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FOREWORD

In May 2009, the NEA Committee on Radiation Protection and Public
Health (CRPPH) Expert Group on Occupational Exposure (EGOE) proposed to
undertake a case study to address the implementation of the new ICRP
Publication 103 recommendations as regards operational radiological protection
at nuclear installations, and focusing on the use of dose constraints. In
discussing this proposal, the Committee also held a more general discussion of
the approaches and measures being considered in order to broadly implement
the new ICRP Publication 103 recommendations. As part of this discussion, the
delegation from the United States asked how much it had “cost” to implement
ICRP Publication 60 recommendations, which were issued in 1990. The basis of
the question was that in 1990, the United States had recently completed a
lengthy update of its own national radiological protection regulation and did not
feel that it would be appropriate to reopen the system just after having closed it.
As such, the United States did not implement the recommendations of ICRP
Publication 60, but in May 2009 was considering whether it should implement
those of ICRP Publication 103. As part of these considerations, the “cost-
effectiveness” of such a change was being studied, and the assistance and
experience of the other members of the CRPPH was seen as potentially very
valuable to these discussions.

The Committee agreed that a discussion of this issue could be useful to the
full NEA/CRPPH membership, perhaps not directly in terms of the “monetary
costs” of implementation, but rather in terms of the areas that were addressed
and updated, and the resources that were necessary. The CRPPH thus charged
the NEA Secretariat to work with the EGOE to develop this issue further. The
Secretariat suggested to the CRPPH Bureau that a good starting point for this
work would be a report detailing the scientific and philosophical changes that
had taken place in moving from ICRP Publication 26 to Publication 60, and
subsequently from ICRP Publication 60 to Publication 103. In addition, these
same evolutions could be characterised in terms of the regulatory changes that
were necessary to ensure implementation. The CRPPH Bureau agreed with this
approach, and Professor Roger Clarke, former Chair of the ICRP Main
Commission, and Ms. Wendy Bines, former UK regulator, were commissioned
to develop this report.



It should be noted that the section of this report on regulatory evolution is
somewhat limited in its context, reflecting regulatory approaches only from the
perspective of the United Kingdom. The CRPPH noted, however, that the UK
regulations are subject to the European Commission Basic Safety Standard
Directive, as are those of all other European Union countries. As such, the
Committee felt that the documented views were sufficiently broadly
representative to be of use for the CRPPH as a whole.
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. CHANGES IN UNDERLYING SCIENCE
AND PROTECTION POLICY

Roger H. Clarke'

1. Emeritus member, ICRP, contact: clarke.rogerh@btinternet.com.






1.1. INTRODUCTION

The ICRP has produced recommendations three times in the last 30 years
and the purpose of this review is to highlight some of the major changes that
have taken place over that period. The starting point is the
1977 Recommendations in Publication 26 and this paper seeks to identify the
major changes in the underlying science and the development in protection
policy that led to the 1990 Recommendations in Publication 60. Next, the
changes in the scientific understanding and the evolution of protection policy
that occurred between the 1990 Recommendations of Publication 60 and the
2007 Recommendations in Publication 103 are summarised.
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PART |LA
SCIENCE AND PROTECTION POLICY

Publication 26 to Publication 60






1.2. BIOLOGICAL RISKS

In the 1977 Recommendations, the ICRP introduced the distinction between
“stochastic” effects and “non-stochastic” effects of radiation exposure. While it
gave no risk figures for non-stochastic effects, it gave quantitative estimates of the
stochastic risk of radiation exposure for the first time. The Commission derived
cancer risk factors for: red bone marrow, bone, bone surfaces, lung, thyroid,
breast and “all other tissues”. The whole body mortality risk factor for radiation
induced cancer was concluded to be 102 Sv, as an average for both sexes and
all ages. The average risk factor for hereditary effects was taken as 0.4 102 Sv™*
as expressed in the first two generations. It was recognised that the estimates
would vary between workers and a population of all ages, but the Commission
felt the difference was not large enough to warrant the use of separate values for
protection.

In the 1990 Recommendations there was a review of non-stochastic, now
renamed “deterministic” effects in organs and tissues and estimates were given
for the thresholds of these effects. There was also a rigorous review of the
stochastic effects in exposed individuals. There was a longer list than in 1977 of
organs and tissues for which risks were quantified, some 13 organs plus gonads.
Now the Commission gave nominal probability coefficients for stochastic
effects; for fatal cancer the risk was 5.0 10 Sv'* for a population of all ages
and the risk of severe hereditary effects was 1.0 10% Sv*. The Commission
now gave separate risk factors for workers; a fatal cancer risk of 4.0 102 Sv*
and a hereditary risk of 0.6 102 Sv™.

These estimates represented a significant increase over those from 1977
and caused some major changes to protection philosophy. The principal reason
for the increased cancer risk estimates was that in 1977 an additive model had
been used for estimating the risks, i.e., the radiation risks were assumed to be
induced independent of the naturally occurring cancers. However, by the latter
part of the 1980s there were more solid tumours recorded in the Japanese
survivors, indicating there is a longer “latent period” for solid tumours
compared to leukaemia, and the increased numbers led to the conclusion that
the radiation-induced tumours were consistent with a multiplicative model,
whereby the tumours induced by radiation arise as a percentage increase of
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those naturally arising. This led to an increased estimate of the tumours that
would arise in the future as natural cancer rates generally increase as a high
power of attained age.

There were also reviews of the risks of exposure to radon gas and
irradiation of the skin as well as of exposure in utero-malformations, mental
retardation and leukaemia.

Detriment

In Publication 26, the Commission introduced the concept of detriment to
identify and, where possible, to quantify all the deleterious effects of exposure.
In general, the detriment is the expectation of harm taking account not only of
the probability of each type of deleterious effect but also the severity of the
effect. The total population detriment due to radiation of a given exposure was
to take account of the total risk of hereditary damage that may be expressed in
all subsequent generations in addition to the somatic cancer risk.

In Publication 60, the definition of detriment was elaborated so as to
include not only the fatal cancer risk for an organ but also a weighted allowance
for non-fatal cancers plus an estimate of the incidence of severe hereditary
effects, all of which were also weighted for the relative length of life lost. The
resulting figures are shown in Table 1. The comparable figure from
Publication 26, although never quoted, is about 1.8 102 sv™,

Table 1. Nominal probability coefficients for stochastic effects in
Publication 60 (10 Sv™!)

Exposed Fatal Non-fatal Severe Total
population cancer cancer hereditary effects detriment
Adult workers 4.0 0.8 0.8 5.6
Whole 5.0 1.0 1.3 7.3
population

The primary use made of the detriment estimates in Publication 26 and
later publications is for producing tissue weighting factors (wr values)
described in Section 1.3 below.

16



1.3. BASIC DOSIMETRIC QUANTITIES

Dose equivalent to equivalent dose

The fundamental dosimetric quantity for radiological protection is the
absorbed dose, D. In Publication 26 the quantity that better predicted the
severity and probability of deleterious effects from radiation was the dose
equivalent, H, defined at a point in tissue and given by the equation:

where D is the absorbed dose, Q is the quality factor and N is the product of all other
modifying factors specified by the Commission. Such factors might take account of,
for example, absorbed dose rate and fractionation. In fact, the Commission
recommended a value of 1 for N which it retained until Publication 60.

The quality factor, Q, was intended to allow for the effect on the detriment of
the microscopic distribution of absorbed energy. It is defined as a function of the
collision stopping power (L.,) in water at the point of interest. The ICRP specified
the relationship between Q and L., and for a spectrum of radiation, an effective

value, O. of Q at the point of interest can be calculated.

When Publication 60 was prepared, the Commission decided that the point

quantities H, Q, and O were used in metrology and radiobiology, for protection
purposes it was more appropriate to average the dose over an organ or tissue.
Hence, Publication 60 defined absorbed dose as the average dose over an organ as
an indicator of the probability of subsequent stochastic effects in that organ. This
averaging is dependent upon a linear relationship between dose and risk, the dose-
response relationship, without which the additivity of doses from internal and
external sources would not be possible.

Because of this, the Commission then introduced the quantity equivalent
dose, Ht, and the radiation weighting factor, wg. The total equivalent dose in
tissue T is then

17



where Dty is the average absorbed dose in tissue T from radiation R. The
radiation weighting factor takes account of the quality of the incident radiation on
the body and was considered by the Commission better to reflect the biological
information such as RBE (relative biological effectiveness) than the averaging of

Q calculated at multiple points in an organ or tissue to derive a value of Q. The
values recommended in Publication 60 are given in Table 2.

For radiation types and energy which are not included in Table 2, it

suggested an approximation of wg can be obtained by calculation, at 10 mm in
the ICRU sphere, of

6:%[0‘” QL) D(L) AL ooooooeeeoeeeeeeeeeeeeeeeeeeeeeeseeseeeeessesesesssssessesneneenes 3)

where D(L)dL is the absorbed dose between unrestricted linear energy transfer L
and L + dL and Q(L) is the quality factor of radiation at 10 mm in the ICRU
sphere. The relationship between Q and L is given in Table 3.

The Commission recognised that, for neutrons, it may be more convenient,

practically, to have a smooth function rather than step functions. As an
approximation to wg for neutrons the Commission allowed the following

relationship:
2
W, =5+17e LB @)
6
Table 2. Radiation weighting factors in Publication 60 and Qin
Publication 26

Type and energy range Wg 0
Photons, all energies 1
Electrons, muons, all energies 1
Neutrons™ < 10 keV
Neutrons™ 10 keV to 100 keV 10
Neutrons™ > 100 keV to 2 MeV 20
Neutrons™ > 2 MeV to 20 MeV 10
Neutrons” > 20 MeV
Protons, other than recoil protons, energy > 20 MeV 5 1
Alpha particles, fission fragments, heavy nuclei 20 20

* In Publication 26, O for neutrons was recommended to be 10 for unknown energies,

otherwise to be calculated and a value of 2.3 was given for thermal neutrons.
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Table 3. Relationship between Q and L

Publication 26

L. in water Q
(keV pm™)
<3.5 1
7 2
23 5
53 10
>175 20
Publication 60
Unrestricted linear energy transfer, Q (L)
L (keV pm™)
<10 1
>10<100 0.32L-2.2
> 100 300/ VL

Effective dose equivalent to effective dose

Publication 26 introduced the quantity later named as effective dose
equivalent, E, when the Commission stated that its recommended dose limitation
was based on the principle that the risk should be equal whether the whole body is
irradiated uniformly or whether there is non-uniform irradiation. The basis for
equalising that risk was the estimate of the relative detriment in different organs and
tissues.

The Commission simplified the name, without any change in the concept, in
Publication 60 to effective dose, E. It is the doubly weighted sum of the absorbed
doses in organs or tissues:

E = 27wt Zr WR DT,R ............................................................................. (5)

It is apparent from this that radiation weighting factors are tissue independent
and tissue weighting factors are radiation independent.

For intakes of radionuclides, in Publication 26, the Commission defined
committed dose equivalent to a given organ or tissue from a single intake of
radioactive material as the integral of effective dose up to 50 years after intake.
When added over all tissues this became committed effective dose. By
Publication 60, it had refined the time to 50 years for workers or up to age 70 for
members of the public.
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The respective wr values in Publication 26 and 60 are given in Table 4. It has
to be remembered that these weighting factors are normalised to 1.0 and that the
detriment estimate had increased by a factor of more than 3 so that the absolute risk
to, say, the breast remained constant, although its wrwas reduced by 3.

Table 4. Tissue weighting factors in Publications 26 and 60

Publication 26

Organ Wy
Thyroid 003
Bone surfaces
Lung 0.12
Bone marrow
Breast 0.15
Remainder 0.3
Gonads 0.25

Publication 60

Organ Wt
Skin
Bone surface 0.01
Bladder
Breast
Liver 0.05
Oesophagus '
Thyroid
Remainder
Bone marrow
Colon 012
Lung
Stomach
Gonads 0.2

Treatment of remainder tissues

In Publication 26, the Commission recommended that a wy value of 0.06
be allocated to each of the five organs or tissues of the remainder having the
highest dose equivalents, those tissues being those defined in the ICRP
phantom. This meant that effective dose was a non-additive quantity as
different organs would appear in the highest irradiated remainder list, depending
on the external radiation energy or the radionuclide in the body.

20



In Publication 60, the wy value for remainder is applied to the mass
weighted mean dose to the remainder tissues. For some radionuclides, one of
the remainder tissues may receive a dose higher than any organ for which wy
values are specified. In such cases it was recommended that half of the
remainder wr, i.e. 0.025 is used for that organ and the other half is used for the
mean dose to the rest of the remainder tissues. This still meant that E was
strictly non-additive, but less sensitive than using the previous values.

Deterministic restrictions

The Commission policy has been to prevent deterministic effects while
restricting the occurrence of stochastic effects to an acceptable level. In
Publication 26, this was achieved by applying a non-stochastic limit of 500 mSv
in a year to all tissues except the lens, for which the Commission recommended a
limit of 300 mSv. These limits were to apply whether tissues were exposed singly,
or with other organs, and were intended to constrain any exposure that fulfilled the
limitation of stochastic effects.

This non-stochastic organ limit increased the non-additivity of effective
dose as the dose to an organ would depend on the irradiation regimes of
different external fields or intakes of radionuclides.

In Publication 60 this organ dose limit of 500 mSv in a year was dropped
as it had been shown that it would not be reached under the stochastic dose
limits set out in Publication 60, which were more restrictive than in
Publication 26. However, annual dose limits were set for the lens of the eye at
150 mSv for workers and 15mSv for the public (c.f. 300 mSv in
Publication 60) and for skin, 500 mSv for workers and 50 mSv for the public
(c.f. 500 mSv in Publication 60). There was much debate as to why dose limits
for the public were ten times lower than for workers when a deterministic risk
should have a single threshold. The Commission argument was that a
population included children, for whom the sensitivity might be greater (by a
factor of 2 or more), and the public could be exposed for longer than workers
(by a factor of about 2) leading to a proposal for reduced limits.

Collective quantities

In Publication 26 the Commission introduced the concept of collective
dose equivalent (S) in a population defined by:

where H; is the per caput dose equivalent in the whole body or any specified organ
or tissue of the P; members of sub group (i) of the exposed population. In
Publication 60 the Commission defined collective equivalent dose (to an organ or
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tissue) and collective effective dose as the integrals over all exposed individuals
and over all time; when integration is not over all time, the quantity is described as
being truncated at a defined time.

Annual limits on intake (ALI) to dose coefficients for radionuclides

In Publication 26, the dose calculations for workers were presented as ALIs,
these annual limits on intake replacing the earlier values of maximum permissible
concentrations (MPCs). The ICRP Committee 2 decided against calculating any
corresponding figures for the public, since it was thought to be too complex a
process.

After the publication of the 1990 Recommendations, the ICRP swiftly
produced new figures for ALIs for workers, using the new wy values. However,
there was a major change taking place as the Commission had decided that in the
future it would produce dose coefficients for intakes of radionuclides and external
radiations. The reason was that dose per unit intake (Sv Bg™) or per unit fluence
was considered to be more useful and assisted the addition of internal and external
doses. The Commission also asked Committee 2 to develop dose coefficients for
members of the public, which it subsequently did.
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1.4. PHILOSOPHY OF PROTECTION

It was in Publication 26 that the Commission observed that most decisions
about human activities are based on an implicit form of balancing costs and benefits
leading to the conclusion that the conduct of a chosen practice is “worthwhile”.
Less generally, it was recognised that the conduct of the chosen practice should be
adjusted to maximise the benefit to the individual or society. The Commission felt
that it was becoming possible to formalise these decision-making procedures in
radiation protection. This led to the introduction of the Commission’s system of
dose limitation, the main features of which were:

(a) no practice shall be adopted unless its introduction produces a positive
net benefit;

(b) all exposures shall be kept as low as reasonably achievable, economic
and social factors being taken into account; and

(c) the dose equivalent to individuals shall not exceed the Ilimits
recommended for the appropriate circumstances by the Commission.

These became the principles now known as those of justification,
optimisation and limitation.

The 1977 Recommendations were concerned with routine operations and
during the years up to 1990 the ICRP extended its advice away from the central
core of dose limitation to deal with other exposure situations. These include: radon,
for which a philosophy was developed that did not include dose limits; criteria for
solid waste disposal, where exposures are not certain to occur and events are
probabilistic, so that again dose limits are not applicable; and principles for
protection of the public in emergencies, where again dose limits do not apply. In
the 1990 Recommendations the Commission tried to draw together all of these
different situations in a system of radiological protection.

