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Foreword

Over the years, the World Health Organization (WHO) has issued a
series of reports and publications providing guidance on the public
health aspects of nuclear power production, in line with target 11 of
the European policy for health for all, which calls for the reduction
of injury, disability and death from accidents. Immediately after the
nuclear accident at Chernobyl in April 1986, the WHO Regional
Office for Europe established an emergency operation to provide
technical cooperation and communication links with Member States.
A special project on the public health dimensions of radiation
emergencies was subsequently established, which included a series
of activities related both directly to the Chernobyl accident and to
emergency planning for future accidents.

This manual brings together the experience gained in the special
project to improve the planning for and response to emergencies. It
has been prepared to meet public health needs arising from all types
of major radiation emergency in the European Region.

The manual describes the guiding principles and advises on the
practical application of measures to protect and inform the public in
a radiation emergency. It is hoped that the manual will promote
close interaction between the WHO Member States in this field. The
advice given in earlier WHO publications on radiation emergencies
has been examined and revised in the light of recent experience.

WHO’s participation in the follow-up to the health impact of the
Chernobyl accident continues.

J.E. Asvall
WHO Regional Director for Europe
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Introduction

The World Health Organization (WHO) has published
reports on the principles of public health action in the event
of the accidental release of radioactive materials into the
environment (/) and also on practical guidance for public
health action (2). The lessons learned after the Chernobyl
accident, revised estimates of the risk from exposure to
radiation, and the evolution of detailed emergency response
planning by both international and national bodies, have
made it timely for the WHO Regional Office for Europe
(WHO/EURO) to revise its guidance to Member States on
the principles and practical measures required to safeguard
public health action following a radiation emergency.

Although nuclear power reactors and other facilities related
to the nuclear fuel cycle represent the major source of
potential accidental release in many countries, they are by
no means the only source of accidental radiation risk.
Emergency planning needs to take into account other types
of radiation emergency as well, e.g. accidents with transport
of radioactive material, nuclear powered satellites, medical
and industrial radioactive sources, nuclear weapons or
terrorist activities related to radiation. Nevertheless, the
considerable experience with emergency planning and
preparedness arrangements implemented for nuclear
installations facilitates emergency response planning for
other types of radiation emergency.

Response to radiation emergencies is commonly divided
into three successive phases, the early phase, the
intermediate phase and the recovery (or late) phase, and
radiological criteria for public health action are established
for each of the three phases. The Chernobyl accident has
also established that measures to protect the public may be
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needed geographically far from the emergency site and that
decision making and consideration of protective measures
can be very different for affected areas near and far from the
source. This should also be reflected in the emergency
response planning.

In an accident that may lead to exposure of the public, the
only way to avoid or reduce exposure is to introduce
protective measures that interfere to a greater or lesser
extent with normal living conditions. The benefits from the
protective measures therefore need to be weighed against
the disadvantages of implementing them.

The principles evolved by WHO for protection of the public
in the case of a radiation emergency are consistent with the
recommendations of the International Commission on
Radiation Protection (ICRP). These principles guide the use
of protective measures, but introducing specific protective
measures involves risks and practical difficulties, which are
also discussed in this manual.

The Chernobyl accident identified the need for effective and
rapid communication to provide advice and information to
the public. The information provided shall be prompt,
relevant, as complete as circumstances permit, and
formulated in such a way that no uncertainty as to its
interpretation can arise.

WHO/EURO was actively involved in the response to the
Chernoby! accident and subsequently established a project
on the public health response to nuclear emergencies. The
incorporation of revised or updated advice in this manual is
part of the outcome of that project.

The aim of WHO/EURO is to strengthen its ability to
provide timely public health advice on matters related to
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radiation emergencies and to continuously develop its
facilities for the rapid collection, collation, analysis and
dissemination of relevant data and information, in
collaboration with other international organizations.

WHO/EURO has improved its system for information and
advice to Member States. Member states have been
requested to establish focal points within their national
public health administrations for liaison with WHO/EURO
in the event of a radiation emergency and to provide details
of their national emergency arrangements for such events.
They have also been asked to provide information on the
availability of facilities for the treatment of people acutely
affected after radiation emergencies.
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Characteristics of radiation emergencies

Types of radiation emergency

Radiation emergencies that may impair human health in the
short or long term could arise from many different sets of
circumstances and very different sources. For emergency
response planning purposes, radiation emergencies can be
broadly divided into the following categories:

o fixed nuclear installations;
¢ mobile nuclear power sources;

e mismanagement or loss of control of high-activity
sources,

e accidents during transport of radioactive material.

Emergencies involving fixed nuclear installations, such as
nuclear power plants, nuclear research establishments,
reactor test facilities and reprocessing plants may distribute
large quantities of airborne radionuclides over larger areas
and affect large populations, requiring a wide range of
protective measures including evacuation, sheltering and
iodine prophylaxis. Some of the general characteristics of
such accidents are predictable, and detailed plans for public
health action are thus an important component of
emergency preparedness.

In accidents .involving mobile nuclear power sources, such
as reactors mounted in submarines and ships or reactors
used as power sources in space vehicles the potential
magnitude of release of airborne radionuclides in an
accident is typically much smaller than the quantity of
radionuclides in nuclear power plants. Nevertheless, the
need for protective measures has to be considered carefully
depending on the possible emergency situation. Accidents
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involving mobile nuclear power sources are unpredictable in
place and in time. This requires flexible response and rapid
ad hoc analysis of the accident conditions. These are likely
to be more important than detailed planned response.

Accidents due to mismanagement or loss of control of high-
activity sources such as sources used in radiotherapy or
industrial applications involve a limited range of public
health actions, the most important of which are isolation of
the location where there is direct irradiation or significant
ground contamination, medical care of overexposed patients
and the recovery and safe storage of the radioactive
material. The past history of movement and handling of the
source also needs to be reviewed urgently Although the
detailed features of such events are unpredictable,
emergency response is facilitated by the fact that most
accidents affect few people and entail limited types of
response.

Transport accidents with potential public health effects can
occur during the transport of radioactive material in the
form of new or spent nuclear fuel or high-level radioactive
waste, or during transport of nuclear weapons. This type of
emergency would involve a limited range of public health
actions, the most important of which are isolation of the
contaminated area from the public and the recovery and safe
storage of the radioactive material.

The time phases of a radiation emergency

Any radiation emergency may be divided into successive
phases based on criteria including the chronology of the
accident, the levels of the hazards to the population and the
protective measures that can be taken to avert the potential
exposure. The first priority of any emergency plan is to
protect the population from potential radiation exposure.
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Most radiation emergencies have three phases. In each
phase different considerations affect the decisions to
introduce protective measures:

The early phase covers the time from when the potential for
environmental consequences is recognized to the first few
hours after the beginning of a release, if a release occurs.
During the early phase decisions to implement protective
measures will be based primarily on the conditions at the
nuclear installation or other source undergoing the accident,
and on meteorological conditions. Some environmental
measurements of external radiation dose rates and airborne
radioactivity concentrations may become available during
the 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
during the intermediate phase that measurements of
radiation dose rate levels from deposited radioactive
materials, as well as radioactivity concentrations in food,
water and air will become available. Dose predictions can
then be made for principal exposure pathways, so that
decisions on protective measures can be made by comparing
the radiation dose averted by the implementation of the
protective measure with pre-established intervention levels.

The recovery phase (or the late phase) is concerned with the
return to normal living conditions. It may extend from some
weeks to many years after the accident. The decisions to
withdraw or uphold protective measures will be based on
analyses of actual costs, risk, benefit and societal impact of
any residual exposure, and thus no predetermined levels
have been provided.
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Dispersion of radioactive material in the
environment, exposure pathways

Fig. 1 illustrates the pathways by which radioactive material
released to the atmosphere is dispersed throughout the
environment, leading to human exposure.

