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FOREWORD 

The assessment and recording of the radiation exposure of workers in 
activities involving radiation risks are required for demonstrating compliance 
with institutional dose limitations and for a number of other complementary 
purposes. 

A significant proportion of the labor force involved in radiation work 
is currently represented by those specialised workers who operate as Itinerant 
contractors for different nuclear installations and in different countries. 
In order to ensure that the exposure of these workers is adequately and con
sistently controlled and kept within acceptable limits, there is a need for 
the criteria and methods for dose assessment and recording to be harmonised 
throughout the different countries. 

An attempt in that direction has been made in this report, which has 
been prepared by a group of experts convened by the Committee on Radiation 
Protection and Public Health of the OECD Nuclear Energy Agency. Its primary 
purpose is to describe recommended technical procedures for a unified approach 
to the assessment and recording of worker doses. The report is published 
under the responsibility of the Secretary-General of the OECO, and does not 
commit Member governments. 
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1. INTRODUCTION 

this report was prepared with the ad"^* of an expert qroup designated 
by the OECO Nuclear Energy Agency's Committee on Radiation Protection and 
Public Health to consider the assessment and recording of the exposures of 
Individual workers to external and internal radiation sources. The members of 
this expert group are listed in Appendix 2. Others who contributed to the 
final report were G.W.R. Endues, L. Fitoussi, J.L. Kenoyer, J.C. Nenot, 
N. Parmentier, E. Piesch, A.V. Robinson, K.L. Swinth, R.J. Traub and 
C.H. U.iruh. 

An attempt has been made to Identify specific practical problems which 
experience has shown require guidance in the application of ICRP recommenda-
tionsC1'2); of the Basic Safety Standards(3) sponsored by the International 
Atomic Energy Agency in association with the International Labour Organisa
tion, the OECO Nuclear Energy Agency, the World Health Organisation; and of 
the D1rect1ve(*) laying down the basic safety standards of the European 
Communities. 

The recording of exposures 1s required primarily for demonstrating com
pliance with dose limits and in pursuit of the ALARA principle as well as to 
facilitate the medical supervision of radiation workers. But it is necessary 
to bear 1n mind that Information on exposure may also be required: 

- for the implementation of effective monitoring procedures; 
- in the context of compensation claims for radiation related 

diseases; 
- for possible epidemiological studies; and 
- for elucidating trends in exposure levels in different work 

practices and from different sources(5). 

The primary concern of this report is the annual summary dose records 
which may be used as a permanent record of the exposure of a worker to ex
ternal and Internal radiations, and with the minimum detail that these records 
should contain. These records are required not only for the purposes outlined 
above, but also for the information of the workers themselves and to provide 
information relevant to their future employment, particularly when they move 
between different countries which themselves may have differing legislative 
requirements. Although more detailed short term and local records of expo
sure:, may be kept by monitoring laboratories, employers or national authori
ties, the detail they contain is not normally required for annual summary 
records. Indeed, the inclusion of excessive detail could detract from the 
usefulness of the annual summary record. 

The report 1s not primarily concerned with monitoring methods; none
theless, it was considered helpful to include some Information about them. 
This material forms Appendix 1, in which the advantages and limitations of 
different monitoring devices and procedures are described in the context of 
the recommendations of the report. 
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2. THE ASSESSMENT OF EXPOSURES 

d.\ Basic Fi im.*ipies and Quantities 

Objectives and means of radiation protection of workers have been de
fined by the International Commission on Radiological Protection(l), with 
the aim of preventing detrimental non-stochastic effects and limiting the 
probability of stochastic effects to levels deemed to be acceptable. 

The prevention of non-stochastic effects is achieved by setting annual 
dose-equivalent limits for the different organs or tissues (500 mSv for all 
tissues except the eye lens, for which it is 150 mSv) at sufficiently low 
values so that no threshold dose is reached, even after exposure for the total 
period of working life. The limitation of stochastic effects is achieved by 
keeping all justifiable exposures as low as is reasonably achievable within an 
overriding annual dose limit (50 mSv) for whole body exposure. The basic 
quantity in which limits are expressed, and which should therefore be de
termined, is the dose-equivalent. 

For most practical purposes in the case of exposure to external radi
ation, and certainly when the whole body is irradiated, it is sufficient to 
make assessments of the penetrating individual dose equivalent, Hp(lO), and of 
the superficial individual dose equivalent, Hs(0.07), together with the pene
trating individual dose equivalent, Hp(3). These quantities, which are de
fined by the ICRU(6), are intended to correspond to th<- dose equivalent to 
the whole body, the skin and the eye lenses respectively with a degree of ap
proximation that is sufficient for most situations met with in operational 
radiological protection. 

For the limitation of internal exposures, a recommended quantity is the 
committed dose equivalent, H5Q, to a given organ or tissue from a single 
intake of radioactive material into the body, 1e, the dose-equivalent that 
would be accumulated by the organ or tissue in the fifty years following the 
intake due to the radioactive decay within the body of the radioactive ma
terial. In practice, protection may be based on annual limits of intake (ALI). 

Ihe ICRP recommendations for limiting the level of stochastic effects 
arc based on the principle that the risk should be equal whether the whole 
body 1s irradiated uniformly or non-uniformly. This condition is met if 

HE = h«T»l$ H w b f L 

where, wj 1s a weighting factor representing the proportion of the sto
chastic risk resulting from a tissue (T) to the total risk, when the whole 
body 1s irradiated uniformly. Hj is the annual dose equivalent in the 
tissue (T), Hwb,L ^s the recommended annual dose equivalent limit for uni
form irradiation of the whole body, namely 50 mSv (5 rem). HE is known as 
the effective dose equivalent or the committed effective dose equivalent when 
the dose equivalents to the tissues occur from Intakes of radioactive ma
terials. 

2.2 External Exposures 

Although for photon and electron radiations the quantities Hp(10), Hp(3) 
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can complicate the interpretation of intakes of radionuclides in respect to 
compliance with dose limits, to compensation claims, or for epidemiological 
purposes. The i*Icvant assessment of do** might be quite different depending 
upon the interest and application. 