The Commission, in Publication 60, adopted a process-based system of
protection making the new distinction between practices and intervention. This
was explained by considering that some activities increase overall exposure to
radiation by introducing new sources, pathways and individuals, or by modifying
the network from existing sources to man. Those activities which add radiation
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exposures or risks are called “practices”. Other human activities can decrease the
overall exposure by removing the source, modifying the pathways or reducing the
number of exposed individuals. Those activities which subtract radiation exposures
are called “intervention”.?

Practices

For practices, the system of protection recommended by the Commission
was based on the following general principles:

(@)

(b)

(©)

No practice involving exposures to radiation should be adopted unless
it produces sufficient benefit to the exposed individuals or to society
to offset the radiation detriment it causes. (The justification of a
practice.)

In relation to any particular source within a practice, the magnitude of
individual doses, the number of people exposed, and the likelihood of
incurring exposures where these are not certain to be received should
all be kept as low as reasonably achievable, economic and social
factors being taken into account. This procedure should be constrained
by restrictions on the doses to individuals (dose constraints), or the
risks to individuals in the case of potential exposures (risk
constraints), so as to limit the inequity likely to result from the
inherent economic and social judgments. (The optimisation of
protection.)

The exposure of individuals resulting from the combination of all the
relevant practices should be subject to dose limits, or some control of
risk in the case of potential exposures. These are aimed at ensuring
that no individual is exposed to radiation risks that are judged to be
unacceptable from these practices in any normal circumstances. Not
all sources are susceptible of control by action at the source and it is
necessary to specify the sources to be included as relevant before
selecting a dose limit. (Individual dose and risk limits.)

These principles were broader than those in 1977 and introduced two new
concepts: the need to consider risk of accidents and thus potential exposures;
and the requirement for a constraint in optimisation.

2. It is of interest to note that the draft of the 1990 Recommendations, which was
made widely available for comment in 1989, did not use this process-based
approach but one which recognised situations with the terms planned, potential
and pre-existing for setting a framework of protection. However, this attracted
much criticism in the comments and was abandoned.
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Little more was said about justification in 1990 than was said in 1977. The
Commission did however point out that radiological protection considerations
are only one aspect of decision-making over the introduction of a new practice.

Intervention

In some situations, the sources, pathways, and exposed individuals are all in
place when a decision on control has to be taken. In this case, the reduction in
dose was to be achieved by intervention. An important group of such situations
was the exposure from natural sources of radiation. Accidents and emergencies
would have been considered as sources of potential exposure when assessing a
practice but, if they occur, they may require intervention.

Intervention cannot usually be applied at the source and has to apply in the
environment or to people. Countermeasures forming the intervention have
disadvantages, so they must be justified as doing more good than harm. The
Commission recommended that their scale should be optimised to maximise the
benefit. The dose limits applied to practices are not relevant in the decision-
making on intervention, but the Commission had not decided, in Publication 60,
on the levels of dose at which intervention is justified.

The system of radiological protection recommended by the Commission
for Intervention was thus based on the following general principles:

(@) The proposed intervention should do more good than harm, i.e. the
reduction in detriment resulting from the reduction in dose should be
sufficient to justify the harm and the costs, including social costs, of
the intervention.

(b) The form, scale, and duration of the intervention should be optimised
so that the net benefit of the reduction of dose, i.e. the benefit of the
reduction in radiation detriment, less the detriment associated with the
intervention, should be maximised.

Principles (a) and (b) would lead to intervention levels which gave
guidance on the situations in which intervention is appropriate. However, there
would be some level of projected dose above which, because of serious
deterministic effects, intervention would almost always be warranted.
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1.5. OPTIMISATION OF PROTECTION

Once the practice was justified, the doses and risks had to be optimised
within the dose or risk limits specified for individuals. However, optimisation
is a source-related process while limits apply to the individual to ensure
protection from all sources under control.

It was in Publication 26 that for the principle of optimisation the Commission
advocated the use of cost-benefit analysis for deciding what is reasonably
achievable in dose reduction below the recommended limits. For this purpose the
question was whether or not the activity is being performed at a sufficiently low
level of collective dose equivalent (and usually, therefore, of detriment) so that any
further reduction in dose would not justify the incremental cost required to
accomplish it. In making this determination, the cost-benefit analysis shifted from a
consideration of the total benefit of the activity to the change in net benefit that
might be involved in requiring the activity to be performed at one level of dose
rather than another.

In order to determine whether a reduction in exposure was “reasonably
achievable”, the Commission said it was necessary to consider, on the one hand
the increase of benefit from such a reduction, and on the other the increase of
cost involved in its achievement. In the differential cost-benefit analysis,
intended to maximise the net benefit, the independent variable was the
collective dose equivalent, S, from the practice. It follows that the optimisation
condition was fulfilled at a value S* such that the increase in the cost of
protection per unit dose equivalent balanced the reduction of detriment per unit
dose equivalent.

The Commission offered that the formal cost-benefit analysis may be helped
by the assignment of a monetary value to the unit of collective dose equivalent. The
Commission never recommended such a monetary value because, it said, in
practice it is very difficult to quantify even some of the components of the
detriment, although several estimates of the cost equivalent of a man sievert have
been published, and, with all their limitations, they have provided possible
quantitative inputs to the decision-making process.
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In the 1990 Recommendations, the ICRP was recognising that it had to
move away from the purely mathematical methods of optimisation. The process,
it said, was complicated by the various factors to be included and the diverse
methods of dealing with them. They were said to range from simple common
sense to complex techniques of multi-attribute analysis. It said that the
judgments involved in the optimisation of protection are not purely quantitative;
they involve preferences between detriments of different kinds and between the
deployment of resources and health effects.

The Commission introduced, in Publication 60, the new concept of a
constraint to dose or risk. A constraint is an individual-related criterion, but
applied to a single source in order to ensure that dose or risk limits are not
exceeded. A dose constraint would therefore be set at a fraction of the dose limit
as a boundary on the optimisation of that source. The Commission considered
that a constraint should be set on the basis of general knowledge about the
performance of the source or by a generic optimisation. For potential exposures,
risk constraints should be established in the same way. A constraint was
therefore seen as a regulatory requirement, rather than as a design target or an
operational investigation level. Despite introducing the idea of a constraint, the
Commission did not give guidance on its use or application until the
2007 Recommendations.

27



1.6. DOSE LIMITS

Publication 26

In Publication 26, there was little discussion on the basis for setting dose limits
and there was no justification for the risk associated with the limits. The
Commission said that it believed a valid method for judging the acceptability of the
level of risk in radiation work is by comparing this risk with that for other
occupations recognised as having high standard of safety, which were generally
considered to be those in which the average annual mortality due to occupational
hazards did not exceed 10”. Non-fatal accidents were recognised but the
Commission compared fatal accident rates and the risk of radiation induced fatal
malignancy.

The Commission noted that for uniform exposure of the whole body, where
the Commission’s annual dose equivalent limit of 50 mSv had been applied, the
annual dose distributions were commonly log-normal with an arithmetic mean of
about 5 mSv. Using its then risk factor, and noting that this was an upper estimate,
the Commission concluded that this average dose gave an average risk in
radiation occupations that was comparable with the risk in other safe industries.
The Commission compared average radiation fatal risk with average accident
fatality rates, not the risks to those most exposed.

In 1977, the establishment of the dose limits was of secondary concern to the
cost-benefit analysis and use of collective dose. This can be seen in the convoluted
wording used by the ICRP in setting its dose limit for members of the public.
Publication 26 states that “the assumption of a total risk of the order of 102 Sv*
would imply restriction of the lifetime dose to the individual member of the public
to 1 mSv per year. The Commission’s recommended limit of 5 mSv in a year, as
applied to critical groups, has been found to give this degree of safety and the
Commission recommends its continued use”.

The annual effective dose equivalent dose limits were 50 mSv for workers and
5 mSv for the public. The non-stochastic limits were set out in Section 1.3.
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Publication 60 — acceptability of risk

During the 1980s, it was becoming clear that the risks from radiation exposure
were higher than adopted in Publication 26 and calls grew for a reduction in the
dose limits. The Commission’s initial response was to emphasise the process of
optimisation which was more important than limits and if the process were correctly
carried out, then the resulting exposures would be acceptable.?

However, by 1990 the Commission had reviewed the biological evidence
(Section 2) and it was clear that the risks had increased so the Commission had to
address the setting of new limits.

The setting of radiation protection standards requires judgments on two very
different issues. Firstly, it is necessary to adopt a set of risk estimates for the effects
on health per unit of exposure to ionising radiation that are applicable for
radiological protection purposes. Secondly, apart from what might be called the
scientific challenges, biological and epidemiological, there is the challenge of what
is meant by risk.

All human activities or lack of activities carry some risk. Some of the activities
are accepted by most people even if the risks are rather high, e.g. traffic accidents.
Other activities are not accepted because the risks are considered unjustifiably high
in relation to the ensuing benefits even after reasonable attempts at risk reduction.
Radiation protection purposes the relevant circumstances would be normal
occupational or private life in what might be considered a safe society. The ICRP
has found it useful to use three words to indicate the degree of tolerability of an
exposure or risk. They are necessarily subjective in character and must be
interpreted in relation to the type and source of exposure under consideration. The
first word is “unacceptable”, which is used to indicate that the exposure would not
be acceptable on any reasonable basis in the normal operation of a practice of which
the use was a matter of choice. Such exposures might have to be accepted in
abnormal situations, such as those during accidents. Exposures that are not
unacceptable are then subdivided into those that are “tolerable”, meaning they are
not welcome, but can reasonably be tolerated, and “acceptable”, meaning that they
can be accepted without further improvement, i.e. when protection has been
optimised. This is illustrated in Figure 1.

3. Inthe 1987 Como Statement, the Commission acknowledged that the fatal cancer
risks may have increased by about a factor of 2, but considered that the dose limits
were not the controlling factor in the restriction of doses. This is because
optimisation will keep doses far below the dose limits.
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Figure 1. Schematic diagram of the acceptability of risk
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In this framework, the ICRP set the dose limit at a level of risk selected at the
boundary in the region between “tolerable” and “unacceptable” for the situation
in which dose limits apply, i.e. the control of specified practices. The limit then
protects the individual from all sources under control by ensuring the total risk is
not unacceptable. There will also be a level of risk that is trivial, and the source will
automatically be considered acceptable. If the risk is above the trivial level then
optimisation of protection from the source must be undertaken. It follows that the
optimisation process for any single source must be constrained to the maximum
acceptable individual risk so that the risk from that single source does not cause
concern and the combined risk from all sources under control does not become
unacceptable.

Workers

For workers, it might be concluded that a continuing annual probability of
death of 1 in 100 would be clearly unacceptable, since the individual would be
almost certain to die from the occupation. On the other hand, an annual probability
of death of 1 in 1000 can hardly be called totally unacceptable provided the
individual at risk knows of the situation, has some commensurate benefit as a result,
and everything reasonable has already been done to reduce the risk. The ICRP
concluded that, broadly, a risk of death of 1 in 1 000 per year is about the most that
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is ordinarily accepted under modern conditions for workers, and adopted it as the
dividing line between what is just tolerable and what is intolerable (unacceptable).

In order to recommend limits to exposure and constraints on optimisation, it is
necessary to compare the risks of exposure with the risk acceptance criteria derived
above. The attributable fatal cancer rate as a result of working from age 18 to 65,
i.e. 47 years at annual doses of 10, 20, 30 and 50 mSv were calculated. The
attributable fatality probability as a function of age tends to follow the probability of
death from cancer for an individual aged 18 because of the use of a multiplicative
model. The peak risk rate therefore arises at an age in the late 70s. The question to
be asked was what is to be compared with the numerical criterion that the level of
unacceptable risk is 10 per year.

This criterion (10 per year) would be exceeded at an age in the mid-50s for
someone receiving an annual dose of 50 mSv and in the early-60s for someone
receiving 20 mSv per year. The peak risk occurs in the 70s, but is a peak risk in the
later years of life as important as added risks earlier in life? Or, should the
integrated lifetime risk be considered, or perhaps the annual average risk of fatality?

The relative importance of these different attributes had to be judged when
making a decision on acceptability. On the basis of the data presented above, ICRP
Publication 60 recommended dose limits of an average of 20 mSv per year over
five years (100 mSv in five years) with no more than 50 mSv in a single year.*
At this rate of exposure, the lifetime risk of induced fatal cancer is nearly 4%, which
with added weighted allowances for non-fatal cancers and hereditary defects is 5%,
which may be compared with the lifetime risk, inferred by the maximum tolerable
risk of 10 per year, of 4.7% for work from age 18 to 64, and the natural risk of
dying of cancer of towards 25%. The average annual attributable fatal cancer risk
is 7 10™. These levels of risk seem to correspond to the most that will be tolerated
and were therefore used by the ICRP to mark the borderline of unacceptability.

Members of the public

In the case of members of the public, the ICRP found it much more difficult to
decide what may be the level of unacceptability. A risk of 1 in 1 000 000 per year

4.  The author notes that when deciding on the occupational dose limit, the ICRP
drafting group proposed the single value of 20 mSv in a year. This provoked a
debate and the only vote, to the author’s knowledge, in the main Commission.
There were 6 votes for the proposed limit and 6 against in the 12 Main
Commission members. The then Chairman, Dan Beninson, favoured the single
20 mSv limit, but would not use his casting vote to decide on the recommendation.
To allow the retention of 50 mSv in a year, averaging was proposed and the period
of five years was agreed.
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was thought to be commonly regarded as trivial, whereas risks imposed on the
public were perhaps challenged at levels of risk approaching 1 in 10 000 per year.
The ICRP has used the same approach for the public as for occupational exposure
to consider the different results of exposure over a lifetime received at rates from
below 1 up to 5 mSv y™. Although suggestions of upper limits to acceptable levels
of imposed risk have been made, it is clear that again judgments have to be made
about whether the time at which that risk is received is important. Added risks late
in life may be less important than risks added in earlier years. On the basis of
considering these risk levels and the variation in natural background radiation
(excluding radon for high levels of which intervention is recommended), the ICRP
has recommended a dose limit of 1 mSv in a year, with a higher value being
allowed in special circumstances, provided the average over five years does not
exceed 1 mSv per year.

The dose limit for the public represents the ICRP’s judgment of the borderline
to the level of unacceptability. The associated average annual fatal risk is about 3 in
100 000 per year on the basis of the risk factors derived by the ICRP, and the
lifetime fatal cancer risk at this rate of exposure is 0.4% which represents an
increase of about 2% of the natural probability of dying of cancer.
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1.7. CONDITIONS OF WORK AND CLASSIFICATION
OF WORKPLACES

Publication 26

For the purposes of the 1977 Recommendations occupational exposure was
defined as comprising all the dose equivalents and intakes incurred by a worker
during periods of work (excluding those due to medical and natural radiation).
Since the scale and form of the problems of radiation protection of workers vary
over very wide ranges, there were seen to be practical advantages in introducing
a system of classification of conditions of work. Conditions of work were
divided into two classes:

e Working condition A: this described conditions where the annual
exposures might exceed three-tenths of the then dose equivalent
limits.

e Working condition B: this described conditions where it is most
unlikely that the annual exposures will exceed three-tenths of the then
dose equivalent limits.

The value of three-tenths of the basic limits for occupational exposure was
thus a reference level used in the organisation of protection. It was not a limit.
Where the exposure was unconnected with the work, and where the work was in
premises not containing the radiation sources giving rise to the exposure, the
working condition was to be such that the limits applicable to members of the
public are observed.

The main aim of the definition of working condition A was to ensure that
workers who might otherwise reach or exceed the dose-equivalent limits were
subject to individual monitoring so that their exposures could be restricted if
necessary. In working condition B, individual monitoring was not necessary,
although it might sometimes have been carried out as a method of confirmation
that conditions are satisfactory.

The practical application of this system of classification of working
conditions was intended to be greatly simplified by the introduction of a
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corresponding system of classification of workplaces. The minimum
requirement was to define controlled areas where continued operation would
give rise to working condition A and to which access would be limited. The
demarcation of controlled areas would depend on the operational situation and it
would often be convenient to use existing structural boundaries. The controlled
area in any case was to be large enough to make it most unlikely that the annual
dose-equivalents to workers outside the controlled area would exceed three
tenths of the limits. ICRP 26 also thought it sometimes convenient to specify a
further class of workplace called a “supervised area”, and has a boundary
chosen so as to make it most unlikely that the annual dose equivalents outside
the supervised area would exceed one-tenth of the limits.

