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FOREWORD

This Code o f  Practice is the revised version o f the Agency’s Safety Series 
No. 14 on the Basic Requirements for Personnel Monitoring which was published 
in 1965. This revision was carried out jointly by the IAEA and WHO and it is 
intended to provide guidance on personnel monitoring for the atomic energy and 
public health authorities o f the Member States o f both organizations.

The preparation o f  this revised Code was carried out with the help o f an 
Advisory Group convened for this purpose jointly by the IAEA and WHO. The 
Advisory Group consisted o f  experts drawn from the Member States. In addition, 
representatives from several international organizations participated in the work 
o f  the Advisory Group.

The Agency and WHO would like to thank the members o f the Advisory 
Group for preparing the revised Code o f  Practice. Thanks are due to all those 
Agency Member States which sent comments on the draft revision. Special thanks 
are due to Mr. G. Cowper, who was the Chairman o f the Advisory Group and who 
later helped as a consultant in incorporating the comments from the members o f 
the Advisory Group and also from Member States. The final compilation o f the 
draft was the responsibility o f Mr. J.U. Ahmed o f the Agency’s Division o f Nuclear 
Safety and Environmental Protection.
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1. INTRODUCTION

1.1. GENERAL

This Code o f Practice sets forth the objectives o f an adequate system o f 
personnel monitoring for radiation workers. It covers individual dosimetry, 
including internal radiation monitoring, and area monitoring to the extent required 
for the assessment o f individual radiation doses. The responsibilities o f authorities 
for organizing monitoring o f  radiation workers are discussed, together with brief 
descriptions o f monitoring methods and the rules governing their application.
The general principles to be considered in selecting instrumentation and the 
appropriate monitoring techniques are described, as well as calibration techniques, 
methods o f data handling and record keeping.

Current concepts and recommendations o f the International Commission on 
Radiological Protection, as presented in ICRP Publication No.26, have been 
incorporated. New developments in techniques and instruments have been reflected, 
and several sections such as calibration and record keeping have been elaborated.
The bibliography has been updated and new annexes added.

1.2. PURPOSE AND SCOPE

1.2.1. This Code o f  Practice for the establishment o f adequate systems o f 
personnel monitoring for radiation workers outlines the requirements for the 
assessment o f exposure o f individuals to ionizing radiation within establishments 
where radiation sources are used.

1.2.2. The Code is provided for the guidance o f  those persons and authorities 
who are responsible for the protection o f  workers against ionizing radiation and 
o f those concerned with the planning and management o f personnel monitoring 
programmes.

1.3. EXPLANATION OF TERMS USED

For the purposes o f this Code, the term ‘personnel monitoring’ refers to . 
activities whose purpose is the assessment o f the dose equivalent, committed dose 
equivalent or radionuclide intake for radiation workers. This term includes not 
only the ‘individual monitoring’, whose purpose is the direct evaluation o f individual 
doses or body burdens, but also indirect methods which, in some cases, are necessary 
for evaluating exposure (such as measurements o f concentrations o f radioactive 
material in air and measurements o f area radiation levels).

1
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1.3.1. ‘Shall’ and ‘must’ are used when the provision specifies a minimum 
standard o f performance. ‘Should’ is used where the provision is recognized 
as good practice which should be applied wherever feasible. Where the term 
‘significant’ is used, no particular numerical limits are to be understood; the expert, 
from his own training and experience, will define the degree o f significance in
each case.

1.3.2. Where reference is made to radiological quantities and units in the main 
text, the definitions are in accordance with those o f the International Commission 
on Radiation Units and Measurements (ICRU) [1, 2] and the International Com
mission on Radiological Protection (ICRP) [3].

1.3.3. Definitions o f other technical terms are to be found in Annex II. If no 
definition is given, the term is understood to be used in its normally accepted 
sense.

2. BASIC CONCEPTS AND ORGANIZATION

2.1. OBJECTIVES

The main objectives o f monitoring the exposure o f radiation workers are 
to keep the exposures as low as reasonably achievable and to ensure that the 
authorized limits are not exceeded.

Authorized limits for dose equivalents and contamination levels should 
conform with a dose limitation system. Such a system requires that a process o f 
optimization be applied so that the work may be carried out in an efficient way and 
the exposure o f  the workers is kept as low as reasonably achievable. Operators 
may prescribe lower limits to suit working conditions.

A properly designed personnel monitoring system will also be capable o f 
measuring high levels o f exposure that may occur in a radiation accident. Further 
benefits which accrue from a system o f personnel monitoring are:

(a) Motivation o f workers to reduce their exposures as a result o f information 
given to them;

(b) Demonstration o f the adequacy o f supervision, training and engineering 
standards;

(c) Evaluation of radiation practices by means o f collected data, both for 
individuals and groups. Such data may also be used for epidemiological 
studies, risk/benefit analyses and medical/legal purposes.

2
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2.2. REQUIREMENTS

2.2.1. The monitoring o f  radiation workers requires a comprehensive system 
for the measurement, evaluation and recording o f all exposures to radiation which 
can be incurred by individuals through different routes. This system should include 
the evaluation o f external and internal exposures, the assessment o f absorbed doses 
or dose equivalents to the whole body, parts o f the body and body organs, and 
also a mechanism for investigation o f the conditions under which significant 
exposures have occurred. The monitoring methods which may be required are:

(a) Individual dosimetry for external radiation, for which radiation measuring 
devices are worn (see §4.2);

(b) Internal radiation monitoring by apparatus designed to measure radiation 
emitted from the body (whole-body monitors or partial-body monitors) 
or by bioassay procedures in order to determine the committed dose 
equivalent (see §4.3);

(c) Measurements o f skin and clothing contamination (see §4.5);
(d) Area monitoring, including the determination o f radiation levels, air con

tamination, and surface contamination in the working area. This is effected 
by measurements with radiation-measuring instruments and devices. Cal
culations based on these measurements, taking account o f the form and nature 
o f radioactive material and the way in which exposure can occur, can be
used to derive upper limits to the worker’s level o f  dose equivalent.

2.2.2. An adequate system o f  personnel monitoring therefore requires:

(a) Specification o f the type and extent o f personnel monitoring to be done;
(b) Selection, testing, calibration, maintenance and issue o f suitable instruments;
(c) Monitoring and sample collection;
(d) Processing and interpretation o f individual monitoring data;
(e) Interpretation o f  area monitoring data;
(f) Maintenance o f adequate records and provision o f the means to report such

records.

2.3. RESPONSIBILITIES AND ALLOCATION OF TASKS

2.3.1. The authority in charge o f an establishment shall, as part o f its respon
sibility o f ensuring protection against the effects o f ionizing radiation, establish 
an adequate system o f personnel monitoring and provide for the required services.

2.3.2. When the personnel monitoring system is put into operation, the duties 
it entails should be distributed throughout the organization, from the authority e 
in charge down to the individual, to the extent appropriate at each level.

3
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2.3.3. The authority in charge shall:

(a) Designate a technically competent person to advise on the setting up o f an 
appropriate personnel monitoring programme within the establishment, to 
supervise its performance, and to report to the authority in charge the doses 
received by individuals. The same person shall also advise or seek advice on 
improvements to protection measures and on the action to be taken if 
authorized exposure limits have been or are likely to be exceeded;

(b) Ensure local supervision o f the personnel monitoring system;
(c) Prepare proposals and recommendations for the prevention or reduction of 

exposures;
(d) Identify any new factors or changes in processes or procedures that could 

affect the degree o f radiological protection control necessary;
(e) Develop monitoring plans for abnormal radiation situations.

2.3.4. Each worker, after receiving appropriate instructions, shall be responsible 
for the correct wearing o f dose meters and for following the prescribed steps for 
internal dose determinations.

2.3.5. The functions described in §2.2.2 (b), (d) and (f) may be carried out 
by a competent service outside the particular installation. Centralized individual 
monitoring services may have advantages, such as standardized techniques and 
processing, uniform interpretation, and central recording and storage o f data. 
Decentralized services, however, may be advantageous in some instances, for 
example where rapid processing is necessary for exposure control or where the scale 
o f the operations makes them cost effective. Considerations such as cost effective
ness or national legislation will normally determine the choice. A combination
of the two approaches may also be advantageous in situations where significant 
exposures are expected. The advantages o f centralized record keeping should be 
considered.

3. CONDITIONS REQUIRING INDIVIDUAL MONITORING

3.1. GENERAL

3.1.1. Occupational exposure comprises all the dose equivalents and committed 
dose equivalents incurred at work. The situation o f occupational radiation exposure 
may vary over a wide range. The ICRP recommends the following classification o f 
working conditions (Ref.[3], ICRP Publication No.26, § 161):

(a) Working Condition A : This is given when the annual exposures might exceed 
three-tenths o f the dose-equivalent limits.

