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FO R E W O R D

The widespread use of radiation sources in medicine, argriculture, industry, 
research and teaching has been associated with an admirable safety record. The 
number of known accidents in which persons have been exposed to harmful amounts 
of ionizing radiation from these types of source is relatively small and very few 
deaths have occurred. Meticulous precautions are being taken to maintain this good 
record in work with radiation sources and to keep the exposure of persons as low 
as practicable.

In spite of all the precautions that are taken, accidents may occur and may be 
accompanied by injury to or death of persons and damage to property. It is only 
prudent to take all practicable steps to prevent accidents and to plan in advance emer
gency actions that would limit injuries and damage if accidents do occur. Emergency 
plans should be sufficiently broad to cover unforeseen or very improbable accidents 
as well as those that are considered more credible. Such plans should be established 
by the users of radioactive materials as well as by local emergency agencies 
(e.g. police and fire brigades) and national competent authorities.

Following the publication of a number of documents on emergency planning 
and preparedness in relation to accidents involving nuclear power plants, the IAEA 
convened in May 1987 an Advisory Group to provide guidance on the application 
of similar measures and procedures for accidents involving the use of radioactive 
materials in medicine, industry, research and teaching. The Advisory Group drafted 
a document which, after revision, was developed into the present Safety Series 
publication.

In September 1987, the misuse (outside radiation protection surveillance) of a 
large l37Cs source in Goiania, Brazil, led to a serious contamination accident. 
Quick response by the Brazilian authorities helped in localizing the consequences of 
the accident and served as a proof of the paramount importance of preparedness. 
Unfortunately, however, detailed information concerning this accident was not avail
able at the time the present publication was finalized and could not, therefore, be 
included in it.

This Safety Series book should be considered as a technical guide aimed at the 
users of radioactive materials and the appropriate local and national authorities. It 
does not represent a single solution to the problems involved but rather draws the 
outlines of the plans and procedures that have to be developed in order to mitigate 
the consequences of an accident, should one occur. The preparation of local and 
national plans should follow the technical recommendations provided in this publica
tion, with due consideration given to local factors which might vary from country 
to country (e.g. governmental systems, local legislation, quantities of radioactive 
materials involved).
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1 . INTRODUCTION

1.1. The use of radioactive materials in various fields of medicine, industry, 
research and teaching has been increasing steadily during the last few decades. 
Millions of radiation sources, radiopharmaceuticals, labelled compounds and other 
radioactive materials are sold and used throughout the world each year. Radioactive 
materials are used in medicine, industry, research, teaching and many other 
activities.

1.2. Historically, accidents have occurred during the production, transport and use 
of radioactive materials. If an accident does occur, it is necessary to cope with it as 
soon as possible in order to control radiological human exposures and contamination 
of the environment and to restore normal conditions.

1.3. Experience has shown that advance emergency planning is essential in order 
to mitigate the consequences of accidents. This planning involves analysis of how 
normal conditions change during an accident and also of the different types of acci
dent that are to be expected, their possible magnitudes and consequences. By doing 
this, the planner is able to assess in advance the best protective measures to be taken 
and to prepare the various personnel and organizations that might be called upon to 
respond to an emergency, when and if required, in an effective way.

1.4. The diagram in Fig. 1 summarizes the various activities required to prepare 
an effective planning and preparedness scheme.

1.5. The present publication distinguishes between emergency planning and emer
gency preparedness for responding to an accident. Planning is concerned with the 
development and the preparation of plans to mitigate the consequences of an acci
dent. Preparedness encompasses aspects such as training, and the provision of 
resources and facilities which permit effective implementation of an emergency plan 
in the event of an accident.

PURPOSE

1.6. The purpose of this publication is to give guidance to users of radioactive 
materials as well as to authorities having the responsibility of protecting workers and 
members of public in the event of an accident in which a radioactive material is 
involved. It is not a set of regulations, merely a system of recommendations. No 
doubt similar systems do already exist in some countries. Several types of accident 
are described, together with their possible radiological consequences. The basic prin
ciples of the protective measures that should be applied are discussed, and the princi
ples of emergency planning and the measures needed to maintain preparedness for 
an operational response to an accident are outlined.

1
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SCOPE

1.7. The guidance in this publication is intended to be used in the preparation of 
response plans for accidents in which radioactive materials used in medicine, indus
try, research and teaching are involved. Other IAEA publications deal with emer
gency planning and preparedness in other contexts [1-5]. Accidents involving the use 
of X-rays are not considered, though the material in Section 6 dealing with arrange
ments for medical assistance may be relevant. For the purpose of this text, an acci
dent is defined as a deviation from normal conditions which leads to actual or 
potential radiological consequences and which requires an emergency response.

1.8. It should be emphasized that the prevention of accidents is o f prime impor
tance in dealing with radioactive materials but this aspect is outside the scope of the 
present publication.

1.9. If an accident does happen it is very important to identify and analyse it 
quickly and respond to it as soon as possible in order to limit the consequences.

1.10. In order to respond promptly to a radiological accident it is necessary to have 
prepared emergency plans and procedures, and to have established an emergency 
preparedness infrastructure with the necessary resources in terms of trained person
nel and appropriate equipment.

1.11. Owing to differences in the potential magnitude and nature of accidents, the 
emergency response required will not be the same for all the various facilities in 
which radioactive materials are used. Many of the basic principles will be the same 
but the particulars of the response will vary.

2 . ACCID EN T A N A L Y SIS  AND ACTIO N  LE V E LS

GENERAL

2.1. An accident with a radioactive source can be described as an event (or series 
of events) which leads to the loss of the normal control of the source. The conse
quences may range from the trivial to the catastrophic. Accidental exposures, mean
ing exposures in excess of relevant dose limits for workers, or abnormal conditions 
of radiation exposure for members of the public, may or may not occur. In most 
cases exposures will be controllable by means of remedial actions. In any case the 
doses incurred in such actions are to be treated as abnormal exposures to which the 
special provisions of ICRP Publication 40 and Section VIII of the Basic Safety Stan
dards apply [6, 7].

3
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USES OF RADIOACTIVE MATERIALS AND RADIATION SOURCES AND 
THE ASSOCIATED POTENTIAL ACCIDENTS

Techniques and applications

2.2. The principal techniques involving the use of radioactive sources can be 
categorized in six groups, each of which can be subdivided into a number of more 
specific applications. These are listed in Table I together with the typical activity 
values.

POSSIBLE ACCIDENT SCENARIOS

2.3. Potential accident types include:

(a) A radioactive source may be misplaced, lost or stolen. An obvious example 
might be a gamma radiography source container and source found to be 
missing. One problem here is that the container may get into the possession 
of those who through ignorance may decide to dismantle or otherwise interfere 
with it thereby exposing themselves and possibly others to an unshielded 
source.

(b) A radioactive source becomes unshielded as a result of a failure during routine 
operations. Again, gamma radiography provides an example — after making 
an exposure, an operator finds it impossible to retract the source into its 
container.

(c) A radioactive material may be dispersed. An example could be a vial contain
ing a radioactive solution that leaks out during storage. Another example 
would be a violent release of radioactive substances from a radiochemical 
facility.

In all these cases, there is a possibility of uncontrolled exposure of persons unless 
appropriate protective measures are taken.

2.4. One or more types of accident can occur for all the applications listed in 
Table I. In practice, however, for each application certain types of accident are more 
likely than others.

CLASSIFICATION OF ACCIDENTS

2.5. From a planning point of view it is helpful to classify accidents according to 
their severity, in other words the magnitude of the consequences. Paragraph 2.6 
gives a geographically based classification which is used later in the text. A second 
possible classification is described in para. 2.8.

4
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TABLE I. TECHNIQUES INVOLVING THE USE OF RADIOACTIVE 
SOURCES AND TYPICAL ACTIVITIES

Radiography techniques (non-destructive testing)

Gamma radiography 100-1000 GBq

Beta radiography 10-100 GBq

Neutron radiography 10-100 GBq

Analytical techniques

Electron capture 20-40 000 MBq

Neutron activation analysis

Gauging techniques

Transmission gauges (beta and gamma) 0.04-40 GBq

Backscattering gauges (beta and gamma) 0.04-4 GBq

X-ray fluorescence backscattering gauges 1-100 MBq

Level gauges (gamma) 2-80 GBq

Selective gamma absorption 0.04-1 GBq

Gamma scattering 1-100 GBq

Neutron thermalization (humidity, etc.) 1-800 GBq

Neutron transmission 10-40 GBq

Irradiation techniques

Radiation beam therapy 10-200 TBq

Brachytherapy 50-500 MBq

Radiation sterilization, crosslinking (polymerization),

curing and grafting -600 PBq

Food preservation -400 PBq

Techniques involving unsealed radioactive materials

Isotope production (including transportation)

Medical applications 100 kBq-10 GBq

Tracer techniques 1 kBq-50 GBq

Miscellaneous techniques

Electrostatic elimination 0.1-10 GBq

Smoke detectors 0.1-100 MBq

5

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



2.6. One possibility for classifying accidents is to consider the geographical extent 
o f the consequences:

Level 1 — consequences are limited to a single room/laboratory/building 
Level 2 — consequences are limited to the perimeter of the facility 
Level 3 — consequences might have significance outside the outer perimeter 

of the facility involved 
Level 4 — consequences might have a transboundary effect as defined in the 

Convention on Early Notification of a Nuclear Accident [8].

2.7. It should be noted that there is no implication in this geographically based 
classification that an accident whose consequences are limited to, for instance, a 
single building, is necessarily less severe in radiological terms than another with 
more widespread consequences. A stuck 60Co source might have much higher 
radiological consequences (on site) than a spill of radioactive material over a large 
area. However, in the response to the latter case, greater resources and manpower 
might be needed.

2.8. Another approach that could be used to classify accidents is to consider their 
radiological consequences:

— internal contamination
— external exposure
— potential to produce a significant collective dose.

EXPOSURE PATHWAYS

2.9. The most important exposure routes in the event of an accident in the context 
of this publication are:

— direct radiation from the source or the facility and from any released airborne 
radioactive material;

— inhalation of airborne material (volatiles, aerosols, particulates);
— direct radiation from ground or surface deposition;
— contamination of skin and clothing.

For these exposure routes, experience in several countries has shown that direct 
radiation from the source is the most important contribution to the doses received. 
In particular, gamma radiography is likely to give rise to accidents with significant 
radiological consequences.

2.10 Another exposure route, important in other contexts, is the ingestion of radio
active materials through contaminated foodstuffs or water. Although the possibility 
of this must always be borne in mind, experience shows that for the accidents within 
the scope of this publication, ingestion is an unlikely route.

6
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CRITERIA FOR SETTING ACTION LEVELS

2.11. In the event of an accident, individuals should be protected and the total detri
ment to the population should be reduced as far as practicable. The principles for 
planning intervention during and after an accident have been established by the 
ICRP [7] and the IAEA [1] as follows:

(1) Serious non-stochastic effects should be avoided by the introduction of actions 
to limit individual doses below the threshold for these effects.

(2) The risk from stochastic effects should be kept below a certain level by 
introducing protective measures which achieve a positive net benefit to the 
individuals involved.

(3) The overall incidence of stochastic effects should be limited by reducing, as 
far as reasonably practicable, the collective dose equivalent.

2.12. Any protective measure implies a certain risk. So, a protective measure can 
only be justified if the risk to be avoided is substantially higher than the risk 
introduced by the protective measure.

2.13. It is neither possible nor appropriate to specify limiting values of dose. 
Workers undertaking actions involving substantial overexposures in such emergency 
situations may be volunteers; in any case it is necessary that such workers have previ
ously received, as part of their normal training, information about the risks from 
exposure above the dose limits. In particular, the aim should be to prevent serious 
non-stochastic effects and therefore the doses1 incurred should not exceed 0.5 Gy 
whole body or 5 Gy to any organ or tissue which might be preferentially irradiated 
[7].

2.14 Inevitably, some emergency situations will require rapid response and the 
time for analysis could be limited. In order to enable such a rapid, and necessarily 
intuitive, response to be based on the appropriate principles, anyone who works with 
radioactive substances who could be faced with the need to respond in this way 
should be given appropriate training. The important elements include information 
about and an understanding of the relative risks of radiation.

2.15. The lower intervention levels which are used in ICRP Publication 40 [7], 
IAEA Safety Series No. 72 [9] and IAEA Safety Series No. 81 [10] are not automati
cally applicable to small accidents. The reason for the difference lies in the different 
magnitude of the projected collective doses and the overall costs of the protective

1 The figures given are for low LET radiation where the radiobiological effectiveness (RBE) 
for exposure to the whole body or to any organ or tissue will be close to unity. Where other 
kinds of radiation, which could cause non-stochastic effects, are involved, the RBE for these 
biological end points will need to be taken into account in the planning for a potential accident.

7
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measures needed. It is the responsibility of the local competent authority to set lower 
levels for intervention — possibly during any licensing procedure. These lower inter
vention levels should be expressed as individual levels of dose appropriate for each 
protective measure.

2.16. Saving lives and evacuating injured people take priority over any other 
consideration of exposure [11].

3 . PR O TE CTIVE  M E ASU R E S

TYPES OF PROTECTIVE MEASURE

3.1. Following an accident it is necessary to

— reduce radiation exposures, both individual and collective, and
— to regain control of the radioactive material and the site in order to restore the 

situation to normal.

In order to achieve these goals protective measures should be applied.

3.2. There are many protective measures which can be considered [1, 7, 9]. The 
selection of the most appropriate and/or practicable measures depends upon 
geographical features and the circumstances of the accident; consequently, these 
measures can only be decided case by case.

3.3. Protective measures should be selected on the basis of their effectiveness in 
reducing the individual dose. The important parameter to be considered is the dose 
prevented as a result of the protective measure. As the implementation of a protective 
measure implies risks and probably inconvenience, a balance should be made 
between the risk from the projected individual dose in the absence of a protective 
measure and the risks and total cost resulting from this measure. A measure should 
be introduced only if the risk from further exposure would be greater than the detri
ment to health and social life that would result from the protective measure itself [9]. 
This optimization decision process will sometimes be difficult in the types of accident 
which may result from the use of radioactive materials in industry, medicine, 
research and teaching, especially during the very early phase of an accident, where 
information may be incomplete or lacking altogether. The risks, difficulties, and 
disruptions that follow the implementation of different protective measures will vary 
widely and depend also upon external parameters such as the site characteristics, the 
type of source and exposure and the nature of the radiation.

8
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3.4. The protective measures which appear to be the most likely to be implemented 
in the event of an accident in industry, medicine, research or teaching are, in order 
of degree of probability:

— control of access and egress
— sheltering and shielding
— evacuation
— personal protection
— decontamination of individuals
— decontamination of areas
— medical care
— administration of stable iodine
— control o f food and water.

Each of these measures is especially effective against a given exposure route; the 
effectiveness can vary at different phases of the accident.

TIME-SCALE CONSIDERATIONS

3.5. While radiological accidents involving nuclear reactors are expected to have 
a relatively long impact, the effects of accidents involving the use of radioactive 
materials used in industry, medicine, research and teaching are usually expected to 
have a much shorter duration. In most cases a minor accident would last for minutes 
or hours while a severe one might continue for some days. There may be some 
exceptions, e.g. the locating of lost (or stolen) material, or cleaning of a very highly 
contaminated area. Nevertheless, two distinct phases may be identified; these are the 
initial phase and the recovery phase.

3.6. The initial phase is the time during which there is little control over exposure 
to the source and includes the time from the loss of control to the recognition that 
an accident has happened and the time from that recognition to when exposure to the 
source has been brought under a certain degree of control, but possibly before the 
site has been brought back to normal.

3.7. The recovery phase is the period between the time when the exposure to the 
source has been brought largely under control and the reinstatement of normal 
conditions.

3.8. The immediate steps that should be taken once an accident situation has been 
recognized will depend upon the type of event which has occurred.

3.9. In the case of an exposed or stuck source accident, once people are evacuated 
from the high dose rate area, the accident is under a degree of control and the 
emergency may be regarded as over. A rapid assessment of the exposure of those
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persons who were immediately involved in the event of the accident should be made 
in order to determine if they need medical care.

3.10. In the case of a contamination accident, immediate steps should be taken to 
prevent spreading. This will reduce the number of people who will be contaminated 
and the scale of the subsequent decontamination work.

3.11. In both cases just considered, simple protective measures could bring the 
initial phase to an end.

3.12. Restoration of the situation to normal during the recovery phase might prove 
to be urgent in cases where the effects of the accident involve people or areas beyond 
the facility. In cases where these effects are confined, restoration should be carried 
out only after detailed planning.

