses of beta- and gamma- radiation from contaminated
clothes;

- the internal dose from inhaled radionuclides.
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Fig. 2. Pathways of radioactive contamination of the environment following atmospheric release
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It should be emphasized that rain showers over residential areas may
lead to greatly increased local external exposure from deposited activity.
Normally the contribution from deposited radioactive material that is re-
suspended in the atmosphere will be small and may be neglected in the early
phase.

Because of the delay in the distribution of foodstuffs and water, it is not
usually necessary to ban their consumption in the early phase. Such de-
cisions do have to be taken, however, in the intermediate phase. Ingestion
can lead to exposure of people outside the contaminated area if no measures
are taken to stop the distribution and consumption of foodstuffs produced
in the contaminated area.

In the event of accidental releases into surface water the most important
exposure pathways are:

- use of contaminated water for drinking and cooking;

- ingestion of contaminated fish;

- irrigation of plants with contaminated surface water.

In general, exposure from accidental releases into surface water can be
reduced more efficiently than that from releases into the atmosphere.

Dose Estimation

Table 7 outlines the sequence of steps in evaluating the potential dose from
accidental releases into the air.

The need in the early phase is to predict doses over short distances from
the installation, typically of the order of a few kilometres. This is because
decisions on the introduction of countermeasures are based on levels of dose
to individuals. The first problem is that of the likely total quantities of
radionuclides to be released. This can be estimated from knowledge of the
condition of the installation, but a valuable source of information will be the
stack monitoring information, if containment is not breached. Such moni-
toring equipment should be installed and should be capable of response in
the event of a release several orders of magnitude greater than that antici-
pated in normal operation. In the early phase it is important that simple
models for activity distribution in the environment and dose evaluation are
applied. This is justified taking into account the uncertainties in the release
predictions and the limited data available from environmental monitoring.

For evaluating the activity concentration in air as a function of distance,
simple gaussian dispersion models will be sufficient in many cases, taking into
account the meteorological conditions (wind direction and velocity; atmos-
pheric stability) during the release period. For activity reaching the ground by
wet and dry deposition, and for transfer through food chains, models have
been developed that take into account the influence of seasonal variation.
Detailed description of these radioecological models is outside the scope of
this report; the reader is referred to special reports on the subject published by
international bodies (16 -19) and national authorities (4,11,20 -24).
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Table 7. Evaluation of exposure from accidental releases of activity into the atmosphere

Activity distribution
Period Input data in the environment

(rad oecoiog cal models)

Evaluation of potential doses
(dosimetric models)

pathway dose

Meteorological parameters Activity concentration in air as Inhaled activity Committed
(wind direction and velocity,
atmospheric stability)

function of distance .
(atmospheric dispersion model)

during
cloud passage

inhalation
dose

Early phase Activity release rates (predicted Activity deposited onto ground
values. results of and other surfaces by wet and

monitoring) fallout (fallout mode()
External beta- and

emission dry gamma irradiation
- outdoor residence External

Measured beta- and gamma- andindoor residence
radiation levels in the Evaluation of cumulative - from contaminated dose rate
environment and dose_
- stationary devices activity deposited, as function ski n and clothes

(if
of place and time

4
- mobile stations

Intermediate 4i Activity of relevant Activity transfer through Ingested activity Committed
phase radionuclides in environmental_10, food chains, distribution in -1 with food and - ingestion

samples (soil, plants, surface water drinking -water dose
foodstuffs, water)



Although there are significant uncertainties involved in both the charac-
terization and measurement of meteorological conditions, the uncertainties
in source terms mean that simple models should be adequate in most cases.
For some sites more sophisticated models may have been developed and
these can be used if the detailed meteorological parameters are available at
the site. This may require the linking of real -time site measurement data to
national or regional meteorological forecasting services. In all of this predic-
tion it is absolutely imperative that information on such factors as wind
direction be unambiguous.

Although some monitoring results will become available in the early
phase, there will be difficulty in using these results because of possible
variations in release rate and meteorological conditions. In the intermediate
phase, most of the release will have occurred and the primary requirement is
to establish the extent and levels of the residual ground contamination.
Initially, monitoring will be directed towards identifying higher levels of
contamination in order to specify areas in which further countermeasures
will need to be considered. However, it is important for monitoring to be
undertaken well outside the areas where action might be anticipated. Such
monitoring will ensure that competent authorities will be aware of all areas
where there is measurable residual contamination.