The influence of precipitation is of great importance for the
environmental consequences of a release to the atmosphere.
In general, precipitation increases exposure from deposited
radionuclides and decreases exposure from airborne
material. Precipitation at or near the accident location
increases local exposure and decreases exposure in areas far
from the site.

The most important exposure pathways during the early
phase are:

e external radiation dose from airborne radioactive
materials;

e internal radiation dose from inhaled radionuclides;

e external radiation dose from radionuclides deposited on
the ground.

Inhalation of radioactive material is usually a significant
pathway only as long as people are actually immersed in the
radioactive plume.

In the early phase, aquatic pathways would not be of
concern, regardless of whether we look at a direct release
into or atmospheric deposition onto surface water.

In the intermediate phase, after all the radioactive material
has been deposited, the external radiation dose rate
decreases due to the combined influence of radioactive
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decay, the run-off of the deposited activity and the
penetration into the soil. Ingestion of contaminated food and
water assumes importance and decisions about the
distribution and consumption of foodstuffs and water need
to be taken. In the growing season, radioactivity is rapidly
contaminating such foodstuffs as fresh leafy vegetables, and
fruit and also to cows’ milk via ingested grass or herbage.
The ingestion pathway affects also people outside the
contaminated area, if foodstuffs produced in the
contaminated area are exported.

In the intermediate phase aquatic dispersion may also
assume importance. The most significant aquatic exposure
pathways are:

¢ internal radiation dose from use of contaminated surface
water;

o internal radiation dose from ingestion of contaminated
fish;

e external radiation dose from radioactive material
deposited on the shore;

¢ internal radiation dose as a result of irrigation of plants
with contaminated surface water.

Prediction of radiation doses to members of the
public

As soon as the potential for environmental consequences is
recognized, the projected radiation doses to members of the
public in the immediate vicinity will have to be estimated.
In case of an impending severe accident, radiation dose
predictions must be made before the release has started,
taking into account that the situation may worsen. In such
situations, the estimates will be based primarily on a
knowledge of the inventory of radioactive material and the
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conditions at the nuclear installation or other source
undergoing the accident, and on meteorological conditions.

If a release has occurred, the radiation dose estimate can be
based on release monitoring data and a knowledge of the
characteristics of the release and its expected development.
In the early phase, simple models for activity distribution in
the environment can be applied. This is justified because of
the uncertainties in the release measurements and the
limited data available from environmental monitoring. As
measured radiation levels and concentrations of
radioactivity in the environment become known, the
radiation dose estimates become more accurate. Fig. 2
outlines the sequence of steps in evaluating the potential
radiation dose from airbomne releases in an accident.

Detailed description of radioecological models are to be
found in the literature and international bodies as well as
national authorities have published reports on the subject
(cf. bibliography). The assessment principles and techniques
that can be used range from simple measurement and
calculation methods using inexpensive equipment to
sophisticated and complex computer techniques with colour
visual display.

The metabolic dosimetric models recommended by ICRP
can be applied to evaluate the radiation dose due to internal
radiation. The derived radiation dose coefficients, which
give the radiation dose per unit of inhaled or ingested
radioactivity, refer to adults. For radiation dose estimation
in order to decide on protective measures, age-dependent
radiation dose coefficients are necessary in estimating the
radiation dose to the thyroid, which is highly age-
dependent.
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In the intermediate and late phases after a radiation release,
appropriate age-dependent radiation dose data should
preferably be used to obtain more realistic estimates of the
cumulative radiation dose over both short and prolonged
periods, including lifetime radiation dose. Decisions relating
to long-term protective measures such as relocation must
based on realistic and not conservative estimates of
radiation dose.

Environmental monitoring in radiation emergencies

The nuclear facility is normally required to have both fixed
monitoring stations and mobile teams to be sent into the
surroundings. Regulatory authorities or authorized institutes
are also normally designated and equipped to do
environmental radiological monitoring. Hospitals and
universities may have supplementary monitoring equipment
that could be taken into account in the emergency response
plans.

Environmental monitoring is important to improve upon
early predictions of projected radiation doses to members of
the public. The emergency preparedness facilities for fixed
nuclear installations can produce predictions of
environmental radiation dose levels in large areas within a
short time, but even in that case, predictions are dependent
on dynamic parameters such as the duration of the release
and the meteorological conditions. Consequently, there are
uncertainties that can only be resolved by measurements in
the environment.

At fixed nuclear installations, levels of radiation and
concentrations of radioactivity in the environment can
usually be monitored as soon as the release has begun. The
results of radiation level measurements at fixed points can
confirm or modify the values predicted by the
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meteorological dispersion and radiation dose calculation
models, reduce uncertainties and resolve errors.

It would be difficult to decide on important public health
actions implying serious socioeconomic consequences
based on model predictions only. For this reason,
monitoring should be carried out with the aim to identify the
specific areas in which protective action needs to be
considered.

Environmental monitoring in an emergency situation should
in the first place include measurements of external radiation
dose rates and the collection and analysis of air samples.
Rapid assessment of the area affected requires the
deployment of a number of mobile patrols using motor
vehicles. There is less scope for error in the transmission of
information if the monitoring follows a fixed and
predetermined pattern established in advance. Airborne
monitoring may be used in some cases, but in the early
phase problems are posed by potential exposure of the flight
crew and potential contamination of the aircraft.

The analysis of air samples by gamma spectrometry is
particularly important in the early phase of the accident, to
determine the radionuclide composition of the release and
the hazard it presents as well as to predict its
radioecological behaviour. The gamma spectrometric
measurements can also provide valuable information on the
origin of the release, if this is uncertain or unknown.

Samples of rain water, surface water, soil, plants and milk
should be taken and analysed using gamma spectrometry
and other appropriate methods of radiochemical analysis to
identify the extent of the contamination. If several
laboratories are involved, standard procedures for sampling
and measurement should be defined. Since the analytical
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capacity of radiochemical laboratories is usually limited, the
priority in order of analysis needs to be decided.

After a radiation emergency, ground contamination surveys
should be undertaken and radioactivity concentration levels
in drinking-water and milk and other foodstuffs determined
not only in the areas in which protective measures were
applied or considered but also at distances well beyond
these areas, to determine the full extent of any
contamination.

Deterministic health effects of exposure to radiation

Radiation can either modify or kill cells. If enough cells in
an organ or tissue are damaged or killed, function is lost
This loss of function becomes more serious as the number
of cells affected increases, and this type of effect is termed
deterministic within the framework of the recommendations
of the ICRP. Deterministic effects can be induced in any
organ or tissue given high enough radiation doses.

The higher the radiation dose received, the earlier the
deterministic effects will appear. Early mortality can be
caused by damage to the central nervous system (in a few
hours), intestines (in a few days) and bone marrow (in a few
weeks). Because of its sensitivity to radiation, the bone
marrow is the tissue most likely to be damaged in accidents
involving uniform radiation exposure.

Whole-body radiation exposure at high enough, but non
lethal radiation dose levels causes nausea, vomiting and
diarrhoea. Other non lethal deterministic effects include
impairment of fertility, skin damage and cataracts.

Inhalation of large quantities of insoluble radioactive
material can deliver high acute radiation doses to the lung,
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leading to permanent impairment of lung function and even
early mortality. Soluble radionuclides clear relatively
rapidly from the lung to the blood.

The isotopes of iodine are preferentially retained by the
thyroid gland, possibly leading to high radiation doses and
deterministic effects.

The isotopes of cesium become more widely distributed in
the body and give rise to a more or less uniform radiation
dose distribution. In releases from a nuclear reactor, both
nuclides may be present. For releases from medical sources,
the distribution of radiation dose within the body depends
on the nuclide concerned.

