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Introduction

The 1990 recommendations of the International Commission on Radiological Protection
(ICRP) provided a coherent system of radiological protection, which considered all kinds of situations
[1]. During the following decade, ICRP elaborated precise recommendations dealing with specific
situations and domains, which required clarification and precise advice. Radioactive waste
management was recognised as one priority, especially because of the increasing concern of the public
about potential health effects, which might affect future generations. In 1985, ICRP issued a
publication on the disposal of solid radioactive waste, which was an application of the 1977
recommendations [2].

In 1997, ICRP issued Radiological Protection policy for the disposal of radioactive waste,
which explains, clarifies and extends the 1990 recommendations [3]. This relatively short report deals
with all types of radioactive waste, liquids as well as solids. It explains the application of the three
basic principles of radiological protection to waste disposal, i.e. justification of the practice,
optimisation of protection, dose and risk limitation. Since its creation in the fifties, the quantity
collective dose has often been misunderstood and misused; this publication discusses the use of
collective dose assessed over long distance and times. In addition, the report discusses the implications
of potential exposures and the distinction between practice and intervention.

In 1998, ICRP produced radiological protection recommendations applied to the disposal of
long-lived solid radioactive waste, which applies to new disposal facilities [4]. It considers the specific
problem of human intrusion into a waste disposal facility and discusses values for generic reference
levels, since the use of a constrained optimisation is not suitable in this case.

Radiological protection of the population, when applied to radioactive waste enters the
general frame of “prolonged exposures”. It should be recognised that ICRP Publication 60 does not
provide clear answers to the questions raised by long-term situations; thorny issues include criteria for
differentiating between practice and intervention as well as between limits and reference levels, the
specific role of limits and constraints, etc. In 1999, ICRP explained its general philosophy on these
matters in Protection of the public in situations of prolonged radiation exposure [5].
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General philosophy

In its Publication 77, ICRP recalls that the main protection issue in waste disposal is public
exposure. For radiation protection purposes, ICRP considers the differences between the two strategies
“Dilute/Disperse” and “Concentrate/Retain”; an early direct discharge of waste to the environment
results in doses to critical groups while waste retention eliminates or reduces short-term public
exposure. This explains why the second strategy appears currently as the more protective, even if
identification of critical groups meets a lot of difficulties. In this context, ICRP recommends that the
disposal of radioactive waste should not be automatically regarded as less suitable than retention.
Both strategies are necessary and a suitable balance between the two should be sought.

Although the principle of justification applies doubtless to waste disposal operations, these
activities should not be regarded as freestanding practices with their own justification. Waste
management and disposal operations are an integral part of the practice, which generates the waste. If
there is a change in national waste policy, then justification of the whole practice has to be re-
evaluated.

Current national protection policies make confusion between optimisation and the best
available technology (provided that it does not entail excessive cost). In addition, optimisation is often
taken as “best environmental point of view, regardless of cost”. ICRP states clearly that this view falls
short of achieving the optimisation of protection and that its policy is more subtle and judgmental,
than is implied by differential cost-benefit analysis (reduction in collective dose vs incremental cost of
protection). As in activities other than waste disposal, constrained optimisation is a key issue for the
protection of the public. A value for the dose constraint of no more than 0.3 mSv in a year is
applicable to waste disposal (by definition, a constraint is source-related and should be used for
prospective purposes). If the constraint is exceeded, the situation should not be regarded as an
infringement of regulation, but the whole process of optimisation should be reassessed.

In the context of waste disposal, the demonstration of compliance with the dose limits shows
intrinsic difficulties, especially because of the multiplicity of sources to which members of the public
are exposed. Therefore, restrictions should be developed for application to monitoring results, based
on a dose to critical groups for which the mean individual dose is near 1 mSv in a year. The general
conclusion is that direct use of limits for the public becomes obviated and that limits should
progressively fall out of use.

