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FOREWORD

During the past few years, the IAEA and other international and intergovern
mental organizations have published a number of guides and recommendations on 
emergency planning and preparedness for responding to radiation accidents which 
might affect the general public. In these publications, it is generally assumed, 
implicitly or explicitly, that the release of radioactive materials occurs in, or at least 
very near to, the country for which the planning guidance and recommendations are 
intended. For example, the concept o f emergency planning zones centred on a 
nuclear facility — an approach to emergency planning which has found general 
acceptance — is predicated on the assumption that the need for protective actions will 
be limited to a few tens of kilometres in distance from the nuclear facility.

In the guidance documents published up to now, the problem which would be 
created by a release of radioactive material across an international boundary is not 
specifically addressed except for the situations in which an emergency planning zone 
for a given nuclear facility extends over a border between countries. For the situation 
in which an emergency planning zone extends across an international border, 
guidance and recommendations relate to the desirability of having compatible emer
gency planning zones and similar intervention levels for planning purposes and, at 
the time of an accident, similar protective actions on both sides of the border.

Following the international repercussions resulting from the accident in April 
1986 at the Chernobyl nuclear power plant in the Soviet Union, there has come the 
recognition that, though having an extremely low probability of occurrence, when 
a ‘transboundary release’ 1 of radioactive material happens, facility centred emer
gency response plans are not designed to address all of the problems which may be 
created at long distances from the accident site. Furthermore, it has become clear 
that States which do not have nuclear facilities on their own territory or on that of 
neighbouring States may need plans effective enough to address the complex 
problems which arise when radioactive materials are transported by wind or water 
across their borders from the site of a distant accident.

This guide was prepared from texts developed by an expert Advisory Group 
nominated by Member States and international organizations. The Advisory Group 
met in Vienna, Austria, in September 1987 under the chairmanship of J.H . Aitken 
of the Radiation Protection Service, Government of Ontario, Canada, now with the 
Canadian Institute for Radiation Safety, Toronto, Canada. The text of this guide was 
reviewed and put into a final draft by Dr. Aitken and the Secretariat early in 1988.

1 The term ‘transboundary release’ is used in many documents (e.g., Ref. [1]) to 
describe what is more correctly called a radioactive materials release having a transboundary 
impact. For the sake of brevity, this term is used throughout this document.
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The IAEA wishes to express its gratitude to the Advisory Group members who par
ticipated in the preparation of this publication.

The present guide addresses itself, in the main, to the special problems in 
States affected by a transboundary release of radioactive material from a site outside 
their national boundaries, perhaps at some large distance. No new or radically differ
ent principles are thought to be called for to deal with this type of event. However, 
the Chernobyl experience of many countries, even those with excellent emergency 
plans for their own or for nearby nuclear facilities, suggests that some additional 
guidance on emergency planning is necessary beyond the well documented, nuclear 
facility centred approach. Much of the planning guidance and recommendations 
offered in the Agency’s publications, particularly on technical matters, remains rele
vant to States affected by a transboundary incursion of radioactive material. A con
scious effort has therefore been made to avoid unnecessary repetition of such 
material but to present a useful set of References.

States which, perhaps as a consequence o f the Chernobyl event, are now 
preparing emergency plans ab initio or for the first time, should refer for full details 
to the publications listed in the References at the end of this guide.
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Section 1

INTRODUCTION

During the 1950s and early 1960s, many countries established air, food and 
water monitoring programmes within their national borders to measure radioactive 
material produced by the testing of nuclear weapons in the atmosphere. Later, partic
ularly after the Treaty Banning Nuclear Weapons Tests in the Atmosphere, in Outer 
Space and Under Water (Moscow, 5 August 1963), when radioactivity levels 
attributable to weapons testing declined, the emphasis of radiological monitoring 
programmes shifted increasingly to the environs of nuclear power plants and other 
nuclear facilities which had been built in a number of States in the meantime. 
Environmental monitoring around nuclear facilities was viewed as serving two 
purposes:

(a) Satisfying regulatory requirements with regard to routine emissions of radioac
tive material;

(b) Monitoring any major accidental release.

In countries having nuclear power plants or similar installations, one effect of 
the accident in 1979 at the Three Mile Island Nuclear Power Plant in the United 
States of America was to focus even more strongly on the environs of nuclear facili
ties those national resources devoted to radiological monitoring and emergency 
planning.

For most countries in the world, the accident in 1986 at Chernobyl in the 
Soviet Union has highlighted the need for a review of the programmes which need 
to be in place to deal effectively with such an event occurring either outside or inside 
their national borders. Internationally, the major outcome of this review is the 
development and signing of two Conventions, one dealing with Early Notification
[1], the other dealing with Assistance [2]. At the national level, i.e. within individual 
States, the review should'consider the adequacy and appropriateness of existing pro
grammes and plans and/or the inception of new programmes and plans. Particularly 
in countries whose borders are far from all present major nuclear facilities, the 
Chernobyl accident raised new, unexpected and troublesome problems of trade in 
commodities and questions of health and public perception. Further work is needed 
among international organizations to develop agreements on permissible radioactiv
ity levels in commodities and foods for consumption by people and by animals. This 
publication is intended to assist in the development and continuing review of emer
gency planning and radiological monitoring programmes, mainly at the national 
level.

1.1. GENERAL

1
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Previous publications dealing with emergency planning for accidents at nuclear 
facilities quite properly adopt the position that the emergency preparedness and 
response effort should be centred on the nuclear facility. It is then assumed that 
radioactive material accidentally released into the atmosphere is likely to form a rela
tively well defined plume. This naturally leads to the concept o f emergency planning 
zones and sectors centred on the facility. The emergency situation requiring 
radiological monitoring and protective measures is therefore confined, at least ini
tially, to a relatively small area. Further, the accidental release of radioactive 
materials is assumed to be of relatively short duration. This leads to the concept of 
time phases of the accident (Early Phase, Intermediate Phase, Late or Recovery 
Phase) [3] which also serve to characterize the predominant exposure pathways 
during the course o f the off-site emergency.

The Chernobyl experience has shown that, except for the special case of a 
nuclear facility close enough to a national boundary where the emergency planning 
zones cross into a neighbouring country, the concepts of emergency planning zones 
and even the concepts of time phases (at least as defined in earlier publications) are 
generally unsuitable for affected States at a large distance from the source of the 
transboundary release. For affected States which are hundreds of kilometres or more 
from the point of release of radioactive materials, the radiological situation created 
by the accident resembles more that which is created by a distant atmospheric nuclear 
weapon test than the radiological scenarios envisaged in earlier publications on off- 
site emergency planning for nuclear facilities.

1.2. PURPOSE

The purpose of this publication is to give appropriate guidance to possibly 
affected States and to address the differences between the response required in the 
case of a transboundary release and the type of planning and preparedness described 
in previous IAEA publications such as IAEA Safety Series Nos 55 [3] and 86 [4] 
which discuss nuclear facility centred emergency planning. Since the aforementioned 
differences are essential in understanding the purpose of this document, it is useful 
to enumerate them here. In contrast to the situation close to the point o f release, the 
differences and difficulties include:

(a) It is difficult to predict where and when the radioactive plume will arrive at 
the borders of a potentially affected State. It is also difficult to predict where 
washout or rainout of the radioactive material (in the case of an atmospheric 
release) will occur and to predict how much will be deposited.

(b) The areas within an affected State which require radiological monitoring may 
amount to a large fraction (or even all) of its total geographic area.

2
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(c) The organization, technical resources and facilities required to monitor and 
assess the radiological situation require considerable flexibility, mobility and 
adaptability since it is not clear beforehand what types of land, crops or popula
tion centres will be affected.

(d) The large areas potentially involved may lead to difficulties relating to the 
availability, supply, economics and trade involving food products.

Another major purpose o f this document is to provide some guidance to States 
which, until recently, had not considered it necessary to prepare radiological emer
gency response plans and to acquire the facilities and instruments for radiological 
assessment on a large scale. These States, which will be referred to here as Category 
A States2, may be located hundreds of kilometres from any potential accident State. 
Also, they may lack technically trained personnel to be able to respond effectively 
to a distant event following which their territories become contaminated.

Category A States would probably require assistance if  their territories were 
affected. If the contamination is relatively slight, the assistance needed might be no 
more than advice on radioactive contamination of crops and food. If, however, the 
contamination is more severe, technical assistance may be needed. This document 
should help them to determine what type and scale of assistance is necessary and 
from where it might be obtained [2],

This publication may also be of assistance to States which have no major 
nuclear facilities within or near their borders but which have some minor facilities 
such as a small research reactor or other small nuclear or radioactive materials pro
grammes. These States, referred to here as Category B States2, will undoubtedly 
use whatever resources they have to the best of their ability. However, they also may 
require some assistance. This may amount to no more than being included in the 
international communication and information network which is set up under the Con
ventions [1 , 2],

2 Category A, B and C States are defined below for the purposes of this document.

Category A These are States which have essentially no nuclear facilities, equipment or
States instruments and have limited personnel with the appropriate training for

dealing with radiological problems.

Category B These are States which have some nuclear programmes or minor installa-
States tions. They have the equipment, instruments and personnel required for

normal operation of their own facilities but their resources would likely 
have to be augmented if they were significantly affected by a transboun
dary release.