The most notable effects of radiation exposure in utero from
external sources at sufficiently high radiation doses are
gross congenital malformation, mental and growth
retardation and death. For internal radiation exposure,
differences in cellular metabolism between the fetus and the
mother may lead to different levels of risk. Generally, the
fetus is at lower risk than the mother, with the possible
exception of the fetal thyroid, which starts to concentrate
iodine three months after conception. The small mass and
high sensitivity to radiation of the fetal thyroid gland may
result in a greater risk to the fetus than to the mother.

Table 1 gives the levels of radiation dose below which
deterministic effects are not likely to occur in a normal
population. Except in the case of radiation exposure in
utero, the severe diseases and early deaths are related to
high radiation doses; the accidents leading to such high
radiation doses are very rare, and the risk to the public of
such high levels of exposure is minimal.
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Table 1. Levels of dose below which deterministic effects
are unlikely to occur in a normal population
Dose (Gy) Organ or tissue Effect
0.1 Fetus Teratogenesis
0.15 Testes Temporary sterility
0.5 Bone marrow Haematopoesis
0.5 Whole body Vomiting
0.5-2 Lens Detectable opacity
1 Whole body Early death
3 Skin Depilation, erythema
2.5-6.0 Ovary Sterility
3.5-6.0 Testes Permanent sterility
5 Lens Visual impairment {cataract)
10 Lung Pneumonitis, early death
10 Thyroid Hypothyroidism

Source: adapted from Nuclear power: accidental releases —
practical guidance for public health action (2) and International
Committee on Radiological Protection Publication 60 (3).

Stochastic health effects of exposure to radiation

Radiation can modify cells directly or indirectly through
misrepair of damage, and if a modified somatic cell retains
its ability to divide, it may give rise to a clone of modified
cells that may eventually result in a cancer some time
(years) after exposure. If the modified cell is a germ cell, it
may lead to the transmission of altered hereditary
information to the descendants of an exposed person. The
somatic and hereditary effects that may start from a single
modified cell are called stochastic effects within the
framework of the ICRP recommendations. In the case of
stochastic effects it is the probability of their occurring
rather than their severity that is related to radiation dose.



272

273

2.8
281

Radiation emergencies
page 17

The late somatic effect of primary concern is the increased
incidence of fatal and nonfatal 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 cancer and leukaemia) and others for which the
cure rate is high (skin and thyroid cancer). Nevertheless,
any cancer causes psychological effects that can
significantly reduce the quality of life. Serious hereditary
disease may occur in subsequent generations following
radiation exposure of the gonads.

ICRP has provided risk estimates for the induction of cancer
in various organs of the body, which are reproduced in
Table 2. These risk factors include a weighting for nonfatal
cancers and the variation in the mean latency time for
different types of cancer. The ICRP risk factors are
representative of those for a nominal population of equal
numbers of men and women. There is some difference
according to sex in the risk for certain cancers, such as
breast cancer, and the severity of other types, such as
thyroid cancer, depends greatly on age.

Psychological and associated socioeconomic effects

In addition to the predicted consequences of radiation
exposure on physical health, psychological and
socioeconomic effects may constitute a significant public
health problem, as the Chernobyl accident clearly
demonstrated. In contrast to the health effects previously
described, the level of anxiety generated by possible
exposure is not related to the level of exposure but to the
perceived risk. Psychological stress may well be exhibited
although radiation is low or insignificant. Psychological
effects might be attributed to:
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Table 2. Risk factors for stochastic effects
for the general population

Tissue or organ Risk (per Sv)

Risk of fatal or non-fatal cancers

Bladder 0.29 102
Bone marrow 1.04 102
Bone surface 0.07 102
Breast 0.36 102
Colon 1.03 102
Liver 0.16 102
Lung 0.80 102
Oesophagus 0.24 102
Ovary 0.15 102
Skin 0.04 102
Stomach 1.00 102
Thyroid 0.15 102
Remainder 0.59 102
Total 5.92 102
Risk of severe hereditary disorders

Gonads 1.33 102
Stochastic effects, total 7.3 102

Source:adapted from Intemnational Committee on
Radiological Protection Publication 60 (3).

e the association of radiation emergencies with the
explosion of a nuclear bomb;

¢ the inability of the human senses to detect ionizing
radiation, thus making people feel helpless in the face of
danger; and
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inadequate and often conflicting information about the
accident and its effects, which leads to the perception
that the hazard may be greater than is being admitted.

The experience from the effects of the Chernobyl accident
led to various interrelating factors being distinguished.
Recognition of these potential problems and planning to
deal with them is an essential component of emergency
preparedness. A WHO Working Group on Psychological
Effects of Nuclear Accidents (4) summarized these as:

the sociopsychological dimension of the perception of
risk involved in radiation and the part information policy

plays;

the sociocultural dimension of the displacement and
consequent social disruption of communities;

the general pathogenic factor relating to physiological
stress reactions and to changes in lifestyle, such as
dietary habits and the consumption of alcohol;

the medical sociological dimension concerning changes
in the illness behaviour of the population and in the
diagnostic behaviour of the physicians;

the socioeconomic dimension relating to the large-scale
effects of the Chernobyl accident, such as the closure of
nuclear plants and the reversion to other sources of
energy; and

the radiopathological dimension and its deterministic and
stochastic effects.
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Protective measures
Principles for implementing protective measures

The actions taken to protect the public from the
consequences of a radiation emergency are the
responsibility of the competent authorities at both the
national and local levels. The specific role of health
authorities in an emergency depends on the divisions of
responsibility in each country. Generally, the following
rules apply:

¢ protective measures such as sheltering, evacuation and
relocation are usually implemented by the fire and rescue
service, the police or civil defence authorities;

e the public health authorities have the main responsibility
for the administration of stable iodine and for medical
care;

e the public health authorities have an important part in the
decision making concerning measures to control
agricultural production and food and water distribution.

The choice and implementation of protective measures is
determined by the nature of the emergency and its time
scale, but also depends on environmental factors, such as
meteorological conditions and sociological characteristics
of the area affected. An emergency with only local
consequences may allow for procedures that might not be
possible over a larger area.

Early protective measures should be undertaken according
to planned procedures. In the intermediate and late phases
of the emergency it becomes feasible and desirable to
determine the response as the situation develops.
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The implementation of any protective measure to reduce the
radiation exposure of members of the public creates some
risk to the people concerned, both in terms of direct risk to
health and in terms of social disruption.

The ICRP system of protection in accidents and
emergencies

“The benefit of a particular protective action within a
programme of intervention should be judged on the basis
of the reduction in dose achieved or expected by that
specific protective action, the dose averted. Thus each
protective action has to be considered on its own merits.
For example, decisions about the control of individual
foodstuffs are independent of decisions about other
foodstuffs and of decisions about sheltering and
evacuation. In addition, however, the doses that would
be incurred via all the relevant pathways of exposure,
some subject to protective actions and some not, should
be assessed. If the total dose in some individuals is so
high as to be unacceptable even in an emergency, the
feasibility of additional protective actions influencing the
major contributions to the total dose should be urgently
reviewed. Doses causing serious deterministic effects or
a high probability of stochastic effects would call for
such a review.”(3)

Occupational exposures of emergency teams during
emergency and remedial action can be limited by
operational controls. Persons involved in such work may
require additional precautionary measures, such as
protective clothing and respirators.
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ICRP recommendations on limitation of occupational
exposure in accidents and emergencies

“In addition to the exposures resulting directly from the
accident, there will be exposure of emergency teams
during emergency and remedial action. Even in serious
accidents, these can be limited by operational controls.

. The doses incurred are likely to be higher than in normal
situations and should be treated separately from any
normal doses. Emergencies involving significant
exposures of emergency teams are rare, SO some
relaxation of the controls for normal situations can be
permitted in serious accidents without lowering the long-
term level of protection. This relaxation should not
permit the exposures in the control of the accident and in
the immediate and urgent remedial work to give effective
doses of more than about 0.5 Sv except for life-saving
.actions, which can rarely be limited by dosimetric
assessments. The equivalent dose to skin should not be
allowed to exceed about 5 Sv. Once the immediate
accident is under control, remedial work should be
treated as part of the occupational exposure incurred in
a practice (3).