ICRP models should be used with caution for deriving the intakes and 
body or organ contents of individuals fr?;n bio-assay monitoring results. 
Where intakes are likely to be in excess of thrte-tenths of an annual limit on 
intake, then, if possible, the most appropriate models should be used together 
with any knowledge of the metabolic characteristics of the individual. The 
detailed assessment thus implied should be initiated when bio-assay monitoring 
of excreta or in-vivo monitoring yields measurements exceeding derived in
vestigation levels corresponding to intakes of about 0.3 ALL 

To best serve the different applications of dose records it is recom
mended that exposure to internal radiation should be assessed where possible 
in terms of either the committed effective dose equivalent or the intake of 
activity of each radionuclide when this exceeds about 0.1 of that fraction of 
an ALI applicable to the monitoring period, and if it is technically feasible 
to do so (see Sections 2.2 and 3.3). In the case of radionuclides with long 
effective half lives in the body, the level of excretion of each radionuclide 
should be measured annually and, if possible, an assessment made of the body 
and organ contents in addition to the assessment of the committed dose equiva
lents acquired or the intake during the year. In the circumstance of exposure 
to mixtures of radionuclides, eg, fission products, it may be easier to ex
press the intake either in terms of a mixture of known composition, or 1n 
terms of the principal radionuclides that comprise more than about 10% of the 
total intake. Record keeping bodies should maintain separate records of the 
composition of the mixture. Assessments of committed dose equivalents or 
intakes and of body or organ contents that are recorded in the dose record 
should include any that have arisen as a result of large abnormal exposures. 

Annual assessments of committed dose equivalents and of body contents 
and intakes during the year should include an allowance for any enhanced 
excretion as a result of chelation therapy or other therapeutic measures. The 
use of chelating agents or any other methods of enhancing excretion and the 
effects of their use should be noted as a special entry in the annual dose re
cord of an individual. The enhanced excretion may be subtracted from the 
estimate of initial intake. 

2.3.3 Inhalation 

It is preferable that assessments of intakes of radionuclides should be 
made whenever possible by bio-assay 1n-v1vo or excretion measurements. The 
detail of such assessments is beyond the scope of this report. However, 1t 
should be noted that the interpretation may depend in general on whether the 
intake is assumed to have been acute or chronic, and that uncertainties may be 
minimised by an appropriate choice of monitoring period. 

When bio-assay measurements are not sufficiently sensitive, intakes 
through inhalation may be assessed by means of measurements of air concen
trations made either with static, localised ("breathing zone") or personal air 
samplers. However, there are very often considerable differences between as
sessments based on air sampling and those derived f. om bio-assay measurements 
made on excreta or by 1n-vivo mon1tor1ng(7). There are obvious 
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meter will register some dose from the gamma radiation originating from neu
tron capture in the body. It is recommended that in general no specific at
tempt to allow fui this clcn;cr.t of «v*»r assessment should be made, since this 
will usually be within the normal uncertainties of dose assessment due to ori
entation, etc, (but see Section 3.1). 

2.2.2 Skin dose 

Despite the fact that the depth of the sensitive layers of the skin vary 
between individuals and over the bodies of individuals, and that in practice 
the skin is usually covered by clothing, the assessment of the superficial 
individual dose equivalent, Hs(0.07), at the depth of 0.07 mm is reasonable 
for practical radiological protection. Any measurement of this quantity will 
represent an average value over a range of depths, because of the thickness of 
the window covering the detection element of the dosemeter and the thickness 
of this element. It would be desirable for this range to be confined to with
in 0.05 to 0.10 mm. However, although current dosemeters usually encompass a 
wider range, 4t is unlikely that they seriously underestimate Hs(0.07). 
Nevertheless, better dosemeters should be developed tu ensure that there is no 
underestimate of the doses from low energy photon and beta radiations. As re
marked above, for neutron radiation Hp(l0) and Hs(0.07) may be regarded as i-
dentical. 

In the circumstances of non-uniform irradiation of the body when several 
dosemeters are worn (other than in the circumstances of radioactive con
tamination as dealt with below), it is appropriate to take the maximum value 
from any dosemeter as representative of Hs(0.07) (similar to the recom
mendation for Hp(l0) in Section 2.2.1). 

When the skin is contaminated with radioactivity that cannot be removed 
by appropriate deconi'"»1nation techniques, the maximum value of Hs(0.07) aver
aged over any area of IOO cm2 should be assessed for the purpose of dose re
cording, and added to the estimate of Hs(0.07) obtained from the dosemeter if 
worn. If the contamination is highly localised, ie, to areas of less than a 
few tens of square centimetres, the maximum value averaged over any 1 cn>2 
should be assessed and placed in the dose record as a special entry. 

2.2.3 Eye lens dose 

In most practical situations where neither the dose limit for the whole 
body, as assessed by Hp(10), or for the skin, as assessed by Hs(0.07), is ex
ceeded, it is extremely unlikely that the dose limit for the eye lenses, as 
assessed by Hp(3), will be exceeded. One situation where this might occur is 
when point sources of high energy beta radiation are handled. In this and 
similar situations, a dosemeter should be worn on the forehead to provide an 
assessment of Hp(3). In making the assessment, an allowance should be made 
for the shielding provided by spectacles, which should preferably be worn 1n 
these circumstances, in which case Hp(10) will probably provide an adequate 
assessment of the dose to the eye lenses. If an assessment of Hp(3) is made, 
it should be recorded. 

2.2.4 Extremity doses 

The 0.07 mm superficial Individual dose equivalent, Hs(0.07), 1s an ap
propriate quantity to be used for the assessment of doses to the 
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extremities, together with the provisos regarding neutron radiation contained 
in 2.2.1 and 2.2.2 above. It is a practical proposition to wear dosemeters on 
the extremities that are capable of providing an assessment of H«:(0.07) and of 
Hp(10) for neutrons. These should be adequate for those situations in which 
an extremity is exposed to the more penetrating photon, beta and neutron radi
ations. 

