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FOREWORD

The Basic Safety Standards for Radiation Protection: 1982 Edition, Safety 
Series No.9, published by the International Atomic Energy Agency distinguish 
between conditions o f  exposure to radiation which are under control, for which 
the system o f  dose limitation should apply, and those conditions in which the 
source o f exposure is not under control, where different considerations for 
limiting exposure should be taken into account. In particular, the potential for 
exposure as the result o f  a high consequence, low probability accident must be 
controlled by reduction o f  the probability o f its occurrence or by mitigation o f 
its consequences, or both. In the event o f  such an accident, limitation o f 
exposure can be achieved only by remedial actions which may require certain 
steps to be taken which depart from normal conditions and operating procedures. 
Such steps are termed ‘intervention’ . Safety Series No.9 states (para.A.IV.603) 
that: “ The establishment o f  ... intervention levels for particular circumstances 
is the responsibility o f  the competent national authorities.”  Similar recom
mendations have been made by the International Commission on Radiological 
Protection in its Publication'26.

A consequence o f placing this responsibility for establishing intervention 
levels o f  dose on competent national authorities is that differences in practice 
can develop, and have developed, between Member States in the setting o f  the 
levels or, where a range o f levels rather than a single level has been adopted for 
the introduction o f  each protective measure, in the setting o f  the lower and 
upper levels. This can give rise to problems, particularly if an accident occurs in 
a nuclear facility located close to a national frontier. Unless neighbouring States 
have adopted a consistent approach to the establishment o f  intervention levels, 
any resultant transboundary release o f  radioactive materials may cause unneces
sary concern and confusion, and result in a loss o f  credibility in the arrangements 
made to protect those persons in either State who may be potentially at risk.

In 1982, one part o f  the international community indicated some common 
ground o f  understanding in this area, with the publication o f  recommendations 
by the Commission o f  the European Communities to its Member States on 
emergency reference levels o f  dose to provide guidance within which competent 
national authorities could set specific intervention levels for nuclear installations.

As part o f  the Agency’s radiation protection programme, and in particular 
its activities in the field o f  emergency planning and preparedness, a small group 
o f consultants met in Vienna in October 1983 to consider the radiation protec
tion principles upon which the Agency’s policy on this matter should be based,
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and to advise on the best means o f  proceeding further in establishing and imple
menting intervention levels for controlling radiation doses to the public in the 
event o f  a nuclear accident or radiological emergency. The report o f  this 
Consultant Group provided the basis o f  a working document for an Advisory 
Group which met in Vienna in October 1984. The objective o f the Advisory 
Group was, inter alia, to develop guidance on the radiation protection principles 
concerning emergency response planning and the establishment o f intervention 
levels to be applied for the protection o f the public in the event o f  a nuclear 
accident or radiological emergency. It is the report o f this Advisory Group 
that forms the basis for the present Safety Guide.

In the preparation o f their guidance, the consultants and Advisory Group 
took account o f  the work by a number o f  Member States on the general 
philosophy relating to intervention, and o f the quantitative levels currently set 
by competent national authorities. They also drew upon guidance and recom
mendations being prepared separately for publication by the International 
Commission on Radiological Protection and the World Health Organization on 
the principles involved in the protection o f the public in the event o f  a major 
radiation accident. The ICRP and WHO publications appeared in 1984 and, 
together with this Safety Guide, they present a general international expert 
consensus on the principles for establishing intervention levels for the protection 
o f the public in the event o f such an accident.

The Agency wishes to express its gratitude to the consultants and Advisory 
Group members who participated in the preparation o f this Safety Guide, and 
in particular to their Chairman, Roger Clarke o f  the United Kingdom National 
Radiological Protection Board, who also assisted the Secretariat o f the Agency 
in preparing the working document for the Advisory Group.
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Section I

GENERAL

101. The system o f  dose limitation recommended by the International Commission 
on Radiological Protection (ICRP) in its Publication 26 [ 1 ] and incorporated in the 
International Atomic Energy Agency’s Basic Safety Standards for Radiation Protec
tion: 1982 Edition1 [2], applies to exposures resulting from controlled radiation 
sources under normal operating conditions. In an accident, the source o f  exposure 
is, by definition, not under control and the exposure o f  members o f the public
can only be limited, if at all, by some form o f action which will disrupt normal 
living. Such action is termed ‘intervention’ and the ICRP has given the following 
general guidance [ 1, para. 242]:

102. “ The form o f  intervention suitable for limiting an abnormal exposure to 
members o f  the public will depend on the circumstances. All the counter
measures2 that can be applied to reduce the exposure o f members o f  the 
public after an accidental release o f radioactive materials carry some detri
ment to the people concerned, whether it is a risk to health or some social 
disruption. The decision to introduce countermeasures should be based on
a balance o f the detriment which it carries and the reduction in the exposure 
which it can achieve. The magnitude o f the detriment o f  countermeasures 
will vary with their nature and with the circumstances in which they are 
applied, for example, with the size o f the population involved. Their 
effectiveness, on the other hand, will depend on the speed with which they 
can be introduced. For these reasons it is not possible to fix generally 
applicable intervention levels3 above which intervention will always be 
required. However, it might be possible to set levels below which interven
tion would not generally be considered to be justified. Intervention levels. 
depend on the particular circumstances o f each case and can therefore give 
only general guidance.”

103. The main contribution to the protection o f the public from any risk 
associated with normal and abnormal functions o f a nuclear facility has to be 
provided by proper site selection, appropriate design, quality assurance in construc
tion, the engineered safety systems o f the installation, and the competence o f its

INTRODUCTION

1 Referred to hereinafter as ‘the Basic Safety Standards’ .
2 The term ‘countermeasure’ used by the ICRP is synonymous with ‘protective measure’ 

as used in this, and other, IAEA Safety Series publications.
3 Sometimes referred to as emergency reference levels (ERLs) or protective action 

guides (PAGs).

1
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staff in its safe operation and maintenance. These measures reduce both the 
probability o f an accident and the magnitude o f the potential consequences.
Despite these measures, the occurrence o f  accidents cannot be excluded with 
absolute certainty. Accordingly, emergency response planning should be regarded 
as a supplementary level o f protection to mitigate the possible consequences of 
an accident. The IAEA has therefore published guidance and recommendations on 
emergency planning and preparedness where such an accident may involve the need 
for off-site remedial actions and the implementation o f protective measures [3-5].

104. The protective measures available in the event o f  a nuclear accident or 
radiological emergency include:

sheltering personal decontamination
administration o f stable iodine relocation
evacuation control o f access
respiratory protection food and. water controls
use o f personal protective decontamination o f  land and

clothing property

105. The implementation o f  protective measures involves cost, inconvenience 
and risk for the public. Therefore, the ICRP has stated that “ the hazard or 
social cost involved in any remedial measure must be justified by the reduction o f 
risk that will result”  [1, para. 133]. Thus, any intervention will be appropriate 
only if its resulting detriment to health and social life will be less than that 
resulting from further exposure. Emergency protective measures should be planned 
for particular circumstances and the levels o f  dose at which the implementation
o f these measures is to be considered should be included in the emergency plan for 
any nuclear facility.