Intervention levels

Decisions to introduce early protective measures are to be
based on an estimate of the radiation dose to the individual
that can be averted by that particular action. Consideration
of the collective radiation dose averted assumes more
importance at greater distances, where the individual
radiation doses are correspondingly lower.

Where practicable, the competent authorities should set an
intervention level for each protective action, in terms of
averted radiation dose or of an appropriate parameter, such
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that the implementation is triggered when the expected
value of the chosen parameter exceeds the intervention
level.

It is not always possible to set one generally applicable
intervention level at which a particular protective measure
would always be introduced. For each protective measure, a
lower level might be considered below which a protective
measure might not be warranted and an upper level at which
the protective measure should be implemented. There may
also appear unique characteristics of an actual emergency
requiring authorities to refine their considerations for the
need for protective measures.

Sheltering, evacuation and relocation

Sheltering involves advice that people must stay or go
indoors in a suitable building with the doors and windows
closed and the ventilation systems shut down. Sheltering
reduces exposure due to external radiation from a radio-
active plume and from radionuclides deposited on the
ground. It also reduces internal radiation doses from inhaled
radionuclides, in the event of a release involving isotopes of
iodine or highly radioactive “hot” particles. The effective-
ness of sheltering in various types of buildings is illustrated
by Figs. 3 and 4.

Sheltering is a relatively simple protective measures to
implement and can provide significant protection. It causes
little social disruption and involves little risk when imposed
for relatively short periods of time. Thus, for periods of up
to twelve hours it should be considered as the initial
protective measure. Sheltering populations must be advised
to listen to radio and/or television for further information
and must be kept well informed.
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Fig. 3. Protection factors during the cloud phase

radioactive cloud k

without
protection
SF 1

Callar :
i SF30-50

Protection factors (compared with remaining out doors) during the passage of the
radioactive cloud. Thesc protection factors refer to naturally ventilated rooms, ic.,
ventilation switched off* and cellar and shelter doors inside the house open.

*) If the ventilation is switched on, the noble gases reach the shelter (filters do not work
for noble gases). This reduces the protective effect.

Source: Emergency planning and preparedness for the
vicinity of nuclear power plants (5).
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Fig. 4. Protection factors during the ground deposition
phase

without
protection
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ground
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Protection factors (compared with remaining in the open) against radiation during the
ground deposition phase.

During this phase the type of room ventilation, natural or forced ventilation, has no
influence on the protection factor (the radioactive materials are deposited and do not
remain in the air),

Source: Emergency planning and preparedness for the
vicinity of nuclear power plants (5).
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Unplanned sheltering for twelve hours or more may cause
social, medical and psychological problems and may trigger
unplanned and uncontrolled flight of people. Psychosocial
problems may be particularly important if family members
are separated. Sheltering populations must be kept informed
with regular and consistent information, advice and
instructions.

Evacuation is the urgent, temporary removal of people to
another area to reduce radiation exposure. It provides
protection against the same forms of radiation exposure as
sheltering. It is most effective as a preventive measure
before any release of radionuclides to the environment
occurs.

Evacuation is applicable to groups of people in the vicinity
of a nuclear installation. Such populations are usually
identified in emergency planning and evacuation may be
implemented according to predetermined plans. Unplanned
evacuation of heavily populated areas is likely to cause
considerable problems, and ways of avoiding this should be
considered.

Evacuation is generally socially disruptive, and is difficult
to implement if large populations are involved. Evacuation
may also cause psychosocial problems because people are
anxious over leaving home and possessions, pets and farm
animals. These problems are increased if there is
uncertainty about eventual return. These considerations
mean that a potentially affected population must understand
that evacuation plans exist and will be implemented if the
need arises.

Although certain groups such as pregnant women and small
children are theoretically at greater risk, governments
should be aware of the problems caused by partial or
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prioritized evacuation. Plans for evacuation should not
based on giving priority to certain high-risk groups but on
proceeding in an orderly fashion sector by sector to avoid
confusion.

Relocation is implemented to avoid the accumulation of
high long-term radiation doses from the ground deposition
of radionuclides or through. It may be implemented either
following evacuation or as a separate action. Relocation
would usually involve a period of from one month to
permanent abandonment. It is expensive, both economically
and socially, and requires appropriate reception areas. The
psychological stress and socioeconomic impact involved
must not be underestimated. Experience from the Chernobyl
accident has demonstrated the importance of such problems
in connection with relocation.

Stable iodine prophylaxis

WHO has published Guidelines for Iodine Prophylaxis
following Nuclear Accidents in 1989 (6). Developments
from the aftermath of the Chernobyl accident have led
WHO/EURO to undertake a review of the guidelines which
will be published shortly, and these considerations are
reflected in this manual. However, generally the previous
recommendations in the guidelines remain valid.

Deterministic effects from doses of the order of several Gy
in the thyroid are only likely to occur near the source of the
accident where the route of exposure is primarily by
inhalation. If this is considered to be possible, then iodine
prophylaxis should be given to all population groups.

As the time of implementation of prophylaxis is critical,
prompt availability of the tablets to individuals has to be
ensured. One important option could be their predistribution
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to households with provision for storage in places that can
be controlled by responsible people. Clear instructions
should be issued with the tablet and individuals should be
kept aware of the procedures on a regular basis.

In regions where only stochastic effects are the cause for
concern, the present WHO guidelines recommend that
iodine prophylaxis be used only if exposure by inhalation is
possible or if potential exposure to radioactive isotopes of
iodine by the ingestion route cannot be prevented by food
and milk bans. Special groups for concern are children,
pregnant women and lactating women.

Dietary iodine status affects the uptake of radioactive
isotopes of iodine. However, a normal iodine status would
not reduce the need for prompt stable iodine prophylaxis.

In the case of pregnant and lactating women and neonates, a
single dose should be given and for a prolonged release, the
individuals should be protected by other protective
measures. In general, the guidelines recommend that stable
iodine should not be distributed to those over 40 years of
age in whom adverse side effects are possible and the risk
for radiation induced thyroid disorders is very low.

Evidence of a marked excess of thyroid cancer in young
children in the population affected by fallout from the
Chernobyl accident has now been established. It is
overwhelmingly probable that the excess of thyroid cancer
has resulted from exposure to the radioactive isotopes of
iodine from the Chernobyl accident. Therefore this indicates
that stable iodine prophylaxis would be beneficial,
especially for young children, after nuclear accidents
involving releases of radioactive iodine to the environment.
Moreover, the experience in Poland following the
Chernobyl accident shows that the risks of serious side



3438

349

Radiation emergencies
page 29

effects from a single dose of stable iodine are very low (less
than 1 in 10 000 000) in this age group. Risks in adults are
also minimal (less than 1 in 1 0600 000).

Using current ICRP risk coefficients, for a dose of 10 mGy,
there would be a two to five fold increase in risk of thyroid
cancer during childhood over the baseline value of 0.5-1 per
million per year. WHO recommend that notwithstanding
nationally adopted intervention levels, doses to the thyroid
from radioactive isotopes of iodine, especially in children,
should be kept as low as reasonably achievable. Stable
iodine prophylaxis provides a safe and effective means of
averting dose. The lowest potential dose at which
intervention is practical would be 10 mSv the only relevant
costs being the economic and social costs of distribution.

Stable iodine can be dispensed either as potassium iodide or
potassium iodate. The recommended single doses expressed
as the equivalent mass of iodine are shown in Table 3.

