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Abstract

This paper presents the recommendations of a new Publication 82 of the International Commission
on Radiological Protection (ICRP) entitled 'Protection of the Public in Situations of Prolonged
Radiation Exposure: The Application of the Commission's System of Radiological Protection to
Controllable Radiation Exposure due to Natural Sources and Long Lived Radioactive Residues'. The
report may have far reaching consequences for decision-makers dealing with the specific situations of
the prolonged exposure of the public to relatively low levels of ionizing radiation, in particular, from
high levels on natural background and from long-lived radioactive residues due to previous activities
or accidents. The recommendations in the ICRP report are based on objective assessments of the
health risks associated with prolonged exposure levels and on radiological protection attributes of
various exposure situations. The decision-making process for the radiological protection of the public
in situations of prolonged exposure may include the participation of relevant stakeholders rather than
radiological protection specialists alone.

INTRODUCTION

This paper summarizes the recommendations of a new report being issued by the International
Commission on Radiological Protection (ICRP) (1). The report may have far reaching
consequences for decision-makers dealing with the elusive subject of chronic and persisting
exposure (or what the report termed prolonged exposure) of the public to relatively low levels
of ionizing radiation (or radiation for short). The report, entitled 'Protection of the Public in
Situations of Prolonged Radiation Exposure: The Application of the Commission's System of
Radiological Protection to Controllable Radiation Exposure due to Natural Sources and
Long Lived Radioactive Residues', was approved by the Commission in its latest meeting in
St. Petersburg, Russian Federation, on September 1999. An ad hoc Task Group created by the
Commission on the advice of ICRP Committee 4 had produced the report, which was
endorsed by the Committee at its meeting in Kiawah, USA, on March, 1999. The Group's
members were John Cooper, Per Hedemann-Jensen, Sieglinde Przyborowski, Michael Savkin,
John Till and the author who was honored to chair it. This paper is mainly based on the
executive summary of the report.

Prolonged exposure

Members of the public adventitiously and persistently incur prolonged exposures that are
incidental to situations in which they may find themselves. The average annual dose
associated with prolonged exposures is more or less constant or decreases slowly over the
years. (Public exposures of a temporary nature were not covered by the report; nor were
occupational and medical exposures, which are not considered prolonged exposures.) Typical
prolonged exposures are those delivered by the so-called 'natural' sources such as cosmic
radiation and primordial radionuclide decay chains. Some 'artificial' sources may also deliver
prolonged exposures; for example, long-lived radioactive residues from human activities are a
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common cause of prolonged exposure. It is to be noted that radioactive residues may contain
both natural and artificial radionuclides. In situations of prolonged exposures, it may be
difficult to separate the exposure attributed to the artificial component from that due to the
natural component; moreover, protective measures against the artificial component can affect
the exposure due to the natural component and vice versa.

Practices and interventions

The System of Radiological Protection is based on the concepts of 'practices' and
'interventions', which are fully applicable to prolonged exposure situations. Radioactive
residues may remain after the termination of regulated activities that increase the overall
exposure of people to radiation; these activities are termed practices. Also, they may have
been produced by past-unregulated activities and events.

Exposure to natural sources and to radioactive residues already existing-de facto-m human
habitats can be subject to protective actions through a process termed intervention, which is
intended to decrease the overall exposure of people.

Controllable prolonged exposure

Many prolonged exposures to natural sources and almost all prolonged exposures to
radioactive residues are controllable. Prolonged exposures that are essentially uncontrollable
(for instance the exposure to natural radionuclides with metabolic roles in the human body), or
unamenable to control (for instance exposure to cosmic radiation), are generally excluded
from the scope of regulations on radiological protection. Sources of controllable prolonged
exposure, therefore, include some primordial radionuclides in nature, which exposure is
amenable to control, and long-lived radioactive residues. Radioactive residues may remain in
human habitats after the operation and decommissioning of regulated practices and other
activities that were conducted either outside any control or under regulatory requirements less
stringent than those applying today. They can also result from events-such as accidents-that
release radionuclides to the environment. Commodities for public consumption containing
radioactive substances may also be a cause of prolonged exposure.