4
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(b). Working Condition B: This is given when it is most unlikely that the annual 
exposures will exceed three-tenths o f the dose-equivalent limits.

Other working conditions with appropriate limits o f anticipated annual exposures 
may be defined by the competent authority. For example, ICRP in its Publication 
No.26 suggests that it is sometimes convenient to define a supervised area where 
exposures may exceed one-tenth o f the annual limits.

3.1.2. For those persons whose work has been classified as falling into Working 
Condition A, individual monitoring shall be provided. For other workers, individual 
monitoring is not usually required, area monitoring usually being sufficient, as
for Working Condition B. However, for external exposure to most types o f radia
tion, individual monitoring is simple and, in circumstances where the conditions 
o f work cannot easily be identified as falling clearly into Working Condition B, 
it may be easier to use some additional individual monitoring than to adopt a 
comprehensive programme o f  area monitoring.

3.1.3. The type and extent o f individual monitoring required in any situation 
will depend upon the radiation status o f the individual, the radiation situation in 
the area concerned and the radiation situation associated with the work. The 
classification o f  working conditions should be reviewed periodically and whenever 
changes o f programmes are made.

3.2. INDIVIDUAL RADIATION STATUS REQUIREMENTS

3.2.1. Working Condition A

Workers in this category shall be subject to external radiation monitoring, 
internal contamination monitoring, or both.

The radiation status o f these workers shall be checked periodically from 
adequate records o f  all occupational exposures (see §7).

If a new employee has already worked with unsealed radioactive materials, 
monitoring o f internal contamination should be considered before his work begins.

Employees who have worked with unsealed sources should undergo a final 
monitoring for internal contamination before they terminate employment at an 
establishment. This may be o f importance in case o f later claims o f late radiation 
damage.

When the accumulated dose equivalent o f a worker is near the annual limit, 
extra monitoring may be advisable.

3.2.2. Working Condition B

Workers under Working Condition B do not need individual external or 
internal monitoring if the area monitoring indicates unambiguously that Working

5
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Condition B can be maintained. However, in many situations it is not possible 
to estimate the doses that workers may receive simply by studying their working 
habits and the radiation environment. In these situations individual monitoring 
for external radiation or internal contamination, as appropriate, should be carried 
out at least for an experimental period in order to establish that Working Con
dition A does not exist. If it is shown during this trial period that the dose equi
valents are less than three-tenths o f the dose-equivalent limits, then the individual 
monitoring can be discontinued at the discretion o f the competent authority.

Working Condition B may exist when the exposure to radiation or radioactive 
contamination is intermittent or infrequent. However, in such a situation there may 
also be a significant probability o f overexposure, particularly in the event o f abnormal 
operation or in an accident. If this is possible, individual monitoring should be carried 
out. Individual monitoring under Working Condition B may also be carried out 
when it is desired to establish a value for the collective dose-equivalent commit
ment associated with a particular working activity or for a particular group.

3.2.3. Visitors

Visitors shall be considered to be individual members o f the public. Although 
monitoring is not required, simple individual external dosimetry is often advisable, 
as are contamination checks, where appropriate.

3.2.4. Temporary workers

Temporary workers such as guest scientists, research fellows, students and 
contractors who may be engaged in radiation work shall be monitored to at least 
the same standards as permanent radiation workers.

3.3. RADIATION WORKING AREA REQUIREMENTS

3.3.1. Working areas should be classified according to the level o f exposure 
expected in normal working conditions. A further classification may indicate 
whether personnel could be exposed to external radiation, skin contamination, 
internal contamination, or a combination o f these.

3.3.2. Controlled areas will normally be those where higher exposure conditions 
exist. However, they may also include other areas where unexpectedly high radia
tion fields or contamination levels may occur occasionally. An example could
be a well-designed facility where human error or equipment failure could lead 
to high exposure.

3.3.2.1. Individual monitoring shall be provided for each person working in a 
controlled area.
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3.3.2.2. Individual monitoring shall be considered for those persons who occasion
ally enter controlled areas, depending upon the existing radiation conditions arid 
the work to be carried out.

3.3.2.3. Where significant contamination may occur, skin and clothing shall be 
monitored for contamination on all persons leaving the area. In any case, hands 
and shoes must be monitored.

3.3.3. Monitoring may be provided in other areas which, according to the 
recommendations o f ICRP Publication No.26, are identified as supervised areas.
The type and extent o f such monitoring will be chosen by the competent authority.

3.3.4. Areas where abnormal radiation levels or incidents involving radioactive 
or fissile materials could occur shall be identified. In these areas it is necessary
to plan special monitoring systems.

3.4. WORK-RELATED REQUIREMENTS

The characteristics o f each task should be examined to determine the potential 
radiation exposure o f  the workers.

3.4.1. For external radiation, the types, energies and spatial distribution o f 
radiation sources should be identified. Other considerations may include the time 
spent in specified exposure conditions, training o f workers for specific tasks, the 
degree o f supervision and the general layout o f  the working area.

3.4.2. For internal contamination, the factors to be considered include 
the nature and quantity o f the radionuclides, their degree o f containment, the 
nature o f the procedures, the environmental conditions (e.g. ventilation rates), 
and the presence o f other dangers such as fire or explosion.

Careful attention to training o f  workers for specific tasks and provision of 
alert supervision is o f special importance in minimizing internal contamination.

*  4. MONITORING IN NORMAL OPERATIONS

4.1. GENERAL REQUIREMENTS

4.1.1. The type and extent o f  personnel monitoring required in any super
vised area will depend upon the following:

(a) Classification o f the working place as defined in §3.1.2, i.e. Working 
Condition A or B;
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(b) Previous exposure o f workers to external radiation and internal contamination;
(c) Nature o f the radiation hazard, whether due to external radiation or external or 

internal contamination, as well as types of radiation and toxicity o f the 
radionuclides involved;

(d) Extent to which overexposures o f workers are possible under normal working 
conditions.

Whatever programme o f monitoring is adopted, it should be reviewed periodi
cally in the light o f experience and whenever any major modification o f the 
working situation or operations is undertaken.

4.1.2. The monitoring equipment should yield valid data of adequate accuracy 
(i.e. in the case o f external radiation within ± 50%)' and reproducibility. The 
performance and limitations of the equipment should be clearly understood by the 
users since it is unlikely that any single instrument will perform all the monitoring 
functions required by the working situation. In particular it should be understood 
that quantitative measurements made with an instrument may depend upon the 
following:

(a) Variation o f the instrument response from the ideal, according to radiation 
quality, radiation level and angular sensitivity o f the instrument;

(b) Reliability with which the instrument maintains its calibration;
(c) Effects o f environmental conditions (e.g. temperature, humidity, dust, 

vapour, wind, light, electric or magnetic fields) and operational conditions 
(e.g. rough treatment, voltage and frequency fluctuations o f the power 
supply, etc.).

4.1.3. Instruments should be appropriate for their intended operating conditions, 
bearing in mind cost considerations and the need for maintenance.

4.1.4. In circumstances where it is difficult to estimate the maximum absorbed 
dose and the dose equivalent in an externally irradiated human body from measure
ments in air, the assessment may be made in terms o f the shallow and deep dose- 
equivalent indices. In this approach the maximum dose equivalents in the human 
body are approximated by dose-equivalent indices in a sphere o f  tissue-equivalent 
material.

1 Although these accuracies are adequate for radiological protection, it will often be 
desirable to use more accurate or precise equipment when the readings from instruments with 
different specifications are to be intercompared.
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4.2. INDIVIDUAL MONITORING FOR EXTERNAL RADIATION

4.2.1. Purpose

Individual monitoring for external radiation provides the data for the assess
ment o f dose equivalents incurred by the whole body, the skin or the extremities.
In the course o f such monitoring, the type and quality o f the radiation experienced 
by the worker may also be determined. From these data possible variations due 
to changing working conditions can be inferred. Thus the data provide the dose 
equivalents and may also indicate the need for modifications in working techniques 
or procedures.

^ 4 .2 .2 . Methods

4.2.2.1. The dose equivalents incurred are evaluated by employing one or more 
individual dose meters to be carried continuously by the exposed person while at 
work. In some circumstances, e.g. in areas o f  high dose-equivalent rate, it is 
appropriate to employ supplementary dose meters that permit instant reading 
and/or warning.