Table 3. WHO guidelines for iodine prophylaxis following a
radiation emergency involving the release of iodine isotopes

Age Recommended daily
dose in iodine equivalent

>12 years 100 mg
3-12 years 50 mg

1 month to 3 years 25mg
<1 month 12.5 mg?

2For neonates: recommended single dose.

Source: adapted from Guidelines for iodine prophylaxis
following nuclear accidents (6).
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The iodine can be formulated as either a tablet or liquid but,
in general, tablets are preferable to solution as they are more
easily and rapidly distributed. Neonates can receive tablets
crushed and mixed with fruit juice, jam, etc.

Formulation of either potassium iodate or iodide is
relatively simple for pharmaceutical companies. The
decomposition and stability characteristics should be kept in
mind for storage, distribution and replacement
considerations.

The effectiveness of stable iodine requires that it be
administered as soon as possible after the accident.
Therefore, plans need to be made for storage and
distribution. These plans should include consideration of
predistribution of iodine tablets to individual households
with appropriate instructions.

At greater distances from the accident site there is likely to
be more time for decision-making. If predistribution is not
considered feasible, greater control over administration is
needed. Stocks of iodine should be stored strategically at
points that could include schools, hospitals, pharmacies fire
stations, police stations. and civil defense centres. National
authorities should consider the need for these storage points
to be widespread, with overlapping distribution areas to
minimize delays. The designated authority should plan for
issuing, controlling and reviewing such stocks. It might be
useful to deposit stocks at places or institutions where stock
controls are normal procedure.

As mentioned in paragraph 3.4.7, current evidence rein-
forces the benefits of stable iodine prophylaxis. The risks of
side effects are now believed to be minimal. WHO now
advises national authorities that they should consider the
benefits of allowing voluntary purchase by the general
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public within the framework of their plans for nuclear
emergencies if it is not the practice already. Distribution of
stable iodine would, however, still remain the responsibility
of the appropriate authorities.

Control of food and water supplies

Food control includes measures to control agricultural
production and food and water distribution and may entail
restricting or banning the consumption of contaminated
foodstuffs, delaying their consumption by converting them
to other products or storing them until the activity decreases
to an acceptable level.

The intervention in the food chains and drinking water in
the early and intermediate phases of the emergency is
especially important in areas where fresh vegetables are
grown and cows are farmed. In the case when fresh leafy
vegetables, fruit and milk are contaminated with the short-
lived radioactive isotopes of iodine, some food bans might
be needed within a day or two of the accident.

In accidents where there is extensive, long-term
contamination with long-lived radionuclides, such as
cesium-137, food and natural products from the
contaminated area may have to be banned or restricted for
many years. Under such circumstances there will also be an
unavoidable collective radiation dose in areas where the
individual radiation doses are too low to warrant any
restrictions. The overall collective radiation dose cannot be
substantially reduced through controls, and control
measures are likely to be economically and socially
expensive.

Thus, for agricultural products and foodstuffs, intervention
levels cannot be specified in advance of the emergency and
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must take account of the problems caused and the
availability of alternative food supplies. Further information
on WHO'’s principles for the control of food contaminants
can be found in the publication Derived intervention levels
for radionuclides in food (7). The guidance includes
methods to relate food contamination levels to internal
radiation doses, which can then be judged against
subsequently established intervention levels in terms of
averted individual radiation dose. These guidelines are
based on health protection principles and thus may differ
from those enforced for legislative and trade purposes in
which other factors also need to be taken into account.

In a different framework, the joint WHO/FAO Codex
Alimentarius Commission (8) has determined reference
levels of radioactive contaminants to be used as exemption
limits, below which there is no need for intervention in
international trade. These limits are reproduced in Table 4.

Table 4. Codex Alimentarius guideline levels
for food in international trade

Intervention level

Ba/kg Nugclide group Specified foods
1 Pu-239, Am-241 milk/infant foods
10 Pu-239, Am-241 other foods
100 Sr-90, 1-131 milk/infant foods
100 Sr-90 other foods
1000 Cs-134/137 milk/infant foods
1000 1-131, Cs-134/137  other foods

Source: adapted from Guideline levels for radionuclides in
food following accidental nuclear contamination for use in
international trade (8).
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ICRP recommendations on intervention exemption
limits

“To avoid unnecessary restriction in international trade,
especially in foodstuffs, it may be necessary, in this
context, to apply derived intervention levels in a different
way. They could then indicate a line of demarcation
between freely permitted exports or imports and those
that should be the subject of special decisions. Any
restrictions applied to goods below the intervention
levels, better called intervention exemption levels for this
purpose, should be regarded as artificial barriers to
trade. Trade in materials above an intervention
exemption level should not automatically be prohibited
but such materials might be subject to temporary
controls. Intervention exemption levels used in this way
in international trade should not necessarily have the
same quantitative values as the intervention levels used
for initiating action in other circumstances.” (3)

3.6 Decontamination of the environment

3.6.1 Decontamination of the environment involves removing
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 radiation doses from
the inhalation of resuspended radionuclides.

3.6.2 If the level or extent of contamination is sufficient to
warrant removal, the work will be likely to involve radiation
doses to the workers involved. Some means of storage and
ultimate disposal of the contaminated material which has
been removed will also be required.
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Medical care

Management of irradiated or contaminated people

Irradiated or contaminated people who may be injured and
need medical aid are taken to the designated medical
facility. The facility must be prepared to treat these patients
with minimum disruption of its normal service.

There are three main categories of radiation exposure.
Exposure may occur as a combination of these.

e External radiation exposure. Exposure ceases when the
person is removed from the source, the person is not
contaminated and presents no danger to emergency
personnel.

e External contamination. The person continues to be
exposed until the contamination is removed. As
emergency personnel can be exposed or contaminated,
appropriate protection procedures must be observed.

¢ Internal contamination. The person continues to be
exposed until the contamination is eliminated by natural
processes or by specialized medical intervention.
Exposure of emergency personnel is likely to be
insignificant.

The immediate need may be to survey hundreds or even
thousands of individuals. For personal contamination
(external or internal), some countries have established
special mobile installations allowing measurements of, for
example, iodine-131, cesium-134 and cesium-137. For
assessing external radiation exposure, specialized teams can
also be made available for urgent investigation of exposure
of the whole body or parts of it. Such surveys allow
individuals to be categorized in terms of the requirement for
further treatment.
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The main task of medical assistance is to provide valid
treatment based on the results of physical and biological
investigations, including reliable dosimetric data giving the
distribution of absorbed radiation doses in the body or the
distribution of the radioactive substances in the body. If
possible and appropriate, a reconstruction of the accident
using tissue-equivalent phantoms should be undertaken.
Biological investigations consist essentially of haematologi-
cal, cytogenetic and immunological investigations in whole-
body exposure and thermic and circulatory investigations in
the case of radiation burns. Depending on the results of
these investigations, sterile treatment facilities, competent
teams of physicians and nurses and substantial haematologi-
cal, metabolic and specialized surgical treatment of the
various types and degrees of radiation burns may be
necessary.

Prompt local intervention may be necessary:

e to limit further exposure either by removing the person
from sources of external radiation or by removing the
external contamination or eliminating the internal
contamination;

e for treatment of other injuries not associated with
radiation, particularly those associated with disturbance
of vital function;

e to protect the thyroid gland by administering stable
iodine; and

e to reduce emotional stress and its effects on health.

Assessment of the need for decontamination and treatment
involving external decontamination and emergency
treatment for the intake of radionuclides should be initiated
as soon as possible. Treatment can be carried out in a
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decontamination centre or in a local hospital equipped with
an emergency department, decontamination facilities and
monitoring equipment. Mobile facilities can also be used, if
avatilable.

Individual patient records, including monitoring data,
should be comprehensive. Continuous updating of the
exposure assessment is essential.

