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FOREWORD

The use of radiation sources of various types and activities is widespread in 
industry, medicine, research and teaching in virtually all Member States of the IAEA 
and is increasing. Although a number of accidents have caught the attention of the 
public in recent years, the widespread use of radiation sources has generally been 
accompanied by an admirable safety record. However, in many Member States the 
control o f radiation sources is less than adequate. Loss of control o f radiation sources 
has given rise to unplanned exposures to workers, patients and members of the pub
lic, sometimes with fatal results.

It is important therefore that regulatory authorities exercise adequate control 
of radiation sources within their area of jurisdiction, that sources are used in a safe 
manner and stored in a safe and secure location and that sources which have 
exceeded their useful life are appropriately disposed of.

The IAEA has provided guidance on the provision of operational radiation pro
tection services for many years. In 1965 it issued Safety Series No. 13, entitled The 
Provision of Radiological Protection Services, as a Code of Practice. This set forth 
the general requirements of radiation protection services, including both physical and 
medical surveillance.

Since the publication of Safety Series No. 13, there have been considerable 
developments in the principles and concepts of radiation protection. These were 
incorporated in the latest recommendations of the International Commission on 
Radiological Protection (ICRP), which were issued as ICRP Publication 26 in 1977 
and in other subsequent ICRP publications, and in the Basic Safety Standards for 
Radiation Protection published in 1982 jointly by the IAEA, the International Labour 
Organisation, the World Health Organization (WHO) and the Nuclear Energy 
Agency of the Organisation for Economic Co-operation and Development 
(OECD/NEA). One of the main features of the new Basic Safety Standards is an 
increased emphasis on the optimization of radiation protection. As a result of these 
developments it was considered necessary to replace Safety Series No. 13 with a new 
document providing practical guidance on the application of the Basic Safety 
Standards to operational radiation protection, with special reference to the principle 
of optimization. The resulting document (Safety Series No. 101, Operational Radia
tion Protection: A Guide to Optimization) has recently been published. It recom
mends the use of analytical trees as a tool for the appraisal o f operational radiation 
protection programmes during the optimization process.

Safety Series No. 101 is necessarily very general and so a series of more 
specific publications have been developed giving guidance on the provision of radia
tion protection services in various operational situations. The present publication is 
one of this series.

The initial draft was prepared with the assistance of J. Hickey of the United 
States Nuclear Regulatory Commission, acting as a consultant. This draft provided
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the basis for discussions during an Advisory Group meeting held in Mexico City in 
November 1985 under the chairmanship of A.P. Hudson of the United Kingdom 
National Radiological Protection Board. A revised draft was prepared in May 1986 
by J. Hickey, A.P. Hudson and R.E. Utting of the Radiation Protection Section of 
the IAEA. A second Advisory Group meeting took place in Caracas, Venezuela, in 
March 1987 and further drafting was carried out in Vienna in January 1988 by 
B. Lorenz of the Staatliches Amt fur Atomsicherheit und Strahlenschutz in the Ger
man Democratic Republic, A.P. Hudson and R.E. Utting. Technical editing and 
final compilation of the document were carried out by F. Bland of the United 
Kingdom National Radiological Protection Board, A.P. Hudson and R.E. Utting.
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1 . INTRODUCTION

101. The use of radiation sources of various types and activities is widespread in 
industry, medicine, research and teaching, and is increasing yearly. The safety 
record has been admirable, although incidents have occurred where loss of control 
of radiation sources has given rise to unplanned exposures to workers, medical 
patients and members of the public, sometimes with fatal results, while in other situa
tions exposures may not have been as low as reasonably achievable. This publication 
is intended as a practical aid for all concerned with operational radiation protection 
connected with the use of radiation sources in industry, medicine, research and 
teaching, from the point of view of both the user of such sources and the regulatory 
bodies.

SCOPE

102. This publication utilizes the techniques introduced in IAEA Safety Series 
No. 101 [1] and specifically the analytical tree technique to depict a complex opera
tional radiation protection programme and the seven stage framework to aid in the 
optimization of such a programme. It adapts the advice from Ref. [1] to the develop
ment of a detailed general programme relevant to the uses of radiation sources in 
industry, medicine, research and teaching, and gives examples illustrating specific 
applications of this programme. Guidance is given on the content of operational pro
grammes, and also on the elements of a regulatory programme for the control of the 
use of radiation sources.

103. The uses of radioactive materials vary considerably, encompassing sealed 
sources and unsealed materials with activities ranging from a few becquerels to many 
tens of petabecquerels. The radiological considerations for a large gamma irradiator 
are very different than those for, say, nuclear medicine sources in a hospital. This 
publication cannot therefore be specific to all of the different uses within its scope. 
However, it does include the important components of a good radiation protection 
programme and provides guidance intended to aid the optimization of such a 
programme. Consequently it will be of value to the management of organizations 
responsible for the planning and use of radioactive materials and to independent con
sultants advising on such organizations. Additionally, it will be of use to competent 
authorities responsible for licensing and regulation.

104. For some techniques the source of radiation can be either a radionuclide or an 
X ray set. In such cases the use of an X ray set is noted, but no further reference 
is made as this type of equipment is outside the scope of this publication.

1
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EXPOSURE OF PATIENTS ARISING FROM MEDICAL USES OF RADIATION 
SOURCES

105. Medical exposure of a patient, to the extent that it is necessary to produce diag
nostic information or a therapeutic effect, is specifically exempted from the recom
mendations contained in this document. However, it must be emphasized that the 
exposure of patients should always be subject to the normal principles of justification 
and optimization. In particular, procedures and equipment should be chosen and 
maintained such that doses are as low as is reasonably achievable.

2 . O V E R V IE W  OF U SE S OF 
IONIZING RAD IATIO N  SO U R CE S

INTRODUCTION

201. The uses of ionizing radiation in industry, medicine, research and teaching are 
varied. They can be categorized under six principal techniques as follows:

— Radiography techniques (industrial and medical)
— Analytical techniques
— Gauging techniques
— Irradiation techniques
— Techniques involving unsealed radioactive materials
— Miscellaneous techniques.

202. This categorization means, for example, that in the present publication medical 
uses will be discussed under radiography techniques, irradiation techniques (radia
tion beam therapy and brachytherapy) and techniques involving unsealed radioactive 
materials (tracer applications, both in vivo and in vitro, and therapeutic uses of radio
pharmaceuticals).

PRESENTATION

203. In Annex I, each of the above techniques is subdivided into a number of more 
specific applications. Each application involving the use of sealed radiation sources 
is briefly described’ a schematic diagram is included, typical radiation sources are 
listed and a selection of particular uses is given. Additionally, a brief mention is 
made of the more important aspects of radiation protection associated with., each 
application.

2
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204. The applications involving unsealed radioactive materials do not lend them
selves to such a format. Instead, each application is briefly described and typical 
examples are noted. Where appropriate, mention is made of the more important 
aspects of radiation protection.

PREREQUISITES FOR THE USE OF RADIATION SOURCES

205. A number of basic factors are essential to the safe use of all radiation sources. 
Since they are, in varying degrees, common to all uses they are mentioned in this 
section but omitted from each of the individual applications described in Annex I. 
Applicable standards are usually specified in international and national guidelines 
and a prerequisite o f the use of radiation sources is that these guidelines be strictly 
observed. The various factors are discussed below.

Competent authority requirements

206. It is presumed that the competent authority will have introduced a system for 
notifying, registering or licensing the use of radiation sources.

Design, construction and testing of products by the manufacturer

207. Manufacturers of radiation sources and devices containing radiation sources 
are responsible for assuring that their products can safely be used for the stated pur
pose. This process should include prototype testing and ongoing quality assurance 
to maintain production standards and could involve mandatory approval of sources 
or devices. The products should have built-in safety margins and should be able to 
withstand a reasonable degree of wear, tear and predictable abuse. Specifications 
should be supplied by the manufacturer advising on safe working practices and draw
ing attention to any limitations on the use of their products.

Security and accountancy whilst in the possession of the user

208. The owners or users of radiation sources are responsible for their security. 
They should ensure that all devices or sources are adequately marked to indicate 
radioactive material and must maintain a safe and secure storage location such that 
people in nearby accessible areas are not inadvertently exposed and that it is unlikely 
that the sources could be removed by unauthorized persons. Appropriate signs 
should be installed to clearly demarcate the storage location. Owners should maintain 
an inventory of the sources under their control, which should be regularly verified 
and made available for inspection by authorized persons.

3
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Ongoing testing

209. Sources and devices should be subject to regular maintenance and testing to 
ensure that they continue to meet the initial specifications. Tests would include leak 
testing of sealed sources, inspection and testing of source transport mechanisms, and 
checking for satisfactory operation of shutter assemblies and correct operation of 
warning systems. Maintenance schedules should be based on experience and on 
advice from the manufacturer or supplier.

Planned replacement

210. Manufacturers should specify a recommended working life for radiation 
sources. This should be well within the safe life of the construction. Use beyond the 
recommended working life might be acceptable provided more frequent, and 
possibly more stringent, tests are implemented to identify any deterioration before 
a hazard develops. An appropriate means of disposal must be available for all sources 
that have reached the end of their useful life or which have become redundant. This 
could include return to the manufacturer or removal to an approved radioactive waste 
storage site.

Transport of radiation sources

2 1 1 . Transporters o f radiation sources have a particular responsibility to ensure that 
workers and the general public are not at undue risk. Administrative procedures, 
packaging, labelling and contingency plans should all conform to current IAEA stan
dards [2] or their national derivatives.

3. B ACK G R O U N D

REVIEW OF DOSE LIMITATION SYSTEM FOR RADIATION PROTECTION

301. A review of the Basic Safety Standards system of dose limitation [3] is given 
below. This involves a degree of interpretation in relation to operational radiation 
protection.

Justification

302. No practice resulting in exposure to ionizing radiation should be authorized 
unless its introduction produces a net benefit.

4
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303. This recommendation has little application at the operational stage because the 
practice is already in existence and the assumption must be made that due considera
tion has already been given to its justification. However, competent authorities 
should not approve applications for new uses of radiation sources unless an accepta
ble justification for any exposures incurred is made. This might include an assurance 
that the same objective cannot be met by a technique that does not involve radiation.

Optimization

304. The optimization of radiation protection of workers and members of the public 
is equivalent to the provision that all exposures be kept as low as reasonably achieva
ble, economic and social factors being taken into account (ALARA).

305. Since any exposure to ionizing radiation is assumed to involve some degree of 
risk, the collective dose due to a practice should be reduced by protective measures 
to a value such that further reductions become less significant than the efforts 
required. An overriding restriction to this process is that individual dose limits be 
respected. Quantitative techniques for determining optimum levels of radiation pro
tection can be useful, particularly when pertaining to the design of facilities or equip
ment [4], However, in operational situations, a more qualitative approach may have 
to be employed. Such an approach must be treated as a managed system with all wor
kers including managers fully committed to making the process work effectively. It 
will involve the interaction of all factors that can have a bearing on collective dose, 
including management, training, source control, procedures, the use of protective 
equipment and the application of administrative controls.

Individual dose limitation

306. The exposures to individuals from all practices (except that due to medical 
exposure as a patient and that due to natural background radiation) should not exceed 
the applicable dose limits. The currently recommended dose limits are given in the 
Basic Safety Standards [3].

307. For many of the applications within the scope of this publication, occupational 
exposures will normally be well below the applicable dose limits. If the optimization 
process described above is functioning as intended, all significant exposures will be 
planned and authorized.

ROLE AND APPLICATION OF OPTIMIZATION IN OPERATIONAL RADIA
TION PROTECTION

308. Within radiation protection, ‘optimization’ has conventionally been equated to 
the achievement of ‘ALARA’, which implies that the components of an operational

5
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radiation protection programme cannot be optimized unless they can be directly 
related to the attainment of some particular level of dose. However, within the con
text of such a programme many individual components are essential to the correct 
functioning of the complete programme but can only be related indirectly and collec
tively either to the attainment of doses that are ALARA, or to the mitigation of the 
effects of an incident or accident. For this reason the concept of ‘optimization’ must 
be broadly interpreted in relation to an operational programme.

309. To reduce doses to or maintain them at ALARA within the context of an opera
tional programme, the management of a facility and the competent authority should, 
at intervals, initiate a systematic appraisal o f all radiation protection provisions to 
determine the relevance and adequacy of the existing programme. This review will 
enable those responsible for the programme to correct management oversights, 
gradual changes in system conditions or activities, biases introduced as a result of 
staff changes, etc. The scope and frequency of such reviews depend on the complex
ity of the facility or operation, the changes in equipment, programmes and technolo
gies and the potential for further dose savings.

310. A systematic seven stage framework for the optimization of a complete opera
tional programme can be found in Section 3 of Ref. [1],

4. DEVELOPM EN T O F A  GEN ERAL O PERATIO N AL  
R AD IATIO N  PROTECTION  PR O G R A M M E

INTRODUCTION

401. For the purpose of this publication, the safe use of radiation sources implies 
that the radiation hazard associated with any particular application of radiation 
sources is justified, that the radiation protection is optimized and that individual dose 
limits are complied with. This section describes techniques for developing a compre
hensive operational radiation protection programme. Such a programme can then be 
optimized by the application of the methods described in Section 3 of Ref. [1].

402. Reference [1] uses an analytical tree technique to develop a general operational 
radiation protection programme that has general applicability to almost any use of 
ionizing radiation. This same technique is employed below to develop and display 
a much more detailed but still general operational radiation protection programme 
that can be applied to any of the specific uses of radiation sources covered by this 
publication.

6
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ANALYTICAL TREE TECHNIQUE

403. The analytical tree technique [5, 6] is a means of graphically displaying a large 
and complex system or programme. It identifies all the elements in the programme 
and the interrelationships that must be considered to prevent oversights or omissions. 
Unlike a ‘flow chart’, there does not have to be any sequential relationship between 
the elements. A tree is developed by breaking down each top event into the consti
tuents that are necessary to achieve that top event and subsequently breaking down 
each of the constituents in a similar manner. Each stage takes the tree to a greater 
level of detail and the tree can be terminated at any stage depending upon the type 
or complexity of the system being undertaken.

404. The logic of the tree is that no event can be put into effect until all its associated 
constituents have been considered.

405. Some constituents may be appropriate in the general tree but can be discarded 
as irrelevant in the specific programme under review; the value of the technique lies 
in the fact that all individual constituents are considered in order to eliminate over
sights and omissions even though many may be subsequently discarded.

406. An explanation of some of the symbols used can be found in Ref. [1].

GENERAL OPERATIONAL RADIATION PROTECTION PROGRAMME

407. The value of the analytical tree technique is that if the basic tree is successfully 
developed it should include all the factors that are of relevance to the stated aim, in 
this case an effective radiation protection programme. The upper branches of a 
general tree were developed in Ref. [1] and have been slightly modified to suit the 
range of uses within the scope of this publication. The revised structure is shown in 
Fig. 1 and this has been taken as the basis for the complete development of all the 
lower branches.

408. Some of the subsequent figures necessarily include very many components, 
giving the appearance of significant complication. However, each successive branch
ing in the tree is merely a breaking down of a particular requirement into its essential 
components, always relying upon no more than the basic principles of good radiation 
protection and established practice. The general tree should be regarded as an essen
tially easily understood graphical representation of a complete programme that 
would otherwise be relatively difficult to comprehend in its entirety. As stated 
earlier, many of the components may be trivial or even irrelevant in certain 
applications.
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409. The full general analytical tree for an effective radiation protection programme 
appropriate to the uses of radiation in this document is depicted in a number of 
separate figures as follows:

Fig. 1. The six major constituents of the programme
Fig. 2. Organization and management committed to safety and ALARA
Fig. 3. Successful personnel selection and training
Fig. 4. Effective occupational radiation control
Fig. 5. Effective public radiation control
Fig. 6. Effective emergency planning and preparedness
Fig. 7. Implemented quality assurance.