In those situations where the exposure of the extremities does not 
differ significantly from that of the whole body, it is sufficient to take the 
measurement of Hs(0.07) made by a dosemeter worn on the trunk of the body as 
the best assessment of the doses to the extremities. In those working situ
ations where extremity dosemeters are worn only occasionally, the assessment 
of the total exposure of the extremities in one year should be the sum of the 
assessments for the extremity dosemeters in the periods when they were worn 
and of the assessments of Hs(0.07) from the body dosemeters in those periods 
when extremity dosemeters were not used. 

Dosemeters should be worn on any extremity for which the dose in the 
monitoring period is likely to exceed one tenth of that fraction of the annual 
dose limit which is applicable to the monitoring period. Separate records of 
the exposure of each extremity should be kept. 

Where the extremities may become contaminated with radioactivity, ap
propriate installed monitors should be used in the work place. If this moni
toring detects contamination of the extremities that cannot be removed by ap
propriate decontamination techniques, the maximum value of Hs(0.07) over 
1 cm? of the extremity should be assessed for record keeping purposes, 
eg, by the use of scintillation, Geiger-Huller counters or other appropriate 
instruments. 

Exposures of the hands to narrow beams of radiation are most likely to 
occur accidentally when using x-ray crystallographic equipment. Individual 
dosemeters worn on the hands are rarely effective in this situation. It is 
also unlikely that the exposure will be confined to a small area of skin equal 
to the beam diameter and the exposure time may not be precisely known. An 
accurate estimate of dose in this situation is clearly difficult to obtain. 
In extreme cases there will be obvious radiation damage and medical attention 
and assessment will be required. When there is no obvious radiation damage, 
the procedure recommended above for dose averaging, in Section 2.2.1, combined 
with an estimate of the exposure time, should be adequate for record purposes. 

2.3 Internal Exposure 

2.3.1 General 

Different radionuclides follow different metabolic pathways in the body 
and become concentrated to different degrees in different tissues and organs. 
One consequence is that the annual limits on intake (ALIs) are determined for 
some radionuclides by the stochastic limit, that restricts the risk of cancer 
and hereditary effects, and for others by the nn-stochastic limits, that pre
vent any direct radiation injury. A further complication is that some radio
nuclides, eg, those with short effective half-lives in the body, will give 
rise to the greater part of dose deposition from an intake within a com
paratively short time of the intake itself, while the dose deposition from 
radionuclides with long effective half-lives may occur spread over very long 
periods of time, possibly some tens of years after the intake. These facts 
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can complicate the interpretation of intakes of radionuclides in respect to 
compliance with dose limits, to compensation claims, or for epidemiological 
purposes. The relevant assessment of dose might be quite different depending 
upon the interest and application. 

ICRP models should be used with caution for deriving the intakes and 
body or organ contents of individuals from bio-assay monitoring results. 
Where intakes are likely to be in excess of three-tenths of an annual limit on 
intake, then, if possible, the most appropriate models should be used together 
with any knowledge of the metabolic characteristics of the individual. The 
detailed assessment thus implied should be initiated when bio-assay monitoring 
of excreta or in-vivo monitoring yields measurements exceeding derived in
vestigation levels corresponding to intakes of about 0. '* ALL 

To best serve the different applications of dose records it is recom
mended that exposure to internal radiation should be assessed where possible 
in terms of either the committed effective dose equivalent or the intake of 
activity 01 each radionuclide when this exceeds about 0.1 of that fraction of 
an ALI applicable to the monitoring period, and if it is technically feasible 
to do so (see Sections 2.2 and 3.3). In the case of radionuclides with long 
effective half lives in the body, the level of excretion of each radionuclide 
should be measured annually and, if possible, an assessment made of the body 
and organ contents in addition to the assessment of the committed dose equiva
lents acquired or the intake during the year. In the circumstance of exposure 
to mixtures of radionuclides, eg, fission products, it may be easier to ex
press the intake either in terms of a mixture of known composition, or in 
terms of the principal radionuclides that comprise more than about 10% of the 
total intake. Record keeping bodies should maintain separate records of the 
composition of the mixture. Assessments of committed dose equivalents or 
intakes and of body or organ contents that are recorded in the dose record 
should include any that have arisen as a result of large abnormal exposures. 

Annual assessments of committed dose equivalents and of body contents 
and intakes during the year should include an allowance for any enhanced 
excretion as a result of chelation therapy or other therapeutic measures. The 
use of chelating agents or any other methods of enhancing excretion and the 
effects of their use should be noted as a special entry in the annual dose re
cord of an individual. The enhanced excretion may be subtracted from the 
estimate of initial intake. 

2.3.3 Inhalation 

It is preferable that assessments of Intakes of radionuclides should be 
made whenever possible by bio-assay in-vivo or excretion measurements. The 
detail of such assessments is beyond the scope of this report. However, it 
should be noted that the interpretation may depend in general on whether the 
intake is assumed to have been acute or chronic, and that uncertainties may be 
minimised by an appropriate choice of monitoring period. 

When bio-assay measurements are not sufficiently sensitive, intakes 
through inhalation may be assessed by means of measurements of air concen
trations made either with static, localised ("breathing zone") or personal air 
samplers. However, there are very often considerable differences between as
sessments based on air sampling and those derived from bio-assay measurements 
made on excreta or by in-vivo monitoring^). There are obvious 
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sources or error when static air samplers are sited remotely from the workers, 
and factors of up to 50 have been observed between the concentrations measured 
by such samplers and those measured by personal air samplers(8). Personal 
air samplers take in very low volumes compared to those actually breathed by 
the wearer. This can be a source of considerable statistical uncertainty when 
only a very few highly active particles may be sampled at the concentrations 
corresponding to annual limits, as is the case for some actinides(9). 
Localised high volume semi-static air samplers avoid this particula- diffi
culty, but it is nevertheless often difficult to ensure that these actually 
sample the worker's "breathing zone". In situations where statistical un
certainty is not a problem, personal air samplers are the most representative 
of actual intake. In spite of the considerable reservations mentioned above, 
air sampling can be an acceptable method having sufficient sensitivity for an 
assessment to be made of chronic exposures corresponding to the annual linrt.; 
of intake of many actinides, and is often the appropriate method in the case 
of rador and radon daughter products. 