There was no simple parallelism between the classification of areas and the
classification of working conditions, because the classification of areas took no
account of the time spent by workers in the area during the course of the year
and because conditions were rarely uniform throughout an area.

Publication 60

The Commission changed its recommendations on classified area definitions
and working conditions in 1990. It now said that a controlled area was one in
which normal working conditions, including the possible occurrence of minor
mishaps, required the workers to follow well-established procedures and practices
aimed specifically at controlling radiation exposures. A supervised area was one
in which the working conditions were kept under review but special procedures
were not normally needed. The definitions were best based on operational
experience and judgment. Account was to be taken both of the expected levels of
exposure and of the likely variations in these exposures. In areas where there was
no problem of contamination by unsealed radioactive materials, designated areas
could sometimes be defined in terms of the dose rates at the boundary. The aim
should be to ensure that anyone outside the designated areas would not need to
be regarded as occupationally exposed.

The dose limits recommended by the Commission are intended to apply to
all workers, but the use of designated areas was to enable the actual doses
received outside the designated areas to be kept below the dose limits for
public exposure. The dividing line between controlled areas and supervised
areas, if the latter were used, was commonly set with the aim of ensuring that
the doses to workers in the supervised areas could confidently be predicted to be
less than 3/10 of the occupational dose limits. The Commission in 1990
regarded this definition as being too arbitrary and recommended that the
designation of controlled and supervised areas should be decided either at the
design stage or locally by the operating management on the basis of operational
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experience and judgment. This judgment was to take account of the expected
level and the likely variations of the doses and intakes, and the potential for
accidents.

In previous recommendations, the Commission had defined two types of
working conditions based on the expected level of individual annual dose. This
was originally intended to help in the choice of workers to be subject to
individual monitoring and special medical surveillance. In the years before the
1990 Recommendations, it had become apparent that neither of these decisions
was best linked to a crude classification of working conditions based on
expected dose and in Publication 60 the Commission no longer recommended
such a classification.
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1.8. PREGNANT WORKERS

In Publication 26, the Commission stated that when women of reproductive
capacity were occupationally exposed under the limits recommended, and when
this exposure was received at an approximately regular rate, it was unlikely that
any embryo could receive more than 5 mSv during the first two months of
pregnancy. Having regard to the circumstances in which such exposures could
occur, the Commission believed that this procedure would provide appropriate
protection during the essential period of organogenesis. It further declared that it
was likely that any pregnancy of more than 2 months’ duration would have been
recognised by the woman herself or by a physician. The Commission
recommended that, when pregnancy had been diagnosed, arrangements should be
made to ensure that the woman could continue to work only in the then
recommended working condition B (Section 7).

In the 1990 Recommendations, the basis for the control of the occupational
exposure of women who are not pregnant was the same as that for men. The
Commission’s policy was that the methods of protection at work for women
who may be pregnant should provide a standard of protection for any
conceptus broadly comparable with that provided for members of the
general public. The Commission considered that its policy would be
adequately applied if the mother is exposed, prior to a declaration of pregnancy,
under the system of protection recommended by the Commission, including the
recommended dose limits for occupational exposure. On this basis the
Commission recommended no special occupational dose limit for women in
general.

Once pregnancy has been declared, the Commission recommended that the
conceptus should be protected by applying a supplementary equivalent-dose
limit to the surface of the woman’s abdomen (lower trunk) of 2 mSv for the
remainder of the pregnancy and by limiting intakes of radionuclides to
about 1/20 of the ALI. The Commission emphasised that the use of its system
of protection, particularly the use of source-related dose constraints, would
usually provide an adequate guarantee of compliance with this limit without the
need for specific restrictions on the employment of pregnant women. The
principal criterion would then be that the employment should be of a type that
does not carry a significant probability of high accidental doses and intakes.

36



However, the 2 mSv criterion was unclear and the Commission clarified its
intent in Publication 73. The adoption of a rigid dose limit for the conceptus of a
pregnant woman who was occupationally exposed would pose practical problems.
The early part of a pregnancy was covered by the normal protection of workers,
which was essentially the same for males and females. Once the pregnancy has
been declared, and notified to the employer, additional protection of the conceptus
should be considered. The Commission considered that its existing advice has
sometimes been interpreted too rigidly. It now recommended that the working
conditions of a pregnant worker, after the declaration of pregnancy, should be
such as to make it unlikely that the additional equivalent dose to the
conceptus will exceed about 1 mSv during the remainder of the pregnancy.

In the interpretation of this recommendation, the Commission commented
that it was important not to create unnecessary discrimination against pregnant
women and re-emphasised its view that “the use of its system of protection,
particularly the use of source-related dose constraints, would usually provide an
adequate guarantee of compliance (with this recommendation), without the need
for specific restrictions on the employment of pregnant women”.
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1.9. EXCLUSION AND EXEMPTION FROM
REGULATORY CONTROL

Publication 26 made no mention of the scope of protection and gave no
criteria for exempting materials from regulatory control. In the
1990 Recommendations the Commission stated that it believed that the
exemption of sources is an important component of the regulatory functions. It
noted that the International Atomic Energy Agency (IAEA) and the OECD
Nuclear Energy Agency (NEA) had issued advice on this subject to their
member states in IAEA Safety Series 89.

There are two grounds for exempting a source or an environmental situation
from regulatory control. One is that the source gives rise to small individual doses
and small collective doses in both normal and accident conditions. The other is
that no reasonable control procedures can achieve significant reductions in
individual and collective doses. The Commission’s view was that a basis for
exemption on the grounds of trivial dose is much sought after, but very difficult to
establish. Apart from the difficulty of deciding when an individual or a collective
dose is small enough to be disregarded for regulatory purposes, there is a
considerable difficulty in defining the source.

However the IAEA/NEA report had come to conclusions on exemption
criteria. One of the key recommendations was concerning collective dose in the
optimisation process when it recognised that the cost of regulatory effort should
be included in the cost-benefit analysis. If the cost of the collective dose was
less than the minimum cost of investigating the source, i.e. a few thousand
dollars, and the individual doses were trivial, the source could be presumed
optimised. In Publication 64, the Commission accepted the conclusions of that
report and stated that the grounds for exemption are that the source gives rise to
small individual doses (of the order of 10 uSv per year) and the protection is
optimised, i.e. regulatory provisions will produce little or no improvement in
dose reduction. If the collective dose is small, e.g. on the order of one man-
sievert per year, protection was usually to be assumed to be optimised.
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1.10. EMERGENCIES

In the 1977 Recommendations, the Commission recognised that situations
may occur infrequently during normal operations when it may be necessary to
permit a few workers to receive dose equivalents in excess of the recommended
limits. In such circumstances, called planned special exposures, external exposures
and intakes of radioactive material were to be permitted provided the sum of the
dose-equivalent from the external exposure and the committed dose equivalent
from the intake of radionuclides did not exceed twice the relevant annual limit in
any single event, i.e. 100 mSv and, in a lifetime, five times this limit i.e. 250 mSv.
The Commission wished to emphasise that external exposures or intakes of this
magnitude were only justified when alternative techniques, which did not involve
such exposure of workers, were either unavailable or impracticable.

By 1990, the Commission dropped the planned special exposures and the
dose restrictions. It had established principles for intervention and only stated that
for occupational exposures, emergencies involving significant exposures of
emergency teams are rare, so some relaxation of the controls for normal situations
could be permitted in serious accidents without lowering the long-term level of
protection. This relaxation should not permit the exposures in the control of the
accident and in the immediate and urgent remedial work to give effective doses of
more than about 0.5 Sv except for life-saving actions, which could rarely be
limited by dosimetric assessments. The equivalent dose to skin should not be
allowed to exceed about 5 Sv, again except for life saving. Once the emergency
was under control, remedial work should be treated as part of the occupational
exposure incurred in a practice.

As far as the public was concerned, under conditions in which accidental
exposures occur, questions arose as to what remedial actions may be available
to limit the subsequent dose. In such cases, the hazard or social cost involved in
any remedial measure was to be justified by the reduction of risk that would
result. Because of the great variability of the circumstances in which remedial
action might be considered, it was not possible for the Commission to
recommend unique “intervention levels” that would be appropriate for all
occasions. The Commission retained the dose ranges for countermeasures that it
recommended in its 1984 Publication 40.
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1.11. SUMMARY OF CHANGES - PUBLICATIONS 26 TO 60

There were a number of significant changes to the form of ICRP
Recommendations between 1977 and 1990. Firstly there was an increase in the
carcinogenic risk factors which was also reflected in a larger estimate of
radiation detriment. More organs and tissues were specifically identified to be
given their own tissue weighting factor while the Commission, by 1990, had
moved away from the use of quality factors in favour of radiation weighting
factors which it believed were more biologically plausible and related to
measured RBEs.

The philosophical basis was also broadened from a “system of dose
limitation”, to a “system of radiological protection”. The main thrust of the
1990 Recommendations was, however, the revision of the risk and detriment
estimates (the biological Annex B was just longer than the Recommendations®),
followed by the justification for the new dose limits. Annex C at 30 pages was
exploring the significance of the effects of radiation exposure so as to assess
“acceptability”.

Between Publications 26 and 60 the Commission also brought the
treatment of radon, at home and at work, into the system by estimating the
effective dose equivalent for radon gas concentrations. There was a Derived Air
Concentrations (DAC) for the workplace that corresponded to the annual
effective dose equivalent limit of 50 mSv while for homes, a radon
concentration corresponding to 20 mSv per year was suggested as an action
level. Advice for the protection of the public in the event of accidents and
emergencies was also given for the first time.

A summary of the numerical values published by the ICRP from
Publication 26 to Publication 60 is given in Table 5.

5. Annex B was 70 pages compared with 66 pages for the recommendations.
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Table 5. Comparison of protection criteria
between the 1977 and the 1990 Recommendations
(numbers in brackets refer to ICRP publication numbers)

Categories
of exposure

1977 Recommendations
(Publication 26)

1990 Recommendations
(Publication 60)

INDIVIDUAL DOSE LIMITS

Occupational exposure

including recovery

operations

Any individual organ,

except:

¢ lens of the eye

s skin

« hands and feet

s pregnant women,
remainder of pregnancy

50 mSv/year®
500 mSv/year®

300 mSv/year®
20 Sv (in a lifetime)®

Working condition B
(<15 mSviyear, 50 < ~ 10 mSv)®

20 mSv/year® averaged over
defined periods of 5 years®

Dropped

150 mSv/year®

500 mSv/year®

500 mSv/year®

2 mSv to the surface of abdomen
or 1 mSv from intake of
radionuclides

Public exposure
(1985 Paris Statement)

Any individual organ
o lens of the eye

o skin

(1978 Stockholm
Statement)

5 mSv/year

1 mSvlyear, but it is
permissible to use a subsidiary
limit of 5mSv in a year for
some years provided that the
average annual effective dose
equivalent over a lifetime does
not exceed the principal limit
of 1 mSv/year

50 mSv/year®

wT of 0.01

1 mSv in a year

In special circumstances a higher
value is allowed as long as the
average over 5 years does not
exceed 1 mSv/yr

Dropped
15 mSv/year®
50 mSv/year®

DOSE CONSTRAINTS

Occupational exposure | None < 20 mSv/year®
Public exposure None < 1 mSv/year®
e general

Notes:

a.  Effective dose.
b.  Equivalent dose.

With the further provision that the effective dose should not exceed 50 mSv in any
one year. Additional restrictions apply to the occupational exposure of pregnant
women. When applied to the intake of radionuclides, the dose quantity is

C.
committed effective dose.

d.  Effective dose equivalent.

e.  Dose equivalent.

f.  Averted dose.

g.  Derived air concentration.
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Table 5. Comparison of protection criteria
between the 1977 and the 1990 Recommendations
(numbers in brackets refer to ICRP publication numbers) (continued)

Categories
of exposure

1977 Recommendations
(Publication 26)

1990 Recommendations
(Publication 60)

ACCIDENTS/EMERGENC

IES

Occupational exposure
(40)
o life-saving

(informed volunteers)
o other urgent

rescue operations
« other rescue operations

500 mGy whole body
5 Gy individual organs

No dose restrictions

~500 mSv?; ~5 Sv (skin)

Public exposure (40)
o foodstuffs
o distribution

of stable iodine

5-50 mSv in the first year @ f
50-500 mSv (thyroid) & f

« sheltering 5-50 mSv in 2 days ¢ f No change
« temporary evacuation | 50-500 mSv in 1 week ¢
e permanent relocation 100 mSv first year ™ or 1Sv in

a lifetime

EXISTING EXPOSURE

Radon Action level
o at home (39) 200 Bq m™ (was set to be No ch

20 mSv/year?) 0 change
o atwork (32) DAC?

1500 Bg m™® (was set at the No change

dose limit, 50 mSv/year®)

Notes:

a.  Effective dose.
b.  Equivalent dose.

c.  With the further provision that the effective dose should not exceed 50 mSv in any
one year. Additional restrictions apply to the occupational exposure of pregnant
women. When applied to the intake of radionuclides, the dose quantity is committed

effective dose.

Dose equivalent.
Averted dose.

Q@ o a

Effective dose equivalent.

Derived air concentration.
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PART 1.B
SCIENCE AND PROTECTION POLICY

Publication 60 to Publication 103

Since Publication 60, there has been a series of publications that has
provided additional guidance for the control of exposures from radiation
sources. When the 1990 Recommendations are included, these reports specify
some 30 different numerical values for restrictions on individual dose for
differing circumstances. Furthermore, these numerical values are justified in
many different ways. There is, however, more continuity than change in the
2007 Recommendations; some recommendations from 1990 are to remain
because they work and are clear; others have been updated because
understanding has evolved; some items have been added because there has been
a void; and some concepts are better explained because more guidance is
needed. In addition the Commission began to develop policy guidance for
protection of the environment in Publication 91. The major changes are
reviewed below.






1.12. BIOLOGICAL RISKS

In Publication 103, the Commission said that its extensive review of the
vast body of literature on the health effects of ionising radiation has not
indicated that any fundamental changes are needed to the system of radiological
protection.

Detriment

As in Publication 60, the detriment for a tissue, T, is defined as:

Dr= (RF,T + 07 RNF,T) |'|' ......................................................................... (7)

where Rg is the nominal risk of fatal disease, Ryr is the nominal risk of non-fatal
disease, g is a non-fatal weight (between 0 and 1) reflecting the reduced quality of
life associated with living with a serious illness, and | is the average life lost due to
the disease relative to normal life expectancy, expressed relative to the average
over all cancers. The quality of life factor is a function of the lethality (k) of the
disease and a subjective judgment accounting for pain, suffering, and adverse
effects of treatment.

The computations in Publication 60 were based on nominal mortality risk
coefficients, Rg, and g was taken to be equal to the lethality fraction k. Ryr is
therefore (1 — k) Re/k. Thus, the ICRP Publication 60 cause-specific detriment is:

(RF + K (1= KIRF /K= RE (2K)]ceeoeeeeereeeesesreseseesseseresesenee (8)

Cancer survivors generally experience adverse effects on their quality of life.
Thus, in Publication 103, the Commission judges that cancers should be weighted
not only by lethality but also for pain, suffering, and any adverse effects of cancer
treatment. To achieve this, a factor termed Qni, is applied to the non-lethal
fractions of cancers to produce an adjusted lethality fraction termed gr. The
formula used to calculate gr with an adjustment for non-lethal detriment is:

gT =gmin + KT (1= gMIN ) oo 9)
where ky is the lethality fraction and g, is the minimum weight for non-lethal
cancers.
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Nominal risk coefficients

Table 6 gives the comparison of detriment adjusted nominal risks from
1990 and 2007. If the fatal cancer risk is taken alone for a population of all ages
it is 4 10 Sv™* in 2007 (i.e., not adding in the weighted allowance for non-fatal
cancers) compared to 5 10 Sv'* in 1990.

Table 6. Detriment-adjusted nominal risk coefficients (102 Sv™!)
for stochastic effects after exposure to radiation at low dose rate

Cancer
Exposed (detriment Heritable effects Total
population weighted)
ICRP 103|ICRP 60| ICRP 103 [ICRP 60| ICRP 103 | ICRP 60
Whole 5.5 6.0 0.2 1.3 5.7 7.3
Adult 4.1 4.8 0.1 0.8 4.2 5.6

It is seen therefore that the fatal cancer, and the total detriment nominal risk
coefficients are about 25% lower in the 2007 Recommendations compared to
1990. There are two main reasons for these changes. Firstly, the cancer risk
estimates in 2007 were derived from incidence data whereas in 1990 the starting
point was mortality data. It was felt that the use of incidence data was more reliable
than mortality data as incidence is more certainly diagnosed while in the case of
mortality, cancer may be the underlying cause of death, but not the primary cause
and some cancers may be missed in the reporting. The mortality fraction of cancers
is also felt to be more certain when derived from initial incidence data.