(Note: Figs 4 and 6 can be found in the folder on the inside back cover.)

ORGANIZATION AND MANAGEMENT COMMITTED TO SAFETY AND TO 
THE OPTIMIZATION OF RADIATION PROTECTION (ALARA)

410. Within the scope of this publication the scale of the operations varies very 
widely. Indeed, it extends from a single person offering a specialist industrial radio
graphy service to a large complex organization employing many and varied radio
nuclide techniques. Attention must be paid to an effective management structure at 
all corporate and site levels and it should be possible to isolate radiation safety con
siderations from the overriding pressures of production schedules. In the context of 
the many small users of ionizing radiation, this could be achieved by obtaining advice 
from an independent radiation protection consultant or possibly the competent 
authority. Such advice also arises out of the need to understand and comply with the 
often complex legislative requirements imposed by regulatory bodies. Smaller 
organizations are often unable to gain sufficient in-house expertise to meet their 
demands.

411. Industrial users of radiation sources are often small organizations, where there 
can be a reluctance to adhere to the organizational and management structures 
depicted in Fig. 2 since such formal arrangements may be regarded as superfluous. 
However, to achieve optimization of radiation protection it is essential that factors 
are considered and either adopted or rejected as inappropriate. The formal act of 
consideration and rejection within the full structure is an important aspect of the 
overall optimization of the programme, and can even result in savings which would 
otherwise have been missed by the lack of a structured approach. For example, many 
organizations arbitrarily require all employees, even if only peripherally involved in 
work with radionuclides, to be subject to medical surveillance and personal 
dosimetry. This inevitably leads to other unnecessary provisions and to the accumu
lation of the associated records. The significant ongoing cost could be reduced by
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alternative, less costly, arrangements, which would become apparent from formal 
consideration of the full programme.

SUCCESSFUL PERSONNEL SELECTION AND TRAINING

412. The detailed elements contained in Fig. 3 are largely self-explanatory, requir
ing only to be applied to each individual organization in relation to its identified uses 
of radionuclides.

413. Attention is drawn to two points:

— The positive advantage of formally recording each person’s training achieve
ments, if only to be able to demonstrate compliance with regulatory 
requirements;

— The need for a formal review procedure to identify ongoing training require
ments for employees in established positions.

EFFECTIVE OCCUPATIONAL RADIATION CONTROL 

Control and surveillance

Adequate control o f  source (Fig. 4(a))

414. The number and activities of sources of radioactive material should always be 
minimized and, in particular, old or redundant sources should be sent for proper dis
posal as soon as it is recognized that they are no longer needed. This is especially 
relevant in hospitals and teaching establishments where there is a marked tendency 
to retain radioactive materials ‘in case they again become useful’. Very old sealed 
sources may have been stored for years, without regular leakage testing, and could 
present a significant hazard if the capsule has failed during the intervening period. 
Under normal circumstances, sources should be held for no longer than three years 
if they are not being used.

415. Users are strongly advised to observe manufacturers’ statements relating to the 
recommended working life of sfiftled sources, bearing in mind the uses to which 
sources are put.

416. The limitation on the number of sources may also be interpreted more widely 
to minimize the number of actual workstations where radioactive materials are 
manipulated. Research, teaching and medical establishments are recommended to 
concentrate their work with radioactive materials so that control measures can be 
more easily implemented and a smaller number of improved facilities can be 
provided from limited resources.
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417. Radioactive materials should be properly stored in areas assigned solely for 
that purpose and provided with appropriate shielding and with a high degree of 
security. Special attention should be paid to the security of sources used for field 
investigations or site radiography. There are a number of areas of particular concern, 
including:

(a) Failure to recognize, or possibly disclose, the loss of large medical and indus
trial radiography sources. This has caused deaths and severe injuries in several 
cases. Secure storage facilities backed up by a rigidly implemented audit 
procedure should minimize the probability of such accidents.

(b) Many biological preparations containing radioactive materials require cold 
storage, as do similar materials which are not radioactive. Audit procedures 
are almost impossible to implement unless the radioactive materials are kept 
in specially designated refrigerators or freezers, or at least only in demarcated 
and labelled areas within general purpose cabinets. It is essential that foodstuffs 
not be stored in the same refrigerators or freezers as radioactive materials.

Provision o f  physical barriers

418. Protection has to be provided to limit exposure to external radiation and also 
to control intakes of radioactive material that cause internal exposure (Fig. 4(a)). 
Wherever possible, but consistent with the cost and with the degree and probability 
of hazard, protection should be achieved by good engineering controls rather than 
by reliance on procedural measures. Well designed mechanical controls are often 
more effective and reliable than electrical systems based on safety switches. The aim 
should be to ensure that all forms of engineering control are designed to ‘fail to 
safety’.

419. Some of the more quantitative optimization aids, such as cost-benefit analysis, 
have a particular application in aiding decision making in this area. Such techniques 
can be used to evaluate the relative merits o f different engineering controls or 
procedural measures, each of which might afford a different degree of safety.

Provision o f  administrative controls

420. A good radiation protection programme depends upon the administration of 
sound principles for the designation of working areas and the control of persons 
working in them. There must be continuing administrative arrangements (Fig. 4(b)) 
to maintain surveillance of the programme and to review it at appropriate intervals.
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Adequate control standards

421. The considerations depicted in Fig. 4(c) provide the formal basis against which 
the whole of the radiation protection programme will be measured. It is important 
that clear decisions be reached and properly documented so that, for example, refer
ence levels are chosen in advance of their being required and the basis for the choice 
is recorded. Primary dose limits, and probably also most derived limits, will have 
been determined by regulatory requirements. However, some reference levels 
should be chosen for the purposes of local control and these might prompt no more 
than investigatory action, for example, in the event of personal doses going outside 
a normally expected range — even though, in absolute terms, the actual doses may 
be very low. The choice and application of such reference levels constitute an impor
tant aid in the development and maintenance of an optimized radiation protection 
programme.

Effective surveillance

422. An appropriate occupational radiation control programme cannot be wholly 
effective, and is therefore probably not optimized, unless it is subject to comprehen
sive surveillance. Figure 4(d) depicts an effective surveillance programme compris
ing five main components:

— adequate monitoring of the workplace
— appropriate personal dosimetry
— the complete assessment of data
— maintenance of good procedures
— implementation of a quality assurance programme.

423. A regular feature of the surveillance is the drawing up of predetermined sched
ules and the rigid adherence to regular reviews or appraisals. Such a system should 
ensure, for example, that in drawing up a schedule only the necessary dose rate 
measurements are undertaken at appropriate intervals. This should prevent the diver
sion of valuable resources into the taking and recording of large numbers of unwar
ranted measurements at too great a frequency. A further advantage is that smaller 
numbers of wholly relevant results are easily scrutinized, can be given better atten
tion and consequently provide a basis for more positive control.

424. Another feature of the surveillance of an effective occupational control 
programme is that decisions, even apparently trivial ones, are recorded and are 
therefore attributable. This enables the decisions to be reviewed as circumstances 
alter and provides a proper basis for any changes. A good example concerns the 
widespread but often unnecessary provision of personal dosimeters to large numbers 
of staff who have little contact with radiation and who regularly record doses below
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the detection limit of the dosimeter. There are often no sound reasons for continuing 
the issue of these dosimeters but, in the absence of records, it is often assumed that 
there would have been ‘good reason’ in the past and that consequently withdrawal 
of the dosimeter would be detrimental to safety standards. It has to be remembered 
that optimization can often mean the withdrawal of provisions or actions where these 
are no longer warranted, and this can be facilitated by the proper recording of deci
sions. Radiological protection considerations would indicate that personal dosimeters 
need only be worn by persons who work in controlled or in a few cases supervised 
areas.

EFFECTIVE PUBLIC RADIATION CONTROL

425. The use of radionuclides in industry, medicine, research and teaching will nor
mally not present a significant potential for exposure of the general public, provided 
certain basic precautions are taken. These precautions mainly involve good security 
for the radionuclides and a well controlled programme for the disposal of radioactive 
waste. A complete control programme is depicted in Fig. 5.

EFFECTIVE EMERGENCY PLANNING AND PREPAREDNESS

426. Whilst accidents cannot, by definition, be planned, the consequences of acci
dents can be minimized by the proper identification and evaluation of potential acci
dent situations by detailed consideration of incidents, and by the preparation of 
appropriate contingency plans. Depending upon the severity of potential accidents, 
the appropriate contingency plan should be tested in greater or lesser detail and at 
intervals that are commensurate with the risk. The whole situation should be 
reviewed at appropriate intervals, probably not less than once a year and possibly 
by means of a standard agenda item for an annual meeting of the organization’s 
radiation safety committee. A full programme is depicted in Fig. 6.

IMPLEMENTED QUALITY ASSURANCE

427. A requirement for an effective programme is that all component parts of the 
programme be subject to continuing quality assurance procedures (Fig. 7) . In the 
case of a large organization this could include the formal tracing back to national 
standards of, for example, its dosimetry and calibration services. In the case of 
smaller organizations it merely requires that such services be obtained from 
approved laboratories, which are themselves traceable to national standards.
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APPLK ATION OF THE GENERAL PROGRAMME

428. It is worth restating that the purpose of the general analytical tree is to ensure 
that all relevant factors are considered in drawing up a full operational radiation pro
tection programme appropriate to an organization’s particular use of ionizing radia
tions. The value of the technique is that all individual components of the general tree 
should have been considered, even though very many may be subsequently 
discarded.

429. Regulatory authorities and radiation protection advisers might find it more 
beneficial to consider the application of the general programme as a two stage 
process, namely:

— The generic application to a particular use of ionizing radiations
— The application of this generic programme to a specific organization or 

establishment.

Such a process allows for the gradual refinement of the general programme, to the 
point where detailed local requirements can be incorporated in the second stage of 
the process. The generic programme could have widespread application to many 
similar establishments.

430. To illustrate the first stage of the above process, generic operational radiation 
protection programmes have been developed for four particular uses of ionizing 
radiations. They should not be regarded as complete as they are only intended as 
examples. Details will be found in Annexes II-V  as follows:

Annex II: Industrial sterilization plant (large irradiators)
Annex III: A nuclear medicine department of a hospital
Annex IV: Industrial radiography
Annex V: A small user of industrial gauges.

OPTIMIZATION OF A COMPLETE RADIATION PROTECTION 
PROGRAMME

431. An operational programme developed in accordance with the preceding section 
should be optimized in order to achieve the best distribution of resources. It is recom
mended that this be achieved by use of the seven stage framework described in 
Section 3 of Ref. [1].
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5. ELEMENTS OF A REGULATORY PROGRAMME FOR 
ASSURING SAFE USE OF RADIONUCLIDES

RESPONSIBILITIES OF THE USERS AND THE COMPETENT AUTHORITIES

501. The use of radionuclides is usually regulated by competent authorities. The 
basic goal of the users of radioactive material and the competent authority is the 
same, namely, the safe use of radioactive material. However, the responsibilities of 
each are different.

502. Users of radioactive material have primary responsibility for performance. 
Using the optimization process described in previous sections, they must establish 
and conduct their programmes such that radioactive material is used safely, and all 
requirements of the competent authority are complied with.

503. The competent authority is responsible for establishing a framework of control 
by defining standards and taking enforcement action as appropriate. The competent 
authority must also concern itself with the cumulative impact of all regulated activi
ties on public health and safety. Therefore, it is necessary for the competent authority 
to monitor the regulated industries or activities as a whole.

ELEMENTS OF THE REGULATORY PROGRAMME

504. A comprehensive regulatory programme administered by the competent 
authority consists o f (a) a basic radiation protection policy, (b) a set of regulations 
codifying policy, radiation safety standards, administrative requirements and other 
safety requirements, (c) an authorization programme, (d) a monitoring, inspection 
and enforcement programme, and (e) an emergency response capability. The follow
ing sections cover these elements in more detail.

Basic radiation protection policy

505. The competent authorities normally establish the basic policy with respect to 
radiation. The Basic Safety Standards [3] provide the basic concept from which this 
policy can be developed, i.e. regulating the uses of radiation for beneficial purposes 
while providing protection against undue risk of harmful effects.

Establishment o f regulations

506. The competent authority must establish regulations which codify its require
ments for safe use of radioactive material. Various aspects of comprehensive
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regulations are discussed below. A brief outline of typical regulations is provided in 
Annex III. Other IAEA safety standards and various international and national stan
dards may also be consulted for guidance in developing comprehensive regulations.

Radiation protection policy

507. The competent authority’s basic radiation policy is normally incorporated into 
the regulations.

Radiation protection standards

508. Radiation protection standards are stated in terms of various limits and refer
ence levels. These concepts are explained in detail in the Basic Safety Standards [3]. 
The regulations should provide adequate definitions to allow implementation of the 
standards by both the competent authority and users of radioactive material. The 
limits and reference levels are:

(a) Primary dose limits: Radiation dose limits must be specified for workers and 
members of the general public. These limits should not be exceeded under any 
circumstances. Primary dose limits are typically specified for effective dose 
equivalent and for dose equivalent to individual organs and tissues.

(b) Secondary limits: Secondary limits should be specified for cases where primary 
limits cannot be applied directly. For example, annual limits on intake are 
specified to limit internal exposure from inhalation or ingestion.

(c) Derived limits: Derived limits are related to the primary limits by a defined 
model of the situation and are intended to reflect the basic limits. Derived 
limits may be set for quantities such as dose equivalent rate in a workplace, 
contamination of air, contamination of surfaces and contamination of environ
mental materials. The accuracy of the link between derived limits and basic 
limits depends on the realism of the model used in the derivation.

(d) Reference levels: Certain levels o f various quantities, such as dose or dose rate, 
may be used to determine a particular course of action, even if a limit is not 
reached. The regulations may specify such reference levels which indicate the 
need for recording or investigation. Subsequent corrective action may reduce 
exposures and prevent a subsequent overexposure or similar incident.

ALARA principle

509. A widely recognized principle of radiation protection is that exposures shall 
be ‘as low as reasonably achievable’ (ALARA). The ALARA principle means that 
even exposures below applicable limits should be permitted only if justified by the 
benefits and costs. Most uses of radioactive material within the scope of this docu
ment can be accomplished reasonably economically with resulting radiation
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exposures to workers and the public at only a small fraction of applicable limits. The 
establishment of reference levels is particularly useful in applying the ALARA prin
ciple in operational situations. When such reference levels are exceeded, an investi
gation may be carried out to determine if doses can be reduced at reasonable cost.

Administrative requirements

510. The competent authority’s administrative requirements for conducting its 
regulatory programme are specified, namely:

(a) Notification, registration and licensing: Uses of radioactive material should be 
subject to a system of notification, registration or licensing. Notification and 
registration requirements are applied to uses of radiation involving lesser 
potential hazards. Notification requires merely informing the competent 
authority; registration involves acknowledgement from the competent 
authority. Licensing requirements may be imposed in cases where applicants 
must demonstrate to the competent authority in advance that they can conduct 
their operations safely. The regulations should specify which activities require 
notification, registration, or licensing, and how persons can comply with the 
various requirements.

(b) Exemptions: The regulations may specify that certain radioactive materials and 
uses are exempt from regulation by the competent authority, either because the 
hazard is low or because the exemption is provided by law. The Basic Safety 
Standards [3] provide general principles for establishing such exemptions.

(c) Enforcement policy: The regulations may specify that users of radioactive 
material are subject to regulation and inspection by the competent authority, 
and that violators are subject to appropriate enforcement sanctions.