106. The ICRP has further stated [1, para. 135] that:

“ The Commission’s recommended limits are set at a level which is thought 
to be associated with a low degree o f  risk; thus, unless a limit were to be 
exceeded by a considerable amount, the risk would still be sufficiently low 
as not to warrant such countermeasures as would themselves involve significant 
risks or undue cost. It is therefore clear that it is not obligatory to take 
remedial action if a dose-equivalent limit has been or might be exceeded” .

The same general philosophy appears in the Basic Safety Standards [2], jointly 
sponsored by the International Atomic Energy Agency, the International Labour 
Organisation, the Nuclear Energy Agency o f the Organisation for Economic 
Co-operation and Development and the World Health Organization.

107. While many national authorities have established levels o f  dose on which
to base decisions on intervention, these are generally being reviewed in the light o f 
ICRP Publication 26 [ 1 ] and the accident at the Three Mile Island nuclear power

2
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plant in the United States o f  America. Lack o f a consistent approach by Member 
States to the provision and implementation o f protective measures can result in 
confusion and a loss o f belief in the effectiveness o f the arrangements made by 
competent national authorities for the protection o f the public in the event o f an 
accident, particularly in the event o f  a transboundary release o f  radioactive 
materials. These matters are addressed in an Information Circular published by the 
Agency in 1985 [6] which recommends, inter alia, that competent national 
authorities set, in advance, intervention levels for the introduction o f protective 
measures, and that their implementation as a result o f notification o f  a trans
boundary release should not be allowed to lead to protective measures being 
introduced in the neighbouring State at an earlier stage, or their being more stringent, 
than in the State in which the accident has occurred. Member States o f the 
European Communities have recently co-operated to agree on common radiological 
criteria for accidents [7], Additionally, WHO has issued a publication on the 
principles o f public health action in the event o f an accidental release from a nuclear 
facility [8], and the ICRP has produced guidance on principles o f  decision making 
in accident situations [9],

PURPOSE

108. The purpose o f  this publication is to provide guidance on the radiological 
protection criteria which form the basis o f  the Agency’s policy with regard to 
planning and preparedness for responding to nuclear accidents or radiological emer
gencies, and the principles for establishing intervention levels. This guidance should 
assist those at the national, regional and nuclear facility levels having responsibility 
for emergency response planning. In the context o f this Safety Guide, a nuclear 
accident is defined as an unexpected or unintentional event or situation in a nuclear 
facility which has a potential for off-site consequences; these would arise, primarily, 
from an uncontrolled release o f radioactive materials into the environment, which 
may result in a health risk to members o f the public. A radiological emergency may 
result from an accident at a facility that is not within the nuclear fuel cycle, but 
which nevertheless contains large quantities o f  radioactive materials, or in the 
course o f  transport o f  radioactive materials.

SCOPE

109. The objectives o f  intervention are summarized in the Basic Safety Standards 
as: regaining control o f the abnormal situation, restricting the exposure of 
individuals, applying appropriate protective measures to individuals or their environ
ment, minimizing the consequences o f unavoidable exposures, providing immediate 
aid to individuals and taking the first steps to re-establish normal conditions. The 
guidance set out here reflects and supports these objectives. It considers the relation
ship between emergency:response planning and various accident sequences, examines

3
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the pathways for radiation exposure and the provision o f advice to decision makers 
during each o f the three main accident phases, and specifies the dosimetric quantities 
that apply. The relevant pathological effects that must be protected against are 
summarized, and the measures that may need to be implemented to provide 
protection with respect to each o f the exposure pathways are discussed. It sets out 
the principles which underlie decisions on intervention planning for each o f the 
accident phases, gives guidance on dose values for the introduction o f relevant 
protective measures, and considers the application o f cost-benefit analysis and the 
determination o f the optimum dose level at which to withdraw protective measures. 
The need to establish derived intervention levels so as to enable the intervention 
levels o f dose to be more readily compared with environmental measurement 
results is recognized; guidance on this subject will be provided in a future Agency 
Safety Series publication.

COMPARABILITY WITH RELEVANT ICRP AND WHO PUBLICATIONS

110. Much o f the guidance provided in this publication reflects that recently 
published by WHO and the ICRP [8, 9]. Although the Agency’s publications do 
not necessarily address the same readership as those o f WHO and the ICRP, the 
Advisory Group responsible for preparing the report upon which this publication 
is based considered it essential that, in order to avoid any possible confusion, there 
should be no significant difference between the guidance or supporting explanation 
provided in the Agency publication and that provided in the WHO and ICRP 
publications. This has been ensured by using similar terminology and, in the case 
o f ICRP Publication 40 [9], paraphrasing certain sections o f the text where 
comparability was considered o f major importance. The main paraphrasing occurs 
in Sections VI (602-605) and X (1001-1006, 1009, 1011-1018).

111. Although some minor changes compared with ICRP Publication 40 have 
been introduced in the text o f these sections, mainly as an aid in clarification, none 
o f these makes any significant change to the application o f  the principles for 
establishing intervention levels. The only technical departure from the text of 
ICRP Publication 40 is in Section X (1018, 1019), where dose-equivalent rate 
(Hopt) has been used rather than dose equivalent (Hopt) when comparing radiation 
detriment and protective measure costs for optimizing protection in the recovery 
phase; this term is considered to be more appropriate for expressing the risk to 
the individual in this period.

LIMITATIONS

112. When implementing protective measures in an emergency, national authorities 
have, o f necessity, to take into account aspects other than those concerned only 
with radiological protection. They can include psychological factors, public
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acceptance or rejection o f protective measures, and possible adverse economic 
consequences o f  intervention or non-intervention. Authorities may therefore find 
it appropriate to implement protective measures which are not strictly justified on 
grounds o f  health protection alone. A number o f these non-radiological aspects 
are discussed by WHO and the ICRP [8, 9] and are therefore not considered in 
detail here.

113. The basic principles o f radiation protection have been applied here primarily 
to accidents at land-based nuclear power reactors, but the principles apply equally 
to other types o f facility in the nuclear fuel cycle, such as fuel enrichment and 
fabrication facilities and fuel reprocessing plants, as well as to research and training 
reactors, nuclear-powered ships in port and other sources. However, unplanned 
releases o f radioactive materials from waste disposal sites or repositories have not 
been considered.

Section I I

ACCIDENT CONSEQUENCES 
AND EMERGENCY RESPONSE PLANNING

EMERGENCY PLANS

201. In the event o f an accident at a nuclear facility, the effective implementation 
o f off-site protective measures will be largely dependent upon the adequacy o f  
advance preparation, including the preparation o f  emergency plans to control 
and limit the accident consequences. Each type o f  accident may have different 
consequences, in both nature and degree, and there is unlikely to be a single 
accident sequence which can be identified as the only one upon which to base 
emergency plans. Depending upon the projected level o f dose and the pathway 
by which the exposure is expected to occur, different protective measures 
will need to be implemented to reduce the risks o f  irradiation. The selection o f 
accident sequences for planning purposes must therefore cover a wide range, from 
those which are unlikely to require off-site action, or for which the off-site 
consequences are expected to be small, to those having significant consequences 
off-site, even though these accidents may have an extremely low probability o f 
occurrence. The most likely radionuclide composition o f  the accidental releases 
which might result from the plant should also be taken into account in preparing 
the emergency plan. It is important, however, to recognize that the degree o f detail 
in the emergency plan should decrease as the probability o f a particular accident 
decreases.