Collective doses are currently used for the rough assessment of the general detriment to an
exposed population. Because of the problems related to its use for large populations exposed to very
small doses, ICRP clarifies its use when assessing the exposure (and detriment) to a given population
from waste disposal. The first issue is that a collective dose due to small individual doses should not
be ignored on the sole ground that these doses are small. It would be appropriate to identify the
component of collective dose which is related to very small doses and, for decision making, to give
different weights to the various components with regards to mean individual doses. The second issue
is related to the period of time during which a group of population is exposed to waste disposal;
uncertainties on individual doses, population size and dose-detriment relationship increase as time
increases. ICRP considers that decisions must be made on a case-by-case basis and forecasts of
collective dose over periods longer than several thousand years and forecasts of detriment over
periods longer than several hundred years should be examined critically. Consequently, ICRP
recommends a desegregation of collective doses, by ranges of individual dose; each block should
extend over no more than one or two orders of magnitude. The same rule applies to time periods (in
years). A similar desegregation applies to other parameters, such as the nature and severity of the
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health effects when using collective dose for the assessment of health effects (do not aggregate general
detriment and cancers in specific organs, lethal cancers and cancers with a high cure rate, etc.).

In practices and intervention, it is almost certain that exposures will occur and their
magnitude is predictable, indeed with some degree of uncertainty. Sometimes, there is a potential for
exposure, but not certainty that it will occur. These exposures are called potential exposures, although
it is often possible to apply some degree of control to both their probability and their magnitude. In the
context of waste disposal, a distinction should be made between the two optional strategies
“Dilute/Disperse” and “Concentrate/Retain”. In the first option decision making is based on the
evaluation of the exposure of a critical group, which should be correctly protected. In the second
option, exposures are potential and difficult to assess; some form of intervention will obtain their
reduction. The choice between the two strategies will be based on the comparison of exposures, taking
into account both their magnitude and their probability of occurrence.

The last question raised by ICRP is protection of future generations. ICRP recognises that
there are ethical questions in judging the importance of harm imposed to future generations from
decisions taken in the present. ICRP recommends at least three relevant quantities on which judgement
can be based: the total detriment on a given population over many generations, the total detriment on a
defined generation and the detriment during a defined period (a year, a life-time) on individuals of
hypothetical critical groups. In conclusion, ICRP suggests that the annual individual dose (normal
exposure) or risk (potential exposure) will provide an adequate input to a comparison of the limiting
detriment to future generations with that which is currently applied to the present generation.

Disposal of long-lived solid radioactive waste

ICRP Publication 81 pays attention to the specific problems raised by the disposal of long-
lived solid radioactive waste. The main issue is the protection of the public in a remote future from
waste produced by the current generation and the application of the optimisation principle to probable
scenarios, with special consideration to human intrusion.

ICRP acknowledges the basic principle that individuals and populations in the future should
be afforded at least the same level of protection from actions taken today as is the current generation.
Although the health detriment cannot be forecast with accuracy for periods beyond around several
hundreds of years, ICRP considers that estimates of doses (or risks) can be made for comparison with
appropriate criteria; this process should be considered as a test to give an indication whether the
repository is acceptable, but should never be regarded as an assessment of future health detriment.
ICRP continues to recommend that exposures should be evaluated on the basis of the mean annual
dose to critical groups, which should be seen as hypothetical. Provided that habits and characteristics
of critical groups are chosen with reasonably conservative assumptions, it is possible to calculate the
annual dose averaged over the lifetime of the individuals, on the credible assumption that radioactive
contamination of the biosphere is likely to be relatively constant over this period. In general, different
scenarios with different probabilities of occurrence will be plausible, each one being associated with a
specific critical group; for decision-making, the different possibilities of exposure and their
probabilities should be examined separately.