Secondly, there was a major revision of the estimates of hereditary diseases
induced by exposure. The major finding was that the total hereditary risk is 0.3-0.5%
per gray to the first generation following irradiation. This is less than one tenth of the
risk of fatal carcinogenesis following irradiation. Since it is now believed to take
some hundreds of generations for defects to reach equilibrium, the risk to the first few
generations is still about 10% of the carcinogenic risk to the parents.

There are some problems in comparing genetic risk coefficients with those for
cancers. This is because of the fact that cancer risk coefficients quantify the
probability of harmful effects of radiation to the exposed individuals themselves,
and genetic risk coefficients quantify the probability of harmful effects to the
descendants of those exposed. In the case of genetic risk coefficients, the inclusion
of risk up to two generations in the calculations can be justified on the basis that
people are generally interested in the well-being of their children and grandchildren.
The estimate restricted to the first post-radiation generation has the advantage that it
is more comparable to those for cancers and therefore the Commission believes it
deserves serious consideration.
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1.13. BASIC DOSIMETRIC QUANTITIES

The Commission continued with the quantities that it had defined in
Publication 60 and reaffirmed its use of equivalent dose so that there was no

mention of dose equivalent or Q.
Radiation and tissue weighting factors

The values of wg for neutrons and protons given in these recommendations
differ from those given in Publication 60. The numerical values of wg are
specified in terms of type and in the case of neutrons in terms of energy of
radiation either incident on the human body or emitted by radionuclides residing
in the body. The values of wg shown in Table 7 are selected by judgment from a
broad range of experimental RBE data which are relevant to stochastic effects.
The values of RBE have been used for wg selection and are assigned fixed
values for radiological protection purposes.

All values relate to the radiation incident on the body or, for internal
radiation sources, emitted from the incorporated radionuclide(s). The
continuous function in neutron energy E, (MeV) is recommended for the
calculation of the radiation weighting factors for neutrons and is given in
Equation 10. This function has been derived empirically and is consistent with
existing biological and physical knowledge.

Table 7. Recommended radiation weighting factors in 2007

Radiation type Radiation weighting factor, wg
Photons 1

Electrons and muons 1

Protons and charged pions 2

Alpha particles, fission fragments, heavy ions 20

Neutrons Equation 9
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The Publication 60 recommended histogram, together with the continuous
function that was permitted, are compared to the Publication 103 values of
Equation 9 in Figure 2.

The major change to wr for protons is a reduction from five to two
reflecting a better understanding of the dosimetry. For neutrons there is again a
reduction of about a factor of two for thermal and intermediate energy
neutrons. This is due to the recognition that the wg values in 1990 more closely

followed the value of Q at a depth of 1 cm into the ICRU sphere and did not
properly reflect the dose to deeper organs in the human when there is a
significant proton component in the degraded neutron spectrum that has
significantly lower biological significance.

Figure 2. Radiation weighting factors, wg, as recommended in
Publications 60 and 103
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The organs and tissues for which wy values are specified in the 2007
Recommendations are in Table 8. They represent mean values for humans
averaged over both sexes and all ages and thus do not relate to the
characteristics of particular individuals. The major differences from the values
in Publication 60 are increases by about a factor of two for breast and
remainder tissues, whilst the gonads are decreased by about a factor of two.
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Table 8. Recommended tissue weighting factors

Tissue Wr Y Wy
Bone-marrow (red), colon, lung, stomach, breast, remainder tissues* 012 0.72
Gonads 0.08 0.08
Bladder, oesophagus, liver, thyroid 0.04 0.16
Bone surface, brain, salivary glands, skin 0.01 0.04

* Remainder tissues: adrenals, extrathoracic (ET) region, gall bladder, heart, kidneys,
lymphatic nodes, muscle, oral mucosa, pancreas, prostate (), small intestine,
spleen, thymus, uterus/cervix (2).

Remainder tissues

The wy for the remainder tissues (0.12) applies to the arithmetic mean dose
of the 13 organs and tissues for each sex listed in the footnote to Table 3 of ICRP
Publication 103. This essentially means that each remainder tissue has a
weighting factor of just under 0.01 and therefore less than that of the named
organs with the lowest values in Table 6 of ICRP Publication 103. The so-called
splitting rule in the treatment of the remainder in Publication 60 is therefore no
longer used, and hence the effective dose is now an additive quantity for the
first time since it was introduced in Publication 26.

Collective dose

In Publication 60, very little was said about the calculation and use of
collective dose. The Commission became increasingly concerned about the
misuse of the quantity (Publication 77) and in Publication 103 it clarified the
use of collective dose. In addition to the reduction of the magnitude of
individual exposures, a reduction of the number of exposed individuals should
also be considered. The collective effective dose has been and remains a key
parameter for optimisation of protection for workers. However, the individual
dose distribution in the workforce should be taken into account so as to ensure
that there is no inequity in the optimisation process.

The definition of collective quantities, as in Section 1.3 above, has led in
some cases to the incorrect use of collective effective dose for summing up
radiation exposures over a wide range of doses, over very long time periods and
over large geographical regions, and to calculate on this basis, radiation-related
detriments. However, such a use of collective effective dose would only be
meaningful if there were sufficient knowledge of the risk coefficients for the
detrimental radiation effects in all dose ranges which contribute to the collective
dose and an accurate assessment of the doses over space and time. Owing to the
large uncertainties, such knowledge of risk coefficients is not available in the very

49



low dose range, nor are the dose estimates accurate at long distances from the
source or in the far future.

The Commission now considers that, in the low dose range, the risk factors
have a high degree of uncertainty. This is particularly the case for very low
individual doses which are only small fractions of the radiation dose received
from natural sources. The use of collective effective dose under such conditions
for detailed risk estimates is not a valid procedure.

To avoid aggregation of low individual doses over extended time periods
and wide geographical regions the range in effective dose and the time period
should be limited and specified. In the calculation and interpretation of
collective effective dose, the following aspects should be considered and
critically reviewed in order to avoid a misuse of collective effective dose:

e number of exposed individuals;
¢ age and sex of exposed persons;
e range of individual doses;

e dose distribution in time; and

e geographical distribution of exposed individuals.

The collective effective dose due to individual effective dose values
between E; and E; is defined in Equation 11:

E,

S(El,Ez,T) = I E (dN/dE )AT AE. .o (11)
Es

where (dN/dE)dE denotes the number of individuals who are exposed to an
effective dose between E and E+dE within the time period AT. When the range of
individual doses spans several orders of magnitude, the distribution should be
characterised by dividing it into several ranges of individual dose, each covering
no more than two or three orders of magnitude, with the population size, mean
individual dose, and uncertainty being considered separately for each range. When
the collective effective dose is smaller than the reciprocal of the relevant risk
detriment, the risk assessment should note that the most likely number of excess
health effects is zero. Thus if the detriment figure is 5% Sv'*, and the collective
dose is less than 20 man Sy, the likely number of health effects is zero.
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1.14. PHILOSOPHY OF PROTECTION

The Commission’s process of consolidation of previous guidance and
recommendations has indicated that some changes to the structure and
terminology of the system of protection, as set out in Publication 60, were
desirable in order to improve clarity and utility. In particular, the distinction
between practices and interventions may not have been clearly understood in the
wider radiological protection community. Additionally, there were exposure
situations which were difficult to categorise in this manner.

The Commission in 2007 replaced the previous process-based
categorisation of practices and interventions to one that is situation-based with
three exposure situations intended to cover the entire range of exposure
situations. The Commission hopes that by using these three types of exposure
situations, it will clarify the application of its system of protection. The three
situations are:

e Planned exposure situations, which are situations involving the
planned introduction and operation of sources. (This type of exposure
situation includes situations that were previously categorised as
practices.)

e Emergency exposure situations, which are unexpected situations such
as those that may occur during the operation of a planned situation, or
from a malicious act, requiring urgent attention.

e Existing exposure situations, which are exposure situations that
already exist when a decision on control has to be taken, such as those
caused by natural background radiation.

The three key principles of radiological protection are retained in the
revised recommendations. In the 1990 Recommendations, the Commission gave
principles of protection for practices separately from intervention situations.
The Commission continues to regard these principles as fundamental for the
system of protection, and has now formulated a set of principles that apply to
planned, emergency, and existing controllable situations. In the new
recommendations, the Commission also clarifies how the fundamental
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principles apply to radiation sources and to the individual, as well as how the
source-related principles apply to all controllable situations. This is illustrated
schematically in Figure 3.

Two principles are source related and apply in all situations:

The principle of justification: Any decision that alters the radiation
exposure situation should do more good than harm.

This means that by introducing a new radiation source or by reducing
existing exposure, one should achieve an individual or societal benefit
that is higher than the detriment it causes.

The principle of optimisation of protection: the likelihood of
incurring exposures, the number of people exposed and the magnitude
of their individual doses should all be kept as low as reasonably
achievable, taking into account economic and societal factors.

This means that the level of protection should be the best under the
prevailing circumstances, maximising the margin of benefit over
harm. In order to avoid severely inequitable outcomes of this
optimisation procedure, there should be restrictions on the doses or
risks to individuals from a particular source (dose or risk reference
levels and constraints).

Figure 3. Dose constraints and reference levels contrasted with dose limits
to protect workers and members of the public from single sources

and all regulated sources

“Source-related” protection “Individual-related” protection

)

—from a single source in all exposure — from all regulated sources
situations by constraints and reference  in planned exposure situations by dose

levels limits
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The dose constraint is now seen as a prospective source-related restriction
on the individual dose from a source, which provides a basic level of protection
for the most highly exposed individuals from a source, and serves as an upper
bound on the dose in optimisation of protection for that source. For
occupational exposures, the dose constraint is a value of individual dose used to
limit the range of options considered in the process of optimisation. For public
exposure, the dose constraint is an upper bound on the annual doses that
members of the public should receive from the planned operation of any
controlled source.

The reference level, in emergency or existing controllable exposure
situations, represents the level of dose or risk, above which it is judged to be
inappropriate to plan to allow exposures to occur, and below which optimisation
of protection should be implemented. The chosen value for a reference level
will depend upon the prevailing circumstances of the exposure under
consideration.

One principle is individual related and applies only in planned situations:

e The principle of application of dose limits: The total dose to any
individual from all planned exposure situations other than medical
exposure of patients should not exceed the appropriate limits specified
by the Commission.

Dose limits are determined by the national regulatory authority on the basis
of international recommendations and apply to workers and to members of the
public in planned exposure situations. Dose limits do not apply to medical
exposure of patients, or to public exposures in emergency situations, or to
existing exposure situations.

The Commission continues to distinguish amongst three categories of
exposure: occupational exposures, public exposures, and medical exposures of
patients. If a female worker has declared that she is pregnant, additional controls
have to be considered in order to attain a level of protection for the
embryo/foetus broadly similar to that provided for members of the public.
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1.15. OPTIMISATION: DOSE CONSTRAINTS AND
REFERENCE LEVELS

Optimisation is always aimed at achieving the best level of protection
under the prevailing circumstances through an ongoing, iterative process that
involves:

e evaluation of the exposure situation, including any potential exposures
(the framing of the process);

¢ selection of an appropriate value for the constraint or reference level,
e identification of the possible protection options;
e selection of the best option under the prevailing circumstances; and

e implementation of the selected option.

In all situations, the process of optimisation with the use of constraints or
reference levels is applied in planning protective actions and in establishing the
appropriate level of protection under the prevailing circumstances. The doses to
be compared with the dose constraint or reference levels are usually prospective
doses, i.e. doses that may be received in the future, as it is only those doses that
can be influenced by decisions on protective actions. They are not intended as a
form of retrospective dose limit.

A necessary stage in applying the principle of optimisation of protection is
the selection of an appropriate value for the dose constraint or the reference
level. The relevant national authorities will often play a major role in this
process. The first step is to characterise the relevant exposure situation in terms
of the nature of the exposure, the benefits from the exposure situation to
individuals and society and the practicability of reducing or preventing the
exposures. The ICRP considers that comparison of these attributes with the
characteristics described in Table 9 should enable the selection of the
appropriate band for the constraint or the reference level.

The specific value for the constraint may then be established by a process
of generic optimisation that takes account of national or regional attributes and
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preferences together, where appropriate, with a consideration of international
guidance and good practice elsewhere.

The revised recommendations emphasise the key role of the principle of
optimisation. This principle should be applied in the same manner in all
exposure situations. Restrictions are applied to doses to a nominal individual
(the reference person), namely dose constraints for planned exposure situations
and reference levels for emergency and existing exposure situations. Options
resulting in doses greater in magnitude than such restrictions should be rejected
at the planning stage. Importantly, these restrictions on doses are applied
prospectively, as with optimisation as a whole. If following the implementation
of an optimised protection strategy, it is subsequently shown that the value of
the constraint or reference level is exceeded, the reasons should be investigated
but this fact alone should not necessarily prompt regulatory action. The
Commission expects that this emphasis on a common approach to radiological
protection in all exposure situations will aid application of the Commission’s
recommendations in the various circumstances of radiation exposure.

The relevant national authorities will often play a major role in selecting
values for dose constraints and reference levels. Guidance on the selection process
is provided in the revised 2007 Recommendations. This guidance takes account of
numerical recommendations made previously by the Commission.

The optimisation of protection, as set out in Publication 103, is a forward-
looking iterative process aimed at preventing or reducing future exposures. It
takes into account both technical and socio-economic developments and requires
both qualitative and quantitative judgments. The process should be systematic and
carefully structured to ensure that all relevant aspects are taken into account.
Optimisation is a frame of mind, always questioning whether the best has been
done in the prevailing circumstances, and whether all that is reasonable has been
done to reduce doses. It also requires commitment at all levels in all concerned
organisations as well as adequate procedures and resources.
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Table 9. Framework for source-related dose constraints and reference
levels with examples of constraints for workers and the public
from single dominant sources for all situations that can be controlled
(effective dose in a year)

Projected
effective
dose® (mSv)

Characteristics
of the situation

Radiological
protection requirements

Examples

>20 to 100" °

Sources not controllable, or
where actions to reduce
doses would be
disproportionately
disruptive.

Controlled by action

on the exposure pathways.

Individuals should receive
information on risk and on
the actions to reduce doses.
Assessment of individual
doses.

Reference level
for evacuation
in a radiological
emergency.

Individuals usually receive
direct benefit from the
situation but not from the
exposure itself. Controlled

General information
made available to enable
individuals to reduce their
doses.

Constraints set
for occupational
exposure.
Constraints set

>1t020 |atsource or by action For planned situations, for comforters and
in the exposure pathways. | individual monitoring and | carers.
training should take place. | Reference level for
radon
in dwellings.
Individuals get no direct General information on the | Constraints set
benefit but society benefits. | level of exposure should be | for public exposure
1 or less Controlled by action on the | made available. Periodic in planned situations.

source planned in advance.

checks should be made
on the exposure pathways
as to the level of exposure.

a  Acute or annual dose.

b In exceptional situations, informed volunteer workers may receive doses above
this band to save lives, prevent severe radiation-induced health effects, or prevent

the development of catastrophic conditions.

¢ Situations in which the dose threshold for deterministic effects in relevant organs

or tissues could be exceeded should always require action.

Societal values usually influence the final decision on the level of
radiological protection. Therefore, while this report should be seen as providing
decision-aiding recommendations mainly based on scientific considerations on
radiological protection, the Commission’s advice will be expected to serve as an
input to a final (usually wider) decision-making process, which may include
other societal concerns and ethical aspects, as well as considerations of
transparency. This decision making process may often include the participation

of relevant stakeholders rather than radiological protection specialists alone.
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Planned exposure situations encompass sources and situations that have been
appropriately managed within the Commission’s previous recommendations for
practices. Protection during the medical uses of radiation is also included in this
type of exposure situation. The process of planning protection in planned
exposure situations should include consideration of deviations from normal
operating procedures including accidents and malicious events. Exposures arising
in such circumstances are referred to as potential exposures by the Commission.
Potential exposures are not planned but they can be anticipated. The designer and
the user of a source must therefore take actions to reduce the likelihood of a
potential exposure happening, such as assessing the probability of an event and
introducing engineering safeguards commensurate to this probability.
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1.16. DOSE LIMITS

Recommendations for planned exposure situations are substantially
unchanged from these provided in Publication 60 and subsequent publications.
The dose limits for occupational and public exposures for practices are retained
for application to regulated sources in planned exposure situations.