2.3.3 Exposures due to wounds 

Appropriate steps should be take;, as a matter of priority to remove 
radioactive contamination from wounds. Subsequent assessment of the uptake of 
any residual radionuclides into the body from the wounds should be subject to 
special investigations with the aim of assessing the resulting trans- location 
and deposition in the other tissues and organs of the body. The assessed 
uptakes resulting from the special investigations should be noted in the dose 
record. The residual radioactivity in the wound site should not be regarded 
as part of the uptake, but it is recommended that its value should be noted as 
an intake in a special entry in the dose record. 

2.3.4 Special problems of actinides 

Actinides with long effective half-lives in the body may present a moni
toring and assessment problem, because of the difficulty of assessing an 
intake at about the annual limit by either in-vivo monitoring or measurements 
made on excreta. It is recommended that static air samplers should be used 
with derived investigation levels as an aid to monitoring when annual intakes 
are considered unlikely to exceed three-tenths of a limit. When intakes are 
considered likely to exceed this level, personal or localised air samplers 
should be used. Single measurements from any sampling device that indicate an 
acute intake in excess of one-tenth of an annual limit on intake, or a series 
of measurements indicating an average intake in the year exceeding three-
tenths of an annual limit on intake should result in the instigation of 
in-vivo and excreta measurements, as appropriate, to confirm the level of 
intake. These bio-assay measurements may also be started if other monitoring 
measurements exceed investigation levels; such measurements might be those 
made on clothing, gloves, surfaces or by extremity monitors (Section 2.2.4). 

Where the average intake in a year is likely to exceed three-tenths of 
an annual limit on Intake, there should be a routine annual investigation to 
determine the body or organ contents. 

Assessments of intakes and of body or organ contents of actinides should 
normally be entered in the dose records of individuals within six months of 
the commencement either of the routine annual measurements, or of special In
vestigations Instigated as the result of a single air concentration measure
ment, or if for any other reason a significant intake 1s suspected. The 
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recommendations in Section 2.2 in regard to allowing for the effects of chel
ation therapy should be followed for actinides. 

Fcr many actinides the bio-assay results taken over a long period of 
time may indicate substantial inaccuracies in earlier assessments of annual 
intakes, particularly if these assessments have been based solely on air 
sampling measurements. When such inaccuracies are found in respect of past 
intakes in excess of a few ALIs, special entries should be made in the earlier 
records drawing attention to the inaccuracy and giving a revised assessment 
according to any lega1 requirements and where this is possible. 

3. REQUIREMENTS AND PRACTICAL CONSIDERATIONS 

3.1 External Radiations 

It is recommended that annual records of exposures to external radiation 
should be kept in terms of: 

a) Whole body exposure, determined by the penetrating dose equivalent, 
Hp(10), measured by a dosemeter on the trunk of-the body. In the 
circumstances of partial body exposures, when the assessment from 
dosemeters is significantly in excess of 30% of the annual dose 
limit, an attempt should be made to assess the actual effective 
dose equivalent from estimates of the separate organ doses. 

b) The skin dose equivalent, determined by measurements of the super
ficial dose equivalent, Hs(0.07), (or the penetrating individual 
dose equivalent in the case of neutron radiation). 

c) The skin dose equivalent to each extremity, determined either by a 
measurement made on the trunk of the body, or by appropriate 
measurements by extremity dosemeters if the dose to an extremity is 
likely to exceed three tenths of the dose limit applicable to the 
monitoring period. 

It is not necessary for the dose record to distinguish between photon 
and beta radiations (except possibly in the case of single acute exposures in 
excess of the dose limits). In the case of neutron radiations, the exposures 
to thermal, intermediate energy and fast neutron radiations may be dis
tinguished in the dose records. The superficial, Hs(0.07), and penetrating, 
Hp(lO), individual dose equivalents may be taken as identical for neutron 
radiations. 

3.2 Internal Radiations 

For reasons discussed 1n Section 2.3, the minimum requirement for the 
recording of exposures to internal radiations is that the record should show 
the assessed intake of each radionuclide separately. In some circumstances 1t 
may be sufficient to indicate that the Intake consists of a mixture with a 
known composition of radionuclides, of which the principal radionuclide 
contributors are recorded. However, 1t 1s desirable, where possible, to 
provide assessments of the appropriate committed dose equivalents. 

In the case of exposures to radionuclides with long effective half-lives 
in the body, ie, 1n excess of one year, 1n addition to records of committed 
dose equivalents or assessed Intakes, the dose record should contain annual 
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assessments of the excretion rates by radionuclide, and possibly also of the 
assessed body or organ contents. 

Both in the assessment of intake and of body content allowance may be 
made for any enhanced excretion of radionuclides from the body as a result of 
chelation therapy. The use of such therapy should be noted in the dose record. 

3.3 Recording Levels 

It is recommended that the recording level below which the dose as
sessment may be regarded as zero for record purposes should not exceed about 
one-tenth of the fraction of the annual limit appropriate to the monitoring 
period as recommended by ICRPU^), insofar as this may be accomplished with 
the techniques available. It should be noted that more distortion may be pro
duced by the use of assigned (see 3.4 below) and threshold doses in records 
than by setting doses below the recording level to zero, as recommended by 
ICRP. In those rar^ instances where there may be different sources of work 
related exposure, it should be ensured that the total of exposures each fall
ing below the one tenth of the dose limit, and thus regarded as zero, does not 
itself exceed one-tenth of the dose limit. The reason for this recommendation 
is that dose limit applies to individuals, not to the sources of exposure. 
Where the total does exceed one-tenth, it should be recorded. 

3.4 Practical Considerations 

Where dosimetry results are missing for a monitoring period, possibly 
because of lost dosemeters or equipment malfunction, it is recommended that, 
wherever possible, an estimated dose for the period should be entered in the 
record or, failing this, an assigned dose that is the appropriate fraction of 
the dose limit. Both estimated and assigned entries in the dose record should 
be clearly indicated as such. 

Doses and intakes in excess of the dose limits, resulting from planned 
special exposures or abnormal exposures, should be entered as special entries 
in the dose records. 

The use of special entries is recommended at several places and for 
different purposes in this report. These special entries should appear as 
textual matter in annual summary dose records, and should contain sufficient 
information to make them self explanatory. 