5
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202. The Agency’s Basic Safety Standards state [2, para.A.IV.614]:

“ The emergency plan should be based on a study o f the radiological 
consequences o f the radioactive releases following a reference accident. The 
plan should, however, be sufficiently flexible to allow its adaptation to the 
real situation, since this will generally differ from the reference accident.”

This general philosophy, dealing with the large range o f  accidents that have to be 
considered and the flexibility o f the plan, appears in many national and interna
tional publications [1 ,2 , 7-9].

NATURE OF THE RELEASE

203. The majority o f  accidents necessitating an off-site response will involve, at 
some stage, the potential for release or the actual release o f  radioactive materials
to the atmosphere. This Safety Guide is primarily concerned with the consequences 
o f these atmospheric releases. Accidental releases to the aquatic environment are 
less likely to occur and, generally, are likely to involve some delay before exposures 
o f the population occur. Aspects o f  decision making in the event o f a release to 
aquatic environments may be similar to those in the later stages following an 
atmospheric release; however, exposure by aquatic pathways is not specifically 
considered here.

204. The magnitude and composition o f the release will depend upon the type
o f nuclear facility and the severity o f  the accident. In the preparation o f emergency 
plans, different source terms should be considered, each being defined by the 
quantities o f  the different radionuclides liable to be released, their physico-chemical 
form, the time available before the release commences and the expected duration 
o f the release. These time factors are very important and may be decisive in the 
selection o f the most effective and practicable protective measures to reduce the 
potential health consequences to the public.

COMMENCEMENT AND DURATION OF THE RELEASE

205. The time between the recognition o f the start of an accident sequence 
having the potential for off-site consequences and the emergence o f radioactive 
material into the atmosphere is important. If it is very short, only limited off-site 
action may be feasible before the commencement o f the release. Generally, this 
situation has a low probability o f occurring at large nuclear facilities, such as 
power reactors, for which elaborate safety systems exist. In most cases, there 
will be a delay before the uncontrolled release occurs. This delay may vary
from about half an hour to one day, or more [3], In some cases, it may be possible 
to control, to some extent, the time o f commencement o f a release o f activity 
following an accident, e.g. if the outer containment has not failed.
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206. The duration o f release also has important off-site consequences and may 
last from a fraction o f  an hour to several days [3 ,8 ], Within this period there may 
be irregular and unpredictable peaks in the release rate. Furthermore, in the course 
o f  prolonged releases, changes in the meteorological conditions, such as wind direc
tion and velocity or the degree o f precipitation, may occur. All these factors may 
modify the concentration o f  the dispersed radionuclides. For example, a change in 
meteorological conditions may well decrease the concentration, thus reducing the 
doses received, but may lead to population groups becoming involved who were 
not identified in the earlier stages.

Section III

ACCIDENT PHASES

GENERAL

301. For the development o f  radiological protection principles and o f intervention 
levels to be applied in emergency response planning, it is convenient to identify 
three time phases which are generally accepted as being common to all accident 
sequences; within each o f  them, different considerations apply to decision making 
on off-site action. These are termed the early, intermediate and late phases [3, 8]. 
Although these phases cannot be represented by precise periods and may overlap, 
they provide a useful framework for the different considerations involved in 
emergency response planning.

EARLY PHASE

302. The early phase is the period during which there is the threat o f a significant 
release; that is, it commences when the potential for off-site exposure is first 
recognized and extends into the first few hours after the beginning o f  a release,
if one occurs. The interval between the recognition o f  the start o f  an accident 
sequence and the commencement o f  the release can extend from about half an 
hour to about a day [3, 8] and the duration o f the release may be between half 
an hour and several days. This timing generates difficulty in making decisions 
about the introduction o f protective measures, since there will be a need to forecast 
the future course o f  the accident and thus to predict doses and potential reductions 
o f dose for situations which will have not yet arisen. These matters are the subject 
o f two future Agency Safety Series publications.
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303. The common feature which brings into the early phase both the period when 
there is a threat o f release and the first few hours o f release is that emergency 
response decisions in this phase are based on the analysis o f data and predictions 
being provided from the nuclear facility. Thus, decisions to implement those 
protective measures which are appropriate and practicable during the early phase 
will be based primarily on information on plant conditions and the associated 
potential doses to individuals in the population, assessed on the basis o f prior 
analysis o f plant fault sequences.

304. Some environmental measurements o f off-site exposure rates and airborne 
concentrations o f the plume may become available in this phase. Because o f 
potential changes in release rate and duration, wind direction and other unknowns 
(such as the degree to which measurements represent future plume configurations), 
these measurements may be o f only limited value for calculating projected doses.

INTERMEDIATE PHASE

305. The intermediate phase starts from the first few hours after the commence
ment o f  the release and could extend for several days or weeks. At the start o f 
this phase, generally, the majority o f the release will have occurred and, unless the 
release consisted only o f noble gases, significant amounts o f radioactive material 
may already have been deposited on the ground. There is no clear time boundary 
in emergency response planning between the early and the intermediate phase.

306. During the intermediate phase, environmental measurements o f  radiation 
levels from deposited radioactive materials, as well as levels o f  radioactive 
contaminants in food, water and air, will become available. The radiological 
characteristics o f the deposited material can also be determined. By use o f  these 
data, dose projections can be made for principal exposure pathways; the projected 
doses can then be compared with pre-established intervention levels as a basis
for taking decisions on the implementation o f  protective measures.

307. It is also during the intermediate phase that the plant is expected to be 
restored to a safe condition and protective measures based on environmental 
measurements will be implemented. If the accident is severe, the phase may be 
extended while extra measurements are made further from the plant.

LATE PHASE

308. The late phase (also referred to as the recovery phase) may extend from some 
weeks to several years after the accident, depending upon the nature and 
magnitude o f the release. During this phase the data obtained from environmental 
monitoring can be used to make decisions on returning to normal living conditions,
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by the.simultaneous or successive lifting o f the various protective measures decided 
during the first two phases o f  the accident. Alternatively, certain restrictions may 
need to be continued for long periods; for instance, those affecting agricultural 
production, the use o f  certain areas or buildings and the consumption o f  certain 
foodstuffs (vegetable, animal or dairy products) from affected areas.

309. The withdrawal o f  protective measures in the late phase should be based on cost- 
benefit analysis, taking into account the risk and social impact o f  any residual 
contamination following decontamination campaigns, natural decay and 
weathering.

Section IV

RADIATION EXPOSURE PATHWAYS

GENERAL

401. Exposure o f individual members o f the public may be external or internal 
and may be incurred by various pathways. External exposure will result from the 
radionuclides in the airborne plume and from those being deposited from the plume 
on to the ground. Internal exposure follows from inhalation o f  radioactive material 
in the plume or o f  material resuspended in the air from contaminated surfaces, and 
from consumption o f contaminated foodstuffs. In emergency response planning
it is important to identify each pathway and to evaluate its importance relative to 
the others. The various routes by which individuals are exposed affect the decisions 
which the competent authorities may need to take in order to decrease or prevent 
exposure.