Exposure of individuals may be due either to natural processes or to human intrusion. For
“natural processes”, ICRP considers that the key criterion is the individual source related constraint;
the recommended upper value is 0.3 mSv in a year, which corresponds to a risk constraint of about 10-

5 per year. Compliance with the dose (or risk) constraint can be demonstrated through two different
ways: either an aggregated approach combining doses and probabilities (i.e. using a risk constraint) or
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a desegregated one considering separately dose and probability (i.e. using a dose constraint plus the
probability that the dose will be incurred). Whatever the approach, aggregated or desegregated, the use
of a constraint is relevant in the case of natural processes. On the contrary, for human intrusion, which
cannot be totally ruled out, protection can be achieved only by efforts to reduce the possibility of such
events. The significance of human intrusion, which has by-passed all the barriers considered during
the optimisation process and results in inescapable consequences, may be assessed using a risk-based
approach considering both the probability of intrusion and the possible consequences. Since constraint
applies during the process of optimisation of protection and scientific bases for reliable predictions are
missing, the use of constraints is not relevant for human intrusion. Therefore intervention should be
decided on the basis of generic reference levels. Such criteria are established on the basis of the
existing annual dose, defined as the sum of all significant components of annual doses incurred by a
typical individual in an exposed group of people, from all relevant sources and via all pathways, of a
human habitat subject to a prolonged exposure situation [5]. These generic reference levels can be
applied in a large range of situations where exposures are prolonged over long periods of time. They
are developed in a sister-publication, which is summarised below.

Protection of the public in situation of prolonged exposures

ICRP Publication 60 did not pay special attention to prolonged exposures, for various
reasons: natural sources are generally excluded from the scope of regulations, some prolonged
exposures are controllable (such as many exposures to natural sources and exposures to radioactive
residues), some others are not controllable (exposure to natural radionuclides present in the body) or
unnameable to control (exposure to cosmic radiation). The merit of Publication 82 on prolonged
exposures is to provide a general frame for different situations, coherent with the philosophy
developed in previous ICRP publications. In addition, it provides generic quantitative
recommendations for intervention.

There are many situations where individuals of the public are or may be exposed during long
periods of their life or even during their whole lifespan. These situations include natural radiation
sources that may give rise to relatively high doses, restoration and rehabilitation of sites where human
activities involving radioactive substances have been carried out, the return to normality following an
accident that has released radioactive material to the environment and global marketing of
commodities for public consumption that contain radioactive substances.

The justification of a practice, which delivers prolonged exposure, requires that all relevant
long-term components be considered prior to the adoption of the practice, while the optimisation of
protection requires the selection of the best radiological protection option for any source. In addition to
the criteria previously recommended by ICRP, such as dose and risk constraints, dose limits,
exemption levels, intervention levels, action levels, etc., ICRP felt that, because of the specificity of
prolonged exposures, some others were necessary. Consequently, ICRP recommends the use of a
generic reference level for intervention, expressed in terms of existing annual dose. Two other
subsidiary quantities were needed in this context: the additional dose from a practice, which is added
to the existing annual dose and may be amenable to restrictions during the operation of the practice,
and the annual dose averted by intervention, which corresponds to the reduction of the annual dose by
the intervention. The latter was already defined for accidental situations [6]. One advantage of these
quantities is that they are directly comparable with current values of the background; this is not the
case for limits and constrains, which are implicitly expressed in terms of additional annual dose.

The generic reference levels for interventions recommended by ICRP (including those
necessary after human intrusion in a waste repository) are consequently expressed in terms of existing
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annual dose; ICRP considers that intervention is not likely to be justifiable below 10 mSv, while it will
almost always be justified above 100 mSv. Below 10 mSv, protective actions to reduce a dominant
component of the existing annual dose are still optional and might be justifiable. Between 10 and 100
mSv, intervention may possibly be necessary and should be justified on a case-by-case basis. If the
situation results into doses that are around or above the threshold for deterministic effects, intervention
is required.

ICRP warns against some misuses of these generic reference levels: (i) they should be used
with great caution; (ii) if some controllable components of the existing annual dose are dominant,
specific protective actions to reduce these components may be implemented; for example, a relatively
high level of natural radiation should not prevent a reduction of artificial components that are
controllable; (iii) generic reference levels should not be applied to the various components of the
existing dose and therefore authorise abstaining intervention.
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