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RÉSUMÉ

La Commission de contrôle de l'énergie atomique ainsi que les organismes de
réglementation de nombreux autres pays, suivent habituellement les recom-
mandations de la Commission internationale de radioprotection (CIRP) lors
de l'établissement des règlements dans le domaine de la radioprotection.

Les dernières recommandations de la CIRP remontent à 1977. Depuis cette
date, la CIRP a procédé à l'examen périodique de ses recommandations et a
diffusé des rapports supplémentaires sur des sujets particuliers. Au cours
de ces dernières années, on a accumulé suffisament de nouveaux renseigne-
ments concernant les effets sur la santé dûs à l'exposition aux
rayonnements ionisants pour apporter des modifications importantes aux
valeurs de risques hypothétiques découlant de cette exposition et pour
inciter la CIRP à réévaluer ses recommandations en matière de
radioprotection. Les recommandations qui en résultent ont été approuvées
par la CIRP en novembre 1990.

Le présent rapport examine ces recommandations de trois points de vues.

La première section du rapport présente les renseignements de base touchant
à l'élaboration des nouvelles recommandations et aux valeurs de risques sur
lesquelles elles sont fondées. On y donne les principales raisons de
l'augmentation des valeurs de risques actuelles par rapport aux valeurs
précédentes.

La deuxième section du rapport décrit sommairement les recommandations
fondamentales de la CIRP se rapportant à la radioprotection du public et
des personnes exposées aux rayonnements lors de l'exercice de leur
profession. En outre, elle explique comment interpréter les
recommandations, au besoin.

La troisième section du rapport examine les conséquences des recommanda-
tions en matière de dosimétrie. La CIRP travaille actuellement à l'amé-
lioration de certains modèles métaboliques et dosimétriques. En raison des
difficultés à séparer, dans certains cas, les implications des travaux de
modélisation de celles des nouvelles recommandations, on y examine les
deux.

Le présent rapport informe sur les raisons ayant conduit à la récente
modification des normes de radioprotection, sur ce que sont les normes
actuelles et sur la façon dont elles pourraient influer sur la dosimétrie.
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ABSTRACT

The Atomic Energy Control Board and regulatory bodies in many other
countries, when setting radiological protection regulations, usually follow
the recommendations of the International Commission on Radiological
Protection (ICRP).

The recommendations of the ICRP were last formulated in 1977. The ICRP has
periodically reviewed the recommendations and issued supplementary reports
on specific topics. Over the last several years, enough new information
accumulated on health effects from exposure to ionizing radiation to change
appreciably the assumed risk estimates from such exposure, and to prompt
the ICRP to reassess its recommendations for radiological protection. The
resulting recommendations were approved by the ICRP in 1990 November.

This report examines the recommendations from three perspectives.

The first section of the report presents background information on the
development of the recommendations and the risk estimates on which they are
based. The main reasons for the increase in current risk estimates from
previous estimates are given.

The second section of the report outlines the basic ICRP recommendations
that are relevant to occupational and public radiological protection, and
offers interpretation where needed.

The third section of the report examines implications of the
recommendations for dosimetry. The ICRP is currently working on
improvements to some "netabolic and dosimetric models. Because it is
difficult, in some instances, to decouple the implications of this
modelling work and the implications of the new recommendations, both are
examined in this third section.

This report documents why radiological protection standards have changed
recently, what the current standards are, and how they might affect
radiation dosimetry.
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1. DEVELOPMENT OF THE ICRP RECOMMENDATIONS

1.1 Background

The International Commission on Radiological Protection (ICRP) was
formed in 1928 to respond to the need for information and guidance in
radiological protection from X-ray and radium sources. Since that time
it has expanded its scope, and was slightly restructured in 1950. Its
recommendations on protection from ionizing radiation are respected
internationally.

Although the ICRP publishes frequent reports on specific topics, its
last general recommendations were published as ICRP Publication 26
[ICRP26] in 1977, using health effects data that were current at that
time as its basis.

The system of radiation protection (justification of practices,
optimization of protection, dose limitation) and the essence of the
radiation protection quantities outlined in 1977 are still applicable
today. However, new information on radiation-induced cancer risks at
high doses had emerged since 1977, indicating changes to organ-specific
risks and suggesting a 3- to 4-fold increase in the overall risk of
radiation-induced cancer over that assumed in 1977. This prompted a
reassessment by the ICRP of its estimates and its recommendations for
dose limitation. In 1990 February, a draft of the proposed
recommendations was circulated for review and comment. Based on
feedback from this process, a number of significant changes and
corrections were made, and the final 1990 recommendations were approved
by the ICRP on 1990 November 9. A 1990 November draft of these
recommendations was distributed for information pending final
publication in the Annuals of the ICRP. The final document of the 1990
recommendations of the ICRP appeared in 1991 as ICRP Publication 60
[ICRP60].

1.2 Scope and Structure of ICRP Publication 60

The scope of ICRP Publication 60 is broadly similar to that of the
ICRP's previous report: it develops and expounds recommendations for
the radiological protection of mankind against ionizing radiation.

As with its previous recommendations, the ICRP's aim with the 1990
recommendations is to prevent all deterministic effects (previously
called non-stochastic effects), and to ensure that stochastic effects
are kept within acceptable bounds based on current knowledge and social
norms. The system of radiation protection for the achievement of these
aims (justification of practices, optimization of protection, dose
limitation) is that recommended in its previous recommendations.