4.2.2.2. The duration o f the issue period will be chosen to suit the dose equi
valents expected and according to whether the dose meter employed permits instant 
reading or needs special processing.

4.2.2.3. Dose meters must always be carried in a position which provides a 
representative measurement o f the maximum dose equivalents to the exposed 
parts o f the body. In many cases it may be sufficient for the person to carry
a single dose meter on the trunk. If an overexposure is suspected, the relation
ship between the dose-meter indication and the actual dose equivalent incurred 
by its wearer may require special investigation. When a radiation field is not 
uniform and the dose equivalents may approach the authorized limits, it may 
be necessary to wear dose meters at several points on the body so that a better 
estimate o f the dose equivalent can be made.

4.2.2.4. In situations where several gamma and neutron radiations o f different 
energy are present, it may be necessary to wear several dose meters.

4.2.3. Dose meters

Any dose meter used to determine individual dose equivalents must respond 
to radiation o f different qualities and types with sufficient sensitivity. The dose 
equivalent may be obtained directly from its response or computed from the 
response to various components o f radiation. A supplementary dose meter may 
be used for immediate indication o f  radiation exposure levels in certain working 
situations, but these may not give sufficient information for dose-equivalent 
determination.

9
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4.2.3.1. Dose-meter requirements

In addition to the general requirements outlined in §§4.1.2 and 4.1.3, an 
individual monitoring system should use dose meters with the following qualifications'.

(a) Minimum loss o f  accumulated dose registration during the measurement 
period under the conditions in which they are used;

(b) No interference with the performance o f the workers’ tasks;
(c) Easy identification so as to facilitate their issue and the proper assignment 

o f the recorded doses.

4.2.3.2. Description and specifications o f  dose meters2

Individual dose meters meeting these requirements must be selected consider
ing factors necessary for dose-equivalent determination, such as energy dependence, 
angular dependence, rate dependence, reproducibility, stability, etc.

Dose-meter systems have individual operational characteristics, as do all 
instruments and detectors. These characteristics must be understood and given 
careful consideration to obtain proper results in any situation. The dose-meter 
systems in common use are listed below.

(a) Film dose meters

Film dose meters offer the advantage o f storing information permanently, 
thus permitting interpretations to be repeated if necessary. They are well suited to 
measuring absorbed doses due to electrons or photons and may be used to detect 
thermal neutrons. They have a marked photon energy dependence which must 
be compensated for by the use o f  filter systems. Film dose meters are sensitive 
to thermal neutrons when fitted with cadmium filters and to thermal and fast
neutrons when provided with appropriate nuclear emulsions. All film dose meters 
may show fading under conditions o f high temperature and humidity, and this 
is particularly serious in the case o f nuclear track emulsions used for neutron 
dosimetry.

(b) Solid-state detectors

These comprise thermoluminescent and radiophotoluminescent dose meters. 
They differ in the nature o f their constituents and in the method o f excitation 
used for reading them- Their sensitivity to electrons and electromagnetic radia
tion is high and permits performances superior to those o f film dose meters which 
show severe energy dependence in the low-energy range. Care must be taken to 
ensure that both thermoluminescent and radiophotoluminescent dose meters are 
free o f dirt and grease before reading.

2 For more details, see Ref. [4],
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Thermoluminescent dose meters. Thermoluminescent dose meters may be 
nearly tissue equivalent, depending upon the specific phosphor material. Single 

' detectors have a wide useful dose range and the response is independent o f dose 
rate. The inherent beta response is fairly independent o f energy but, as with all 
detectors, packaging has a marked effect. Neutron dosimetry may be effected 
by using the inherent thermal neutron response and albedo effects. Albedo neutron 
dose meters have high sensitivity, but compensation for spectral dependence must 
be made. Thermoluminescent dose meters have poor sensitivity to fast neutrons. 
Thermoluminescent detectors may be extremely small and rugged. After normal 
reading, some information about the magnitude o f the previous exposures may 
be recalled by stimulating the detector with ultra-violet light.

Radiophotoluminescent dose meters. Radiophotoluminescent dose meters 
have good linearity o f response up to high doses. They can give a cumulative 
exposure without destructive readout, whenever desired. They have limited use 
for beta radiation dosimetry and are less amenable to automatic processing than 
thermoluminescent dose meters. They have poor sensitivity to fast neutrons. 
Pre-dose readings may be significant.

 ̂ (c) Pocket chamber dose meters

Pocket dose meters are useful when an immediate indication o f the worker’s 
radiation exposure is required and they are commonly used as supplementary 
dose meters. They should have appropriate wall materials and thicknesses to 
give adequate response to electron, photon or neutron radiations. Single dose 
meters will have a limited dose range. When using pocket dose meters, care 
should be taken against erroneous readings due to electrical leakage.

(d) Alarm and warning dose meters

These dose meters are small electronic indicators o f radiation exposure that 
are commonly used as supplementary dose meters. They may give an audible 
signal proportional to the exposure rate or when a selected level is reached.

(e) Etch-track detectors

These detectors consist o f materials such as glass, mica and plastics in which 
particles with high linear energy transfer create damage tracks that are subsequently 
made observable by etching. They are used in neutron dosimetry.

4.2.4. Assessment of dose equivalent

The dose equivalent to the whole body or to particular organs is generally 
not directly measured by the dose meters worn by an individual. In principle, 
the dose equivalent can be deduced from the dose-meter reading, provided the
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physical properties and geometrical distribution o f the radiation are known. In 
most cases this information is not available and the assigned dose equivalent to 
the whole body may be regarded as the upper limit.

4.2.4.1. The accuracy o f the dose-equivalent assessment should be appropriate 
to the level o f exposure. Dose meters usually give results corresponding to 
penetrating and non-penetrating radiations. In practice, two general procedures 
are often used in dose-equivalent assessments:

(a) For low to moderate exposure levels (doses less than the recommended limits) 
the dose equivalent deduced from the reading o f the dose meter worn on the 
trunk can be recorded as the dose equivalent to the whole body and to the skin.

(b) For higher exposure levels (doses higher than the recommended limits) 
a detailed dose assessment should be considered [2, 3].

4.3. INDIVIDUAL MONITORING FOR INTERNAL CONTAMINATION

4.3.1. Purpose

Individual monitoring for internal contamination in normal conditions is 
necessary when regular and significant contamination o f the area cannot be 
excluded. Also, if there has ever been an incident, however long ago, internal 
monitoring under normal conditions will be required.

Individual monitoring for internal contamination in normal working condi
tions is used to determine radionuclide intake or the committed dose equivalent 
to the whole body or to body organs or tissues.

4.3.2. Methods

For monitoring internal contamination two methods can be used separately 
or in combination:

(a) Evaluation o f the amount o f radioactive material in the whole body or in 
an organ by in vivo measurements;

(b) Analysis o f excreta or other biological samples.

The method(s) to be used depend(s) mainly on the physical properties o f the 
contaminant(s).

4.3.2.1. Direct measurement o f  radioactivity in the body

This method can be used only for radionuclides emitting penetrating radiation. 
The possibility o f external contamination should always be considered and if it
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exists it must be removed as far as practicable before the measurement. In any 
case the subjects should wash thoroughly before being counted. Non-removable 
skin contamination, whether detected or not, will be interpreted as though it were 
incorporated activity, which leads to an inevitable overestimate o f  the body burden.

4.3.2.2. Analysis o f  excreta and other biological samples

In most cases this type o f analysis enables the identification o f the incorporated 
radionuclide(s). The measurement o f the activity o f successive samples enables the 
evaluation o f the activity in the body and the committed dose equivalent.

The usual biological samples are nasal swabs, urine and faeces.

(a) Nasal swabs

Nasal swabs may provide a preliminary indication and identification o f 
radionuclide(s) inhaled in particulate form. The method cannot be used to 
evaluate the inhaled activity, but it can be used as a first indication o f whether 
workers are contaminated or not.

(b) Urine samples

Urine analysis is a widely used method to detect and identify incorporated 
radionuclide(s). However, care has to be taken in the collection o f samples to ' 
avoid extraneous contamination. It must be recognized that the excretion rates 
may vary significantly for one individual as well as between individuals, the renal 
function being subject to significant normal fluctuations. Collected urine samples 
must be representative o f  24 hours’ excretion, and reliable dose assessments can 
only be based on a number o f such representative samples. In circumstances where 
a 24-hour urine sample is not available, the volume o f 24-hour urinary excretion 
may be estimated from the measurement o f creatinine in the urine. The rate of 
excretion o f creatinine in the urine by an individual remains approximately constant, 
provided there is no large fluctuation in the daily intake o f protein.