For the evaluation of the dose to man from the different exposure
pathways, the dosimetric models recommended by ICRP (25) can be ap-
plied. The derived dose coefficients, giving the dose per unit of inhaled or
ingested activity, refer to adult members of the population. For dose esti-
mation during the early phase and subsequent decisions on counter-
measures, it may not be necessary to consider age- dependent dose coef-
ficients, except in the case of estimating the dose to the thyroid, which is
highly age- dependent (26).

However, in the intermediate and recovery phases, appropriate age -
dependent dose data should be used to obtain more realistic estimates of the
cumulative dose over both short and prolonged periods (estimation of
lifetime dose).

It is generally true that intake of activity by inhalation occurs only
during the period when people are actually immersed in the radioactive
plume. In contrast to the inhalation dose, the external beta- and gamma -
dose rate from deposited activity is proportional to the cumulated activity
per unit area, taking into account appropriate shielding factors for those
indoors at the time. After the end of the period of deposition, the external
dose rate decreases according to radioactive decay and the "run off" of the
deposited activity.

The assessment principles and techniques that can be used range from
simple measurement and calculation methods using inexpensive equipment
( "rules of thumb ", formulae, charts or graphs) to sophisticated and complex
computer techniques with colour visual display units. Prominence is often
given to computerized methods, but emphasis on sophisticated computer -
based technology should be regarded as an indication of its rapidly develop-
ing capabilities rather than as implying that the latest systems are essential
for the task of assessment. Even a small microcomputer can make a large
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difference in the speed and reliability of an assessment calculation, which
may have to be performed repeatedly for many hours.

The disadvantages of a totally computer -based assessment plan must be
pointed out. As a back -up against failure of computer -based assessment
schemes, it is recommended that a catalogue of pre -calculated geographic
dose distributions from sample scenarios be prepared to define the scope of
the problem and to direct further calculation more effectively. Furthermore,
it is prudent to cross -check some important computer numerical results
against manual calculations for order -of- magnitude correctness. This will
require data on population densities, dose -intake relationships, and the
composition of the population. It must be recognized by public health
authorities that computers can create an illusion of infallibility, while in
reality there is potential for large errors caused by mistakes in programming
or data entry.

This report is concerned with assessing off -site consequences that can be
expressed as (or are directly related to) radiation doses to individuals, in
order to make correct decisions about countermeasures. It is not concerned
with the assessment of other kinds of off -site consequences such as econ-
omic, social or political consequences of the accident. These may, however,
have to be taken into account as factors in decision -making when, in a
serious emergency, important decisions have to be taken by those who are
probably non -technical but are at or near the political level. The report
makes no attempt to indicate the weighting that should be given to factors of
this kind.

Environmental Monitoring: Objectives and Procedures

As soon as the release has begun, it is possible to begin to monitor the levels
of environmental radioactivity. This monitoring is important to comple-
ment the modelling in the early phase and is the basis for decision- making in
the intermediate phase. Indeed, although the models allow the prediction of
levels of exposure in large areas within a short time, the results predicted are
based on hypothesis and on dynamic (source -term, meteorological) para-
meters. Consequently, there are uncertainties that must be assessed from
field measurements.

The procedure used can take advantage of results of measurements made
at fixed points; these results will confirm or modify the values theoretically
predicted. Furthermore, it would be difficult to decide on important counter-
measures implying serious socioeconomic consequences only on the basis of
model predictions. For this reason, monitoring will aim at identifying the
higher levels of contamination so as to specify areas in which counter-
measures will need to be considered.

It must also be noted that the evaluation of the level of radioactive
contamination recorded by the monitoring instruments can provide valu-
able information on the origin of the exposure (cloud and soil deposition).

Measurements that will need to be made in the intermediate phase will
include external dose rates of beta- and gamma- radiation above the ground
(these will need to be made according to a predetermined protocol specifying
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height above ground, etc.). Rapid assessment of the area affected will
require either the use of airborne monitoring or hasty deployment of vehi-
cles. For the resulting information to be comprehensible at the emergency
centre, good communications must be established between the centre and
each environmental monitoring team and the transmission of information
must follow a fixed and predetermined pattern.