Category C These are States which have developed full scale emergency plans for
States major nuclear facilities such as nuclear power plants within or close to

their own borders.

3

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



States which have nuclear facilities, particularly nuclear power plants, will 
undoubtedly be able to adapt the emergency preparedness capabilities related to their 
own facilities to respond to contamination originating outside their borders. These 
States, referred to here as Category C States2, may find this publication useful in 
suggesting how this adaptation should take place.

1.3. SCOPE

Other IAEA publications have already touched on the topic of an accidental 
transboundary release of radioactive material. For example, IAEA Safety Series 
No. 86, “ Techniques and Decision Making in the Assessment o f Off-Site Conse
quences of an Accident in a Nuclear Facility”  (1987) [4] points out the need for 
co-operative emergency planning if a nuclear facility is close enough to an interna
tional border that, in the event of a serious accident, protective measures would 
inevitably have to be taken in one or more neighbouring (not necessarily adjacent) 
countries. With the Conventions on Early Notification and Assistance now in effect, 
the recommendations for bilateral and multilateral planning made in the Conventions 
themselves as well as in other IAEA publications are strengthened and amplified. 
Here, the main emphasis is, however, on the special and additional needs of Member 
States in one or both of the following two categories:

(a) Countries which are so far from all nuclear facilities outside their borders that, 
in the event o f an accident at any one of them, fallout patterns on their territo
ries are essentially unpredictable beforehand and therefore emergency plan
ning for a transboundary release from  any specific nuclear facility  would not 
be particularly useful.

(b) Countries which have no nuclear installations of their own and have therefore 
no need (or which lack the technological infrastracture) for significant radio
logical emergency plans which can be adapted to deal with the type of event 
envisaged here.

1.4. LIMITATIONS

Emergency planning and preparedness for the environs of nuclear facilities 
have been dealt with extensively in several IAEA Safety Series publications and else
where. Since the presence of an international border in the vicinity o f a nuclear facil
ity makes no difference to the strictly technical aspects of emergency planning,

4
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preparedness and response, most o f those aspects are intentionally omitted from the 
present document. The technical topics are adequately described in existing IAEA 
publications. It is noted, however, that in the event of a transboundary release, infor
mation which should be provided rapidly under the Convention on Early Notification 
of a Nuclear Accident [1] is likely to be of inestimable value both in the technical 
assessment process and in the implementation o f timely intervention.

5
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Section 2

PROBLEMS CREATED BY RADIOACTIVE MATERIAL 
FROM AN EXTRATERRITORIAL SOURCE

2.1. GENERAL

The problems created in States affected by a transboundary release of radioac
tive material are multifarious but almost all are associated with concerns about the 
possible effects on health. Experience suggests that public perception of the radiolog
ical health issue and the manner in which this is handled would constitute the most 
important problems for the governments of affected States.

In the following sections, an outline of the radiological problem is presented 
from a scientific perspective, along with some of the possible economic conse
quences. This is followed by short sections touching on some of the foreseeable 
secondary difficulties which should be kept in mind and, if  possible, resolved before
hand by planning.

2.2. RADIOLOGICAL PROBLEMS

A transboundary release may occur in either of two situations:

(a) From a nuclear facility located close to a national border, where the neighbour
ing States probably have made agreements and integrated their emergency 
planning to provide for a co-ordinated emergency response;

(b) From a source located at considerable distance from an affected State or for 
other reasons not covered by detailed emergency planning.

Guidance on accident analysis and exposure pathways to be considered in 
developing emergency plans, including situation (a) above, is to be found in the fol
lowing documents:

Preparedness o f Public Authorities for Emergencies at Nuclear Power Plants: 
A Safety Guide, Safety Series No. 50-SG-G6, IAEA, Vienna (1982) [5].

Preparedness of the Operating Organization (Licensee) for Emergencies at 
Nuclear Power Plants: A Safety Guide, Safety Series No. 50-SG-06, IAEA, 
Vienna (1982) [6].

Planning for Off-Site Response to Radiation Accidents in Nuclear Facilities, 
Safety Series No. 55, IAEA, Vienna (1981) [3].

6
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Techniques and Decision Making in the Assessment of Off-Site Consequences 
of an Accident in a Nuclear Facility, Safety Series No. 86, IAEA, Vienna 
(1987) [4],

All of the above publications contain material, particularly much of the techni
cal content, which is relevant to situation (b) as well as (a) (for which it was origi
nally intended). In the following, the radiological consequences of a transboundary 
release are discussed with a view to situation (b).

The large distance from the source will affect the routes of exposures to be con
sidered. Direct radiation from the facility is obviously not a concern, and the risk 
o f serious contamination o f skin and clothing is practically non-existent. In distant 
affected States, the characteristics of the release will also be influenced in such a way 
that refractory or very short lived radionuclides will be of less importance than closer 
to the source.

The important routes of exposure in a transboundary release are:

— Plume passage: direct radiation from immersion and inhalation of airborne 
radioactive material;

— Deposition on the ground: direct radiation and inhalation of resuspended radio
active material;

— Ingestion of contaminated food and water.

Plume passage

In contrast to the situation in the area around the nuclear facility (which is 
assumed here to be covered by an emergency plan), the plume passage pathway is 
likely to be of relatively less importance for areas at large distances from the accident 
site than other pathways. In any case, the publications listed earlier in this section 
discuss the details for this pathway.

Ground deposition

Ground deposition may become significant in a transboundary release. When 
an atmospheric release is transported over long distances and dispersed over exten
sive areas, large variations in the deposition density are possible. Where rain or 
snowfall is encountered along the route, deposition will be intensified by the mechan
isms known as ‘washout’ and ‘rainout’ [4], affecting all subsequent exposure routes.

External radiation from ground deposition should be considered a possibly sig
nificant exposure pathway. It may under some circumstances give the dominant part 
of the total committed dose to the public.

Inhalation of resuspended material is likely to be of little importance for the 
general public, but may under certain circumstances present a potential hazard to 
occupational groups. Particularly agricultural workers and others involved in dusty

7
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outdoor work may be affected, as well as persons regularly involved in changing and 
cleaning air filters in buildings, equipment and vehicles.

The ingestion pathway

If radionuclides that have the potential for entering the food chain, such as 
iodine, caesium, strontium and tritium, are released, the consequences in the affected 
State can be significant. The influence of the time of year when the transboundary 
release occurs can be decisive. In the affected State, the released radioactive material 
may be subject to different environmental conditions and transfer mechanisms and 
enter special pathways not existing in the accident State.

The drinking o f water can be directly significant if untreated surface water is 
used; water given to cattle and other domestic animals in the food chain may be a 
significant pathway. Wild game and roving herds may also be affected. They may 
have to be taken into account if they are used for food.

If the release occurs outside the growing and grazing seasons, the transfer of 
radioactivity through the ingestion pathway will be of less immediate concern. Par
ticularly in the case of 131I, action on foodstuffs is unlikely to be required. 
However, stored animal feed and possibly other food in storage (even in shops) may 
be contaminated through ventilation, and radioactivity inhaled by cattle may appear 
in their milk.

Transboundary contamination of foodstuffs can also occur as a result of trans
port via rivers and water bodies, as well as through imports of foodstuffs from the 
accident State or from an intermediate country.

When the radiological impact associated with this pathway is considered, the 
local agricultural customs and dietary habits should be taken into account.

Health consequences

The occurrence of non-stochastic radiological effects can be regarded as 
extremely unlikely in a transboundary release of the type considered here. Neverthe
less, the sum of the doses from external exposure and that committed from intakes 
o f radionuclides may be of radiological significance in terms of later stochastic 
effects. An assessment of these effects should be made in the affected State.

Economic consequences

In order to decide upon the extent of response and to set the lower limits for 
intervention levels, an effort should be made to estimate the economic impacts in the 
affected State. These intervention levels should be based on a trade-off between 
socioeconomic considerations and radiological impacts [7],
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The economic impacts can be categorized, for example, in the following way:

(a) Direct economic costs caused by implementation of protective measures;
(b) Operational costs of the monitoring and emergency response organization, 

including the cost of any international assistance;
(c) Loss of production in agriculture, horticulture, animal husbandry, as well as 

crops of such things as mushrooms, nuts and wild berries;
(d) Losses to tourism and recreational values in affected areas;
(e) Effects on international trade.

The scale of economic impacts will be dependent on the intervention levels 
applied in the affected country. However, some effects will occur even when derived 
intervention levels [8] are not exceeded. Such impacts may be difficult to quantify. 
Compensating factors may occur, e.g. decline in incoming foreign tourism may be 
offset by an increase in domestic tourism as a result o f people deciding against vaca
tions in other countries perceived to be more severely affected than their own. The 
economic impacts on international trade will depend on the compatibility of derived 
intervention levels for foodstuffs and certification requirements for industrial 
products.

Possible other radiological contamination transfer mechanisms

There are certain impacts associated with a transboundary release that may 
require consideration and possibly a response, even if their overall radiological sig
nificance is likely to be small. Some examples are:

— Aircraft flying on routes close to the path of an airborne release may be con
taminated to an extent that requires cleaning.