(c) Faecal samples

Analysis o f faecal sampling is infrequently used in routine monitoring.
However, the technique is very useful to detect and assess intakes o f  radionuclides 
at an early stage after an incident. It is particularly so for radionuclides inhaled 
in non-transportable form for which whole-body monitoring is not possible or o f 
limited use. Faecal samples should be collected for at least one week following an 
acute radionuclide intake, since there may be considerable daily fluctuations in 
excretion. Faecal excretion represents the elimination from the body via different 
physiological pathways and therefore it is difficult to use it as a basis for a highly 
accurate dose assessment.
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4.3.3. Instruments

The adequacy o f an instrument used for quantitative measurements should 
be assessed by:

(a) the extent to which its response to the quantity measured can be calibrated 
and interpreted;

(b) the extent to which it maintains its calibration;
(c) the extent to which its sensitivity suits the intended application;
(d) the extent to which its response is affected by variations in ambient conditions

and operational conditions.

4.3.3.1. Direct measurement o f  the radioactivity in the body

(a) In vivo measurements can be made with instruments having the following 
characteristics:
they should provide an estimate o f the total activity in the body or in 

its separate organs;
their output should indicate the probable identity o f the internal contamination; 
they should be constructed from materials having low levels o f  incorporated 

activity and should be used in locations having low background radiation.
(b) A whole-body counter may be designed to measure penetrating radiation 

from radionuclides in the entire body. Its response should not seriously 
depend upon the location o f the activity within the body.

(c) Alternatively, a whole-body counter may be designed to indicate the 
distribution within the body o f  radionuclides that emit penetrating radiation.
In this instance, its spatial resolution o f  the distribution must be sufficient 
for the purpose.

(d) A partial-body counter may be used for external measurements o f activity 
in individual organs. Such counters must have response characteristics that 
suit the radiation emitted by radionuclides which are likely to accumulate 
in a particular organ.

(e) A probe o f small dimensions may be used for the detection o f radioactive 
materials in wounds.

4.3.3.2. Measurement o f  excreta and other biological samples

The application o f proper analytical techniques is probably more important 
than the detailed characteristics o f the analytical instruments used. It is not 
possible to make a generalized statement about this aspect o f monitoring, but 
care must always be taken to avoid extraneous contamination o f samples during 
collection.
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4.3.4. Assessment o f dose equivalent

4.3.4.1. In routine operations involving only very small intakes o f  radionuclides, 
where the assessment o f the committed dose equivalent would require considerable 
effort, it is useful to have available criteria to judge whether the committed dose 
equivalents are insignificant or whether more elaborate evaluations are needed. 
Therefore, it is very useful to establish recording levels below which the result o f 
the measurement is o f insufficient interest to be worth recording and keeping,
and investigation levels above which the results are considered sufficiently impor
tant to justify further investigations. Derived recording levels and derived investiga
tion levels may also be set. The values for recording and investigation levels should 
be a function o f the measurement or sampling frequency, which will be chosen 
mainly on the basis o f the effective half-life o f the radionuclide. Other factors, 
such as the required accuracy, may also be taken into consideration.'

I
4.3.4.2. An actual assessment o f  the committed dose equivalent will generally
be needed when the investigation level has been attained or exceeded. Additional 
measurements should be carried out to confirm the original data and to enable 
a more accurate assessment o f the dose to be made. The dose assessment procedure 
is based on biological models o f deposition, retention and elimination. These 
models are derived from experimental data on the metabolic behaviour of radio
nuclides in animals or man. At best, they represent the metabolism o f the radio
nuclides in a specified chemical form for the so-called reference man. Large 
individual deviations from the model will occur and will influence the accuracy 
o f the assessment. The collection o f more data will enable an evaluation o f the 
extent o f these deviations.

^  4.4. AREA MONITORING

4.4.1. Purpose

Area monitoring is used to give, an indication o f  the exposure o f  workers in 
normal working conditions and to provide a warning signal when locally derived 
working limits are exceeded. It is particularly useful in situations where satis
factory methods o f  individual dosimetry have not yet been adopted, for example 
in the assessment o f individual exposures from airborne radioactivity in mining 
and milling o f radioactive ores. Area monitoring is sufficient in those situations 
where the hazard is trivial. The principal use o f  area monitoring is to give adequate 
warning o f  any deterioration in working conditions.
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4.4.2. Methods

4.4.2.1. The methods employed in area monitoring are:
(a) Measurement o f external radiation;
(b) Sampling o f airborne contamination;
(c) Survey o f surface contamination.

4.4.2.2. Whenever a permanent source with significant external radiation exists,
an area monitor with audible and visible alarms should be provided to warn o f 
unacceptable radiation levels.

4.4.2.3. Area monitoring results must be representative o f the radiation cond i-' 
tions during the working period, and the data are o f value only so long as the 
conditions remain unchanged.

4.4.2.4. Air sampling procedures are based on the assumption that the activity 
o f  the sampled air is representative o f the activity in the inhaled air. Since the 
concentration o f radioactive material in the air inhaled by an individual may be 
substantially different from that in the working space as a whole, it is preferable 
to sample the air directly in the breathing zone o f  the individual.

4.4.2.5. If the air monitor warns o f  a significant deterioration in the working 
conditions, it may be necessary to employ whole-body counting or bioassay to 
assess the internal contamination o f the individuals involved.

4.4.2.6. Sampling and measuring techniques must be appropriate for different 
categories o f airborne contaminants.

4.4.2.7. Surface contamination is determined directly with portable instruments 
and/or indirectly by various smear techniques. The choice between the two 
methods is determined by several factors, including the type, energy and spread 
o f contamination, the amount o f background radiation, geometrical factors and 
the extent o f self-absorption in the source. As a rule, both methods should be 
used, one to complement the other, to obtain a complete assessment o f the 
contamination o f the surface being examined.

4.4.3. Instruments

The general requirements for monitoring instruments are described in §4.1.

4.4.3.1. In selecting instruments for area monitoring o f external radiation it is 
necessary to take into account the type o f radiation, energy and dose-rate range to 
be measured. Instruments used for this purpose are dose meters, dose-rate meters 
and radiation level indicators which mainly use ion chambers, Geiger-Muller 
counters or solid-state detectors. Instruments used for measuring doses are
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calibrated in terms o f exposure, absorbed dose, dose equivalent or dose-equivalent 
index. Different types of instruments with different sensitivities are available 
commercially, being o f a fixed or portable type. Fixed monitors give a measure
ment o f the radiation field at a single point, but their effectiveness is rather limited 
and they can best serve as indicators o f  changes in the field with time. Portable 
devices enable surveys o f working areas to be made. They should be battery 
operated.

4.4.3.2. Monitoring for airborne contaminants is carried out by air sampling 
devices. Many o f the devices, collecting air samples or particulates on a filter 
from a known volume o f air, are measured some time after sampling. Other 
sampling devices, which incorporate radiation detectors, measure the activity
at the moment o f sampling and hence give early warning in the event o f a release 
o f activity to the working environment.

For direct-measuring monitoring devices, the presence o f natural radioactive 
substances, like radon, thoron and their daughters, increases the limit o f detection 
for the highly radiotoxic alpha-emitting radioisotopes. It is, however, possible 
to reduce the level o f detection with the use o f  alpha spectrometry techniques.

Details o f  instrumentation and techniques applicable to air monitoring are to 
be found in Ref.[5].

4.4.3.3. Surface contamination monitors are portable devices which may employ 
Geiger-Muller counters, proportional or scintillation counters or semi-conductor 
detectors. Separate monitors may be necessary to measure alpha or beta/gamma 
contamination, but double scintillation probes and proportional counters may
be used for both cases.

Indirect measurement o f unattached beta/gamma-emitting surface contamina
tion can be accomplished by means o f smear samples which are analysed by counting 
instruments.

4.4.4. Assessment o f dose equivalent

In practice, locally derived working limits are used to judge whether the dose 
equivalents and/or committed dose equivalents are insignificant or whether more 
elaborate evaluations are needed. From area monitoring data it is possible to make 
an approximate calculation o f the dose-equivalent index or committed dose equi
valent incurred by a worker. To apply such data to the individual, his period o f 
occupancy, the details o f his movements and the changes o f the conditions with 
time in the working environment must be known. Unless these additional factors 
are accurately known, the calculation may involve significant errors and it is valid 
to use such a calculation only in circumstances where the hazard is trivial or when 
no other means o f assessing the dose is available.
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4.4.4.1. The dose-equivalent indices can be approximately calculated from the 
area monitoring data for external radiation. If the instruments have not been 
calibrated to give the dose-equivalent indices, it will be necessary to calculate these 
quantities taking into account the nature and energy o f the radiation.