Local hospitals should have adequate facilities for external
decontamination and radiation monitoring. Nevertheless,
people identified as having received significant exposure
and requiring specialized treatment should be transferred to
a designated medical centre with appropriate medical and
radiological expertise. A list of specialized centres and
qualified physicians in charge should be available in
advance.

Personal decontamination is needed where there is evidence
or a suspicion of body surface contamination. In general, a
change of clothes and domestic showers are adequate for
decontaminating.

Medical assistance may be required if physical injuries are
contaminated by radioactivity or if contamination cannot be
removed by repeated washing. Personnel treating
contaminated people after initial decontamination are most
unlikely to be at significant risk even at high levels of
contamination.

Medical facilities need to consider the appropriate
procedures and contamination limits for monitoring people
for radiation and methods and supplies for decontaminating
people. Levels of decontamination should be established as
part of the plan so that priorities can be established for
decontamination.
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number of people among the public likely to be contamina-
ted to an extent entailing a health risk is quite small, but the
number of people who are only slightly contaminated may
be very large. These persons need reassurance, and effective
monitoring arrangements are needed at the appropriate
reception and treatment centres. If this is not the case, there
is a risk that people may jam the medical services and
prevent those who are injured from obtaining help.

Training aspects

Given the rarity of the accidental radiation exposure of
workers and the public, few doctors, nurses, paramedical
staff and other health care professionals have experience
with the nature of radiation and its effects on the human
body. For this reason, health workers must be educated on
the effects on health of radiation and on contamination by
radioactive material. They must also learn to identify the
signs of radiation sickness and their development with time,
especially because this will enable them to identify those
who have not been seriously irradiated but who fear that
they have been.

The training programme should emphasize that the most
probable emergency is unlikely to involve large numbers of
seriously irradiated people needing specialized care. In the
Chemobyl accident, those seriously affected were workers
on site and emergency personnel dealing with the accident
rather than the general public. However, in a very different
type of emergency involving contamination from a radio-
active source in Goiania, Brazil, where members of the
public were affected, there were 20 persons needing hospital
treatment, 250 persons contaminated either externally or
internally, and the total number of people monitored was
112 000 (9).



Radiation emergencies

page 38

423

424

4.3
4.3.1

The proper handling of the psychological problems asso-
ciated with a radiation emergency is of great importance and
must be included in the training programme. Individuals
seeking medical help and advice are most unlikely to have
received a radiation dose that could cause deterministic
effects and may not have had any significant exposure. In
addition, many people who have not been exposed to
radiation at all, but require reassurance, present themselves
to medical staff.

The training should stress that the probability is low that
any person needing medical care or hospital treatment
would be so contaminated that the person constitutes a risk
to the medical staff if proper precautions are taken. Urgent
life-saving measures such as treatment for shock and severe
injuries should never be postponed for the sake of very
ambitious decontamination procedures.

Facilities and equipment

National public health authorities should develop the neces-
sary medical and radiological expertise to cope with the
consequences of a radiation emergency. Emergency pre-
paredness by local authorities is most important, since they
are the first authorities involved and have knowledge of
local conditions. WHO collaborating centres can supply
international medical assistance for countries lacking these
capabilities. WHO has established a global Radiation
Emergency Medical Preparedness and Assistance Network
(REMPAN), involving seven WHO collaborating centres.
The three collaborating centres in the WHO European
Region are:

¢ International Centre for Radiopathology, Paris, France;

e Centre for Radiation Emergency Medical Preparedness
and Assistance, Ulm, Germany;
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e Centre for Medical Radiation Pathology, St Petersburg,
Russian Federation.

These centres serve as focal points for advice, training and
possible medical care of radiation injuries and assistance in
the establishment of medical emergency plans for large-
scale radiation emergencies. In a radiation emergency, the
collaborating centres could provide: a team for on site emer-
gency treatment; a survey team for rapid external radiation
monitoring and/or contamination surveys with appropriate
equipment; transport of patients; facilities and staff for
medical investigation and treatment; and follow-up medical
supervision and treatment.
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Guidance on emergency response planning

General aspects of emergency planning

Planning for public health measures in response to radiation
emergencies should be integrated into overall public health
emergency preparedness planning, taking into account the
special features of radiation emergencies.

On the national, regional and local level, the public health
actions that might be taken after an accident should be inte-
grated into the general emergency planning system. The
purpose of emergency planning is to coordinate resources in
order to control and limit the consequences of an emerg-
ency as efficiently as possible. Comprehensive special plans
are appropriate for nuclear power stations and other installa-
tions where the consequences of potential accidents might
exceed those normally dealt with by the rescue services.

Experience from the Chernoby] accident has led to the need
to take into account that areas distant from the scene of an
accident may be affected, and consequently public health
planning in response to radiation emergencies also has to
consider the broadened international dimension.

Many different authorities need to take action to implement
an emergency plan, and coordination is essential. These in-
clude the government departments or ministries responsible
for internal organization, health, environment and agri-
culture together with the police, civil defence, fire brigade
and authorities responsible for radiation protection.

The public health authorities are responsible for taking an
active part in planning the response to any radiation emer-
gency, with the aim of minimizing the health impact to the
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public. The public health and medical professions need to
be represented on all planning and decision-making bodies.

Emergency preparedness requires that emergency plans be
regularly updated and a state of readiness upheld through
regular training and exercises. Exercises are also important
for identifying additional planning needs.

The existence of emergency plans should be made known to
the local population and information should be provided
outlining some basic aspects of the emergency response
plan and the likely actions they may be asked to undertake
in the event of an accident. If the local population has been
properly informed, they are less likely to take actions that
deviate from those proposed by the responsible authorities.

ICRP recommendations concerning emergency
planning

“Accidents or operations misjudgements may call for
urgent action. The responsibility for planning local
emergency action should fall primarily on the operating
management, if this can be identified in advance. More
general and especially national, planning should be the
responsibility of the regulatory agency or other body
designated by the Government. Local and national plans
need to be closely coordinated and linked with other
plans dealing with accidents not involving radiation.
Links to regional and international plans should also be
provided. Bilateral agreements with neighbouring states
are often needed and are essential where major
installations are located near national boundaries. The
scale of the detailed plans for dealing with radiation
accidents will be influenced by the degree of
coordination with other plans and by the magnitude and
expected frequency of accidents. The establishment,
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maintenance and exercising of emergency plans require
a substantial commitment of resources, so the choice of
the scale of the plans has considerable practical
implications.” (3)

Planning elements for public health authorities

The general public requires information on a wide variety of
topics, some of which deal with public health
considerations. Pamphlets may be prepared for the public,
and training programmes or seminars on the emergency
plan may be presented.

After an accident occurs, questions related to medical care
or health are to be anticipated and the appropriate answers
or sources for answers should be identified, as well as the
methods of communication with the public. Convincing and
prompt answers by an authority on health matters generally
help to reduce anxiety.

Public health officials may be called on to estimate the
health consequences, including the immediate effects, long-
term carcinogenic effects, birth defects and psychological
effects, of an emergency. Authorities will be expected to ac-
count for the consequences of their protective action and
also to outline the total risk to the public from the emer-
gency. The public health authorities should therefore be
prepared to estimate the effects based on the available
radiological monitoring data.

The public must be adequately informed about the risks of
the exposure that they individually incur. For external
exposure and internal exposure from uniformly distributed
radionuclides (e.g. cesium) an appropriate comparison is to
natural background radiation exposure rates and their
geographical variability. Such a comparison is less useful
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for internal exposure where only specific tissues are
irradiated (e.g. iodine isotopes in the thyroid gland), in
which case estimates of individual risk in relation to the
radiation dose incurred are appropriate.