Other safety requirements

511. In addition to basic safety standards, other safety requirements should be speci
fied. These requirements are designed to control the use of radioactive material so 
that radiation exposure is also controlled. The areas to be considered will include:

(a) Restriction of exposure, with priority given to engineering controls and design 
features, but supported by administrative measures

(b) Organization of working methods
— designation of areas
— designation of workers and requirements for specialist safety advisers
— operating procedures
— provision of adequate information, instruction and training

(c) Personal dosimetry and medical surveillance, including the maintenance of 
radiation dose records
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(d) Control of radioactive materials
— inventory control
— storage facilities
— transport
— disposal

(e) Monitoring for radiation and contamination
— the maintenance of appropriate records
— regular testing of monitoring instruments

(f) Assessment of hazards and provision of emergency arrangements
(g) Responsibilities on manufacturers, suppliers and installers of new items of 

equipment.

512. Regulations should incorporate generic requirements for all of the above and 
these should be applicable to all work activities. Provision should be available to add 
more specific and more restrictive requirements for those activities that warrant such 
detail.

Authorization programme

513. The competent authority should maintain a system for granting authorizations 
to possess or use radioactive material. Such a system will include: a procedure by 
which persons can apply for authorizations, and a review process by which requests 
are evaluated and granted, usually by issuing a licence. To implement this 
programme, the authority maintains a staff of persons trained in the uses of radio
active material, potential hazards and safety procedures. The depth of review for 
each application depends on the hazard involved.

Monitoring, inspection and enforcement

514. A monitoring, inspection and enforcement programme is carried out by the 
competent authority to assure compliance with its regulations.

Monitoring

515. The authority monitors activities involving radioactive material by reviewing 
notifications, registrations and other reports for any indication of a potential hazard. 
These reviews may be followed up by actual site visits and radiation surveys to con
firm whether a violation or hazard exists. Some competent authorities also conduct 
random surveys for excess levels of radiation, even where no report of a potential 
problem is received.
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Inspection and enforcement

516. Users of radioactive material or of devices containing radiation sources should 
be checked to ensure that they are complying with regulations and other applicable 
requirements. Inspections are aimed at:

— ensuring that equipment, facilities, systems, buildings and operational proce
dures correspond to the regulations;

— checking the validity of operational documents, instructions and warning 
notices;

— confirming the qualification and fitness of staff;
— discovering deficiencies and problems not previously identified;
— checking on actions resulting from previous inspections.

517. Inspections can involve one or more of the following:

— examination of operational or other documents, especially records of personnel 
exposures, external radiation measurements, contamination measurements or 
release of radioactive effluents to the environment;

— interviews and/or consultation with management or staff;
— visual examination of working practices;
— routine checks of specific items related to safety, such as the operation of safety 

and warning systems;
— independent measurement of external radiation, airborne radioactivity or 

contamination.

518. The scope and depth of the investigation will be determined by many factors, 
such as:

— the potential for significant exposure;
— the reliability of the user, derived by assessment of equipment standards, 

qualification level and experience gathered during former inspections;
— resources of the competent authority.

519. It is recommended that users be categorized as follows, and be routinely 
inspected within the corresponding time intervals:

Category A : high safety risk : every 1-3 years 
Category B : medium safety risk : every 3-5 years 
Category C : low safety risk : every 5-10 years.

520. Under normal conditions, it is suggested that the following categories are 
appropriate to the techniques and applications described in Annex I (X ray applica
tions are not included because they are outside the scope of this publication; applica
tions which are not commonly encountered are also excluded).
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Paragraph Application Category

1-1003 Industrial gamma and X ray radiography
— On-site A
— Fixed installation B

1-1019 X ray fluorescence C
1-1023 Electron capture C
1-1027 Neutron capture and activation analysis B
1-1031 Transmission gauges (beta and photon) B
1-1036 Beta backscatter gauge B
1-1040 Gamma backscatter gauge C
1-1044 X ray fluorescence gauge C
1-1048 Photon switching (level gauge) B
1-1056 Gamma scattering B
1-1060 Thermalization of neutrons B

1-1068 Radiation beam therapy A
1-1072 Brachytherapy A
1-1076 Radiation sterilization A
1-1081 Food preservation A

1-1085 Radioisotope tracer techniques B
1-1093 Therapeutic uses of radionuclides A
1-1094 Self-luminous devices (manufacturing) A
1-1098 Enhancement of electrical discharge

(manufacturing) B
1-1102 Uses of thorium (manufacturing) A

1-1105 Static eliminators C
1-1110 Smoke detectors (manufacturing) B
1-1118 Dewpoint meters (manufacturing) B

The category should be shifted to the next higher category of risk, if:

— the activity used is higher than average or the number of sources in use is large;
— alpha emitters of significant activity are used.

The advice given above refers only to the frequency of routine inspections. Addi
tional inspections may be necessary, for example following an accident or incident, 
or following significant changes in key personnel.
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Emergency response capability

521. The competent authority may maintain the capability to conduct effective sur
veillance in response to an accident or other immediate hazard involving radioactive 
material. In many cases, the licensee or other authorized user may be capable of 
responding to the situation and adequately protecting health and safety. However, in 
other cases, the accident may go beyond this capability, and the competent authority 
must respond. The response may include an assessment of the hazard, protection 
actions to contain radioactive material and prevent exposures, elimination of the haz
ard, and removal and disposal of any hazardous material or contamination. The 
following are suggested elements of an emergency response capability:

— A written procedure to be followed if the competent authority is notified of an 
incident

— Persons trained to respond to radiation emergencies
— Warning signs, radiation detection instruments and related equipment available 

for immediate use
— Identification of experts in other organizations who may be called upon to 

assist
— Identification of the responsibilities and functions of the competent authority, 

licensee and third parties in responding to an emergency.

For further details, reference can be made to Ref. [7].
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Annex I

USES OF RADIONUCLIDES IN INDUSTRY, MEDICINE, 
RESEARCH AND TEACHING

INTRODUCTION

1-1001. This annex summarizes the main uses of radionuclides in industry, medi
cine, research and teaching and categorizes these uses under six principal techniques, 
each of which is subdivided into a number of more specific applications. For those 
applications involving the use of sealed radiation sources the use is briefly described, 
a schematic diagram is included, typical radiation sources are listed, a selection of 
particular uses is given and a brief mention is made of the more important aspects 
of radiation protection associated with the application. Those applications involving 
unsealed radioactive materials do not lend themselves to such a format. Instead, each 
application is briefly described and typical examples are noted. Where appropriate, 
mention is made of the more important aspects of radiation protection. In a few cases 
the technique is only rarely encountered and this is denoted by an asterisk in 
para. 1-1002 below.

TECHNIQUES AND APPLICATIONS

1-1002. The techniques and applications described in the subsequent paragraphs of 
this annex are listed below:

Radiography techniques (industrial and medical)

Industrial gamma and X ray radiography (non-destructive testing)
Medical diagnostic radiography 
Beta radiography*
Neutron radiography*

Analytical techniques

X ray fluorescence 
Electron capture
Neutron capture and activation analysis

Gauging techniques

Transmission gauges (beta and photon)
Beta backscatter gauge
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Gamma backscatter gauge 
X ray fluorescence gauge 
Photon switching (level gauge)
Selective gamma absorption 
Gamma scattering 
Thermalization of neutrons 
Neutron transmission*

Irradiation techniques

Radiation beam therapy (teletherapy)
Brachytherapy
Radiation sterilization, cross-linking, curing and grafting 
Food preservation

Techniques involving unsealed radioactive materials
Radioisotope tracer techniques 
Therapeutic uses of radiopharmaceuticals 
Self-luminous devices 
Enhancement of electrical discharge 
Uses of thorium

Miscellaneous techniques

Static elimination 
Smoke detectors 
Lightning warning systems*
Dewpoint meters 
Nuclear batteries*

Inadvertent concentration of radioactivity 
Inadvertent production of X rays.

RADIOGRAPHY TECHNIQUES (INDUSTRIAL AND MEDICAL)

Industrial gamma and X ray radiography (non-destructive testing)

1-1003. Gamma or X ray radiation is passed through the sample under investigation 
(Fig. 1-1) and the emergent radiation beam is recorded, traditionally on photographic 
film, but increasingly by fluoroscopic means, generally with image intensification, 
and possibly with the use of video recording techniques (sometimes known as ‘real 
time radiography’). Imperfections, voids or corrosions in the sample attenuate the
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FIG. 1-1. Non-destructive testing.

TABLE 1-1. TYPICAL 
RADIOGRAPHY

RADIATION SOURCES FOR INDUSTRIAL

X rays Up to 8 MV 140-300 kVp 60-140 kVp

Gamma ray sources Co-60 Ir-192 Tm-170

Typical 100 GBq few tens of GBq 
to 1 TBq

Up to: 100 TBq 10 TBq 1 TBq

Materials Optimum working thickness:

Steel
Light alloy 
Others

50-150 mm 
150-450 mm 

40-120 g-crrT2

10-60 mm 
40-190 mm 

10-50 g-cm “2

2.5-12.5  mm 
7.5-37 mm 

2-10 g-cm “2

radiation beam to different extents from the main body of the sample and hence show 
as detail on the recorded image.

Typical radiation sources

1-1004. Depending upon the sample under investigation, the source of radiation may 
be an X ray set (from a wide range of X ray energies), an accelerator or a gamma 
radiation source (again from a range of available energies). Typical sources and 
applications are shown in Table 1-1.
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1-1005. Uses include non-destructive inspection of:

— welded joints (pipes, boilers, storage tanks, processing plants, etc.)
— castings (valves, engine components, etc.)
— tyre structure (often with the aid of fluoroscopy and image intensification)
— baggage and parcels (increasingly by the use of tomographic X ray techniques 

with image retention and enhancement systems).

Radiation protection

1-1006. In fixed installations, the work should normally be carried out inside a 
shielded enclosure or cabinet, provided with ‘fail-safe’ interlocks on all access 
points. For ‘open-shop’ or ‘site’ radiography a carefully controlled and demarcated 
exclusion area must be maintained around the work. Whenever possible, radiation 
beams should be collimated to restrict unnecessary exposure. Audible or visual 
warnings must be provided before an exposure is initiated and throughout its dura
tion. Where remote exposure containers are used with gamma sources, a reliable 
radiation monitor must be employed after each exposure to ensure that the source 
has correctly retracted into the container. Such containers should be subject to rigid 
maintenance procedures to minimize the possibility of a failure of the source trans
port mechanism. Under most circumstances they should meet transport container 
Type B criteria because they will be used for transporting sources [2],

Medical diagnostic radiography

1-1007. As with other types of radiography, radiation is transmitted through the part 
of the patient’s body under examination and the emergent beam falls on an image 
detecting surface such as a fluorescent screen (Fig. 1-2). In radiography a relatively

Typical uses

( b )

FIG. 1-2. Medical diagnostic radiography: (a) radiography; (b) fluoroscopy.
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intense radiation beam of short duration produces an instant image which is 
recorded, usually on film. In fluoroscopy a relatively low intensity, continuously 
generated radiation beam is viewed, usually via an image intensification system with 
television, and with video recording for a permanent record.

Typical radiation sources

1-1008. Medical diagnostic radiography almost exclusively involves the use of 
X rays generated over the range 30 to 130 kVp (the actual kilovoltage depending 
on the application). Battery powered image intensification and TV systems are 
available for use with a radionuclide source, usually 125I in the range 4-20 GBq 
(100-500 mCi), although 241Am has also been used.

Typical uses

1-1009. X ray radiography covers a full range of radiographic and fluoroscopic tech
niques, with even more sophisticated methods becoming available. The radionuclide 
based instruments tend to be capable of producing images of adequate diagnostic 
quality for only a limited range of body parts, such as teeth and extremities.

Radiation protection

1-1010. X ray protection must involve both patient and operator but is beyond the 
scope of this document. The radionuclide based instruments must be designed with 
a good shutter system, the position of which is clearly and unambiguously indicated. 
It must be protected against unauthorized use, and against accidental damage to the 
source. The operator must not be exposed to the direct radiation beam.

Beta radiography

1-1011. Beta particles are transmitted through the sample and the intensity of the 
emergent radiation beam, which is determined by the mass per unit area of the 
sample, is generally recorded on photographic film (Fig. 1-3).

X ray film

Watermark Paper

Plastic 14C sheet

FIG. 1-3. Beta radiography.
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Typical radiation sources

1-1012. The energy of beta ray source chosen will depend upon the sample under 
investigation. Typically, polymethylmethacrylate sheet uniformly loaded with 14C 
at an activity of about 40 kBq-g -1 (100 ^Ci -g“') produces an image in about 15 h 
of a sample of thickness 6 m g-cm '2 (approximately newspaper thickness).

Typical uses

1-1013. Though not commonly encountered, the method has been used to identify 
details of watermarks in paper and in the identification of the chronological dating 
of historical papers and musical manuscripts. Possibly more closely akin to this 
application than to true X ray radiography is the use of very low energy X rays for 
the examination of paintings.

Radiation protection

1-1014. Careful handling techniques must be used to prevent direct exposure to the 
active face of the source and removal of surface activity.

Neutron radiography

1-1015. Thermal neutrons are transmitted through the sample (Fig. 1-4) and the 
emergent radiation beam is converted so that it can be recorded either electronically 
or on film. Recorded detail from the sample depends on either the scattering of ther
mal neutrons out of the radiation beam by low atomic number material in the sample 
or the absorption of neutrons in material having a high neutron cross-section.

Gd screen

FIG. 1-4. Neutron radiography.
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Typical radiation sources

1-1016. The source is usually 252C f of 100 /xg to 10 mg mass. Thermal neutrons 
from a reactor or from a neutron generator can also be used.

Typical uses

1-1017. This technique is not commonly encountered but is employed in non
destructive inspection of samples incorporating light elements and metals, e.g. in 
servicing aircraft components, turbine blades and valve assemblies.

Radiation protection

1-1018. In principle, the precautions will be similar to those for X and gamma ray 
radiography, but in practice the accessible dose rates from a neutron source will be 
very much lower.

ANALYTICAL TECHNIQUES 

X ray  fluorescence

1-1019. An X ray tube or a low energy photon source is used to excite fluorescent 
X rays in the sample under investigation. The specific energies of the X rays yield 
information about the elements present in the sample, whilst their intensity provides 
a quantitative measure of each element (Fig. 1-5).

FIG. 1-5. X  ray fluorescence scheme.
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Typical radiation sources

1-1020. The large, often automatic, laboratory instruments which have largely 
replaced wet analytical chemistry, utilize an X ray tube operating in the range 
40-60 kVp at a tube current of 20-60 mA. Portable instruments employ a low energy 
photon source with an activity usually in the range 40 MBq to 40 GBq (1-1000 mCi). 
Suitable sources include:

Isotope Highest element excited Z

Fe-55 V 23
Pu-238 Y 39
Pm -147 (brem.) 60
Am-241 Tm 69
Cd-109 Pb 82
Gd-153 Fr 87
Co-57 C f 98

Typical uses

1-1021. Typical uses include:

— routine chemical analysis as a part of production control;
— trace element analysis;
— analysis of ores in the field;
— constituents of alloys.

Radiation protection

1-1022. The low energy photon sources used are relatively easily shielded but care 
must be taken to prevent direct exposure to the primary radiation beam, especially 
close to the instrument. A well designed and well maintained proximity device can 
prevent opening of a safety shutter unless the probe is in contact with the sample to 
be investigated. Care must be exercised to avoid damage to the front face of the 
sources.

Electron capture

1-1023. Gas from a chromatography column is passed into an ionization chamber 
which incorporates a low energy beta source (Fig. 1-6). The ionization current in the 
chamber drops when a compound enters which has a high electron affinity and the 
output trace from the chamber provides the means for identification.
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FIG. 1-6. Electron capture.