4.4.4.2. An approximate committed dose equivalent can be calculated from air 
monitoring data. However, in addition to the complications previously discussed, 
the air sampler will not accurately model the respiratory functions and individual 
variations will introduce further errors. When the resulting dose commitments are 
substantial, other methods must be employed to estimate the magnitude.

4.5. MONITORING OF SKIN AND CLOTHING CONTAMINATION

4.5.1. Purpose

Normally, monitoring o f the skin and clothing is used to prevent excessive 
dose equivalents to the body, either from direct irradiation or from the intake 
o f radionuclides, and to prevent the contamination from spreading to non
contaminated areas.

4.5.2. Methods and instruments

Skin and clothing contamination may be monitored by any detector o f 
adequate sensitivity to the radiation in question, calibrated in accordance with 
the monitoring geometry used so that its response can be interpreted in terms 
o f derived limits.

Where frequent hand and shoe monitoring for many workers is required, 
special hand monitors or hand/shoe monitors may provide a convenient means 
for rapid screening for contamination. In addition, special contamination monitors 
may be placed at the points o f exit to provide a means o f checking activity 
located anywhere on the body surface.

4.5.3. Assessment of dose equivalent

The accurate assessment o f the dose equivalents to the body from surface 
contamination measurements is limited by the accuracy with which the many 
variable parameters entering into the calculation are known. These include the 
geometry, the radiation self-absorption in the source-containing material (i.e. 
the clothing), and the variations o f the detector sensitivity with the radiation 
energy.

A particularly important question is the distribution o f the contamination on 
the skin surface being examined. Skin contamination monitors may be designed
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to have a uniform response over the sensitive area o f the detector, which can 
extend from a few square centimetres to several hundred square centimetres 
(as in a hand monitor).

For normal purposes, skin contamination may be averaged over an area o f 
100 cm2, provided the levels do not exceed the derived limit. If the contamination 
is significantly in excess o f the derived limit, a more detailed investigation o f  the 
activity distribution on the skin may be necessary.

However, the dose equivalents to the skin from beta contaminations of 
apparently the same magnitude will be vastly different, depending upon the 
activity distribution. Thus an activity from a radioactive solution uniformly 
distributed on the hands may give a trivial dose equivalent if not removed but 
will constitute a possible source o f internal contamination by ingestion. The 
same activity in the form o f  an insoluble particle may have little significance 
as a source o f  internal contamination but can lead to a very substantial dose 
equivalent to the skin in its immediate vicinity.

For these reasons, the discovery o f any contamination should be treated 
with proper caution.

5. MONITORING FOR ACCIDENTAL OVEREXPOSURE

5.1. GENERAL

Qualified experts shall define areas in which serious radiation hazards could 
arise in the event o f  an accident. Where such areas exist, it is necessary to plan 
the monitoring programmes that would be required under emergency conditions. 
The extent o f such planning and the provision of facilities for the evaluation of 
doses and dose equivalents under conditions o f  overexposure will depend on both 
the probability and the seriousness o f the potential emergency situation.

In the case o f accidental overexposure to external radiation the primary 
concern will normally be with acute somatic injury, for which it is appropriate to 
assess the absorbed dose rather than the dose equivalent. In contrast, accidental 
internal contamination will not in general give rise to such large doses that there 
is a risk o f acute injury and in this case the dose-equivalent commitment should 
be assessed. Monitoring and accident teams should be trained in the proper 
execution o f the monitoring programme under emergency conditions. Good co
ordination must be arranged between the persons in charge o f the establishment, 
their radiation protection specialists and the medical team, whether the latter is 
linked with the establishment or belongs to a specialized hospital centre.
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5.2. AREA MONITORING

Where potential emergency situations — as defined by experts — exist, it 
is necessary to put into place the required monitoring devices for accident conditions. 
These comprise:

(a) Monitoring devices adequate to detect foreseeable radiation hazards. An 
essential feature o f these devices is an alarm which gives an unambiguous 
indication to everybody in the hazard area that a dangerous situation exists.

(b) Accident dose-meter stations containing elements which may be extracted for 
evaluation after the event without excessive additional exposure o f workers.
This applies particularly where the possibility o f a criticality accident with 
associated neutron radiation exists.

(c) High-range portable monitoring equipment, which should have a high 
degree o f reliability, a simple operating procedure, adequate ruggedness and 
a good shelf life. Such equipment should be provided with reliable power 
sources and kept in working order at all times.

5.3. EXTERNAL RADIATION

5.3.1. Individuals working in areas o f potentially high radiation hazards should 
be supplied with dose meters for rapid identification o f highly exposed persons
who may need medical care and who may have to be separated from persons exposed 
to a lesser extent.

5.3.1.1. These dose meters
should not require extensive processing for obtaining the dose informa

tion after exposure, since it is desirable to obtain the dose 
information as quickly as possible; 

should have a range o f response covering doses o f clinical significance 
to the required accuracy, i.e. from 1 to 1000 rad to an accuracy of 
±25%.

5.3.1.2. Some routine individual dose meters are not suitable for giving the 
correct radiation doses received by the individual involved in an accident. This is 
because such dose meters may not be adaptable to very high-intensity mixed 
radiation fields and because the presence o f the individual perturbs the radiation 
fields. Also, the uncertainty in establishing the exact orientation of the individual 
with respect to the source at the time o f the accident may lead to a large error in 
dose assessment. This is the case, for instance,

with very high beta, gamma or X-ray dose rates to localized parts o f  the 
body, either because the sources are close to the worker or are highly 
collimated;
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with very high gamma or mixed gamma and neutron dose rates, when the 
dose delivered is non-uniformly distributed in the body; 

with high-energy particle irradiation (protons, deuterons, etc.).

In some situations special dose meters that can be worn on a belt around the 
waist and are capable o f measuring high doses will be valuable for dose estimation; 
these should always be worn in areas where criticality accidents are possible.

5.3.1.3. The methods o f evaluation employed must be appropriate to the 
possible accident. In particular, for neutron irradiation, methods based on activa
tion can be used. The radioactivity induced in foils, blood, hair and personal articles 
worn at the time o f  the accident may be measured and the radioactivity induced
in the body estimated by whole-body counting. These methods can also be 
adopted in the case o f high-energy particle radiation.

5.3.1.4. To complement the physical measurements, use should be made o f 
cytological and biochemical indicators (e.g. chromosome aberration measurements 
for the dose range from 0.1 to 3 Gy (10 to 300 rad) and use o f biochemical indica
tors for the dose range from 3 Gy (300 rad) upwards [6, 7].

5.3.2. Members o f emergency teams must be provided with individual dose 
meters which monitor their dose equivalents during the period o f  work and also 
signal when the authorized dose limits have been reached.

5.3.3. Arrangements for help from dosimetry experts outside the organization 
should be made where needed.

5.4. INTERNAL RADIATION

5.4.1. The monitoring systems should be employed in such a way that the 
measurements and collection o f samples may be started immediately when an 
accidental intake o f radionuclides is suspected or has occurred.

5.4.2. When a significant radionuclide intake is indicated, remedial measures 
should be taken as soon as possible to prevent further deposition, incorporation 
or concentration in the various organs, and also to increase the elimination rate. 
Thus, serious internal contamination sliould.be identified by the simplest and 
quickest individual monitoring procedures, such as nose swabs and wound counting.

5.4.3. More elaborate monitoring procedures, such as whole-body counting 
and urine analysis, may be necessary at a later stage. Frequent measurements will 
enable adequate accuracy in the assessment o f the committed dose equivalent.
They may also serve to evaluate the effect o f the remedial measures. However,
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if the treatment has led to a decrease o f the dose by modifying the metabolic 
behaviour o f the radionuclide, appropriate correction must be made in the dose 
assessment.

5.5. CONTAMINATION OF SKIN AND CLOTHING

In the event o f an associated injury, medical treatment can take priority 
over decontamination o f the skin. The amount o f radioactivity on the skin and 
especially in wounds shall be monitored in order to evaluate the need and methods 
for early decontamination. In the event o f  exposure to neutron radiation, care 
should be taken not to confuse the radioactivity induced in the body with radio
active contamination o f the body surface.

6. CALIBRATION

6.1. The reliability o f the interpretation o f individual monitoring depends 
upon the accurate calibration o f the measuring instruments and dose meters. 
Calibrations should be made with radiation sources whose stated outputs can b e . 
traced back to primary radiation standards. It may be useful to establish contact 
with the Bureau International des Poids et Mesures (BIPM) or with the IAEA/WHO 
network o f secondary standard radiation dosimetry laboratories (SSDL).