In the years after the accident, the people in and around the
contaminated areas, both those exposed and those not
exposed, may attribute to the accident the inevitable cancers
and genetic effects that arise in any population. Since a sig-
nificant fraction of the whole population will get cancers
from causes other than the accident, adequate data to esti-
mate the probability that the accident caused the cancer are
required. Public health authorities should ensure that the
data necessary to make decisions are included in the
emergency plans.

In the recovery phase, there are often measurable, albeit
low, levels of contamination in the areas to which people
are allowed to return. Public health agencies 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.
Guidance needs to be prepared in order to minimize the
uptake of any residual contamination, and attention should
be paid to local food crops, water supplies and resuspension
of deposited contamination.

Planning elements for medical practitioners

Most hospitals near nuclear facilities have emergency
response plans and associated training programmes. The
emergency plans for hospitals situated in the immediate
vicinity of a nuclear facility should include the special
requirements that may be associated with a severe radiation
emergency. The local medical staff must understand the
possible consequences of a radiation emergency.
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The medical profession has a special responsibility in
planning the evacuation of hospitals and nursing homes and
of infirm and handicapped people living in their own
homes. The risk of moving these people must be carefully
weighed against the risk of radiation exposure if they
remain in the shelter of the building where they are at the
time of the emergency.

If the appropriate authority decides to evacuate a specific
area, medical staff should attend the designated evacuation
centres. The main purpose of the medical presence at these
centres is to reassure people and, if necessary, to decide
who needs further medical attention. Health physicists are
usually good candidates to reassure those who are worried
about a possible dose of radiation, and medical and nursing
staff should be skilled at communicating with other people.
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Communication with the public

Information strategy

The gathering, assessment and communication of informa-
tion are vital aspects, not only for an effective response to a
radiation emergency but also to minimize the after-effects
that could result in long term impacts on any affected popu-
lation and also to avoid unnecessary anxiety among the far
greater numbers who are not directly affected.

The long-term effects from the Chernobyl accident are only
now beginning to be appreciated, with the effect of psycho-
social factors on public health becoming increasingly
prominent.

Although the development of these psychosocial problems
is poorly understood at present, the lack of credibility of the
information presented to the public both at the time and
after the accident manifestly played a major role in these
issues.

Appropriate information and advice to those responsible for
implementing actions to protect the public needs to be pro-
vided as expeditiously as possible. In determining the stra-
tegy to be adopted, the prime purpose must be to provide
effective public health action.

Members of the public likely to be affected should be
among the first to be alerted. The strategy should therefore
be to prepare for a local response and action initially, broad-
ening to a prepared wider national response if the prevailing
conditions require it. Public information in the event of an
emergency will be determined by the policies already in
effect to prepare the population.
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It is important to recognize that information to the public
before, during and after a radiation emergency will be
reflecting situations which may change rapidly. In spite of
that all information given should be as coherent and
consistent as possible and needs to be addressed in the
framework of the overall emergency plan.

The key to the discussions on information available before
and during a radiation emergency is to identify the informa-
tion and the target groups to which it will be directed.

Response coordination after a radiation emergency

For a radiation emergency occurring at a fixed location,
emergency plans provide for the preparation of a detailed
response for the local area. The response beyond this area
would need to be more flexible, and use could be made of
plans to deal with other man-made and naturally occurring
emergencies.

The need to coordinate the information required for action
by a wide range of organizations and authorities leads
naturally to the establishment of a local and a national
response centre when an emergency occurs. A local centre
would be equipped with facilities to accommodate and meet
the needs of representatives of the relevant local agencies
and emergency services, providing for:

e coordinated technical advice to those responsible for
implementing local public health action; and

o the interests of the media and the help that they can give
in providing information to the public.

The local centre would have direct links with the national
centre set up by national authorities which, in tumn, would
coordinate public information at the national level,



6.2.4

6.3
6.3.1

63.2

633

634

Radiation emergencies
page 47

providing a link to other national resources and information
to the general public nationally and to other countries.

This two-centre approach allows the local response
organizations to concentrate on assessing and dealing with
the emergency and provides the mechanism for ensuring
that information is made available quickly at the national
and international levels. This achieves a prime objective of
providing the public with prompt and accurate information
that is common at both local and national level.

Information requirements

The choice of the strategy to be adopted in relation to
information required for public health action prior to and in
the event of a radiation emergency depends on an
identification of the subject matter, its purpose and to whom
it is directed.

For the European Union member states, there are
information requirements defined in the European Council
directive of 27 November 1989 on informing the general
public about health protection measures to be applied and
the steps to be taken in the event of a radiation emergency.
Other countries may also find these guidelines useful.

If the target groups to whom information is addressed are
identified as the public and authorities locally, nationally
and internationally, priority needs to be given to informa-
tion required for public health action in the vicinity of the
accident.

Public health action will be taken on the assessment and
prognosis of the radiation exposure of members of the
public as individuals and as communities. Members of the
public directly affected will need to be informed. They
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should, prior to an accident, have been informed by the dis-
tribution of authoritative and locally prepared information
about the action which might be necessary. If the public
health action involves evacuation, then wider public know-
ledge of the emergency will raise enquiries by friends and
relatives, and the casualty bureau type of arrangement
would be necessary.

When such action involves the control of foodstuffs or
water supplies, those more directly affected are mainly the
producers, processors and distributors of these supplies. In
the event of such action, public information needs to be
broadened and include the information necessary to reassure
the public in general.

The needs of public institutions, the press and the media to
obtain information in the normal conduct of their business
and in accordance with their role in a democratic society is
an important aspect in emergency planning.

Preparation and dissemination of background
information

Background information is that information available before
any accident occurs and has two key functions:

e to inform the public likely to be affected that plans exist
to protect them in the event of a radiation emergency;
and

e to familiarize the public with the health actions to be
implemented by the emergency services and by the
individuals themselves.

The background information at the local, national and
international levels must be consistent as far as is possible.
Common ground and approach within the international
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community is helpful at the national level, especially in the
preparation and publication of background information
having educational and guidance aims.

Members of the public should be made aware of the sources
of authoritative information prepared by nuclear operators
and the local and national competent authorities.

Background information should also be targeted to those
responsible individuals who would be looked to for advice
at the time of an emergency.

The media provide a reservoir of opinion, informed or mis-
informed, and create as well as reflect public opinion. They
are also the source of most public knowledge of contem-
porary issues and can therefore influence public concern in
the event of a radiation emergency. Openness on the part of
the nuclear industry and government authorities and their
relationships with the media in normal everyday life should
ensure that they can be used to disseminate information in a
helpful way if such an accident were to occur.

Certain background information needs to reflect the local
situation, topography, plant design etc. and is therefore best
produced in consultations between the nuclear operator,
local authorities and emergency services. It will also take
into account national guidance by competent authorities.
Information of this kind should be distributed and routinely
reviewed and maintained for those members of the public
likely to be affected by a radiation emergency. In addition to
this local background information, the nuclear industry and
competent authorities should prepare and publish back-
ground information for national consumption.
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Crisis information

Crisis information is the information to be given in the
event of an emergency and consists of:

e information about appropriate health actions for the
public immediately at risk;

¢ information concerning the course of the accident and
" general technical data;

¢ information needed to provide reassurance for the rest of
the population;

e information to be transmitted to meet international
commitments.

In a radiation emergency, the information provided must be
timely, open and principally directed at the health of the
public. The main difficulty arises in striking the right bal-
ance between providing information promptly and ensuring
accuracy and coherence. This is of the greatest importance
because it lies at the heart of the problem of maintaining the
credibility of information and avoiding the loss of public
confidence in the authorities and the uncertainty and anxiety
which would follow.

The first task locally is to inform all persons responsible for
the implementation of public health actions in the area for
which detailed emergency arrangements have been prepared
and exercised. They, in turn, inform the public actually
affected of the action to be taken.

The local information dissemination strategy can involve
the use of sirens, personal house calls or loudspeaker vehi-
cles and will generally rely on local radio and television to
alert the public on a wider basis. The effectiveness of these
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procedures depends on the level of preparedness acquired
from background information previously circulated.

