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This paper deals with the management of sites that were contaminated by
radioactive substances in the past because of industrial practices, such as the
mining, milling and processing of uranium ores, the radium luminizing industry, and
thorium processing. Contaminations due to nuclear weapons testing, nuclear
accidents and on-going practices are not considered. The management refers to the
protection of the near populations and of people who are using the site now or who
might use it in the future.
International organizations [1], [2] have issued recommendations which apply to
these contaminated sites. The concepts called for to manage these de facto
situations are intervention, optimization and intervention levels. At present time,
this conceptual system is a matter of discussion by IAEA itself [3] and the
countries, e.g. the United-Kingdom [4]. Few countries have yet elaborated
regulations or guidelines concerning the treatment and the use of contaminated
sites. The United States has one regulation in preparation that will be generally
applicable whereas most countries follow the recommendations of their national
radiation protection board on a case by case basis.
This paper aims at comparing public policies in several countries by developing
first, how policies are defined, and second, how they are implemented in practice.

1. Public policies as they are defined

Several countries are studied for the analysis of public policies. They are the United
States, United-Kingdom, Germany, Spain, the Netherlands, Canada, Belgium and
France. Large country differences exist when considering the diagnostic of the site,
the radiation protection principles, the various intervention levels or constraints
expressed in terms of risk or of dose, the derived intervention levels that are
sometimes put forth, and the regulations.

1.1. The diagnostic of the site

To envisage rehabilitation actions, a diagnostic of the site is required. It brings
information about the conditions in which a radioactive contamination occurred and
its importance both qualitatively and quantitatively. It results in dose calculation
and in risk estimation of detrimental health effects by taking into account the
toxicity of the substances involved, the environmental transfers and the exposure of
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populations defined by their life habits. If the diagnostic methodology is well
known, nevertheless countries arc few which hold an official document precising
the procedures and the techniques to use. One may cite the «Multi-Agency
Radiation Survey and Site Investigation Manual » [5] by the Environmental
Protection Agency (EPA), the Department of Energy (DOE), the Department of
Defense (DOD) and the Nuclear Regulatory Commission (NRC) in the US.

1.2. The adaptation of radiation protection principles

At the beginning of the 1990s, a distinction was made between the practices, which
add radiation exposures, and the interventions, which substract radiation exposures.
ICRP and IAEA considered the management of contaminated sites as interventions
[1], [2]. Intervention levels were defined by IAEA and few other quantitative
criteria were proposed to help countries in their rehabilitation tasks. IAEA modified
its position recently [3, §213]: were considered as practices the contaminations
resulting from a practice and as interventions those resulting from accidental
situations. However, IAEA recognized that the dichotomy practice/intervention was
not operational for the contaminated sites for which a residential use is intended. If
intervention may be a relevant concept on shorter times, it is no longer conceivable
on the long term [3. §222]. One may note that the Euratom Directive [6] consider
the management of contaminated sites as an intervention and gives no advice to
Member states on what levels for the protection of the public could be. Recently,
NRPB (National Radiological Protection Board) in the UK took a way similar to
that of IAEA [4]. It introduced a distinction based on the presence or the absence of
populations on the site when the contamination is discovered. If populations are
absent, the situation to deal with should be considered as a practice; in the other
case, the situation should be considered as an intervention because the source, the
exposure pathways and the populations are existing already.

1.3. The intervention levels

How to define intervention levels, risk based or dose based ? Only one country, the
Netherlands, privilegiates the exclusive choice of a risk level; other countries prefer
to express them as dose levels and others have not decided yet, see table 1.

Table 1: Choice of intervention levels for some countries.

Risk
limit/
source
Dose
Rate

mSv.y"1

Belgium
n.a

n.a

Canada
n.a

n.a

France
none

a few
hundred
uSv.y1

Germany
n.a

1

Netherl.

ioV

none

Spain
n.a

0,1

UK

ioV

0,3
and 1/

lifetime

USA
3.1O"-4

over
30y

0,15
and
0,75

When a risk level is chosen, it refers to the source. It includes all carcinogenic
substances, either radioactive or chemical, and excludes the risk due to natural
radiation background. It applies to an individual of the critical (or reference) group.
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In the US, EPA associates the risk level to the « reasonably maximally exposed
individual », that is the individual corresponding to the 95lh percentile of the
distribution of risk in the critical group [7]. The risk is related to one year of
exposure in general, except in the US where the risk is for thirty years which is the
average duration of residence in a same location for Americans. However, it is a
common practice to request that such a level must be maintained in the future, in
order to protect future generations. The need to insure equity in the trade-off
between generations is a basic principle associated with sustainable development. A
1000 years period is considered in the US [7]. In Spain, a 200 years period is
considered as a minimum, and, to a reasonable extent, a 1000 years period [8].

The dose level under consideration is a level that must be reached following the
implementation of countermeasures, i.e. a non action level. Germany is an
exception because the dose level is defined as a level of radiological significance,
which must trigger countermeasures [9]. Leaving aside Germany, figures range
between 0.1 mSv and 0.3 mSv.
It is worthwhile to note that both ICRP and IAEA recommend action when doses
are above 10 mSv, and recommend that the eventual dose level reduction be the
result of an optimisation process [1], [3]. The seek for consistency between national
and international approaches is not yet fully achieved.