Typical radiation sources

1-1024. The sources used include: 63Ni of about 400 MBq (10 mCi) or tritium of 
about 20 GBq (500 mCi).

Typical uses

1-1025. Typical uses include measurement of halogenated pesticides (to 10~12 g) 
and applications in explosives detectors.

Radiation protection

1-1026. The sources used are not sealed and small quantities of radioactive material 
can be carried over and deposited close to the outlet point o f the ionization chamber. 
Regular cleaning and monitoring prevents a buildup to significant levels. The tem
perature at which tritium sources are used must be restricted to prevent excessive 
release of tritium gas.

Neutron capture and activation analysis

1-1027. Fast or thermal neutrons undergo (n,7 ), (n,p), or similar reactions in ele
ments in the sample under investigation. These elements then emit either prompt or 
delayed gamma rays and nuclear reaction products which can be analysed in terms 
of energy, rate of decay and intensity, thus providing qualitative and quantitative 
identification of the elements (Fig. 1-7).
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FIG. 1-7. Neutron capture and activation analysis.

Typical radiation sources

1-1028. The sources used include: 241Am-Be of 40 GBq to 4 TBq (1-100 Ci), 
252C f in amounts of about 1-1000 p.g, 14 MeV neutron generators and nuclear 
reactors.

Typical uses

1-1029. Typical uses include:

— Trace element analysis to ppm level (for example in forensic science)
— Pollution analysis
— Measurement of silicon, chromium, aluminium, etc., in the analysis of ores
— Production control measurement of oxygen in steel
— Borehole analysis.

Radiation protection

1-1030. Shielding and appropriate safety devices prevent exposure to the primary 
irradiation source. Handling tools and suitable transport containers minimize 
exposure from the irradiated samples. Before any handling is undertaken a radiation 
dose rate check should be made on all newly irradiated samples.
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GAUGING TECHNIQUES

Transmission gauges (beta and photon)

1-1031. In this application the source of radiation and the detector are on opposite 
sides of the sample under investigation (Fig. 1-8). Radiation is transmitted through 
the sample and the degree of absorption is a direct measure of the thickness or den
sity. The radiation quality and intensity are adjusted to each particular application.

Shutter
Sample

Integrator

FIG. 1-8. Transmission gauges: (a) continuous sheet; (b) belt weighing.

Typical radiation sources

1-1032. Depending on the application, the source of radiation may be a beta source, 
a gamma source or an X ray tube. Typical examples are:

Radiation source Useful measurement range

Pm -147 
Kr-85 
Tl-204 
Sr/Y-90 

Medium voltage X rays 
Am-241 
Cs-137

1-15 m g-cm '2 
5-100 m g-cm '2 
7-150 mg •cm"2 
25-500 m g-cm "2 

Up to approx. 20 mm steel 
Up to 10 mm steel 
Up to 100 mm steel

1-1033. The beta sources usually range from 40 MBq to 40 GBq (1-1000 mCi), 
whilst the photon sources usually fall within the range 0.4-40 GBq (10-1000 mCi).
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Typical uses

(a) Beta transmission gauges

— Thickness measurements of plastic, paper, thin metal sheet, rubbers, 
textiles, etc.

— Determination of tobacco content of cigarettes
— Measurement of dust and pollutant levels on filter paper samples.

(b) Photon transmission gauges

— Thickness measurements of metal sheets (steel rolling mills), glass, plastics, 
rubber, etc., at thicknesses that are too large for beta gauges

— Monitoring of bulk flow of material on conveyors or in pipes
— Bone density measurement to diagnose oesteoporosis.

Radiation protection

1-1035. A shielded and shuttered source container must be provided and arranged 
so that the shutter automatically closes if no sample is present. A clear indication 
must be provided and maintained to denote shutter condition. Access needs to be res
tricted at positions close to the gauge, possibly by the use of flat plates attached to 
both the source and detector housings (known as ‘guide plates’). Care must be taken 
to distinguish between beta and bremsstrahlung radiation when measuring dose rates 
in the vicinity of these gauges, particularly with gauges employing higher energy 
beta sources. Precautions are also necessary to avoid damage to the source during 
normal operations and during cleaning.

1-1034. Typical uses include:

Beta backscatter gauge

1-1036. The source and detector are on the same side of the sample, often with the 
source incorporated into the face of the detector (Fig. 1-9). The intensity of the radia
tion backscattered from thin samples gives a measure of the sample thickness and/or 
the atomic number of the sample.

Typical radiation sources

1-1037. The isotopes most generally used are 147Pr, 85Kr, 204T1 and 90S r/90Y. For 
point sources the activities usually fall within the range 40-200 MBq (1-5 mCi).
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FIG. 1-9. Beta backscatter gauge.

Typical uses

1-1038. Typical uses include:

— Measurement of the thickness of thin samples of paper, plastics, rubber, 
etc.

— Determination of the thickness of a coating on a substrate, provided that 
there is sufficient difference in either the densities or the atomic numbers 
of the two materials.

Radiation protection

1-1039. For production line applications, a shielded and shuttered source container 
must be provided and arranged so that the shutter automatically closes if no sample 
is present. A clear indication must be provided and maintained to denote the shutter 
condition. Access needs to be restricted at positions close to the gauge. Particularly 
with gauges employing higher energy beta sources, care must be taken to distinguish 
between beta and bremsstrahlung radiation when measuring dose rates in the vicinity 
of these gauges. For laboratory instruments and portable gauges, care must be taken 
to avoid direct exposure o f the operator to the source. Depending on the application, 
this might be achieved by the use of a shielded and shuttered source container or 
a proximity device linked to a shutter, or by ensuring that only the sample under 
investigation can gain access to the source. Where a shutter is provided a clear indi
cation must be maintained to denote the shutter condition. Care must be exercised 
during source changing operations.
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Gamma backscatter gauge

1-1040. The source and detector are mounted on the same side of the sample and 
the intensity of the scattered radiation is a measure of the sample thickness or the 
mean atomic number of the material. The method is used for the measurement of 
substances of low atomic number for which transmission measurements are not suffi
ciently sensitive (Fig. I-10).

FIG. 1-10. Gamma backscatter gauges: (a) thickness; (b) mean Z.

Typical radiation source

1-1041. The sources include:

Isotope

Am-241 (4 GBq (100 mCi))

Cs-137 (2 GBq (50 mCi)) 
Pu-238 (1 GBq (25 mCi)) 
Am-241 (4 GBq (100 mCi))

Typical measurement range

Glass 1-10 mm 
Plastic 1-30 mm 

Glass greater than 20 mm

Ash in coal over the range 2-45%
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Typical uses

— Thickness determination for light alloys, glass, plastics, rubbers, etc., 
beyond the range of measurement o f beta sources

— Measurement of the wall thickness of pipes, tanks, process vessels, etc.
— Measurement of the ash content of coal (the ash increases the mean atomic 

number)
— Coal sensing probes on automatic coal cutting machines.

Radiation protection

1-1043. A shielded and shuttered source container must be provided and arranged 
so that the shutter automatically closes if no sample is present. A clear indication 
must be provided and maintained to denote shutter condition. Access needs to be res
tricted at positions close to the gauge. In the case of portable gauges, a proximity 
device should be provided to prevent opening of the shutter unless a sample is cor
rectly positioned against the gauge.

X ray fluorescence gauge

1-1044. A low energy photon source is used to excite fluorescent X rays in either 
the substrate or the coating of the material under investigation. In Fig. I - ll(a ) , the 
fluorescent X rays from the metal substrate are absorbed as they pass through the 
plastic coating and their resultant intensity is a measure of the thickness of the coat
ing. In Fig. I-11 (b), the fluorescent X rays are excited in both the substrate and the 
coating, but those from the substrate are removed by the use of an appropriate filter. 
The intensity of the X rays is then a measure of the coating thickness.

1-1042. Typical uses include:

( a ) ( b )

S o u rce Nal

Shutter

Plastic coating

'Metal substrate

FIG. 1-11. X  ray fluorescence gauges.

Zn coating 
Fe substrate
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Typical radiation sources 

1-1045. The sources used include:

Isotope

Fe-55 (200-800 MBq (5-20 mCi))

Range of application

0-25 fim plastic 
on aluminium

Tritium (40 GBq (1 Ci)) < 0 .1  to 10 /xm zinc
(bremsstrahlung) 

Pu-238 (1 GBq (25 mCi)) 
Am-241 (4-40 GBq

on iron 
1-100 /xm zinc on iron 
1-100 /xm zinc on iron

(100-1000 mCi))

Typical uses

1-1046. Typical uses include:

— Measurement of the thickness of plastic coatings on metals
— Measurement of the thickness of metals on other metals where there is only 

a small difference in atomic number between the metals, e.g. tin and zinc 
on iron, precious metals on copper.

Radiation protection

1-1047. A shielded and shuttered source container must be provided and arranged 
so that the shutter automatically closes if no sample is present. A clear indication 
must be provided and maintained to denote the shutter condition. Access may need 
to be restricted at positions close to the gauge. In the case of portable gauges, a prox
imity device should be provided to prevent opening of the shutter unless a sample 
is correctly positioned against the gauge.

Photon switching (level gauge)

1-1048. Gamma rays or X rays are transmitted from one side of a container or 
vessel to a detector mounted on the opposite side or sometimes from a source within 
the vessel to a detector on the outside. The intensity of the radiation reaching the 
detector is dependent upon the level o f the contents o f the vessel. In the most simple 
form (Fig. I-12(a)), a single source and single detector give a straightforward 
‘go’/ ‘no go’ indication of level. In the more sophisticated versions (Fig. I-12(b)), an 
array of sources and/or detectors can yield detailed information of levels in vessels.
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( a )

High
level
alarm

High signal 
reject

FIG. 1-12. Photon switch level gauge.

Typical radiation sources

1-1049. The sources used include:

— Low to medium energy X rays (liquid in cans)
— Am-241 (4 GBq (100 mCi)) (liquids in glass containers)
— Cs-137 and Co-60 (activity according to dimensions and contents of con

tainer, often in the range 2-80 GBq (50 mCi to 2 Ci)).

Typical uses

1-1050. Typical uses include:

— Packaging monitors, providing automatic rejection of partially filled cans, 
bottles, etc.

— Process control of the contents of large vessels, hoppers, etc., e.g. liquids 
in vessels, coal in hoppers

— Alignment of pusher and container on coke ovens.

Radiation protection

1-1051. A shielded, shuttered and collimated source container must be provided. 
Because weight is a constraint on container design, additional protection may be 
necessary around an installed container, in which case a simple mechanical guard can
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prevent close access. A clear indication must be provided and maintained to denote 
shutter condition. Access to the insides of vessels, upon which such gauges are 
installed, should be prohibited unless the shutter is closed. Portable gauges require 
a proximity device to prevent opening of the shutter unless the source container is 
in contact with the vessel being checked. Good maintenance procedures can be par
ticularly important because these gauges are often installed on industrial plants under 
conditions where there can be significant deterioration, for example of the shutter 
mechanism. Where the source is used within a vessel, its container must be properly 
protected against damage by the content o f the vessel.

Selective gamma absorption

1-1052. X rays or gamma rays of a specific energy are transmitted through the sam
ple under investigation (Fig. 1-13). The energy of the radiation is chosen so that 
absorption in the sample is predominantly sensitive to one compound or element 
(usually of high atomic number in otherwise low mean atomic number material).

Typical radiation sources

1-1053. The sources used include:

— Am-241/Ag (400 MBq (10 mCi)) for sulphur in oil measurement
— Fe-55 (800 MBq (20 mCi)) for ash in paper measurement.

Silver target

FIG. 1-13. Selective gamma absorption.
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Typical uses

— Measurement of sulphur in oils
— Measurement of lead in petrol
— Measurement of ash in paper.

Radiation protection

1-1055. A shielded and shuttered container must be provided and precautions taken 
to prevent exposure of the operator when the shutter is open. These precautions will 
depend upon the application but are most likely to involve an enclosure interlocked 
to the shutter mechanism. A clear indication must be provided and maintained to 
indicate the shutter condition.

Gamma scattering

1-1056. When gamma rays from a high energy gamma source are backscattered 
from a medium, their intensity gives a measure of the bulk density and porosity of 
the medium.

Typical radiation sources

1-1057. In most applications it is typical to find sources of either I37Cs or ^C o , at 
activities of about 20 GBq (500 mCi).

Typical uses

1-1058. Typical uses include soil density measurements both in boreholes (Fig. 
I-14(a)) and on the surface (Fig. I-14(b)). The technique is typically used during min
ing and oil exploration and for foundation surveying in the construction industry. 
The instrument may also incorporate a neutron source so that combined density and 
moisture measurements can be made (see paras I-1060-I-1063).

Radiation protection

1-1059. Since the instrument has to be portable, weight severely constrains the 
amount of inbuilt shielding. A subsidiary container, meeting the requirements of the 
transport regulations and incorporating further shielding, is generally required for 
transportation and storage. Significant dose rates, possibly transient, may occur, 
requiring careful use of the instrument within a controlled and demarcated area.

1-1054. Typical uses include:
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(b)

FIG. 1-14. Gamma scattering: (a) borehole probe; (b) surface monitor.

After each measurement using the probe version of the instrument, a check must be 
made to ensure that the source has correctly retracted into the housing.

Thermalization of neutrons

1-1060. Fast neutrons interacting with the sample medium are slowed down to 
epithermal or thermal energies by collisions with hydrogen or other light elements 
in the sample. The intensity of the slowed down neutrons gives a measure of the con
centration of these elements.

Typical radiation sources

1-1061. The sources used include:

-  Am-241-Be (1-800 GBq (30 mCi-20 Ci))
-  Cf-252 (0.1 Mg).
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Typical uses

— Soil moisture measurements in agriculture and in the construction industry 
(detection of the hydrogen content of the moisture). Neutrons may also be 
combined with a gamma source to provide a density measurement (see 
paras I-1056-1-1059).

— Oil prospecting (primarily detection of the hydrogen content of oil 
deposits).

— Production control measurement of the moisture content o f such materials 
as wood chips and sintermix coke.

Radiation protection

1-1063. For the borehole application, see Fig. 1-15. The production line application 
requires a shielded source container with a means for moving the source to a fully 
shielded position. A clear warning must be provided and maintained to indicate when 
the instrument is in use. Access needs to be restricted in the vicinity of the 
instrument.

1-1062. Typical uses include:

Moisture

FIG. 1-15. Neutron thermalization: (a) borehole probe; (b) production line application.
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Neutron transmission

1-1064. Thermal neutrons are transmitted through the sample under investigation 
and are removed out of the transmitted beam either by absorption or by scattering 
(Fig. 1-16). The resultant intensity of the transmitted beam then gives a measure of 
elements in the sample which have a high cross-section for either neutron absorption 
or neutron scattering.

Sample

FIG. 1-16. Neutron transmission.

Typical radiation sources

1-1065. The sources used include:

— Am-241-Be (10-40 GBq (0.25-1 Ci))
— Cf-252 (approx. 10 fig).

Typical uses

1-1066. Typical uses include:

— Measurement of boron content of detergents, glass, etc.
— Bulk element analysis in process control, e.g. water, lithium, boron, 

cadmium
— Weighing of explosives.

Radiation protection

1-1067. Normal precautions to restrict the exposure of the operator should be taken.
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IRRADIATION TECHNIQUES

Radiation beam therapy (teletherapy)

1-1068. Gamma rays, X rays or electrons are carefully directed onto the site of the 
tumour, possibly using multibeam techniques (Fig. 1-17). The concentration of radia
tion at the tumour site causes death of the tumour but with limited damage to the sur
rounding healthy tissue.