Quantities

The relevant quantity recommended by the report for assessing prolonged exposure situations
is the annual [effective] dose attributable to the exposure. A subsidiary quantity is the
summation of the annual doses caused by all the persisting sources of prolonged exposure in a
given human habitat; this quantity is termed the existing annual dose. The annual dose that is
added to the existing annual dose as a result of a practice is termed the additional annual
dose. The annual dose that is removed from the existing annual dose by intervention is termed
the averted annual dose. (If the intended meaning is an annual dose that can potentially be
prevented from being delivered, as a result of a prospective intervention, the term avertable
annual dose is used.)

Application to practices

The principles of the System of Radiological Protection for practices are the justification of
the practice, the optimization of radiological protection, with regard to any source within the
practice, and the limitation of individual doses attributable to the practice. These principles
should be applied prospectively at the planning stage of any practice, including those practices
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expected to deliver prolonged exposures, to the design, operation and decommissioning of the
practice and its radiation sources. Before the introduction of a practice delivering prolonged
exposure, an existing annual dose will exist; after its decommissioning an additional
prolonged annual dose attributable to the practice will remain (see Figure 1). The principles
are applicable to the control of this attributable additional annual dose and not to the existing
annual dose. Under certain conditions, sources used in justified practices can be exempted
from regulatory requirements if the individual additional annual doses attributable to the
source are below around 0.01 mSv in a year.
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FIG 1: Schematic presentation of the existing annual dose before and after a practice.

Justification of Practices

The justification of a practice delivering prolonged exposure requires that all relevant long-
term factors be considered prior to the adoption of the practice. Pertinent factors are those
related to the long-lived radioactive substances that are expected to be discharged to the
environment or to remain as radioactive residues in human habitats after the decommissioning
of the practice. The factors will include the prolonged components of the anticipated
additional annual doses, both individual and collective, that are attributable to the discharges
and residues.

Optimization of Protection

The optimization of protection requires the selection of the best radiological protection option
for any source, under the prevailing social and economic circumstances. This optimum option
will be expected to deliver the 'as low as reasonably achievable' (or 'ALARA') doses, taking
into account economic and social factors. In a justified practice delivering prolonged
exposure, all pertinent long-term factors should be taken into account in the optimization
process. The process may be carried out using the optimization techniques recommended by
the Commission.
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Individual Dose Limitation

The application of the justification and optimization principles to practices may introduce
individual inequities that may be important when prolonged exposures are involved. Inequities
are caused by the possibly wide spatial distribution of prolonged exposures, which may
involve people who are not direct beneficiaries of the practice. They can also be attributed to
the potentially long-term temporal distribution of prolonged exposure, which may affect
future generations. (The report notes, however, that inequity between different generations is a
more elusive concept than inequity between different individuals at a given time.) In order to
limit these inequities and to allow for prolonged and transitory exposures to multiple sources,
the report recommends to apply stringent individual dose restrictions to the prolonged
exposure expected to be delivered by individual sources and to the prolonged exposures
predicted to be aggregated by all regulated practices. The exposure restrictions to sources are
termed dose constraints; the exposure restrictions to practices are termed dose limits.

Dose Constraints: In relation to dose constraints, the report reconfirms the ICRP
recommendation that the maximum value of the dose constraint to be used in the optimization
of radiological protection for a single source should be less than 1 mSv in a year, and that a
value of no more than about 0.3 mSv in a year would be appropriate. It also stress that
consideration should be given to exposure situations where combinations of transitory and
prolonged exposures or a buildup over time of prolonged exposures from a source could
occur. In these situations the report recommends to verify that appropriate dose assessment
methods are used for ensuring compliance with the established dose constraint. The
assessment should take account of any reasonably conceivable combination and buildup of
exposures. If, in a particular situation, such verification of compliance is not feasible, the
report considers prudent to restrict the prolonged component of the individual dose from the
source with a dose constraint of the order of 0.1 mSv in any given year during the operational
lifetime of the source.