6.2. Four levels o f  calibration may be distinguished:

(a) Type test. This involves a full investigation o f all aspects o f the performance 
o f representative samples o f an instrument type, including radiation, electrical 
and environmental characteristics.

(b) Comprehensive calibration. This is sometimes referred to as a ‘standard’ or 
‘full’ calibration. It involves the measurement o f the radiation characteristics 
o f an instrument over the complete range o f radiation energies and intensities 
in which the instrument is intended to be used. The calibration normally 
involves a comparison o f  the instrument indications in well-defined radiation 
fields with secondary standards which have themselves been calibrated against 
national primary standards.

(c) Routine calibration. This is often called a ‘laboratory test’ . The purpose o f 
this calibration is to compare the present response o f the instrument with 
that obtained on previous and subsequent occasions. It is usually performed 
with a restricted number o f radiation energies and intensities. It may be 
carried out by comparison either with secondary standards or with the 
response o f  an identified type o f  instrument which has itself been calibrated 
against a secondary standard.
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(d) Operation check. This consists o f a simple test carried out by the user to 
ensure that the instrument is functioning correctly.

6.3. The techniques o f  calibration for both individual dose meters and area 
monitoring equipment are described in the IAEA Handbook on Calibration o f 
Radiation Protection Monitoring Instruments [8]. Report No.20 o f the International 
Commission on Radiation Units and Measurements [9] and the'radiation instru
mentation and dosimetry standards developed by the IEC and ISO provide valuable 
guidance on performance requirements o f radiation instruments and their 
calibration.

6.4. Type testing and comprehensive testing o f instruments will normally 
be carried out either by the instrument manufacturer or by an organization 
responsible for measurement standardization. If the user has the facilities, he 
may in some circumstances find it desirable to carry out his own type tests and 
comprehensive tests.

6.5. The calibration o f instruments should be verified at regular intervals, 
the actual interval depending upon the instrument type. In selecting acceptable 
limits o f  performance, the user should bear in mind the overall accuracy required 
and demand no more than the performance that is necessary and reasonable.

6.6. Operational checks o f monitoring instruments should be carried out 
before and after any monitoring operation.

6.7. An important contribution to the establishment o f accurate calibration 
may be made by participation in inter-laboratory and international intercomparisons 
o f monitoring methods, instruments and dose meters.

7. RECORDS

7.1. GENERAL

T. 1.1. The results o f personnel monitoring for both external radiation and
internal contamination, as well as for area monitoring, must be recorded.

7.1.2. Individual records are needed for the following purposes:

(a) To verify the degree o f compliance with radiation protection regulations;
(b) For medical and legal purposes;
(c) For evaluation o f dose trends;
(d) For evaluation o f collective doses;
(e) For epidemiology and health effect evaluations.

23

This publication is not longer valid 
Please see http://www-ns.iaea.org/standards/



Calibration and maintenance records for monitoring devices are only o f 
transitory significance.

7.2. PERSONNEL MONITORING RECORDS

7.2.1. The record-keeping system should:

(a) include annual and lifetime dose totals;
(b) separately record external and internal doses from which the effective 

dose equivalents may be calculated;
(c) provide additional information in the case o f substantial or unusual 

exposures;
(d) indicate cases where permissible dose limits have been exceeded;
(e) allow access to data as needed for medical and legal purposes as well as 

for epidemiological studies.

7.2.2. Records o f individual doses shall be preserved during the lifetime o f 
the person concerned, and in any case for at least 30 years after cessation of 
work involving exposure to ionizing radiation.

7.2.3. Quick, easy and unambiguous identification o f the person is essential.
The sex, along with the date o f birth, should also be included. Additional informa
tion that is available should be added. It should be noted that data storage for 
temporary workers and visitors may present particular problems. Proper account
ing o f the total doses received by temporary workers in different organizations 
must be given careful attention.

7.2.4. Depending on the size o f the operating organization, it may be 
appropriate to keep the records in manual form or by machine accounting 
methods.

7.2.5. A record o f  the type o f  work should be maintained.

7.2.6. The place o f employment and the dose occurrence should be indicated.

7.2.7. Medical radiation records, diagnostic and therapeutic, are desirable 
but should be maintained separately.

7.2.8. In cases o f  exposure to both external radiation and internal contamina
tion the effective dose equivalent, He , should be assessed as follows:

He  = Hi; d + 5 > t Ht

where is the deep dose-equivalent index, Ht is the dose equivalent to
tissue (T) from internal contamination, and W j is the weighting factor recommended
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by ICRP. Values for W j may be found in Annex II. It may be necessary to 
estimate the part o f the committed dose equivalent received during the period 
under consideration. This figure would then be added to the external irradiation 
dose for the same period.

7.2.9. Centralized recording o f data may facilitate the achievement o f the above 
objectives but is not required for area monitoring results.

7.3. RECORDS OF ENVIRONMENTAL RADIATION LEVELS

7.3.1. For several reasons it may be desirable to keep records o f  the radiation 
conditions o f working areas as well as areas in proximity to the installation which 
are frequented by the general public.

7.3.2. Information obtained from properly identified recording meter data 
will have greater significance than the listing o f isolated measurements. However, 
for unusual occurrences involving significant radiation exposure, only the latter 
may be available. In these cases, care should be taken to ensure that the record 
o f the incident is as complete and reliable as possible.

7.3.3. Except where significant exposure o f  an individual is involved, records 
o f survey meter readings are in general only o f transitory interest and serve princi
pally to guide operators in the improvement o f  the radiation working conditions.

7.4. CONFIDENTIALITY

Due care and attention must be given to maintaining the required confi
dentiality o f the records since the personnel dosimetry records should be treated 
as medical records.

8. REPORTING

8.1. The monitoring service o f  an organization should periodically report 
the individual and/or collective dose data, as required, to the management o f 
that organization. It is considered good practice to inform the workers o f  the 
dose they have received. The management should also report the data, as required 
and appropriate, to a record co-ordination centre and to any regulatory authority, 
and should provide new employers with the data on former employees’ radiation 
histories.
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8.2. The public health authorities should be provided with relevant informa
tion; where appropriate, the medical supervisor should also be provided with 
such data by the management.

8.3.. A record co-ordination centre will be able to produce periodic reports
giving statistical information, which may include such parameters as exposure trends, 
collective dose equivalents, dose break-down by geographical location, job  classi
fication, sex, age, types o f radiation, etc.

8.4. Area monitoring results need not be routinely reported to the record 
co-ordination centre.

8.5. Whenever an individual is involved in a radiation incident o f any kind 
requiring investigation (whether overexposure is involved or not) he should be 
advised o f  it. His viewpoint o f the incident may assist in avoiding a recurrence 
and should be given appropriate consideration by the authority in charge.

8.6. The supervisor, the radiation protection staff or the medical staff — 
depending on local custom — should be encouraged to discuss the radiation 
status of an employee with him.

9. TRAINING

9.1. All persons who have to work in controlled areas shall be given 
adequate training in radiation protection and shall be given all pertinent informa
tion concerning personnel monitoring devices and radiation protection policies 
and practices that are in effect within the establishment.

9.2. For all other workers in the establishment, a less extensive training 
should form part o f the initiation.

9.3. All workers shall be adequately briefed about radiation emergency pro
cedures and shall take part in exercises so that they will respond correctly in the 
event o f  an emergency.

26

This publication is not longer valid 
Please see http://www-ns.iaea.org/standards/



REFERENCES

[1 ] INTERNATIONAL COMMISSION ON RADIATION UNITS AND MEASUREMENTS, 
Radiation Quantities and Units, ICRU Report No. 19, Washington, DC (1971).

[2] INTERNATIONAL COMMISSION ON RADIATION UNITS AND MEASUREMENTS, 
Conceptual Basis for the Determination o f Dose Equivalent, ICRU Report N o.25, 
Washington, DC (1976).

[3] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Recommenda
tions o f  the International Commission on Radiological Protection, ICRP Publication N o.26, 
Pergamon Press, Oxford (1977).

[4] INTERNATIONAL ATOMIC ENERGY AGENCY, Personnel Dosimetry Systems for 
External Radiation Exposures, Technical Reports Series N o .109, IAEA, Vienna (1970)
150 pp.

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Radiological Surveillance o f Airborne 
Contaminants in the Working Environment, Safety Series N o.49, IAEA, Vienna (1979)
138 pp.