EARLY PHASE PATHWAYS

402. Decisions to implement protective measures during the early phase will be 
based primarily on information about plant conditions together with associated 
estimates o f the doses which might be received by individuals in the population as 
whole body external exposure from the airborne plume and as committed dose
to internal organs by inhalation o f radioactive material in the plume. If only 
noble gases are released, the plume passage will be the main source o f population 
exposure, apart from any direct external exposure from the facility itself; this 
latter exposure may be neglected in most cases in comparison with the direct 
exposure from the plume. If the accident is severe and involves the release o f
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fission products other than noble gases, then the external dose rate from material 
deposited on the ground may be significant, especially if rainfall has enhanced 
the deposition.

INTERMEDIATE PHASE PATHWAYS

403. In the intermediate phase, it is assumed that there is no plume exposure unless 
the release is prolonged. O f concern will be the external dose rate from activity o f 
deposited material and the transfer o f this activity through food-chains, resulting
in committed doses from ingestion, or from inhalation o f resuspended material.
The dose rates will vary over the affected area, and the implementation o f 
protective measures during the intermediate phase is expected to continue over a 
period o f days to weeks or more. The dose projections for comparison with the 
intervention levels would be for longer periods, and the dose to individuals in the 
population would be controlled on the basis o f intermediate phase intervention 
levels until criteria for the late phase had been developed. In the case o f ingestion 
or inhalation, the intervention levels would apply to the committed dose from 
intakes in the short term.

404. Consideration should be given to monitoring over wider areas in the later 
stages o f  the intermediate phase, since food processing and distribution systems 
and surface water flow may cause the ingestion pathway to extend outside the 
area o f deposition from the airborne plume.

LATE PHASE PATHWAYS

405. In the late phase, the pathways o f exposure will be similar to those in the 
intermediate phase, e.g. external exposure resulting from radioactive material 
persisting on the ground and on buildings, and internal exposure from ingestion of 
contaminated foodstuffs derived from contaminated areas. Decisions in this phase 
will be primarily concerned with withdrawing protective measures introduced in the 
early and intermediate phases.
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Section V

SOURCES OF ADVICE AVAILABLE 
TO DECISION MAKERS

ROLE OF THE PLANT OPERATOR

501. The response to the early phase o f  an accident depends on the capability o f 
the operating organization o f the nuclear facility involved and the competent 
national authorities. Within the plant, the unequivocal responsibility for the 
initial assessment o f the accident situation and its probable development rests with 
the operator. To ensure the timely implementation o f appropriate off-site 
protective measures, the operator must be prepared to contribute to the assess
ment and prediction o f the consequences o f  the-accident by the off-site authorities.

ROLE OF THE PUBLIC AUTHORITIES

502. In most cases, responsibility for the introduction o f off-site protective 
measures rests with the public authorities (e.g. national or local government 
emergency services, civil defence or other emergency response organizations) 
having planning or action responsibilities in the area affected by the consequences 
o f a release o f  radioactive materials, and should be clearly identified in the 
emergency plan. The operator should assist the public authorities by, for example, 
providing information about the accident and its probable development and, if 
requested to do so, making recommendations for specific protective measures.

503. It may be desirable for either the operator or the public authorities to obtain 
advice from sources at a distance from the site. In the early phase, however, speed 
o f  response can be crucial in minimizing the scale o f  radiological consequences o f 
an accident and reliance on this outside assistance is likely to be limited during 
this period.

DATA LIMITATIONS

504. Generally, decisions on protective measures are complicated by uncertainties 
connected with the estimation o f  radiation doses. Where there is the potential for 
a release, but the release has not yet occurred, these uncertainties result from the 
fact that the release time, the height o f  the release, its composition and magnitude 
can only be determined from assumptions based on the results o f former accident 
analysis correlated with information on the actual state o f the plant. The data
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obtained from the plant and from the environment during a release may be 
incomplete, incorrect or wrongly interpreted. Further uncertainties stem from the 
nature o f  calculation models which generally start from idealized conditions. 
Decision making must take into account the nature and magnitude o f these 
uncertainties.

USE OF EXPERT ADVISORY GROUP

505. In the intermediate phase, it is expected that the emergency plan will provide 
for consultation with an expert radiation protection group to advise on the future 
control o f exposure o f members o f  the public. The composition o f  the group 
should be specified in the emergency plan. This expert group should examine and 
interpret environmental monitoring data, assist in the preparation o f information 
for the public on the off-site consequences, and advise on all aspects o f protection 
o f the public. This group must be kept informed o f developments in plant 
conditions.

506. In the late phase, the basis for withdrawing protective measures will be that 
contamination has been reduced to sufficiently low levels. A number o f social, 
economic, technical and radiological contributions to such decisions will be 
necessary.

Section VI

PATHOLOGICAL EFFECTS OF IRRADIATION

GENERAL

601. Any accidental release o f radioactive material to the environment may give 
rise to health effects in the exposed population [10], It is therefore necessary to 
identify the various health effects which might result from an accidental exposure, 
since their type and severity will affect the decisions on the protective measures 
to be implemented. These effects are classed as either non-stochastic or stochastic
[1], Non-stochastic effects are those for which the severity increases with the 
dose and for which a threshold may exist. Stochastic effects are those whose 
probability o f  occurrence increases with the dose, without threshold; their 
severity is independent o f the dose.
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TABLE I. LEVELS OF DOSE BELOW WHICH NON-STOCHASTIC 
EFFECTS SHOULD NOT OCCUR IN A NORMAL POPULATION

Dose (Gy)a Organ/Tissue Effect

0.1 Foetus Teratogenesis

0.5 Whole body Vomiting
1 Whole body Death

3 Skin Epilation, erythema

5 Lung Pneumonitis

10 Lung Death

10 Thyroid Hypothyroidism

Note: The data have been adapted from Refs [8, 9]. 
a The figures apply to absorbed dose from low LET radiation.

NON-STOCHASTIC EFFECTS

602. The discussion here is limited to the effects in those organs and tissues 
which are known to be most likely at risk from accidental releases from nuclear 
facilities. Furthermore, it is necessary to identify the levels below which non
stochastic effects will not occur in a normal population. Non-stochastic effects 
can be induced in any organ or tissue given sufficiently high doses [11]. Whole 
body irradiation at sufficiently high doses and rates will cause vomiting, and at 
higher doses early mortality will result from bone marrow cell depletion [12]. 
Inhalation o f large quantities o f  radioactive material can deliver high, acute doses 
to the lung, leading to permanent impairment o f lung function and even early 
mortality. Severe irradiation o f the gastro-intestinal tract can also lead to early 
mortality, although in nuclear accidents this is more likely to result from irradia
tion o f the bone marrow. Furthermore, at sufficiently high doses to the thyroid, 
non-stochastic effects may occur which may or may not lead to fatality. Other 
non-stochastic effects which may be detrimental, but not lethal, include fertility 
impairment, skin damage, cataracts and haematological changes. These effects 
are considered to be o f  lesser significance than those previously identified insofar 
as they would affect decisions to implement protective measures [13]. Table I 
summarizes information currently available on the levels o f  dose below which non
stochastic effects should not occur.
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TABLE II. STOCHASTIC RISKS OF IRRADIATION (10"3Sv_1)

Oigan/Tissue Fatal
cancers

Non-fatal
cancers

Hereditary
effects

Gonad - - 4

Breast 2.5 2.5 -

Red bone marrow 2 - -

Lung 2 - -

Thyroid 0.5 10 -

Bone surface 0.5 - -

Other internal organs 15 - -

Skin 0.1 10 -

Note: The data have been adapted from Ref.[l].