Information reviewed by the ICRP in formulating its recommendations is
provided largely by outside sources and ICRP committees and task
groups. ICRP Publication 60 summarizes these data, and details the
ICRP's review of the data and the scientific and social judgements
underlying their recommendations.
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ICRP Publication 60 is much more comprehensive than its predecessor,
ICRP Publication 26:

A separate chapter defines the basic and subsidiary quantities used
in radiological protection, and is supported by a detailed
appendix.

A separate chapter outlines the biological aspects of radiological
protection. This includes a definition of detriment and the uses
to which it is put, overall estimates of the consequences of
exposure to ionizing radiation, and definitions of the factors and
models used to consolidate these estimates into a form suitable as
a basis for recommendations on radiological protection. This
chapter is supported by a detailed appendix of the biological
effects of ionizing radiation, which includes a critical review of
the underlying studies. Another appendix details the quantities
used to describe risk and their use in selection of dose limits.

The system of protection and its implementation is set out in four
chapters. One describes the conceptual framework; another applies
these concepts, detailing the system of protection for proposed or
continuing practices; another details a system of protection for
intervention in pre-existing exposure situations; the other gives
guidance in implementing the recommendations from the regulatory
and management perspectives, and gives guidance on dose assessment,
record keeping, and emergency planning.

A final chapter summarizes the content of the chapters outlined
above; it includes a summary of the recommendations and dose limits
for occupational and public exposure.

1.3 Organizations Referred to for Assessment of Risk or Dose

The information on irradiated cohort doses and effects of exposure to
ionizing radiation comes largely from sources outside the ICRP—from
peer-refereed literature and other organizations commissioned to study
the effects of exposure to ionizing radiation.

The ICRP relies heavily on the work of a few committees charged with
determining risks of exposure to ionizing radiation. These committees
and their work are briefly outlined below.

1.3.1 United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR)

This committee has, dating back more than 30 years, issued reports to
the General Assembly of the United Nations, giving estimates of past
and expected future doses received by the world's population from
ionizing radiation, as well as giving estimated short-term and long-
term risks from exposure to ionizing radiation.
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The overall risk estimates used by the ICRP in Publication 26 (1977)
were consistent with those reported by UNSCEAR in the same year
[UNSCEAR 1977].

The latest comprehensive UNSCEAR report [UNSCEAR 1988] on the sources,
effects and risks of ionizing radiation was published in 1988, and is a
major reference work used by the ICRP in formulating the risk estimates
and recommendations for radiological protection in Publication 60.

1.3.2 National Academy of Sciences/National Research Council
Committee on the Biological Effects of Ionizing Radiation
(BEIR)

The National Research Council was organized by the National Academy of
Sciences to further scientific knowledge and act as an advisory body to
the U.S. government. The NRC's BEIR Committees have produced a series
of reports advising the U.S. government on the current knowledge of the
health consequences of exposure to ionizing radiation.

The latest report, from the BEIR V Committee [NAS 1990] on the health
effects of exposure to low levels of ionizing radiation, was published
in 1990 and is another major reference work used by the ICRP in
Publication 60.

1.3.3 Other Organizations

The National Council on Radiation Protection and Measurements (NCRP),
a non-profit corporation chartered by the U.S. congress to research
and disseminate information and recommendations about protection
against radiation. The NCRP has published over 100 reports on various
aspects of radiological protection.

The Radiation Effects Research Foundation (RERF), a cooperative
Japanese-American research organization established to conduct
research into the effects of radiation from the atomic bombs dropped
on Hiroshima and Nagasaki. The RERF has been involved in ongoing
epidemiological studies of the atomic bomb survivors. The RERF was
also responsible for coordinating the currently used dosimetric
evaluation (Dosimetry System 86 (DS86)) of these atomic bombs.

1.4 Sources of Data Used in Estimating Effects of Exposure to Ionizing
Radiation

Most sources of information used in estimating the risks of exposure to
ionizing radiation can be classified into four major categories:

the A-bomb survivor life-span study,

studies of patients exposed for medical treatment or diagnosis,

workers occupationally exposed to radiation or radioactive sources, or

animal studies and in vitro studies.
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The A-bomb survivor life-span study is an ongoing follow-up study of a
cohort of 76 000 survivors of the atomic weapon attacks on Hiroshima and
Nagasaki, and constitutes the most extensive source of information
available for estimating the risk of exposure to ionizing radiation.

This cohort consists of people of both sexes and all ages at the time of
exposure. This has allowed the estimation of risk as a function of these
attributes. Also, the exposure of this cohort resulted in a wide range of
approximately uniform whole-body doses. This has allowed estimation of
several organ-specific risks as a function of dose.

The use of risk estimates derived from this study requires cautious
interpretation if used for radiological protection, because such estimates
are derived from high doses delivered at high dose rates. In addition, it
is necessary to project the total anticipated detriment, because 60% of the
cohort are still alive. Furthermore, because they represent a single
national population, it is necessary to project health effects to a
nominally average world population.

The A-bomb survivor life-span study is the primary source of information on
the somatic stochastic effects of exposure to ionizing radiation.