The interface of the emergency organizations with the natio-
nal radio, television and press needs to be carefully consi-
dered in advance. The course of the accident, supported by
technical information on the facility affected, is part of the
information required by public or national institutions as
well as the national government. Data will be required from
the monitoring of air and ground deposition in areas down-
wind of the affected site. An assessment will have to be
made by the nuclear operator and competent authorities to
determine what further public health action might be nece-
ssary in the wider area and to reassure the public in
unaffected areas.

The requirement for public assurance was revealed during
the Chernobyl accident and requires some planning. The
availability and the openness with which information is
provided must be regarded as having educational benefits.
Increased involvement of the media in emergency pre-
paredness exercises is valuable as an educational process.

National authorities in many WHO Member States have
entered into bilateral and international agreements to notify
and inform their signatory partners should a radiation emer-
gency occur. In the event of an emergency, a balance needs
to be found between the priority given to provision of infor-
mation and the technical quality contained in such commu-
nication. Further effort is required to establish the objectives
of this information exchange and to ensure compatibility of
data formats and transmission systems. Coordination of
exercises on an international basis would be valuable.

The world community should continue to exchange and
compare information about radiation incidents and accidents
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so that everyone can benefit from an understanding of their
causes and consequences. This is vital if future lessons are
to be learned to improve plant safety in design and
operation, radiation protection standards and emergency
preparedness.
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Coordination of international response to
radiation emergencies

International Atomic Energy Agency (IAEA)

The International Atomic Energy Agency is the key inter-
national organization that would be involved in a radiation
emergency, and has specific responsibilities and expertise to
provide advice on nuclear safety and radiation protection.

The Chernobyl accident resulted in the adoption in 1986 of
the Convention on Assistance in the Case of a Nuclear
Accident or Radiological Emergency (later referred to as the
“Assistance Convention”) and the Convention on Early
Notification of a Nuclear Accident (later referred to as the
“Early Notification Convention”). These conventions levy
specific obligations and responsibilities on the signatory
states. In particular, it also defined a key role for the IAEA
in the response to major radiation incidents.

The specific responsibilities of IAEA that can be identified
within the wording of the conventions are simple but
pertinent.

e The IAEA will receive notification of an accident from a
State and, if requested, inform other States that may be
affected.

o The IAEA will receive and relay other information that
may be useful 1o States or international organizations in
respect to minimizing any radiological consequences.

e The IAEA will respond to requests for support from a
State and, where necessary, act as “broker” between
States.

e The Agency will offer its “Good Offices” to coordinate
assistance to those States requesting its support.
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With these roles in mind, the IAEA has developed an emer-
gency response system to implement the responsibilities
given to the IAEA. The system is described in the
ENATOM manual, which also contains the full texts of the
two conventions (10). Furthermore, IAEA has published a
booklet with guidance on international exchange of infor-
mation and data following a major radiation emergency for
IAEA member states (/1). The system for information and
advice of WHO/EURO is integrated with the IAEA system,
and Member States in the European Region are therefore
encouraged to become familiar with the IAEA guidance.

World Health Organization (WHO)

In the application of the Assistance Convention and the
Early Notification Convention, requests for information
relevant to the risk to health in general and to the possible
need for medical intervention for individuals or population
groups are likely to arise.

If the accident occurs in a country that lacks adequate
monitoring facilities for dealing with the situation because
of, for example, the very great number of people affected,
the competent national authorities may decide to seek help
under the terms of the Assistance Convention.

Article 5 of the Assistance Convention requires the IAEA to
assemble relevant information on potential sources of assis-
tance. WHO and the REMPAN network (cf. section 4.3)
would be consulted and provide assistance if possible. For
enquiries within the European Region, WHO/EURO is the
focal point and maintains a database on assistance potential
from Member States.

As a joint project between the United Nations Environment
Programme (UNEP) and WHO, a Global Environmental
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Radiation Monitoring Network (GERMON) has been set up.
It has the function to report environmental radiation levels
on a regular basis and to provide rapid and reliable radiation
measurements in the event of a major radiation emergency.
The collating and reporting functions of GERMON are
carried out by the WHO collaborating centre, the
International Reference Centre for Radioactivity in
Le Vesinet, France. GERMON is part of UNEP’s Global
Environmental Monitoring System (GEMS).

Past experience has shown that, during actual accident
situations, regardless of whether they involve a trans-
boundary release of radiological significance, IAEA, WHO
and other international organizations receive many requests
for information, interpretation of information and advice
from their respective member states, the media and
members of the public.

With this in mind, IAEA undertakes to coordinate the flow
of information to WHO and other concerned organizations
in maintaining a coordination system for acute accident sit-
uations. This would include the exchange of information, its
interpretation and the advice given to their respective mem-
ber states as well as statements to the media and members
of the public.

In addition, other relevant intergovernmental organizations
outside the United Nations framework, such as the
European Commission in the European Region, could also
be approached for information, advice or assistance fol-
lowing a radiation emergency. The European Commission’s
response may extend to restriction on food and foodstuffs,
and hence the corresponding information system (ECURIE)
obliges all European Union member states to submit data on
related contaminated levels and protective measures in their



Radiation emergencies

page 56

73

7.3.1

732

733

countries. The JAEA information format has been designed
to allow for such data to achieve a harmonized approach.

Food and Agriculture Organization of the United
Nations (FAO)

The Food and Agriculture Organization of the United
Nations (FAQ) assesses the qualitative and quantitative
effects of all contaminants including radionuclides on food
supplies and advises governments on the acceptable levels
of radionuclides appearing in agricultural, fisheries and
forestry products entering national and international trade.
In addition, FAO advises governments on measures related
to agricultural, fisheries and forestry practices to minimize
the impact of radionuclides and developing alternative
agricultural practices and on decontamination of agricultural
fisheries and forestry products, soil and water.

Foreign visitors or foreign students in the state where the
accident has occurred and in other affected states need
comprehensive information on all foodstuffs marketed,
including both representative contamination levels and
national limits applied in the state, and extending possibly
to drinking-water. The authorities of the country of origin of
the visitor or resident take ultimate responsibility for such
advice. The contamination criteria used in formulating that
advice may differ from that used for international trade in
foodstuffs. The state in which the accident occurs and the
affected state parties should provide necessary data under
the terms of Article 6 of the Early Notification Convention.
In practice, similar information may be sought by
unaffected states, especially where there are food trade or
tourism interests.

FAO is the centre for detailed information on food. In the
initial phase, information should be provided via the IAEA
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early notification system, later on FAO will seek the
necessary data from the state in which the accident occurred
and affected states.

Joint UNEP/DHA Environment Unit

The United Nations Environment Programme (UNEP) can
provide access to relevant environmental and natural re-
source information through the Global Environmental
Monitoring System (GEMS) and the Global Resource
Information Database (GRID). This includes the use of geo-
graphical information systems, satellite image processing
and telecommunications technologies for the analysis of
environmental and other data appropriate to radiation
emergencies and their control.

The United Nations Department of Humanitarian Affairs
(DHA) can offer advanced communication facilities to
assist in the dissemination of information, regardless of
whether that information is concerned with early warning of
a potential release of radioactivity across national borders,
notification or the mobilization and coordination of
assistance to any affected country. The United Nations
International Emergency Network (/2) could be used to
supplement distribution of information and data after a
radiation emergency. In such case the use should be through
the International Atomic Energy Agency.

International Labour Organization (ILO)

In the case of a radiation emergency, ILO may provide in-
formation to its constituents, that is, employers, workers and
national governmental labour authorities. It would thus con-
tribute to a coherent dissemination of reliable information.
If ILO receives a request concerning information or assis-
tance, it contacts the IAEA and other relevant international