The dose limits for individuals is retained from Publication 60 in
Publication 103. It is to be noted that, because the estimates of fatal cancer and
detriment have decreased by about 25% per unit effective dose, by retaining
the numerical values for dose limits the Commission has increased the level of
protection afforded by the limits by 25%. Otherwise, a reduction in risk per
unit exposure would have increased the occupational dose limit, for example, by
25% (for the same level of protection) to an average of 25 mSv per year, and the
public to 1.25 mSv per year.
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1.17. EMERGENCY AND EXISTING SITUATIONS (RADON)

Emphasis on optimisation using reference levels in emergency and existing
exposure situations focuses attention on the projected level of dose remaining
after implementation of protection strategies. This expected level of dose should
be below the selected value of the reference level. These exposure situations often
involve multiple exposure pathways which mean that protection strategies
involving a number of different protective actions will have to be considered. The
process of optimisation will, however, continue to use the dose averted by
specific countermeasures as an important input into the development of optimised
strategies.

Emergency exposure situations include consideration of emergency
preparedness and emergency response. Emergency preparedness should include
planning for the implementation of optimised protection strategies which have
the purpose of reducing exposures, should the emergency occur, to below the
selected value of the reference level. During emergency response, the reference
level would act as a benchmark for evaluating the effectiveness of protective
actions and as one input into the need for establishing further actions.

Existing exposure situations include naturally occurring exposures as well
as exposures from past events and practices conducted outside the
Commission’s recommendations and past accidents. In this type of situation,
protection strategies will often be implemented in an interactive, progressive
manner over a number of years.

Radon

Indoor radon in dwellings and workplaces is an important existing
exposure situation and is one where the Commission has made specific
recommendations in 1994 in Publication 65 which updated the
recommendations in Publications 32 and 39. In essence the epidemiology of the
mine workers gave the same risk per unit exposure, but the risk per mSv was
now five times the values used before Publication 60. Thus the domestic
action level (Table 5) of 200 Bq m™ now corresponded to the risk of an
effective dose of 4 mSv/year, not that of 20 mSv assumed in Publication 39.
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Similarly for workers the DAC of 1500 Bq m™ (Table 5) no longer equated
with the risk associated with an effective dose of 50 mSv/year but 10 mSv/year.

In Publication 65, the Commission considered that simple remedial
measures were almost certainly warranted to avoid an effective dose from radon
of 10 mSv/year. This gave action levels of 600 Bgm® at home and
1500 Bqm™® at work. The Commission recommended national authorities
derived optimised action levels of their own which would take account of the
local situation, and 600 Bgq m™ in homes and 500-1 500 Bq m™ in workplaces.

Since then, several epidemiological studies have confirmed that the health
risk from radon exposure is now assessed to be about double that estimated
in 1994 (ICRP Statement, November 2009). This has led the Commission to
revise its recommendations in Publication 103.

The Commission reaffirms that radon exposure in dwellings due to
unmodified concentrations of radium-226 in the earth’s crust, or from past
practices not conducted within the Commission’s system of protection, is an
existing exposure situation. Furthermore, the Commission’s protection policy
for these situations continues to be based on setting a level of annual dose of
around 10 mSv from radon where action would almost certainly be warranted to
reduce exposure. Taking account of the new findings, the Commission has
therefore revised the upper value for the reference level for radon gas in
dwellings from the value in the 2007 Recommendations of 600 Bq m™ to
300 Bg m™. National authorities should consider setting lower reference levels
according to local circumstances. All reasonable efforts should be made, using
the principle of optimisation of protection, to reduce radon exposures to below
the national reference level.

Taking account of differences in the lengths of time spent in homes and
workplaces of about a factor of three, a level of radon gas of around
1000 Bqm™® defines the entry point for applying occupational protection
requirements for existing exposure situations. In Publication 103, the
Commission considered that the internationally established value of
1000 Bqm® might be used globally in the interest of international
harmonisation of occupational safety standards. The Commission now
recommends 1000 Bq m™® as the entry point for applying occupational
radiological protection requirements in existing exposure situations. The
situation will then be managed as a planned exposure situation.

The Commission reaffirms its policy that, for planned exposure situations,

any workers’ exposure to radon incurred as a result of their work, however
small, shall be considered as occupational exposure.
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1.18. PROTECTION OF THE ENVIRONMENT

In Publication 26 it was said that although the principal objective of
radiation protection is the achievement and maintenance of appropriately safe
conditions for activities involving human exposure, the level of safety required
for the protection of all human individuals is thought likely to be adequate to
protect other species, although not necessarily individual members of those
species. The Commission therefore believes that if man is adequately protected,
then other living things are also likely to be sufficiently protected.

In the 1990 Recommendations, the Commission retained the same view: it
believes that the standard of environmental control needed to protect man to the
degree currently thought desirable will ensure that other species are not put at
risk. Occasionally, individual members of hon-human species might be harmed,
but not to the extent of endangering whole species or creating imbalance
between species. At the present time, the Commission concerns itself with
mankind’s environment only with regard to the transfer of radionuclides
through the environment, since this directly affects the radiological protection
of man.

The revised 2007 Recommendations acknowledge the importance of
protecting the wider environment. The Commission has previously concerned
itself with mankind’s environment only with regard to the transfer of
radionuclides through it, mainly in the context of planned exposure situations.
In such situations, the Commission continues to believe that the standards of
environmental control needed to protect the general public would ensure that
other species are not placed at risk. To provide a sound framework for
environmental protection in all exposure situations, the Commission proposes
use of reference animals and plants. In order to establish a basis for
acceptability, additional doses calculated to these reference organisms could be
compared with doses known to have specific biological effects and with dose
rates normally experienced in the natural environment. The Commission,
however, does not propose to set any form of “dose limits” for environmental
protection.
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1.19. SUMMARY OF CHANGES - PUBLICATIONS 60 TO 103

In the 2007 Recommendations, the Commission sought to clarify and
extend its previous recommendations. The risks from exposure to ionising
radiation are slightly lower than in 1990 but there was a major decrease in the
hereditary risk estimates, leading to changes in the wr values. Some
reductions in wg values were recommended.

The system of protection was changed from a process-led (practice and
intervention) to a situation-led (planned, emergency and existing) philosophy
with a greater emphasis on source-related control compared to the 1990
concentration on the individual-related dose limits.

In 2007, the Commission de-emphasised the mathematical approach to
optimisation that had existed since its introduction in 1977 and recommended a
more qualitative approach to optimisation, stating that it is a frame of mind,
always questioning whether the best has been done in the prevailing
circumstances. As part of this, the Commission recommended the
disaggregation of collective dose to enable the doses to whom, when and where
to be presented separately in any optimisation considerations. The Commission
has recommended a framework for constraints and reference levels to
facilitate decision-making by national authorities.

The retention in 2007 of the dose limits established in 1990 has increased
the level of protection by about 25% because the risk per unit exposure has
decreased by this amount.

The current recommended values for protection criteria in 2007 are
compared in Table 10 with those provided by the previous recommendations in
Publication 60 and the derivative publications. The comparison shows that the
current recommendations are essentially the same as the previous
1990 Recommendations for planned exposure situations.

In the case of existing and emergency exposure situations, the current

recommendations generally encompass the previous values but are wider in their
scope of application. It should be noted that in some cases the values cited are in
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different quantities; for example, in emergency exposure situations the criteria in
Publication 60 are specified in terms of averted dose (intervention levels) whereas
the criteria in the current Recommendations are specified in terms of residual
dose (reference levels). The Commission has recently revised downwards the
reference level for radon in homes and the level for occupational exposure that
would require the application of the system of protection.

The Commission has now embraced protection of the environment as a
subject for radiological protection. It has recently published advice on reference

animals and plants.

Table 10. Comparison of protection criteria between the 1990 and the

2007 Recommendations

(numbers in brackets refer to ICRP publication numbers)

Categories of exposure
(publications)

1990 Recommendations
and subsequent publications

2007 Recommendations

PLANNED EXPOSURES

Individual dose limits®

Occupational exposure (60, 68) | 20 mSv/year average No change
including recovery operations over defined periods of 5 years®| No change
— lens of the eye 150 mSv/year® No change
— skin 500 mSv/year® No change
— hands and feet 500 mSv/year®
— pregnant women, remainder | 2 mSv to the surface of Dropped
of pregnancy (60) abdomen or 1 mSv from intake | No change

(75, 96) of radionuclides

1 mSv to the embryo/foetus
Public exposure 1 mSv in a year No change
(60) In special circumstances a

higher value is allowed as long

as the average over 5 years does

not exceed 1 mSv/yr
— lens of the eye 15 mSv/year® No change
— skin 50 mSv/year” No change

Dose constraints

Occupational exposure (60) <20 mSv/year No change

Public exposure (77, 81, 82)
— general

— radioactive waste disposal

— long-lived radioactive
waste disposal

— prolonged exposure

— prolonged component
from long-lived nuclides

<1 mSv/year

<0.3 mSv/year
<0.3 mSv/year

<~1 & ~0.3 mSv/year®
<0.1 mSv/year®

To be <1 mSv/year
according to the situation
No change

No change
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Table 10. Comparison of protection criteria between the 1990 and the 2007

Recommendations

(numbers in brackets refer to ICRP publication numbers) (continued)

Categories of exposure
(publications)

1990 Recommendations
and subsequent publications

2007 Recommendations

EMERGENCY EXPOSURES

Occupational exposure (60, 96)
— life-saving
(informed volunteers)
— other urgent rescue
operations
— other rescue operations
Public exposures (63, 96)
— foodstuffs
— distribution of stable iodine
— sheltering
— temporary evacuation
— permanent relocation

Intervention levels® &7

No dose restrictions"

~500 mSv; ~5 Sv (skin)"

10 mSv/year’ ‘
50-500 mSv (thyroid)”
5-50 mSv in 2 days’
50-500 mSv in 1 week!
100 mSy first year or 1Sv!

Reference levels®
No dose restrictions if
benefit to others )
outweighs rescuer’s risk'
1 000 or 500 mSv'
<100 mSv'

— all countermeasures
combined in an overall
protection strategy

In planning, typically
between 20 and

100 mSv/year according
to the situation

EXISTING EXPOSURES

Radon (65) Action levels? Reference level® '
— athome 3-10 mSv/year <10 mSv/year
(200-600 Bg m™) (300 Bg m®)
Entry point®'
~ atwork 3-10 mSv/year (to occupational
(500-1500 Bq m™®) protection regime)
10 mSv/year
(1 000 Bg m*®)
Notes:

a  Effective dose unless otherwise specified.

b Equivalent dose.

¢  With the further provision that the effective dose should not exceed 50 mSv in any
one year. Additional restrictions apply to the occupational exposure of pregnant
women. When applied to the intake of radionuclides, the dose quantity is

committed effective dose.

d  Averted dose.

e  The dose constraint should be less than 1 mSv and a value of no more than about
0.3 mSv would be appropriate.
f Intervention levels refer to averted dose for specific countermeasures. Intervention
levels remain valuable for optimisation of individual countermeasures when
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planning a protection strategy, as a supplement to reference levels for evaluation of
protection strategies; these refer to residual dose.

To be considered if dose assessment methodologies to ensure compliance under
any conceivable situation of combination of doses are not available.

Publication 60.

Publication 96. Effective doses below 1000mSv should avoid serious
deterministic effects; below 500 mSv should avoid other deterministic effects.
Publication 63.

Reference levels refer to residual dose and are used to evaluate protection
strategies, as opposed to the previously recommended intervention levels which
referred to averted doses from individual protective actions.

ICRP statement on Radon, 2009, see: www.icrp.org.
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1. IMPACT ON EUROPEAN AND
UK DOMESTIC REGULATION

Wendy Bines






11.1. INTRODUCTION

Within the European Union, the ICRP Recommendations are reflected in
Basic Safety Standards for radiation protection directives made under the Euratom
Treaty. Member States, which include the United Kingdom (UK), are obliged to
implement directives through their national legislation. In the United Kingdom, as
elsewhere, no single piece of legislation has implemented the requirements of the
Euratom Basic Safety Standards Directives. However, lonising Radiations
Regulations prepared and enforced by the Health and Safety Commission (HSC)
and Executive (HSE) (the UK regulator for occupational exposure to ionising
radiation) have implemented the majority of the provisions.

Publication 26 led directly to the adoption by the European Community in
1980 of Directive 80/836/Euratom laying down basic safety standards for the
protection of the health of workers and the general public against the dangers
arising from ionising radiation, commonly known as the Basic Safety Standards
(BSS) Directive (and subsequently amended by Directive 84/467/Euratom). The
European Commission’s Communication on the 1980 Directive as amended in
1984 commented: “The ICRP publications on which the Council Directives are
based were written with a view to enabling the competent international
organisations and national authorities to prepare legislative texts. Seen in this light,
ICRP Publication 26 does not modify the key principles of ICRP Publication 9, or
those of the 1976 Directive. The Council Directive of 1980, which takes into
account the information available in Publication 26, should not require fundamental
changes in the legislations of Member States.”

In the United Kingdom, the lonising Radiations Regulations 1985 (IRR85)
were introduced to implement most provisions of the 1980 BSS Directive, though
certain provisions can be traced only to domestic legislative origins because of the
need to consolidate some of the provisions of two earlier sets of regulations. This
earlier legislation had been solely concerned with the protection of factory workers
against ionising radiations from sealed sources and machines or apparatus
generating X-rays, though site licence conditions had contained equivalent
provisions for nuclear installations. The extension of radiation protection legislation
to include educational and research establishments as well as hospitals, previously
covered only by codes of practice, was therefore a significant development.
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In 1993, in response to Publication 60, the European Commission published
proposals for a revised BSS Directive which was adopted on 13 May 1996
(Directive. 96/29/Euratom).

Key changes in the 1996 BSS Directive from the 1980 one were seen as:

use of the new ICRP concepts of practices and intervention;

a lower principal dose limit which could be averaged over five years but
with the facility, if Member States so wished, to decide on an annual limit
instead;

mandatory requirement for “prior authorisation” of certain activities;
explicit treatment of natural radiation sources; and
explicit treatment of “intervention”, i.e. emergency preparedness.

The main piece of UK implementing legislation for the 1996 BSS Directive
was the lonising Radiations Regulations 1999 (IRR99).

The ICRP’s recommendations on biological risk underpin the BSS directives
and national implementing legislation, but implicitly rather than explicitly.
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11.2. BASIC DOSIMETRIC QUANTITIES

The BSS Directives, and thus national implementing legislation, followed
the ICRP’s lead on dosimetric quantitiecs. The European Commission’s
Communication® on the 1980 Directive, and amending 1984 Directive,
commented in its general remarks: “The concept of effective dose equivalent
which is a characteristic of the recommendations contained in the ICRP
Publication 26, is introduced in the 1980 Directive. This concept is used in the
case of partial body exposure. The aim is to define, for a given partial body
exposure, a virtual equivalent whole body dose which would involve the same
risk. Used by the ICRP for determining the annual limits of intakes, the concept
is not, however, always susceptible to direct application in routine surveillance.
However, in the event of accidents, it may be useful to estimate the effective
dose equivalent on the basis of data compiled in reconstituting [sic] the
accident.”

The European Commission’s Communication on the 1996 Directive
commented: “equivalent dose” and “effective dose”. The directive uses the
protection quantities recommended by the ICRP Publication 60. They replace
the previous quantities “dose equivalent” and “effective dose (equivalent)”. It is
noted that the ICRP recommends that “it is appropriate to treat as additive the
weighted quantities used by the ICRP but assessed at different times, despite the
use of different values of weighting factors. The ICRP does not recommend that
any attempt be made to correct earlier values. It is also appropriate to add values
of dose equivalent to equivalent dose and values of effective dose equivalent to
effective dose without any adjustment.”

6. A communication is a sui generis document, essentially guidance and
non-binding.
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11.3. PHILOSOPHY OF PROTECTION

The 1980 BSS Directive and UK IRR85

The Euratom BSS Directives have reflected the developing ICRP
philosophy of protection. Thus the 1980 BSS Directive contained the following
provisions:

“The limitation of individual and collective doses resulting from
controllable exposures shall be based on the following general principles:

(a) every activity resulting in an exposure to ionising radiation shall be
justified by the advantages which it produces;

(b) all exposures shall be kept as low as reasonably achievable [NOTE:
The additional words economic and social factors being taken into
account did not appear in the directive itself, only in the European
Commission’s Communication on the directives.];

(c) without prejudice to Article 11 [NOTE: planned special exposures]
the sum of the doses and committed doses received shall not exceed
the dose limits laid down in this Title for exposed workers,
apprentices and students and members of the public.”