Dose Limits: In relation to dose limits, the report also reconfirms the ICRP recommendation
that the sum of the prolonged and transitory exposures from all regulated practices should be
restricted to a dose limit of 1 mSv in a year. It also emphasizes that concerned national
authorities and, as appropriate, relevant international organizations should consider situations
where there could be a buildup of the prolonged components of the exposures attributable to
all regulated practices as a result of the accumulation of radioactive residues from continuing
practices. The aim should be to prevent that the aggregated individual additional annual doses
attributable to all current practices and to predictable future practices exceed the dose limit of
1 mSv in a year.

Figure 2 presents the numerical recommendations on dose constraints and dose limits for
practices.

Application to interventions

The principles of the System of Radiological Protection for interventions are the justification
of intervention and the optimization of the protective actions. These principles should be
applied to any de facto exposure situations involving controllable prolonged exposure, where
an existing annual dose exist and part of it can be averted trough intervention (see Figure 3).
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Justification of Intervention

The justification of intervention in prolonged exposure situations should be assessed by means
of a decision-aiding process requiring a positive balance of all relevant long-term attributes
related to radiological protection. (In addition to the avertable annual doses, both individual
and collective, other attributes include the following: the expected reduction in the anxiety
caused by the situation, the reassurance to be provided by the intervention, and the social cost,
harm and disruption that may be caused by the implementation of the protective actions.) The
results of such decision-aiding process should be used as an input into a decision-making
process which may encompass other considerations and may involve relevant stakeholders
(see Outlook, hereinafter).
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FIG 2: Numerical recommendations on dose constraints and dose limits for practices.
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FIG 3: Schematic presentation of the existing annual dose before and after an intervention.
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Optimization of Protective Actions

The optimization of protective actions can be performed following the general approach to
optimization of protection recommended by the ICRP in the context of practices. The
optimum form, scale and duration of the protective actions should be selected from the
justified options of intervention. For some prolonged exposure situations the restricted use of
human habitats can be the outcome of the optimization process.

Specific Reference Levels

National authorities (and as appropriate relevant international organizations) should
predetermine specific reference levels (such as intervention levels, action levels and
intervention exemption levels) for particular prolonged exposure situations amenable to
intervention. They can be conveniently expressed in terms of the avertable annual dose, or a
related subsidiary quantity. The use of predetermined specific reference levels can facilitate
timely decisions on interventions and the effective deployment of resources; however, an
improper use may lead to inconsistencies with the principles of justification and optimization.

Generic Reference Levels

The report also recommends the use of generic reference levels for intervention. These levels
can conveniently be expressed in terms of the existing annual dose. They are particularly
useful when intervention is being considered in some situations, such as exposures to high
natural background radiation and to those radioactive residues that are a legacy from the
distant past. The report, however, warns to use generic reference levels with extreme caution.
If some controllable components of the existing annual dose are clearly dominant, the use of
the generic reference levels should not prevent that protective actions are taken to reduce these
dominant components. Either specific reference levels or case-by-case decisions following the
requirements of the System of Radiological Protection for interventions can trigger these
actions. Nor should the use of the generic reference levels encourage a 'trade-off of
protective actions among the various components of the existing annual dose. A low level of
existing annual dose does not necessarily imply that protective actions should not be applied
to any of its components; conversely, a high level of existing annual dose does not necessarily
require intervention.

With these provisos, the report considers that an existing annual dose approaching about
10 mSv may be used as a generic reference level below which intervention is not likely to be
justifiable for some prolonged exposure situations. Below this level, protective actions to
reduce a dominant component of the existing annual dose are still optional and might be
justifiable. In such cases, action levels specific to particular components can be established on
the basis of appropriate fractions of the recommended generic reference level. Above the level
below which intervention is not likely to be justifiable, intervention may possibly be necessary
and should be justified on a case-by-case basis. Situations in which the annual (equivalent)
dose thresholds for deterministic effects in relevant organs could be exceeded should require
intervention. An existing annual dose rising towards 100 mSv will almost always justify
intervention and may be used as a generic reference level for establishing protective actions
under nearly any conceivable circumstance.
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APPLICATION TO PARTICULAR SITUATIONS