[6 ] WORLD HEALTH ORGANIZATION, Methods for the Analysis o f  Human Chromosome 
Aberrations, WHO, Geneva (1973).

[7] Biochemical Indicators o f  Radiation Injury in Man (Proc. IAEA/WHO Panel Paris- 
Le Vesinet, 1970), IAEA, Vienna (1971) 320 pp.

[ 8 ] INTERNATIONAL ATOMIC ENERGY AGENCY, Handbook on Calibration o f Radiation 
Protection Monitoring Instruments, Technical Reports Series No. 133, IAEA, Vienna 
(1971) 93 pp.

[9] INTERNATIONAL COMMISSION ON RADIATION UNITS AND MEASUREMENTS, 
Radiation Protection Instrumentation and its Application, ICRU Report N o.20, 
Washington, DC (1971).

27

This publication is not longer valid 
Please see http://www-ns.iaea.org/standards/



Annex I

BIBLIOGRAPHY

A. Safety Standards and Codes of Practice

INTERNATIONAL ATOMIC ENERGY AGENCY

Safe Handling o f  Radionuclides, 1973 edition, Safety Series No. 1 (1 973).

Basic Safety Standards for Radiation Protection, 1967 edition, Safety Series N o.9 (1967).

The Provision o f Radiological Protection Services, Safety Series N o.13 (1965).

Radiation Protection Standards for Radioluminous Timepieces (IAEA/OECD-NEA), Safety 
Series N o.23 (1966).

Radiation Protection in the Mining and Milling o f  Radioactive Ores (IAEA/ILO), Safety 
Series No.26 (1968).

Safe Operation o f  Nuclear Power Plants, Safety Series N o.31 (1969).

Safe Operation o f Critical Assemblies and Research Reactors, 1971 edition (IAEA/W HO),
Safety Series N o.35 (1971).

WORLD HEALTH ORGANIZATION

Public Health'Responsibilities in Radiation Protection, Technical Report Series N o.254, WHO, 
Geneva (1963).

INTERNATIONAL LABOUR ORGANISATION

Manual o f Industrial Radiation Protection, Part I: Convention and Recommendations 
Concerning the Protection o f Workers against Ionizing Radiations, ILO, Geneva (1960).

Manual o f  Industrial Radiation Protection, Part II: Model Code of Safety Regulations 
(Ionizing Radiations), ILO, Geneva (1959).

Manual o f Industrial Radiation Protection, Part III: General Guide on Protection against 
Ionizing Radiation, ILO, Geneva (1963).

Manual o f Industrial Radiation Protection, Part IV: Guide on Protection against Ionizing 
Radiations in Industrial Radiography and Fluoroscopy, ILO, Geneva (1964).

Manual o f  Industrial Radiation Protection, Part V: Guide on Protection against Ionizing 
Radiations in the Application o f Luminous Compounds, ILO, Geneva (1964).

ILO Convention and Recommendations on Radiation Protection o f  Workers, ILO, Geneva (1960).

Radiation Protection in the Mining and Milling o f  Radioactive Ores, Manual o f Industrial 
Radiation Protection, Part VI: IAEA Safety Series No.26, IAEA, Vienna (1968).

28

This publication is not longer valid 
Please see http://www-ns.iaea.org/standards/



Report o f  Committee 4 on Evaluation o f  Radiation Doses to Body Tissues from Internal 
Contamination due to Occupational Exposure, ICRP Publication No. 10, Pergamon Press, 
Oxford (1968).

The Assessment o f Internal Contamination Resulting from Recurrent or Prolonged Uptakes.
A Report of ICRP Committee 4, ICRP Publication N o.lOA, Pergamon Press, Oxford (1971).

General Principles o f Monitoring for Radiation Protection o f  Workers. A Report prepared by 
a Task Group o f ICRP Committee 4, ICRP Publication No. 12, Pergamon Press, Oxford (1969).

Protection against Ionizing Radiation from External Sources. A Report o f  ICRP Committee 3, 
ICRP Publication No. 15, Pergamon Press, Oxford (1970).

Data for Protection against Ionizing Radiation from External Sources: Supplement to ICRP 
Publication 15. A Report o f ICRP Committee 3, ICRP Publication No. 21, Pergamon Press, 
Oxford (1973).

Implication of Commission Recommendations that Doses be Kept as Low as Reasonably 
Achievable. A Report o f  ICRP Committee 4, ICRP Publication No. 22, Pergamon Press,
Oxford (1973).

Radiation Protection: Recommendations o f the International Commission on Radiological 
Protection, ICRP Publication No. 26, Ann. ICRP 1 3, Pergamon Press, Oxford (1977).

Limits for Intakes of Radionuclides by Workers, ICRP Publication No. 30, Pergamon Press, 
Oxford (1979).

INTERNATIONAL COMMISSION ON RADIATION UNITS AND MEASUREMENTS

Radiation Quantities and Units, ICRU Report No. 19, Washington, DC (1971).

Conceptual Basis for the Determination of Dose Equivalent, ICRU Report No. 25, Washington, 
DC (1976).

OECD/NUCLEAR ENERGY AGENCY

Regulations Governing Nuclear Installations and Radiation Protection, Nuclear Energy Agency, 
Paris (1972).

B. Technical Reports, Proceedings, etc.

INTERNATIONAL ATOMIC ENERGY AGENCY

The Use o f Film Badges for Personnel Monitoring, Safety Series No. 8  (1962).

Medical Supervision o f  Radiation Workers, Safety Series No. 25 (1968).

Planning for the Handling o f  Radiation Accidents, Safety Series No. 32 (1969).

Radiation Protection Procedures, Safety Series No. 38 (1973).

Safe Handling of Plutonium, Safety Series No. 39 (1974).

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION

2 9

This publication is not longer valid 
Please see http://www-ns.iaea.org/standards/



Manual on Radiological Safety in Uranium and Thorium Mines and Mills, Safety Series 
No. 43 (1976).

Personnel Dosimetry Systems for External Radiation Exposures, Technical Reports Series 
No. 109(1970).

Monitoring o f  Radioactive Contamination on Surfaces, Technical Reports Series No. 120(1970).

Handbook on Calibration of Radiation Protection Monitoring Instruments, Technical Reports 
Series No. 133 (1971).

Inhalation Risks from Radioactive Contaminants, Technical Reports Series No. 142 (1973).

Measurement o f  Short-Range Radiations, Technical Reports Series No. 150(1973).

Training in Radiological Protection for Nuclear Programmes, Technical Reports Series No. 166 
(1975).

Directory o f Whole-Body Radioactivity Monitors, 1970 edition, IAEA, V ienna(1970).

Selected Topics in Radiation Dosimetry (Proc. Symp. Vienna, 1960), IAEA, Vienna (1961).

Whole-Body Counting (Proc. Symp. Vienna, 1961), IAEA, Vienna (1962).

Assessment o f  Radioactivity in Man (Proc. Symp. Heidelberg, 1964), IAEA, Vienna (1964) 
two volumes.

Diagnosis and Treatment o f  Radioactive Poisoning (Proc. Sci. Meeting Vienna, 1962)," IAEA, 
Vienna (1963).

Radiological Health and Safety in Mining and Milling o f  Nuclear Materials (Proc. Symp. Vienna, 
1963) Vol. 2, IAEA, Vienna (1964) 3 6 3 -5 0 8 .

Personnel Dosimetry for Radiation Accidents (Proc. Symp. Vienna, 1965), IAEA, Vienna (1965).

Neutron Monitoring (Proc. Symp. Vienna, 1966), IAEA, Vienna (1967).

Radiation Protection Monitoring (Proc. Symp. Bombay, 1968), IAEA, Vienna (1969).

Assessment o f Radioactive Contamination in Man (Proc. Symp. Stockholm, 1971), IAEA,
Vienna (1972).

Neutron Monitoring for Radiation Protection Purposes (Proc. Symp. Vienna, 1972), IAEA, 
Vienna (1973) two volumes.

WORLD HEALTH ORGANIZATION

Medical Supervision in Radiation Work, Technical Report Series No. 196, WHO, Geneva (1960).

Methods o f Radiochemical Analysis, Technical Report Series No. 173, WHO, Geneva (1959).

Methods for the Analysis o f Human Chromosome Aberrations, Manual, WHO, Geneva (1973).

Manual on Radiation Protection in Hospitals and General Practice, WHO, Geneva (1974) 
four volumes.

Diagnosis and Treatment of Radiation Injury, WHO, Geneva (1961).

Protection against Ionizing Radiations: A Survey o f Current World Legislation.