Article (a) is amended in 1984, in order to clarify that justification was generic
rather than potentially site-specific, to read: “the various types of activity resulting
in an exposure to ionising radiation shall have been justified in advance by the
advantages which they produce”.

The European Commission’s Communication on the 1980 Directive and
amending 1984 Directive, said in its general remarks: “The basic principles of
justification and optimisation of exposures, which were formulated in ICRP
Publication 26 and which are reproduced in ... the 1980 Directive, are clearly only
of general value, something which must be taken into account when introducing
them into national legislative and administrative provisions. The third principle
(dose limits), for its part, can be transformed into national legislation in a binding
form without restrictions.” In its comments on the specific justification provision,
the communication noted: “Compliance with this principle is adequately
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demonstrated in respect of a type of activity by the existence or laying down of
regulations specifically concerning the type of activity.”

The UK IRR85 did not contain a specific reference to justification because it
was considered that the principle was covered essentially by default, in line with the
European Commission’s comment. The preface to the Approved Code of Practice’
supporting the IRR85 made the point: “The basic principle in the Regulations, that
all necessary steps shall be taken to reduce, so far as reasonably practicable, the
extent to which people are exposed to ionising radiations, reflects principles (a) and
(b) and means that it is not sufficient merely to observe dose limits. Thus, those
whose undertakings cause people to be exposed to ionising radiation have a duty to
weigh the costs of the possible health detriment from exposure against the costs of
reducing or eliminating that exposure (taking into account possible risks to health
and safety arising from alternative methods of carrying out the work), to the extent
of questioning whether a particular use of ionising radiation can be justified at all.”

Optimisation, dose limitation and emergencies are covered in later sections.

It is of interest to note that the UK IRR85 covered occupational exposure to
radon. This was not an explicit requirement of the 1980 BSS Directive (as
amended), although the FEuropean Commission’s Communication implicitly
endorsed this interpretation by saying: “It [the scope of the directive] is not intended
to apply to natural radioactivity other than in industrial and technical operations. For
example, the Directive does not apply directly to radon in dwellings.”

The 1996 BSS Directive and UK IRR99

The 1996 BSS Directive included the following general principles for
practices:

“Member States shall ensure that all new classes or types of practices resulting
in exposure to ionising radiation are justified in advance of being first adopted
or first approved by their economic, social or other benefits in relation to the
health detriment they may cause.

Existing classes or types of practice may be reviewed as to justification
whenever new and important evidence about their efficacy or consequences is
acquired.

7. In the UK an Approved Code of Practice gives practical guidance on how to
comply with the law and has a special legal status. If a person holding duties under
the regulations is prosecuted for a breach, and it is proved that he did not follow
the relevant provisions of the code, then he will have to show that he complied
with the regulations in some other way or a court will find him at fault.
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In addition, each Member State shall ensure that:

(@) in the context of optimisation all exposures shall be kept as low as
reasonably achievable, economic and social factors being taken into
account;

(b) without prejudice to Article 12 [specially authorised exposures], the
sum of the doses from all relevant practices shall not exceed the dose
limits laid down in this Title for exposed workers, apprentices and
students and members of the public.”

Dose constraints were introduced as follows:

“Dose constraints shall be used, where appropriate, within the context of
optimisation of radiological protection.”

Control of risk in the case of potential exposures appeared under intervention:

“The implementation and extent of any intervention shall be considered in

compliance with the following principles:

e intervention shall be undertaken only if the reduction in detriment due to
radiation is sufficient to justify the harm and costs, including social costs,
of the intervention;

e the form, scale and duration of the intervention shall be optimised so that
the benefit of the reduction in health detriment less the detriment
associated with the intervention, will be maximised;

e dose limits, as laid down in Articles 9 and 11, shall not apply to
intervention; however, the intervention levels established in application of
Article 50(2) constitute indications as to the situations in which
intervention is appropriate; furthermore, in cases of long term exposure
covered by Acrticle 53, the dose limits set out in Article 9 should normally
be appropriate for workers involved in interventions.”

It was originally envisaged that the UK IRR99 would contain a fairly
simple requirement for justification, largely mirroring the requirements of the
directive. However, long discussions within government eventually led to a free
standing set of regulations backed up by detailed procedures.

Optimisation, dose limitation and emergencies are covered in later sections
of this report.
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11.4. OPTIMISATION OF PROTECTION

The 1980 BSS Directive and UK IRR85

The European Commission’s Communication on the 1980 BSS
Directive noted that, generally, in routine operations, optimisation need not
involve complex calculations. It was implicit in the requirement that “exposures
shall be kept as low as reasonably achievable” that scientific consideration
should be supplemented by economic and social factors. The techniques for
judging the need for further reductions in exposure in the light of what was
reasonable were very diverse and included, for instance, formal aids to decision-
making, such as cost-benefit analysis, etc., but were more usually based on
simple common-sense practices. If an improvement was easy to make and
committed only few resources it was sensible, and therefore reasonable, to make
the improvement. If the improvement required the major commitment of
resources and produced only small reductions of exposure, it was likely to be
unreasonable and therefore inappropriate.

Restriction of exposure (optimisation) was not new to UK radiation
protection legislation, although previously it had only applied to work in
factories. In the UK IRR85 it was seen as the main method of protecting
workers, with dose limitation acting almost as a back stop. There was a defined
hierarchy of actions. Employers were required to achieve restriction:

e 5o far as reasonably practicable, by means of engineering controls and
design features, which included shielding, ventilation, containment of
radioactive substances and minimisation of contamination, also by the
provision and use of safety features and warning devices;

e inaddition, to provide effective systems of work (i.e. detailed working
arrangements, such as permits to work); and

e where appropriate, also provide adequate and suitable personal
protective equipment (including respiratory protective equipment).

A mandatory investigation was introduced when a worker’s dose reached
three-tenths of the annual whole body dose limit for the first time in a calendar
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year, which had a powerful effect and resulted in many employers treating
15 mSv as a de facto dose limit (though this was not the regulator’s intention).

Additionally, employees had a duty to contribute to their own restriction of
exposure.

The 1996 BSS Directive and UK IRR99

The advice on optimisation in the European Commission’s
Communication on the 1996 BSS Directive varied little from that on the
1980 Directive, though substituting “professional judgment” for “simple
commonsense practices”; however, it noted that the principle should be applied
from the design stage, throughout all other stages to eventual decommissioning
or disposal of sources.

In respect of the new concept of dose constraints, the point was made that
they should not be confused with dose limits. They were essentially a ceiling to
the predicted values of individual doses from a source, practice or task which
could be determined to be acceptable in the process of optimisation of
protection for that source, practice or task. Dose constraints could be established
and used by undertakings as a help for optimising protection in the design or in
the planning stage. They could also be established by authorities, particularly in
the context of public exposure. They could be matters for discussion between
undertakings and authorities. The communication also referenced the guide on
the utilisation of the newly introduced concept given in a report by a joint group
of experts from the OECD Nuclear Energy Agency and from the European
Commission, published by the OECD in 1996.

Similarly, the UK IRR99 saw little change from IRR85, apart from a
reordering of requirements within the regulations to improve coherence, other
than the addition of a requirement to use dose constraints where appropriate at
the planning stage of radiation protection. Guidance stressed that dose
constraints were not intended to be used as investigation levels once a decision
had been taken about the most appropriate design or plan; in general, the value
assigned to dose constraint was intended to represent a level of dose (or some
other measurable quantity) which ought to be achieved in a well-managed
practice. The mandatory investigation level remained unchanged at 15 mSv,
though this was now a default level as employers were free to specify a lower
effective dose where they felt it appropriate (as many larger employers had
already done).
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11.5. DOSE LIMITS

The 1980 BSS Directive and UK IRR85

The dose limits specified in the 1980 BSS Directive were consistent with
Publication 26. The European Commission’s Communication noted that the
dose limits were necessary to protect the most highly exposed individuals but
they had to be complemented by the application of the second principle
(optimisation).

The dose limits in the directive were reproduced in the UK IRR85.
The 1996 BSS Directive and UK IRR99

The dose limits specified in the 1996 BSS Directive were essentially
consistent with Publication 60, while allowing for two different approaches for
limiting effective dose (whole body dose) to those who worked with ionising
radiation. Member States might either continue with a system of annual dose
limitation (based on a principal annual limit of 20 mSv) or adopt a system based
on the dose received over a five-year period. Whichever system was adopted, no
employee aged 18 or over should receive an effective dose greater than
100 mSv in a consecutive five-year period or 50 mSv in any single year.

In respect of dose limits for other persons, the directive allowed for five-
year averaging of the annual limit on effective doses of 1 mSv in a year in
special cases.

The European Commission’s Communication on the 1996 Directive
noted that compliance with the effective dose limit alone was not always
sufficient to prevent the occurrence of deterministic effects in some organs or
tissues. It was therefore necessary to ensure compliance with both the effective
dose limit and the equivalent dose limits.

There was considerable discussion of the dose limits for employees during

the development of the UK IRR99. Although there was general preference for
retention of an annual dose limit and, because restriction of exposure remained
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the main requirement of the regulations, worker exposure was already generally
well below the new limits, a minority of employers was reluctant to lose the
opportunity for the flexibility offered by a five-year limit. The agreed
compromise was, therefore:

e annual dose limits; but

e where an employer was able to demonstrate that, for a particular
employee, the annual effective dose limit of 20 mSv was
impracticable because of the nature of that person’s work, the five-
year dose limit could be applied. Various conditions were attached to
use of this flexibility, including consultation with the affected
employee and giving prior notice to the regulator (who could override
the employer’s decision). Note: the flexibility has been rarely, if ever,
used.

The dose limits for other persons in the UK IRR99 reflected the directive
provision for five-year averaging of the annual limit on effective doses of
1 mSv in a year in special cases. It was thought that this special flexibility could
be necessary for hospitals and clinics where radiopharmaceuticals were
administered to patients. These employers would need to take into account the
possibility that members of the public might receive an exposure approaching a
dose limit from such patients. This could affect the intended date of release
from the hospital or clinic and the nature of the written instructions given to
patients on discharge.

It should be noted that exposure of the public was generally constrained
through authorisations for the use and disposal of radioactive substances made
under different legislation.

Dose limitation for women of reproductive capacity, also pregnant and

breastfeeding women, is discussed in Section 7. Planned special exposures are
considered in Section 10.
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11.6. CONDITIONS OF WORK AND CLASSIFICATION OF
WORKPLACES

The 1980 BSS Directive and UK IRR85

The 1980 BSS Directive contained fundamental principles governing
operational protection of exposed workers thus:

“Operational protection of exposed workers shall be based on the
following principles:

(a) classification of places of work into different areas;
(b) classification of workers into different categories;

(c) implementation of control measures and monitoring relating to these
different areas and to the different categories of workers.”

Working areas where the doses were not liable to exceed one-tenth of the
annual dose limits for exposed workers did not require any special arrangements
for the purposes of radiation protection.

Working areas where the doses were likely to exceed one-tenth of the
annual dose limits required arrangements appropriate to the nature of the
installation and sources and to the magnitude and nature of the hazards. The
directive adopted and reflected the ICRP concepts of controlled and supervised
areas and specified monitoring, etc., requirements for each.

The aim of the ICRP concepts of working conditions A and B was ensured
by classifying exposed workers as either:

e Category A: those who were liable to receive a dose greater than
three-tenths of one of the annual dose limits and who would therefore
be subject to individual dose assessment and specific medical
classification and surveillance; or

e Category B: those who were not liable to receive this dose.
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Exposed workers were to be informed of the health risks involved in their
work, the precautions to be taken and the importance of complying with the
technical and medical requirements, and were to be given appropriate training in
the field of radiation protection.

The European Commission’s Communication on the 1980 BSS
Directive commented: “The practical procedures for classifying working areas
and exposed workers are intended to simplify working arrangements and to
ensure that workers are aware both of their own status and of the likely conditions
in their places of work. The procedures are particularly useful in protecting
workers who do not work all the time in a single workplace, e.g. cleaners,
maintenance workers and specialist advisers.”

The UK IRR85 somewhat expanded on the directive provisions for
controlled and supervised areas through specific requirements for local rules,
supervision and radiation protection supervisors. Employees were designated as
classified workers using the directive criteria for category A workers. It was seen
as essential to consider the potential dose in any given set of circumstances.
According to the Approved Code of Practice supporting IRR85: “It should be
assumed that persons who work with large sources of ionising radiation (i.e.
sources that are capable of exposing a person to the equivalent of an overdose
within a few minutes) will need to be classified albeit that calculations on the
basis of strict adherence to local rules indicate that doses in excess of three-tenths
of any relevant dose limit would not occur.” Generally, employees could only be
declassified at the end of a calendar year.

The regulations did not include a specific equivalent of a category B
worker.

The 1996 BSS Directive and UK IRR99

The 1996 BSS Directive did not directly reflect the ICRP’s changed
definitions for controlled and supervised areas, defining them as follows:

e  “Controlled area: an area subject to special rules for the purpose of
protection against ionising radiation or of preventing the spread of
radioactive contamination and to which access is controlled.”

e “Supervised area: an area subject to appropriate supervision for the
purpose of protection against ionising radiation.”

Workplaces were to be classified into different areas, where appropriate,

by reference to an assessment of the expected annual doses and the probability
and magnitude of potential exposures.
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The European Commission’s Communication on the 1996 BSS
Directive did, however, comment that: “Controlled areas should be established
where workers are required to follow rules specially related to radiological
protection rather than simply on the basis of a defined fraction of the dose limit.
Special rules are required based on considerations of radiological risk, including
expected dose to workers, possible spread of contamination and potential
exposures.”

The directive also retained the distinction between category A and
category B workers, amending the criteria to take account of the lower dose
limits. As the communication explained: “It is intended to simplify working
arrangements and to ensure that workers are aware both of their own status and of
the likely conditions in their place of work. It also contributes to ensure that
radiation protection arrangements for workers are appropriate to the risks linked
with their work and working conditions.”

The UK IRR99 moved away from the prescriptive approach in IRR85 to a
more goal-setting requirement for designating areas, relying more on the
judgment of the Radiation Protection Adviser (qualified expert) and allowing
employers more flexibility. However, to assist smaller employers in particular,
clear criteria or reference levels were included, which would remove the need
for a detailed prior assessment in straightforward cases. Thus the regulations
required:

“Every employer shall designate as a controlled area any area under his
control which has been identified by an assessment made by him ... as an
area in which:

(a) itis necessary for any person who enters or works in the area to follow
special procedures designed to restrict significant exposure to ionising
radiation in that area or prevent or limit the probability and magnitude
of radiation accidents or their effects; or

(b) any person working in the area is likely to receive an effective dose
greater than 6 mSv a year or an equivalent dose greater than three-
tenths of any relevant dose limit...”

“An employer shall designate as a supervised area any area under his
control, not an area designated as being a controlled area:

(&) where it is necessary to keep the conditions of the area under review
to determine whether the area should be designated as a controlled
area; or

(b) in which any person is likely to receive an effective dose greater than
1 mSv a year or an equivalent dose greater than one-tenth of any
relevant dose limit...”
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The Approved Code or Practice supporting IRR99 contained the following
practical guidance on when “special procedures” were likely to be necessary:

“Special procedures should always be necessary to restrict the possibility
of significant exposure, and therefore employers should designate
controlled areas, in cases where:

(@) the external dose rate in the area exceeds 7.5 uSv per hour when
averaged over the working day;

(b) the hands of an employee can enter an area and the 8-hour time
average dose rate in that area exceeds 7.5 pSv per hour;

(c) there is a significant risk of spreading radioactive contamination
outside the working area;

(d) it is necessary to prevent, or closely supervise, access to the area by
employees who are unconnected with the work with ionising radiation
while that work is under way; or

(e) employees are liable to work in the area for a period sufficient to
receive an effective dose in excess of 6 mSv a year.

In addition, an area should be designated as a controlled area if the dose
rate (averaged over a minute) exceeds 7.5 pSv per hour and:

(a) the work being undertaken is site radiography; or

(b) employees untrained in radiation protection are likely to enter that
area, unless the only work with ionising radiation involves a
radioactive substance dispersed in a human body and none of the
conditions in the previous paragraph apply.”

Both employers and regulators have had some difficulty with the
flexibility, seen more as imprecision, of defining the criterion for classification
of an area by the need for special procedures.