CONTROL OF ACCESS AND EGRESS

3.13. The main advantage of controlling access to an affected area is that it 
minimizes the number of people who might be exposed and prevents interference 
with the emergency and recovery operations. Consequently, exposure to individuals 
who are not essential to these operations will be avoided and exposure of the 
emergency teams may be reduced. A reduction in the collective dose is also likely 
to be achieved.

3.14. Control of egress will minimize the chance that where the accident involves, 
or has generated, contamination, radioactive material from the accident will be trans
ferred to clean areas; it will also permit the radiological control of individuals 
involved in the operation.

3.15. The area affected by access and egress control may vary widely, and will 
depend on the size and nature of the accident. It can involve only one or a few rooms 
(e.g. loss o f shielding of a gammagraphy source occurring in an industrial closed 
area) or large areas where members of the public can be exposed (e.g. an 
atmospheric release of radioactive material or a sealed source lost after a traffic acci
dent). The use of this measure, especially if the accident involves a large area and 
a large number of people, may help to clear routes and to facilitate the access of 
emergency teams to the accident site and the radiological monitoring of the affected 
areas. These steps also prevent the ingress of unnecessary equipment and supplies 
which might hinder the emergency team or lead to unnecessary contamination of 
materials. Measures for protection of property in controlled areas may be necessary.

3.16. The risks and costs related to these measures are proportional to the area to 
which they apply. They can be negligible if the measures are applied to small work
ing areas, but should be considered carefully if public areas, houses, roads, etc., are
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TABLE H. REPRESENTATIVE SHIELDING FACTORS FOR GAMMA 
SOURCES (from Ref. [12])

Structure or location
Shielding

factor8
Representative range

Outside 1.0 —

Vehicles 1.0 —

Wooden frame houseb 0.9 —

Basement of 0.6 0.1-0.7°
wooden house

Masonry house 0.6 0.4-0.7c

Basement of 0.4 0.1-0.5°
masonry house

Large office or 0.2 0.1-0.3Cl<1
industrial building

a Ratio of the dose received inside a structure to the dose that would be received outside. 
b A wooden frame house with brick or stone veneer is approximately equivalent to a masonry 

house for shielding purposes. 
c The wide range results mainly from the possibility of different wall materials and different 

geometries.
d The shielding factor depends on the location within the building (e.g. the basement or an 

inside room).
Note: The values given are for a cloud source. Values for other sources might be slightly 

different.

affected. The limits of the restricted area should be set after careful examination of 
the situation. As the enforcement of this measure might involve many organizations 
(e.g. police, fire brigade), it requires co-ordination that should be preplanned. If time 
allows, decisions should be based on a cost-benefit analysis involving a comparison 
of the overall cost as opposed to the doses avoided by the control proposed.

SHELTERING AND SHIELDING

3.17. A simple measure for mitigating the impact of some radiation accidents is to 
get people to remain indoors (away from doors and windows). This measure takes 
advantage of the inherent radiation shielding provided by normally inhabited struc
tures and may be appropriate when there is an atmospheric release or where a source 
or major contaminant becomes unshielded.
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3.18. Sheltering in dwellings and large buildings can provide significant reduction 
in the external exposure. Estimates of shielding factors are presented in Table II.

EVACUATION

3.19. Evacuation of workers from the site of an accident should be one of the first 
steps to be considered. Evacuation of people living nearby is, however, most 
unlikely when accidents involving radioactive materials in industry, medicine, 
research and teaching are considered. In some cases, however, the temporary evacu
ation of a small number of people might be required (e.g. a stuck radiography source 
in a municipal piping system).

PERSONAL PROTECTIVE MEASURES 

Protection from external exposure

3.20. In the selection of personal protective measures, the following points should 
be considered. Gamma rays are the most likely external radiation hazard in a radia
tion accident because of their high penetrating power. The lower energy gamma rays 
and X-rays are less penetrating and would result in the risk of excessive exposure 
of the skin and possibly the lens of the eye. In some cases beta particles may consitute 
an external radiation hazard but again the skin, or possibly the lens of the eye, are 
the organs at risk. In cases where large sources of high energy beta particles are 
involved, the presence of X-ray fields cannot be ignored. Alpha particles are not in 
general an external radiation hazard. Alpha emitters, however, are sometimes used 
in conjunction with beryllium as a source of neutrons and therefore external exposure 
from neutrons must be taken into account for such sources.

3.21. There are three basic factors involved in attempts to reduce neutron, X-ray 
and gamma ray external exposures — time, distance and shielding.

Time. The absorbed dose is directly proportional to the length of exposure 
time, other factors remaining constant. Controlling the time of exposure is, there
fore, a very useful tool in limiting the dose. The application of careful planning, 
including exercises such as dummy runs, may be of assistance here. The secret is 
to make haste in an organized fashion. Speed for its own sake must be avoided. 
Mistakes could involve further exposure.

Distance. For a point source the intensity of the radiation is inversely propor
tional to the square of the distance. For these types of source, doubling the distance 
would reduce the dose rate by a factor of four. It is clear that this distance factor 
offers a very effective and practicable means of controlling exposure.
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TABLE m . HALF VALUE LAYERS (cm) FOR GAMMA AND X-RAY 
RADIATION AT VARIOUS ENERGIES FOR VARIOUS MATERIALS 
(from Ref. [13])

Energy Lead Iron Aluminium Water Air Stone/
(Mev) (density (density (density (density (density concrete

11.35 g/cm3) 7.86 g/cm3) 2.82 g/cm3) 1 g/cm3) 0.0012929 g/cm3) (density
2.35 g/cm3)

0.3 0.2 0.8 2.5 5.8 5.1 X 103 2.8

0.5 0.4 1.1 2.9 7.5 6.2 X 103 3.4

1.0 0.8 1.5 4.2 9.8

00 X 103 4.6

1.5 1.2 1.8 5.1 12.2 10.3 X 103 5.7

2.0 1.4 2.1 6.2 13.9 12.4 X 103 6.7

2.5 1.4 2.3 6.8 15.8 13.9 X 103 7.4

3.0 1.5 2.5 7.4 17.8 15.1 X 103 8.2

Shielding. This involves the use of a material capable of absorbing some of the 
energy of the source. For gamma radiation the effectiveness of the shielding 
increases with the density and atomic number of the absorber. The most common 
materials used as shielding for gamma radiation are lead, iron and concrete.

3.22. In judging the effectiveness of various shields it is helpful to use a parameter 
called the half value layer (HVL). This parameter, which depends on the material 
and the energy involved, gives the thickness of the absorber which is capable of 
reducing the strength of the radiation field to one half. Table III gives some HVLs 
for gamma and X-ray radiation at varying energies for various materials.

3.23. Where appropriate, all persons involved in a response operation should be 
monitored for personal external exposures. This can be done by using personal 
dosimeters such as the film or TLD type. The information obtained should be 
recorded and used to estimate individual exposures received by the emergency 
teams. Where the exposures are at all significant this procedure should be 
supplemented by the use of direct reading dosimeters.

Protection from internal exposure

3.24. Radioactive materials may enter the body through inhalation, ingestion, and 
absorption through the skin and contaminated wounds. In radiological accidents in 
which containment is lost and radioactive materials are released, the most important 
route is likely to be inhalation.
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TABLE IV. PROTECTION FACTORS FOR RESPIRATORS [16]

Protection factors3
Particulates Particulates,

Description Modes b only gases and vapours

Air purifying respirator

Facepiece, half mask NP 10
Facepiece, full NP 50
Facepiece, half mask, PP 1000

full, or hood

Atmosphere supplying respirators

Air line respirator

Facepiece, half mask CF 1 000
Facepiece, half mask D 10
Facepiece, full CF 2 000
Facepiece, full D 50
Facepiece, full PD 2 000
Hood CF 2 000
Suit CF

Self-contained breathing apparatus (SCBA)

Facepiece, full D 50
Facepiece, full PD 10 000
Facepiece, full R 50

Combination respirator

Any combination of air purifying Protection factor for type
and atmosphere supplying respirators and mode of operation as listed above

a Only for shaven faces and where nothing interferes with the seal of tight fitting facepieces 
against the skin (hoods and suits are excepted). 

b The mode symbols are defined as follows:

CF — continuous flow 
D — demand
NP — negative pressure (i.e. negative phase during inhalation) 
PD — pressure demand (i.e. always positive pressure)
PP — positive pressure 
R — demand, recirculating (closed circuit).
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3.25. In order to limit exposure through inhalation, respiratory protection may be 
required when the airborne concentration of radioactive materials is high. There are 
several types of respirator available, providing different degrees of protection. The 
protection factor of a respirator is defined as the ratio of the concentration of airborne 
radioactive material outside the respiratory protective equipment to that inside 
(usually inside the facepiece) under conditions of use. Typical respirators are listed 
in Table IV together with their modes of operation and the appropriate protection 
factors.

3.26. It is advisable to use respirators having high protection factors in cases where 
high air contamination is suspected or when long periods have to be spent in a 
contaminated area. Additional information on respirators can be found in IAEA 
Safety Series No. 22 [14].

3.27. The committed effective dose equivalent from internal exposure may need to 
be assessed. Information on this subject can be found in Ref. [15].

Protection from skin contamination

3.28. The use of appropriate protective clothing will, to a large extent, prevent the 
contamination of the skin. The use of such clothing also helps to prevent the spread 
of contamination. Items of protective clothing include:

— usual work clothing
— plastic suits (e.g. ‘anti c ’ suits)
— head cover
— shoe covers
— rubber boots
— cotton and plastic gloves.

Further information concerning the proper choice and use of protective clothing can 
be found in Ref. [14].

PERSONAL DECONTAMINATION

3.29. When individuals are known to be or are suspected of being contaminated, 
personal decontamination is required. It is advisable to decontaminate any heavily 
contaminated person as a first priority. However, where other injuries are present 
medical advice may countermand this. Where the contamination is localized, decon
tamination should be carried out on the localized area if at all possible, with care 
being exercised not to thereby contaminate other parts of the body, especially those 
parts such as the eyes where decontamination may be difficult. The careful removal 
of outer garments followed by the washing of hands, face and possibly hair can be 
considered as part of this process. Where the contamination is reasonably evenly
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spread, showering could be a useful technique. As nasal smears are a good and easy 
method for preliminary indication of internal contamination, they should be taken 
before external decontamination techniques are started. Clothes and shoes should be 
stored until checks on contamination can be made at a later time. Adequate reposito
ries for the storage of clothes and of decontamination wastes will be needed; in many 
cases it will not be feasible to collect liquid wastes. Where appropriate, sufficient 
quantities of water should be used in order to reduce concentration in wastes as much 
as possible. If individuals have left an affected area before they have been decontami
nated there will be a need to monitor the areas where they have been and any persons 
with whom they have been in contact.

DECONTAMINATION OF AREAS

3.30. The decontamination o f an area should usually take place when the cause of 
the accident is under control and the initial phase is over. In most cases sufficient 
time should be available to plan the decontamination methodology carefully in order 
to prevent unnecessary exposures and to avoid the spread of contamination. In a case 
where the contaminant has a short physical half-life it may be better to let the radio
activity decay rather than decontaminate. The competent authority should set 
contamination level limits for controlled and uncontrolled areas in facilities and areas 
accessible by the general public.

3.31. Decontamination methodology and procedures depend on:

— the size of the contaminated area;
— the contamination levels;
— the nature of the contaminated surface;
— the radionuclides involved and their physical and chemical form;
— the level of contamination which is acceptable after decontamination;
— the use to which the contaminated area is to be put.

3.32. Decontamination methods may be as simple as using a vacuum cleaner with 
a filter or might involve the use of special chemicals such as detergents. Various 
decontamination methods are summarized in Table 11.27 of Ref. [17]. Additional 
information on decontamination procedures can be found in Refs [18-20].

3.33. The mass and volume of solid wastes generated during the decontamination 
process should be carefully considered. The segregation of wastes into various 
categories might prove to be very helpful.

CONTROL OF FOOD AND WATER

3.34. Control of the distribution of foodstuffs has been considered in the case of 
accidents resulting in large atmospheric releases likely to contaminate agricultural
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areas. However, it is most unlikely that an accident occurring in industry, medicine, 
research or teaching could result in an atmospheric or aquatic release of sufficient 
magnitude to generate serious concern in this area. Therefore, the control of food
stuffs and water should be considered only in exceptional cases.

MEDICAL PROTECTIVE MEASURES

3.35. Protective measures of a medical nature are discussed in Section 6.

4. PLANNING FOR AN EMERGENCY RESPONSE

GENERAL

4.1. In order to develop a plan for responding to emergencies it is necessary to 
consider the objectives of this response. Both the type of the accident and its possible 
consequences should be taken into account. Thus, much more effort would be justi
fied in trying to locate a 4 TBq (100 Ci) l92Ir source that had been lost than a very 
small radioimmunoassay (RIA) kit having an activity of 40 kBq (1 mCi) of 14C.

4.2. Planning is needed to facilitate the smooth operation of the emergency 
response when it is required to mitigate the consequences of an accident. Important 
aspects in any planning will be:

(a) Identification of organizations and people who are going to be responsible for 
taking action in the event of an emergency;

(b) Establishment of procedures for the early detection of an emergency situation;
(c) Plans for notification of the appropriate authorities that an emergency situation 

has developed;
(d) Identification of appropriate monitoring equipment;
(e) Development of a system of intervention levels based on parameters that can 

be measured;
(f) Identification of the medical assistance required;
(g) Recognition of the requirement for appropriate training.

4.3. The plans which are developed should, however, have an adequate degree of 
flexibility in order to cope with accidents of different natures and different levels of 
severity. The objectives of the response should be defined as the first step in the 
preparation of the plan. Some examples are given in Table V.
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TABLE V. EXAMPLES OF RESPONSE OBJECTIVES

Accident type Response objectives

Lost or stolen source Locate the source 
Effect a recovery of the source 
Keep doses as low as 

reasonably achievable 
Assess doses, if necessary 

arrange for medical assistance

Lost shielding, stuck or Restore the source to a
exposed source safe shielded position 

Keep doses as low as 
reasonably achievable 

Assess doses, if necessary 
arrange for medical assistance

Loss of containment, contamination Decontaminate and clean up
of areas, equipment or personnel Collect and dispose of the 

radioactive wastes 
Keep doses as low as 

reasonably achievable 
Assess doses, if necessary 

arrange for medical assistance

RESPONSIBILITIES

4.4. The responsibilities for dealing with an accident involving radioactive 
material will rest with the user, the local emergency personnel (local authorities, 
police, fire brigade, medical services, etc.), and the appropriate competent authority. 
The magnitude and severity of the accident in terms of consequences will generally 
determine the level of the governmental response and involvement. The specific 
governmental responsibilities and responses are dependent on the legal framework 
of each country, but they must be defined in advance. The competent authority needs 
to identify the appropriate organizations in the country which will respond in the 
event of an accident. The planning for the response will need to identify groups 
within these organizations which can be mobilized in any such response.

4.5. The user has the primary responsibility for the safe use and control of radio
active materials. It is the responsibility of each user to know and comply with all 
applicable regulations and safety procedures related to the utilization of radioactive 
materials in order to minimize the risk of an accident.
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4.6. The user should implement adequate procedures to ensure the control of 
radioactive materials and the detection of an accident, should it occur (e.g. physical 
security, control o f inventory and basic radiation surveys). The user’s personnel 
should be instructed that, if an accident is detected, they should immediately notify 
the appropriate authorities and follow the emergency procedures.

4.7. The user should plan the response to any accident involving radioactive 
materials. The scope of the plan must cover any credible type of accident that can 
be anticipated with the given radiation sources.

4.8. The plan should include provisions for the initial assessment of the hazard. 
In the event of off-site consequences, the plan should include provisions to initiate 
actions to protect the public and request external assistance if found necessary.

4.9. In general, the local emergency personnel have the responsibility to protect 
the public. Usually their response in radiation accidents consists of access control, 
medical aid, fire suppression and control, assistance in locating lost sources, actions 
to prevent the spread of contamination, notification of the public and news media, 
and in general the normal police work associated with any accident. This should be 
reflected in their plans.

4.10. The competent authority also has the responsibility to ensure the protection 
of workers and the public. In its planning, this authority should ensure that off-site 
assessments are made together with predictions of the off-site consequences of the 
accident, initially based on the information provided by the user and subsequently 
refined from measurements and assessments made by other appropriate organiza
tions. Later, the authority should ensure that definitive assessment and predictions 
of off-site consequences are made.

4.11. The planning of the competent authority should cover the following activities:

— assessment and projection of off-site radiological consequences;
— maintenance of close contact with the local emergency organization;
— assistance in the user’s emergency response;
— identification of potential medical assistance.