STOCHASTIC EFFECTS

603. The main stochastic effects which might occur are the late somatic and 
hereditary effects o f irradiation. The principal late somatic effect is the increased 
incidence, in the irradiated population, o f both fatal and non-fatal cancers. Their 
appearance is likely to be spread over several decades following irradiation. Non- 
fatal cancers may have associated physical or psychological effects that can 
significantly reduce the quality o f life. Stochastic hereditary effects may also occur 
following irradiation o f  the gonads o f members o f the population who are o f 
reproductive capacity. The likely incidence o f  stochastic effects is summarized in 
Table II. The data presented are averaged over both sexes and all ages for an 
adult population.

IRRADIATION IN UTERO

604. In the event o f  external irradiation in utero, the non-stochastic effects are 
often not the same as those in the adult because o f the different radiosensitivity
of the foetus [14], The classical effects o f  sufficiently high doses on the developing 
foetus are gross congenital malformations, growth retardation and death [15].
Also, for internal exposure, differences in metabolism may result in differences in 
risk. Examples would be uptake o f  radioiodine by the foetus before the thyroid 
develops biochemical activity, and irradiation o f foetal bone before calcification. 
The main stochastic effect that is likely to follow irradiation o f the foetus is 
carcinogenesis.
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605. The incidence o f serious mental retardation following irradiation in utero has 
recently been reported [16]. It would appear that this effect occurs after exposure 
in the period 8-15 weeks after conception with a risk factor estimated to be 
0.4 Sv-1, and there is no indication at present o f a significant threshold. The risk 
is smaller after 15 weeks and may have a threshold. For irradiation prior to 
8 weeks no such risk has been detected.

Section VII

PROTECTIVE MEASURES

GENERAL

701. In the event o f an accident, protective measures may need to be implemented 
to limit the radiation exposures o f  members o f  the public. Implementation o f 
these protective measures can involve social cost, risk, inconvenience and hardship 
to those involved. Therefore, any measure should be introduced only if the risk 
from further exposure would be greater than the detriment to health and social 
life that would result from the protective measure itself. In the early phase o f an 
accident, time may not be available to analyse this balance o f risks, and the decision 
to implement protective measures will have to be based on a comparison o f 
projected dose with previously established intervention levels.

702. The protective measures which are available to avoid or reduce radiation dose 
can be categorized as a function o f exposure pathway and accident phase, as shown 
in Table III. It is necessary to distinguish between evacuation and relocation with 
regard to accident phases. Evacuation is the urgent removal o f people from an 
area to avoid or reduce their acute exposure, usually from the plume or from high 
levels o f deposited activity, and is a measure adopted when it is expected that 
people will return to the area concerned on a foreseeable time-scale. Relocation, on 
the other hand, is applied to the removal o f  population groups from contaminated 
areas to avoid chronic exposure, and when return to the area is not contemplated at 
the time. Conditions may develop in which some groups who have been evacuated 
in an emergency may be allowed to return while others may need to be relocated.

703. Descriptions o f the risks and difficulties associated with introducing the 
protective measures identified in Table III have been given by the Commission o f 
the European Communities [7], WHO [8], the ICRP [9] and the Agency [3]. They 
are therefore not discussed in detail here. However, it is clear that the risks, 
difficulties and disruption which follow the implementation o f  these various 
protective measures are widely different and depend on many factors, including the 
location o f the site and the meteorological conditions at the time o f the accident.
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TABLE III. POTENTIAL EXPOSURE PATHWAYS, ACCIDENT 
PHASES AND PROTECTIVE MEASURES FOR WHICH 
INTERVENTION LEVELS MAY BE ESTABLISHED

Potential exposure pathway
Accident

phase
Protective measure

1. External radiation from 
facility

2. External radiation from 
plume

3. Inhalation of activity 
in plume

4. Contamination of skin 
and clothes

5. External radiation from 
ground deposition of activity

6. Inhalation of resuspended 
activity

7. Ingestion of contaminated 
food and water

Early

Intermediate

t
Late

Sheltering 
Evacuation 
Control of access

Sheltering 
Evacuation 
Control of access

Sheltering 
Administration of 
stable iodine 

Evacuation 
Control of access

Sheltering 
Evacuation 
Decontamination of 
persons

Evacuation 
Relocation 
Decontamination of 

land and property

Relocation 
Decontamination of 

land and property

Food and water 
controls

Note: The use of stored animal feed to limit the uptake of radionuclides by domestic 
animals in the food-chain may be applicable in any of the phases.

CHARACTERISTICS OF PROTECTIVE MEASURES

704. Sheltering, administration o f stable iodine and evacuation are the principal 
protective measures for use during the early phase to protect the public from 
exposure to direct radiation from the airborne plume. Relocation and decontamina
tion are the principal measures for the protection o f the public from whole body
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external exposure due to deposited material and from inhalation o f  any resuspended 
radioactive particulate materials during the intermediate and late phases. Although 
the use o f  simple, ad hoc respiratory protection and personal protective clothing 
may be applicable in the early phase while people proceed to shelter, or during 
evacuation if this is necessary while there is still an airborne plume, such measures 
supplement the principal early phase protective measures and do not depend upon 
separate intervention decisions for their introduction [3, 8]. The control o f  access 
to areas is a protective measure whose introduction follows a decision to implement 
one o f the early or intermediate phase protective measures and is not discussed 
separately.

Sheltering

705. Sheltering, in this context, refers to staying inside with doors and windows 
closed and ventilation systems turned o ff  for protection against exposure to an 
airborne plume. Because sheltering only partially reduces the dose that would 
otherwise be received, it is generally recommended for application in situations
o f  lower projected dose or where high shielding factors can be assured. Otherwise, 
the more effective protective measure o f  evacuation would be justified, although 
it is generally agreed [7-9] that this is more difficult and disruptive.

706. The effectiveness o f  sheltering depends on both the shielding and airtightness 
provided by the structure. Some dwellings or commercial structures can reduce 
potential external dose by an order o f  magnitude and by similar or even greater 
factors for inhalation for up to an hour or two, whereas others, e.g. open or light
weight buildings, may not provide effective protection in terms o f ventilation or 
shielding, respectively [3, 17-19], No fixed level o f  protection can therefore be 
identified for sheltering, whereas evacuation, if carried out prior to arrival o f the 
plume, can be totally effective in preventing the receipt o f any dose.