The approach to classification of employees matched that in the directive
and was basically unchanged. Guidance reminded employers of the special
restrictions on working conditions for women who had declared themselves to
be pregnant or were breastfeeding and of the additional dose limit for women of
reproductive capacity.
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11.7. PREGNANT WORKERS (ALSO WOMEN OF REPRODUCTIVE
CAPACITY AND BREASTFEEDING WORKERYS)

The 1980 BSS Directive and UK IRR85

The 1980 BSS Directive contained additional dose limits for women as
follows:

“For women of reproductive capacity, the dose to the abdomen shall not
exceed 13 mSv (1.3 rems) in a quarter.

As soon as pregnancy is declared, measures shall be taken to ensure that
exposure of the woman concerned in the context of her employment is such that
the dose to the foetus, accumulated over the period of time between declaration
of pregnancy and the date of delivery, remains as small as is reasonably
practicable and in no case exceeds 10 mSv (1 rem). In general, this limitation
can be achieved by employing the women in working conditions appropriate to
category B workers.”

Additionally: “Nursing mothers shall not be employed on work involving a
high risk of radioactive contamination: if necessary, a special watch will be kept
for bodily radioactive contamination.”

Planned special exposures should not be permitted for women of
reproductive capacity.

The UK IRR85 contained dose limits for the abdomen of:

e awoman of reproductive capacity at work (13 mSv in any consecutive
three-month interval); and

e a pregnant woman at work (10 mSv during the declared term of
pregnancy).

Information, instruction and training requirements included a duty on the
employer to ensure that “those of his employees who are engaged in work with
ionising radiation and who are women are informed of the possible hazard
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arising from ionising radiation to the foetus in early pregnancy and of the
importance of informing the employer as soon as they discover they have
become pregnant.”

There was some concern that protection of the foetus, achieved through
these additional dose limits, only took account of external radiation. Employers
were therefore advised, though not legally required, to take special care to
restrict intake when a pregnant woman was exposed to a dispersible radioactive
substance.

The Approved Code of Practice supporting IRR85 advised, in the
context of classification of workers: “Where dose rates to the abdomen appear
to be such that any female employee might receive more than 13 mSv in any
consecutive period of three months, then the employer should, in consultation
with his radiation protection adviser, make every effort to control exposure so
that doses are received more uniformly and do not reach this level. Only if the
radiation protection adviser advises that this cannot reasonably be achieved does
the question of whether the employee is a woman of reproductive capacity
become important in deciding whether she can be exposed in those particular
circumstances.” In the context of medical surveillance it said: “When dose rates
to the abdomen are not likely to exceed 13 mSv in any three-month interval and
the employer has completed the relevant part of the health record to that effect
before each review, the question of whether that employee is a woman of
reproductive capacity does not arise for the purpose of medical surveillance.”

The 1996 BSS Directive and UK IRR99

Limitation of doses in the 1996 BSS Directive included special protection
during pregnancy and breastfeeding (to be applied also to female air crew):

1. “Assoon as a pregnant woman informs the undertaking, in accordance
with national legislation and/or national practice, of her condition, the
protection of the child to be born shall be comparable with that
provided for members of the public. The conditions for the pregnant
woman in the context of her employment shall therefore be such that
the equivalent dose to the child to be born will be as low as reasonably
achievable and that it will be unlikely that this dose will exceed 1 mSv
during at least the remainder of the pregnancy.

2. As soon as a nursing woman informs the undertaking of her condition
she shall not be employed in work involving a significant risk of
bodily radioactive contamination.”
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Pregnant women and breastfeeding women who were likely to be bodily
contaminated were excluded from specially authorised exposures. Information
and training for women should include: “the need for early declaration of
pregnancy in view of the risks of exposure for the child to be born and the risk
of contaminating the nursing infant in case of bodily radioactive
contamination”.

The UK IRR99, under restriction of exposure rather than dose limitation,
required that:

(@) “in relation to an employee who is pregnant, the conditions of
exposure are such that, after her employer has been informed of the
pregnancy, the equivalent dose to the foetus is unlikely to exceed
1 mSv during the remainder of the pregnancy; and

(b) in relation to an employee who is breastfeeding, the conditions of
exposure are restricted so as to prevent significant bodily
contamination of that employee”.

The dose limit for the abdomen of a woman of reproductive capacity at
work was 13 mSv in any consecutive period of three months.

The definition of a woman of reproductive capacity caused much
discussion (raised as an equal opportunities matter), the issue being whether the
appointed doctor should be required, or allowed, to take account of efforts an
individual woman might be making to avoid conception. The agreed
compromise was that an appointed doctor would only need to consider whether
a woman was of reproductive capacity, and therefore subject to the additional
dose limit, if her working conditions made it likely that that she would receive a
dose to the abdomen exceeding 13 mSv in any consecutive three-month period
and her employer had made an entry in her health record to that effect.
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11.8. EXCLUSION AND EXEMPTION FROM REGULATORY

CONTROL

The 1980 BSS Directive and UK IRR85

The scope of the 1980 BSS Directive was defined: “This Directive shall
apply to the production, processing, handling, use, holding, storage, transport
and disposal of natural and artificial radioactive substances and to any other
activity which involves a hazard from ionising radiation.” Unsurprisingly, there
was no mention of exclusion or exemption from regulatory control.

In the UK IRR85 this scope was incorporated in the definition of work
with ionising radiation:

“Work with ionising radiation” means any work:

(@)

(b)

(©)

involving the production, processing, handling, use, holding, storage,
moving, transport or disposal of any radioactive substance;

involving the operation or use of any radiation generator [itself
defined as “any apparatus in which charged particles are accelerated in
a vacuum vessel through a potential difference of more than
5 kilovolts (whether in one or more steps) except an apparatus in
which the only such generator is a cathode ray tube or visual display
unit which does not cause under normal operating conditions an
instantaneous dose rate of more than 5 uSvh™ at a distance of 50 mm
from any accessible surface”]; or

in which there is any exposure of a person to an atmosphere
containing the short-lived daughters of radon 222 at a concentration in
air, averaged over any 8 hour working period, of greater than
6.24x10 Jm™ (0.03 working levels [defined as ‘the special unit of
potential alpha energy concentration in air, and is any combination of
short-lived daughters of radon 222 in unit volume of air such that the
total alpha energy concentration for complete decay to lead 210 is
2.08x10° Jm>7).”
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The 1996 BSS Directive and UK IRR99

The 1996 Directive recognised the concept of clearance for disposal,
recycling or reuse, defining clearance levels as: “values, established by national
competent authorities, and expressed in terms of activity concentrations and/or
total activity, at or below which radioactive substances or materials containing
radioactive substances arising from any practice subject to the requirement of
reporting or authorisation may be released from the requirements of this
Directive”.

The directive included criteria for exempting a practice from the
requirement to report (notify the competent authorities of the intention to carry
out that practice). Although exemption from the requirements of the directive
(as opposed to the requirement to report) was not mentioned in the directive, it
is interesting to note that the European Commission’s Communication on
the 1996 Directive contained the statement, hidden away in the remarks on the
clearance provisions: “On the other hand, exemption from reporting according
to Article 3(2) refers to material which does not need to become subject to
regulatory control.”

The UK IRR99 essentially reproduced the directive requirements for
reporting, including the criteria for exemption from reporting. They also
contained provisions for exemption certificates:

“(1) Subject to paragraph (2), the Executive [Health and Safety
Executive, the competent authority] may, by a certificate in writing,
exempt:

(a) any person or class of persons;
(b) any premises or class of premises; or

(c) any equipment, apparatus or substance or class of equipment,
apparatus or substance, from any requirement or prohibition
imposed by the Regulations and any such exemption may be
granted subject to conditions and to a limit of time and may be
revoked by a certificate in writing at any time.

(2) The Executive shall not grant an exemption unless, having regard to
the circumstances of the case and in particular to:
(a) the conditions, if any, which it proposes to attach to the
exemption; and

(b) any other requirements imposed by or under any enactments
which apply to the case, it is satisfied that:
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— the health and safety of persons who are likely to be
affected by the exemption will not be prejudiced in
consequence of it; and

— compliance with the fundamental radiation provisions
underlying regulations... will be achieved.”

NOTE: Authorisation for the use and disposal of radioactive substances and
exemption/clearance are covered by other UK legislation.
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11.9. EMERGENCIES

The 1980 BSS Directive and UK IRR85

The 1980 BSS Directive made provision for planned special exposures, for
use in exceptional circumstances during normal operations when alternative
techniques which did not involve such exposure could not be used. Their use
was subject to various conditions including authorisation and a ceiling in any
year of twice the annual dose limits or, in a lifetime, five times the dose limits.
Exceeding a dose limit because of a planned special exposure should not in
itself be a reason for excluding the worker from his usual occupation, but
subsequent conditions of exposure were subject to the agreement of the
approved medical practitioner.

Although planned special exposures were not incorporated in the
UK IRR8S5, the principle that it was not appropriate to automatically exclude an
overexposed employee from further work with ionising radiation during the
remainder of the relevant calendar year was recognised. The regulations
therefore made specific provision for dose limitation for overexposed
employees, subject to conditions. An employer could allocate a new, pro rata,
dose limit for the remainder of the calendar year in which that employee had
been overexposed (“The employer shall ensure that an employee ... does not, in
the remaining part of the calendar year in which he was subjected to the
overexposure, receive a dose of ionising radiation greater than that proportion of
any dose limit which is equal to the proportion that the remaining part of the
year bears to the whole calendar year”). The conditions were:

(@) The provisions relating to investigation and notification of
overexposure should have been fully complied with.

(b) The work was performed in accordance with any conditions imposed
by an employment medical adviser or appointed doctor.

The 1996 BSS Directive and UK IRR99

The 1996 BSS Directive again made provision for planned special
exposures, now termed specially authorised exposures. Maximum exposure
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levels resulting from specially authorised exposures were to be defined for each
particular case by the competent authorities, but no ceiling was given for such
levels as it might be interpreted as a generally tolerable level.

Under the section on intervention, it also made provision for emergency
occupational exposures. It was left to individual Member States to establish
relevant exposure levels; an exposure above these special levels could be
allowed exceptionally to save human lives, but only for volunteers who had
been informed of the risks involved in their intervention.

The UK IRR99 again eschewed planned special exposures. However, the
Radiation Emergency Preparedness and Public Information Regulations
2001 (REPPIR) implemented the articles on intervention in the 1996 BSS
Directive. They set out a framework for controlling the exposure of employees
who were required to intervene in the event of a radiation emergency, defined as
an event that was likely to result in a member of the public receiving an
effective dose of 5 mSv during the year immediately following the emergency,
e.g. to save a life or prevent a large number of people being exposed. During
intervention, these employees might receive a dose of ionising radiation in
excess of the dose limits in IRR99, termed an “emergency exposure”; they were
only permitted for authorised employees who had received appropriate
information and training and were properly equipped.
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11.10. NON-ICRP ISSUES INTRODUCED INTO THE REGULATIONS

Several significant legislative changes arose not from the ICRP
recommendations but from provisions in directives responding to other
influences (such as, but not only, concerns expressed by the European
Parliament).

Approved dosimetry services

Pre-IRR85, employers maintained records of personal doses. This
changed, in line with the 1980 BSS Directive provisions, to requiring
employers to use one or more approved dosimetry services to assess the doses
received by employees and keep the dose record. This required the regulator to
set up an approval system and the dosimetry services to prepare the necessary
documentation, etc., for a successful application for approval. The purpose of
the approval system was to ensure, as far as possible, that doses were assessed
on the basis of accepted national standards. Initially there was no charge for
approval, but fees were later introduced.

The approvals system has become more complex over the years, with
separate applications being necessary for external radiations, internal radiations
and co-ordination and record-keeping. The Radiation Emergency
Preparedness and Public Information Regulations 2001 (REPPIR) brought
in requirements for separate assessment and recording of emergency exposures.

A Central Index of Dose Information was established in 1987 as a national
database of dose information. It holds annual summaries of recorded radiation
doses for classified persons, used to generate statistical information for the
regulator published in regular reports, and facilitates cross-referencing when a
classified person changes employer.

Radiation protection adviser

The 1980 BSS Directive required the use of “qualified experts” in certain
situations and for them to be “recognised” by the competent authority. The main
qualified expert in the United Kingdom was the radiation protection adviser.
Recognition of the radiation protection adviser was achieved under the UK
IRR85 by notification of intention to appoint. Such appointments were new for
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factories but not for licensed nuclear establishments nor, in practice, for
hospitals or universities since they already made equivalent appointments.

The 1996 BSS Directive contained similar provisions but an annex to the
European Commission’s Communication on the Directive, published in
1998, contained advice on the training and experience of the qualified expert.
Recognising a wide diversity in the approaches of Member States it proposed,
inter alia, a basic syllabus that all qualified experts should have received. In
response to this, also to meet smaller employers’ need for a more transparent
system that would help them choose a suitable person and reflecting the
conclusions of a qualified experts workshop in 1993, a more structured
approach to recognition was taken in the UK IRR99, which defined a radiation
protection adviser as “... an individual who, or a body which, meets such
criteria of competence as may from time to time be specified in writing by the
Executive [the regulator]”. Criteria, for applicants for certification of
competence and for assessing bodies who would consider the applications and
issue the certificates, were set out in a statement on radiation protection advisers
issued by the regulator.

Radiation passbooks

A daughter directive of the 1980 BSS Directive, adopted in 1990, on the
protection of outside workers (employees who work in other employers’
controlled areas), was implemented in the United Kingdom by the lonising
Radiations (Outside Workers) Regulations 1993; the provisions were
subsequently reviewed, simplified where appropriate and subsumed into the
IRR99. The provisions required the use of a radiation passbook (a document
approved by the regulator and issued by approved dosimetry services) to carrry
identifying details of the outside worker and information about the assessed and
estimated doses received by that worker. Before an outside worker went to work
in another employer’s controlled area his employer had to enter, or update, the
medical classification and dose assessment information in that worker’s
radiation passbook. The other employer had to put an estimate of the dose
received by the outside worker, while in that other employer’s controlled
area(s), in the radiation passbook.
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11.11. SUMMARY OF THE IMPACT OF CHANGES:
EURATOM BSS DIRECTIVES 1980 TO 1996 AND UK IRR85 TO IRR99

It took the United Kingdom ten years and three formal consultative
documents to first implement an Euratom BSS Directive, originally aiming to
implement the 1976 BSS Directive and finally implementing the 1980 Directive
(as amended in 1984), primarily through the lonising Radiations Regulations
1985 (IRR85). This was a significant development, though existing standards of
radiological protection in the United Kingdom were seen as largely consistent
with the ICRP’s recommendations. The main task had been to integrate the
Directive’s detailed requirements with those of the existing regulations, licence
conditions and non-statutory codes of practice to make regulations that, for the
first time in the United Kingdom, covered all work activities involving exposure
to ionising radiations including natural radiation sources (principally radon).
The UK’s consultation process, whereby all interested parties were involved in
the development of regulations and guidance, meant that the end products were
generally accepted as reasonable and workable (though not necessarily popular).

The most significant issues, in terms of effort and likely costs, were seen as:

e The extension of legislation: to cover all occupational exposure to ionising
radiation, though not all the provisions applied to exposure to radon.

e The ALARA investigations: when an employee’s whole body dose
exceeded 15 mSv for the first time in a calendar year.

e New dose limits: lower than the maximum doses of external radiation
permissible under most of the previous legislation (though relatively
few employees were thought to receive doses above the new limits).

e Designation of areas: while factories, nuclear licensed sites and
research and teaching establishments already worked under similar
legal requirements or codes of practice, and for them conversion from
the old to the new was seen as relatively straightforward, for those
where no comparable provision had been made, such as in hospitals
and medical practices, the necessary work was likely to be substantial.

¢ Radiation protection advisers: use and ‘“recognition”. Such
appointments were new for factories but not for licensed nuclear
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installations nor, in practice, hospitals and universities since they
already made equivalent appointments. The value of the services the
radiation protection adviser would perform in helping the employer to
carry out the various requirements of the regulations was seen as
offsetting at least some of any additional costs.

Classification of workers: fewer employees needed to be classified than
under existing regulations and codes, provided that schemes of work
were drawn up and operated for those whose exposure was limited, but
in practice declassifying workers tended to be perceived as a reduction
in protection and the flexibility was not widely used. Costs mainly
stemmed from dosimetry, record-keeping and medical surveillance.

Instruction and training: the initial effort was significant, training staff
in the new requirements and making arrangements for compliance,
also purchasing copies of the Regulations, Approved Code of Practice
and relevant guidance notes.

Dosimetry and record-keeping: in particular, the different basis for
assessing internal dose had cost implications, also the need to use
approved dosimetry services.