INTERVENTION LEVELS2

4.12. The basic philosophy of intervention levels has been established by the 
ICRP [5, para 242]:

“ The form of intervention suitable for limiting an abnormal exposure to 
members of the public will depend on the circumstances. All the countermeasures

2 Sometimes referred to as emergency reference levels (ERLs) or protective action guides 
(PAGs).
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that can be applied to reduce the exposure of members of the public after an acciden
tal release of radioactive materials carry some detriment to the people concerned, 
whether it is a risk to health or some social disruption. The decision to introduce 
countermeasures should be based on a balance of the detriment which it carries and 
the reduction in the exposure which it can achieve. The magnitude of the detriment 
of countermeasures will vary with their nature and with the circumstances in which 
they are applied, for example, with the size of the population involved. Their effec
tiveness, on the other hand, will depend on the speed with which they can be 
introduced. For these reasons it is not possible to fix generally applicable interven
tion levels above which intervention will always be required. However, it might be 
possible to set levels below which intervention would not generally be considered 
to be justified. Intervention levels depend on the particular circumstances of each 
case and can therefore give only general guidance.”

4.13. The responsibility for setting intervention levels lies with the competent 
authority. This authority should consider all aspects of the problem from the point 
of view of optimizing the response. Cost-benefit analysis may be an appropriate aid. 
The intervention levels are one of the important bases of a response plan.

4.14. As it is impossible to relate the quantity of lost radioactive material to the 
projected doses resulting from it, the concept of intervention levels is not directly 
applicable in cases where lost or stolen sources are involved. In accidents of this type 
the competent authority might be required to make a decision on when to stop look
ing for the source. A decision of this kind can be made only on an ad hoc basis with 
allowance for the characteristics of the source, the radionuclide involved, its chemi
cal and physical form, activity, half-life and possible fate.

4.15. When contamination of areas or people is involved it is helpful to have 
contamination limits which could serve as operational goals. There are, at present, 
no internationally accepted contamination limits and it is up to the competent 
authority to establish values. In the derivation of contamination limits the various 
mechanisms of exposure from the contaminated areas should be considered (namely 
direct exposure and resuspension followed by inhalation or ingestion), with due 
account given to the principle of maintaining exposures as low as reasonable 
achievable.

PLANS FOR THE EMERGENCY RESPONSE

4.16. Unless the only accident that can be foreseen is a minor one, plans and proce
dures that are prepared for responding to a radiological accident should be estab
lished in writing. Where such plans call for the participation of other organizations, 
each such organization should receive a copy of the relevant parts of the plan. These
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organizations may need to issue more detailed written instructions for use by their 
own subgroups.

4.17. The specificity of the plans depends on the level of the organization and on 
the type of accident envisaged. Thus, it is not required that local emergency person
nel (fire brigade, police, ambulance service, etc.) prepare a special written emer
gency procedure. Rather, they will rely on their general procedures and normal 
methods of operation supplemented by specific advice and recommendations given 
to them when they are notified that their assistance is needed. Both the user and the 
competent authority must be prepared to give advice when they notify local emer
gency personnel. Nevertheless, it is expected that the general procedures and normal 
methods of operation for emergency personnel will include some references to ioniz
ing radiation.

4.18. In view of the diversity of the accidents that it might encounter, the competent 
authority should have plans which are very general in nature. These should depend 
mainly on general radiation protection principles and training and be based on the 
availability of well qualified personnel.

4.19. The user should have a detailed plan. The most important parts of this plan 
are the sections dealing with the identification of an accident, the first steps needed 
to control the exposures and the notification procedures.

4.20. The competent authority may issue guidance to users on how to prepare the 
emergency plan and require that approval of the plan be part of any licensing proce
dure that is necessary.

4.21. Experience indicates that, for the purposes of establishing responsibilities and 
capabilities for emergency responses, there are three fundamental types of accident 
to be considered: (1) lost or stolen source or material; (2) stuck or exposed source; 
and (3) contamination accidents.

4.22. It should be noted that any radioactive material user can encounter any of 
these accidents. Even a sealed source user might be involved in a contamination acci
dent if the source ruptures (accidents of this type are known to have happened).

4.23. Accidents involving fatalities have mainly resulted from the loss or theft of 
a source. These cases have involved radiography and medical irradiation sources and 
it is members of the general public that have suffered the fatalities.

4.24. Stuck or exposed sources have been known to cause severe radiation burns, 
generally among workers in industrial radiography.

4.25. Contamination accidents have rarely caused serious exposures, but they have 
been the most expensive and time consuming to clean up. They have sometimes 
resulted in contamination being spread over wide areas, especially when the acci
dents were not identified quickly and workers carried material out of facilities on
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TABLE VI. EMERGENCY RESPONSE FOR LOST OR STOLEN SOURCE 
OR MATERIAL

User
Local emergency Competent

personnel authority

Responsibi Arrange physical security Assist, as Provide guidance on
lities and control of inventory; appropriate, in preparation of plans;

notify company super locating the source arrange 24 hour
visor, competent capability to receive
authority and police; report from user;
attempt to locate co-ordinate with local
source; provide police; ensure that
assistance to local radiological surveys of
emergency personnel areas are carried out;
and competent ensure that doses
authority are assessed

Written Physical security; No special General procedures
procedures control of inventory; 

notification
procedures for response; 

procedure to locate 
key personnel; 
approval of plans

Equipment Normal detection No special Instruments,
instruments and equipment including high
dosimeter (no sensitivity;
special equipment) means for conducting 

mobile or aerial 
survey; dosimeters

Training and Training in No special General radiation
exercises procedures training protection training; 

exercises in locating 
lost source

Assessment of Yes Receive assessment Yes
potential from user and
hazard competent authority

Access Rarely Rarely, assist as —
control appropriate

Intervention All loss and thefts — Effort to locate
levels should be reported sources to be 

decided case by case 
on the basis of assess
ment of potential 
hazard

Medical Very unlikely — Knowledge of
actions availability
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TABLE Vn. EMERGENCY RESPONSE IN THE EVENT OF STUCK OR 
EXPOSED SOURCE

User Local emergency 
personnel

Competent
authority

Responsibi Set procedures for Normally none, Provide guidance on
lities recovery; but assist if preparation of

secure area; requested, for plans; arrange 24 hour
estimate doses example, to capability to
(afterwards); 
notify competent 
authority if 
overexposure occurs 
or if source cannot 
be returned to safe 
shielded position

secure area receive report 
from user; 
assist as appropriate; 
assess doses after 
recovery

Written For stuck or exposed No special General procedures
procedures source;

for recovery;
notification

procedures for response; 
procedure to locate 
key personnel; 
approval of plans

Equipment Special tools, No special Access to portable
portable shielding, 
as appropriate

equipment shielding, general 
radiation survey 
instruments

Training and Training in No special General radiation
exercises written emergency 

procedures; 
periodic practices

training protection
training

Assessment of Must assess Receive assessment Review assessment
potential hazard before from competent of user
hazard attempting recovery authority

Access Control access by May assist as Co-ordinate with
control written procedure requested local emergency 

personnel

Intervention Use normal — Establish normal
levels occupational and 

public dose limits
occupational and 
public dose limits

Medical Follow advice of — Provide medical
actions competent authority referral as necessary
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TABLE VIII. EMERGENCY RESPONSE TO CONTAMINATION ACCIDENTS

User
Local emergency Competent

personnel authority

Responsibi Detect contamination Provide access Provide guidance
lities accident; establish 

affected area 
on site

control off site on preparation of 
plans; establish 
affected area off site

Notify local Fire brigade; Arrange 24 hour
emergency personnel rescue capability to receive
and competent authority; notification;
identify contaminated identify contaminated
individuals on site3; individuals off site;
decontaminate workers; decontaminate
prevent further spread members of public
of contamination
on site

Assist prevention 
of spread of 
contamination 
off site

Prevent further 
spread of conta
mination off site

Decontaminate on site; Transport Decontaminate off site;
assess doses contaminated assess doses of
of workers; injured workers and
dispose of waste3 individuals 

to hospital
non-workers

Take corrective Provide for medical
actions so accident treatment if
does not recur

Notification of 
public and 
news media if 
appropriate

necessary; control of 
food and water if 
necessary; establish 
limits for 
decontamination 
Assist local 
emergency personnel 
in notification of 
public and news 
media, if appropriate

Written Procedures for notifi General procedures General procedures
procedure cation; decontamination3; 

access control and 
prevention of spread of 
contamination

for response for response; 
procedures for locating 
key personnel; 
approval of plans
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TABLE VIII. (cont.)

User
Local emergency Competent

personnel authority

Equipment Normal detection No special General survey
instruments; equipment instruments;
specialized radiation specialized radiation
detection instruments detection instruments;
appropriate for the capability to analyse
specific radioactive environmental samples
material3

Training and Specialized training No special Specialized training
exercises in decontamination3; 

periodic exercises 
if unencapsulated 
material is used in 
significant quantities

training in decontamination 
and environmental 
monitoring

Assessment Assessment of doses Receive assessment Assessment of doses
of potential on site3 from competent on and off site
hazard authority or user

Access Control access Assistance as Establish access
control by written 

procedure
requested controls off site; 

request assistance 
from local emergency 
personnel

Intervention Comply with levels — Establish surface
levels set by competent 

authority
contamination levels 
case by case

Medical Follow advice of Provide transporta Provide medical
actions competent authority tion of injured

contaminated
individuals

referral as 
necessary

a User may obtain assistance of radiation protection experts after the accident to meet the 
requirements.

their clothes and person. Sometimes there has been difficulty in recognizing these 
accidents because sealed source users had not anticipated source ruptures.

4.26. To facilitate the preparation of the emergency response plan, Tables VI-VIII 
summarize the responsibilities, procedures and actions required to be taken by the 
user, by local emergency services and the competent authority for the three types 
of accident.
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LEARNING FROM EXPERIENCE

4.27. Much can be learned from previous experience of accident situations and their 
resolution. It is recommended that one of the functions of the competent authority 
is to organize the collection of histories of such accidents. An important part of any 
system to deal with accidents will be the reporting to the competent authority of an 
investigation into its causes and the corrective actions taken to prevent its repetition. 
It is recommended that these accounts be reviewed periodically so that the competent 
authority is better able to assist in fixture emergencies. It is also recommended that 
national competent authorities periodically publish reviews of such material so that 
the international community can learn as a result of their experience.

5. PROCEDURES FOR IMPLEMENTATION

GENERAL

5.1. This section gives practical guidance on how a response plan should be 
implemented. The main topics discussed are:

— responsibilities
— organization
— identification of an accident
— notification
— control of access and egress
— instruments and equipment
— radiological monitoring
— flow and treatment of information, reporting and communications
— change of classification and termination of the emergency.

RESPONSIBILITIES

5.2. In the present context, responsibility will be taken to reside at the position 
where decisions are taken as to the actions needed and orders given for these actions 
to be taken. The responsibilities well vary according to the type of accident (see the 
classification in para. 2.6).

5.3. In the simple case of a level 1 accident and in most cases of level 2 accidents 
(where the consequences are limited to small areas), primary responsibility will 
reside within the site management structure of the establishment where the accident 
has occurred. If site management is, for some reason, incapable of exercising this 
responsibility, it will need to pass to a suitable competent authority.
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5.4. For level 3 or level 4 accidents, responsibility will need to pass outside the 
originating establishment to at least local government and in the case of a level 4 
accident to national/state government. The eventual point of responsibility will 
depend on the severity of the accident, an assessment of which will need to take into 
account the potential radiological consequences and the likely public reactions.

5.5. The important attribute of the people holding responsibility is that they have 
the authority to act, either within the organization in which the accident originates 
or within the country or state. Generally speaking, they need not be experts in radia
tion protection, but should have access to such expertise.

5.6. It is likely that a country would need to produce legislation to ensure that the 
appropriate infrastructure is established.

5.7. Any such legislation would need to put a responsibility on the user of a radio
active source to establish preparedness for an accident and to report any accident, 
at least where there is a potential for it to be higher than level 2.

5.8. The legislation would need to define persons, possibly within local govern
ment and certainly within national/state government, who would take responsibility 
once an accident exceeded level 2. If there are plans to involve local government or 
nation/state government, depending on the severity of the accident, the criteria for 
deciding which should be clearly established and clearly understood.

5.9. Definite arrangements would need to be made to communicate with neigh
bouring countries should the accident be of level 4. In such a case there is likely to 
be a need for dual seats of responsibility, the first to deal with internal matters, and 
the second to respond internationally and when necessary to liaise between the 
national points of responsibility.

5.10. There will be a need for centralized control of the arrangements set out in 
paras 5.7-5.9 above. This is likely to be in the form of an inspectorate or other 
agency with expertise in radiological protection who would:

(a) Ensure that owners of sources did indeed prepare and as appropriate maintain 
preparedness plans;

(b) Act as expert advisers to those with responsibility in the event of an accident;
(c) Co-ordinate rehearsals of plans for preparedness on a local government and 

national/state government basis.

5.11. Arrangements will need to be made for the authorization of expenditure in 
dealing with an accident. In the case of accidents of levels 1 or 2 this will reside 
within the organization owning the source and should ideally be with the person 
given responsibility for dealing with the accident.

5.12. Probably of greater importance is that such arrangements be established and 
well understood in the case of accidents of levels higher than 2. Again, the ideal
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person to be given responsibility will be the one in charge, but national arrangements 
will need to be taken into account. The important point is that delay in allocation of 
financial resources should not prevent prompt action.

5.13. Examples of the practical implementation of the requirements in para. 5.12 
might be:

(a) A deposit of money to be released in the event of an accident on the signature 
of a nominated list of persons;

(b) Availability of credit cards for use in an emergency;
(c) Arrangements for transportation by rail or by means of car hire.

ORGANIZATION

5.14. As can be seen from the above, it is envisaged that several groups of people, 
each belonging to a different organization, might be involved in responding to a 
radiological accident. In order to prevent chaos, to permit response in the most effi
cient way, to reduce exposures to injured people and to emergency personnel, and 
to restore control of the situation as soon as possible, it is essential to have a well 
defined chain of command. This chain of command, the extent of which should be 
proportional to the severity of the accident, should be part of the response plan.

5.15. The most senior officer amongst the ‘first on the scene’ personal should auto
matically assume command of the situation and initiate operations. It is usually only 
at a later stage that the planned hierarchical structure can be activated. Thus it is the 
responsibility of, for instance, the shift supervisor, the chief watch nurse or the chief 
scientist to take care of the immediate steps necessary to localize the accident in its 
very early stages. These activities would usually involve taking care of injured 
persons, extinguishing any fires and cordoning off affected areas.

5.16. The ‘first on the scene’ should, in addition to the requirements mentioned in 
para. 5.15, initiate the notification part of the emergency plan. He or she should 
inform the local management and, where the nature or magnitude of the accident 
make it necessary, notify other agencies (e.g. medical services, fire brigade, police, 
competent authority, etc.).

5.17. In many cases the reaction of these ‘first on the scene’ personnel might 
influence the magnitude of the resultant response operation. It is for this reason that 
those expected to be in such a situation should be familiar with the procedures and 
practices involved.

5.18. As soon as those assigned to the management of the accident arrive they 
should be briefed by the temporary responsible officer and assume the responsibility 
as planned.
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5.19. A command post from which the response operations are managed should be 
established. The facilities of this post should be in accordance with the magnitude 
and nature of the accident. Thus, in the case of a contamination accident covering 
a large area, the response operation might involve a large number of people and 
require considerable co-ordination which, in turn, gives rise to the need for a large 
command post with a wide selection of communications equipment. In the case of 
an indoor stuck source, however, the response operation is limited in terms of space 
and manpower and a regular office room with telephones might prove sufficient; in 
an outdoor situation a two-way radio could be adequate.

5.20. The chain of command described in para. 5.13 is usually activated at this 
stage. All participating organizations should be acquainted with the organizational 
structure of the response operation. In cases where a group of people belonging to 
a supporting organization (e.g. police, firemen) are detailed to help, they should 
report to, and get their instructions from, the person in charge of the whole opera
tion. Under these circumstances it might prove useful to have liaison officers of these 
supporting organizations present in the command post.

IDENTIFICATION OF AN ACCIDENT

5.21. As stated earlier, an accident happens when a deviation from a normal condi
tion takes place in the sense that a source ceases to be under normal control. In order
to be able to identify an accident with a reasonable degree of certainty, the user must:

(1) Have a firm knowledge of all aspects of each job undertaken, the techniques 
to be used, the capability of the personnel, and the general conditions under 
which the job is to be done.