Samples of water, soil, plants and milk will be taken and passed to
analytical laboratories where gamma- spectrometry and other methods of
radiochemical analysis can be used to identify the nuclides that have been
deposited. If various laboratories are involved, standard procedures of
sampling and measurement must be defined. Since in most cases the analyti-
cal capacity of these radiochemical laboratories will be limited, priority in
the order of analysis will have to be decided.

The last part of the monitoring will be undertaken later, during the
recovery phase; residual levels in drinking -water and of ground contami-
nation and activity in milk and other foodstuffs will be determined not only
in the areas in which countermeasures were considered but also at distances
well beyond those areas.
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3

Guidance on planning
for the medical and

public health professions

It is the responsibility of the public health and medical professions to take an
active part in the planning for response to a radiological emergency, with the
aim of minimizing the health impact to the public. All actions to protect the
public from consequences of a nuclear accident have this same objective
and, therefore, the public health and medical professions should be rep-
resented on all planning and decision -making bodies.

It is recognized that the medical profession is accustomed to responding
to a wide variety of emergency situations, with the obvious exception of
those rare accidents that involve large releases of radioactive material. The
purpose of this section is to provide information and guidance on special
planning needs concerning the public health and medical professions for
accidents involving such radioactive material.

Because of differences from country to country, this guidance cannot
cover all the details required for developing radiological emergency
response plans for the medical profession. Additional needs for planning in
particular countries should be identified during exercises and /or drills,
which are an important part of every radiological emergency response
plan.

Two levels of planning are necessary: one for public health officials who
must deal with general public health decisions, and one for medical person-
nel in the hospitals and field stations who must deal with the general public
(22). The planning elements discussed below are intended to provide only a
listing of the major problems for which public health and medical officials
should develop response plans. Some of the planning elements are discussed
in more detail in other parts of this book.

Planning Elements for Public Health Officials

Protective measures and their risks
The protective measures of concern are shelter, evacuation, administration
of stable iodine and restrictions on the intake of food and water. Public
health officers must be aware that these measures, which are intended to
reduce radiation exposure and associated risks, may result in risks of other
kinds to the populations involved (1,3,5).
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In the early phase of an accident, decisions to provide shelter, to evacu-
ate or to administer stable iodine are likely to be made rapidly (minutes to
hours after recognition that an accident has occurred) and thus an evalu-
ation of relative risks by public health officials will be impracticable. There-
fore, these risks must be considered carefully during the planning phase,
when intervention levels are selected to provide reasonable assurance of a
net risk reduction. Special consideration should be given to those under
medical care.

Potential radiation hazards
Because of the different types of nuclear installation that might be the source
of an accidental release to the environment, public officials should be
familiar with potential hazards associated with facilities in their area and
should plan accordingly. Planning should include determining the infor-
mation needs to support public health decisions, and should provide for
channels for the timely dissemination of that information.

Training
As accidental irradiation of workers and the public is a rare event, it is not
to be expected that doctors, nurses, paramedical staff and other health
care professionals will have sufficient knowledge about the nature of
radiation and its effects on the human body. For this reason, it is very
important that all health workers receive education on the effects on
health of exposure to ionizing radiation, and training in the proper and safe
handling of patients contaminated with radioactive material in an emerg-
ency (22). They must also learn to identify the signs of radiation sickness
and their development with time, not least because this will enable them to
identify those who have not been seriously irradiated, but who fear that
they have.

In the training programme it should be emphasized that the most prob-
able accident to prepare for is unlikely to involve any seriously irradiated
people needing highly specialized care. Individuals seeking medical help and
advice will probably not have received a dose that could cause a non -
stochastic effect or even a dose of any significance. However, a large number
of people who have not been exposed to radiation at all will present them-
selves to medical staff. They will basically require reassurance. The proper
handling of the psychological problems associated with a nuclear accident is
therefore of great importance and must be included in the training
programme.

Nevertheless, a certain number of people may be contaminated and they
will have to be decontaminated, probably at the evacuation centres where
the majority of those contaminated can shower and change clothes. These
people will have been identified by the procedures in the emergency plan. A
few may have been heavily contaminated and also injured, so that hospital
care is necessary. In the training it should be stressed that it is very unlikely
that any patient will be so contaminated that he will in any way constitute a
risk to the hospital staff giving the treatment, given that proper precautions
are taken. Life -saving measures such as treatment for shock and severe
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injuries should never be postponed for the sake of very ambitious decon-
tamination procedures.