— Automobiles, trucks and railroad cars may concentrate contamination, espe
cially in engine air filters, around wheels and on tarpaulins, etc., requiring 
monitoring and cleaning facilities to be set up at border crossings.

A State may be indirectly affected if  its nationals are staying in the accident 
State or in another affected State. This concerns tourists, students, contract workers, 
as well as guest workers, embassy personnel, etc.

The seasonal movements of migratory animals (e.g. birds) should be consid
ered a possible vector for the dissemination of radioactive material across 
boundaries.

2.3. RESOURCE PROBLEMS

States with emergency plans for their own nuclear facilities should be able 
to adapt their emergency preparedness infrastructures to respond to radiological
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impacts from an extraterritorial source. Other States without nuclear facilities of 
their own but sharing a border with a neighbouring State having such facilities may 
have emergency plans and the capability of response, particularly if  their neighbour’s 
nuclear facility is close to the common border. These States can also be expected to 
mount an adequate response.

States which have no major nuclear facilities within their own borders or in 
neighbouring countries may not have radiological emergency plans. If, however, 
they have some small scale facilities such as a research reactor, they may have emer
gency plans for these facilities and some knowledgeable persons to advise their 
governments and perhaps to implement a monitoring programme. Persons with the 
necessary technical background will usually be able to understand IAEA guidance 
publications and advise their government on what assistance or consultation should 
be sought from the international community or from international organizations. In 
all likelihood, however, Category B States will need some technical assistance — as 
may States which have no nuclear facilities whatsoever.

Scientific and technical expertise

Evaluation and application of potential information on a nuclear accident 
require sound knowledge of radiological protection, accident consequence assess
ment and emergency planning. This comprises knowledge on phenomena of disper
sion and deposition, relative importance of various radionuclides and pathways of 
exposure, the nature and probability of health effects, types, feasibility, risks and 
benefits of protective measures, etc. If necessary, professional expertise should be 
developed. Technical assistance provided and offered by the IAEA is one way to 
acquire or improve this expertise. It may also be accomplished through bilateral or 
multilateral arrangements between countries.

Language problems

It may be necessary to be prepared for language problems during the process 
of early notification and during subsequent international communications [1], If, in 
addition to whatever rapid communication methods are used, regular diplomatic 
channels are also utilized, this should not cause serious difficulties. However, differ
ences in technical terminology may exist. To avoid serious misunderstandings, per
sons who combine the necessary language skills and technical knowledge should be 
in contact with the IAEA or should be involved in contacts between the accident State 
and the affected States as soon as possible.

Attention needs to be paid also to the use of standardized units for nuclear and 
radiological information, especially since the International System o f Units (SI) in 
this technical area has not yet become common practice in all States. It is recom
mended that the SI system, including the correct abbreviations for the units, be used
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for early notification and all subsequent international communications during the 
emergency. It should be established at the outset o f all communication, perhaps in 
the course of acknowledging receipt of the first message, that this will be the practice 
throughout.

2.4. POLITICAL PROBLEMS

A transboundary release of significant quantities of radioactive material is 
bound to have major international repercussions, even if all the provisions of relevant 
conventions and agreements are observed. For example, there may be suspicions 
that, depending on its relations with the accident State, the government of an affected 
State may be exaggerating (or, conversely, downplaying) the impact of the trans
boundary release on its territory. Public statements by the government of an affected 
State may therefore be seen as having political overtones, even though the statements 
are apparently intended for the protection o f its own population. Such possible 
problems highlight the desirability of the consistency and consensus which might be 
achieved by an international approach to a situation involving a transboundary 
release.

Within an affected State, absence o f appropriate radiological action criteria and 
standards clearly relevant to the situation will cause problems for the decision 
makers, as will inability to implement protective measures which the international 
community might consider to be necessary. In the event o f their being potentially 
affected by a transboundary release, Category A States and, if necessary, 
Category B States should promptly seek guidance and assistance from the appropri
ate international organizations in order to avoid these problems.

International export trade may be severely disrupted, even in the case of States 
which are only slightly affected by deposits o f radioactive material. At present, there 
is not much that individual countries can do about this except to encourage the neces
sary consensus to be reached in the circle o f international organizations concerned 
with this problem. Considering the issues in advance should alleviate these problems.

2.5. OTHER PROBLEMS

Other legitimate concerns in affected States might be about possible damage 
to photographic materials or highly sensitive nuclear counting equipment. Not only 
may the equipment or materials themselves be impaired, but also work in progress 
using such equipment or materials may be adversely affected to the extent that the 
loss of information, or other end product, from such work could be more serious 
than the damage to the equipment being used.
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Section 3

INFORMATION FROM EXTERNAL SOURCES REQUIRED 
BY STATES POTENTIALLY AFFECTED BY 

TRANSBOUNDARY RELEASE

3.1. GENERAL

To be able to respond appropriately to a transboundary release of radioactive 
material, States which might be affected require not only timely warning of the event 
but also a considerable amount of information on what has occurred and is occurring. 
The type, timeliness, degree of detail and accuracy of the information required 
depend mainly on the distance between the accident State and the affected States. The 
shorter the distance, the more exacting are the requirements for information.

A simple fact, sometimes overlooked and not thoroughly appreciated at times, 
is that States located at great distance from the accident site may not detect any indi
cation o f a release o f radioactive materials or if they do detect something it may be 
days after the event.

The primary source of information, particularly in the early phase, is the acci
dent State. Under Article 5 of the Convention on Early Notification of a Nuclear 
Accident [1], the following information is expected to be provided:

(a) The time, exact location where appropriate, and the nature of the nuclear 
accident;

(b) The facility or activity involved;
(c) The assumed or established cause and the foreseeable development of the 

nuclear accident relevant to the transboundary release of the radioactive 
materials;

(d) The general characteristics of the radioactive release, including, as far as is 
practicable and appropriate, the nature, probable physical and chemical form, 
and the quantity, composition and effective height of the radioactive release;

(e) Information on current and forecast meteorological and hydrological condi
tions, necessary for forecasting the transboundary release of the radioactive 
materials;

(f) The results of environmental monitoring relevant to the transboundary release 
of the radioactive materials;

(g) The off-site protective measures taken or planned;
(h) The predicted behaviour over time of the radioactive release.
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This information is expected to be supplemented at appropriate intervals by 
further relevant information on the development o f the emergency situation, includ
ing its foreseeable or actual termination.3

The primary information on the radiation source term and meteorological (or 
hydrological) conditions in the accident State provides some of the essential input to 
computer models which predict radiological conditions in the potentially affected 
States. The computer analysis attempts to predict the trajectory of the plume of the 
radioactive material, its dispersion in the atmospheric environment and subsequent 
deposition on the ground or in the aquatic environment and subsequent impact on 
water and on the food chain. Further computer modelling may also predict concen
trations of the radioactive material in water. At present, only a few institutions in 
the world are capable of accomplishing these computer tasks, especially on a 
mesoscale.

Computer analyses and prediction techniques of this type are described in con
siderable detail in publications dealing with emergency planning for the immediate 
environs of a nuclear facility [4]. In the present context, in which the point of origin 
of the radioactive material may be at a large distance from the affected State(s), com
puter predictions are much less reliable as a basis for decision making. However, 
if  time permits before the radioactive plume crosses the borders of the affected 
State(s), the results o f computer analysis and prediction may give some useful idea 
of what to expect and what should therefore be undertaken.

To make optimum use of the information and conduct a reliable computer anal
ysis, Category A and Category B States will require assistance. Even some 
Category C States might appreciate some assistance in carrying out work of this 
type [2].

3.2. EXTRATERRITORIAL INFORMATION

3.2.1. A lerting and  notification

A notification should be started if a release of radioactive material occurs or 
is likely to occur and has resulted or may result in an international transboundary 
release that could be of radiological safety significance for another State (see Con
vention on Early Notification of a Nuclear Accident, Article 1 [1]).

3 Special arrangements exist between the World Meteorological Organization 
(WMO) and the IAEA, which set forth the use of the Global Telecommunication System 
(GTS) of the WMO for exchanging radiological and meteorological data as stipulated in the 
Convention on Early Notification of a Nuclear Accident.
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To help a potentially affected State in appreciating what the impact of a trans- 
boundary release may be on its own territory, it is desirable for the triggering level 
for notification to be identified in advance. For example, the notification after an 
accident could be activated if the accident State has planned or has taken protective 
measures. This information, together with a knowledge of the distance from the site 
o f the accident, gives potentially affected States some idea of the problems that may 
have to be dealt with.

3.2.2. Initial accident information

The information which should be provided to the Agency and the affected 
States is listed in the Convention on Early Notification of a Nuclear Accident, 
Article 5 [1].

The accident State is expected to send the specific information [see Subsec
tion 3.1] which is related to:

— the site and its surroundings
— the results of monitoring in various places
— meteorological conditions in various places
— actual or potential trajectories of radioactive plume(s).

Early notification and information may refer to names of nuclear facility sites 
or meteorological stations, types of reactors or other nuclear facilities, places of 
monitoring, alarm levels or protective measures, etc. Therefore, it may be desirable 
for the relevant authorities in Member States to keep up to date on information in 
the open literature on:

— geographic co-ordinates of sites
— geographic co-ordinates of meteorological stations
— basic technical features of nuclear installations
— emergency plans, preparedness and procedures
— protective measures, etc.