(2) Make careful plans for each job and ensure the availability of all proper
materials and tools. The aim of this is to reduce the risk of having to improvise
during the execution of the job.

(3) Furnish adequate written instruction for the job.
(4) Arrange for adequate training in the use of any specialized equipment to be

used.
(5) Organize the necessary maintenance of all equipment.

5.22. Procedures to be implemented in order to ensure detection of accidents
include:

— a reviewing procedure for new operations leading to written instructions for 
the personnel/operators;

— a regularly repeated reviewing procedure for current operations with the object 
of introducing changes in the instructions if experience so dictates;
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— a training (and retraining) programme;
— a procedure for reporting and reviewing all errors and malfunctions, with the 

object of initiating the identification of a possible accident;
— a procedure for regular maintenance and overhaul;
— regular monitoring;
— inventory control.

It is worth noting that a sound quality control system would include all of the above 
points.

Regular monitoring

5.23. It is likely that the majority of accident situations will be identified by 
monitoring. It is the responsibility of the user to employ appropriate monitoring tech
niques to safeguard against abnormal exposure conditions. Any abnormal results 
should be reported through the site management chain to the person ultimately 
responsible.

5.24. Area monitoring. Every facility should have written procedures for area 
monitoring in order to be able to detect unusual radiation fields and contamination. 
It is a good practice to make such measurements during a job and at the end of every 
working day.

5.25. In special cases, where the consequences of an accident could be severe, fixed 
radiation monitors may be installed to immediately detect significant changes in radi
ation levels.

5.26. As gamma radiography provides many of the examples of accidents involving 
serious exposures, the necessity of carrying out monitoring after a gamma radio- 
graphic exposure is emphasized. Detailed written procedures are a necessity.

5.27. Personal monitoring. In facilities where there is a potential for contamination 
of workers, the workers should be instructed to monitor their hands several times 
a day, and at least every time they leave the working area. Checking of shoes is 
another useful practice and such efforts could well lead to the early identification of 
a spill. The wearing of radiation alarm monitors serves a similar purpose where 
significant dose rates are possible.

5.28. Tests for leakage of radioactive material from sealed sources may give early 
warning of a major release. These should be carried out regularly, th'eir frequency 
depending on the probability of a leak and its potential consequences.

Inventory control

5.29. The loss of a source may not be discovered as part of routine operations. 
Consequently, a procedure needs to be instituted to check inventories of radioactive
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materials on a regular basis. The frequency with which such checks need to be made 
depends on the degree of probability that a source will be lost. This is likely to 
depend on its use, and the following guidelines are suggested:

Frequent movement such as in radiography — daily
Infrequent movement but not permanently installed — weekly 
Permanently installed — monthly

As soon as a source is found to be missing a sequence of events should be initiated 
including

— informing site management
— carrying out an investigation
— searching for the source if necessary
— where appropriate, notification of the competent authority (see below).

NOTIFICATION

5.30. Unless an accident is minor and restricted to the premises in which the source 
is installed, there will be a need to notify the competent authority of the fact that an 
emergency or potential emergency exists. The competent authority should establish 
guidance on what is to be considered minor in this context.

5.31. In general, a minor accident is one which involves:

(a) A sealed source which has not been damaged in the course of the accident and 
to which recovery can, or has been, effected without anyone receiving a dose 
in excess of the dose limits, and the number of persons exposed is small; or

(b) An unsealed source or a sealed source which has been damaged in such a way 
as to release radioactive material but the total amount of the spill or release 
does not exceed values to be developed by each competent authority for the 
particular nuclide involved.

5.32. Where notification is required, it is very important that the information that 
is given is both adequate and accurate. It should include:

(1) The name and address of the establishment where the accident has occurred.
(2) The name and telephone number of the notifier if different from (1).
(3) The time at which the accident happened or was discovered.
(4) The nature of the accident, e.g. lost source, stuck source, contamination.
(5) The radionuclides involved, e.g. 137Cs, “ Co, 241Am.
(6) The amount of activity involved. Because of the need to avoid confusion, it is 

recommended that SI units be used throughout and the activity given in two
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ways, i.e. in the form X X  10y Bq and using multiple units; examples 
might be:

6 x  107 Bq and 60 MBq
4 x  109 Bq and 4 GBq 
3 X  1011 Bq and 300 GBq.

In the case of contamination, two activities should be given:
(i) the activity of the original source

(ii) an estimate of the release.

(7) Chemical and physical information that includes:
(i) the chemical form of the release

(ii) the physical form of the release, e.g. gaseous, liquid or solid
(iii) if liquid the volume of the release, if solid the mass
(iv) any important chemical properties associated with the material involved 

in the release
(v) any conditions at the place of the release which could assist dispersal 

of the contamination.

(8) A description of the equipment in which the source was situated prior to and/or 
during the accident (e.g. beaker, vial with seal), manufacturer’s name, type of 
equipment, type number, etc.

(9) Results of any radiation or contamination measurements carried out.
(10) Information on injuries — radiological and non-radiological.
(11) Whether any members of the public are at risk from the incident.
(12) What assistance is required.

It is advisable to develop notification forms which may assist a competent authority 
in obtaining the correct information.

5.33 Where notification is required it is extremely important that it be made as soon 
as possible. Major radiological consequences may be avoided if actions can be 
initiated quickly. It is suggested that penalties be imposed if such conditions are not 
met.

5.34. Following a notification as described above, the competent authority should 
recontact the notifier to verify its authenticity.

5.35. Where a notification has been made by telephone, the notifier should follow 
it up in writing.

5.36. Finally, when the accident is over, a written report should be made and 
provided for the competent authority. This should include:

(1) The original information, corrected as necessary;
(2) The methods used in the recovery from the accident;
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(3) Any assessments of exposures of:
(i) staff employed by the facility responsible for the source

(ii) any emergency personnel used to deal with the emergency
(iii) any members of the public in close proximity to the incident;

(4) The cause of the accident and any corrective actions to avoid a repetition. 

CONTROL OF ACCESS AND EGRESS

5.37. The nature and extent of the provisions taken to limit access in the event of 
a radiological accident depend on the type of accident and its magnitude. Evidently, 
in cases where a source is missing, control of access does not apply as long as the 
location has not been identified. When the accident involves a loss of shielding, e.g. 
stuck or exposed source, access to areas where the dose rates are higher than normal 
should be limited. In cases of contamination, or where the possibility of contamina
tion is suspected, a much wider area might be restricted.

5.38. The best method to control access and egress is to use physical barriers. In 
cases where rooms or buildings are involved the doors serve as natural limits. In 
these cases warning labels should be affixed to all doors and windows to prevent 
unauthorized entry. Under these circumstances, it may be necessary to stop the local 
ventilation of the affected area.

5.39. Where larger areas are to be controlled, police or fire brigade barriers, radia
tion ribbons or rope can be utilized.

5.40. If the accident involves loss of containment or contamination, the placing of 
the barriers may need to take into account present and possible future weather and 
wind conditions.

5.41. The placement of the barriers will need to take account of local conditions and 
the extent to which exposures can be reduced (see also paras 3.13-3.16).

5.42. Access to and egress from the cordoned-off area should be made only through 
an established checkpoint. This checkpoint should serve as a radiological control 
station for people, equipment and materials, as well as an assembly point for emer
gency personnel. A preliminary personnel decontamination point should be estab
lished near this checkpoint if it is needed. In cases where the controlled area is in 
the open it is advisable to locate the checkpoint in the upwind direction.

5.43. All people entering the controlled area should be provided with personnel 
protective gear such as dosimeters (e.g. direct reading, film badge or TLD), protec
tive clothing, respirators, etc., as appropriate.

5.44. In emergencies of levels 1 and 2 (see para. 2.6), where the consequences of 
the accident are limited to a building or a facility, it is usually the responsibility of
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TABLE X. INSTRUMENTS AND EQUIPMENT FOR THE USER

Lost or stolen source 
or material

Stuck or exposed 
source

Contamination

Instruments Normal gamma or neutron High level gamma Sensitive
radiation field monitor detectors contamination
(Geiger-Muller, ion 
chamber, rem counter), 
sensitive beta, gamma 
contamination monitor, 
e.g. ‘pancake’ (for unencap
sulated material); sensitive 
alpha contamination monitor, 
e.g. proportional or scintil
lation detector counters (for 
unencapsulated material)

(Geiger-Muller) monitor appropriate 
for the specific 
radioactive material

Dosimetry Film or TLD badge, Film or TLD badge,
film or normal range; direct high range; direct
TLD badge reading dosimeter; 

dosimeter charger
reading dosimeter; 
dosimeter charger; 
alarm dosimeter

Anticontam For unencapsulated — Coveralls; gloves;
ination materials, if shoe covers;
clothing contamination is found 

or suspected, 
‘Contamination’ column 
should be applied

appropriate type 
of respirator

Accessories Batteries; Batteries; Batteries;
check sources; check sources; check sources;
plastic bags; shielded plastic bags; rags;
shielded container; container; lead decontamination
masking tape; filter bricks; remote solutions; masking
paper for smears; handling tongs; tape; filter paper
remote handling ropes and for smears;
tongs; radioactive supports; radioative waste
waste containers; radiation container; labels
labels and warning warning labels and warning signs;
signs; colour spray; 
poles; ropes

and signs colour; spray; 
polyethylene sheets
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the user to perform the necessary steps to establish the isolation of the affected area. 
In emergencies having higher levels the user is usually unable to take such action 
without the help and support of the local emergency services.

INSTRUMENTS AND EQUIPMENT

5.45. In order to assess the radiological hazard involved during all stages of the 
management of the accident, radiation measuring instruments are required. The user, 
the local emergency personnel and the competent authority should have, or have 
access to, the appropriate sets of instruments in accordance with established plans.

5.46. The type and nature of the radiation monitoring instruments to be used are 
dependent on the nature of the radioactive material involved and the type of measure
ment to be taken. The pertinent characteristics of a number of common instruments 
are given in Table IX.

5.47. The proper maintainance of radiological equipment is very important. It 
should be regarded, together with periodic calibration, as an integral part of 
preparedness for an emergency.

5.48. Emergency response personnel and the competent authority’s emergency 
teams, who should be prepared to respond to emergencies of various types and 
magnitudes, should have access to instruments suitable for all envisaged circum
stances. Users, however, need have only those instruments that are necessary for 
their specific materials. Thus the operator of a “ Co irradiation device has no need 
for alpha monitors. Table X summarizes the different types of instrument and equip
ment required by users, classified according to the type of accident.

RADIOLOGICAL MONITORING

5.49. The primary purpose of monitoring in a radiation accident is to provide timely 
information on which decisions can be made to initiate protective measures. This 
requires the detection of radioactive materials and the determination of their loca
tions and their natures. Monitoring techniques will need to be appropriate to each 
situation.

5.50. From the monitoring point of view accidents involving stuck or exposed 
sources are the easiest to deal with. The dose rate in the vicinity of an exposed source 
may be of the order of 1 Sv/h or more, while the same source after proper shielding 
would give rise to a dose rate in the region of 10 /nSv/h.

37

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



5.51. Instruments used in these types of accident should be capable of dealing with 
the large dynamic range required. In most cases two sets of instruments should be 
used — one to measure the high range and another to measure the lower one. It is 
advisable to have access to a remotely operated instrument — where the detector is 
mounted on a long pole while the display is located a few metres away. That would 
enable the operator to make measurements while shielded by a wall or other barrier. 
Care should be taken not to be confused by saturation of the instruments. This is 
particularly important where Geiger-Muller detectors are being used.

5.52. Though in most cases which are characterized as stuck or exposed source 
accidents, sealed sources are involved, the possibility of contamination should not 
be ignored. After shielding is restored and the source is returned to its original hous
ing or to another appropriate container, careful measurements should be performed 
to ensure that there is no contamination.

5.53. Accidents involving lost or stolen materials are the most difficult to monitor. 
As the location of the radioactive material is unknown, a preliminary rough survey 
of the areas where the source is suspected to be is advisable. Only when there is some 
indication of the general location of the source should detailed monitoring begin. The 
methods used in performing the rough monitoring depend on the circumstances. For 
example, in cases where it is known that the material is located within a building, 
the monitoring can be performed by several people walking along the corridors. In 
cases where the lost source is suspected to be in an unconfined area, measurements 
might have to start using mobile, or even airborne, monitoring teams. Only after the 
relevant area is identified should a detailed search begin.

5.54. A difficulty that might be encountered in monitoring for lost sources is that 
in many cases the source is located within its container, giving rise to small dose 
rates. This should be borne in mind in the selection of the instruments used.

5.55. Once the source has been located and retrieved, the area where it was found 
should be checked for possible contamination.

5.56. In cases involving the spread of radioactive materials, at least three types of 
measurement have to be taken, namely:

— measurements of radiation fields using portable instruments
— measurements of area contamination using either portable radiation monitors 

or smear tests
— measurements of air contamination.

5.57. In addition, monitoring of personnel is required. This would involve people 
who were present, or suspected of being present, in the contaminated areas. Every
thing taken out of the accident area should be monitored before it is disposed of or 
reused.
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5.58. The choice of the appropriate instruments is of great importance. They should 
be sensitive to the type and quality of the radiation to be measured. In many cases 
the same instruments used in routine work may serve in emergency situations. 
However, it should be noted that access to these instruments might be limited by high 
radiation fields or the instruments might themselves be contaminated. It is essential, 
therefore, that other instruments with appropriate characteristics be available, possi
bly through the local emergency agencies or the competent authority.

5.59. In cases where the extent of the use of radioactive materials justifies it, it is 
worth while considering the establishment of a mobile intervention unit. Such a unit, 
owned for example by the competent authority, could be equipped with a wide selec
tion of instruments and would permit a prompt response to accidents.

5.60. Only trained and qualified people should be involved in monitoring opera
tions. Radiological measurements call for a degree of skill, knowledge and 
experience that is not available to people who are not properly trained.

FLOW AND TREATMENT OF INFORMATION, REPORTING AND 
COMMUNICATIONS

5.61. One of the major factors involved in the proper response to a radiological 
accident is information. Experience suggests that failure of communications systems 
is often the reason for accident situations being worse than they might have been. 
The types of information needed include a description of the accident, preliminary 
assessment of the hazard, number of injured people, types and quantities of radio
active materials involved, etc. In a later stage of the accident, numerical results of 
such radiological measurements as fields, contamination levels or radioactive 
material concentrations may be required.

5.62. In the early stages of an accident the information gathering process should 
provide the decision makers with the necessary data required for reacting to the 
emergency situation in the most efficient manner without unnecessary delay. Data 
collected and sent during the later stages of the accident should assist the persons or 
organization in charge of the management in handling the accident and having a clear 
and quantitative picture of the situation. These data are also very helpful for assess
ing the efficiency of the countermeasures taken and correcting them if necessary.

5.63. A two-way flow of information is essential in the course of emergency 
response operations. Data obtained by operating teams should be transferred to the 
people or organizations responsible for decision making. Instructions are sent down 
the channels from the decision makers to the operating teams.

5.64. In some cases the flow of information might involve more than two levels. 
In this case it is envisaged that the information sent to organizations having higher 
responsibility would be more condensed (less detailed).
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5.65. In order that a meaningful picture of the situation and its development with 
time be presented, it is essential that the reporting procedure be established in 
advance. Any error in reporting might lead to incorrect decisions which might, in 
turn, lead to the allocation of resources to the wrong place and to serious delays in 
the response operation.

5.66. Special attention should be paid to the use of the appropriate scientific units. 
It should be decided beforehand what kind of radiological units are to be used; for 
example, SI units could be used throughout. Experience shows that a great deal of 
confusion and misunderstanding can arise from conversion of units during the opera
tion. Another source of confusion in reporting might stem from misinterpretation of 
orders of magnitude, e.g. fiSv/h being understood as Sv/h (see para. 5.32 for 
suggested procedures to avoid the confusion).

5.67. Another important issue is that of location. Any message should include infor
mation concerning the location of a reading such as the room number (in case of a 
building) or geographical co-ordinates if available. The message should also include 
the time of the observation and the time of transmission.

5.68. It is advisable to have a message form, to be used by both the sender and 
receiver, to facilitate the proper preparation, transmission and understanding of 
information.

5.69. Any information that has been received should be recorded or logged, 
together with any instructions that have been given. It is essential that all the activi
ties and decisions taken are listed in a logbook together with incoming items of infor
mation. All entries in this logbook should include the name of the person or 
organization responsible and the exact time of entry.