Shielded 
safety container

FIG. 1-17. Teletherapy.

Typical radiation sources

1-1069. The sources used include:

— Co-60, typically some 100-500 TBq (2.5-12.5 kCi), and Cs-137 of 
50-100 TBq (1.25-2.5 kCi)

— Electron accelerators (mainly linear accelerators) producing electron beams 
or X rays within the range 4-40 MeV

— X ray sets from 20 kVp to 250 kVp, depending on the penetration required.

Typical uses

1-1070. The technique is used for the treatment of a wide range of cancers, from 
superficial skin cancers to deep seated tumours.
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I-1071. In cobalt units the source is usually moved by transporting it, within its con
tainer, from a fully shielded position to a position emitting a carefully collimated 
radiation beam. A manual override is needed in case the automatic source transport 
mechanism should fail. A clear warning must be given both prior to and throughout 
an exposure. The patient is situated in a shielded room from which the operators 
must be excluded during, treatment, but with provision for rapid access should the 
patient become distressed. The safety system may-include electrical interlocks, light 
beams, etc. Personal radiation alarm monitors are recommended for staff. Particular 
care is needed in replacing the large sources used in cobalt teletherapy equipment. 
This work should preferably be undertaken by a manufacturer or supplier using 
equipment specially designed for the specific task.

Brachytherapy

1-1072. Brachytherapy is radiotherapy in which the radiation sources are virtually 
in direct contact with the tumour, either externally or internally, so as to produce 
carefully defined irradiation at very short distances. There are three subdivisions of 
this technique: (i) ‘interstitial’, where wires are introduced surgically into tissues, 
(ii) ‘intracavitary’, where sources are placed in natural body orifices and (iii) ‘sur
face’ therapy. The intracavitary technique can involve manual positioning of sources 
but this should be replaced by ‘afterloading techniques’ (see para. 1-1189), which 
involve careful positioning of an inactive applicator, followed by either manual or 
remote insertion of the radiation source into the applicator (Fig. 1-18).

Radiation protection

Shielded
container

FIG. 1-18. Intracavity remote afterloading technique.

Typical sources and uses

1-1073. Caesium-137 and 60Co have largely replaced the traditional 225Ra sources 
that were used for many years. They are available in the form of ‘needles’ for inter
stitial treatments or ‘tubes’ for intracavitary techniques. Needles typically contain
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50-500 MBq (1-10 mCi) of 137Cs. Gold-198 is used for permanent interstitial 
implants, typically in the form of small millimetre size cylinders with activities up 
to 2 GBq. Strontium-90 is used for surface treatments, for example in treating the 
cornea of the eye. Typically, 1.5 GBq is incorporated into a plaque of active area 
400 mm2. Iridium-192 wire and resin encapsulated 125I are also used.

Radiation protection

1-1074. Remote afterloading techniques have virtually eliminated operator doses 
since all manipulations with the patient involve only an inactive applicator. Irradia
tion at high dose rates takes place within a fully shielded room from which the opera
tors must be excluded whilst a source is exposed. Radiation protection involves the 
provision, safe operation and observance of good safety and warning systems. On 
completion of each exposure, care must be taken to ensure that the source has fully 
retracted into the container. If, exceptionally, a fully shielded room is not to be used 
for low dose rate irradiation, careful control must be exercised over doses received 
by nursing staff, visitors and, possibly, other patients.

1-1075. In those situations where remote afterloading techniques are either inap
propriate or have not yet been introduced, very significant operator doses can occur 
(sometimes close to annual limits). Radiation protection involves local shielding, use
of special handling devices, skilled working and the provision of additional personal
dosimeters to maintain close control o f doses to both the whole body and extremities. 
Care must be exercised to ensure that all sources are removed from the patient on 
completion of the treatment.

Radiation sterilization, cross-linking, curing and grafting

1-1076. The direct ionizing effect of radiation is used (Fig. 1-19) for a number of 
purposes, for example:

(a) to kill or inactivate viruses or bacteria (sterilization)
(b) to modify polymer properties by inducing chemical links between individual 

macromolecules (cross-linking)
(c) to initiate polymerization in special coatings (curing)
(d) to activate surfaces so as to induce bonding (grafting).

Typical radiation sources

1-1077. The sources used include: 60Co up to 400 PBq and 137Cs up to 600 PBq 
predominantly for sterilization techniques; high energy electron beams (up to 
10 MeV) from accelerators, almost exclusively for radiation crosslinking; low 
energy electrons (0.15-0.30 MeV) for curing and grafting.
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FIG. 1-19. Direct ionizing effect o f  radiation.

Typical uses

1-1078. Industrial units are used particularly for the sterilization of medical products 
such as disposable syringes, bandages, etc. The dose that is given exceeds 35 kGy.

1-1079. Other uses are many and varied and are being continually developed; they 
include:

— Upgrading of wire and cable insulation for use at higher temperatures
— Production of heat shrinkable materials for packaging
— Radiation cross-linking of unvulcanized rubber
— Production of wood-plastic composites to improve mechanical properties
— Curing inks and adhesives on, for example, paper, metal, wood and plastics
— Coating or laminating paper, film and foil
— Curing magnetic coatings for audio and video tapes.

Radiation protection

1-1080. Because of the extremely high doses delivered in these applications, the 
main priority is to ensure that all persons are excluded from the irradiation area 
unless the source assembly is in the fully shielded position or the electron beam 
accelerator is de-energized. This is achieved by a combination of high quality safety 
devices and administrative controls, supported by warning systems and continuously 
operating radiation alarm monitors. Designers of such facilities should be aware that 
radiation damage to safety systems (e.g. to insulation on wires) may prematurely 
reduce the reliability of such systems, and maintenance schedules should reflect this.
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All the safety features should be designed and arranged to ‘fail to safety’. Source 
changing operations are potentially hazardous and should only be undertaken with 
the use of equipment especially designed for the purpose (and preferably supplied 
and operated by the manufacturer).

Food preservation

1-1081. Direct irradiation (Fig. 1-20) can be used to protect food against a variety 
of losses such as insect infestation, harmful microorganisms and other spoilage 
agents such as sprouting and natural ripening processes. The process can be applied 
equally well to bulk crops or to prepackaged products and in the latter case sub
sequent recontamination is unlikely.

FIG. 1-20. Food irradiation.

Typical radiation sources 

1-1082. The sources used include:

— Gamma radiation from ^Co or 137Cs up to 400 PBq
— Electron beams generated at not more than 10 Mev
— X rays generated at not more than 5 Mev.

Typical uses

1-1083. Typical uses include:

(a) Irradiation up to 1 kGy

— Inhibition of sprouting in root crops
— Insect disinfestation in a variety of crops
— Delay of ripening, particularly in fruit.
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— Extension of shelf-life, particularly in meats
— Reduction of microbial load in a variety of foods
— Improvement in technological properties of food.

Radiation protection

1-1084. Because of the extremely high doses delivered in these applications, the 
main priority is to ensure that all persons are excluded from the irradiation area 
unless the source assembly is in the fully shielded position or the electron beam 
accelerator is de-energized. This is achieved by a combination of high quality safety 
devices and administrative controls, supported by warning systems and continuously 
operating radiation alarm monitors. Designers of such facilities should be aware that 
radiation damage to safety systems (e.g. to insulation on wires) may prematurely 
reduce the reliability of such systems, and maintenance schedules should reflect this. 
All the safety features should be designed and arranged to ‘fail to safety’. Source 
changing operations are potentially hazardous and should only be undertaken with 
the use of equipment especially designed for the purpose (and preferably supplied 
and operated by the manufacturer).

(b) Irradiation from 1 to 10 kGy

TECHNIQUES INVOLVING UNSEALED RADIOACTIVE MATERIALS 

Radioisotope tracer techniques

General principles

1-1085. The principle of a tracer investigation is to label a part of a system, whether 
it be an industrial process or a biological function, and then either to use sensitive 
detectors to trace the labelled item through the system or to carry out a quantitative 
assay of a sample taken from the system. The basic requirements of a tracer are:

(a) It should behave in the same manner as the material under investigation
(b) It should be easily and unambiguously detectable at low concentrations
(c) Injection, detection and/or sampling should be achieved without disturbing the 

system
(d) The residual concentration of tracers should not be unduly deleterious to the 

system.

Radioisotope tracers readily meet these requirements subject to appropriate choice 
of, and sometimes compromise between, half-life, specific activity, type and energy 
of radiation emitted, and chemical and physical form.
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Industrial and research applications

1-1086. Typical industrial applications include:

Ventilation — flow rates
— filtration efficiency

Mixing — of fluids, powders, slurries, gases

Flow — velocity in pipes
— material transport
— phase change (e.g. from liquid to gas)

Leakage — from process plants
— detection in underground pipes
— testing of gas filled cables

Wear — rate o f engine wear
— corrosion in process plant.

The isotopes in common use include 3H, 14C, 24Ra, 32P, 35S, 41Ar, 45Cd, 46Sc, 
68Ga, 76As, 82Br, 85Kr, l33Xe, l40La, 198Au and 203Hg. The activity depends upon 
the application. Typical research applications may be closely allied to the above or 
may be more directly compared with medical applications, e.g. radiopharmaceutical 
research.

Medical applications

1-1087. Radioisotope tracer techniques enable studies to be made of the functioning 
of many body processes, either in health or in disease. This can be achieved either 
in vivo by the administration of radiopharmaceuticals and subsequent examination 
of the patient using, for example, a gamma camera, or in vitro by taking a sample 
from the patient and using radionuclide tracers for its subsequent analysis (e.g. radio
immunoassay). Even more powerful techniques are being developed.

1-1088. The most important radionuclide used for in vivo studies is "T cm because 
of its short half-life (6 hours) and ideal radiation properties and its ready incorpora
tion into many suitable compounds. It can be produced, on-site, in a ‘generator’ from 
a ‘mother’ substance of longer half-life. A wide range of other radionuclides may 
be used for in vivo studies.

1-1089. The radionuclides most commonly used for in vitro studies include 3H, 
14C, 75Se and 125I.

1-1090. The quantity of radionuclide used depends upon the application and the 
patient.
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Radiation protection

1-1091. Once a tracer investigation is in progress it is unlikely that anything more 
than small quantities of radioactive materials will be manipulated. However, it is 
possible that an external radiation hazard may be present at the outset, if quite large 
quantities of gamma emitters are handled, for example in a large industrial investiga
tion. In many cases ‘good housekeeping’ plus safeguards to prevent cross
contamination (which could invalidate the investigation) will suffice to ensure ade
quate radiological control.

1-1092. In medical applications care may have to be exercised over excreta contami
nated with radioactivity. On the other hand it is likely that biological, or even chemi
cal, hazards may be of greater significance than the slight amounts of radioactivity 
in many biological samples.

Therapeutic uses of radiopharmaceuticals

1-1093. The only major application is the use of 131I for the treatment of thyrotoxi
cosis and for the treatment of certain cancers of the thyroid gland. Typically, 40 MBq 
(1 mCi) is administered orally to an adult for cancer treatment and care must be exer
cised to avoid spillages during administration and to prevent contamination during 
the subsequent nursing of the patient.

Self-luminous devices

1-1094. Radioactive material is used with a fluorescent material to produce light 
without an external power source. The device often consists of a radioactive gas in 
a glass container, the walls of which are coated with phosphorescent material. Alter
natively a ‘luminous paint’ can be used where the radioactivity may be in the form 
of tritiated polystyrene in lacquer.

Typical radiation sources

1-1095. Tritium is the most common radionuclide, but l47Pm and 85Kr are also 
used. Typical small sources are 1-8 GBq (25-200 mCi). Large sources may contain 
400 GBq (10 Ci) or even more.

Typical uses

1-1096. Numerous uses are common, such as light sources and substitutes for low 
intensity electric lights. Small sources are used in timepieces, instrument dials and
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optical systems. Larger sources are used in emergency signs, possibly consisting of 
an array of differently shaped glass containers.

Radiation protection

1-1097. The radiation is primarily beta radiation, so there is minimal external 
hazard. Sources should be protected against damage, as a leaking source represents 
a potential hazard. Good source accountancy procedures are essential to ensure even
tual safe disposal.

Enhancement of electrical discharge

1-1098. An electrical discharge will occur between two electrodes when the poten
tial difference reaches a certain value which is dependent upon the separation and 
the gas between them. If a source of ionization is located in the immediate vicinity 
of the electrodes the voltage at which discharge occurs is more reproducible. Such 
devices can contain a radioactive gas or a radioactive material can be incorporated 
into the electrodes.

Typical radiation sources

1-1099. The sources used include:

Gases: Kr-85 50 kBq (1.2 ptCi)
Tritium 1 MBq (25 /xCi)

Solids: U-238 50 MBq (1.2 mCi)
Pm-147 200 kBq (5 /xCi)

Typical uses

1-1100. Typical uses include:

— Improvement of the response time of certain types of electronic valves
— Improvement of the consistency o f operation o f large voltage protectors as 

used, for example, in radio transmitters and telephone equipment.

Radiation protection

1-1101. Only small amounts of radioactive material are used but the devices should 
be labelled to indicate their presence and to ensure ultimate safe disposal. Precau
tions may be necessary during maintenance, and especially if a glass device is 
broken.
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Uses of thorium

1-1102. Although not involving radiation, there are a number of industrial applica
tions where thorium is used because of its physical, chemical or metallurgical quali
ties. All such cases should be effectively treated as a use of an unsealed radioactive 
material and appropriate radiological safety procedures enforced.

Applications

1-1103. Uses include the following:

— Incandescent material in gas mantles
— Low concentration component of, for example, magnesium alloys in aero

engine casings
— Electron emissive material in the cathode of some incandescent lamps 

Surface coating for optical lenses
— Component part of some welding rods.

Radiation protection

1-1104. The annual limit o f intake (ALI) and the consequent derived limits for 
thorium are very low. As a result, particular care is needed to minimize air 
contamination.

MISCELLANEOUS TECHNIQUES 

Static elimination

1-1105. Static electricity on non-conducting surfaces is induced to leak away 
through ionized air paths produced by alpha particles from a radioactive source 
(Fig. 1-21).

Typical radiation sources

1-1106. Polonium-210 is invariably used either in the form of a foil source, or tiny 
‘microspheres’ incorporating 210Po which are mounted in an adhesive base. Static 
eliminator bars typically incorporate up to 8 GBq (200 mCi) of 210Po.

Typical uses

1-1107. There are numerous applications in industrial manufacturing processes, 
especially in those cases where non-conducting surfaces are rapidly separated from
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FIG. 1-21. Static eliminators.

a second, different material, e.g. the manufacture of plastics, papers and rubbers 
where the material is rapidly separated from rollers. Because these units incorporate 
no power source, they are particularly suited for use in areas where there is an 
inflammable solvent problem, provided that the solvent does not attack the bonding 
of the source.

1-1108. A similar application is the attachment of devices incorporating up to 
30 MBq (750 /xCi) of 226Ra or 24lAm to the top of lightning conductor rods. It has 
been claimed that these sources produce a stream of ionized particles above the 
lightning conductor which attracts the lightning flash.

Radiation protection

1-1109. Protection is mainly concerned with measures to maintain the integrity of 
the radioactive sources and checks to detect any possible spillage of loose radioactive 
material. Possible causes of damage are mechanical shock and the effect of organic 
vapours.
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Smoke detectors

1-1110. Two balanced ionization chambers contain small radiation sources which 
produce a constant ionization current in each chamber. One chamber is closed whilst 
the other is open to the atmosphere so that smoke can enter. Entry of the smoke 
causes a change in the ionization current and so alters the balance between the cham
bers, thus enabling an alarm to be triggered (Fig. 1-22). Alternatively, the ingress 
of smoke into a single chamber alters the ionization current and so triggers an alarm.