30

This publication is not longer valid 
Please see http://www-ns.iaea.org/standards/



INTERNATIONAL LABOUR ORGANISATION

Radiation Protection in Mining and Milling of Uranium and Thorium (Proc. Symp. 1974).

Manual on Radiological Safety.in Uranium and Thorium Mines and Mills, IAEA Safety 
Series No. 43 (joint sponsorship), IAEA, Vienna (1976).

OECD/NUCLEAR ENERGY AGENCY

Personnel Dosimetry Techniques for External Radiation (Proc. Symp. Madrid, 1963), Nuclear 
Energy Agency, Paris.

Radiation Dose Measurements (Proc. Symp. Stockholm, 1967), Nuclear Energy Agency, Paris.

Personal Dosimetry and Area Monitoring Suitable for Radon and Daughter Products (Specialists 
Meeting Elliot Lake, Canada, 1976), Nuclear Energy Agency, Paris (1977).

31

This publication is not longer valid 
Please see http://www-ns.iaea.org/standards/



Annex II

DEFINITION OF TECHNICAL TERMS

absorbed dose, D, is the quotient o f de by dm, where de is the mean energy 
imparted by ionizing radiation to the matter in a volume element and 
dm is the mass o f the matter in that volume element.

dm

The SI unit o f absorbed dose is the gray, symbol Gy, equal to a joule per 
kilogram (1 Gy = 1 J/kg = 100 rad).

(ICRU recommended in 1975 that the special unit o f absorbed dose, the 
rad, be gradually abandoned over a period o f not less than about ten years.)

accidental exposure: An unforeseen exposure resulting in a radiation absorbed 
dose, with or without intake of radioactive material.

albedo effect: When the human body is exposed to neutrons, some o f the
incident neutrons are backscattered to create a flux of neutrons of various 
(lower) energies leaving the body in various directions; this is known as the 
albedo effect. The scattered neutrons are called albedo neutrons.

albedo neutron dose meter: A dose meter placed on the body to measure the 
neutrons backscattered in the human body (see albedo effect).

annual limit of intake (ALI). The activity o f a radionuclide which taken alone 
would irradiate a person, represented by Reference Man, to the limit set 
by the ICRP for each year o f occupational exposure.

area, controlled: An area where continued operation would give rise to Working 
Condition A and to which access is limited. The demarcation o f  controlled 
areas will depend on the operational situation and it will often be convenient 
to use existing structural boundaries. The controlled area should, in any 
case, be large enough to make it most unlikely that the annual dose 
equivalent to workers outside controlled areas will exceed three tenths 
(0.3) o f the limits.
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area, supervised: An area which has a boundary chosen so as to make it most 
unlikely that the annual dose equivalents outside this area will exceed one 
tenth (0.1) o f the limits.

authority, competent: A national or international body recognized or designated 
by a government as legitimately qualified to exercise authority in matters o f 
radiation protection.

authorized limit: Limit laid down by a competent authority or by the manage
ment o f  an institution handling radioactive material or radiation sources.

bioassay: Analyses o f biological material, including whole-body counting and 
other external counting of radiation emanating from the body, with a view 
to assessing the body’s content o f natural and/or toxic substances.

collective dose equivalent, S, in a population is defined by the expression

S = 2 H iPi
i

where Hj is the per caput dose equivalent in the whole body or any specified 
organ or tissue o f the Pj members o f subgroup i o f the exposed population.

committed dose equivalent, Hs0, to a given organ or tissue from a single intake of 
radioactive material into the body is the dose equivalent that will be 
accumulated over 50 years, representing a working life. The committed 
dose equivalent is a special case o f the more general dose-equivalent 
commitment.

contamination, internal: The presence o f  foreign radioactive substances within 
the body.

contamination, radioactive: Radioactive contamination is the presence o f 
radioactive substances in or on an object o f interest at concentrations 
greater than those which occur naturally, so that either a technical 
inconvenience or a radiation hazard is caused. Radioactive contamination 
o f surfaces is referred to as surface contamination. Surface contamination 
may be in loose or fixed form. The former is easily removed by normal 
cleaning methods, whereas removal o f the latter may result in damage to 
the contaminated surface. Radioactive contamination o f air is referred to 
as air contamination. Air contamination may be caused by radioactive gases, 
vapours or solids in air.
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cost/benefit analysis: Analysis made to assess the justification o f a given practice, 
considering its total positive and negative effects -  as well as the availability 
o f alternative procedures. In general, the analysis will enable operational 
practices to be adjusted to the point where the increased cost o f protection 
is balanced by the reduction o f detriment per unit dose equivalent.

deep dose-equivalent index, Hj d, at a point is defined as the maximum value o f 
the dose equivalent that would occur at a depth o f  1 cm or more in a 30 cm 
diameter sphere o f soft tissue-equivalent material o f density 1 g/cm 3. For 
external radiation this may be taken as the maximum value o f the dose 
equivalent to the whole body.

Dose: In this manual, dose is often used instead o f  the more complete phrase, 
absorbed dose.

dose equivalent, H, is the product o f D, Q and N, at the point o f interest in tissue, 
where D is the absorbed dose, Q is the quality factor, and N is the product 
o f  any other modifying factors.

H = DQN

The SI unit o f dose equivalent (since September 1979) is the sievert, symbol 
Sv. Dimensionally, the sievert is equivalent to a joule per kilogram. The 
special unit o f dose equivalent is the rem, the use o f which is to be phased 
out over a period of years. When D is expressed in gray, H is in sievert; 
when D is expressed in rad, H is in rem. (Q and N are the same in both cases.)

dose-equivalent commitment, Hc, from a given decision or practice, is the infinite 
time integral o f  the per caput dose-equivalent rate in a given organ or tissue 
for a specified population.

dose-equivalent index, Hj, at a point is defined as the maximum dose equivalent 
within a 30 cm diameter sphere centred at this point and consisting of 
soft-tissue-equivalent material o f density 1 g/cm 3.

effective dose equivalent, HE, is the sum o f  the deep dose-equivalent index and 
the weighted dose equivalents to body tissues due to internal contamination. 
The effective dose equivalent enables the risks from uniform and non- 
uniform irradiation o f the body to be considered together. The weighting 
factors for various organs are as follows:
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Tissue

Gonads

Breast
Red bone marrow

Lung

Thyroid

Bone surfaces
Remaining tissues2

0.25

0.15

0.12

0.12

0.03

0.03
0.3

a The remaining tissues do not include the skin, the lens of the 
eye or the extremities.

exposure: For the purposes o f  this manual, the term exposure is generally used 
to describe a situation in which a person or object is receiving irradiation 
from an external or internal radiation source.

external radiation: Radiation reaching the body from external sources.

internal radiation: Radiation arising from radioactive substances within the body.

intervention level: A level at which it is essential, even at the expense o f
interfering with operations and disrupting normal chains o f responsibilities, 
to take steps to prevent or terminate significant radiation exposures.

overexposure, accidental: An accidental overexposure is an unforeseen exposure 
resulting in a radiation dose or in an intake o f radioactive material in excess 
o f the dose limits.

qualified expert: A person having the knowledge and training required to give 
advice on protective measures and operating procedures that will ensure 
effective radiation protection for persons exposed to ionizing radiation.

radiation status: The radiation status o f an individual worker implies the dose 
limitation that must be applied to his work or activity during a given 
surveillance period as a consequence o f  his radiation category, his exposure 
history or for other reasons.
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radiation worker: A worker who is liable to receive more than one-tenth o f the 
annual dose-equivalent limit for occupational exposure.

recording level: A recording level for dose equivalent or intake is a level above 
which the result is o f sufficient interest to be worth recording and keeping. 
Unrecorded results should, therefore, be treated as zero for assessing annual 
dose equivalent or intake for the purposes o f radiation protection. This 
approach results in a considerable simplification in the recording o f  
monitoring results.

reference level: A level that is used to determine a course o f action when the 
value o f a quantity exceeds or is predicted to exceed the reference value.
It is not a limit.

self-absorption: The absorption o f radiation within the volume o f  the source 
itself. Self-absorption is particularly important in case o f alpha-emitting 
isotopes.

shallow dose-equivalent index, Hj s, is the maximum dose equivalent in a shell 
from 0.07 mm to 10 mm depth o f a 30 cm diameter sphere o f soft-tissue- 
equivalent material o f density o f  1 g/cm 3. For external radiation this may 
be taken as the dose equivalent to the skin.

supervised area: An area in which persons may receive more than one-tenth of 
the annual dose-equivalent limit for occupational exposure. Such areas 
will normally be determined on the basis o f the results o f  personnel 
monitoring.
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