It is recommended that annual summary dose records for each year of em
ployment should be maintained in retrievable forms at least for the life-times 
of the individuals concerned. These annual summary dose records should be 
comprised of the total doses, including committed doses or intakes in the past 
year, but need not contain details for each monitoring period in the year 
other than that required for special entries. They may, however, usefully 
summarise the exposures in previous years as a running total. Copies of the 
annual summary dose records shouiJ be supplied to the individuals to whom they 
apply, toge+her with any comment by a competent physician. 
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APPENDIX 1 

1. INDIVIDUAL MONITORING FOR EXTERNAL EXPOSURE 

1.1 Introduction 

The assessment of exposures to external radiation will require in gener
al two basic quantities to be assessed. The-, are the penetrating individual 
dose equivalent, Hp(10), and the superficial dose equivalent, Hs(0.07). As 
indicated in the body of the report, it may also be necessary to assess the 
penetrating dose equivalent, Hp(3), when there is a possibility that the dose 
equivalent to the lens of the eye might approach the limit for this organ, al
though the dose to the lens of the eye can usually be assessed with sufficient 
accuracy from a combination of Hp(10) and Hs(0.07). Comparatively simple 
dosemeters can be designed which provide assessments of both Hp(10) and 
Hs(0.07), and these will be appropriate for the majority of those operational 
situations where doses are generally below a few tenths of the dose limits. 

However, when doses are expected to be above three tenths of the dose 
limits it may be that dosemeters giving additional information about the 
nature of the radiation, ie, its type and energy, could be useful. Such dose
meters will allow the doses to different organs of the body to be assessed, 
and thus the effective dose equivalent with less uncertainty. However, the 
major contribution to the uncertainty of any assessment is likely to be non
uniform exposure of the body, rather than a lack of knowledge about the nature 
of the radiation, and the use of several dosemeters to obtain information 
about the distribution of radiation incident on the body might be more 
appropriate than the use of an elaborate dosemeter giving spectral information. 

An instance where both approaches, 1e, the use of several elaborate 
dosemeters on a belt, are appropriate is in areas where there is a possible 
danger of a nuclear acddentO). A more valid reason for the choice of an 
elaborate dosemeter is the information it might supply regarding misuse of the 
dosemeter or of its exposure in circumstances where the actual exposure of the 
individual is in doubt. Obvious examples are where the dosemeter has been ex
posed to radioactive contamination as well as an external radiation field, or 
where the dosemeter has been accidentally or deliberately exposed to radiation 
when it was not worn by the individual to whom it has been issued. 

Largely for historic and technical reasons individual dosemeters have 
been designed to distinguish between photon, beta and neutron radiations, al
though it is unusual to distinguish between beta and low energy photon radi
ation. There is reason to maintain this distinction because of the different 
quality factors used for neutrons and to allow some perspective on the rela
tive potential health detriments. The distinction in any case usually results 
from the different techniques that are appropriate for detecting neutron radi
ation as compared to beta and photon radiations. For the latter radiations 
the principal methods of detection are by(2»3); 

-photographic film 
-thermoluminescence 
-photoluminescence 
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The principal methods for neutron radiations are by: 

-tracks in photographic emulsions 
-tracks in plastics 
-albedo dosemeters 

Dynamic dosemeters, of which the oldest and simplest is the quartz fibre e-
lectroscope, are mainly used for operational control. Modern instruments are 
based on electronic circuits, and usually provide an acoustic alarm at a fixed 
level of dose rate or dose as well as some visual indication of these quanti
ties. Of less direct use for the measurement of Individual exposures are the 
larger hand-held survey instruments. 

1.2 Photographic Film 

The use of photographic film for the detection of x-roy and gamma radi
ations originated with their discovery at the end of the last century. Be
cause of the greater abundance of elements with high atomic numbers in film as 
compared to human tissue, which Increases the response of the f lm relative to 
tissue at energies where the photoelectric effect is the principal absorption 
process, most modern photographic film dosemeters incorporate a system of 
metal or plastic filters. The relative darkening after chemical development 
of the processed film under the different filters depends un the photon ener
gy. There Is often an open window in the doseneter that allows beta radi
ation to be detected. By the use of appropriate factors the measurements of 
the film densities under the different filters can be combined to allow an 
estimate of the dose to tissue. The necessity for the filters to obtain the 
required tissue dose 1s a source of uncertainty in the dose estimate, partly 
because the response is dependent upon the angle of Incidence of the radiation 
at the lower photon energies, when absorption in the shields is greatest. 
However, with experience, the pattern of blackening of the film and, in 
particular, the sharpness of the transition between different filter areas on 
the film can be used to deduce information about the circumstances of ex
posure. This Is particularly useful when a false exposure is suspected. The 
film will usually show specks of blackening when subjected to radioactive con
tamination, and this is often a useful Indication that there are un
satisfactory working procedures or there is radioactive contamination of the 
workplace, and enables the dose from external radiation to be assessed despite 
the presence of the contamination. 

When exposed under conditions of high heat and humidity, the latent 
image formed by exposure of photographic film to radiation is liable to fade, 
and exposure to some chemical vapours can produce a false image. Although 
these effects can be m1r1m1sed by careful packaging of the film, they may re
strict the usefulness of photographic film dosemeters. If film dosemeters are 
to be used for monitoring periods 1n excess of four weeks, it 1s advisable to 
ascertain that there 1s no significant fading of the latent image under the 
conditions of use. 

In an 1ntercompar1son of 18 European photographic film dosimetry 
systems(3), the mean of the random uncertainties of dose assessment for all 
the systems combined was about 24%, with a standard deviation of £ll%. For 
the measurement of x-rays of mean energy 83 KeV, the mean of the systematic 
un- certainties was about 39%, with a standard deviation of +44%. For the 
measure- ment of cobalt-60 gamma radiation the comparable values were a mean 
of about 3% and a standard deviation of ±16%. The performance of some systems 
was clearly unacceptable by the specified standards^), 1e, for doses 
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approaching the dose limit for the monitoring period the random uncertainty on 
a single dosemeter assessment should not exceed 20% at the 95% confidence 
level, and the systematic error should not exceed 40%. However, there is no 
doubt that film dosemeters are capable cf adequate accuracy for the purposes 
of routine radiological protection. 