5.70. In many cases the use of maps or building drawings will be found helpful. 
Data received from radiological measurements can be then entered on these maps by 
means of graphical symbols. The use of this technique should help decision makers 
by providing at a glance a status report, together with a picture of the changes in 
the situation resulting from the development of the accident and the mitigating 
actions.

5.71. Keeping good records of the accident may be the only way, in some cases, 
of reconstructing the consequences of the accident in terms of exposures to people. 
In many cases this information is essential for making decisions concerning the medi
cal treatment of overexposed people for whom dosimetric assessments from other 
sources are not available.

5.72. In cases where it is necessary to inform authorities at a higher level, the infor
mation should be given in a summarized form together with some explanation of its 
meaning. Reporting a single reading without interpretation might be extremely 
misleading.
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5.73. The communications system needed for handling accidents involving radio
active materials is very similar to that used by police and firemen in other emergen
cies and would include, for example, telephones and two-way radios.

5.74. A suitable paging system may be required to alert people who might be 
involved in responding to the accident. An up-to-date list of all telephone numbers 
should be available. In cases where radio communication is used, proper procedures 
should be adopted, including the allocation of ‘clean’ frequencies.

CHANGE OF CLASSIFICATION AND TERMINATION OF THE 
EMERGENCY

5.75. The emergency situation will change in classification (see para. 2.6) as the 
plans to mitigate the effects of the accident are put into practice and are successful. 
In a case affecting a wide geographical area, the original accident could be of level 4 
with transboundary implications. The responsibilities for such an occurrence are, as 
described above, clearly different from a level 3 accident because international 
communication will be necessary. It is likely that as the measures to deal with the 
accident take effect, a reclassification to level 3 at least will eventually become possi
ble and therefore a change in the point of responsibility will become necessary.

5.76. Equally, it is likely that as the measures to deal with a level 3 accident take 
effect they will eventually lead to the localizing of the consequences within the 
boundary of the establishment or at least within a defined small locality where there 
is little or no potential for exposure of the public at large. In this case the classifica
tion will change to 2 or even 1.

5.77. The accident will be considered to be terminated when:

(i) The source has been returned to the normal controlled condition;
(ii) There are no potential further abnormal exposures;

(iii) The radiological consequences in terms of health effects on those exposed have 
been properly dealt with.

6. MEDICAL ASPECTS

ARRANGEMENTS FOR MEDICAL ASSISTANCE

6.1. An accident could lead to radiation exposure or other injuries which require 
medical assistance. In the case of conventional injury, normal access to medical 
advice should be sufficient. In the case of radiation injury, it is likely that specialized 
advice will be needed.
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6.2. Large-scale users of radioactive material, such as radioisotope suppliers or 
medical irradiation therapy hospitals, may have amongst their staff medical practi
tioners who are experienced in dealing with radiation injuries or who have acquired 
some knowledge of such matters. In these cases, access to their advice will be 
adequate, at least in the first place.

6.3. In most cases, however, specialized advice will not be routinely available and 
arrangements will need to be made to obtain it when necessary. It is not practicable 
to require prior arrangements for medical advice as a licensing condition for the use 
of a radiation source. However, the user of any source which has the potential to 
cause a radiation injury should know how to obtain proper advice if it becomes 
necessary.

6.4. It is likely that specialized medical advice would be available from either:

(1) An appropriate centre, where medical practitioners will have had experience 
of the acute effects of radiation exposure;

(2) The competent authority.

In any event, information on the availability of such assistance ought to be obtainable 
from the competent authority.

MEDICAL CARE

6.5. Severe accidents might result in external doses which are in excess of the 
thresholds for the various non-stochastic effects related to the types of exposure. In 
these cases medical care is required; supportive treatment for the early effects of 
acute radiation (local or whole body exposure) may be desirable, as has been 
described elsewhere [11, 21-23],

6.6. In the event of internal exposure, especially by long lived radionuclides, 
where the dose will be committed for long periods of time, a medical decontamina
tion treatment might be considered, even if the dose is unlikely to lead to non
stochastic effects. In order to decide whether such a course of action is required, the 
committed absorbed dose to individual organs and the effective committed absorbed 
dose should be compared with the appropriate derived reference levels [24], It is 
very unlikely that the doses would be high enough to produce acute non-stochastic 
effects. This subject is discussed in more detail in Refs [25, 26].

6.7. The treatment of highly contaminated individuals will require special facili
ties, or failing that, isolated facilities, during the course of the treatment. In both 
cases, special procedures that limit the spread of contamination and cater for the 
disposal of contaminated waste will be required.
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6.8. High levels of external dose will in most cases be limited to employees and 
the number of such individuals is likely to be small. However, in extreme cases 
limited groups of the general public may also receive doses sufficient to produce non
stochastic effects, e.g. in the case of a lost or stolen source.

6.9. In many cases, individuals who have received low doses will need reassurance 
by a qualified person, as they will be anxious about themselves, their relatives and 
their property. Such a qualified person should act as an intermediary between the 
exposed or potentially exposed persons and the competent authority.

6.10. The principles involved in the medical handling of exposed persons are based, 
with some modifications, on the methods used for handling other types of accident, 
taking into account the specificity of the health effects. The first task of the medical 
staff should be to identify the type, origin, severity and urgency of the cases. A 
simple classification might be:

(1) Individuals having signs of radiation exposure with other injuries and/or bums;
(2) Individuals without signs of radiation exposure but with combined injuries 

and/or bums;
(3) Individuals with potential radiation symptoms;
(4) Individuals believed to be free of injury or radiation exposure (doses below 

threshold for non-stochastic effects);
(5) Individuals believed to have received doses in excess of the limits, but below 

the threshold for non-stochastic effects.

6.11. Evidently, groups (1) and (2) should be transported urgently to specialized 
hospitals, regardless of whether they have been exposed to radiation or not. Only 
where injuries or burns are limited and an urgent treatment is not needed should time 
be taken for an initial personal external decontamination, and then only if it does not 
aggravate the injuries or bums. Medical advice wijl be important here. Decontami
nation is, however, highly desirable because the spread of contamination may cause 
secondary difficulties in the hospital facilities. If contaminated individuals must be 
evacuated, the spread of radioactive material can be limited by using plastic sheeting 
covers on stretchers and ambulance floors and using plastic sheeting as blankets. 
Such materials should be disposed of in a controlled manner or decontaminated 
before any further use.

6.12. Group (3) will not require immediate medical treatment. An evaluation of the 
levels of dose will be urgently required; consequently, the medical staff should have 
sufficient knowledge and equipment to perform the first biological and medical 
examinations which are necessary immediately after the accident [15, 16, 23]. In any 
case, such patients need very specific care, whatever the type of exposure. There
fore, they should be taken to a specialized hospital, where the medical treatment can 
be adapted to the nature of the accident, the dose levels, the distribution of the dose

43

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



in time and space, and the number of people involved. When the population has been 
thought to be exposed, great care should be given to identifying all the individuals 
likely to have been irradiated; the process of identification by means of symptoms 
is made more difficult because of the latency period, which can be as long as six 
weeks. It is better to identify the people potentially exposed on the basis of where 
they were at the material time.

6.13. Groups (4) and (5) will normally be sent home. Group (4) will have a medical 
follow-up, to ensure that the first assessment was correct and to evaluate the dose 
more precisely. The doses to each individual of Group (5) should be recorded and 
readjusted if needed.

ADMINISTRATION OF STABLE IODINE

6.14. The administration of stable iodine is a protective measure which could be 
used in the event of an accidental internal exposure from the intake of radioactive 
iodine. Generally speaking, in the context of this publication its use will be rare and 
is only likely to be considered where an intake of a substantial quantity of material 
has occurred.

6.15. The early administration of sufficient quantities of a stable iodine compound 
such as KI or KI03 is effective because it blocks the further uptake of iodine — 
radioactive or not — by the thyroid gland. This measure can be used in the case of 
both the inhalation and ingestion of radioactive iodine, but in practice it is considered 
as essentially a protection against inhalation.

6.16. The basic principles of iodine administration, the dosage, risks and side- 
effects (thyroid and non-thyroid) have been described in many publications dealing 
with the protection of the public in the event of iodine release from a nuclear reactor 
[1,7,9,  11]. It should be stressed that thyroid blocking is ineffective against external 
exposure of the gland. In all cases, tablets will be preferred to all other forms of 
presentation.

7. PUBLIC INFORMATION

7.1. There is considerable public sensitivity in relation to accidents with radio
active materials. Therefore, any emergency arrangements should not only be capable 
of operating efficiently, but should also be able to satisfy the desire of the public for 
information and ensure an appropriate response.
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7.2. In accidents involving radioactive materials, inconvenience and potential risk 
may be created for individual members of the public and such events tend to create 
a sense of alarm which is usually not commensurate with the actual hazards. The 
public needs to be adequately and accurately informed about the real risks involved 
and about the existence of emergency plans. There is also a need for accurate infor
mation after an accident on what actually happened, what the real hazards are and 
what is being done.

7.3. In general, the public will receive information via the news media. This 
emphasizes the importance that should be attached to the presentation of information 
to the media. The public accepts risks in everyday life because the benefits of taking 
such risks are obvious and acceptable; the general acceptance of the medical uses of 
radioactivity is a case in point. In the broader sense, however, radioactivity makes 
greater psychological demands on people because it is not detected by the senses and 
has possible latent effects. The use of informational films and other means of 
acquainting the public with the uses of radioative material and the existence of emer
gency plans could help to alleviate some of these fears.

7.4. To minimize the risk of conflicting statements being made, it is desirable to 
assign the responsibility for communicating with the news media to a single person. 
If practicable, this should be a professional public information officer in the emer
gency response organization.

7.5. News media may be used to give instructions to the public concerning the 
measures being taken to control the accident and to restore the situation to normal.

8. TRAINING AND EXERCISES

TRAINING

8.1. A training programme should be established by the authorities for agencies 
which may be called upon to respond to accidents involving radioactive materials. 
Training may be given to police, fire brigades, emergency medical services, radio
logical monitoring teams, and various experts within response organizations. It 
would be useful to have common training for response to all kinds of accidents 
involving hazardous materials.

8.2. The training programme should cover, in principle, four main areas:

— general radiation protection principles
— relevant emergency procedures
— instruments and equipment
— organization and responsibilities.
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The relative part of each of the four topics should be adjusted to the level of involve
ment of the body concerned. Any training programme is likely to include appropriate 
exercises.

8.3. Provisions should be made for periodic brief refresher training in order to 
maintain the proficiency of all personnel in the emergency response organization and 
to review accident experience and practical problems.

8.4. Users of radioactive materials should provide training related to their emer
gency instructions and the potential hazards of the types of material that they use.

8.5. Training programmes should be appropriate for the roles that personnel must 
play in responding to an accident. Training should be provided at two basic levels:

(a) For ‘first-on-the-scene’ personnel; and
(b) For technical experts.

8.6. First-on-the-scene personnel. The purpose of this first level of training is to 
provide basic information to those who will be the first to reach the scene of an acci
dent of level 3 or 4. For these people, such as the police and fire brigades, the train
ing should cover the rudimentary subjects clearly applicable to such accidents. The 
information should include fundamentals of first aid, radiological hazards, protective 
measures, fire control, crowd control and press relations. The basic principles for 
protecting people from radiation exposure and radioactive contamination and 
controlling the spread of contamination should be included in the training. The 
preparation of standard training material is recommended in order to facilitate the 
success of such a training project.

8.7. Technical experts. A more extensive training programme is necessary to 
maintain the skills of personnel with radiation protection or nuclear technology back
grounds who would be called upon for technical support and response. Training for 
these persons should include, in addition to the subjects described above, accident 
assessment techniques using radiological monitoring instruments, implementation of 
protective measures, use of protective clothing and equipment, basic meteorology, 
and further detailed instructions on the national or local regulations concerning the 
use of radioactive materials.

EXERCISES

8.8. An essential part of any plan to mitigate the effects of an accident with radio
active material, where there is a serious potential for exposure, must be to periodi
cally exercise the plan in the form of a simulated accident.

8.9. A simple example of such simulation might be leaving a source in the irradia
tion position while carrying out the kind of monitoring that would be required in a
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real accident. This should be followed (after retraction of the source) by a simulated 
recovery with a dummy source.

8.10. More complex arrangements would be necessary to deal with the simulation 
of a more complex accident, such as one where contamination was involved. 
Nevertheless, for most circumstances reasonably realistic procedures could be 
developed.

8.11. The purpose of such exercises is:

— to reveal shortcomings in personnel, equipment and procedures so that they 
can be corrected

— to familiarize those likely to be involved with any future real accident with the 
procedures and equipment.

8.12. Where the causes and courses of accidents can be different, each case should 
be simulated separately.

8.13. The frequency with which simulations are carried out should be such that the 
interval is not too long for memories of the previous exercise to have faded or so 
short that those involved fail to take the exercises seriously. It is suggested that time 
intervals should be no greater than two years and no shorter than six months.

9. MAINTAINING AND UPDATING THE EMERGENCY
PLANS

9.1. For each plan a person should be appointed to be responsible for maintenance 
and modification. Lists of names and telephone numbers should be updated 
whenever personnel and organizational changes require it, but in any event, at least 
once every six months. For this purpose, such lists should be kept separate from the 
plan itself. The person responsible for maintaining a plan should participate as an 
observer in the exercises in order to be able to feed back the experience to provide 
improvements to the plan.

9.2. Provision should be made, at the minimum, for an annual comprehensive 
review and updating of emergency plans. This review should take into account the 
lessons learnt from exercises and actual accidents.

9.3. An indication of the specific distribution of the emergency plans should form 
part of each plan. All organizations involved in the overall emergency response 
organization should receive copies of plans and changes to them. A mechanism 
should be established for those on the distribution list to acknowledge receipt of such 
changes.
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Appendix I

EXAMPLES OF ACCIDENTS INVOLVING RADIOACTIVE MATERIALS

This appendix provides descriptions of four accidents involving radioactive 
materials used in medicine and industry and the response actions that followed.

The four examples were chosen to demonstrate the types of accident described 
in the main text, namely stuck or exposed source (examples 1 and 2) lost or stolen 
source (example 4) and contamination accidents (examples 3 and 4). In the selection 
of the examples, consideration was given to various levels of severity in terms of 
geographical impact. Thus, examples 2 and 3 describe accidents having impacts 
limited to a single room and building, example 1 describes an accident influencing 
a neighbourhood while example 4 had transboundary effects.

It should be remembered that every accident has its own characteristics. Rarely 
does one accident follow closely the pattern of another. However, learning from 
experience is one of the first steps in emergency planning and preparedness.

The following descriptions use, whenever possible, the original reports on the 
accidents and their responses with minor modifications. The description of acci
dent 4 is a shortened version of the original report.
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Example 1

SITE RADIOGRAPHY INCIDENT INVOLVING 
A 20 CURIE COBALT-6O SOURCE

W.S. MURDOCH
Nuclear Installations Inspectorate,
Health and Safety Executive,
London, United Kingdom

Paper presented at Symposium on Handling o f Radiation Accidents 1977, 
jointly organized by the IAEA and OECD/NEA, Vienna, 28 February-4 March 1977.

1. INTRODUCTION

Two industrial radiographers, assisted by a third employee, were engaged in 
carrying out radiography of a concrete bridge which was in course of construction. 
A 20 C i1 60Co source was used and this was projected to the exposure position 
through a guide tube by means of a remotely operated cable control, the source 
holder being attached to the end of the cable by means of a quick release adaptor. 
The site was a footbridge in a bus station and radiation from the exposed source 
affected an area approximately 300 m in diameter, producing undesirably high dose 
rates in nearby premises, including a hotel.

Six exposures, lasting about 45 minutes each, had been successfully carried out 
without incident on the previous night. On completing the first exposure on the night 
of the incident, the radiographers used the hand operated control so as to return the 
source to its container. On checking with a radiation monitor they discovered that 
the source remained exposed. The time was 00:40.

2. RECOVERY OF THE SOURCE

2.1. Action by operators

After several attempts to dislodge the source by remote operation of the control 
cable, the radiographers decided to call for help, and in accordance with standing 
instructions from their company contacted both the local police (at 01:37) and 
company headquarters some 130 miles2 away. A representative of the company

1 1 Ci = 3.7 x  1010 Bq.
2 1 mile =  1.61 km.
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arrived on site at 05:15 but without any equipment capable of effecting recovery of 
the source. The radiographers had set up a barrier prior to starting work. This origi
nal area was small owing to use of a collimator at the source exposure point to 
provide shielding from radiation in directions other than the useful beam.

2.2. Action by the police

The police initiated a formal procedure ... for the handling of radiation emer
gencies in the United Kingdom [1], and assistance and advice were provided by staff 
from a local hospital and a nearby nuclear power station.