High Levels of Natural Background

The report recognize as challenging situations of prolonged exposure those where high levels of
natural background radiation are present and where the exposure is controllable. One such
situation is the presence of elevated ambient indoor levels of the noble gas isotope radon-222.
The report considers that the Commission's recommendations on "Protection against Radon-
222 at Home and at Work" remain valid and are fully applicable for controlling prolonged
exposure to radon-222 in dwellings. Another case is the presence of natural gamma-emitting
radionuclides in building materials and in the ground. Concerned national authorities and, as
appropriate, relevant international organizations should derive standardized intervention
exemption levels for activity concentrations of specific radionuclides in building materials,
taking into account the recommendations for commodities containing radioactive substances
presented in the report [see hereinafter]. For areas experiencing controllable exposures to high
levels of natural gamma radiation emitters in the ground, the report recommends to use
appropriate fractions of the recommended generic reference levels of existing annual dose as
guidance for the solution of practical problems. FIG 4 present the recommended generic
intervention levels.
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Figure 4: Recommended generic intervention levels in terms of existing annual dose.

Radioactive Residues

Other difficult prolonged exposure situations identified in the report are caused by the
presence of radioactive residues in human habitats. These residues may result from the
discontinuation and decommissioning of a regulated practice, or from other past human
activities and events, including accidents. For regulated practices, the recommended dose
constraints and dose limits should be applied prospectively to the prolonged exposure expected
to remain after the discontinuation of the practice-for instance, at the site of a decommissioned
installation. (In principle, the applicable dose constraint may be expected to be no higher than
the dose constraint used during the operational phase of the practice. However, there is not
necessarily a commonality on the basis of which to presume equality between the dose constraint
applied before the discontinuation of a practice and that applied afterwards: if the operational
dose constraint was very low, maintaining it in the post-decommissioning phase could introduce
an unreasonable restriction.) For radioactive residues from other past human activities and
events that were not regulated as practices, the need, form, scale and duration of protective
actions should be determined on a case-by-case basis.
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This should be done following the recommended principles of justification of intervention and
optimization of the protective actions, rather than through pre-selected individual dose
restrictions. If necessary, the recommended generic reference levels of existing annual dose
may be used as guidance. However, in cases where the origins of the situation are traceable
and where those who produced the residues can still be made retrospectively liable for the
protective actions, national authorities may consider applying a specific restriction to the
individual doses attributable to the residues constraining the resulting doses to levels below
those resulting from the optimization process. For this purpose, additional protective actions
may be required from those who created the situation. Such specific dose restriction, however,
may be higher than the dose constraints and dose limits applied to practices. (See Figure 5)
Residues that are deemed not to require protective actions should not be subject to further
restrictions.

Hot Particles: Prolonged Potential Exposures

In some circumstances, radioactive residues can be very sparsely distributed in the
environment, usually as 'hot particles', giving rise to situations of prolonged potential
exposure. These are situations where there is the potential but not the certainty that the
exposure will actually occur. For these situations, the report recommends to derive action
levels on the basis of the unconditional probability that members of the public would develop
fatal stochastic health effects attributable to the exposure situation. Such a probability should
be assessed by combining the following probabilities: the probability of being exposed to the
hot particles; the probability of incorporating a hot particle into the body as a result of such
exposure; the probability of incurring a dose as a result of such incorporation; and, the
probability of developing a fatal stochastic effect from that dose. (These probabilities should
be integrated over all the range of situations and possible doses.) In establishing such action
levels, consideration should be given to the possibility that localized deterministic effects may
also occur as a result of the incorporation of hot particles.