The minimum detectable dose by photographic film depends on the photon 
energy. At a few ns of KeV it can in exceptional circumstances be as low as 
about 20 uSv although 100 uSv is more usual, but for high energy gamma 
radiation may be as high as 200 vSv. 

1.3 Thermoluminescent Oosemeters 

Although the phenomenon of thenrolur,unescePCP indited by ionizing radi
ation has been known since the beginning of this century, it was only in the 
late 1960's and early 1970's that it jegar to be used for radiation dosi
metry. The mo^t common materials used for this purpose are lithium fluoride, 
lithium borate and calcium fluoride, together with trace elements which are 
introduced to improve their sensitivity. Because of the lower atomic numbers 
of the elements in the lithium based phosphors, a closer match to tissue is 
possible and dosemeters that are inherently more accurate than those based on 
photographic films may be designed without filter systems. On the other hand, 
filter systems can be used if it is wished to obtain spectral information 
about the radiation field, and are necessary when calcium based phosphors are 
used. However, even with filter systems, thermoluminescent dosemeters do not 
provide the same detail about the conditions of irradiation as can be obtained 
from film and, in particular, are rot capable of indicating an exposure to 
radioactive contamination. In comparison with most photographic films, the 
Induced thermoluminescence in most phosphors in common use does not fade sig
nificantly with time and is unaffected by humidity. Thus thermoluminescent 
dosemeters can be used in adverse conditions of heat and humidity and can be 
issued for monitoring periods of several months or more, if so required. The 
basic thermoluminescent materials may be affected by ultra-violet light, dirt, 
and chemical contamination, which may produce spurious indications of ex
posure, and they should, therefore, be protected by suitable wrapping. 

In an intercomparison of 15 European thermoluminescent dosimetry 
systems(3) the mean of the random uncertainties for all the systems combined 
was about 10% with a standard deviation of +3%. For the measurement of x-rays 
with mean energy of 83 KeV the mean of the systematic uncertainties was about 
8% with a standard deviation of ±13%, for the measurement of cobalt-60 gamma 
rays the comparable values were a mean of about 6% with a standard deviation 
of *11%. On the whole, the results for thermoluminescent dosemeters were 
better than those for the photographic film systems. 

The minimum detectable doses by thermoluminescent dosemeters are usually 
about 50 iiSv or less at all photon energies. In principle, thermo
luminescent dosemeters should be capable of measuring beta and photon radi
ations with lower energies than film dosemeters; in general, this advantage is 
not always achieved because of the thickness of the thermoluminescent material 
and its protective covering. However, in one European 1ntercompar1son(5) 
thermoluminescent dosemeters, unlike photographic film dosemeters, were shown 
to be capable of detecting the prometh1um-147 beta rad1at1on with a mean 
energy at the dosemeter of 70 keV, Both types of dosemeter were able to de
tect thalHum-204 beta radiation with a mean energy at the dosemeter of 
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260 keV. For the higher beta enei ,ies capable of penetrating the photographic 
film and its wrapping, the inherent thinness of the film in comparison with 
most thermoluminescent doseroeter elements produced less dependence on the beta 
ray energy. 

Unlike photographic f .n, thermoluminescent dosemeters are reusable. 
This advantage is offset by a higher initial cost, so that there is usually 
little difference between the overall costs of photographic film and thermo
luminescent dosemeter services. 

One advantage of thermoluminescent dosemeters is that the processing, 
unlike that for photographic film, does not involve wet chemicals and can be 
carried out with manual or fully automatic equipment within a few minutes. 
The dosemeters can be processed close to the workplace and within a short time 
of completing a task, thus making them suitable for use in the operational 
control of complex situations involving substantial exposure rates. 

The amount of thermoluminescent material required for adequate dosimetry 
at levels of interest for radiation protection is quite small. For this 
reason, thermoluminescent doseneters are particularly suitable for the dosi 
metry of the extremities, since they can be made small enough for application 
to fingers without inconvenience. 

1.4 Photo luminescent Doseireters 

The first photoluminescent glass was developed in the e--ly 1950's for 
nuclear warfare applications. Later, glasses with lower atomic number 
materials were manufactured. These glasses also had the ad- vantage of lower 
background, high sensitivity, as well as of greater uniformity and 
reproducibility between batches. 

Even with more recently developed glasses, the high atomic numbers of 
the materials compared to the elements of tissue requires the use of a 
properly designed filter arrangement to obtain a tissue response for photon 
energies in excess of 15 kev(&). These dosemeters can be used in routine 
radiological protection for measurements in dose rates ranging upwards from 
those en- countered at environmental levels and ir, routine personnel dosimetry 
to those of more interest for accident situations. By making use of neutron 
activation in the 31P(n,p)31Si and 31P(n,Y)32P reactions, the use of photo-
luminescent glass for the measurement of both fast and thermal neutrons has 
been suggested(7), 

Photoluminescence results from the formation of induced luminescent 
centres in lattice defects 1n the glass. In silver doped phosphate glass, 
these centres are created by the recombination of Ag+ ions and electrons re
leased by the radiation. When irradiated by ultra-violet light, these centres 
emit flourescent light at a longer wavelength than that of the exciting ultra
violet and whose intensity is linearly related to the absorbed dose of ioniz
ing radiation over a range up to 30 Sv. The luminescent centres are extremely 
stable and only slightly affected by environmental factors. The fading at 
room temperature is negligible over periods of several years and, since the 
centres are not destroyed at normal read-out, unlike those created in thermo-
luminescence, the dose information can be obtained at intermediate times dur
ing a long period of dose accumulation with some reduction in the ability to 
detect small increments of dose. 
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Recently, laser techniques have been applied to the read-out technique, and 
should allow doses as low as 10 uSv to be measured without the draw-backs of 
the more conventional read-out technique which uses an ultra-violet light 
source. This latter techr-ique of read-out requires careful cleaning of the 
glass surfaces and background subtraction if doses as low as 100 uSv are to 
be measured. 