Administration of stable iodine

707. Administration o f stable iodine to block the uptake o f  radioactive iodine by 
the thyroid is the only intervention which is practically applicable for protection 
against internal irradiation caused by the intake o f radionuclides. This measure can 
be effective in cases both o f inhalation and o f  ingestion o f radioiodine, although
in practice it is better that ingestion o f contaminated foodstuffs be avoided.

708. After an intake o f 131I, the radioactivity in the thyroid reaches 50% o f the 
maximum within about 6 hours and the maximum in 1 or 2 days. Thus, to obtain 
maximum reduction o f  dose, stable iodine should preferably be administered before 
the intake o f  radioactive iodine; otherwise, as soon as practicable thereafter. If 
stable iodine is administered orally within 6 hours prior to the intake o f  radio
active iodine, the protection afforded is almost 100%; it is about 90% if stable
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iodine is administered at the time o f  inhalation. Its effectiveness decreases, but the 
uptake o f radioiodine by the thyroid can still be reduced to 50%, if administration 
is made about 6 hours after inhalation [7, 8, 20]. It is therefore important to 
administer stable iodine as quickly as possible, despite the difficulties inherent 
in this type o f protective measure.

709. The risks associated with the administration o f stable iodine to members o f 
the public have been reviewed [7-9, 20] and it is generally agreed that the use o f 
stable iodine is a low risk protective measure, there being very little chance o f 
adverse reaction to a single dose, either as potassium iodide or as potassium 
iodate, which are generally used in quantities o f 130 and 170 mg, respectively [3, 8].

Evacuation

710. Evacuation is most practicable in the early phase for small groups close to
the site and can result in complete protection against the plume if there is sufficient 
warning time before release. If the evacuation is badly timed it could result in 
sending people through the plume and exposing them to much higher doses than 
may have been received if they had been told to shelter. Evacuation may be 
effective as a means o f reducing the dose from deposits during the intermediate 
phase, whether or not sheltering has been previously introduced.

711. The protective measures for the ingestion pathways for which separate 
intervention levels may be required can be categorized as those for avoiding 
consumption o f  contaminated food or water supplies, and those for controlling 
the manufacture and use o f products derived from contaminated ground or water 
supplies. Generally, the protective measures for avoiding contamination o f  food 
and water supplies, such as using non-contaminated feed for domestic animals in the 
food-chain, are less costly and less disruptive than those for the control o f 
contaminated foodstuffs.

RESPONSE ACTIVITIES

712. An example o f how responses may be implemented is useful for under
standing how decisions may need to be made. Figure 1 illustrates the areas for 
which decisions on the implementation o f  protective measures may be needed.
If there is sufficient warning time, or if a prolonged release is expected, protective 
measures against plume exposure will be implemented prior to or during the initial 
stages o f  the release. The area first selected for protection would probably be 
conservatively estimated, so that it would probably be larger than the area actually 
affected by the plume.
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Direction of 
plume travel

F IG .l. A cciden t response areas (n o t to scale): Areas la , l b  are the areas evacuated upon 
threat o f  or during the initial stages o f  a prolonged release o f  radioactive material; Area 2 is 
the area in which the population is sheltered; Area 3  is the area from  which the population is 
relocated to avoid chronic exposure; Area 4 is the plum e deposition area.

713. For example, the population in either Area la or Areas la plus lb  in Fig.l 
would be evacuated to avoid potential exposure to the airborne plume, while 
sheltering would be implemented in Area 2. Stable iodine may be administered 
to those sheltered and to those evacuated after the commencement o f  the release. 
Persons evacuated or sheltered outside Area 3 could return as soon as isodose lines 
had been established and any actual areas o f  deposition with projected doses 
exceeding the appropriate intervention levels identified. The area receiving deposi
tion from the plume is depicted as Area 4. In reality, variations in meteorological 
conditions would almost certainly produce a more complicated shape, but the 
principles would remain the same. Area 4, except for the inner Area 3, would be 
occupied by the public, although contamination levels would exist that would 
probably warrant continued monitoring and application o f  the principle o f ‘as low as 
reasonably achievable’ (ALARA). The outer boundary o f  this area has no importance 
with regard to protective measures and no intervention levels are needed for its 
establishment.

714. Area 3 defines the area from which persons would be relocated, if necessary, 
to avoid long term exposure from any ground-deposited activity. With the 
passage o f  time, radioactive decay, weathering, decontamination and other effects 
will reduce the projected doses in the area originally designated for relocation, 
possibly allowing the boundary o f  Area 3 to be moved inwards.
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DOSIMETRIC QUANTITIES

Section VIII

EARLY AND INTERMEDIATE PHASES

801. Decisions in accident conditions, particularly in the early and intermediate 
phases, must be made on the basis o f  the risk to the potentially exposed individual, 
and the dosimetric quantity used must therefore express this risk. Although use 
o f the quantity, ‘ effective dose equivalent’ , has been recommended [1 ,2 ] for 
expressing the risk to individual members o f the public during normal operation, 
this quantity cannot be applied to non-stochastic risks in accident situations as
the risk coefficients and their associated weighting factors are based on fatal cancer 
incidence and the assumption o f  proportionality between dose and risk. Therefore, 
the quantity which should be used to evaluate the risk due to non-stochastic effects 
is absorbed dose. In most accidents, primary exposure o f 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 individuals.

802. Where an intake o f  radioactive material occurs, committed dose equivalent or 
committed effective dose equivalent is the generally accepted quantity to be applied 
to members o f the public.

LATE PHASE

803. Other dosimetric quantities, such as collective effective dose-equivalent 
commitment, among other parameters, will be o f  interest in decision making 
during the late phase as part o f the input data for the process o f cost-benefit 
analysis.

Section IX

PRINCIPLES FOR PLANNING INTERVENTION

GENERAL PRINCIPLES

901. During an accident the sources o f  exposure are, by definition, not under 
control and therefore the system o f dose limitation established in the Agency’s 
Basic Safety Standards [2] may not be applicable. However, some guidance can
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be given on the principles to be adopted as a basis for planning intervention in the 
case o f such an event. These principles also apply to the introduction o f protective 
measures for the public.

902. The following principles for planning intervention in the event o f  an accident 
have been summarized in ICRP Publication 40 [9, para. 10]:

“ (a) Serious nonstochastic effects should be avoided by the introduction 
o f countermeasures to limit individual dose to levels below the 
thresholds for these effects.

“ (b) The risk from stochastic effects should be limited by introducing 
countermeasures which achieve a positive net benefit to the 
individuals involved.
“ This can,, be accomplished by comparing the reduction in individual 
dose, and therefore individual risk, that would follow the introduction 
o f a countermeasure with the increase in individual risk resulting 
from the introduction o f that countermeasure.