Studies of patients exposed to ionizing radiation for the treatment of
disease or for diagnostic imaging offer additional and corroborative
information. These studies include:

a cohort of 14 000 patients treated with large doses of X-rays to the
spine to alleviate pain associated with ankylosing spondilitis;

a cohort of 150 000 women given radiation therapy in treatment of
cancer of the cervix;

various other groups given radiation therapy, including those treated
for ovarian cancer, Hodgkins disease, tinea capitis, leukemia, post-
partum mastitis; and

groups exposed in the course of diagnostic imaging, including those
given multiple fluoroscopic examinations, those exposed in Thorotrast
studies, and also ch.iiui.eu exposed in utero to diagnostic X-rays.

The health status of the medically irradiated cohorts is, in general, not
representative of the general population, and delivered doses were
intentionally non-uniform. However, these studies have provided additional
information on the effects of exposure to ionizing radiation.

Studies of occupationally exposed workers include:

uranium miners formerly exposed to high levels of radon daughters,

radiologists from the early part of the century, and

radium-dial painters who had ingested quantities of radium.
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Other studies of low-dose occupational exposure have not added appreciably
to our knowledge, and the doses to the early radiologists are very
uncertain.

The uranium miner data and the radium-dial painter data have added to our
knowledge of the effects of high-LET radiation on selected tissues
(bronchial epithelium and bone surfaces, respectively). Estimation of
intakes is uncertain in each case, and confounding factors such as
cigarette smoking in the case of the uranium miners lead to large
uncertainties in risk estimates.

Animal studies and in vitro studies have added to our knowledge of RBEs for
high-LET radiations, as well as to our understanding of various risk
modifiers, including dose rate. Because genetic effects have not been
reliably observed in any studies of human populations, the risk estimates
for genetic detriment are extrapolated from animal studies and in vitro
studies.

Information on deterministic effects from exposure to high doses of
ionizing radiation comes from observations of highly exposed sub-groups:
from the atomic bomb attacks; from the side-effects of radiotherapy; from
effects in the early radiologists; and from accidents in the nuclear
industry, and radiographic source accidents.

1.5 New Information Used in Estimating Risk From Exposure to Ionizing
Radiation

Current data on deterministic effects (previously called non-stochastic
effects) have been reviewed in ICRP Publication 60, but there is little
change in this information in recent years.

Some years ago it was recognized that the freruency of mental retardation
among children previously irradiated in utero was elevated. This effect is
seen only at high doses, and a clinically significant shift in I.Q. appears
to be a deterministic effect, probably with a threshold. The new
recommendations for protection of the fetus from stochastic effects are
considered sufficient to prevent all deterministic effects expressed in the
live-born child, including mental retardation.

There is little new information on the genetic effects of exposure to
ionizing radiation. The nominal probability coefficients for severe
hereditary effects are higher in Publication 60 than in Publication 26
because the ICRP has now decided to include the effects in all generations
rather than the first two generations, and also because it has now included
as part of the genetic detriment a loading for the relative length of life
lost due to such effects. The ICRP now differentiates between a whole
population of all ages and a working population. Separate coefficients are
given for each.
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The key changes in risk, estimates from exposure to ionizing radiation
result from new information on the risks of attributable cancer from such
exposure. Since 1977, information on radiation-induced cancer risks at
high doses has emerged that indicates changes to organ-specific risks and
suggests a 3- to 4-fold increase in the overall risk of fatal radiation-
induced cancer over that previously assumed.

There were two compelling reasons to increase the risk estimates for
radiation-induced cancer:

new epidemiological information from follow-up studies of cohorts at
r i sk, and

new dosimetry information from the atomic bomb attacks on Japan.

The essence of the new epidemiological evidence is as follows.

Additional follow-up studies of irradiated cohorts indicate that the rate
of appearance of solid tumors is greater than previously projected, and
that the attributable excess for many of the cancer sites is, to some
extent, following the increase of the natural incidence of the disease with
age.

To project the attributable cancer deaths in the survivors of the atomic
bomb cohort, an additive (absolute) projection model was used in 1977.
This model assumes that the number of excess cancer deaths is independent
of the natural incidence of the disease.

ICRP Publication 60 uses a modified multiplicative (relative) projection
model. A multiplicative projection model assumes that the number of excess
cancer deaths is a constant multiple of the natural incidence of the
disease. This model more accurately fits the data observed to date.

This change cf projection models has led to the prediction of a greater
number of cancer deaths because of this increase in incidence with age.

The new dosimetry information for Hiroshima and Nagasaki has also
contributed to the increase in the risk estimates.

The previous dosimetry system (known as T65D) has been superseded by the
current dosimetry system (known as DS86), which has corrected a number of
deficiencies that had been recognized in T65D.

The dosimetry has been corrected to account for large changes in the
calculated neutron transport. In particular, it has been determined that
the unique structure of the bomb casing of the Hiroshima weapon resulted in
a softer neutron spectrum from the source than previously assumed. The
neutron transport has also been corrected to take into account the high
humidity in the air over both cities at the time of the bombings. These
corrections have greatly reduced the estimated neutron doses, particularly
in Hiroshima. This implies larger risk estimates per unit dose.

The 7-ray shielding by buildings in the two cities has been determined to
be much more effective than previously thought, thus lowering the dose
estimates, thereby implying larger risk estimates. The 7-ray shielding of
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organs by the body has been determined to be much less effective than
previously thought. Although this alone would imply lower risk estimates,
when all of the above and other affirmed improvements in DS86 dosimetty
over T65D are applied, the assumed risk estimates, on the basis of
dosimetry alone, are higher than previously thought. Some uncertainties
and inconsistencies remain to be resolved.