In order to co-ordinate remedial effort and control the incident, an emergency 
control unit was set up by the police, who acted as the controlling authority. On 
request from the police, members of the fire brigade, equipped with dose rate meters 
and quartz fibre electrometer (QFE) dose meters, attended to provide assistance at 
02:06.

After this radiation survey, it was agreed that a new barrier should be set up 
at a greater distance from the exposed source further to control exposure of the 
public. The barrier was established at an approximate dose rate contour of
0.75 mrem/h.3 The exclusion area included a hotel and the occupants were advised 
to leave at 03:37.

Understandably, none of the organizations contacted was equipped with either 
detailed knowledge of the specialized equipment used by the operators or appropriate 
remote handling equipment. Neither was there a suitable container available for 
transport of the source by road necessary to comply with the appropriate transport 
regulations [2], Therefore the source could not be moved until such equipment was 
available.

The press and road user organizations were advised of the incident in the usual 
way. Radio bulletins were prepared and broadcast, particularly warning motorists to 
avoid the area. As far as possible the measures taken by the controlling authority 
allowed the hazard to be contained and alleviated or attempted to mitigate the incon
venience caused.

Finding the necessary combined resources proved to be difficult. They, were 
eventually obtained from Harwell, the United Kingdom Atomic Energy Authority 
site in Oxfordshire, which is 90 miles from the incident site. The arrangements 
finally made involved two separate organizations, namely the National Radiological 
Protection Board (NRPB) and the Isotope Production Unit (IPU) of the Radio
chemical Centre Ltd.

3 1 rem = 10'2 Sv.
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2.3. Specialist assistance

NRPB specialist personnel with remote handling equipment and a container to 
provide temporary shielding went to the site in a fast car. The IPU later followed 
with a heavier container on a suitable vehicle.

On arrival on site at 12:45, the specialist was able to separate the source from 
the source exposure tube and collimator. When the temporary container had been 
moved to a convenient point of access adjacent to the source, the specialist quickly 
transferred the source to the temporary container using 2 m handling tongs. When 
the transport container arrived, the source was again quickly transferred using the 
handling tongs.

The area was declared safe and the barriers removed at 13:45. The road 
opened at 14:10, more than 13 hours after the discovery by the radiographers that 
the source had separated from the control cable.

2.4 Dosimetry

The film dose meter worn by the radiographers’ supervisor recorded a dose 
of 180 mrem. The body and wrist dose meters issued to other persons involved in 
recovering the source recorded 40 mrem or less. The values are small by comparison 
with the maximum permissible doses for employees classified as radiation workers 
in the United Kingdom [3],

3. ANALYSIS OF THE RECORD

It is pointed out that the record of the incident has been examined with the
benefit of hindsight and without the pressures of the real situation. As a general 
conclusion it can fairly be said that the potentially hazardous situation was kept under 
control until the appropriate resources could be obtained to deal with the problem.

3.1. Consequences

The consequences of the incident included:

(1) A large number of people, i.e. a figure in the thousands, was inconvenienced 
to some degree.

(2) Access to a major bus service terminal was denied to passengers. Delays were
consequent on rerouting of buses and provision of temporary pick-up points
at short notice.

(3) Police manpower alone amounted to 263 man-hours on site, to which has to 
be added traffic control and communications effort.

(4) Traffic diversions caused inconvenience.
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(5) A number of premises comprising hotels, shops and offices were effectively 
closed until early afternoon.

(6) In addition to the cost of the direct effort, there was an additional indirect cost 
in the other official departments involved.

In the circumstances it is resonable to ask if these penalties were necessary.

3.2. Factors relevant to incident control

3.2.1. Delays

There were a number of delays involved which might have been eliminated in 
other circumstances. The main difficulty was that because of the specific nature of 
the requirement each successive provider of assistance contacted arrived without 
appropriate remedial equipment.

3.2.2. Erring on the side o f caution

With a barrier established and the situation contained there would appear to be 
little virtue in disturbing this steady state by using temporary means which might 
prejudice eventual recovery if they failed. However, as time passes, continued inac
tion increases the dose beyond the area boundary, affecting large numbers of 
persons.

3.2.3. Provision o f temporary shielding

If the source cannot be recovered by use of equipment on site, consideration 
must be given to the provision of temporary shielding for the source until such time 
as appropriate equipment can be obtained. Such action has the benefit that a smaller, 
more readily controlled area remains, and less inconvenience to the public arises 
until the barriers are moved, if this proves necessary, to allow final recovery . . . .

4. PUBLIC ACCESS TO RADIATION AREAS

Clearly, where it is possible to exclude members of the public from such areas 
without undue inconvenience this must be done. Where significant disruption to 
normal life would otherwise be occasioned and when this would cause a considerable 
financial penalty, a balanced judgement has to be made as to whether the detriment 
resulting from exposure is less important than the disruption to individuals and to 
the community. The difficulty for the qualified person in control is to make an assess
ment in circumstances where there is considerable pressure to provide an answer 
quickly. These considerations suggest that a re-evaluation of the designated radiation
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areas from which members of the public would be excluded in emergencies is 
required. Such areas are defined in the United Kingdom with respect to factories as 
those parts of a factory in which any person is exposed to a radiation dose rate which* 
when averaged over any one minute, exceeds or is liable to exceed 0.75 mrem/h 
otherwise than infrequently and transiently. It would seem reasonable to adopt this 
standard for the designation of radiation areas in this context.

An assessment has to be made as to how long the incident will continue and 
the possible residence times of members of the public so that a probable dose can 
be postulated. There would appear to be no reason to prevent members of the public 
from passing through radiation areas if they wish to do so, provided the dose is 
controlled by a qualified person and is within the appropriate limits, 
namely 500 mrem/a [4]. A dose limit of the order of 25-50 mrem could therefore 
be considered as meeting this criterion, representing as it does one tenth of the annual 
dose and being roughly equivalent to the variation in annual dose from natural back
ground levels in different parts of the United Kingdom.

5. REMEDIAL ACTION

As a result of consultations between representatives of a number of govern
ment departments after the incident, guidelines were drawn up for the handling of 
similar incidents. These were incorporated in part of a Code of Practice for Site 
Radiography [5] which was then in course of preparation. This is a voluntary code 
of practice prepared by a committee of representatives from the non-destructive-test 
industry . . . .

Diagnosis of training needs in this and other incidents has led to the preparation 
in co-operation with the Engineering Industry Training Board of a series of training 
booklets designed to provide minimum training standards in the practice of industrial 
radiography with the emphasis on site radiography including safety aspects.

Attention was drawn to the need to provide contingency plans for emergencies 
and the provision of such plans was made a condition of certain authorizations 
granted under the Radioactive Substances Act 1960 for the use of mobile radioactive 
apparatus.

6. COMMENT

In the event of an incident where a radiographic source becomes separated 
from its container, a major contribution for effecting remedial action falls on the user 
company. It should provide:

(a) adequate training for the radiographers to enable them to deal safely with the
situation;
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(b) appropriate emergency handling equipment to deal with the source in a fault 
situation;

(c) a satisfactory contingency plan in respect of pre-arranged emergency services 
from specialist agencies.

Where incidents arise from mobile radioactive substances, it is unrealistic to 
expect speedy remedial action from what may be widely scattered resources. There 
are inevitably built-in delays to any organized system arranged to deal with what are, 
it is to be hoped, rare events. Such delays must be expected.

Remedial action can be effected by skilled personnel on sources currently in 
use without accruing significant dose penalties to the personnel.

Some public inconvenience may occur if failure of source exposure equipment 
occurs in a public place. Such inconvenience can be reduced if exclusion areas for 
the public are kept as small as possible consistent with radiation doses being kept well 
within the annual limits recommended above (i.e. of the order of 25-50 mrem). It 
should be made clear to persons exposed that they may receive a measurable but 
insignificant radiation dose.

A pre-arranged system of contact with individuals at establishments possessing 
the appropriate expertise is a prerequisite to efficient handling of radiation incidents 
involving mobile radioactive substances. This is even more important where the type 
of incident occurs infrequently and is specialized.

Improved design and regular maintenance of equipment can be expected to 
reduce failures of the type which causes such incidents.
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Example 2

ACCIDENTAL FALL OF A 3000 CURIE COBALT-6O SOURCE 
IN A TELETHERAPY ROOM AND ITS RETRIEVAL

K.R. DAS, S.J. SUPE
Division of Radiological Protection,
Bhabha Atomic Research Centre,
Trombay, Bombay, India

Paper presented at Symposium on Handling o f Radiation Accidents 1977, 
jointly organized by the IAEA and OECD/NEA, Vienna, 28 February-4 March 4 
1977.

1. INTRODUCTION

Teletherapy machines using ^C o or 137Cs sources require frequent changes 
of source capsules, so as to obtain reasonably large radiation outputs for the daily 
radiotherapy of patients. Since the units are already installed in the hospitals, the new 
sources have to be transported to the hospital to replace the depleted sources. In 
India, “ Co sources are manufactured by the Isotope Division of the Bhabha Atomic 
Research Centre and the suppliers of the unit arrange for the transport and transfer 
of these sources. The transport-transfer flasks used are different for the various types 
of unit.

In India there are 75 teletherapy units comprising various makes such as AECL 
(Canada), Siemens (Federal Republic of Germany), Philips (Netherlands), Picker 
(USA), Genray (Italy) and Elpro International (India). During the source loading 
operation with these machines, radiation surveillance is organized by a representa
tive from the Division of Radiological Protection. It requires a lot of skill, experience 
and forethought to effect a source transfer with minimum personnel exposure. A 
thorough knowledge of the systems used and of the operational and safety procedures 
involved is essential.

The procedure of source transfer may differ from unit to unit. All the makes 
of the AECL (Canada) have the source capsules mounted on drawers (round or 
square cross-section) of appropriate dimensions and made of appropriate materials. 
The Siemens units in India also have drawer mounted sources. These drawers are 
replaced from time to time. In the case of Philips and Picker 60Co units and the 
Genray 137Cs units, the standard source capsules are threaded on the rotating drum. 
Hence the types of flask used are different. During the source transfer operation of 
a Theratron Junior 50Co unit, shown in F ig.l, the source drawer slipped from the 
flask and fell.
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FIG. 1. Source transfer operation with the Theratron Junior.

2. THE INCIDENT

During the source transfer, as usual, the depleted source ( —1000 R/h1 at
1 m) was transferred into the empty port of the flask and the new source drawer was 
pushed into the unit. The operator felt some resistance and began pulling the drawer 
back into the flask, using the T-rod attached to the drawer. However, the drawer did 
not go back into the flask; instead the flask itself moved away. At a certain stage 
the drawer did not have any support and the T-rod bent, allowing the drawer to fall 
between the flask and the unit. The health physicist and the operator both quickly 
ran out of the room locking it behind them.

In trying to reconstruct the accident, the following facts came to light. The 
flask and unit were not aligned face to face because there was a gap of 13 cm between 
them. The distance could not be reduced. (Later it was found that this gap was due 
to the protrusion of the base beam of the flask hitting the base of the couch used for 
treating patients. The opposite face was the correct one to be aligned.) After the new 
drawer (with a 3000 R/h at 1 m source) had been partly inserted, resistance was felt. 
From the position of the T-rod, it was estimated that about 32 cm of the drawer had 
gone in and 13 cm of it had remained outside. Hence, when the operator tried to pull 
it back, the drawer was already fully out of the flask with 32 cm inside the unit and 
the remaining 13 cm in the open. Because of this, when the operator pulled back the 
T-rod the flask moved as the drawer hit its face. The drawer did not go into the flask

1 1 R =  258 AiC/kg.
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FIG. 2. Room layout showing the positions o f unit, flask and source drawer. The measured 
exposures (R/h) at various distances at chest level are also given.

as it was no longer in alignment. Subsequently, the flask was pulled away along with 
the drawer and when the gap between flask and unit increased to about 45 cm the 
drawer lost the support it had had from the unit. The T-rod could not support the 
45 kg weight of the drawer, resulting in it bending sharply, so that the drawer fell 
between the flask and the unit. The flask had moved because it was not fixed to the 
floor as was laid down in the procedure. The three 1 in2 screws provided were not

2 1 in = 2.54 cm.
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used to immobilize or align the flask. Instead, the flask was allowed to rest on the 
hydraulic jack on wheels. The wheels also were not immobilized. This resulted in 
the movement of the flask and the consequent incident.

As this happened in the normal teletherapy room with wall thicknesses as 
shown in Fig. 2, no immediate excessive exposure occurred to any personnel. Area 
monitoring outside the room showed 2 mR/h at the residential hutment about 4 m 
from the back wall.

A temporary brick wall about 60 cm high was erected on that side to reduce 
the dose to those in the hutments. The rooms adjacent to the therapy rooms were 
evacuated.

3. PLANNING RETRIEVAL OF THE SOURCE

After preliminary investigation it was decided that the best approach would be 
to shield the source first. Any approach without shielding the source would have 
resulted in excessive exposure of personnel. Since the space between the flask and 
the unit was very small, for effective shielding it was essential to know the inclination 
of the drawer and the radiation level around. With the help of a 4.0 cm3 ion 
chamber the radiation field inside the room at accessible points was mapped. The 
results are presented in Fig. 2. At the door the level was about 3 R/h and at about
2 m from the source was about 160 R/h (40 mC/kg). Using mirrors mounted on 
mobile trolleys, the drawer was visualized and the angle subtended by the drawer 
with the vertical was estimated to be about 55°. The drawer top was resting on the 
lid of the flask, and the bottom on the ground. Knowing this and the layout of the 
room with all the equipment inside, a procedure to retrieve the source was planned 
and a mock-up was made on the shop floor.

A sheet metal hood was fabricated to be filled with interlocking lead bricks of 
size 10 X 10 x  10 cm3. The dimensions of the hood ... were calculated so as to 
reduce the exposure at 1 m to 30 mR/h when lowered onto the source drawer. The 
recess in the hood was to accommodate the drawer. To move the hood with the lead 
bricks into the room, position it above the drawer and lower it onto the drawer, a 
trolley was designed. This trolley was on wheels moving on a curved rail; the curva
ture was so adjusted that the hood was to move from the opening of the door to a 
position appropriate for lowering the hood. Since the door of the teletherapy room 
led to a small control room, introduction of a long rail was impossible and hence 
the rail assembly was made in five parts. The trolley had on it a pillar with chain 
and pulley to lift and lower the hood, the motor required for this, mounted on the 
base platform, and a counterweight. ... A hand gear system fixed to the near end 
of the rail plate was to be used to move the trolley in ... .
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The layout of the room was marked on the shop floor, the positions of the flask, 
the unit and the drawer were indicated and the system was tried out. Some alterations 
in the movement were found necessary. The hood had provisions to tie steel ropes 
in such a way that the angle of tilt could be around 50-60°. A new flask with a larger 
bore was designed, with shielding adequate to comply with the transport regulations.

4. RECOVERY OF THE DRAWER

All the above items and 600 kg of lead wool were transported to the site 
1200 miles from Bombay. The entire operation was once again tried out at the 
hospital. Since it was expected that more time would be taken for the assembly of 
the rail and loading of the trolley and the hood, it was decided to share the work 
among a larger number of people. The tools used during the loading operation were 
strewn around the room making the assembly of the rail impossible; all the extran
eous items were therefore pulled out by lasso method.

The five-piece rail was assembled as planned. The empty trolley was placed 
on the rails and the hood and counterweight tray were filled with lead bricks. A 
floodlight and a mirror were attached to the pillar. The trolley was pulled into the 
room by the hand-gear system. The wire ropes on the hood were adjusted to give 
an angle of 55° for the hood. To enable positioning of the hood, the unit head was 
rotated using outside ontrol. The hood was lowered onto the drawer. Continuous 
monitoring was carried out and the exposure at 2 m had dropped to about 250 mR/h 
from the original 160 R/h. At this stage two bars were introduced through the bottom 
of the hood to take the drawer into the channel in the hood and lock it there . . . .

To reduce the radiation level further, lead wool was inserted below the drawer 
and around it. The exposure at 1 m was brought down to the designed level of
30 mR/h. Along the T-rod the level was still high owing to the presence of the old 
1000 R/h at 1 m source in the flask. By working in shifts so as to minimize exposure, 
the men cut the T-end of the rod with a handsaw, after filling the empty port with 
lead wool. The old drawer immobilized and the flask was pulled out with the 
hydraulic jack. The hood was lowered to the ground. Leaving the last segment of 
the rail on which the trolley now rested, the remaining four pieces were dismantled 
and removed, making way for the hydraulic jack to be wheeled out with the dummy 
drawer inserted in the empty port.