Accidents

Disruptive protective actions, such as evacuation or other restrictions in the 'normal' living
conditions of people, may be required after accidents that have released radioactive substances
into the environment. (See Figure 6 for the evolution of the annual dose in such cases).
Eventually, in order to return to 'normality', such actions may need to be discontinued at some
stage in spite of the continuous presence of a residual prolonged exposure. The simplest basis
for justifying the discontinuation of intervention after an accident is to confirm that the
exposures have decreased to the action levels that would have prompted the intervention. If
such a reduction in exposure is not feasible, the generic reference level of existing annual dose
below which intervention is not likely to be justifiable could provide a basis for discontinuing
intervention. However, it may be difficult to discontinue protective actions that have been in
force for many years: the decision may not be acceptable to the exposed population and the
social pressures may override the benefit of discontinuing the intervention. In these cases, the
participation of the stakeholders in the decision-making process becomes essential. After
intervention has been discontinued, the remaining existing annual dose should not influence
the normal living conditions in the affected area (including decisions about the introduction of
new practices), even if such a dose is higher than that prevailing in the area before the
accident.
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FIG 5: Additional protective actions (to the optimal ones) in case of traceable events.
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FIG 6: Evolution of the annual dose in the case of an accident followed by intervention.

Commodities

A cause of prolonged exposure is the presence of long-lived radionuclides in commodities for
public use. When the radionuclides are attributable to a practice, their levels in the
commodities should be controlled through the principles of the System of Radiological
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Protection for practices. In other cases, they should conceptually be subject to intervention.
Mainly due to the globalization of markets, intervention exemption levels of radionuclides in
commodities cannot be established on a case-by-case basis; rather, they need to be
standardized. It is not likely that several types of commodities would be simultaneous sources
of high prolonged exposure to any given individual. On the basis of this presumption, the
report recommends a generic intervention exemption level of around 1 mSv for the individual
annual dose expected from a dominant type of commodity, such as some building materials
that may in some circumstances be a significant cause of prolonged exposure. On the basis of
this recommendation, concerned national authorities and, as appropriate, relevant international
organizations should derive radionuclide-specific intervention exemption levels for individual
commodities, in particular for specific building materials. The report notes that intervention
exemption levels should not be used, either explicitly or implicitly, for relaxing the limits
imposed on the activity of radionuclides that may be released from practices; in particular,
they should not be used for clearing the recycling of materials resulting from the
decommissioning of practices (these situations are better handled with the criteria of
exemption for practices).

Commodities produced in an area affected by radioactive releases from an accident and
containing radioactive substances attributable to the releases present an exceptionally difficult
situation. If the corresponding activity levels are higher than those in produce from
neighbouring areas, issues of market acceptance could arise —particularly if there are
transboundary movements of the commodities. (The WHO/FAO Codex Alimentarius
Commission adopted generic intervention exemption levels for radionuclides in foodstuffs
following an accident. These levels have been incorporated into international radiological
protection standards. They would lead to individual doses of up to a few millisieverts per
annum to those who consume the foodstuffs.) If the annual doses in the area affected by the
accident are acceptable because the intervention strategy has been optimized, the situation
outside the affected area should also be acceptable because the individual annual doses
elsewhere from the use of commodities produced in the affected area would normally not be
higher than those in the affected area. If the restrictions on commodities produced in the area
affected by the accident have not been lifted, production of the restricted commodities should
not be restarted; conversely, if the restrictions have been lifted, production can be restarted. If
an increase in production is proposed, it could proceed subject to appropriate justification. In
circumstances where restrictions have been lifted as part of a decision to return to 'normal'
living, the resumption and potential increase of production in the affected area should have
been considered as part of that decision and should not require further consideration.

Summary of the quantitative recommendations

The quantitative recommendations provided in the report are summarized in the following
Table. The information is presented in an extremely simplified form and is not amenable to
comparison. In its upper part, the Table shows quantitative recommendations in terms of
individual existing annual dose; the lower part presents quantitative recommendations in
terms of individual additional annual dose. Therefore, in these two parts, the dose ranges are
expressed in different quantities and cannot be compared. Furthermore, the Table does not
include any reference to specific intervention and action levels of averted annual dose nor of
collective doses.
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Implementation of the recommendations