All potentially affected States should provide themselves with adequate maps 
showing where sites and meteorological stations are located.

Technically competent institutions in the affected countries will prefer to 
review the plant status or source term information provided, for at least three 
reasons:

— to understand it
— to evaluate the assessment of the accident State
— to be able to provide appropriate information to the public and to decision

makers in the affected State.
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If feasible, the accident State may provide information about monitoring 
results also [1]. In order to facilitate the understanding of such results, some 
knowledge about the radiological monitoring system or procedures in the accident 
State should be made available to affected States, if  possible.

The accident State is also expected to provide information about “ the off-site 
protective measures taken or planned”  (Art. 5.1(g) of the Convention on Early 
Notification of a Nuclear Accident [1]). To facilitate the understanding of this infor
mation, some knowledge of the basic features of the emergency response system in 
the accident State would be of value. States with nuclear facilities are expected to 
provide this basic information.

3.2.3. Information during the accident

During an accident, especially in its early phase [3, 4], it is important that a 
State which could be affected by a transboundary release has in a timely manner all 
relevant information which it needs to deal with the transboundary impacts of a 
release of radioactive materials.

The accident State is the primary source of the information needed by affected 
States. The types of information required initially have already been listed in Subsec
tion 3.1. Corrections, amplifications and updates of this information, particularly 
regarding the items (c) through (h) in Subsection 3.1, indicate what is needed 
throughout the course of the transboundary release. The information can go from the 
accident State directly to the affected States or through the IAEA (as foreseen in the 
Convention on Early Notification of a Nuclear Accident). It is desirable that the acci
dent State keeps directly informed not only the IAEA but also its neighbouring States 
which it believes may be affected. Other potentially affected States could be kept 
informed by the IAEA.

States which have no common borders with the accident State and which are 
some distance from it may be affected only in a later phase. In addition to informa
tion from the accident State, such States should have information on the radiological 
impact in other affected States closer to the accident State. This will help them to 
anticipate the possible radiological impact in their own territory. Therefore, an 
affected State which has detected some radiological impacts in its own country 
should give this information to the IAEA and to its neighbours.

Sharing of radiological information on radionuclides detected, their concentra
tions, their chemical forms, particle sizes, significant pathways, etc., will simplify 
and speed the assessment process for all concerned. Information on intentions 
regarding protective measures should also be shared in advance of their being 
implemented, if possible.
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3.3. METEOROLOGICAL INFORMATION

This publication is concerned mainly with the radiological situation at con
siderable distances from the point of release of radioactive material. Therefore, the 
international system for monitoring meteorological parameters over wide areas and 
for promulgating this information is important for predicting the times and places of 
passage of the plume and deposition of radioactive material. It is therefore essential 
that soundly based meteorological predictions be included in the assessment and 
response capabilities of the affected States.

Valuable though meteorological predictions are, they contain an element of 
uncertainty. Clearly, prediction of deposition is easier close to the source than at a 
distance since the plume is usually relatively narrow and well defined spatially. In 
contrast, after travelling a long distance, the plume is usually broken up, zig
zagging, with parts of it travelling in different directions at different heights. Precise 
prediction of radiological consequences in distant States which might be affected is 
therefore very difficult even though meteorological information is available through
out the intervening area between the release point and the potentially affected States. 
In particular, it is difficult to predict exactly the times and places of arrival of the 
radioactive material and the times and places of washout and rainout. Also, on 
account of radioactive decay and selective depositions of different chemical and 
physical forms (e.g. particle sizes), there will be changes in the composition of the 
material available for deposition as it travels over long distances.

A relatively detailed discussion on the importance and use of meteorological 
information in radiological dose projection is contained in IAEA Safety Series 
No. 86 [4],
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Section 4

NATIONAL MONITORING PROGRAMME FOR 
POTENTIALLY AFFECTED STATES

4.1. GENERAL

In affected States, persons responsible for ordering appropriate actions to pro
tect the public or providing reliable advice to government or members of the public 
are entirely dependent on adequate technical data of various kinds. Measured radio
logical data flowing from a monitoring programme are the basis for sound advice 
and decision making. The detailed data requirements are described in other publica
tions (IAEA Safety Series No. 86, for example). Only the outlines of the necessary 
programme are provided here.

Category C States and some Category B States may be well equipped to set 
up a monitoring system which will provide sufficient information to ensure that an 
appropriate response to the accident can be mounted. Such a system if operated con
tinuously might be used to detect any radioactivity reaching the State where there 
has been a failure of notification that the accident has occurred. Also, in view of the 
uncertainties regarding meteorological predictions of dispersion over large distances 
(see Subsection 3.3) a monitoring system would be useful to give warning of an 
unexpected deposition of radioactive materials. States which do not possess such a 
capability may need to call for assistance through arrangements previously reached 
with other countries or through the IAEA under the provisions of the Convention on 
Assistance in the Case of a Nuclear Accident or Radiological Emergency [2],

4.2. OBJECTIVES OF MONITORING PROGRAMMES

The objectives of the programme are to monitor the radiation doses which may 
be received by members of the public in all parts o f the State, from radioactive 
material outside the body as well as inside. To do this it is necessary to:

— Determine the levels of radioactivity in the air and deposited on the ground;
— Determine the levels o f radioactivity that may enter domestically produced 

foodstuffs and the levels of contamination in imported foodstuffs;
— Measure the contamination of members of the public returning or being evacu

ated from areas of high contamination;
— Measure the contamination of vehicles returning from areas of high 

contamination;
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— Measure the levels of contamination of other materials that might be affected 
by the accident, e.g. air conditioning filters, imported materials other than 
foodstuffs;

— Use all the above data, together with information received from other States, 
in continually assessing and reassessing the situation as it develops and in 
attempting to predict future developments.

4.3. TYPES OF MONITORING REQUIRED

The general objectives of monitoring outlined in Subsection 4.2 can be met on 
various levels. To detect the first occurrence of radioactive contamination involving 
a rapidly developing potential hazard it may be advantageous to have a network of 
stations continuously measuring the gamma radiation dose rate. Such stations may 
be relatively simple, using Geiger tubes, proportional counters or scintillation detec
tors, with some ancillary equipment. However, they do require electric power at 
each site. They may also be very elaborate, with telemetered readouts to a central 
monitoring facility, for example. Some countries have such monitoring systems, 
with various degrees of sophistication and territorial coverage. However, to establish 
such networks in areas where the population density is low may not be practical or 
cost effective. This is particularly so in areas where maintenance of the network 
would be difficult because o f harsh climates or accessibility problems.

Although direct external irradiation is unlikely to represent any significant 
radiological hazard at large distances from the site of the accident, the measurement 
of gamma dose rates near ground level will generally give a simple and rapid esti
mate of radioactive deposition. It will also give an indication of the development of 
the radiation situation as a whole in the affected State. More sophisticated gamma 
monitoring to plot the deposition of activity could be conducted from land based 
vehicles or by the use of aircraft equipped with, for example, sensitive scintillation 
detectors. This latter method has considerable advantages for remote areas. It is also 
relatively cost effective for low probability events, especially after passage of the 
radioactive plume.

A network comprised of ‘passive’ detectors (so called because they do not 
require electric power) such as thermoluminescent dosimeters (TLDs) can also be 
used to detect, at much lower installation costs, increases in the gamma radiation 
dose rates at ground level. Though their sensitivity to changes in the gamma radiation 
dose rate is much lower than that of electrically powered detectors, a network of 
TLDs could provide useful radiological information. If dose rates increased 
markedly above normal background levels, TLDs would detect this increase and 
measure it. On the other hand, if the increases in the dose rates were less than TLDs 
could detect, this fact per se would also be significant in assessing the overall radio
logical impact of the situation. TLDs must be periodically collected from their loca
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tions and processed for readout of the stored information on cumulative radiation 
exposure or dose.

Category C States may already possess permanent monitoring networks of 
TLDs or more elaborate systems. Since transboundary releases of radiological sig
nificance are likely to be low probability events, States in Categories A and B are 
unlikely to be able to justify permanent networks of any kind, even a TLD system. 
However, a TLD system could be put in position quickly at the time of notification 
o f a transboundary release. The location of individual sites, perhaps chosen in 
advance, should be mainly (but not exclusively) in areas of high population density. 
Usually, these are areas of good accessibility also. Accessibility is important not only 
for placement of TLDs but also for readout after exposure to radiation. IAEA Safety 
Series No. 86, Section 4.4.6, provides further details regarding use of TLDs and 
other detectors in monitoring networks.

Measurements of gamma dose rate at ground level will not, however, give an 
indication of the specific radionuclides deposited on the ground and their relative 
proportions. Soil and grass samples from selected sites should therefore be taken — 
particularly from sites of maximum gamma dose rate and/or maximum rainfall 
during passage of the plume of radioactivity. Consideration should be given to 
surface water as well. These should be analysed by gamma spectroscopy or other 
appropriate techniques (e.g. for alpha emitters) depending on the radionuclides antic
ipated. To detect the presence of radioactive contamination that does not cause an 
appreciable increase in the external dose rate, continuous air sampling’ is the 
preferred type of monitoring. The accumulated beta activity can be measured con
tinuously and the filters can be analysed by gamma spectrometry.