Closed reference 
chamber

FIG. 1-22. Smoke detector.

Typical radiation sources

1-1111. Radium-226 has now been almost wholly replaced by 24'Am. Industrial 
smoke detectors can incorporate up to 4 MBq (100 /tCi) of 241 Am, whilst domestic 
products are usually in the range 20-100 kBq (0.5-2.5 fiCi).

Typical uses

1-1112. There is widespread use of these devices in public and industrial premises 
such as factories, hotels, cinemas, etc. Their use in domestic premises is now very 
much on the increase.

Radiation protection

1-1113. These devices represent no significant hazard during normal use, and 
minimal precautions are necessary where very large numbers are being stored.
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During maintenance involving the cleaning of industrial ionization chambers, checks 
should be made to ensure that radioactive contamination is not present. Good accoun
tancy procedures are essential to ensure eventual safe disposal.

Lightning warning systems

1-1114. By measuring the electrical current in an ionization chamber containing a 
beta source, it is possible to determine the atmospheric potential gradient in the 
immediate area. Large potential gradients which are present near thunderstorms 
cause the current to increase.

Typical radiation sources

1-1115. Normally, a tritium foil containing up to 1 GBq (25 mCi) is used. 

Typical uses

1-1116. The measurement of the atmospheric potential gradient is used in industries 
where lightning could cause a fire or explosion. Examples are munition plants or 
dynamite operation sites.

Radiation protection

1-1117. Owing to the nature of tritium foils, some loss of radioactive material will 
occur. During maintenance, special precautions must be taken not to touch the source 
and to prevent physical damage.

Dewpoint meters

1-1118. If the pressure in a chamber can be varied, condensation can be produced. 
The temperature and pressure at which condensation commences can be related to 
the dewpoint of the gas in the chamber. If a small alpha source is placed in the cham
ber, water vapour will condense on the particles in a more consistent manner than 
if the source was not present.

Typical radiation sources

1-1119. The usual source is 24'Am, typically 200 kBq (5 piCi). Radium-226 has 
been used in the past but is now discouraged.

61

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



Typical uses

1-1120. Dewpoint meters are used to determine the moisture content of gases. 

Radiation protection

1-1121. Although only relatively small amounts of radioactive material are used, the 
devices must be clearly marked with a suitable warning so that the chamber is not 
opened by persons who are unaware of the presence of the radioactive source. Care 
must be exercised during maintenance procedures and, in particular, precautions 
should be taken against radon daughter contamination where 226Ra has been used.

Nuclear batteries

1-1122. If a temperature difference can be established between two components, 
electricity can be generated by the same principle as a thermocouple. Certain radio
active sources can be used to provide heat in a device which can then perform the 
same function as a battery, but with the advantage of a much longer life.

Typical radiation sources

1-1123. The sources used include:

— Sr-90, up to 1 PBq (20 kCi)
— Co-60, up to 1 PBq (20 kCi)
— Pu-238, up to 1 TBq (35 Ci)
— Pm-147, up to 2 TBq (70 Ci)

Typical uses

1-1124. Promethium-147 and 238Pu are used to generate the electrical power for 
cardiac pacemakers. Strontium-90 and ^Co are used as the power source for low 
power lights and transmitters which must function for extended periods without 
maintenance, e.g. navigational aids at sea.

Radiation protection

1-1125. For cardiac pacemakers, records must be kept of the name and address of 
the recipient in order to control disposal. Pacemakers must be designed to withstand 
credible accidents (such as plane crashes) or cremation. In the case of remote power 
sources, the unit must be recovered at the end of its useful life to permit safe disposal 
of the radioactive material.
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Inadvertent concentration of radioactivity

1-1126. A number of industrial processes involve the use of materials which contain 
an unwanted small, but ultimately significant, component of a naturally occurring 
radioisotope, usually thorium or uranium and their daughter products. Often the 
radioactivity of the original material is barely significant but it becomes concentrated 
at some point in the process such that a degree of protection may be necessary.

Phosphoric acid plants

1-1127. A major example of inadvertent concentration is a phosphoric acid plant 
(fertilizers and detergents) where the reaction of the phosphate rock, which is basi
cally calcium phosphate, with sulphuric acid, results in the unwanted precipitation 
of radium sulphate arising from the small amount of uranium contamination in the 
original material. The radium sulphate tends to attach itself to internal surfaces of 
the plant, resulting in significant external dose rates (often 5-10 /xSv-h"1 and occa
sionally as high as 50 /iSv-lT1). Clearly an associated problem is the possibility of 
contamination during plant maintenance.

Radioactivity in oil and natural gas

1-1128. The presence of natural radioactivity (226Ra, 232Th and their daughter 
products) in oil and gas fields has been recognized for more than 30 years. As 
production conditions change to involve the use of water injection techniques the 
natural radioactivity can concentrate and be incorporated in scales deposited on 
inside surfaces of the plant and pipework associated with production. These scales 
give rise to two hazards, an external radiation hazard in the working environment 
and the possibility of an internal radiation hazard from contact with the loose scale 
when the plant is opened up for maintenance. The concentrations of activity in scale 
measured in the United Kingdom vary from about 0.5 to 5000 Bq-g-1 and can give 
rise to radiation dose equivalent rates of some tens of microsieverts per hour at the 
external surfaces of moderately scaled plants.

Ores of precious metals

1-1129. Many of these ores contain small but ultimately significant quantities of 
thorium or uranium. The question of radiological risk may exist at some points in 
the extraction process and often the radioactive material is concentrated in the slag. 
Examples of such ores are:

— ilmenite (major source of litanium)
— monazite (major source of rare earths)
— pyrochlore (major source of niobium).
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Nickel-uranium catalyst

1-1130. A number of industrial processes incorporate the use of a nickel-uranium 
catalyst and some precautions have to be taken to guard against the radiological risk 
during the manufacture and use of this material.

Radiation protection

1-1131. A major element of the radiation protection is the recognition that a potential 
problem exists. Fairly simple precautions can then be instituted to minimize personal 
exposure to either an external or internal hazard. These precautions include the basic 
principles of good housekeeping to contain the small amounts of radioactivity and 
to prevent significant personal contamination.

Inadvertent production of X rays

1-1132. This annex would not be complete without noting that whenever high speed 
electrons are brought to rest there must inevitably be the production of X rays. Obvi
ously this is exactly the intention in an X ray tube but it may also occur in other situa
tions when the X rays are unwanted and indeed can prove troublesome because of 
the need to provide shielding. Similarly, a combination of a vacuum and a high vol
tage can also result in the inadvertent production of X rays.

1-1133. Examples of these situations include:

— Electron microscopes
— Electron beam welders
— Mass spectrometers
— Cathode ray tubes
— High voltage electronic valves
— High voltage vacuum devices
— High voltage insulator testers.
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Annex II

OPERATIONAL RADIATION PROTECTION PROGRAMMES 
APPLICABLE TO LARGE INDUSTRIAL IRRADIATION UNITS

ORGANIZATION AND MANAGEMENT

11-101. The amount of radioactivity in a large irradiator is typically about 
1016—1017 Bq, with some facilities exceeding 1018 Bq, so irradiators present a large 
potential gamma radiation hazard. The organizational structure should reflect a sig
nificant commitment to safety and a continuous awareness of radiation safety on the 
part of top management.

11-102. The radiation protection officer (RPO) and radiation protection staff (if any) 
should have a significant amount of their time available for safety duties. For larger 
facilities, a full time RPO should be appointed. The responsibilities of the RPO 
should include all aspects of radiation safety: policy, safety procedures, appointment 
and training of staff, quality assurance for installation of safety systems, surveillance 
and record keeping. Irradiator operators authorized to operate the irradiator without 
supervision should be designated in writing by the RPO. The irradiator should be 
kept in a safe shutdown condition unless an authorized operator is present.

11-103. All staff should be provided with written procedures for any assignments 
which require adherence to safety requirements or procedures. Senior management 
should frequently monitor the safety status of the facility, and include safety in their 
performance ratings of the irradiator management and staff.

PERSONNEL SELECTION AND TRAINING 

Radiation protection staff

11-104. Personnel should demonstrate a capability to follow safety procedures 
during both routine operations and emergencies. Therefore, all employees should 
demonstrate maturity and emotional stability. The RPO should have formal training 
in radiation safety, documented by a diploma or equivalent certificates, as well as 
experience working at an irradiator or a facility presenting similar radiation safety 
considerations. Other radiation safety staff should at least have documented formal 
radiation safety training. Training should be supplemented at the irradiator as 
appropriate to acquaint the staff with the safety requirements specific to the irradiator 
itself. Periodic refresher training should be provided at least annually to remind the 
staff o f safety requirements and review changes in requirements.
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Operational staff

11-105. Irradiator operators need not have any special qualifications beyond those 
appropriate for normal industrial positions. Special emphasis on psychological stabil
ity should be considered, owing to the importance of adhering to safety procedures. 
A training programme should be documented and completed by each member of the 
staff prior to starting irradiator work.

11-106. The formal training programme should include basic radiation protection, 
the use of radiation detection instruments, irradiator design and safety features, and 
operating and emergency procedures. Emphasis should be placed on the hazards of 
acute radiation exposures and excessive chronic exposures. Personnel should have 
adequate on-the-job training prior to working without supervision. Periodic refresher 
training should be provided at least annually to review safety procedures, changes 
in requirements or technology, the safety record of the facility and any problems 
experienced.

OCCUPATIONAL RADIATION CONTROL 

Control of external dose

11-107. Owing to the large amount of radioactive material involved, irradiator facil
ities will contain elaborate shielding and other safety features. It is not possible to 
discuss all design features in this publication. Those who are not familiar with irradi
ators should refer to the design of existing facilities. What follows is a summary of 
basic design features which must be considered in the occupational control 
programme.

Source design

11-108. The radiation sources used in the irradiator should be properly designed, 
manufactured and prototype tested to maintain their integrity under normal and acci
dent conditions. The supplier should provide documentation to demonstrate the 
quality of the sources.

Shielding

'(
11-109. Shielding usually consists of substantial amounts of concrete or water. 
Shielding must be provided for both storage and use. Most irradiators use water for 
storage. Some use all concrete; others keep the sources under water for both storage

66

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



and use. The entrance to an irradiator room is usually designed with a maze or stag
gered shielding to preclude the need for a heavily shielded door. Care must be taken 
to avoid any unshielded penetrations in the facility which would allow radiation 
beams to escape from the shielded area.

Interlocks and alarms

11-110. Unshielded irradiator sources can deliver a fatal dose in a few seconds. 
Therefore, automatic interlocks and alarms are necessary to prevent accidental 
entrance to the irradiation area when the sources are not shielded. Interlock systems 
consist of a series of electronic locks, motion detectors and pressure switches which 
automatically lock the shielded area when the sources are exposed, automatically 
move the sources to a shielded position if a person tries to enter the irradiation area, 
and prevent the sources from being exposed until the area is secure and no one is 
present. The locks must be designed so that a person caught in the irradiation area 
can leave without using a key or following any special procedures. Visible and audi
ble alarms should be provided to warn persons if sources are about to be moved to 
their unshielded position, if high radiation levels are present, or if someone has 
violated an interlock. Safety systems should incorporate a degree of redundancy 
so that a single failure will not result in access to the unshielded radiation sources.

Water quality

II- 111. Filter systems should be provided to prevent the accumulation of corrosive 
elements which may damage the radioactive sources. The filter systems should be 
monitored for radiation which would indicate a source leak. An automatic water level 
monitor should be provided to warn of low water levels. An emergency water supply 
should be available.

Facility protection

II-112. Irradiator design should be appropriate for the risk of external hazards, par
ticularly earthquakes or tornadoes. A fire protection system should be provided to 
extinguish any fires in the irradiator room. The system for irradiating materials 
should be designed to avoid interference with the sources and their transport mechan
ism. Ventilation and monitoring should be provided to prevent accumulation of 
hazardous levels of ozone.

Administrative controls

II-113. Written procedures should be established to assure that the source is never 
maved to its unshielded position if anyone is present in the irradiation room.
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Administrative controls should be established to prevent unautnonzed persons from 
being in the vicinity of any entrances to the irradiation room, including product 
carrier entrances.

Surveillance programme

11-114. Periodic surveillance should be conducted to assure the absence of unex
pected radiation, and to assure proper maintenance of all equipment in the facility. 
It is suggested that a surveillance checklist be maintained.

Source position

11-115. Radiation monitors should be provided to indicate radiation levels in the 
irradiation room, when the source is both shielded and unshielded. These should be 
supplemented by electronic source position indicators which inform operators 
whether the source is in a shielded, partially shielded or unshielded position. Since 
very high radiation levels will damage most detectors, some partial shielding of the 
detectors is usually advisable. Anyone entering the irradiation room should check 
radiation levels with a portable monitor.

Shielding

11-116. Direct radiation surveys should be periodically conducted to check the 
integrity and adequacy of shielding, particularly whenever new sources are loaded.

Personnel dosimetry

II-117. With adequate shielding, it is unlikely that personnel will receive significant 
radiation exposures. However, it is recommended that at least a representative sam
ple of personnel wear whole body dosimeters. In addition, all personnel who engage 
in non-routine service operations should wear dosimeters.

Radiation sources

11-118. Sources should be periodically checked for leakage either directly or by 
water sampling and monitoring of water filter systems.

Safety systems

11-119. All irradiator equipment, interlock systems and monitoring equipment 
should be checked periodically for proper operation, and serviced and maintained in
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accordance with suppliers’ instructions. Equipment in the irradiation room is sus
ceptible to long term radiation damage. Crucial safety systems such as radiation 
monitors, interlocks and alarms should be checked daily.

PUBLIC RADIATION CONTROL

11-120. No special provisions are normally necessary for public radiation control. 
Occupational control measures are normally adequate to ensure public radiation con
trol as well. Normal security should be maintained to protect against unauthorized 
access to the irradiator site. Irradiator sources should be disposed of by return to the 
manufacturer, supplier or similar authorized recipient.

EMERGENCY PLANNING

11-121. Most irradiator incidents will merely require that the sources be placed in 
a safe storage position until the problem is resolved. Written emergency procedures 
should be prepared for the following types of incidents: jamming of sources in 
unshielded position, interlock failure, loss of water, source leak, fire and excess 
ozone. In the unlikely event of a ruptured source, breach of shielding or over
exposure to radiation, the emergency will be serious and even potentially life- 
threatening. The facility emergency plan should cover the following:

(a) The facility should be immediately shut down and the sources placed in 
storage;

(b) No one should enter the irradiator room until the emergency has been evalu
ated by the RPO and authorization granted;

(c) If shielding is breached, a restricted area should be established and monitored;
(d) Outside expert assistance should be obtained as appropriate;
(e) The competent authority should be immediately notified;
(f) Employees involved in the emergency should not leave the facility until the 

need for decontamination and medical attention is evaluated;
(g) Prior arrangements should be made with a local hospital in the event that emer

gency assistance is required.
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Annex III

OPERATIONAL RADIATION PROTECTION PROGRAM MES  
APPLICABLE TO THE DIAGNOSTIC USE OF RADIONUCLIDES  

IN  A  NUCLEAR  MEDICINE DEPARTMENT IN A  LARGE HOSPITAL

ORGANIZATION AND MANAGEMENT

III-101. All the components of the general analytical tree are applicable to a nuclear 
medicine department in a large hospital. The appropriate demarcation between cor
porate and site responsibilities can and will vary, depending upon the overall policy 
of the hospital, the hospital group, or even of the local health service organization 
associated with the hospital. For example, depending upon the size of the hospital 
the duties of the radiation protection officer (RPO) may extend over a number of 
hospitals or be confined to one large one.