The report recognizes that its quantitative recommendations will be difficult to implement
unless a number of issues in the estimation of the exposures are carefully taken into account.
Prolonged exposures are generally expected to be assessed on the basis of the mean annual
dose in the critical group. However, it is to be noted that occasionally it may be more difficult
to estimate this dose than the dose to an identifiable 'maximally' exposed individual. Long-
term scenarios must be defined to characterize the individuals exposed and the ways in which
they are exposed. Quantification of uncertainty should be an integral part of the estimation of
the annual doses. Whenever possible and appropriate, annual doses should be reported as a
distribution of possible values rather than as single point values. It should be kept in mind that
radioactive residues are usually unevenly distributed, creating situations of heterogeneous
prolonged exposure. These need to be addressed on a case-by-case basis by making realistic
assumptions about the pattern of people's exposure. The selection of methods for evaluating
heterogeneous exposure will depend on the situation and the objectives of the evaluation. The
evaluation of annual doses in prolonged exposure situations should generally be based on the
assumption of unrestricted use of the site or commodity affected; this assumption implies that
all exposure pathways that could realistically be actual at any time in the future should be
accounted for.

CONCEPT

Generic reference level for interventions almost
always justifiable
(above which intervention should be considered
almost always justifiable)
Generic reference level for interventions not
likely to be justifiable
(below which intervention is optional but not
likely to be justifiable and above which may be
necessary)
Exemption from intervention in commodities
(criterion for deriving intervention exemption
levels for dominant commodities, such as building
materials)
Dose limit for practices
(applicable to the individual dose contributed by
all relevant practices)

Dose constraint for practices
(applicable to the individual dose from a source
within a practice; to be used for the optimization
of protection of the source)

Exemption for practices
(criterion for deriving exemption levels for
sources within practices, the protection at the
sources should be optimized and the sources
should be part of a justified practiceb)

QUANTITY

Existing annual dose
(summation of all [prolonged] annual
doses attributable to all sources of
prolonged exposure in a given location)
Existing annual dose
(summation of all [prolonged] annual
doses attributable to all sources of
prolonged exposure in a given location)

Additional annual dose
(annual dose attributable to the dominant
category of commodity)

[Aggregated] Additional annual dose
(summation of all annual doses
[transitory and prolonged] attributable to
all relevant practices)
Additional annual dose
(summation of all annual doses
[transitory and prolonged] attributable to
a source within a practice)
(for the prolonged component)3

Additional annual dose
(summation of all annual doses
[transitory and prolonged] attributable to
a source within a practice)

VALUE
[mSv]
<~100

<~10

1

<l&~0.3

(-0.1)

-0.01

a To be considered if dose assessment methodologies to ensure compliance under any conceivable situation of
combination of doses is not available. b Also generally applicable to clear the release of materials containing
radioactive substances from practices and which may subsequently be recycled as commodities for public use
with no restrictions.
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Outlook

The recommendations in the ICRP report are based on objective assessments of the health
risks associated with prolonged exposure levels and on radiological protection attributes of
various exposure situations. However, members of the public (and sometimes their political
representatives) may have personal and distinct views on the radiation risks attributable to
artificial sources of prolonged exposure in relation to those due to natural sources. This
usually results in differently perceived needs for response and a different scale of protection,
depending on the origin of the exposure. The claim for protection is generally stronger when
the source of exposure is a technological by-product rather than when it is considered to be of
natural origin. Typically elevated prolonged exposures due to natural radiation sources are
usually ignored by society, while relatively minor prolonged exposures to artificial long-lived
radioactive residues are a cause of concern and sometimes prompt unnecessary actions. This
reality of social and political attributes, generally unrelated to radiological protection, usually
influences the final decision on the level of protection against prolonged exposure. Therefore,
the ICRP report cautiously recognizes that it should be seen as a provider of decision-aiding
recommendations mainly based on scientific considerations on radiological protection, the
outcome of its advice will be expected to serve as an input to a final (usually wider) decision-
making process which may include other societal concerns and considerations. The decision-
making process for the radiological protection of the public in situations of prolonged
exposure may include the participation of relevant stakeholders rather than radiological
protection specialists alone.
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