The need for facilities and equipment
Since the probability is slight that accidents will occur that are serious
enough to cause acute radiation injury to the general population, emergency
planners are advised against purchasing expensive special equipment or
facilities to be set aside solely for use in caring for patients contaminated
with or exposed to radioactive materials (27).

Medical facilities in the vicinity of nuclear plants are usually equipped to
care for any injured workers who have been contaminated or exposed to
high doses of radiation. These facilities can also be used on those very rare
occasions when a member of the general public who is similarly injured
needs treatment. Lists of special supplies and equipment needed for caring
for contaminated patients can be found elsewhere (28,29).

Public information
The general public will require information on a wide variety of topics, some
of which deal with public health considerations. Pamphlets should be pre-
pared for handing out to the public, and training programmes or seminars
on the emergency plan may be presented. Public health officials should
ensure that the services to be provided by the medical profession are covered
accurately and adequately.

After an accident has occurred the public may be concerned about many
subjects. Thought should be given to anticipating questions of a medical or
health nature, as well as the appropriate answers or sources of answers to
these questions and methods of communication with the public. Convincing
and prompt answers by an authority on health matters will generally go a
long way towards reducing anxiety.

Public health needs for population dose estimates
Public health officials may be called on to estimate the health consequences
(immediate effects, long -term carcinogenic effects, birth defects and psycho-
logical effects) of an accident. Once the accident is under control, and at the
time of the withdrawal of countermeasures, the authorities will be expected
to account for the consequences of their protective action and also to
account to the public through the various committees and boards of inquiry
about the total risk to the public from the accident. The public health
authorities should be prepared to estimate the insult to the population based
on the best available radiological data.

Years after the accident, it can be expected that the people around the
facility - both exposed and non -exposed - may attribute the inevitable
cancers and genetic effects that arise in any population to the accident. Since
a significant fraction of the whole population will get cancers from causes
other than the accident, there is a likelihood that many improper claims will
be made unless there are adequate data to estimate the probability that the
accident caused the cancers. Public health authorities should ensure that the
data necessary to make these decisions are included in the planning.
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Planning Elements for Medical Practitioners

Operators of medical facilities in the vicinity of nuclear plants generally have
emergency response plans and associated training programmes for dealing
with the more frequently encountered conventional emergencies. If the
hospital is situated in the immediate vicinity of the plant, the planners
should be aware that if the accident is severe another hospital may be
required in the event that the first hospital needs evacuating. This points to a
need to explain the possible consequences of a radiation accident involving
members of the public to the local medical staff. The emergency plans for
such hospitals should be amended as necessary to include the special
requirements that may be associated with a radiological emergency. The
following are some key items that should be considered in developing those
plans. Important elements in the training programme that should accom-
pany the emergency plan have already been discussed.

Evacuation and shelter
The medical profession has a special responsibility when it comes to plan-
ning the evacuation of hospitals and nursing homes, as well as evacuation of
the infirm and handicapped living in their own homes. The risk of moving
these people must be carefully weighed against the risk of any irradiation if
they remain in the shelter of their house at the time of the accident. The final
decision on evacuating these people is probably best taken by the doctors
attending them.

In the event that a decision is taken by the appropriate authority to
evacuate the general public from a certain area, the designated evacuation
centres should be attended by some medical staff. The purpose of the
medical presence at these centres should mainly be to reassure members of
the public and, if necessary, to decide who needs further medical attention.
Medical and nursing staff at the centres are probably the best people to
reassure those who are worried about a possible dose of radiation, rather
than officials from the nuclear plant or from responsible government
agencies.

Care and treatment of injured people who may be contaminated
Contaminated people who may be injured and in need of medical aid will be
taken to the designated medical facility (27). The facility must be prepared to
treat these patients without disruption of its normal services. Treatment of
injuries should be a first priority over that of decontamination. The facility
will need to consider the appropriate procedures and contamination limits
for radiation monitoring of patients, and methods and /or supplies for
decontaminating people. Levels of decontamination should be established
as a part of the plan, so that priorities can be established for decontami-
nation. It should be emphasized that the number of people likely to be
contaminated to the extent that it will pose a health risk is quite small;
however, the number of people who are very slightly contaminated, or not
contaminated at all, may be very large. These people will need reassurance,
and thus an effective monitoring programme is needed at the evacuation
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centres or at other places away from medical facilities. If this is not done,
there is the risk that these "self- diagnosed" people may jam the medical
services and prevent those who are injured from obtaining the help they
need.