Now the wire ropes were readjusted to hold the drawer horizontal when lifted 
up. The new flask was brought in, positioned and immobilized. The hood was lifted 
up and with the help of the nylon ropes the drawer was pulled into the container. 
The gaps were filled with metal plugs and the lids were screwed in. The flask was 
transported back to the High Activity Handling Facility of the Bhabha Atomic 
Research Centre for removal of the source and inspection of the drawer. Later the 
old source drawer was loaded back into the unit.
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5. ANALYSIS OF THE INCIDENT

It is evident that many operational and safety procedures were neglected, 
resulting in this incident.

Firstly, the wrong face of the flask was aligned with the face of the unit. 
Because there is a projection in the I-section channel base of the flask, a specific face 
of the flask has to be aligned. However, in this case the faces were reversed. As the 
channel projection hit the base of the couch there was a gap of 13 cm between the 
flask and the unit.

Secondly, the 1 in. screws on the channel should have been used to immobilize 
the flask on the ground at the required level. However, in this case this was not done 
and the flask was resting on the hydraulic jack on wheels. There was grease on the 
floor near the wheels.

Resting the flask on the hydraulic jack during source transfer operation can 
have other dangers too. If during the pushing or pulling stage, there is a pressure 
drop in the hydraulic system, the drawer will get stuck with the weights of the unit 
and the flask pulling in opposite directions. In such an event the drawer can get 
damaged with catastrophic results.

If there had been no gap between the unit and the flask and if the flask had 
been immobilized on the ground this accident would not have happened. Hence in 
such operations all the procedural infractions should be strictly followed.

The expenditure involved in this operation was about Rs. 100 000 
(US $12 500).

6. PERSONNEL EXPOSURE

Two people were involved in the accident. The film badges of these two 
showed exposures of 2.3 R and 1.3 R. For the retrieval operation ... seven other 
people were involved. Their film badges had shown exposures ranging from 500 mR 
to 1600 mR.
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Example 3

1976 HANFORD AMERICIUM EXPOSURE INCIDENT: 
ACCIDENT DESCRIPTION

B.J. McMURRAY
Pacific Northwest Laboratory,
Richland, Washington, United States of America

Reprinted, in part, from Health Physics 45 (1983) 847-853, by permission o f 
the Health Physics Society.

INTRODUCTION

During the early morning hours of the midnight-to-eight shift at the Plutonium 
Finishing Plant on the Hanford Site in south-eastern Washington, about a dozen 
people were working to start up the waste recovery portion of the chemical plant 
after a 5-month shutdown. In one room of the 242-Z Building, the Americium 
Recovery Process, consisting of a maze of piping, pumps, valves and vessels, was 
an 8 ft tall1 stainless steel ‘glove box’. Within this glove box two stainless steel 
vessels, about 3 ft high and 6 in in diameter, were filled with nitric acid and ion 
exchange resin; one of the vessels also contained about 100 g of 24lAm, which had 
been collected on the resin before the plant shutdown.

During the reactivation of the recovery process a chemical reaction occurred, 
generating heat and pressure in the americium containing vessel. An explosion 
resulted, which injured and grossly contaminated the chemical operator standing in 
front of the glove box.

A description of the sequence of events which immediately preceded and 
followed the accident will not only serve to define the accident itself, but will help 
explain the nature and extent of the injuries and contamination that resulted . . . .

GENERAL DESCRIPTION

The chemical operator, who was later injured in the explosion, entered the 
americium recovery room at about 2:45 a.m., 30 August 1976. He assumed control 
of activities in the room from another chemical operator who left the room. A junior 
chemical operator entered the room shortly thereafter to observe and assist the more 
experienced worker.

1 1 ft = 3.048 x 10"' m.
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The general plan of the room is shown in Fig. 1. The long dimension of the 
room was about 50 ft. The americium recovery glove box was located on the south 
wall at the west end of the room. Just inside the normal (east) entry to the room were 
a desk and two chairs. Several instruments were nearby on the north wall, from 
which temperature, pressure and flow measurements were periodically monitored 
and recorded on record sheets and logbooks kept at this desk. A telephone and an 
intercom, connected with the main control room on the fourth floor of the building 
and to other points in the plant, were also located at the desk.

As the two workers sat at the desk the junior operator became aware of an 
unfamiliar hissing noise, “ like a small steam leak” . He rose and walked toward the 
west end of the room looking for the source of the hissing sound. When he came 
to the americium recovery box and looked in he saw that the box was filled with 
dense brown fumes. He called out this fact to the other worker, who joined him in 
front of the glove box. The senior operator mounted some portable steps placed in 
front of the glove box, inserted his hands into the rubber gloves installed in the box, 
and tested the vent valve on the ion exchange vessel to make sure it was open. He 
noted that the hood gloves were warm and that the valve was in the open position. 
The fumes coming from the ion exchange vessel were so dense he could not see a 
pressure gauge on the vessel. He thought he heard more hissing near the bottom of 
the vessel and called out something to the effect that it “ was going to blow” . As 
he descended the steps, the explosion occurred.

The injured worker had just stepped down from the portable, two-step ladder 
... and was still facing to the left when the explosion occurred. There were two layers 
of glass in each of the glove box windows. The outer pane was 1/4 in thick leaded 
glass to reduce the intensity of gamma radiation from the americium. Nearly all of 
this glass was shattered and blown throughout the room. The inner safety glass 
remained in place in all but the narrow window in the upper left portion of the 
picture. The worker’s head was almost directly in front of this window and the ion 
exchange vessel that burst was directly behind this window.

... The contents of the vessel were expelled in the explosion and were part of 
the debris which struck the worker. Thus the material which inflicted the injuries was 
a mixture of small shards of glass, nitric acid, ... ion exchange resin, ... the chemical 
decomposition products of the resin and acid reaction, and the americium which was 
on the resin and in the acid.

The junior operator had made contact with the control room and requested 
assistance just prior to the explosion. The explosion was heard over the intercom by 
those in the control room. The junior operator looked around to see a “ big cloud 
of dust” and hear the injured worker saying repeatedly, “ I can’t see” . He immedi
ately went to his aid, helped him to his feet and guided him toward the east door. 
He said that he tried to stay out of the dust cloud as much as he could, and held his 
breath. He noticed that the injured worker’s face was covered with blood and that 
his eyes were closed. The two proceeded into the hallway just outside the room door.
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The specialist in the control room, who had acknowledged the call on the inter
com and heard the explosion, ran down the stairs to the first floor with another 
worker following right behind. Through a window pane in the door between the 
stairwell and the hallway he saw the two who had just emerged from the room where 
the explosion occurred. He told the worker following him down the stairs that a tank 
had blown up; he asked him to call an ambulance and shut the plant down as fast 
as possible. The call for the ambulance was received at 2:55 a.m.

By chance, a radiation monitor (health physics technician) entered the hallway 
from outside the building at this precise instant. Seeing the two workers — one 
injured — he recognized the contamination potential, held up his hands and 
instructed them to “ Stay right there, I ’ll come and get you” . He then went through 
the stairwell, telling the specialist not to go into the hallway, secured several full- 
face, filtered respiratory protection masks, put one on, gave one to the specialist to 
put on, and re-entered the hallway. He gave the junior operator a mask and assisted 
the injured worker through the stairwell into another room which contained a large 
sink.

The three who were assisting the injured worker made a deliberate decision not 
to put him under the cold water of a nearby safety shower. They were aware that 
this 64-year-old man had recently recovered from heart surgery and were concerned 
that the shock might be more than he could withstand. Nor did they wish to risk 
further spread of contamination, and further delay, by moving him to a warm water 
decontamination shower in another part of the building.

The injured worker was stripped of his clothing and was seated next to the sink. 
They were concerned that he might faint and engaged him in continuous conversa
tion. The monitor began washing the worker’s face and eyes with wet rags while the 
others left to secure more rags and soap. From this point on, materials were handed 
into the room but only the monitor stayed with the injured worker, washing his face 
and eyes with copious amounts of water and wiping away bits of glass covering his 
neck and shoulders. He noted an accumulation of ‘black stuff’ around the right eye 
and the right ear, which he carefully wiped away. He noted a cut high on the fore
head over the right eye, and the swollen eyes — particularly the right one.

The injured worker told the monitor that the glove box had “ blown up” and 
that he saw a blue-white flame. They both knew that no critical incident alarms had 
sounded. It was soon confirmed by others that no nuclear chain reaction had 
occurred.

The ambulance with a registered nurse arrived at 3 a.m. The nurse was assisted 
into protective coveralls, gloves, etc., and respiratory protection. She requested that 
the physician-on-call be notified promptly, which was done. She then went into the 
room with the injured worker and the monitor and assumed responsibility for the care 
of the injured worker. The ambulance was brought to the nearest doorway. At the 
monitor’s direction, other workers began carpeting the floor with sheet plastic 
material from the room to the ambulance. The inside of the patients’ compartment 
in the ambulance was also lined with plastic.
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The nearest hospital, in Richland, WA, is about 40 km south of the Plutonium 
Finishing Plant where the accident occurred. An Emergency Decontamination Facil
ity (EDF), located on the hospital grounds, was completed in 1967 by the Atomic 
Energy Commission as an emergency support facility for the Hanford Site ... . 
Notification of personnel to activate the EDF was given at 3:08 a.m. Notification 
of plant and health physics management was made by 3:15 a.m. With little informa
tion available regarding the extent of the injuries or levels of contamination, a discus
sion between plant health physics management and the industrial physician resolved 
that treatment at the plant site for possible internal deposition of americium should 
be planned; if further medical treatment of the injured man was required he would 
be brought to the EDF in Richland.

Assistance in the form of another nurse and additional radiation monitors 
reached the accident site about 3:30 a.m. from other plants 5-10 miles away. Further 
information concerning the injuries to the worker’s eye and the probable extent of 
the contamination was communicated to the physician and health physics manage
ment. Additional physicians were alerted and the physician-on-call prepared to leave 
for the plant site, in a car with radio communication with the ambulance.

Levels of contamination on the injured worker were known only in the sense 
that off-scale readings were obtained from his head and neck on an instrument that 
measured a maximum of 5 million disintegrations per minute over a surface area of 
up to about 250 cm2. No entry into the accident room for purposes of measurement 
was allowed until the next day, after safety conditions were evaluated. Subsequent 
estimates, based on measurements made on samples from the accident room, suggest 
that during the first few moments after the explosion something between 1 and
5 Ci2 of americium must have been present on the injured worker and his clothing. 
By the time he arrived at the EDF, approximately 6 mCi remained . . . .

The nurses and the patrolman-driver, who accompanied the patient in the 
ambulance, wore protective clothing including full-face respirators. A radiation 
monitor and a chemical worker followed in a separate vehicle to provide assistance 
if necessary along the way or at the EDF. The physician left Richland with the intent 
of providing an intravenous injection of a chelating agent to minimize internal depo
sition of americium. Upon obtaining more information on the injury and the extent 
of contamination, the physician decided to return to the EDF and prepare to treat 
the patient immediately upon arrival.

The ambulance departed from the accident site at 4:37 a.m. and arrived at the 
EDF at 5:14 a.m. Further decontamination and treatment for the internal depositon 
of americium was begun promptly . . . .

Processing of the injured worker’s thermoluminescent dosimeter indicated an 
external whole body penetrating dose of about 500 mrem, attributed to the accident.

2 1 Ci =  3.70 x  10'°Bq.
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Figure 2 shows the levels of penetrating radiation found in the accident room on the 
following day, which are consistent with the dosimeter measurement.

DISCUSSION

Actions taken in response to the accident were prompt, well considered, and 
generally effective. The injured worker was quickly removed from the highly 
contaminated area by his fellow worker, who acted without regard to personal risk. 
By not delaying this action to secure better protection for himself, the fellow worker 
certainly helped to minimize exposure of the injured worker but received external 
contamination himself, that required two days of intensive decontamination; his 
internal americium deposition was less than 10% of the ‘maximum permissible’ body 
burden.

Several other persons involved in the on-site decontamination effort received 
minor skin contamination, which was readily removed. Contamination control 
during the activities that followed the accident was excellent. The ambulance used 
to transport the injured worker was free of contamination after removal of the protec
tive sheet plastic.1 While all personnel performed well in the aftermath of the acci
dent, the success of this effort was greatly aided by the fortuitous arrival, just after 
the accident, of a knowledgeable and experienced radiation monitor who took charge 
of the subsequent activities. The value of experienced personnel in such a sitution 
can hardly be overstated.
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Example 4

A LARGE SCALE 60Co CONTAMINATION CASE:
MEXICO 1984

Based on “Accidente por contamination con cobalto-60, Mexico 1984” , 
Rep. CNSNS-IT-001 (1985), and “ Contaminated Mexican steel incident” , 
Rep. NUREG 1103 (1985).

BACKGROUND

In November 1977 a medical centre located in the city of Juarez, northern 
Mexico, purchased a second-hand 60Co teletherapy unit. This type of instrument 
has a stainless steel, doubly encapsulated source capsule, located in its head. This 
particular capsule measured about 2 cm in diameter and contained some 6000 cylin
drical cobalt metal pellets 1 mm in diameter and 1 mm long. The activity at the time 
of sale was 1000 Ci (37 TBq). The introduction of this unit into Mexico was not 
reported, as required by regulations, to the Mexican competent authority.

For unknown reasons the instrument was never used by the medical centre. It 
was stored in a warehouse and remained there until December 1983. The activity of 
the source at that time was 450 Ci (16 TBq).

THE INCIDENT

On 6 December 1983 a technician working in the medical centre dismantled 
the unit in order to take it and sell it as scrap metal. He was helped by a friend and 
together they had loaded various parts of the unit on a pick-up truck and took it to 
a junk yard where it was sold.

During the transfer of the source to the truck, or during transit, the source 
capsule was deliberately ruptured and a significant number of 60Co pellets were 
released, some remaining in the pick-up while others were dropped onto the streets 
of Juarez while the truck was in transit.

At the junk yard the scrap was handled using magnets suspended from cranes. 
When the magnet moved near the perforated cylinder, handling other metallic 
objects, the 60Co pellets, being magnetic, were scattered throughout the yard and 
mixed with other metallic parts. Eventually the contaminated scrap was loaded on 
trucks and was sent to several foundries where it was melted into steel parts.

The contaminated pick-up was driven to a residential area and parked in one 
of the streets.
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IDENTIFICATION OF THE INCIDENT

On 16 January 1984, some six weeks after the material had been stolen, a truck 
delivering steel passed through a road radiation monitor at the Los Alamos Scientific 
Laboratory, New Mexico, USA. The truck, which was carrying contaminated rein
forcing bars (rebars), triggered the road radiation monitoring/detection mechanism 
and was automatically photographed and subsequently identified. Follow-up by Los 
Alamos and State of New Mexico personnel identified the source of radiation as 
60Co fixed in rebars. They were found to have been distributed by a company in 
Arizona and their probable origin was traced to a foundry in Mexico.

Resulting from these findings the US authorities made checks on other consign
ments of steel at the United States-Mexican border and some other contaminated 
steel parts were found. On 19 January 1984 the Mexican competent authority was 
officially notified that steel bars originating from at least two Mexican foundries 
were contaminated by 60Co.

THE MEXICAN RESPONSE

Upon receipt of the notification from the USA, the Mexican competent 
authority began its investigation.

The goals of the response action were:

(1) To identify the primary and secondary sources of the contamination.
(2) To locate and collect all the contaminated steel and steel products as well as

any other 60Co contamination.
(3) To monitor for contamination and to decontaminate areas, roads, buildings and

plants, as appropriate. This measure was taken in order to reduce exposures
(resulting from 60Co) to workers and to the general public to acceptable
levels.

(4) To assess exposures to populations and individuals involved and to take 
medical actions, if found necessary.

(5) To dispose of all the contaminated material collected in an appropriate manner.

Investigations performed at several foundries have established that two of them 
were involved with contaminated material. By using samples kept by the quality 
control laboratories of the smelters it was possible to establish the dates in which the 
cobalt was introduced into the process.

On 21 January the junk yard, located in the city of Juarez, was positively iden
tified as the source of the material.

Monitoring of the foundries and the junk yard revealed high levels of contami
nation. Contamination levels at the junk yard are shown in Fig. 1.
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FIG. 3. Radiation levels (R/h) on the pick-up (1 R = 2.58 x 10 4 C/kg).

Figure 2 shows radiation levels at the finished product warehouse of one of the 
foundries.

The junk yard and the contaminated areas of the foundries were closed and 
decontamination work began. Further distribution of rebars was restricted in such 
a manner as to ensure that no further spread of contamination occurred.