Data on radioactivity in air will be of value in updating and refining the predic
tions of the movement and deposition of radionuclides and will also provide informa
tion on the radionuclide composition. This information should be combined with 
appropriate meteorological data.

Monitoring of foods and livestock should be conducted to determine whether 
control or remedial measures need to be implemented. Particular attention should be 
given to sampling milk and fresh vegetables in the early stages. Monitoring should 
concentrate on areas known (from measurements of gamma radiation levels) to have 
been subject to greater than average deposition of rjadioactive materials. For deci
sions to be made about the acceptability (or otherwise) of foods originating in the 
area, samples representative of the area and of all its dietary commodities should be 
taken. The frequency of sampling of foods and livestock should be guided partly by 
previous readings and partly by evidences of likely changes in contamination levels. 
Such evidence would be, for example, the occurrence of precipitation (which might 
bring down more radioactive material or wash off some of the existing contamina
tion) and increases in gamma radiation levels in the area.

In making decisions on protective measures based on monitoring results, it 
should be borne in mind that radioactivity levels in food must be related to the
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average amount of that specific food item that is, or may be, consumed in an average 
or normal diet. Dietary habits of members of a critical group of a population (e.g. 
infants) should be considered as well. Quantities consumed are important as well as 
activity levels. For example, higher levels of radioactive contamination might be 
acceptable for such things as spices, which are generally consumed in smaller quanti
ties than, for example, milk, meat or vegetable products.

The amount o f radionuclides accumulated in humans as a result of ingestion 
or inhalation can be monitored with the technique of whole body counting. This can 
provide a reliable estimate of the dose commitment through ingestion if performed 
at proper intervals. However, only a small sample of the population can be evaluated 
by this technique if the exposed population group is large.

Monitoring arrangements also need to be made for the following:

— imported foods
— non-consumable imports
— returning nationals, their luggage and clothing
— vehicles
— air filters
— occupationally exposed groups.

Results of monitoring people should be recorded in a devised standard form 
suitable for collating and capable of being used in long term follow-up studies of 
those monitored.

It will be necessary to establish a communication and control capability to 
receive and collate measurements for access by those responsible for decision 
making regarding implementation of protective or mitigative measures. Appropriate 
communication systems could be based on electronic mail so that there is rapid trans
mission of data and information to and from a central data bank. Communication sys
tems, with data storage and retrieval capabilities, may have to be established ad hoc 
if they do not already exist at the time of the transboundary release.

4.4. MONITORING FACILITIES REQUIRED

If the transboundary release from the accident State originates from a nuclear 
power plant or similar facility, the main radionuclides (from the health standpoint) 
in airborne effluents are the noble gases and the radioiodines, along with some fis
sion and activation products (and perhaps some transuranics) in particulate form. If 
the release is to the aquatic environment, fission and activation products such as the 
radioactive isotopes o f cobalt, strontium, caesium, iodine and tritium may be present 
in the liquid effluent release.

The radionuclides for which monitoring will be required in affected States will 
depend not only on the type of accident causing the transboundary release but also 
on the distance from the site o f the accident. Radioactive decay of the shorter lived
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radionuclides and selective removal by a number of natural environmental and physi
cal processes (depending on chemical and physical forms) of the various radionu
clides in transit will likely simplify the monitoring problem as distance from the 
accident site increases.

Most radionuclides (including alpha and beta emitters) can be assayed quantita
tively by identification and measurement of the gamma radiation associated with 
their radioactive decays. Sophisticated spectrometers equipped with germanium 
crystals and with associated computer equipment are required to do this. The measur
ing system is set up so that weighed individual samples of a given food commodity 
(e.g. cabbage) can be placed close to the detector at a fixed distance from it. The 
system is calibrated by using small radioactive sources of known strength.

Tritium, 89Sr and 90Sr are among the few radionuclides (of those that may be 
present in a transboundary release, at least) which are not amenable to assay by 
gamma spectrometry. The resources of a low level radiochemical laboratory are 
required to perform some simple ‘wet’ chemistry on the samples before they can be 
measured. Tritium can be measured by liquid scintillation counting of the sample dis
tillate, provided other volatile radionuclides are eliminated before the final distilla
tion. 89Sr and 90Sr can be determined by beta counting after they have been 
chemically separated out from other radioelements. In addition to the radiochemical 
laboratory equipment required to perform this kind of work, standardized sources 
of the relevant radioisotopes must be available for quantitative work. Further details 
are to be found in IAEA Safety Series No. 18 [9].

Almost all Category A States, most Category B States and even some Category 
C States will require assistance in performing the above types of measurement. 
These will constitute the bulk of the monitoring requirements in most States affected 
by a transboundary release, since if they are at some distance from the site of the 
release their main concern (perhaps even their sole concern) will be contamination 
o f food, water and other agricultural products. The low level radiochemical labora
tory facilities for performing these contamination measurements are expensive and 
could not be justified as permanent stand-by facilities in every country. Perhaps, 
however, they could be established by international organizations as research and 
educational facilities in carefully chosen regions of the world. Such regional facilities 
could also serve as resources for regional programmes in radiological hygiene and 
routine environmental monitoring.

When a State having an active nuclear programme sets up a nationwide radio
logical monitoring system, it should include, where possible, the existing off-site 
monitoring systems of nuclear facilities.

A State which does not have nuclear activities itself and borders on States 
which do not have nuclear activities either might consider a simpler monitoring sys
tem (e.g. central monitoring station and associated measurement teams). Assistance 
from the IAEA or other States should be considered on the basis o f technical co
operation projects and/or bilateral or multilateral agreements.
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Section 5

PROTECTIVE ACTIONS FOR AFFECTED STATES

5.1. GENERAL

Unless the transboundary release of radioactive material has occurred close to 
its border, an affected State is most unlikely to have to implement as drastic protec
tive measures (such as evacuation) as the accident State. However, the same basic 
principles for guiding protective actions apply to both the accident State and the 
affected State(s). These principles are discussed in the following sections. For the 
sake of completeness, most of the important types of protective measures are 
described briefly even though most of them will be unnecessary in distant affected 
States.

5.2. GUIDING PRINCIPLES FOR PROTECTIVE ACTIONS

The IAEA Basic Safety Standards for Radiation Protection, Safety Series No. 
9 [10] and the recommendation^ of the International Commission on Radiological 
Protection, ICRP Publication 26 [11] on which the Basic Safety Standards were 
based, clearly distinguish between two conditions of exposure. The first condition 
is one where the occurrence of the exposure is foreseen and can be limited by control 
of the source of radiation exposure and by application of the system of dose limita
tion. The second condition is one where the source of radiation exposure is not sub
ject to control as in accident situations where any subsequent exposure can be limited 
in amount only by some form of intervention.

Following an accident during which the primary source of radiation exposure 
has by definition been out of control, it is no longer appropriate to apply the dose 
limits specified in the IAEA Basic Safety Standards for Radiation Protection [10]. 
For such circumstances, IAEA Safety Series No. 72 [12], which is consistent with 
ICRP Publication 40 [7], set out special principles by which dose limitation is 
achieved through the introduction of protective measures.

The basic principles for planning intervention in the event of an accident are:

(a) Serious non-stochastic effects should be avoided by the introduction of protec
tive measures to limit individual dose to levels below the thresholds for these 
effects;

(b) The risk from stochastic effects should be limited by introducing protective 
measures which achieve a positive net benefit to the individuals involved;

(c) The overall incidence of stochastic effects should be limited, as far as reasona
bly practicable, by reducing the collective dose.
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Principles (b) and (c) require further interpretation but in broad terms they may 
be regarded as analogous to the principles of ‘justification of a practice’ and ‘optimi
zation of protection’, respectively, applied to the doses resulting from controlled 
sources. In short, therefore, there should be a net benefit resulting from the introduc
tion of any protective measure and the intervention level chosen should be such that 
this net benefit is maximized. Both the IAEA and ICRP are currently giving further 
consideration to the interpretation of these principles.

The recommendations previously published by the IAEA and ICRP were for
mulated mainly in the context of short and relatively small accidental releases where 
intervention would only be contemplated over an area close to the site of the acci
dent. In such circumstances, concern centres on the level of individual dose, at least 
in the initial decisions on the introduction of protective measures such as evacuation, 
relocation, sheltering, and administration of stable iodine (as potassium iodide or 
iodate) to achieve thyroid blocking against the uptake of radioiodine. Collective 
doses were considered to be mainly relevant to later decisions, particularly those 
related to a return to normal conditions. Experience during and after the Chernobyl 
accident has shown that it is necessary to give more consideration to larger and more 
prolonged releases and to those where intervention may be required over large areas. 
In such circumstances, the role of the collective dose becomes more important. The 
IAEA, the World Health Organization of the United Nations (WHO) and the Food 
and Agriculture Organization (FAO) are currently considering how appropriate 
intervention and derived intervention levels may be set, particularly for foodstuffs, 
taking account of the need to optimize the protection of the general public.4

For the development of radiological protection principles it has been con
venient to identify three time phases which were assumed to be common to all acci
dent sequences [3 ,7 ]. These are the early phase, the intermediate phase, and the late 
or recovery phase. This subdivision initially provided a useful framework. However, 
there are no clear lines of demarcation between the phases; some protective measures 
may be applicable in more than one phase, and at longer distances from the site of 
the accident the distinction becomes much less useful. It is considered to be more 
appropriate to deal with each intervention in its own right and to characterize the var
ious phases of accident situations in terms of the decisions which may be taken rather 
than the stage which the release has reached.