“ (c) The overall incidence o f  stochastic effects should be limited, as far
as reasonably practicable, by reducing the collective dose equivalent.4 

“ This source-related assessment may be carried out by cost-benefit analysis 
techniques and would be similar to a process o f optimization in that the cost 
o f a decrease in the health detriment in the affected population is balanced 
against the cost o f further countermeasures.”  [21]

APPLICATION TO THE LATE PHASE

903. During the late phase, the collective effective dose-equivalent commitment 
is the appropriate primary parameter for estimating the health detriment in the 
exposed population. However, for decision making it must be recognized that the 
major part o f the collective effective dose-equivalent commitment resulting from 
an accident would usually be accumulated at long distances and at low levels of 
individual dose which it may be impracticable to avoid [22],

904. In deciding whether to ease the restrictions imposed by protective measures 
within a contaminated area, it will be necessary to determine whether the levels
o f individual dose that would subsequently be received are acceptable. This decision 
will depend partly upon the results o f  optimization studies using, for example, 
cost-benefit analyses as indicated in para. 902(c). The main inputs to this optimiza
tion will be the costs o f  relocation and decontamination to reduce individual doses, 
and the costs o f  health detriment in the population affected by the protective 
measures if normal living were resumed without either decontamination or waiting 
for natural phenomena to reduce the level o f contamination.

4 But see also paras 803 and 903.
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PRINCIPLES FOR DECISION MAKING

Section X

GENERAL

1001. The decision to introduce any particular protective measure should be 
based on a balance o f the risks avoided and disadvantages incurred by the 
individuals affected. If the projected radiation dose is such that serious non
stochastic effects are expected, the introduction o f the protective measure will be 
almost certain. The degree o f harm from the introduction o f a protective measure 
varies with the nature o f the measure and with the circumstances in which it is 
applied. In general, the principle involved in deciding whether to introduce a 
particular protective measure is that the detriment to health and social life incurred by 
its introduction should be less than that o f  the radiation dose averted. However, 
because o f  the time-scales involved, the introduction o f  some protective measures 
applicable to the early phase cannot always be based on projected dose, but 
instead must be decided on the basis o f  an assessment o f plant conditions or in the 
knowledge that a major release is occurring.

ESTABLISHMENT OF RANGES OF INDIVIDUAL DOSE

1002. It is clear that the risks, difficulties and disruption that follow the imple
mentation o f the various protective measures are widely different, and thus the 
level o f dose at which a given protective measure will be introduced is influenced 
by such considerations as well as by other site-specific factors.

1003. 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, on radiation protection grounds, for each 
protective measure a lower level o f dose below which the introduction o f the 
protective measure would not be warranted and an upper level o f  dose for which 
its implementation should almost certainly have been attempted. These two levels 
may be o f use to national authorities when setting criteria for introducing protective 
measures. Judgement will be needed at the time o f  an accident in deciding whether 
or not to implement an appropriate protective measure. This judgement will be 
influenced by many factors involving the actual or potential release and the 
prevailing environmental conditions.

1004. In practice, the dose that should be compared with the intervention level, 
as the criterion for implementing a particular protective measure, is the projected 
dose that would occur if the protective measure were not introduced. Clearly, the
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dose actually averted may be less than the projected dose, because the protective 
measure may not be completely effective and some doses may be received during 
the implementation o f  the measure.

1005. Furthermore, it will be necessary to specify, in advance, derived interven
tion levels (e.g. concentrations o f radionuclides in air, water and foodstuffs 
corresponding to the intervention levels) to facilitate the interpretation o f  the 
results o f  measurements made as part o f the special emergency monitoring 
programme.

1006. The principles stated above form the basis on which appropriate national 
authorities can specify levels at which emergency actions would be implemented. 
In some cases all the quantitative data necessary to determine the balance o f  risks 
may not be available. Under these circumstances some general guidance on dose 
levels for the introduction o f protective measures may be useful; this is set out 
below.

GENERAL GUIDANCE ON DOSE VALUES FOR INTRODUCTION OF 
PROTECTIVE MEASURES

1007. It is not possible to quantify the costs and risks o f protective measures 
when producing guidelines which can be applied to all Member States o f the Agency. 
The quantitative guidance developed below for the introduction o f  protective 
measures in the early and intermediate phases is based solely on the considerations 
stated in principle (a) o f  para. 902. It will be necessary for the competent national 
authorities to balance costs, risks and difficulties when selecting ranges o f  interven
tion levels for use in developing their emergency plans, in accordance with the 
principle stated in para. 902(b). In the late phase, the concern is for a return to 
normal living in areas where the introduction o f  protective measures had been 
necessary. Projected doses that would justify relaxation o f these measures should 
be based on a detailed analysis o f  conditions after the accident, in accordance with 
principles (b) and (c) o f para. 902.

Early phase

1008. Both the introduction o f  sheltering for a limited period and, where 
appropriate, the administration o f  stable iodine are protective measures that have 
been accepted by many national authorities as constituting only a small risk to the 
individual. Because the annual dose limits for members o f  the public represent a 
low level o f  risk, the introduction o f such protective measures would not appear 
to be warranted at projected doses, liable to be received in the short term, that are 
below these limits. The dose thresholds for non-stochastic effects are some two 
orders o f  magnitude above the annual dose limits for members o f  the public. It
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TABLE IV. DOSES* FOR EARLY PHASE PROTECTIVE
MEASURES

Dose (mSv or mGy)
Protective measure

Whole body
Lunga, thyroid and 

any single organ 
preferentially irradiated

Sheltering

Administration of 
stable iodine 

Evacuation

5—50b 50-500

50-500°

50-500 500-5000

* But see additional considerations noted in para. 1010. 
a In the event of high dose alpha irradiation of the lung, the numerical 

values apply to the product of relative biological effectiveness (RBE) 
and absorbed dose in milligrays. For planning purposes, an RBE of
10 is suggested. 

b Or effective dose equivalent. 
c Thyroid only.

would seem reasonable, therefore, to set the levels o f dose at which low risk 
protective measures would almost certainly be justified at about one order o f  
magnitude below those that would avoid non-stochastic effects.

1009. Evacuation is the most disruptive o f  the protective measures that have 
been identified as applicable in the early phase. Consideration o f  its introduction 
should start at dose levels significantly higher than those for the low risk 
protective measures previously mentioned. Although it is difficult to justify the 
choice o f  a particular value, the level o f projected dose liable to be received in the 
short term below which evacuation is unlikely to be justified will usually be about 
an order o f magnitude greater than the annual dose limits for members o f  the 
public. The minimum objective in introducing protective measures in the early 
phase is the avoidance o f non-stochastic effects. Therefore, evacuation should 
almost certainly be undertaken if the projected doses could lead to non-stochastic 
effects, taking into account the effectiveness o f  the lower risk protective measures 
which may already have been implemented.

1010. The resulting upper and lower dose levels for protective measures applicable 
in the early phase are shown in Table IV. National authorities should also take into 
account the principle set out in para. 902(b) and give special consideration to the 
implications o f  irradiation o f  pregnant women and other specially sensitive groups.
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In the event o f  several organs or tissues being irradiated at low levels o f  dose, 
the effective dose equivalent should be calculated and compared with the 
whole body doses in Table IV.