1.6 Dose and Dose Rate Effectiveness Factor (DDREF)

Most of the data used in deriving risk estimates of radiation-induced
cancer come from studies where the cohorts were irradiated to high doses
and at high dose rates. Most of the animal studies and in vitro studies,
as well as much of the information on human exposures, indicate that, for
low-LET radiation, the probability of cancer induction per unit dose is
less at low dose and low dose rate than at high dose and high dose rate.

For radiological protection purposes, where the doses of concern are almost
always low or delivered at low dose rate, the ICRP has decided that there
is enough evidence to justify reducing the probability coefficients for
radiation-induced cancer by a DDREF. Values of a DDREF suggested by other
committees range from 2 to 10. The ICRP has decided to use a DDREF of 2.
stating that the choice of v llues is somewhat arbitrary and may be
conservative.

The use of the DDREF applies only in the case of low-LET radiation, and
applies to absorbed doses of less than 0.2 Gy, and also to doses higher
than this if the dose rate is less than 0.1 Gy/h.

A similar factor of 2 was applied to the risk estimates in 1977, and so the
DDREF applied in Publication 60 is not a numerically different factor in
the latest recommendations.

1.7 Nominal Probability Coefficients for Stochastic Detriment

Nominal probability coefficients tabulated in ICRP Publication 60 are given
in Table 1 for fatal cancer, non-fatal cancer, and severe hereditary
effects. The coefficients represent averages over sex, and have been
projected, where applicable, from the Japanese population to the average of
five national populations. Variations in risk due to age at exposure are
accounted for by averaging the assumed risks separately for an adult
working population and also for a general population of all ages.

The coefficients for fatal cancer represent simple probabilities. Those
for non-fatal cancer represent probabilities that have been weighted to
account for the severity of the various cancers. The coefficients for
severe hereditary effects include weighting for severity and also loading
for years of life lost.

Figures used in 1977 from ICRP Publication 26 are also given in Table 1 for
comparison purposes.
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Table 1: Nominal Probability Coefficients for Stochastic Detriment

ICRP 60 WORKFORCE WHOLE POPULATION

Fatal cancer 4%/Sv

Non-fatal cancer 0.8%/Sv
(weighted)

Severe hereditary effects 0.8%/Sv
(all future generations)

5%/Sv

1.0%/Sv

1.3£/Sv

TOTAL 5.6%/Sv 7.3%/Sv

ICRP 26

Fatal cancer

Severe hereditary effects
(1st 2 generations)

1.25%/Sv

0.4%/Sv

2. RADIOLOGICAL PROTECTION QUANTITIES AND SUMMARY OF THE BASIC
RECOMMENDATIONS

2.1 Quality Factor and Dose Equivalent

In its previous recommendations, the ICRP had defined dose equivalent as
the product of absorbed dose and quality factor (Q), Q being defined as a
function of the unrestricted linear energy transfer (La>) (in water) of the
charged particles at the point of interest. This quantity is still
applicable in ICRU quantities given in ICRU Report 39 [ICRU 1985]. The
definition of Q as a function of L» has been simplified as follows:

Specified Q-L relationships

Unrestricted linear energy
transfer, L in water

nm 1) Q(L)

< 10
10-100

> 100
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2.2 Radiation Weighting Factors and Equivalent Dose

The ICRP has introduced a new quantity called equivalent dose, which is
defined for an organ or tissue as

HT =2_] WR * DT,H

R
where DT R is the average absorbed dose to tissue T from radiation type R,
and WR the radiation weighting factor for radiation type R. The values of
WR are discussed further below.

Equivalent dose is the quantity now recommended for the evaluation of
tissue doses relevant to radiological protection with respect to stochastic
effects. The unit of equivalent dose is the sievert. There are two
conceptual changes from previous recommendations. First, the absorbed dose
is now to be an average for the tissue. In practical terms this is little
different from what was previously done. Second, the radiation weighting
factors, rather than being defined at a point, are now defined in terms of
the radiation field incident on the body for external sources, or emitted
from the source in the case of sources within the body. There is no
rigorous definition of WR in terms of unrestricted linear energy transfer.

As was done previously with the permissible approximations to average
quality factors, values of WR are specified for the type and energy range
of various radiations. These new values of WB are presented as biological
approximations, but are numerically exact values by definition. Values of
WR are mostly consistent with previously defined average values of Q, and
are given in Table 2.

Table 2: Radiation Weighting Factors

Type and Energy Range Radiation Weighting Factor, WB

Photons, all energies 1
Electrons and muons, all energies 1
Neutrons, energy < 10 keV 5

10 keV to 100 keV 10
> 100 keV to 2 MeV 20
> 2 MeV to 20 MeV 10
> 20 MeV 5

Protons, other than recoil protons,
energy > 2 MeV 5

Alpha particles, fission fragments,
heavy nuclei 20

All values in the table apply to external radiation incident on the body,
or to radiation emitted from sources that are inside the body.
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For neutrons, the ICRP accepts as an approximation for WR the expression

5 + 1 7 exp

L 6 J
where E is the neutron energy in MeV.

For radiation types and energies not appearing in the table, the ICRP
accepts as an approximation for WR the average quality factor, Q, at 10 mm
depth in the ICRU sphere, given by

1 r -
Q(L)D(L)dL, where Q(L) and D(L)

Jo

are at 10 mm depth in the ICRU sphere.