For the area close to the site o f the accident, particularly within the emergency 
planning zones [3] for a nuclear facility, interest rightly centres on the risks to the 
local population. The basic principles to be applied to the introduction of protective 
measures are to prevent non-stochastic radiation effects and to limit stochastic effects 
in such a way that there is a positive net benefit to the individuals involved. This

4 Som e other organizations, for exam ple, the N uclear Energy Agency o f  the O rgani
sation fo r E conom ic C ooperation and D evelopm ent and the C om m ission o f European C om m u
nities (C EC ) are also engaged in such activities.
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approach is satisfactory since the individuals receiving the risk from the protective 
measures will in general be the same as those receiving the benefit from the protec
tive measures.

Beyond this area, the distributions of costs and benefits associated with the 
introduction of any protective measures [3] are likely to diverge. Two distinct situa
tions arise:

(a) Those areas outside the emergency planning zones which are directly affected 
by contamination from the passing radioactive plume; and

(b) Those areas outside these zones which are not directly affected by contamina
tion from the passing radioactive plume but may be indirectly affected owing 
to trade with countries that have been directly affected.

For both situations, the basic principles specified in IAEA Safety Series No. 
72 and ICRP Publication 40 might be restated as follows:

(i) Serious non-stochastic effects should be avoided by the introduction of protec
tive measures to limit individual dose to levels below the thresholds for these 
effects. It is most unlikely, however, that consideration will need to be given 
to the prevention o f  non-stochastic effects outside the emergency planning 
zones.

. (ii) Protective measures which are introduced to limit the risk of stochastic effects 
should be such that there is an overall net benefit in terms of the total costs 
(health, social, economic) of the protective measure and the collective reduc
tion in radiation risk. This principle is analogous to the justification of a prac
tice in the basic system of dose limitation specified in the IAEA Basic Safety 
Standards for Radiation Protection (Safety Series No.9 [10]) but in this case 
the practice is the protective measure. It implies taking a global view of the 
situation and no account of the distribution of the costs and benefits.

(iii) The overall incidence of stochastic effects should be reduced to levels which 
are as low as reasonably achievable, social and economic factors being taken 
into account. This principle can be applied to accidents in a manner analogous 
to the use of the principle of optimization of protection in the normal control 
o f radiation exposures. In essence, it involves the selection of the appropriate 
intervention levels such that the maximum net benefit from the protective mea
sure is achieved. Again a global view should be taken. In practice, there may 
not be any clear distinction between this principle and the previous one. It is 
possible to justify the introduction of a protective measure without optimizing 
the level of protection chosen.

(iv) There should be a level of individual dose below which the introduction of pro
tective measures should be considered unnecessary. Equally, there should be 
an upper level o f individual dose above which the introduction of protective 
measures should almost certainly be applied.
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The purpose of the last principle (iv) is that levels should be specified which 
act as constraints to the previous two principles. The argument is that, below the 
lower level o f dose, the risks to individuals are sufficiently low not to justify the 
introduction of protective measures. Conversely, the upper level would reflect an 
individual level o f risk which would be considered as unacceptable.

Even though, at first sight, it may appear to an importing country that there 
are only small financial or other costs associated with switching supplier from a 
directly affected State to one that has not been directly affected, it must be recognized 
that there are likely to be significant overall costs associated with such action. These 
include:

— costs to the exporter in seeking other markets or having to dispose of the 
produce

— costs to the importer in additional monitoring
— loss of goodwill between trading nations
— sociopsychological impacts resulting from differences in standards being oper

ated by the importing and exporting nations.

In addition, it should be remembered that international trade in materials 
slightly contaminated by toxic chemicals and pesticides is generally accepted 
provided the levels do not exceed internationally accepted levels.

5.3. SETTING REALISTIC DERIVED INTERVENTION LEVELS (DILs)

After the accident in 1986 at Chernobyl in the USSR, some countries took the 
position that, on grounds of risk to the health of their populations, they would refuse 
to import anything which might be contaminated, regardless of how low the level 
o f contamination might be. In effect, this is setting and attempting to apply a derived 
intervention level (DIL) of zero.

Attractive though it may seem, there are several problems associated with this 
approach:

(a) Since even the most sensitive radiation measuring instruments have limited
sensitivity, DILs of zero are impractical, even illusory. All that could be said 
after even the most thorough measurements of a given shipload of food, for 
example, is that the radioactive content (attributable to the accident) is below 
detectable limits. However, this begs the question since ‘detectable limits’ 
implies an unspecified DIL which may be low or high depending on the 
instrumentation and methods of measurement or sampling used. A related 
problem in implementing a DIL of zero is that some of the radionuclides 
present in food following a nuclear accident may be identical to, and therefore 
indistinguishable from, those attributable to atmospheric testing o f nuclear 
weapons.
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(b) Radioactive contamination attributable to a nuclear accident should be only one 
of a number of public health considerations in approving or rejecting food for 
consumption by the public. In setting a DIL for the radioactive content of food, 
particularly an extremely low DIL, due regard should be paid to the overall 
quality of possible replacement food. For example, pesticide residues, infesta
tion, heavy metal or other non-radioactive contamination in possible replace
ment foods should not be ignored in comparison with radioactive 
contamination.

In any case, the reduction in radiological risk should be comparable to the 
increase in economic losses.

5.4. TYPES OF PROTECTIVE MEASURES AND RELATED ACTIONS

5.4.1. General

The protective measures considered in previous publications of the IAEA and 
ICRP include evacuation, sheltering, administration of stable iodine tablets or com
pounds, and relocation. IAEA Safety Series No. 55 [3] discusses the risks, difficul
ties and costs of various protective measures. Some mention has also been made of 
decontamination of persons, land and property, and controls over the supply of food 
and water. Consideration is given here to the relevance of these and other protective 
measures in the event of transboundary contamination.

5.4.2. Evacuation

Evacuation is the urgent removal of people from an area to avoid or reduce 
their acute exposure, usually from the radioactive plume or from high levels of 
deposited activity, and is a measure adopted when it is expected that people may be 
able to return to the area concerned on a foreseeable time scale. If carried out at a 
sufficiently early stage, evacuation is potentially a very effective means of reducing 
doses. The risks associated with evacuation are generally low although the social dis
ruption could be considerable. It has generally been envisaged that, for most nuclear 
power plant accident scenarios, the projected doses above which evacuation would 
be considered would only occur within a few kilometres from the site of the accident 
although, in the case of the Chernobyl accident, persons were evacuated out to a dis
tance of some 30 km. Evacuation is therefore only likely to be an appropriate protec
tive measure in the event o f a transboundary contamination when the site o f the 
accident is relatively close to the national boundary and in most cases should be 
covered by the near-site emergency plans and preparedness including compatible 
arrangements within emergency planning zones straddling borders [13, 3],
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5.4.3. Sheltering

Sheltering refers to staying inside buildings with doors and windows closed 
and ventilation systems turned off for protection principally against exposure to an 
airborne plume. For all accidental releases, sheltering is the first immediate protec
tive measure to be contemplated, especially for fast breaking releases of radioactive 
materials. For relatively small, short releases it may be the only protective measure 
to be imposed. For larger or prolonged releases, sheltering is a first stage, to be fol
lowed by evacuation and/or relocation. Since it entails little risk and relatively little 
social disruption, it is generally recommended for application in situations of lower 
projected dose and where high shielding can be provided by the buildings available. 
Sheltering again has been considered as a protective measure mainly in the context 
o f the emergency planning zones but may need to be considered at longer distances 
from the accident site. It may therefore be an appropriate protective measure for 
transboundary contamination where the accidental release is high. It should be noted 
that sheltering may not provide much protection in warm or tropical countries 
because of the types of building construction in such climates. More information on 
sheltering is given in IAEA Safety Series No. 55 [3] and IAEA Safety Series 
No. 86 [4],

5.4.4. Administration of stable iodine

Radioprotective prophylaxis of the thyroid is achieved by the timely adminis
tration of stable iodine compounds (e.g. potassium iodide or potassium iodate). This 
measure blocks the intake of radioactive iodine by the thyroid [3], This protective 
measure should only be considered when inhalation of radioisotopes of iodine is 
expected to be a major exposure pathway. Ingestion of radioiodine is much more eas
ily prevented by restrictions on the production and consumption of foodstuffs and on 
the supply of drinking water. To be fully effective, stable iodine should be taken 
before inhalation of radioiodine. The risks from the administration of stable iodine 
are generally low and there is very little chance of adverse reactions. Consequently, 
the intervention levels of projected dose above which this protective action has been 
contemplated are relatively low. It is clearly conceivable that, in the event o f a rela
tively large accidental release of iodine radioisotopes, these intervention levels could 
be exceeded outside the emergency planning zones. This protective measure may 
therefore be appropriate for some transboundary releases although it is relatively 
unlikely that it should be necessary at large distances from the accident.