Ill-102. A suggested organizational chart to provide effective radiological safety is 
shown in Fig. III-l.

FIG. III-l. Organizational chart fo r  radiological safety.
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Ill-103. The documented policies would place clearly defined radiation protection 
responsibilities on all employees, with ultimate responsibility assigned to the nuclear 
medicine department. The RPO and staff (if applicable) have a purely advisory func
tion at the working level but a direct line management responsibility to the senior 
administrator.

PERSONNEL SELECTION AND TRAINING

III-104. In the hospital situation consideration must be given to subsidiary staff who 
may come into contact with ionizing radiations, rather than directly working with 
them. Suggested qualification and training requirements for nuclear medicine and 
associated staff are:

Department radiation safety officer
Degree or equivalent, with either formal training or considerable practical 
experience o f a wide range of radiochemical techniques. Specialist training in 
radiation protection of at least five days’ duration, backed up by significant 
practical experience.

Section radiation safety officers
Similar to the above, but probably more limited in scope, application and 
experience.

Pharmacists and nuclear medicine technicians
Appropriate further education, specifically including a range (possibly limited) 
of radiochemical techniques, and a knowledge of associated radiation protec
tion requirements.

Nursing staff
Awareness programme covering potential radiological hazards in the nuclear 
medicine department and techniques for minimizing radiation exposure.

Cleaning staff
Awareness programme covering potential radiological hazards and how to 
avoid them by following local rules.

Ill-105. Training programmes for staff in a nuclear medicine department should pro
vide a basic understanding of the general principles of good radiation protection but 
should place special emphasis on the avoidance of spillages of radioactive materials, 
limitation of the spread of contamination should such a spill occur, and the high 
finger doses that can be received by poor handling of, for example, syringes.
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OCCUPATIONAL RADIATION CONTROL

III-106. The general analytical tree provides the basis for the following 
programmes.

Optimized control of external and internal doses

III-107. By considering the general analytical tree in a systematic way, a number of 
factors of special relevance can be deduced.

Adequate control o f source

III-108. Unwanted (i.e. obsolete) radioactive materials should be sent for proper dis
posal and not hoarded or abandoned.

Ill-109. Wherever practicable, work with radioactive materials should be concen
trated on a limited number of work stations, so that each may be provided with 
proper facilities. It would be preferable if all deliveries of radioactive materials could 
be opened at one work station, which should be equipped to detect and deal with any 
damage or leakage that might have occurred during transportation.

Ill-110. Good inventory records, audit methods and security are essential because 
of the potentially large diversity of materials and users, and because of public access 
to the premises.

III-l 11. Storage of radioactive materials should be concentrated into a limited num
ber of adequately shielded locations, each of which is secure and preferably set aside 
solely for the purpose (this applies especially to refrigerators and deep-freezers). 
Where a store necessarily contains other materials, clearly demarcated and labelled 
sections should be reserved for the radioactive materials. A central store associated 
with a dispensing area is preferable, since optimum facilities can then be provided 
which are appropriate to the handling of larger activity bulk supplies.

Ill-112. Provided that adequate procedures are documented and observed, waste dis
posal should not represent any special difficulties. These procedures should provide 
for the safe disposal of potentially dangerous items, e.g. contaminated syringe 
needles and broken glassware.

Ill-113. Care should be taken to minimize exposure from the collection of waste 
prior to disposal, especially in the case of high specific activity, short half-life, 
gamma emitting radionuclides, e.g. "T cm.
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III-114. Dispensing areas will require convenient local shielding of either lead and 
lead glass (for gamma emitters) or Perspex (for beta emitters). For very high specific 
activity materials, special provision must be made to prevent even small splashes 
onto protective clothing.

III-115. Remote handling tongs and syringe shields must be used to reduce hand 
doses.

Ill-116. Access control is especially important not only to minimize staff doses but 
also to ensure that the public is not unnecessarily exposed. In a nuclear medicine 
department this will generally rely upon prominent, clear and unambiguous warning 
notices with implementation relying considerably on staff vigilance. Some areas, 
such as the central store and dispensary, should be kept locked when not in use. All 
other areas should be locked when not under the direct control of members of staff.

Ill-117. Good working surfaces, etc., are essential not only to minimize the spread 
or buildup of radioactive contamination but also to minimize biological hazards.

III-l 18. Laminar flow cabinets are necessary to prevent radioactive contamination 
entering the laboratory and biological contamination affecting the sample under 
preparation. The efficiency of such cabinets is dependent upon proper maintenance 
of the filter system.

Ill-119. Personal protective clothing would not normally extend beyond laboratory 
coats and gloves. Coats should only be worn in and retained within a specific work
ing area.

Provision o f administrative controls

III-120. With certain exceptions the quantities of radioactive materials in use and the 
associated working procedures should not, in general, require the formal designation 
of ‘controlled areas’. However, it is preferable to restrict access to areas where 
unsealed radioactive materials are in use and this will often be best achieved by the 
formal designation of ‘supervised areas’. The exceptions include the handling of 
therapeutic quantities and the handling and dispensing of the elute from a new 
generator.

III-121. For the reasons given in the above, all staff should in general be operating 
under ‘Working Condition B’. Consequently, special medical surveillance is 
unnecessary. In many cases, however, personal dosimetry will be required.

Ill-122. Patients to whom radioactive materials have been administered should be 
controlled when they leave hospital in accordance with the recommendations of 
ICRP Publication 25 [8].

Provision of physical barriers

74

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



Reference levels

III-123. Reference levels should be chosen and documented, for example to require 
a formal investigation when exposures exceed a predetermined level. This level 
should be chosen with due regard to work-load, isotopes used, etc., but in many 
cases an investigation would be appropriate when exposures exceed 1/50 of an ALI 
or a relevant dose limit.

Surveillance

Work p la c e  m onitoring

III-124. A scheme for monitoring of the work place is shown in Fig. III-2. Appropri
ate monitoring equipment should be available within, or readily available to, each

Portable equipm ent

Radiation dose rate

Thin end-w indow  
Geiger tube 
(with calibration for 
specific radionuclides 
in use)

More specialist ion 
chamber instrument 
(available from  RPO)

Weekly routine m onitoring  
(around stores)

Contamination

Surfaces o n ly  
(airborne unlikely 
to  be significant)

l-------------------
Thin  end-w indow  
Geiger tube 
(w ith calibration fo r 
specific radionuclides 
in use)
F o r  general use

Specialist m onitor  
for lo w  energy gamma 
em itting isotopes 
(e.g. th in Nal crystal)

M onitor after spillage 
M onitor on completion 
of cleanup

I
M onito r on completion 
of any operation having 
the potential fo r a 
significant spillage

M o n th ly  routine m onitoring  
(in general workplace)

W eekly or m o n th ly  routine  
(in general workplace)

FIG. III-2. Scheme fo r work place monitoring (continuous lines indicate direct line manage
ment responsibilities and dashed lines advisory Junctions).
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I
Thermoluminescent or 
film  badge dosimeters 
(change at 4 weekly intervals) 
Worn by those employees whose 
annual dose m ight approach or 
exceed 5 mSv

Externa/ exposure

E xtre m ity  thermoluminescent 
dosimeter
Worn as a part of a special 
investigation to  evaluate a 
new technique.

FIG. 111-3. Scheme for personal dosimetry.

working location. Limitation of the number of such locations (see para. Ill-109) will 
help meet this requirement.

Personal dosimetry

III-125. A scheme for personal dosimetry is shown in Fig. III-3.

Ill-126. For routine external dosimetry, the film badge may be preferred to a 
thermoluminescent dosimeter (TLD) because of its ability to provide a visual record 
of contamination. Extremity TLDs are recommended only for the initial evaluation 
of new techniques because they can impede the work and so increase the exposure 
of the operator. However, a finger TLD can be used in a position where it does not 
impede the work but where it does provide an exposure control, albeit not at the posi
tion where the maximum dose is incurred.

Assessm ent o f  data

III-127. Records should be maintained in support of the entire surveillance and qual
ity assurance programmes. Full records should normally be retained for a period of 
two years, at which point those details that would be of relevance to subsequent 
optimization studies should be summarized and retained for ten years. Records of 
personal dosimetry should be suitably summarized and kept for 50 years.

Internal exposure

Employees subject to 
m onitoring
if  annual committed dose 
equivalent might approach 
or exceed 5 mSv

Bioassay 
(urine sample) 
if  expected dose
derives from
tritium , or ^4C

Th yro id  m onitoring  
if  expected dose 
derives from  an 
iodine isotope
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PUBLIC RADIATION CONTROL

Identification of potential sources of public exposure

III-128. During the normal use of radioactive materials, public exposure should be 
virtually eliminated by good security and inventory procedures, and by restriction 
of access to the areas where such materials are used.

Ill-129. An exception to the above is the potential exposure of the public in waiting 
areas unless special provisions are made to isolate those patients who have already 
been injected with significant quantities of gamma emitting radionuclides. Such 
patients should also be provided with special toilet facilities.

Ill-130. The routine disposal of radioactive waste should not lead to unnecessary 
public exposure if there is strict adherence to regulatory controls.

Adequately derived and documented criteria to limit public dose

III-131. With the exception of persons accompanying patients, there is no justifica
tion for any significant exposure of the public. Consequently, should there be any 
cause for believing that a member of the public has received a dose in excess of 
500 fiSv, an investigation should be made to determine whether existing provisions 
have been allowed to deteriorate or whether improvements are needed.

EMERGENCY PLANNING AND PREPAREDNESS 

Identification of potential accident situations

III-132. Potential situations might include:

(a) Conventional fire hazard (on-site);
(b) Conventional theft hazard (initially on-site, possibly extending to off-site);
(c) Transport accident (on-site), possibly extending beyond the site if the depart

ment provides a central dispensing service to other associated hospitals (off- 
site); possibly also extending to an independent carrier for whom the hospital 
provides technical support;

(d) Technical or human error leading to a major spillage of radioactive material 
(should be confined to on-site, but could extend to off-site if remedial action 
is delayed);

(e) Contamination caused by the vomit or excreta from a patient undergoing 
treatment;

(f) Human error leading to mistaken release of a patient with a significant body 
content of radioactive material (on-site and off-site).
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Ill-133. For reference in any of the above situations all principal isotopes in use
should be identified and the following reference levels documented:

(a) The amount of activity above which a suspected spillage would require the con
tingency plan to be implemented;

(b) Surface contamination levels or dose rates above which the RPO should be 
informed;

(c) Surface contamination levels or dose rates below which further cleaning is 
deemed unnecessary, provided the radioactivity resists all reasonable attempts 
at removal.

Evaluation of identified accident situations

III-134. In many cases, management should have made provisions to mitigate the 
consequences of any of the identified situations, e.g. good security measures to 
prevent theft.

III-135. The possibility of human error cannot be eliminated. Consequently, in the 
following section, as an illustrative example, a model contingency plan is developed 
for a major spillage of radioactive material.

Model contingency plan — major spillage of radioactive liquid

III-136. General considerations include:

(a) Identifiable hazards: depending on the isotope(s), hazard may arise from
external radiation (whole body or skin dose) or from 
internal exposure;

(b) Persons at risk: only staff if spillage is immediately identified and con
trolled (otherwise could spread to public areas);

(c) Consequences: significant personal exposures; contamination of rooms
and sensitive equipment; possible incorrect diagnoses if 
contamination of equipment is not realized.

Ill-137. Communications requirements include a list o f the names and telephone 
numbers of the departmental radiation safety officer (DRSO), the hospital radiation 
protection officer (RPO), the local medical physics department and the competent 
authorities.

78

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



III-138. Courses of action that might be taken include:

Immediate action by the laboratory technician

(a) Evacuate the working area but retain all persons involved so that they can be 
checked for contamination;

(b) Restrict access to that area;
(c) Remove contaminated clothing and initiate limited washing of the skin;
(d) Summon assistance, especially from the DRSO;
(e) Monitor at periphery of restricted area to determine whether problem has been

contained; if not, readjust the restricted area;
(f) Initiate further checks on persons involved.

Action by the DRSO

(a) Confirm extent and degree of contamination, placing emphasis on contami
nated persons;

(b) Confirm or adjust extent of restricted area;
(c) Either plan and implement remedial action, or summon assistance from the

DRSO and possibly the RPO if the problem has not been contained, or if con
tamination is very high.

Note: remedial action may involve cleaning or may simply require waiting for 
short lived isotopes to decay.

Subsequent action

(a) Further monitoring, restriction of access and cleanup if contamination has 
spread;

(b) Follow up potentially exposed persons if any have left;
(c) Monitor after remedial actions are completed.

Special action

If the above actions have failed to resolve the problem, the RPO should consider the
need to inform outside organizations and to seek further expert advice.

Availability o f  emergency equipment (at a nam ed location)

III-139. Readily accessible to each working location where there is the potential for
the contingency plan to be implemented, there should be:

(a) Appropriate and efficient monitoring instruments;
(b) Appropriate protective clothing;
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(c) Appropriate cleaning equipment;
(d) Sufficient plastic bags to contain all contaminated cleaning materials, prior to 

disposal.

III-140. There must be clearly defined responsibilities to ensure that the availability 
and suitability of the above equipment is regularly checked. Records should be kept 
of all such checks.

Notification o f  outside organizations

HI-141. No immediate requirement can be reasonably foreseen; any subsequent 
action would be determined by the RPO.

Exercises to test contingency plans

III-142. Provided that appropriate staff are kept aware of current contingency plans, 
and so long as the emergency equipment is maintained, formal exercises should be 
unnecessary.

Periodic reviews

III-143. An annual review by the RPO will be sufficient, with the emphasis on new 
techniques that might lead to the development of an accident situation.
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Annex IV

OPERATIONAL RADIATION PROTECTION PROGRAMMES 
APPLICABLE TO INDUSTRIAL RADIOGRAPHY

IV-101. Industrial radiography operators range from fairly large organizations, or 
possibly departments within large organizations, down to very small operators with 
only a few employees. Consequently, while each will be subject to similar principles 
of effective management, successful selection and training of personnel, effective 
radiation control, etc., the practical application of these principles will vary con
siderably. The sources of radiation for industrial applications can be X rays or 
radionuclides — often 192Ir or 60Co. The practice is carried out both in fixed facili
ties designed for the purpose with installed radiation sources, or ‘on location’. The 
activity of 192Ir sources used in industrial radiography can be as high as a few tera- 
becquerels, which, if unshielded, give rise to gamma dose rates of the order of 
hundreds of milligray per hour at a distance of one metre, and extreme dose rates 
on contact with the source capsule which can cause severe burns within seconds.

ORGANIZATION AND MANAGEMENT 

Effective management structure

IV-102. The management structure will of course vary with the size and complexity 
of the organization. However, even in small organizations consisting of only a few 
employees, it is essential that someone with adequate knowledge and experience be 
assigned the role o f radiation protection officer (RPO). This person may be a staff 
member or an outside consultant.

IV-103. The RPO should ideally be a person whose responsibilities are separate 
from those of production. However, in small organizations this may not be possible. 
The owner may fill this role, but whatever the organizational arrangement the RPO 
should have clear responsibility to assess all work plans and operations from a safety 
point of view and advise the senior management accordingly. It is essential that all 
workers have clearly assigned responsibilities and authorities, both from the safety 
and from the production points o f view.

IV-104. The employer should designate those operators who are authorized to oper
ate radiography equipment with or without supervision. This designation should be 
clearly documented in the operator’s job description and should be made known to
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all other relevant employees. The designation should only be given when the opera
tor meets the criteria of competence set by the employer and, if applicable, by the 
competent authority.

IV-105. The senior management should make a commitment to safety and ALARA, 
and publicize this to all employees. Safety performance should become a factor upon 
which the performance of supervisors and operators is judged.