A footnote in the table entry for electrons in Publication 60 says that the
table does not apply to Auger electrons emitted froir. nuclides bound to DNA.
The ICRP states that the effects of Auger electrons must be assessed using
microdosimetry, as their relative biological effectiveness can be much
greater than 1. No guidance is given as to how this is to be done.

2.3 Tissue Weighting Factors and Effective Dose

The quantity effective dose equivalent has been replaced by effective
dose, E = 2 WT-HT. The definition is essentially the same for the

two quantities, and the unit is the sievert. However, the set of tissue
weighting factors, WT, has changed substantially, as outlined below. Also,
remainder tissues are now handled differently.

The ICRP does not recommend that values of effective dose equivalent be
corrected to reflect the current tissue weighting factors. Indeed, it is
deemed appropriate to treat effective dose equivalent and effective dose as
additive quantities without adjustment, if such an aggregate dose is
sought.

Publication 26 had based the tissue weighting factors on the respective
probabilities of attributable fatal cancer or severe hereditary effects.
In Publication 60 the tissue weighting factors reflect the broader
detriment, including a weighted probability of attributable non-fatal
cancer and a weighting for the relative length of life lost.

The relative detriments by tissue have been derived by projecting data to a
nominal world population and averaging over sex. The ICRP has acknowledged
the large uncertainties both in the original tissue-specific data and in
the projections and averaging.

Because the resulting average relative contributions of the various tissues
to the total detriment may be seen to imply an accuracy that is not
warranted, for radiation protection purposes the ICRP has decided to
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simplify its recommendations for tissue weighting factors by rounding the
values and assigning each tissue one of four tissue weighting factors, such
that the sum of the weighting factors for all tissues is one.

The resulting tissue weighting factors are intended to be applied in the
definition of effective dose to both a working population and a general
population, and to either sex. The tissue weighting factors are given in
Table 3.

Table 3: Tissue Weighting Factors

Tissue or Organ Tissue Weighting Factor, W.

Gonads
Bone marrow (red)
Colon
Lung
Stomach
Bladder
Breast
Liver
Oesophagus
Thyroid
Skin
Bone surface
Remainder

0.20
0.12
0.12
0.12
0.12
0.05
0.05
0.05
0.05
0.05
0.01
0.01
0.05

Ten percent of the detriment associated with gonad exposure is somatic,
attributable to the observed increase in risk of ovarian cancer.

The colon refers to the lower large intestine and was considered as such in
the preparation of annual limits on intake in ICRP Publication 61 [ICRP61].

The colon, stomach, bladder, and liver were formerly remainder tissues.

The oesophagus has not been modelled, but will be modelled in the future.
The thymus has been used as a surrogate for the oesophagus in the
preparation of ICRP Publication 61.

The skin did not have a weighting factor in ICRP Publication 26, because
the risk for fatal cancer was considered very small. This risk is still
considered small, but the detriment due to non-fatal cancer is enough to
warrant the ICRP's inclusion of the skin as one of the tissues at
stochastic risk. The skin is also subject to the possibility of receiving
high exposures from charged particle radiation fields.

Remainder tissues refer specifically to the following tissues: adrenals,
brain, upper large intestine, small intestine, kidney, muscle, pancreas,
spleen, thymus, and uterus. The equivalent dose to be weighted for the
remainder contribution is the average equivalent dose to the above tissues.
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The ICRP has added the caveat that in those exceptional cases in which a
single one of the remainder tissues receives an equivalent dose in excess
of the maximum equivalent dose in any of the twelve tissues for which a
weighting factor is specified, a weighting factor of 0.025 applies to the
equivalent dose to that tissue, and a weighting factor of 0.025 applies to
the average equivalent dose to the rest of the above remainder tissues.

2.4 Subsidiary Dosimetric Quantities

The ICRP has defined the following quantities based on the new dosimetric
quantities in a manner analogous to definitions that were based on previous
dosimetric quantities:

- committed equivalent dose,
- committed effective dose,
- collective equivalent dose,
- collective effective dose,
- equivalent dose commitment, and
- effective dose commitment.

If the integration period is not specified for the committed equivalent
dose or for the committed effective dose, then it is assumed to be 50 years
from intake for adults, and from intake to age 70 years for children.

When the ICRP refers to an equivalent dose or an effective dose accumulated
in a given period of time, it states that it is implicit that any committed
doses from intakes occurring in that same period are included. That is,
doses delivered or committed during the period from intakes during the
period are to be included with any external doses during the period; doses
delivered during the period from intakes prior to the period are excluded.

2.5 Conceptual Framework and System of Radiological Protection

Appropriate control procedures in radiological protection depend on the
type of exposure. The ICRP differentiates among three types: occupational
exposure, which is that exposure incurred at work as a result of work
(i.e., generally excluding natural background radiation); medical exposure,
which is the exposure of individuals as part of their own diagnosis or
treatment; and public exposure, which it defines as any exposure other than
occupational and medical.

The ICRP has separate recommendations for proposed and continuing
practices, on the one hand, and for intervention in pre-existing exposure
situations, on the other.

Rather than being an anticipated consequence of an intended or proposed
practice, pre-existing exposures result from accidents, emergencies, other
previous events resulting in contamination, or from natural radioactive
material causing public exposure.