5.4.5. Relocation

Relocation in contrast to evacuation means the removal of population groups 
from contaminated areas to avoid chronic exposure and when return to the area is
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not contemplated fo r  some time. It may be carried out as an extension to evacuation 
or it could be implemented at a later stage in order to reduce long term doses and 
allow time for decontamination of land and buildings or other remedial measures. 
Although the health risks associated with relocation are minimal, the financial costs 
involved are very substantial and it causes more disruption to people’s lives and other 
social impacts than short term evacuation. The intervention levels of projected dose 
are generally similar to those specified for evacuation. Again, the Chernobyl acci
dent showed that, in the event o f a large release of radioactivity to the atmosphere, 
relocation (although unlikely) may be required at distances beyond the emergency 
planning zones and this protective measure may therefore be appropriate for trans
boundary contamination under some scenarios or situations.

5.4.6. Actions on foodstuff's

A major potential source of exposure of large populations following a trans
boundary : accident is through contamination of foodstuffs and, to a much lesser 
extent, water supplies. This has been an area of much confusion in some countries 
following the Chernobyl accident, and, currently WHO, FAO and the IAEA5 are 
considering the principles that might be applied to controlling these exposures. Some 
of the confusion has arisen over the role of dose limits in determining intervention 
in the longer term following an accident and at distances far from the release. It has 
been argued that, since exposures from contaminated foodstuffs are controllable by 
restricting production or consumption, they should be subject to the full system of 
dose limitation, including the application of the dose limits recommended by the 
ICRP. In so'me views, this is, however, a misinterpretation of the intent of the' 
ICRP’s recommendations. It is not the purpose here to discuss this further but to note 
the work currently under way elsewhere and to encourage harmonization of stan
dards at least on a regional basis to avoid the undue confusion that was evident in 
some countries following the Chernobyl accident. It is clear that individuals may be 
exposed as a consequence of direct deposition on the ground and in crops entering 
the food chain or as a consequence of trade in contaminated foodstuffs. States may 
therefore need to take action with respect to both home produced and imported food
stuffs. In some cases it may be appropriate for the exporting country to issue certifi
cates specifying the level o f contamination in particular foodstuffs to facilitate trade. 
Sampling and analysis also play a role in this case.

5.4.7. Actions related to international travel and transport

National authorities may need to give consideration to issuing advice to their 
own nationals living in or visiting the accident State or in neighbouring countries

5 See Footnote 4.
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which have been severely affected by the accident. The advice might be to leave the 
heavily contaminated areas or not to travel to those areas. It may also relate to advis
ing on what particular foodstuffs should be avoided if there is any doubt about the 
level o f contamination present. Attention should be given to the need to arrange a 
way of addressing these groups of nationals. It is clear that the task of national' 
authorities in this respect would be facilitated by the accident State providing an 
appropriate amount of information on the situation in the country and the levels of 
contamination and exposure. The monitoring and decontamination of returning 
nationals at borders may be necessary.

Land based vehicles, aircraft and ships may pick up contamination as a conse
quence of passing through the radioactive plume, or, in the case of land based vehi
cles, by travelling over contaminated roads. This may become a potential source of 
exposure of workers and the public and may lead to a further spread of contamina
tion. National authorities may therefore need to institute monitoring facilities and 
decontamination measures for contaminated vehicles at borders and at airports or 
harbours.

5.4.8. Decontamination and fixation

Decontamination of buildings and surfaces and fixation of remaining radioac
tivity may be necessary. The magnitude of the radiological consequences will deter
mine the degree of action necessary. Depending upon the type of area affected, the 
responsible authorities should take the necessary steps to measure the radioactivity 
in the areas affected and to calculate the resulting potential doses to persons. Depend
ing on the level of decontamination, the types of surfaces and size of the area 
affected, continuous monitoring of radiation dose rates at certain locations may be 
necessary for some time. The cumulative doses to persons present in areas to which 
access is controlled can be measured by integrating dosimeters.

5.4.9. Actions to protect special occupational groups

Agricultural workers and others working in dusty conditions, on fields and 
other areas affected by deposition may need protection against inhalation of 
resuspended radioactive material. Light protective masks and other dust protective 
equipment generally available for this type of work will be effective.

During the passage of a radioactive plume, the filters o f vehicles and air condi
tioning systems become contaminated more heavily than the environment in general 
and this may result in unwitting exposure, e.g. o f workers who may be involved in 
changing or cleaning them. Public authorities may therefore need to monitor the radi
ation levels around such filters and control the exposure of workers. In this situation, 
the operations should be arranged so that the doses to these workers are as low as 
reasonably achievable and, in any event, do not exceed the dose limits generally 
applied to the protection of workers.
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5.4.10. Actions on special problems

The ash collected in large scale burning of peat and wood, for example, is often 
used as an additive to fertilizers and building material. Following an extensive depo
sition of long lived radionuclides, such as caesium, restrictions on the use of such 
ash may have to be considered.

Likewise, the sewage sludge produced in urban areas may concentrate the 
deposited radioactive material removed from streets and other hard surfaces by 
runoff. Restrictions on the use of such sewage sludge as a fertilizer may be needed.

5.4.11. Follow-up medical action

Transboundary releases of radioactive materials may potentially lead to the 
radiation exposure (at low doses, at least) of large groups of the population living 
in the contaminated areas. This might add up to measurable collective dose commit
ments. To allay concerns in such a situation, it may be necessary to provide long 
term health monitoring for some population groups.

5.5. DECISION MAKING ABOUT PROTECTIVE MEASURES

The basis for decision making about protective measures may be summarized 
as having the following three components:

(a) Information about and understanding of the radiological situation which con
fronts the decision maker; (Subsections 5.3 and 5.4);

(b) Understanding of the general principles to be invoked in exercising judgement 
about the implementation o f protective measures (Subsection 5.2);

(c) Appreciation of the range of options which may be open (or may not, for lack 
of resources, for example) and their effectiveness (Subsection 5.4).

The development, introduction and adoption of intervention levels and derived 
intervention levels at a regional/international level would make less onerous the role 
of the decision maker in the government of an affected State. Since the appropriate 
balances and optimizations described in Subsection 5.2 may differ from one region 
of the world to another, many of the intervention levels and derived intervention 
levels cannot be applied globally. The importance of good judgement in national 
decision making will therefore remain.
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Section 6

NATIONAL PLANNING AND MANAGEMENT 
ORGANIZATION

6.1. GENERAL

In the event o f an accident at a nuclear facility that results in a release of radio
active material which crosses or is reasonably expected to cross a national border, 
proper advance planning and effective organization in potentially affected States can 
greatly assist in mitigating the radiological and other effects of such an accident.

Potentially affected States should plan to utilize existing guidance, wherever 
possible and relevant, particularly in IAEA Safety Series No. 55 [3], and its support
ing guidance documents. It is recognized that Member States have varied capabilities 
in nuclear matters and radiation health protection. Much of the guidance provided 
is usable only by countries which have well developed nuclear capabilities. For the 
other countries, efforts should be made to utilize applicable guidance to the extent 
possible. Where a need is identified that cannot be fulfilled with the means at hand 
in a particular State, that State should contact the IAEA, or other specialized interna
tional organizations (e.g. WHO, FAO), for the needed assistance.

6.2. ORGANIZATION

As has been pointed out in IAEA Safety Series No. 86 (Subsection 1.4) [4], 
radiation emergencies have many aspects in common with other types of emergency. 
Therefore, in planning for response to a radiation emergency and in managing one 
if it occurs, it is advisable to utilize or adapt whatever emergency management 
organizations and structures already exist within the government of a potentially 
affected State. If large scale technical or other assistance from outside the country 
is foreseen as a likely requirement in the case of a radiological emergency, the 
government must designate beforehand the most appropriate agency for receiving 
and utilizing this aid.

Unlike the situation created by an accident whose effects are confined almost 
entirely to the accident State, in the case of a transboundary release the areas which 
will receive most of the deposited radioactive material within affected States cannot 
be reliably predicted in advance, particularly for transboundary releases occurring 
at large distances from those States. Depending on the weather at the time, the 
affected areas may be numerous, extensive and widely distributed within national 
borders, transcending provincial and local government political boundaries. For this 
reason, and also in view of the requirement for extensive communication through
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diplomatic and other international channels, it is recommended that the national plan
ning and management organization should be at the national or federal government 
level. Provincial, regional and local governments will, however, have to be 
involved, particularly if protective measures have to be taken.

Channels of communication should be established in advance for transmitting 
necessary data from national governments to regional and local governments as well 
as between governments. Additionally, national and/or regional governments should 
establish ways and means of providing radiation measuring capability to local 
governments, at their request. In addition, national governments should set in place 
the necessary machinery for transmitting data and information to international 
organizations. Lastly, the national authorities should certify, in advance, any labora
tories which have satisfactory measurement and analytical capability for radionu
clides. It is important that these laboratories have the capability of measuring 
relatively low levels of the variety of radionuclides that might be expected to be 
released in the event o f a nuclear accident. Where laboratory support is minimal or 
does not exist in a country, advance standing arrangements will have to be made to 
acquire this support in time of need as provided for either under the terms of the Con
vention on Assistance in the Case of a Nuclear Accident or Radiological Emergency
[2], or through bilateral or multilateral agreements. It is important to note that inter
national harmonization of methods and protocol between laboratories is desirable.