Photoluminescent glasses can be produced on a large scale with good re
producibility both within and between batches; this removes the need for in
dividual calibration of dosemeters and could facilitate the use of automatic 
read-out equipment(3). 

The principal advantage of photoluminescent dosemeters is the permanent 
and long-term integration of dose information. Disadvantages are the need for 
an energy compensation filter and an undesirable angular response at low pho
ton energies. They are not suitable for the measurement of low energy beta 
radiation. 

1.5 Nuclear Emulsion Dosemeters 

Neutron dosemeters based on nuclear emulsions were introduced in the 
1950's. Recoiling protons from the elastic interaction of neutrons with 
hydrogen produce tracks in suitable photographic emulsions that can be seen 
after development with microscope techniques. These dosemeters are capable of 
providing adequate assessments of exposure to neutron radiations with energies 
in excess of 1 MeV; with some care this energy threshold can be lowered to 
about 600 keV. The latent images of the tracks are particularly susceptible 
to fading in conditions of high temperature or humidity, but this can be 
overcome to some extent by careful storage of the emulsions before use and 
packaging to form the actual dosemeter. Even so, the issue of these dose
meters for monitoring periods in excess of four weeks is not to be recom
mended. The presence of photon radiation gives an enhanced background that 
makes it more difficult to recognise the proton tracks and has the effect of 
increasing the energy threshold. With good practice, doses in excess of 
200 uSv may be detected. 

1.6 Etched Track Dosemeters 

In the late 1960's and early 1970's the possibilities of detecting re
coiling nuclei by the damage tracks that they produce in insulating materials 
such as glass and plastics were realised. These tracks are revealed by suit
able etching techniques that preferentially dissolve the damaged regions of 
the insulators. For radiological protection dosimetry various plastics have 
proved suitable when etched by strong alkaline solutions often associated with 
the application of intense electric fields. The plastic which has proved most 
useful is commonly known as CR-39 [a polymeric form of allyldiglycol carbonate 
(PAOC)]. It has been reported that the damaged tracks in this plastic formed 
by protons with energies as low as a few tens of keV can be detected. How
ever, when used for practical neutron dosimetry, the neutron energy threshold 
at present appears to be about 150 keV. Due to a background of false tracks, 
the threshold dose level is about 100 uSv. Another material which hai been 
found very useful for these applications is the Nakrofol. 

Considerable efforts in several countries are being devoted to attempts 
to improve production processes of this plastic and reduce the level of back
ground effects and their variability. If these efforts are successful, 
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they should produce a lowering of both the neutron energy and dose thres
holds. Two very great advantages of the etched track dosemeters over nuclear 
emulsion dosemeters are the greater resistance to fading of the latent damage 
in adverse environmental conditions, although these may affect the sensi
tivity, and the negligible or non-existent response to photon radiation. They 
would also be suitable for application as extremity dosemeters. 

1.7 Albedo Dosemeters 

The term albedo dosemeter refers to the neutron dosemeters that are 
based on detection of thermal neutrons which emerge from the body of a person 
exposed to intermediate energy neutrons. These thermal neutrons can be de
tected by means of nuclear reactions that result in the emission of charged 
particles, which are usually alpha particles from reactions with lithium-6 or 
boron-10, but can also be protons from a reaction with nitrogen-14. These 
isotopes may be embodied in thermoluminescent materials, or held in contact 
with nuclear emulsions or plastic films in which the tracks of the charged 
particles can be registered. The neutron energy range over which albedo dose-
meters are useful is from thermal energies up to about 10 KeV, although at
tempts have been made to use them in situations where more energetic neutrons 
are also present in known proportions to those of lower energies detectable by 
the dosemeter. 

The minimum detectable dose with albedo dosemeters is about 5 uSv, and 
with good design the response to photon radiation should be negligible. Their 
use is limited by the restricted energy range and the fact that in roost situ
ations the neutron dose is predominantly due to neutrons with energies above 
their upper limit of 10 KeV. However, future developments of neutron dose-
meters are likely to embody albedo sections for intermediate neutrons together 
with etched track sections for higher energies. 

2. INDIVIDUAL MONITORING FOR INTERNAL CONTAMINATION 

2.1 Introduction 

The choice of appropriate monitoring methods for the assessment of 
intakes of radionuclides is determined by the radiation emitted by the radio
nuclides, their metabolic behaviour, the required frequency of measurement and 
the techniques available. Often there is only one feasible method, eg, urine 
nonitoring for intakes of tritiated water. When several methods are possible, 
the general order of preference in terms of reliability and accuracy is: 

- direct measurement of body content, 
- excreta analysis, 
- measurement of air concentrations with personal air samplers, 
- nose blows, and 
- measurement of air concentrations with portable or static equip
ment. 

2.2 Direct Measurement 

Assessment of Intake by direct measurement of body content is only 
possible for radionuclides which produce radiations that can escape from the 
body. Thus, this technique is limited to radionuclides that emit energetic 
gamma or x-radiat1on, positrons which are detectable by their annihilation 
radiation or energetic beta particles producing bremstrahlung radiation. It 
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is not possible to use the technique for radionuclides emitting photons or 
electrons of low energy or alpha particles. Many commonly encountered radio
nuclides, such as caesium-137, cobalt-60 and iodine-131, may be detected in 
the body with comparatively simple equipment at levels corresDonding to 
intakes at a very small fraction of the appropriate ALIs. Other radio
nuclides, such as radium-226, require sensitive equipment and massive shield
ing for detection at such levels. Yet, other radionuclides cannot be detected 
in the body when chronic small intakes amount to about the ALI in one year 
with any available techniques, eg, isotopes of plutonium, although acute 
intakes of about 1 ALI may be detectable by faecal monitoring. 

Direct measurements lead to the assessment of the total activity in the 
body. To obtain an assessment of the intake during the monitoring period 
since the last measurement, it is necessary to allow for residual activity in 
the body from any intakes preceding the monitoring period; and to make as
sumptions about the time of intake, the distribution in the body and the re
tention in the individual. In considering the distribution within the body, 
account must be taken of the degree to which the measurement derives from 
activity in the respiratory and gastro-intestinal tracts as well as from the 
systemic content. Care has to be taken to ensure that surface contamination 
of the body does not contribute significantly to the measurement. A routine 
monitoring programme is usually so designed that uncertainties in the as
sessment of the intake are at an acceptable level and can be based on the as
sumption that the whole of the intake took place in the middle of the moni
toring period. 