The bulk of the ICRP's recommendations relate to proposed or continuing
practices resulting in occupational and public exposure, and these are
outlined below.
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The system of worker and public radiological protection for proposed or
continuing practices comprises three basic tenets.

The first tenet is that no practice involving exposures to ionizing
radiation should be undertaken unless its benefit to society or to the
exposed individual offsets any detriment it may cause. This is the long-
standing principle of justification and is not new to these
recommendations.

The second tenet is that such a justified practice, when undertaken, should
strive to keep the magnitude of exposures or the likelihood of exposures,
where these are not certain, as low as reasonably achievable, social and
economic factors being taken into account. This is the long-standing
principle of optimization. Although not new to these recommendations, this
principle has been given much more emphasis.

The third tenet is that exposures from all relevant sources be subject to
dose limits, above which doses are judged to be unacceptably high under
normal circumstances. Relevant sources include most planned man-made
sources of exposure. The dose limits do not apply to medical exposures nor
to pre-existing exposures other than those from natural sources that are
technologically enhanced. The recommended dose limits have changed from
previous values and are detailed elsewhere in this report.

The second tenet (optimization) has been stressed by the ICRP as a key
component in the system of radiological protection. The ICRP has chosen
dose limits at which doses would be widely considered as bordering on the
unacceptable, and it states that mere compliance with the dose limits is
not a sufficient demonstration of having an adequate radiological
protection program.

The ICRP views optimization as a requirement at both design and operational
phases, and optimization is to apply to real and anticipated doses as well
as to potential exposures, where the risk is to be optimized. Formal
assessments of the program's effectiveness are needed. For guidance on
optimization techniques, reference is made to ICRP Publication 37 [ICRP37]
and ICRP Publication 55 [ICRP55].

Optimization relates to a source and may optimize societal protection while
conceivably resulting in a lack of adequate individual protection, because
dose limits are not source-specific. To avoid such individual inequity,
the ICRP has introduced the concept of a source-related individual dose
constraint. This is set at a fraction of the dose limit, and is used as a
constraint on the range of options considered in optimization. For
potential exposures, source-specific risk constraints should be established
in a similar manner.

2.6 Recommendations for Dose Limitation

The most salient feature of ICRP Publication 60, with respect to
radiological protection practices, is the set of recommendations for dose
limitation, which were prompted, in part, by the ICRP's reassessment of
stochastic detriment.



- 14 -

The ICRP has made a number of scientific and social judgements in setting
its recommended dose limits; the dose limits are established as being those
levels of exposure above which continued exposure would be widely regarded
as unacceptable. In deciding what limits are appropriate, the ICRP has
taken a broader view than it previously had of the detriment associated
with exposure to ionizing radiation and, in addition to fatal cancer and
severe hereditary effects, other factors are included, such as: non-fatal
cancer, loss of life expectancy, time lost if death occurs, and annual risk
of death.

On this basis, the ICRP has concluded that the occupational dose limit
relevant to stochastic detriment should be such that the effective dose
over a 47-year working lifetime would not exceed about 1 Sv received
moderately uniformly year by year. A lifetime limit alone is insufficient
because of possible misuse of long control periods, and because the nominal
risk estimates used assume age-independent exposure.

The ICRP's recommendation for this limit on effective dose is 20 mSv per
year, averaged over 5 years (100 mSv in 5 years), with a further provision
that it not exceed 50 mSv in any one year.

The ICRP allows that this averaging need not be applied retrospectively.
It also allows (independently from this averaging provision) that
regulatory agencies may wish temporarily to permit higher dose limits than
those recommended.

The recommended limit on effective dose is sufficient to ensure prevention
of all deterministic effects, except for exposures to the lens of the eye
or localized exposures to the skin. Separate limits are specified for
these tissues.

The ICRP recognizes that radiation weighting factors are chosen to reflect
broadly the respective RBEs for stochastic effects, and that RBEs are
generally much smaller for deterministic effects. In spite of this, the
ICRP has chosen, presumably for expediency, to express deterministic limits
in units of equivalent dose. The tissues for which such limits are
specified are chiefly subject to external fields, and a radiation weighting
factor of one would be the usual case. Thus, the specification of
deterministic limits in units of equivalent dose is probably not
excessively restrictive in this regard.

No other tissue requires a separate limit for prevention of deterministic
effects. Annual limits on intake (ALIs) are now all based on a committed
effective dose of 20 mSv per year, and are given in ICRP Publication 61.
The intakes may be averaged over 5 years, in keeping with the 5-year
averaging outlined above. Pending the revision of limits for radon
exposure, the recommendations given are those in ICRP Publication 47
[ICRP47].

Public dose limits have similarly been established by looking at the
consequences of various continued exposures. The ICRP notes that the
consequences of an additional effective dose over natural background equal
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to the natural background excluding the radon contribution are very small,
and that such an increase would be less than many variations in the natural
background. On this basis, the ICRP has recommended an effective dose
limit for members of the public of 1 mSv per year. Under special
circumstances this can be averaged over 5 years.

The ICRP notes that deterministic limits for the public should be lower
than those of the working population because the possible total period of
exposure is much longer, and because individual sensitivity may be larger.
The ICRP has used an arbitrary reduction factor of 10 in establishing
deterministic limits for the public.

Supplementary limits on effective dose are specified for pregnant workers
for protection of the fetus. Once pregnancy has been declared, the
equivalent dose limit for the surface of the woman's abdomen is 2 mSv for
the remainder of pregnancy, and intakes are to be limited to 1/20 of the
ALL The 2 mSv limit for external radiation presumably refers to that from
strongly penetrating radiations, and not to skin dose.