Advice to people who return to live in contaminated areas
After the early phase of the emergency and evacuation, it is to be expected
that there will be measurable, albeit low, levels of contamination in the areas
to which people are allowed to return. Public health agencies will need to be
prepared to explain to people living or working in this contaminated area
about the residual radiation risks, so that they can make an informed
decision about returning. Guidelines should be established to minimize the
uptake of any residual contamination, and attention should be paid to local
food crops, water supplies, and resuspension of deposited contamination.

Communication
The single most important aspect of emergency response is the communi-
cation system. Experience has shown that when any major accident occurs -
not just those involving radioactivity - the normal communication system
breaks down, and therefore a reliable, competent alternative system of
communication will be needed and must be available.

The planning authorities must identify the sources of information they
may need to respond properly during the emergency, and the methods of
communication needed to obtain such information so as to reduce con-
fusion. They must communicate with the population of the area to assure
them that there are enough properly trained medical personnel to take care
of their medical needs. They will also need to communicate with the public
on procedures for obtaining such medical services.

Another important line of communication is to an advisory group of
technical experts competent in the radiation field. These experts should be
identified along with communication methods. A list should be prepared in
advance so that they may be rapidly mobilized to participate in the decisions
that need to be taken in an emergency.
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4

Administrative training and
public information

Small, unplanned releases from nuclear facilities are not especially unusual
events. However, increased public awareness and rapid dissemination of
information about these events by the news media creates a need for accu-
rate and credible responses by government authorities at all levels.

Responsibility for assessment, management, countermeasures and re-
covery may rest with different branches of government depending on the
organizational arrangements in each country. These responsibilities may be
further subdivided between the relevant authorities at the national level and
those at the state or provincial level. Therefore, any generalizations made
about how they might function must be modified for the specific arrange-
ment within each country. This may complicate communications between
countries when a nuclear emergency occurs near a national border, and such
situations must be considered in the planning.

In general, the course of an accident will be influenced by the decisions of
the operators of the facility within minutes or hours after the event occurs.
However, once the event is detected and reported, the nuclear regulatory
authority or its counterpart will be the most likely government department
to assess the consequences and the action being taken to bring the situation
under control. In some countries there are emergency management (disaster
control) organizations that would receive the initial reports. It should be
recognized that easy access to reports and announcements may lead to the
news media disseminating information about the accident to the public
before the appropriate authorities are informed of the facts. This press
information may often be incomplete or inaccurate, and this complicates the
role of the authorities when they attempt to present more accurate infor-
mation. There is a danger that this will result in the undermining of public
confidence in the authorities, since there is an apparent tendency to believe
the views of the news media.

In spite of the number of different authorities involved in emergency
planning and implementation, it is imperative that one authority be given
the leading role, and that that authority should be responsible for promul-
gating advice and information on action taken. The concept of a leading
authority or individual is also important in communicating with the press.
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This will enable the other authorities to deal with the technical decisions at
hand and eliminate the chance of the press receiving conflicting information.

In the event of a serious accident in which countermeasures are likely to
be considered, the public health authorities must be involved in the decision -
making. Public confidence can best be restored if decisions on such matters
as evacuation, sheltering and thyroid blocking are based on the advice of the
responsible public health authority, since all these decisions are in them-
selves risky, and must be balanced against the risk from the projected
radiation exposure. Details of the radiation release will generally be made
available to the nuclear agency or the emergency management agency either
by the facility management or by the local environmental or health agency.
The public health agency must participate as a member of the team with
these other organizations in assessing the consequences and suggesting
corrective action. But since the final decision on corrective action has
implications for public health, it should be the responsibility of the public
health agency to endorse it.

The public health role in such countermeasures or evacuation must be
emphasized, since the disruption of the lives of evacuees - some of whom
may be pregnant, disabled or in hospital - will require that clinical services
are available at evacuation or relocation centres. Should these people
become contaminated during the course of evacuation, the clinical person-
nel must be prepared to deal with decontamination in addition to other
duties involved in health care. Food, water and sanitation services will also
be needed along the route and at relocation sites, and this is also a public
health responsibility.