PERSONNEL SELECTION AND TRAINING 

General

IV-106. All workers, both operators and radiation safety personnel, should receive 
appropriate training in the operation of the specific radiography devices in use, 
together with specific training in the use of radiation measuring equipment and 
dosimetry devices, and in procedures to be taken in the event of an accident involving 
a radiation source.

Operators

IV-107. Qualification requirements for radiography operators should be clearly 
stated. In some jurisdictions, the regulatory authority may require certain qualifica
tions for operators before a licence is granted. It may be that operators must pass 
an examination set by the regulatory body or by some standards or professional insti
tution. Whether such licensing procedures are required or not, the employer should 
ensure that all operators meet a minimum criterion in terms of safety and radiation 
protection knowledge. Formal training might include knowledge of:

(a) Simple mathematics, dose and dose rates, including calculations using the 
inverse square law and decay laws, with an emphasis on the extreme dose rate 
close to a source capsule

(b) Regulatory requirements
(c) Terminology and units
(d) Basic effects of radiation
(e) Safe working practices.

Radiation protection officer

IV-108. The RPO, whether a staff member or consultant, should have formal train
ing in radiation protection and safety and be capable of instructing operator staff as 
necessary.
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OCCUPATIONAL RADIATION CONTROL

Control of external and internal dose

Limitation o f  source number and optimization o f  activity

IV-109. The inventory of radiography sources should be limited to those required 
for operation. Sources that have decayed to below their useful activity should be 
disposed of in an approved manner. This may involve return to the original supplier 
if prior arrangements have been made, or removal to an approved radioactive waste 
management facility. The activity of the sources should be related to the job; activi
ties should not be so low that very long exposures have to be made in order to obtain 
useful information, nor so high that dose rates during exposure are unacceptably 
high.

Secure and safe storage

IV-110. When not in use, radiography devices should be kept in an approved and 
secure storage facility. Dose rates in accessible locations near the storage location 
should be monitored and additional shielding be installed if the dose rates are too 
high. Care should be taken to monitor adjacent rooms both laterally and below and 
above. If dose rates cannot be reduced to levels deemed acceptable, alternative 
storage locations should be sought. Storage locations should be marked with 
appropriate warning signs.

Inventory control

IV-111. Records must be maintained of all sources in the operator’s possession. 
These records should be updated periodically to ensure that activities are corrected 
for decay. When sources are removed from the storage location by an approved user, 
a record must be kept of the identity of the user and the location and expected dura
tion of use. This inventory check should be carried out at an appropriate frequency 
and senior management should ensure that audits are documented.

Provision of physical barriers

Adequate shielding

IV-112. For fixed facilities, the main irradiation room should be designed such that 
dose rates are adequately low at all accessible locations outside the room. Entrances 
may need to be in the form of a labyrinth or should have sufficient shielding incorpo
rated into the doors. Care should be taken that shielding is installed to adequately
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protect people in occupied areas above and below the facility, and consideration 
should be given to the prevention of air scattering (skyshine) in facilities with 
minimal or no roof shielding. If the room is designed with restrictions on the direc
tion of the primary beam, all staff must be aware of these.

IV-113. In field operations the source should be adequately shielded when in the 
closed or fully retracted position. With the source exposed, dose rates in adjacent 
areas can be reduced by careful selection of beam direction, appropriate beam colli- 
mation and absorption of the useful beam beyond the film. The operators’ control 
point should be out of the direction of the useful beam.

Adequate safety systems

IV-114. X ray machines and isotope containers can be electrically interlocked with 
the door, e.g. opening of the door will interrupt the electrical power to the machine 
or otherwise put the device into the safe position. This must be mandatory for X ray 
machines and is to be preferred for isotope containers. Similarly, safety switches 
should be provided so that the source of radiation can be controlled from within the 
room.

IV-115. Audible and visual indications should be provided within a fixed facility to 
warn personnel who may be in the room that the source is or is about to be exposed. 
In the case of open-top radiography facilities warnings and/or cut-out switches may 
need to be considered for the operators of adjacent overhead cranes.

IV-116. For field operations, the operator must ensure that unauthorized persons do 
not approach the exposed source. Methods will vary from site to site but the follow
ing principles should apply:

(a) There must be a sufficient number of radiation warning signs to alert people 
from whatever direction they approach the source.

(b) An area around the source must be physically barriered to prevent access and 
warning notices must be provided at all points of access to the barrier. The bar
rier might be set at a dose rate of 7.5 or 25 /xSv-h-1 or even higher if national 
regulations permit.

(c) The operator must be available and must positively police the barrier through
out all exposures. If the location is such that one person cannot achieve this 
then additional operators must be provided. The positioning of barriers might 
be a compromise between the ease of policing and the magnitude of the dose 
rate at the barrier.

Internal dose control

IV-117. Whilst internal dose control should be unnecessary in situations where only 
sealed radiation sources are used, there is the possibility of internal contamination
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resulting if a source is damaged. Training programmes and contingency plans should 
make operators aware of this possibility and of how to recognize that a problem may 
have developed. Routine control is maintained by a regulatory requirement for leak
age testing of sources. Intervals of 6 months and 3 years are in current use.

Adequate control standards

IV-118. Authorized limits on parameters such as dose rate in accessible areas may 
be specified by the regulatory body. If such authorized limits are not specified, the 
management should specify operational limits for such parameters.

Effective surveillance programme

Adequate monitoring o f  work place

IV-119. Fixed facilities should be equipped with an area gamma monitor to indepen
dently indicate that the source is in a safe position before entrance. Remote display 
at or near the entrance must be provided.

IV-120. The work area and surrounding locations should be carefully surveyed with 
the source in the exposed position to ensure that no person is exposed inadvertently 
to higher than acceptable dose rates.

IV-121. It is particularly important that operators approach radiography devices with 
the survey meter switched on since even though it is thought that the source has been 
retracted, it may be that it is stuck in the exposed position.

IV-122. It is absolutely essential for field operations that at least one portable gamma 
dose rate survey meter be available for every source in use. This instrument must 
be in good working order and must have been formally tested within a period usually 
specified in national regulations (e.g. 12 months). It must have response characteris
tics appropriate to the energy of the source being used. The instrument must be capa
ble of measuring dose rates within the range 2.5 ^iSv-h-1 to 2 m Sv-h'1 and must 
continue to indicate ‘full scale’ at dose rates up to 1000 mSv/h. Operators must not 
enter areas where dose rates are above the range of their instrument. The instrument 
should have a built-in battery check feature. Before use the instrument can be func
tionally checked by use of a check source or, in the case of radionuclide sources, 
by placing the instrument’s detector close to the source container. From previous 
measurements the operator should know what deflection to expect.

Appropriate personal dosimetry

IV-123. Work with radiography sources will probably fall within Working Condi
tion A as defined by the Basic Safety Standards and thus individual monitoring is
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automatically required. The primary personal dosimeter shall consist of either the 
film or thermoluminescence type, provided and processed by a laboratory that has 
been authorized to do so by the regulatory authority. A subsidiary direct reading 
dosimeter is also recommended; this should at least be a quartz fibre electrometer 
device that also provides an audible warning when selected preset dose rates are 
reached. However, such devices are not a substitute for a survey meter.

M aintenance o f  equipment

IV-124. Radiography devices should be maintained regularly to minimize the proba
bility of accidents. Before use each day the following should be done:

(a) Check for visible damage.
(b) Check source connector for wear (a simple gauge can be available for this).
(c) Connect drive cable and remove safety plug from device. Check to see that

source outlet is smooth and undamaged.
(d) Check guide tube for dirt, dents, etc.
(e) Check lock for ease of operation.
(f) Check for binding or undue resistance as the source is cranked out.
(g) Note any problem and do not use device until it has been repaired.

EFFECTIVE PUBLIC RADIATION CONTROL 

Adequate control o f operational sources

Physical security

IV-125. Radiography devices must be stored in a secure storage location when not 
in use. They must never be left unattended in areas where the public might have 
access. Inventory audits must be carried out periodically to ensure that sources are 
all accounted for.

Restriction o f  exposure during use

IV-126. Appropriate signs, barriers, shielding, etc., must be provided, as mentioned 
earlier, but the policing is particularly important because the public will not have 
been trained to appreciate the significance of the warning signs.
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EFFECTIVE EMERGENCY PLANNING AND PREPAREDNESS

Identification and evaluation of potential accident situations

IV-127. Several accident scenarios can be postulated on the basis o f past experience. 
These include:

(a) Failure of source transport mechanism causing source to be permanently 
exposed

(b) Failure of safety devices
(c) Severe contamination due to leaking or damaged source.

IV-128. Emergency precautions should be developed to deal with such postulated 
incidents. The most important are:

(a) Stay away from source
(b) Prevent others from getting close
(c) Call for help, but do not leave area unattended.

IV-129. Examples of procedures for dealing with a leaking source or a source stuck 
in the exposed position are given below.

Leaking radiography source

IV-130. If above normal radiation levels are measured near the guide tube after the 
source has returned to the radiography device, the operator should assume that the 
source is leaking. The device and associated equipment should be placed in a plastic 
bag to prevent the possible spread of contamination and the equipment should not 
be used until a detailed leak test has been performed. The operator should wash his 
or her hands, check external clothing for contamination and seek more expert advice 
as quickly as possible.

Sources stuck in the exposed position

IV-131. If the dose rate does not decrease after attempts to retract the source follow
ing an exposure, the operator should assume that there has been a failure of the 
source transport mechanism. Detailed procedures will vary with the specific situation 
and specialist knowledge of the equipment may be a necessity if safe recovery of the 
source is to be achieved. However, the following steps are suggested as providing 
the basis for action:

(a) Ensure that no one enters the high radiation area. Check dose rates after any 
attempt has been made to rewind the source, because it may have moved.
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(b) Plan the recovery operation in great detail and practise essential elements of 
the plan using non-radioactive replicas of the equipment. Since access to the 
area is being controlled, time is available for this stage. Many significant 
exposures have resulted from operators rushing into the radiation area without 
sufficient planning.

(c) Attempt to retract the source again to ensure it really has disconnected. Again, 
resurvey in case the source has moved.

(d) Check direct reading dosimeter frequently. Before attempting any recovery 
operation that could result in higher than normal dose, determine the opera
tional dose limit for the job and set the alarm dosimeter accordingly.

(e) If the source still cannot be retracted, it will be necessary to precisely deter
mine its location. This can be achieved by placing shielding over the guide tube 
near the device and pulling it until the dose rate decreases. This indicates that 
the source is under the shielding. The shielding should not exceed about 15 cm 
along the guide tube, so the source location can be known reasonably 
accurately. High dose rates will still be possible near the shielding material.

(f) Retract the drive cable through the radiography device and examine the con
nector. If it is in an acceptable condition, reconnection to the source assembly 
may be possible, but specialist knowledge will be needed.

(g) Cut open the guide tube so as to gain access to the connector on the source 
assembly. Be extremely careful not to damage the source or connector. To 
avoid excessive exposure during this operation the dose rates at operators’ 
positions must be known and the job must be carefully planned and practised.

(h) Wind the drive cable through the container and position the connector near the 
exposed connector on the source assembly.

(i) Reconnect the source and carefully retract it into the radiography device. 
Resurvey to ensure the source is properly shielded. Lock the radiography 
device.

IV-132. If the connector is defective, the above procedure is not suitable. In such
cases, the source assembly should be picked up with long handled tongs and placed
into a shielded container.
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Annex V

OPERATIONAL RADIATION PROTECTION PROGRAMMES 
APPLICABLE TO USERS OF SMALL INDUSTRIAL GAUGES

ORGANIZATION AND MANAGEMENT

V-101. The radiation hazard associated with most gauging devices is relatively low 
because of the small size of the sources (108 to 1012 Bq) and the fact that the 
sources are installed in a shielded device so there is limited access to any radiation 
beam. Therefore, the organization may normally be limited to:

(a) Independent adviser on radiation protection
(b) Management representative for radiation control
(c) Authorized operators of gauges.

V-102. The radiation protection officer (RPO) and operators may be assigned other 
duties and need not be radiation or gauges specialists. They are expected to operate 
and maintain the gauges in accordance with the safety procedures established by the 
organization and the gauge manufacturer.

PERSONNEL SELECTION AND TRAINING

V-103. There are no special prerequisites for selection of personnel. Persons who 
meet normal job qualifications for work in the facility are suitable. Training can nor
mally be provided in a few hours to a few days in accordance with the recommenda
tions of the manufacturer or appropriate radiation safety organization. The RPO must 
learn the organizational and manufacturer’s safety requirements and any applicable 
requirements of the competent authority. Operators must learn basic safety require
ments for operating a gauge and receive general training in radiation safety. Periodic 
refresher training can be limited to an audit to assure that operators are still aware 
of the gauging devices, the potential hazard and the applicable safety procedures.

OCCUPATIONAL RADIATION CONTROL 

Control of external dose

Control o f  source and  physical barriers

V-104. Since gauges contain sealed sources, only external radiation dose control 
needs to be provided. In many cases, the device will be self-contained so that access
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to the radiation source can only be achieved with difficulty. If the radiation beam 
is accessible such that any part of the body can be placed in the beam (for example, 
finger or foot), then administrative controls such as signs and barriers and instruc
tions to stay away from the devices should be established.

V-105. The RPO and operators should not attempt to perform maintenance or 
repairs on a gauge if such services may involve exposure to an unshielded source. 
Only the gauge manufacturer or a radiation specialist should perform such services.

V-106. Gauges that are used in hostile environments (for example, corrosive, high 
temperature, or vibration-prone) must be specifically designed for the purpose.

Surveillance programme

V-107. Personnel monitoring is not normally necessary for routine gauge opera
tions. Any environmental monitoring provided should be in accordance with the 
requirements of the competent authority.

V-108. Gauges should be periodically checked, serviced and maintained as recom
mended by the manufacturer and competent authority to assure that they are not 
damaged and that the ‘o n -o ff mechanism and shutter are working properly. 
Damaged or malfunctioning gauges should be removed from service until repairs are 
completed. Servicing should only be conducted by properly trained personnel. 
Persons conducting maintenance or repair operations involving possible exposure to 
unshielded sources should wear personnel monitors (whole body and/or extremity as 
appropriate) and use a portable survey meter to measure accessible dose rates. Sealed 
sources should be checked for leakage of radioactive material at intervals of 6 months 
to 3 years as recommended by the manufacturer. Leak test samples should be 
collected in accordance with the manufacturer’s instructions and sent to the manufac
turer or other analytical expert for analysis.

PUBLIC RADIATION CONTROL

V-109. No special provisions are necessary for public radiation control. Occupa
tional control measures are adequate to assure also public radiation control. Gauges 
can often be disposed of by return to the gauge manufacturer.

EMERGENCY PLANNING

V -110. Written emergency.procedures should be maintained for the following types 
of incidents: fire, shutter stuck open, melted gauge, damaged gauge and missing
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gauge. The RPO and gauge operators will normally have limited radiation safety 
training. Therefore, the primary concern in an emergency involving a gauge is to 
restrict access and obtain assistance from the manufacturer or other experts. 
Operators should never attempt to examine or repair a potentially damaged gauge. 
A typical emergency plan for a situation involving a potentially damaged gauge 
would be as follows:

(a) Do not appoach the gauge
(b) Clear the area and establish a restricted area
(c) Do not allow persons who may have been contaminated by a ruptured source 

to leave the facility
(d) Contact the RPO, competent authority and the gauge manufacturer or other 

qualified expert for assistance.

V -111. If a source container were missing, the first step would be a thorough search 
of the site using a very sensitive radiation detector. If this is unsuccessful the possi
bility of burglary must be considered and it may be necessary to involve the police, 
possibly followed by direct appeals to the public.
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