The recommended dose limits are summarized in Table 4.

Table 4: Recommended Dose Limits

Occupational Limits:

Effective Dose (including Committed) 20 mSv per year
averaged over 5 years;

50 mSv in any
single year

Equivalent Dose in lens of the eye 150 mSv per year

Equivalent Dose to skin, hands, feet averaged
over any 1 cm2 at 7 mg cm 2 depth 500 mSv per year

Equivalent Dose to Surface of Abdomen of Pregnant Worker
(post-declaration) 2 mSv

Intakes for Pregnant Worker (post-declaration) 1/20 ALI

Public Limits:

Effective Dose (including Committed)

(in special circumstances, averaged over 5 years) 1 mSv per year

Equivalent Dose in lens of the eye 15 mSv per year

Equivalent Dose to skin 50 mSv per year
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3. DOSIMETRIC IMPLICATIONS AND FUTURE ISSUES

3.1 Implications of ICRP Publication 60 for Dosimetry

ICRP Publication 60 features lower limits on effective dose for both the
general public and for workers. In addition to this, the ICRP recommends
imposing source-related dose constraints at levels well below the dose
limits, and puts more emphasis on formal optimization programs in general.

The above constraints havt.> implications for how exposures are monitored,
which metabolic and dosimttric models are used, and which dose calculation
algorithms are used. In particular, more demanding sensitivity and
accuracy requirements are implied in monitoring, and further research needs
are indicated in modelling.

Identified potential impacts of ICRP Publication 60, as well as coincident
developments impacting dosimetry, are outlined in the following sections.

3.2 General Recommendations in Publication 60 for Assessment of Doses

The emphasis in Publication 60 for models is on realism. The ICRP notes
that models should not likely underestimate doses. But they also should
not excessively overestimate doses, as this could lead to the misuse of
resources for optimization.

External monitoring is recommended for all workers, unless it is clear that
their doses will be low or precisely predictable. Internal monitoring
guidance is offered by referencing ICRP Publication 35 [ICRP35]; for
guidance on interpretation of results of internal monitoring, reference is
made to ICRP Publication 54 [ICRP54]. Other references are offered for the
assessment of public exposures.

Acceptable uncertainties for external monitoring are given as a factor of
1.5, and uncertainties of at least a factor of 3 may be considered as
acceptable for some internal monitoring situations.

3-3 Sensitivity and Accuracy in External Monitoring

The recommended limit on effective dose for members of the public and the
recommended limit for protection of the fetus in pregnant workers is
comparable to the natural radiation background, exclusive of radon daughter
exposures. It is increasingly important to measure and control for non-
occupational background, both for those workers designated as members of
the public, and also for those designated as atomic radiation workers.
This non-occupational background includes cosmic and terrestrial radiation
that is not technologically enhanced, and also site-related radiation
fields in non-working hours.

The TLD phosphors most widely used are considered by many to have
insufficient sensitivity to be able to adequately demonstrate compliance
with public dose limits. More sensitive phosphors would also enable more
accurate supplementary monitoring for optimization programs. Environmental
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monitoring is another area where the use of more sensitive phosphors is
desirable. Relatively new phosphors are available that have much higher
sensitivities than those most widely used, and these should undergo more
evaluation and type testing.

Active dosimeters may offer, for some, an attractive alternative to
monitoring external exposures both for the purposes of demonstration of
regulatory compliance and for control of exposures in the workplace.
Active dosimeters are not new, and have been used for work control purposes
for years. Recent development has addressed the compliance monitoring
needs by incorporating a detector for monitoring skin dose. The skin dose
must be known in order to be able to demonstrate compliance with equivalent
dose and effective dose limits consistent with those recommended in ICRP
Publication 60. These devices have a number of advantages and
disadvantages, and development and evaluation of these devices should
proceed.

Workplace-area external monitoring may play an important role in the
estimation of doses if the field and time of exposure are both predictable
and well known. This can be useful in defining worker classification, and
in identifying personnel not requiring individual monitoring, and it may be
the method of choice in monitoring airline flight crews. Characterization
of radiation fields may take on increasing importance, and instrument
development may be recyired for this purpose.

3.4 Sensitivity and Accuracy in Internal Monitoring

Present in vivo counting methods are widely regarded as inadequate for some
nuclides, particularly actinide elements. Equipment upgrade (for example,
the use of high resolution detectors with Compton suppression) may be
indicated for some facilities.

The accurate determination of plutonium in lung from X-ray counting
requires a knowledge of chest wall thickness and composition, as there is a
30% uncertainty in intake per millimetre uncertainty in chest wall
thickness. Ultrasound measurements, computer enhancement techniques, or
magnetic resonance imaging may all play a part in development and
application of in vivo counting.

Present bioassay methods are also in need of upgrading, in order to respond
to increased sensitivity and accuracy demands. High-performance liquid
chromatography (HPLC) development and automation may be necessary for cost-
effective in vitro analysis. The development and use of new chromatography
resins will result in lower costs and smaller quantities of waste.

An evaluation of the most cost-effective bioassay methods for specific
analyses may be useful. Bioassay can be used as a screening tool in lieu
of in vivo counting. The degree of specificity in analysis (gross counting
vs. specific nuclide separation) requires optimization for adequate cost-
effective bioassay services. Other, more expensive techniques, such as
mass spectrometry, may find application in some circumstances.