2.3 Excreta Analysis 

Because of the relative ease of collection and measurement, routine in
dividual monitoring programmes often employ the measurement of activity in 
urine for the assessment of the systemic content. In special circumstances 
measurements of activity in faeces or exhaled breath can be used. 

Urine analysis is appropriate for radionuclides with effective half-
lives in the body that are longer than a few days. Care has to be taken to 
avoid extraneous contamination of samples during or after collection. It is 
usual to collect all urine excreted over a period of some exact multiple of 24 
hours, although allowance may be made when only a fraction of the daily 
excretion is sampled, as for example in a special investigation, by measuring 
the creatinine content. As with direct measurements of body content, the 
interpretation of the measurements can be based on standard or specially de
termined metabolic data, depending upon the circumstances. 

Interpretation of the urinary excretion of long-lived bone seeking 
radionuclides presents particular problems. The daily excretion of these nu
clides is variable for individuals, and is also subject to considerable vari
ations between individuals. More importantly, the excretion rate will often 
reflect the long-term build up of these nuclides in the body, and may be more 
representative of intakes that may have taken place months or years before the 
immediate past monitoring period. Measurements can be used to confirm that 
earlier assessments based on other monitoring methods, eg, personal ai. 
samplers, were not grossly in error. If such errors are indicated, it may be 
necessary to review the interpretation of these other methods. 

faecal analysis is most commonly used to assess the intake by inhalation 
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of insoluble radioactive material that has a relatively long retention period 
in the lungs, ie, is a class W or Y material, and usually following a sus
pected large acute intake. Coughing and ciliary action return material to the 
pharynx, where it is swallowed and subsequently excreted. If the chemical 
form and particle size of the material are determined or are known, the ac
tivity excreted in the faeces can be related to deposition in the various re
gions of the respiratory tract via the appropriate model. The analysis usu
ally enables the radionuclides that were inhaled to be identified where this 
is not already known. 

The measurement of radon-222 and -220 together with their decay preducts 
in exhaled breath can be used to assess the body content of radium-226 and 
thorium-232. Uncertainties in the interpretation of the measurements arise 
because the ratio of the exhaled activity to the body content varies with the 
age of the person and the site of deposition in the body. 

2.4 Personal Air Samplers 

The term personal air sampler refers to equipment worn or carried by the 
worker and designed to provide an estimate of intake by taking air samples 
close to the face of the worker. Such samplers usual"iy comprise a small 
battery-driven pump which draws air through or over a series of filters which 
collect the particulate activity for measurement; less common, and certainly 
less effective, are passive samplers which passively absorb gases and vapours. 

In interpreting the results of personal air samplers the question that 
gives rise to some uncertainty is whether the samples are representative. 
Concentrations in air of radionuclides can vary by an order of magnitude with
in 1 metre and the tasks performed by the worker can generate high con
centrations in his immediate vicinity. Thus, personal air samplers should 
sample the air as close to the face as possible. Experiments have shown that 
the mean concentrations measured by pump and filter samplers are within a 
factor of 0.5 to 2.0 of those obtained by in-line respiratory filters, and 
therefore can be regarded as reasonably accurate for protection pur
poses^). For some radionuclides, eg, isotopes of plutonium, the per
missible air concentrations correspond to very low concentrations of par
ticles. At these low concentrations statistical fluctuations of the samples 
are such that no single measurement can be regarded as representative of the 
concentration to which the worker was exposed, and it is necessary to take the 
mean value of several measurements made during the monitoring period. 

The relationship between the concentration of activity in the inhaled 
air, the deposition in the lungs and the uptake into the body depends on the 
chemical composition and particle size. For some radioactive materials a size 
selection device fitted to an electromechanical air sampler enables better 
estimates of the deposition in the pulmonary region of the lung and the actual 
intake to be made. Since deposition depends on breathing rate, which varies 
between individuals and with the type of work, this is an additional un
certainty in the Interpretation of personal air sampler measurements. 

Both air samplers(9) and passive devices(lO) have been used for the 
assessment of exposures to radon and its daughter products 1n mines(H). 

2.5 Nose Blows 

In situations where personal air samplers have not been worn, and there 
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is reason to believe an intake may have occurred, nose blows or nasal smears 
can be used to indicate, in conjunction with appropriate investigation levels, 
whether an inhalation exposure to radioactive material has occurred and to 
provide a rough estimate of the intake. Workers identified by this method to 
have significant exposure need to be subjected to further monitoring, ie, 
faecal analysis or direct whole body monitoring. Quantitative estimation of 
the intake from nose-blow measurements is subject to considerable un
certainties, and requires assumptions about the particle size distribution, 
the degree of retention in the nose and the efficiency of the sampling tech
nique. For class W and Y materials between 6 and 10% of the initial deposit 
in the nose will be removed in a nose blow; for class D material it will be 
considerably less, particularly if there is some delay between intake and nose 
blowing. It is Important to realise that, although positive results indicate 
that a worker has inhaled radioactive material, negative results do not 
necessarily mean that no Intake has occurred. 

2.6 Measurements With Portable and Static Equipment 

Monitoring programmes designed to assess the doses to workers from con
centrations of activity in air should employ direct monitoring methods or ex
creta analysis whenever possible, since very large errors have been observed 
when the measurements of air concentrations have been used to assess intakes 
of activity. Static samplers tend to underestimate the concentrations to 
which individual workers may be exposed by factors of 50 or more, particularly 
when the actions of the worker increase the airborne activity in his vicin
ity. The underestimation may be reduced to factors of three or so by using a 
breathing zone sampler, particularly for workers employed at glove boxes, al
though the exact positioning 1s important. 

For the general monitoring in supervised areas static and portable 
samplers are suitable when properly interpreted for estimating the average ex
posure of workers, and in controlled areas for giving warning of Incidents 
producing high exposures and to aid in reducing the uncertainties in the as
sessment of individual intakes by other methods. 
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