However, early fears about the effects of the regulations, particularly felt
by those who had not previously been subject to any radiation protection
legislation, were generally proved to be unfounded. For example, before IRR85
were made the tin mining industry was convinced that they could not comply
with the annual dose limit for workers. Even the relevant Inspectorate shared
the doubts and a special exemption was prepared to allow an element of
averaging over the first few years. In the event compliance was achieved in the
first year and the exemption was never issued.

The regulator’s mantra for the change from IRR85 to IRR99 was
“evolution not revolution”. The main differences were:

prior authorisation: introduced for certain users of X-ray sets and
accelerators;

risk assessment: building on the existing requirement in other, general
management of health and safety, regulations;

enhanced requirements to keep exposures as low as reasonably
practicable;

lower dose limits: though doses received were generally already
below these limits because of interim action taken after the ICRP’s
1987 “Como” statement;
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radiation protection advisers: new, explicit, requirements for
“recognition”, involving formal certification of an individual’s core
competence plus a duty on the employer to consider the individual’s
suitability for that employer’s needs, also specification of when a
suitable (certificated) radiation protection adviser should be consulted,;

designation of areas: more flexibility for designating controlled or
supervised areas and modified requirements for those areas;

classified persons: modified requirements for designation of classified
persons, for assessing and recording their doses and for medical
surveillance.

The regulator took great pains to engage stakeholders during the
development of IRR99. The efforts included the establishment of 11 topic
groups, including internal and external stakeholders, to help develop ideas for
the revision of IRR85 and implementation of the 1996 BSS Directive. During
the consultation period a series of one-day presentations (including discussion
and questions) was held around the country; plus shorter presentations to
specific groups including trade union representatives. This helped both sides to
understand the true implications of the proposals and gave advance warning of
some of the fine-tuning that would be necessary as a result of the consultation to

make the final regulations acceptable.

Table 11. Comparison of protection provisions between IRR85 and IRR99

Provision

IRR85

IRR99

Application

Work with ionising radiation,

including exposure to the short-lived

daughters of radon 222.

Practices;

work in radon atmospheres at concentrations
above a specified level; and

work with materials containing naturally
occurring radionuclides.

Authorisation

None.

For certain users of x-ray sets and
accelerators.

Prior risk
assessment

None.

General requirements already existed in other
legislation, but specifically no new activity
involving work with ionising radiation could
begin until a risk assessment had been made.
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Table 11. Comparison of protection provisions between IRR85 and IRR99
(continued)
Provision IRR85 IRR99
Restriction of | By means of engineering controls As IRR85 but enhanced;
exposure and design features; in addition, investigation at 15 mSv or lower dose
systems of work and, where specified by employer;
appropriate, adequate and suitable use dose constraints where appropriate, at
personal protective equipment planning stage; for pregnant employees,
(including respiratory protective equivalent dose to foetus to be unlikely to
equipment); exceed 1 mSv during remainder of declared
restrictions on handling sources; pregnancy;for breastfeeding employee,
investigation when employee restrict exposure to prevent significant bodily
received 3/10ths of whole body dose | contamination.
limit (15 mSv) for first time in
calendar year;
[ACOP] restriction on nursing
mothers to minimise bodily
radioactive contamination.
Dose limits Whole body adult effective dose Reduced: whole body adult effective dose:
equivalent: 50 mSv in any calendar | 20 mSv in any calendar year; OR
year; where this limit is demonstrably
other limits also, as Directive/ICRP. | impracticable for an individual, 100 mSv in
any period of five consecutive years, max.
50 mSv in any one calendar year, plus
conditions; in either case, other limits as per
directive/ICRP.
Radiation Appointment needed where: System of recognition of core competence
protection any employee exposed to introduced, circumstances where suitable
adviser instantaneous dose rate exceeding RPA should be consulted specified.

7.5 uSv/h; or controlled area
designated which persons entered.
Recognition through notification of
intention to appoint.

Designation of
areas

Controlled and supervised areas
defined on prescriptive basis of dose
rate or potential contamination
levels.

More goal-setting requirements introduced,
giving additional flexibility: controlled area —
where special procedures needed to restrict
significant exposure or prevent or limit
probability and magnitude of radiation
accidents; supervised area — where necessary
to keep conditions under review in case
should be controlled area.

But alternative simple criteria: controlled area
— exposure likely to exceed 6 mSvly;
supervised area — 1 mSvly.

Classification

Classified workers: aged over

Classified workers: over 18 and likely to

of persons 18 years and likely to receive more exceed 6 mSv/y or 3/10ths of any dose limit.
than 3/10ths of any dose limit.

Local rules Local rules and appointment of one | Greater flexibility: local rules only required

and radiation | or more radiation protection for work in a controlled area and any other

protection supervisors required for any work area where appropriate.

supervisors

with ionising radiation.

Duty to appoint radiation protection
supervisors restricted to situations where
local rules required.
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PART 11.B
REGULATORY IMPLICATIONS

Publication 60 to Publication 103

An official draft revised BSS directive has not yet been published (as at the
time of writing, December 2010) so the implications for regulators of the
change from Publication 60 to Publication 103 can only be surmised but, for the
United Kingdom, they draw on advice on Application of the
2007 Recommendations of the ICRP to the United Kingdom published by the
Health Protection Agency.® The European Commission’s stated intent is to
propose new text only where necessary to address new or significantly revised
ICRP recommendations. If this is achieved then much of the finally adopted
directive should be unchanged from the 1996 BSS and linked directives and the
regulatory impact should be relatively limited. But only time will tell and much
can change during negotiations. Publication 103 saw no need for fundamental
changes concerning biological risk therefore it seems reasonable to assume that
there are no implications for either the revised BSS directive or for national
legislation.

8.  The Health Protection Agency (HPA) advises UK bodies with responsibility for
protection against radiation on the applicability to the United Kingdom of
recommendations issued by the International Commission on Radiological
Protection (ICRP). The advice quoted in this report has been reproduced with
permission from the Health Protection Agency.






11.12. BASIC DOSIMETRIC QUANTITIES

Radiation and tissue weighting factors

The revised BSS directive (and thus national legislation) is likely to adopt
the ICRP’s revised weighting factors, though the quantities can remain
unchanged in line with Publication 103. According to advice from the UK
Health Protection Agency (HPA), the abandonment of a step function for
neutron weighting factor Wy as a function of energy is a reflection of the fact
that in practice only a continuous function was used. The introduction of a Wx
for charged pions is expected to have a small impact on effective dose in the
space environment and also around high energy accelerators.

Collective dose

Collective dose was not mentioned either in the 1996 BSS Directive or in
the UK IRR99 (though it was mentioned en passant in UK guidance relating to
dose constraints: “... a dose constraint should help to filter out options for
radiation protection that could lead to unreasonably high levels of individual
dose, even though the collective dose for the workforce as a whole is
optimised”).

Although the UK Health Protection Agency believes that the concept of
collective dose remains a useful tool for operational radiological protection,
particularly in the planning of complex work involving multiple workers, it
seems unlikely that the revised BSS directive or, therefore, the UK legislation
will include specific mention. Nevertheless, the HPA recognises that, although
the process of optimisation does not explicitly take account of a cost for unit
collective dose, there appears to be support in the United Kingdom for the use
of a monetary value. The HPA will therefore consider initiating a programme of
work on this topic.
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11.13. PHILOSOPHY OF PROTECTION

The three types of exposure situation (planned, emergency and existing)
now adopted by the ICRP are likely to be reflected in the revised BSS directive
and subsequent national legislation. They may indeed be easier concepts to
understand and use than were practices and interventions, although “practice”
may be retained as a type of activity within a planned exposure situation.

The retention of the three principles of radiological protection

(justification, optimisation and dose limits) and the three categories of exposure
(occupational, public and medical) is welcome continuity.

104



11.14. OPTIMISATION: DOSE CONSTRAINTS AND
REFERENCE LEVELS

It seems likely that the revised BSS directive will give greater prominence
to the use of dose constraints for occupational and public exposure and for
medical exposure, as well as reference levels for emergency and existing
exposure situations, as tools in optimisation. If it is intended that both
employers and competent authorities should be involved in the selection of
appropriate values for dose constraints for occupational exposures, then this
could have significant implications for both. In the United Kingdom the current
guidance on the use of dose constraints, which are seen as merely one of many
tools for helping to restrict individual exposures as far as reasonably practicable
(ALARP, the UK equivalent to ALARA), leaves such decision-making to the
employer. The situation for public exposure is different, in that the competent
authority already builds in the concept of constraints in permits for the keeping
and use of radioactive materials and the accumulation and disposal of
radioactive waste.

It is to be hoped that it will be possible to maintain a proper balance

between the use of constraints and the, well established and understood,
ALARA concept.

105



11.15. DOSE LIMITS

The dose limits recommended in Publication 103 are unchanged from
those in Publication 60. However, even if the primary dose limit for exposed
workers in the revised BSS directive becomes 20 mSv a year, as opposed to
100 mSv in any five-year period (subject to a maximum of 50 mSv in any single
year) in the 1996 Directive, it is likely that some flexibility to allow averaging
will be retained. This would mean that national legislations could remain
unchanged if the Member States so desired.

It is doubtful if the opportunity to average the dose limit for members of
the public over five years in special circumstances, currently in the 1996 BSS
Directive, will be retained. This might require a change to any national
legislation that reflects this flexibility (not the UK IRR99).
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11.16. EMERGENCY AND EXISTING SITUATIONS (RADON)

The 1996 BSS Directive included requirements relating to emergency
preparedness and the use of appropriate intervention levels, established by the
competent authorities, within appropriate intervention plans. As the revised BSS
directive will consolidate the 1996 BSS and daughter directives, it is likely that
relevant provision from the Public Information and HASS Directives will be
incorporated within the requirements for emergency planning and management.
The overall requirements may not need to change significantly, apart from
reflecting the new terminology (which includes the move to three types of dose:
residual, projected and averted), in which case the implications for national
legislation may be limited.

The advice from the UK Health Protection Agency on emergency exposure
situations is that the 2007 recommendations of the ICRP reflect a refocusing of
the underlying philosophy of radiological protection regarding emergencies.
Formerly, the ICRP recommended the consideration and optimisation of
different protective actions separately. In its new advice, the ICRP also
advocates optimisation of the owverall response strategy. Furthermore, it
recommends that this optimisation of the overall strategy be carried out in the
context of optimisation below a reference level of dose. The ICRP has also
highlighted the importance of planning for changes in the emergency situation,
as the characteristics of the situation evolve.

The HPA judges that the practical implementation of the ICRP extensions
to its previous advice does not require substantial or immediate revision of the
UK emergency preparedness arrangements. Rather, it considers that the
publication of the 2007 recommendations provides an opportunity for
considered re-appraisal of the UK arrangements.

Radon
The 1996 BSS Directive began to gently introduce provisions relating to

exposure to radon, described in the European Commission’s communication on
the Directive as:
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“.. a four-step system to deal with exposures due to natural radiation
sources:

i. the use of surveys or other appropriate means to identify work
activities which may lead to a significant increase in the exposure of
workers or members of the public;

ii. the setting-up of appropriate means for monitoring exposures, and the
evaluation of the related doses in identified workplaces;

iii. the implementation, as necessary, of corrective measures to reduce
exposure;

iv. in total or partial application, as necessary, of radiation protection
measures for practices...”

The 1996 BSS Directive specifically did not apply to exposure to radon in
dwellings.

The section on existing exposure situations in the revised BSS directive is
likely to be significantly more explicit in respect of exposure to radon. A radon
action plan is likely to be required, covering exposure to radon in dwellings,
public buildings and workplaces from all sources (soil, building materials or
water) and the European Commission may require sight of such plans and
information on identified radon-prone areas.

It is likely that Publication 103’s recommended entry level of 1 000 Bgq m*
for occupational radiological protection requirements will appear in the revised
directive, though Member States may be encouraged to decide their own
reference levels for indoor workplace radon concentrations below that
maximum value. These requirements would be broadly similar to those in the
UK IRR99, although those provisions would have to be extended if
measurements were to be required for all workplaces in radon-prone areas. For
Member States whose current occupational radiation protection legislation does
not include exposure to radon, the implementation implications of any such
directive requirements could be considerable.
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11.17. PROTECTION OF THE ENVIRONMENT

Unsurprisingly, the 1996 BSS Directive did not contain any requirements
relating explicitly to protection of the environment. It is, however, likely that
the revised BSS directive will make specific provision for protection of non-
human species in the environment. Such requirements should not impact
significantly, if at all, on occupational radiation protection, though they will
need to be taken into account in the context of permits for radioactive waste
disposal. Although the explicit consideration of protecting the environment is
new to radiation protection, the topic is not new generally and it is likely that
much national legislation already makes provision for this to a greater or lesser
extent. In the United Kingdom, the Environment Agency is required to consider
the need for assessments of potential radiation doses to flora and fauna when
considering applications for permits. Nevertheless, depending on the actual
requirements, current national provisions might need to be amended and,
particularly, in respect of radioactive effluents, it might be desirable to
demonstrate in some fashion that both human and non-human species have been
considered in the context of optimisation of protection.
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11.18. NON-ICRP DEVELOPMENTS

Radiation protection expert and radiation protection officer

Much work has been done at European level to clarify the nature of the
role, the required level in terms of expertise, and the required functions of the
BSS directive qualified expert (QE). The First European Platform on Education
and Training in Radiation Protection (EUTERP) Workshop, held in May 2007,
concluded that a revised definition was needed. It also concluded that a revised
BSS directive should include a definition of the Radiation Protection Officer
(RPO), a role that is not mentioned in the 1996 BSS Directive although it is
defined in the International BSS. Most EU Member States incorporate RPOs
into their radiation protection arrangements (for example, the United Kingdom
has the radiation protection supervisor [RPS]). The second EUTERP Workshop,
in 2008, endorsed this conclusion, agreeing to recommend to the European
Commission that the old definition of the qualified expert should be replaced by
a new definition for the RPE and that another new definition, for a radiation
protection officer, should be added.

110



11.19. SUMMARY OF POTENTIAL CHANGES - REGULATORY

IMPLICATIONS

The revised BSS directive is likely to adopt most of the changes
recommended in Publication 103. Generally, the implications should not be
great for those who have implemented the 1996 BSS and linked Directives. In
relation to occupational exposure, expanded requirements for dose constraints
and exposure to radon are likely to be the most significant.

The revised BSS directive may well contain other changes that will have
implications for Member States, but they will not necessarily emanate from the
ICRP’s recommendations.

Table 12. Comparison of protection provisions
between the 1996 and possible revised BSS Directives

Provision

1996 BSS Directive

Possible revised directive

System of protection

As Publication 60 — process-led:
practices and interventions.

As Publication 103 — situation-led:
planned (within this: occupational,
medical and public), emergency and
existing exposure situations.

Optimisation — dose
constraints

Should be used, where appropriate.

Greater emphasis on use, possible
involvement of competent authority in
selecting appropriate values.

Dose limits — whole body
exposed worker

100 mSv in any five years, max.
50 mSv in any single year, MSs
can decide an annual amount.

Possible presentational change to

20 mSv a year, with some flexibility
for averaging over five years

(max. 50 mSv in any single year).

Designation of areas
(where exposure may
exceed 1 mSv per year)

1. Controlled area: “an area
subject to special rules for the
purpose of protection against
ionising radiation or of preventing
the spread of radioactive
contamination and to which access
is controlled”.

2. Supervised area: “an area
subject to appropriate supervision
for the purpose of protection
against ionising radiation”.

No change.
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Table 12. Comparison of protection provisions
between the 1996 and possible revised BSS directives (continued)

Provision

1996 BSS Directive

Possible revised directive

Classification of people

1. Category A: “those exposed
workers who are liable to receive
an effective dose greater than

6 mSv per year or an equivalent
dose...”

2. Category B: “those exposed
workers who are not classified as
exposed category A workers”.

No change.

Radon

Identify work activities which may
be of concern; set up appropriate
means for monitoring exposure and
evaluating doses; as necessary,
implement corrective measures to
reduce exposure; and apply total or
partial radiation protection
measures for practices.

Expanded requirements: may include
a national radon action plan for
dwellings, public buildings and
workplaces and reflection of ICRP
recommended entry level of

1000 Bq m™ (or lower reference
levels decided by MSs) for
occupational radiation protection
requirements.

Education, training and
information

Information: health risks of the
work, particularly for pregnant
and breastfeeding women.
Relevant radiation protection
training.

Probably enhanced provisions,
perhaps requiring establishment of
legislative and administrative
framework for RP education,
training and information and
appropriate refresher and updating
action.
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