In a serious reactor accident, the airborne release may extend tens of
kilometres outwards from the facility, and the population within that area
could become mildly contaminated under certain circumstances. Thus,
there is a need for medical personnel within that area to understand how to
deal with radiation emergencies including contamination.

Public health authorities must also be prepared to work with food and
agriculture authorities to determine the impact of releases on the food, milk
and water down wind of the accident. This means that radiation protection
guides must be considered before the accident and included in the emerg-
ency plan. These guides should ideally be coordinated with similar guides
developed by authorities in adjacent countries, so that action will be consist-
ent. The basis for these guides should be a public health understanding of
risk.

During the late phase of the accident, a decision must be made to
terminate the countermeasures, and again the public health authority is in
the best position to justify, on behalf of the government, the basis and effects
of this decision. The information and assessment needed to make this
decision will come from the measurements and calculations provided by the
facility and the relevant government organizations.

Throughout the recovery phase of the accident, there is the potential for
additional exposure of the population, depending on the severity and nature
of the damage to the facility. Discharges to the atmosphere or hydrosphere
may occur, either inadvertently or deliberately as part of the recovery phase.
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Deliberate discharge may be necessary, for example to reduce high pressure
inside the reactor building, and should take into account all the relevant
factors that will influence the levels of dose delivered to the population (time
of day, meteorological conditions, etc.). Such discharges may cause public
concern and resistance. If the public health authority is involved in planning
for any deliberate discharge, and is informed about the magnitude and
consequences, then there is a greater chance that public fear will be mini-
mized. If these events are explained by the nuclear energy authority without
public health input, there is a greater potential for public anxiety.

The psychological impact of an accident on the population must not be
underestimated. Again, the public health authorities are in the best position
to keep these fears in perspective and to provide credible information to the
public.

As stated previously, it must be recognized that many of the people who
eventually develop cancer will attribute it to the accident, regardless of
whether they were exposed or not. Determining the validity of any such
claim will depend on comprehensive data being obtained at the time of the
accident. That would include not only the best available dose information,
but information on where these people were and for how long, so that in the
future, the probability of any particular cancer being caused by the accident
may be assessed. The public health authorities should consider this eventu-
ality and should collect the information during the accident to make poss-
ible future epidemiological assessment.

In addition to the respective roles of the government authorities during
the various stages of an accident, the role of planning and training must be
emphasized. Only through proper planning and field exercises will the
problems such as communications be identified and corrected. The conse-
quences for mental and physical health should be included in the planning,
scenario development and field exercises. The public health authority
should participate with the other authorities in all these stages.

Involvement of medical and health care personnel in these exercises is
important, and the public health authority is in the best position to coor-
dinate the role that they will play in the accident. Since these clinical
personnel are most unlikely to have been trained in radiation monitoring
and protection, there is a need to keep them informed and advised.

Communicating with the local population (particularly officials, the
medical community and the news media) prior to an accident is an effective
way to keep them informed about the quality of the emergency plan.
Involving these people in the exercises or in the review of the plans will go a
long way towards building confidence in the facility.
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The disaster at Chernobyl, USSR, has caused
a major crisis of confidence in nuclear safety, and

highlighted the need for comprehensive contingency planning for -
and emergency response to - such accidents.

This report gives practical guidance on how the authorities
should deal with an accident in any type of nuclear installation,
whether it involves accidental releases to the air or into water.

It is based on principles developed in
a previous WHO report published in 1984.

It summarizes the range of accidents for which plans need to be made
to protect the public, the measures to be taken

and the levels of dose at which they should be applied.
It indicates how to measure the levels of exposure and

what are the most likely routes of exposure.
It then outlines the problems faced by public health authorities
and medical practitioners, and the administrative arrangements

that will have to be made. The example used is of a standard
pressurized light water reactor of the type currently used
for electricity generation, but many of the features will

be common to other nuclear installations as well.

This report is addressed to those organizations and individuals
responsible for public health in the event of a nuclear accident.

It will also be of use to those medical practitioners who
are not administratively responsible in an accident, but who may need

to be aware of the consequences and of the action to be taken
in the aftermath of an accident. Coordination is vital

between the public health administration and the organizations
with direct responsibilities in the event of an accident,

and this report is essential reading for them all.
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