The situation at the junk yard was further complicated by the fact that the yard 
was situated within a built-up area. Therefore special provisions had to be taken to 
limit exposures to the population. These provisions included the use of shields 
around heavily contaminated areas.
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(mR/h)

The doses are at 1 m from the ground 
and the screening provided by the 
buildings is not taken into account.

FIG. 4. Radiation levels (mR/h) around the pick-up (1 R =  2.58 X 10~4 C/kg).

Small pellets of ^C o were found in the junk yard and in the foundries. It was 
decided, therefore, to monitor the roads and highways using mobile teams. Airborne 
monitoring with a helicopter was also used. Many 60Co pellets were discovered 
using this technique.

On 26 January one of the monitoring teams found the pick-up. used for the 
transport of the source parked in a residential street. The radiation levels on and 
around the pick-up are given in Figs 3 and 4.

The location of the vehicle in a highly populated area dictated its urgent 
removal. The pick-up was transferred to an isolated area for temporary storage until 
a final decision would be made on how to dispose of it.

The identification of the vehicle made it possible to track the primary source 
of the contamination to the medical centre. Monitoring performed there revealed the 
presence of “ Co in the maintenance shops. At this stage the reconstruction of the 
events leading to the incidents was possible. An important point to be noted is that 
only at that date — a week after the accident had been discovered — was it possible 
for an estimate of the inventory of radioactive material involved to be made.
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TABLE I. DOSE DISTRIBUTION

No. of people
Doses 

in Sv (rem)

3200 <0.005 (0.5)

720 0.005-0.25 (0.5-25)

75 0.25-3 (25-300)

5 3-7 (300-700)

From this stage onwards the following activities were undertaken:

— mobile and aerial monitoring to locate disposed materials;
— location and collection of products contaminated with 60Co (6000 tons of 

rebars and 30 000 table bases);
— decontamination of the foundries, the junk yard and any other contaminated 

areas;
— disposal of all the contaminated materials (a special depository had to be 

prepared);
— assessing exposures to individuals and to the general public;
— performing large scale medical checkups of people known to have been, or 

suspected of being, exposed to considerable doses; and
— locating houses in the construction of which contaminated rebars were used 

(814 have been demolished).

It is estimated that this accident resulted in the exposure of 4000 people. The 
distribution of doses is given in Table I.

Members of the public living near the location in which the pick-up had been 
parked for a long period of time were examined for possible overexposures. It was 
found that only three individuals had received doses higher than 100 rem.

UNITED STATES RESPONSE

After the identification of the contaminated material the authorities, both State 
and Federal, faced the following problems, in this order of priority:

(a) to identifiy the source of the contaminated material;
(b) to restrict further import, distribution and use of contaminated steel and steel 

products; and
(c) to locate (and collect) any contaminated material that had already been 

distributed and disposed of in a safe manner.
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The fact that the contaminated steel originated in Mexico was revealed quickly 
after the shipper and the US distributor were identified. Notification to the Mexican 
authorities followed immediately. At this point the significance of the problem was 
not known. The questions that had to be answered were:

— is there only one source in Mexico?
— is there only one contaminated product?
— when had the contamination been introduced?
— how much contaminated material had been imported into the United States?

The actions that followed immediately were the introduction of checkpoints at 
border crossings and the detaining of consignments that were found contaminated. 
Only a few days later it was learnt from the Mexican authorities that the first 
contaminated rebar was produced on 10 December 1983 and that a large quantity of
table base castings (some 30 000) were also suspected of being contaminated.

Restrictions on further distribution of rebars and table bases of Mexican origin 
were imposed in order to limit any further spread of contamination.

Efforts to locate the contaminated materials were carried out with the 
co-operation of the local distributors. Follow-up of the distribution of steel by these 
companies led to the discovery of contaminated rebars in six States. The situation 
with the table bases was much more complicated. Though there was only one distri
butor it was found that between 10 December 1983 and 25 January 1984 table base 
castings had been sent to 1400 customers in 50 States. Radiation surveys performed 
by local officials revealed 2500 contaminated parts which were sent back to the 
importer, and eventually sent to Mexico for final disposal.

All the contaminated rebars located and collected were sent back to Mexico for 
final disposal.

The estimated amount of contaminated rebars imported into the USA is 
950 tons.

The amount of materials which have been used in structures and left there is
31 tons. Some 5 tons of contaminated rebars are unaccounted for.
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Appendix II

A hazard assessment is made to:

(i) Identify the nature and magnitude of the radiation hazard to employees and 
other persons in the event of any foreseeable accident, occurrence or incident;

(ii) Prevent any such accident, occurrence or incident;
(iii) Limit the consequences of such events; and
(iv) Provide employees with appropriate information, instruction and training.

The most likely hazards are:

(i) Source from remote exposure container failing to retract correctly. The main
tenance of normal protection procedures should minimize the probability of 
this occurring and the routine monitoring should minimize the consequences 
of the source remaining exposed.

(ii) Fire or mechanical damage impairing the shielding of source container or the 
integrity of a sealed source.

(iii) Lost or stolen source. Secure storage should minimize this hazard.
(iv) Failure of the warning systems. Again, periodic maintenance should reduce the 

probability of this occurring and the checks on the satisfactory operation of the 
systems should minimize the consequences.

Contingency plans

Aims:

(i) To inform radiographers what actions they should take in the event of an acci
dent, occurrence or incident;

(ii) To emphasize at what stage outside help should be summoned.
(iii) To provide information to allow the successful rectification of the situation 

with the minimum doses to personnel.

Source failing to return to the fully shielded position

Action to be taken by the radiographer

Normally, the radiographer will have insufficient equipment to do more than
contain the situation. The following actions should therefore be taken:

SAMPLE RADIOGRAPHY CONTINGENCY PLAN

Assessment of hazards
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(i) Efforts should be made to gently wind the source back to the shielded position. 
These should be done from the normal operating position, where the dose rates 
should be less than 7.5 /*Sv-h"' and must be less than 2 mSv-h-1.

(ii) If these fail, the rates at the barriers should be checked and if necessary the 
barriers relocated so that the dose rates are less than 7.5 /xSv-h"1. Other 
persons must be prevented from entering the area.

(iii) The company’s radiation protection supervisor must be informed of the situa
tion and be requested to bring the emergency equipment required for the source 
recovery.

(iv) Until the supervisor arrives, persons must be kept out of the area. If necessary, 
the site management/safety office should be informed.

Action to be taken by the nominated radiation protection supervisor

(i) The emergency equipment listed in the annex should be taken to the site.
(ii) The barriers, warning signals and controls to prevent access inside the barriers 

should be inspected.
(iii) The situation should be assessed and the safest method of returning the source 

to the source container should be planned.
(iv) The doses likely to be received during the recovery should be estimated. 

Generally these will depend principally on the time taken to perform tasks 
close to the source. Estimates of these times are notoriously poor and the 
intended actions should be practised (with dummy sources or facsimiles) and 
timed. These times and the distances from the source should be used to esti
mate the likely dose. If the estimated dose exceeds 5 mSv (whole body) or 
50 mSv (hands), a second opinion should be sought, ideally from a qualified 
expert.

(v) While the attempt is being made, the operators should wear personal 
dosimeters on body and hand/wrist, a dosimeter and an alarm monitor. The 
operators should keep all parts of the body as far as possible from the source 
by the use of long handling tongs, etc. All times spent in the vicinity of the 
source must be kept to a minimum. When not actually working on the 
recovery, the operators should be outside the barriers. One person should be 
responsible for observing the work, timing the operators’ actions and estimat
ing the distance from the source and hence the dose rates and the doses to the 
operators. When any estimated doses reach 5 mSv, the situation should be 
reviewed.

(vi) If the source cannot be returned to the fully shielded position or into a shielded 
condition in a spare lead pot, the barriers and warning signs should be kept 
and supervision of the barrier should continue and more expert assistance 
obtained from a qualified expert and the supplier.

(vii) When the source has been returned to the fully shielded position, the following 
action should be taken:
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(a) The dose rates around the container should be checked.
(b) The source should be tested as soon as possible for leakage of radioactive 

material.
(c) The doses recorded by the radiographer’s dosimeters should be checked.
(d) Unless these are negligible, the radiographer’s personal dosimeters should 

be returned to an approved laboratory for assessment. It should be 
explained that results are wanted as quickly as possible.

(e) An investigation should be made of the circumstances: written statements 
from radiographers — where they were in relation to the source and for 
how long; similar statements from other persons and members of the 
public who may have been exposed so that their doses may be estimated; 
if it appears likely that any employed person may have received an over
exposure, the procedure detailed for such an occurrence should be 
followed.

(f) The container and exposure mechanism should be inspected to determine 
the cause of the failure.

(g) Actions to prevent the failure recurring should be recommended.

Fire

Gamma ray equipment

Two hazards could arise:

(i) The shielding in the source container could be damaged;
(ii) The radioactive source could be damaged with the release of radioactive

material.

Although it is unlikely, it must be assumed that the latter failure has occurred. The
radiographer will not have adequate equipment to monitor for possible radioactive
contamination and should, therefore,

(i) Prevent persons entering the area;
(ii) Erect barriers and warning signs at the 7.5 /tSv-h-1 contour or outside the 

potentially contaminated area, whichever is further from the source;
(iii) Inform the local office, which will have the emergency equipment sent to the

site; and inform the qualified expert, who will bring suitable equipment to
monitor for radioactive contamination;

(iv) Until they arrive, continue to keep persons out of the area.

It is important that the spread of radioactive contamination, if present, be prevented.

(v) The qualified expert will be responsible for the subsequent actions and for 
determining whether contamination is present. If it is present, he is responsible 
for arranging segregation and disposal of the contaminated material, checking 
the container and arranging shielding of the source for transportation.
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Missing or stolen sources

(i) Make an immediate search, using whatever radiation detection equipment is 
available; and

(ii) If the source is not found within one hour, inform the radiation protection 
supervisor and the qualified expert. They will continue the search with more 
suitable radiation detectors.

If a vehicle containing a source is missing, the police and the radiation protection 
supervisor must be informed immediately. If the source is not found within a few 
hours, the local representative of the competent authority must also be informed.

Mechanical damage

This may occur as a result of dropping the container. If the fall is only a metre 
or so, the integrity of the container should be checked using a radiation monitor and 
the operation of the wind-out mechanism and safety systems must be checked before 
the container is again used.

If the mechanical shock is much more serious, the source could be damaged 
and the actions required after a fire would be necessary. This may occur as a result 
of road accidents, or other accidents in which a source container may be involved, 
e.g. collapse of a crane at a construction site. The first consideration is the rescue 
of the injured or trapped persons. This must take precedence over all other action. 
Rescue services must be told that a radioactive source is involved and, until measure
ments have been made with a dose rate meter, it should be assumed that it is 
unshielded.

If a radioactive source container is missing, the radiographer should:

Annex

EMERGENCY EQUIPMENT

Audible alarm monitor
Quartz fibre electroscope and charging device or other integrating dosimeter 
Tongs (1 m and 2 m)
Pliers
Screwdriver
Adjustable spanner or wrench
Other hand tools which are appropriate for particular equipment
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Tripod 2 m high | These to hoist the end of a projection tube
Rope j  to help gravity return of a detached source
Handlamp
Spare lead pot
Spare personal dosimeters
Extremity dosimeters
Stopwatch
Clip board/paper/pens 
Dose rate/distance charts
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Appendix III 

A MOBILE INTERVENTION UNIT 

Contributed by R. Martincic, Jozef Stefan Institute, Ljubljana, Yugoslavia

This appendix contains a description of a mobile intervention unit used in a 
Member State for responding to a radiological emergency.

MANPOWER

There are three four-member radiation monitoring teams and they all come 
from a nuclear research centre. The leaders of the teams are skilled and experienced 
senior nuclear physicists.

The reason for having three teams is that in the event of an emergency situation 
which lasts for several days, where there is need for 24 hour monitoring, one team 
can be on duty, one on stand-by and the third resting. The roles are interchanged 
every 8 hours.

The mobile intervention unit has two vehicles: one is a small field car used 
mainly for survey and sampling and the other is a mobile laboratory. Each vehicle 
has two people.

EQUIPMENT

The mobile intervention unit is provided with the following sets of instruments 
and equipment:

(1) Radiological monitoring instrumentation and equipment
(a) High resolution gamma spectrometry equipment

— Ge detector with preamplifier and other necessary nuclear electronics
— microcomputer based multichannel analyser (4 times 4000), printer
— lead shielding for Ge detector
— Dewar with liquid nitrogen (10 kg)
— calibration sources
— appropriate software for data evaluation
— different foils to prevent contamination of Ge detector
— fan (to dry Ge detector if wet — condensation effect)
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(b) Radiation survey instruments
— two dose rate meters; Geiger-M uller counter tube; beta, gamma; 

range: 0-1 mSv/h in 4 ranges
— dose rate meter; proportional counter tube; beta, gamma; 

range: 0-30 mSv/h in 5 ranges
— two contamination monitors; large area proportional counter; alpha, 

beta; range: 0-3000 cps in 3 ranges; built-in check source
— survey meter; air ionization chamber; alpha, beta, X-ray, gamma; 

range: 0-10 mSv/h and 0-10 Sv/h in 6 ranges; 0-10 Sv in 6 ranges
— microcomputer based continuous dose rate meter with two 

Geiger-M uller counters (waterproof) with automatic switching 
between the ranges and audible and light alarms; 
range: 0.0001 mSv/h to 1 mSv/h; 0.001 mSv/h to 0.1 Sv/h

— radiation indicators; Geiger-M uller tubes; beta, X-ray, gamma; 
(6 instruments)

— protective foils to prevent contamination of instruments
— batteries
— chargers

(2) Sampling equipment
— portable air samplers for airborne particulate (2 instruments) radioactivity 

and radioiodine concentration
— set of air sample filters (aerosol and TEDA charcoal filters)
— sampling equipment for 3H and 14C
— fallout samplers (Vaseline plates)
— filter paper for smears
— plastic containers (1 to 25 L)
— ‘Marinelli’ type liquid and gas samplers
— different shielded containers for encapsulated sources and 

unencapsulated materials
— plastic bags, rags, holders, polyethylene sheets
— welding machine
— balances
— pincettes, scissors, knife, spoonlets
— radiation warning labels and signs
— waterproof colour pencils

(3) Meteorological equipment
— microcomputer based mobile meteorological station which supplies the 

following meteorological data:
•  wind direction
•  wind speed
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• temperature
• humidity

— software (the Gaussian plume model) to assist in forecasting and/or 
estimating the plume disperson

— compass

(4) Personal protective equipment
— TLD and film badges
— direct reading dosimeters
— dosimeter charger
— radioprotective prophylaxis (stable iodine tablets)
— respirators
— plastic suits, coveralls, head covers, cotton and plastic gloves, shoe covers, 

rubber boots
— masking tape
— personal decontamination sets
— first aid set

(5) Accessories
— electrical generator sets (3 kW and 5 kW)
— 3 times 25 m cables
— batteries
— floodlights, lanterns, cap lamps
— remote handling tongs
— radioactive waste container
— labels and warning signs
— ropes
— pail
— tool kit
— stationery
— clean/dirty area barriers
— contamination warning signs
— polyethylene sheets and plastic rags
— electrical multimeter, soldering apparatus
— radio communication and paging equipment
— camera
— personal computer
— food and drink

(6) Supporting documents
— emergency procedure manuals
— equipment manuals
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— sampling procedures
— measuring procedures
— communications procedures
— check-off sheets
— folding maps with a grid reference system:

•  general purpose maps
• maps with predesignated surveillance points

— diagrams
— software manuals.

TRAINING AND EXERCISES

Training and drills of radiological monitoring teams are carried out on a regu
lar basis. The periodic training includes:

— driving vehicles
— radiological monitoring
— intercomparison measurements
— use of communications equipment
— data logging
— health physics assessment
— implementation of self-protective measures
— sampling and sample preparation procedures
— implementation of procedures to control the spread of contamination and 

minimize the potential hazards of contaminating the instruments and 
equipment.

Drills are arranged three times per year, once in summer, once in winter conditions 
and once during the night. Each time two emergency monitoring teams are involved 
so that each team is trained twice per year. It is important that persons forming a 
team train together and not as individuals.

The drills are also used to test the adequacy of the response plan of the mobile 
intervention unit, procedures, equipment in field conditions and communications. 
After each exercise the adequacy of the response plan and procedures are discussed. 
Critiques are valuable as a means of improving the plan, the procedures and the 
co-ordination of the system.

The drills are carried out as a part of a regular monitoring and emergency 
preparedness programme.
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