6.3. COMPATIBILITY/HARMONIZATION

Where a State’s nuclear facilities are close to another State’s borders, every 
effort should be made, possibly through bilateral or multilateral agreements, to use 
the same action levels for notifications, implementation of protective measures, relo
cation, cleanup, etc. In pursuing this effort, negotiating parties should be cognizant 
of the international efforts regarding derived intervention levels.

6.4. MUTUAL ASSISTANCE

The provisions of the Convention on Assistance in the Case of a Nuclear Acci
dent or Radiological Emergency [2] call for the States to co-operate among them
selves and with the IAEA to facilitate prompt assistance in order to minimize the 
consequences of an accident or emergency and thus to protect life, property and the 
environment. This co-operation should include provision of technical advice and 
assistance. Assistance could include provisions for transfer, across international
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boundaries, of the following types of equipment and persons, with a minimum of 
customs or other formalities:

(a) Radiological monitoring and other associated equipment;
(b) Emergency staff;
(c) Evacuees (including provisions for their food, shelter and medical care).

In view of the urgency associated with emergency situations, it is highly desira
ble for these arrangements to be formalized in advance as a part of the emergency 
planning process so that, for example, the officials concerned with boundary cross
ings may possess in advance the authorizations for necessary action. The content and 
form of the arrangements whether handled by treaty, by a lower level agreement, 
or by local negotiations, are matters for the States involved to decide.

Guidelines for mutual emergency assistance arrangements in connection with 
a nuclear accident or radiological emergency are described in the IAEA document 
INFCIRC/310 [14], It is pointed out in this document that a request for assistance 
should be made as soon as it is determined that help will be needed from outside 
sources. To enable a potentially assisting country to provide the most effective 
assistance, this request should be accompanied by essential information. This infor
mation should include a description of the essential elements of the radiological situa
tion as far as it is known, the extent of the requesting State’s current capability and 
the elements of support which might be needed.

6.5. COMMUNICATIONS AND INFORMATION FLOW

There are various channels of communications that must be established and
maintained by a State affected by a transboundary release of radioactive material.
Communication channels are needed:

(a) Between the national government and the IAEA for initial notification and 
follow-up information exchange under the Convention on Early Notification of 
a Nuclear Accident [1];

(b) Between State/provincial governments and the national government to commu
nicate State/provincial/local requests for national assistance, and communicate 
protective measures recommendations;

(c) Between the local and State/provincial/local governments to co-ordinate 
response efforts, and communicate protective action instructions;

(d) From the various levels o f government to the general public and the news 
media to keep them informed about the accident, what impact it has or could 
have on the public and what is expected of the public in order to minimize the 
impact.
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In all cases, it is important that information flows without delay and that the 
information reaches a person who will know what it means and what to do with it.

In the case of a transboundary release, there are communication requirements 
placed on the accident State which are in addition to those needed for dealing with 
an accident whose impact is confined to its own territory. Under the Convention on 
Early Notification o f a Nuclear Accident [1], an accident State can expect to receive 
many requests for information concerning the accident from affected or potentially 
affected States. While responding to these requests will be a distraction from dealing 
with the emergency, consideration should be given to establishing a special organiza
tional unit and channel of communication to handle this need for information. Mak
ing arrangements for channelling the accident information through the IAEA might 
be appropriate for some States and is provided for in the Convention on Early Notifi
cation of a Nudlear Accident [1].

More extensive channels of communications and greater varieties of informa
tion may be needed by the accident State and the affected States that have contiguous 
borders or have bilateral or multilateral agreements related to transboundary radio
logical emergencies.

6 .6. TRAINING

Since severe nuclear accidents are improbable, it is important that periodic 
exercises are undertaken in order to test the strengths and weaknesses of the organi
zation and emergency plans and preparedness. Where weaknesses are uncovered that 
relate to the knowledge or performance of individuals, necessary training should be 
provided to eliminate this deficiency. Exercises should be conducted at least annually 
even if only of limited scope. Additionally, periodic training should be provided to 
update individuals on new developments in emergency plans and procedures. Where
ver possible, arrangements should be made to include personnel from contiguous 
States in training sessions and emergency response exercises.
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Section 7

PUBLIC INFORMATION

Each Member State has its own methods and channels for providing informa
tion to the public, both in normal and abnormal circumstances. However, some con
sideration should be given to the question of whether these methods and channels 
would be adequate to deal with the volume and the kinds of information which might 
have to be passed on to the public in case of a transboundary release of radioactive 
material. In considering this question, a potentially affected State should analyse the 
public information experience o f States which were affected by radioactive deposi
tions after the Chernobyl accident in the USSR in 1986 and, then, having regard for 
its own situation and the special characteristics of its own population, apply the 
results of the analysis to its own circumstances.

7.1. GENERAL

7.2. SOURCES OF INFORMATION

Credibility of information would be an important issue in each State affected 
by a transboundary release of radioactive material. To gain and retain credibility 
with the public, the sources of all information should be clearly cited. In this context, 
the international agencies of the United Nations and similar organizations probably 
have better credibility than any other single source of information since their exis
tence is necessarily based on a balancing and counterbalancing of individual national 
political considerations.

Potentially affected States, whose geographic areas are small individually but 
who share the same continent or land mass, are likely to be affected in roughly simi
lar ways by a distant transboundary release of radioactive material. In the interests 
of providing a certain degree of consistency and uniformity in the information given 
to their populations, it is desirable that they should agree to establish one or two joint 
information centres for the provision of public information. The extent of the duties 
and responsibilities of these centres should be the subject of standing agreements 
among the neighbouring States. For example, the joint information centres might be 
restricted to the promulgation of information only; on the other hand, they might also 
be used to promulgate advice on protective measures. Clearly, any steps which are 
taken to promote a multilateral, consistent and uniform response involving groups 
o f States are likely to improve public confidence in the advice and information which 
they are given.
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7.3. TYPES OF INFORMATION

There are two distinct categories of information to be provided to the public 
in regard to a transboundary release of radioactive material. One category is infor
mation which describes in advance the nature of the hazards which might occur and 
the provisions which have been made to protect the public should the need arise. The 
other category includes all the kinds of information and advice which would need 
to be given to the public at the time of an accident and for some time thereafter. 
Information in the latter category would include:

(a) General descriptions (in lay terminology) of the radiological situation in the 
affected State;

(b) Descriptions of protective measures which have to be undertaken, with particu
lar emphasis on those which require public co-operation;

(c) Forecasts of the likely course of the radiological situation in the affected State;
(d) General descriptions (in lay terminology) of the accident which caused the 

transboundary release and forecasts of its cessation;
(e) For the benefit of travellers, general descriptions of the radiological situation 

in other affected States and in the accident State. Embassies and consulates 
around the world would constitute important sources of information regarding 
the severity o f the accident relevant to travellers, industry, etc. It is recom
mended that exchange of information regarding radiological conditions in 
affected States should become a part o f emergency planning for transboundary 
releases. Such information should go through normal diplomatic channels.
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Section 8

SUMMARY

An accidental release of a large quantity of radioactive material, either to the 
atmosphere or to the aquatic environment, may significantly affect neighbouring and 
even distant States. The geographic location of the release point, the amount of 
material released, the effective height of the discharge (in the case of a release to 
the atmosphere) and the weather patterns prevailing during and after the release are 
the main determinants of the impact of a transboundary release on other States. As 
distance from the release point increases, the character of the radiological problem 
changes. Close to the release source, it may be characterized as having potentially 
serious consequences but small geographic extent; at a distance, it becomes a 
problem having comparatively minor radiological consequences but wide geographic 
extent, generating concern on national and international scales.

Compared with an accidental release of radioactive material which is confined 
to the accident State, a transboundary release has added dimensions which were not 
fully anticipated in publications (in particular, in the more technical publications) 
dealing with response to accidents at nuclear facilities. The new aspects to the 
problem may be summarized as follows:

(1) A transboundary release of radioactive material, as distinct from a release 
which affects only the accident State, has international repercussions in the fol
lowing ways:

•  Potentially at least, the difficulties associated with a transboundary release 
may be magnified in those States that have no nuclear facilities of their 
own and may, therefore, have foreseen no need for resources to assess and 
deal with radioactive contamination of their food supplies, their water and 
their environment. These States have to find ways to respond 
appropriately.

•  International trade, in food commodities particularly, may be severely 
affected. This may cause economic difficulties.

• Issues o f compensation may arise for which the dispute settlement mechan
isms are weak or non-existent.

(2) Many Member States are in geographic locations such that they could be 
affected by a transboundary release occurring in any of their surrounding 
neighbour States. Planning for and responding to such an event is necessarily 
more difficult than planning for an accidental release from a single, identified 
nuclear facility.
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(3) Deposits of radioactive material from a distant source are apt to be highly 
unpredictable. Depending on weather conditions, they may be localized in a 
random fashion or widespread. This also makes planning and response more 
difficult.

Because of the international dimension of the problem and its essentially 
unpredictable character (at least, as to the precise localities which could be affected), 
it is recommended here that planning for such events should be carried at the national 
or federal government level rather than at provincial government level. International 
agencies and similar groupings of States also have a large role to play, both in 
providing assistance and in serving as information clearing houses.
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