Compliance with regulations consistent with the recommendations of ICRP 60
may require more development of and use of workplace monitoring. Workplace
monitoring may be valuable either as a means of negating the need for
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in vivo or in vitro analysis in certain workplace settings, or as
corroboration for these analyses. To this end, more reliance may be put on
personal air samplers with alpha spectroscopy for an indication of
inhalation intakes. Alpha-in-air instruments with radon daughter
discrimination may also be relied upon more as a means of estimating
intakes.

3.5 External Dosimetry Dose Calculation Algorithms and Models

The demand for increased accuracy in TLD results should prompt a
reassessment of treatment of results that are below the lower limit of
detection (LLD). Most services now bias these results, some by setting all
non-zero results less than the LLD to zero, and some by setting all
negative results (where the field TLD result is less than the controls) to
zero. Such practices can introduce a substantial bias where the monitoring
frequency is high. Statistical methods for dealing with this problem may
have to be invoked. The monitoring frequency itself should be looked at,
with the view of optimizing system performance.

Increased accuracy and sensitivity can further be achieved by using
computerized glow curve deconvolution. The part of the glow peak structure
used for the evaluation of the dose includes a contribution from background
noise and a contribution from glow peaks that are not used in dose
evaluation. Both of these unwanted components will, in general, vary in
their shape; however, by deconvolving the glow curve, their contribution
can effectively be removed. With the availability of high-speed, cost-
effective computing, this technique should see more widespread use.

Where neutron exposures are likely, it may be appropriate to develop and
apply an algorithm to correct for the TLD-100 over-response to thermal
neutrons where the thermal neutron effective dose can be reliably estimated
from separate neutron monitoring.

The recommendations in ICRP Publication 60 make it necessary to reconsider
the quantity to be reported as the estimate of the effective dose.
Although the tissue weighting factors in Publication 60 give relatively
more weight to deep-seated tissues and less to superficial tissues, the
quantity personal dose equivalent at 10 mm is no longer necessarily a
conservative estimate of effective dose for a photon field, because the
equivalent dose to the skin must be included as part of the effective dose.
The skin may well receive large equivalent doses from charged particle
fields from, for example, beta-emitting nuclides. Even with a 0.01 tissue
weighting factor, a large equivalent dose to the skin will contribute
significantly to the effective dose. Some algorithm is required to factor
in the contribution of the skin to the effective dose. The decision on
which algorithm to use may depend on how the skin dose is monitored, and on
which exposure model is used to convert the deep dose monitoring result
into a pseudo-effective dose (without skin contribution).

An exposure model used to convert some quantity such as air-kerma to
effective dose is required, as existing models at the time of issue of ICRP
Publication 60 do not account for the new radiation and tissue weighting
factors and radiation protection quantities. Two approaches may be used.



- 19 -

One is to experimentally determine dose distributions in an anthropomorphic
phantom as a function of incident radiation energy, and then apply the
appropriate weighting factors to estimate effective dose. The other
approach is to run Monte Carlo codes for various incident radiation
energies using mathematical anthropomorphic phantoms. This was the
approach used to produce the data adopted by the ICRP in its Publication 51
[ICRP51], issued some time before its 1990 recommendations. The ICRP
intends to issue a publication to supersede its Publication 51.

Such a model, when available, can be used to establish a TLD reader
calibration based on the TLD's best emulation of the model for some
standard exposure geometry.

Some external dosimetry codes have been written to calculate effective dose
equivalent from specific exposure scenarios, such as contamination from
accidents or from waste disposal concepts. These may have to be updated to
calculate effective dose.

3.6 Internal Dosimetry Dose Calculation Algorithms and Models

The ICRP is planning revisions to its Publication 23 on Reference Man
[ICRP23] and is also making changes to some of the metabolic models used in
internal dose assessment. Future refinement of metabolic model parameters
can be expected as more information becomes available. The parameter of
particular importance is the absorbed fraction ( f ^ , which can be highly
age-dependent.

The ICRP is also planning a publication to supersede its Publication 30
[ICRP30] and its Publication 54, to reflect the new tissue weighting
factors, definitions of tissues at risk, definition of effective dose, and
elimination of the equivalent dose limit. The oesophagus is a tissue not
previously modelled, and so will require definition of its geometry. The
ICRP has, in the interim, published ICRP Publication 61, using much of the
data from its Publication 30, but with the new recommendations. In its
preparation the thymus was used as a surrogate for the oesophagus.

Some internal dosimetry codes (e.g., GENMOD) have been written to model
intakes and excretion in a like manner. These codes will require similar
changes to those being incorporated by the ICRP.

In keeping with the ICRP's recommendation of realistic models, and because
more accurate estimates of effective dose will be sought, some model
assumptions require revision. For example, at present no credit is taken
for the location of the sensitive cells of the lung in calculating the lung
dosp from inhalation of tritiated elemental hydrogen.

The recommendations in ICRP Publication 60 for radiation weighting factors
state that Auger electrons bound to DNA must be assessed using
microdosimetric techniques, as their relative biological effectiveness can
be much greater than 1. The understanding of the contribution Auger
electrons make to the end-points of concern is incomplete. Clearly,
further work is required in order to account for this in Auger electron
emitters such as 1-125.
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