Intermediate phase

1011. The considerations presented above are equally valid if the introduction o f 
the early phase protective measures is still justified in the intermediate phase. The 
additional protective measures that are applicable in the intermediate phase include 
restricting the distribution and consumption o f  locally produced or locally stored 
water and foodstuffs, and relocating groups o f people pending decontamination
of land or buildings. The disruption associated with protective measures involving 
controls on food and water is much less than that associated with relocation, which 
would probably be introduced to avert a higher level o f projected dose.

1012. In general, there should be little penalty in not distributing fresh food, 
including milk. It will usually be appropriate to control the distribution and 
consumption o f  fresh food if the projected committed dose equivalent within the 
first year would otherwise exceed the annual dose limits for members o f the public. 
However, under certain conditions, such as the unavailability o f alternative supplies, 
it may be appropriate to allow a higher level o f dose.

1013. The dose levels at which relocation would be considered depend on the 
size and nature o f  the area affected. Since the annual dose-equivalent limits for 
members o f  the public are set at a low level o f risk, the levels at which relocation 
would be considered should be significantly higher, and a factor o f  10 may often 
be deemed appropriate. The time for 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 these doses are not going to be 
repeated year after year.

1014. It would seem appropriate that the level o f dose at which the control o f  
foodstuffs and relocation should almost certainly be implemented should be an 
order o f  magnitude greater than the levels suggested in paras 1012 and 1013.

1015. The resulting upper and lower dose levels for protective measures applicable 
in the intermediate phase are shown in Table V. As with the protective measures 
applicable in the early phase, national authorities should also take into account 
the principle set out in para. 902(b) and give special consideration to the implica
tions o f  irradiation o f  pregnant women and other specially sensitive groups.

Late phase

1016. In the late phase, the principal questions facing the decision maker will 
be whether, and if so, when, normal living can be resumed in areas in which
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TABLE V. DOSES* FOR INTERMEDIATE PHASE
PROTECTIVE MEASURES

Protective measure

Dose equivalent 
committed in first year (mSv)

..................  Individual organs
Whole body , . „ .preferentially irradiated

Control of 5—50a 50-500
foodstuffs and water

Relocation 50—500 Not anticipated

* But see additional considerations noted in para. 1015. 
a Or effective dose equivalent.

protective measures have been applied. It may be that further large scale protective 
measures, such as decontamination o f land, will still need to be undertaken; or it 
may be necessary to decide to close areas and relocate the population. In making 
these decisions, the hazard and the social costs involved in the continued applica
tion o f any protective measure must be justified by the reduction in risk that 
will result. The factors influencing the decision to permit a return to normal living 
are highly variable. For example, the nature o f  the activities in the area affected, 
the size o f  the population relocated, the time o f  year, the ease o f  decontamination 
and the attitude o f the population in returning to their homes are some o f  the 
factors that must be weighed in the decision making process.

1017. The process o f deciding whether to continue a protective measure or 
whether, by further action, to reduce potential exposure levels should involve a 
procedure rather similar to that o f the optimization o f radiation protection. This 
means that the cost o f the health detriment to the population group who would 
be exposed, for example, upon return to the contaminated area, must be balanced 
against the cost o f  the continuation o f the protective measure, or the cost o f  other 
protective measures, to reduce the health detriment.

1018. When considering the return o f  a population group to a previously 
contaminated area, the cost o f the health detriment that will be experienced after 
the return increases with the level o f  individual dose equivalent for which return is 
allowed. On the other hand, as the level o f individual dose equivalent for which 
return is allowed decreases, both the total cost o f  prolonging the application o f  the 
protective measure and the cost o f  taking further protective measures to reduce 
exposure increase. The application o f  cost-benefit analysis in this situation is
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FIG.2. Determination o f  the optim um  dose level fo r  withdrawal o f  protective  measures.

illustrated in Fig.2. Minimizing the sum o f the total cost o f the health detriment 
and the cost o f protective measures leads to identification o f  the level o f  individual 
dose-equivalent rate, Hopt (sieverts per year), at which protection is optimized.

1019. If, as a result o f  this cost-benefit analysis, the optimum level o f individual 
dose-equivalent rate, H0pt> corresponds to a greater level o f  individual dose- 
equivalent rate, and therefore risk, than is considered acceptable by society, then 
more remedial action is required, regardless o f  cost. While the optimum cost for 
individual radiation detriment may be calculated, this may not be the sole criterion 
for the return o f a population to a contaminated area and further efforts to reduce 
the risk may be deemed justifiable. If Hopt is lower than the individual dose- 
equivalent rate at which protective measures were initially introduced, the residual 
contamination should be reduced to achieve H0pt before the population is allowed 
to return.

1020. The procedure o f optimization described above should be applied to other 
areas to determine whether it is justified to reduce the contamination. The input 
to this optimization will involve different health detriments and different costs 
o f  measures to reduce exposure.
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DERIVED INTERVENTION LEVELS

Section XI

NEED FOR DERIVED INTERVENTION LEVELS

1101. Intervention levels are specified in terms o f  dose. In practice, however, the 
results o f  measurements made in the environment immediately following an 
accidental release o f radioactive material will be expressed in terms o f  environmental 
concentrations and levels (e.g. Bq-nT3, Bq-rrf2 or Gy-h-1). To enable the interven
tion levels o f dose to be more readily compared with the results o f  these environ
mental measurements, derived intervention levels can be determined which correspond 
to the intervention levels o f  dose at which the introduction o f the prescribed 
protective measures should be considered. These derived intervention levels, which 
are sometimes referred to as derived emergency reference levels (DERLs), represent 
the practical expression o f the intervention levels o f  dose. They will need to be 
determined for the range o f  radionuclides o f  potential radiological importance that 
could be released to the atmosphere from a nuclear facility in the event o f  an 
accident.

EARLY PHASE REQUIREMENTS

1102. During the early phase o f  an accident, the derived intervention levels 
should relate the introduction o f  the protective measures o f sheltering, administra
tion o f  stable iodine and evacuation to the potential exposure pathways, 
e.g. inhalation in the plume or o f  resuspended ground deposits, external 
irradiation by ground deposits and skin irradiation by skin deposits. The 
derived levels should be specified in terms o f  time-integrated air 
concentrations (Bq-s-m-3), ground deposition density (Bq-trf2) and dose rate above 
contaminated surfaces (Gy-h-1), corresponding to the intervention levels o f  dose.

INTERMEDIATE PHASE REQUIREMENTS

1103. During the intermediate phase, additional derived levels will need to be 
prescribed for the introduction o f  protective measures relating to the food-chain. 
These are likely to be specified in such terms as peak concentration o f radioiodine 
in milk (Bq-L-1), initial deposition density on pasture (Bq-nT2), initial concentra
tion in green vegetables (Bq-kg-1) and initial concentration in drinking water 
(B q -L '1).
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1104. Guidance on the derivation o f these environmental concentrations and 
intervention levels is outside the scope o f  this publication. However, as part o f 
its programme o f Safety Series publications relating to emergency planning and 
preparedness, the Agency intends to publish recommendations on the evaluation 
o f derived intervention levels for application in the introduction o f  protective 
measures during the early and intermediate phases o f a nuclear accident or 
radiological emergency involving the release o f  radioactive materials to the 
atmosphere.
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