Various factors can account for the differences between the levels. Three of them
are listed hereafter.
The intervention levels can depend on the circumstances of the contamination, as in
the United Kingdom [4]. Where the contamination can be assimilated to a practice,
the NRPB recommends a risk limit of 10 5 per year, that corresponds to 0.3 mSv,
and it suggests that this level operate as a dose constraint. A figure of 30 pSv,
corresponding to a risk limit of 10"6, is proposed as the level below which actions
are not more necesssary. For other sites, i.e. those considered as cases for
intervention because the contamination is discovered on land to which the public
has already access, an intervention level of a 1 Sv for a lifetime effective dose is
recommended. Above this level rehabilitation actions are to be undertaken.
Besides the circumstances associated with the generation or discovery of
contamination, the present and forecasted land use can lead to the definition of
several action levels. Unconditional clearance from regulatory prescriptions is not
necessary in the case of industrial and commercial use of the land. Indeed, exposure
is limited to occupational exposure, that is 2000 hours a year. Should one consider
cultivation of the soil or dwelling, agricultural or residential, unconditional
clearance from prescriptions is required, because of the numerous transfer
pathways. However, owing to the uncertainties on the future use of the land, the
actual levels for industrial and commercial uses are not different from those
applying to dwelling. In the US. a figure of 0.15 mSv per year is recommended in
any case, in spite of formal considerations on land use by EPA [7). Last, a different
level may apply in such cases where the failure of compliance with the targeted
levels is assumed. Still in the US, the EPA recommends that, should remedial
actions fail, doses should be kept below 0.75 mSv [7].

Regarding intervention levels, provisions applying to workers involved in remedial
action are not explicitly stated. Only in Germany, a requirement for optimisation is
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mentioned {10]. The EU directive 96/29 calls for the application of the
occupational dose limit for practices to the workforce implied in an intervention
where no emergency is at hand [6].

1.4. The derived intervention levels

The practical implementation of intervention levels is based on the use of derived
operational quantities such as activity concentration or gamma dose rate, see Table
2. The establishment of derived intervention level may rely on modelling. Under
realistic assumptions, the doses to potential dwellers or other populations must be
associated with surface or mass activity concentration. Occupancy factors, dust
resuspension, importance of local food in diet, together with the behaviour of
radionuclides in the environment and in the food chain range among the factors that
must be taken into account.

Table 2: Choice of derived intervention levels.

Mass
activity
Radiu
m226
Bq.g1

Dose
Rate

uSv.li1

Belg.
n.a

0.2

Canada
0,2

n.a

France
1

inside

5
outside

0.2

Germany
0.2

(resid.
use)

1 (non
resid.)

0.3

Netherl
none

n.a

Spain
0.2

surface
et0.6
15 cm
layer
n.a

UK
10% of

General.
Derived
levels

(GDLs)
0.3

USA
0.2

surface
et0.6
15 cm
layer
0.2

Radium 226 is an isotope of concern to many countries, because the early
development of radium industry, in the thirties and in the twenties resulted in
numerous sites that deserve rehabilitation. Figures range from 0.2 Bq.g ' to 5 Bq.g '.
The link with a dose target is not always established. External dose rate corresponds
to lmSv for about 5 000 hours of occupancy.
When the situation can be seen as a practice, in the UK, NRPB recommends that the
derived action level is 10% of the Generalized Derived Limits (GDLs) in activity
concentration in the environment ensuring compliance with the 1 mSv dose limit for
the public. Such derived levels are investigation levels, above which the
assessement of the dose to the reference group of population is performed [4, §35 to
39]. An alternative approach suggested by NRPB is the use of IAEA clearance
levels, which were derived to satisfy an individual dose of 10 uSv per year. When
the situation calls for intervention no derived levels are to be considered in the
NRPB scheme. In Germany, SSK (German Radiation Protection Commission) has
set up two levels which apply to the mass activity in soils depending on the intended
use of the site. For unrestricted uses the 0.2 Bq.g"1 figure applies, and for indutrial
or commercial uses the 1 Bq.g"1 figure can be used (SSK approach as depicted in
[11]). In France a two level approach does also apply, based on an opposition
between in house and open air concentrations (0.2 Bq.g"1 and 1 Bq.g"1). In Spain
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and in the US one figure applies to the upper layer of soil and the other to a 15 cm
depth [8], [7]. Last, in the Netherlands, no derived level was set up. The application
of the risk target of 10"6 yields a very low figure (0.001 Bq.g1). that often cannot be
achieved [12].

The natural background is not taken into account when derived levels are set up.
This is in the line with the definition of primary levels, that apply to the incremental
dose due to human activities. In the case of radon, geology and human influence can
be very intricated. In Germany, a radon concentration specific limit is dedicated to
areas affected by uranium ore mining. It is defined by SSK as an addition of 50
Bq.m"3 to the regional geogenic level, corresponding to an effective dose of I mSv ;
it is a non-intervention level. If this level is exceeded, remedial actions must be
implemented [13]. Independent of this level, the reference level of 250 Bq.m 7

recommended by SSK for radon concentration in dwellings should be observed.
Regarding indoor air quality, most countries have developed recommendations that
apply also to dwellings nearby contaminated sites. EPA considers that its guidelines
on domestic exposures to radon should be made compulsory [7].

1.5. Compliance and long term monitoring

Recommendations may include the monitoring of observed levels for compliance
with expected achievements. An example in the US is the demonstration, based on
sample analysis, that EPA considers requesting for compliance with regulatory
prescriptions [14],
Long term periodical investigations may be implemented in order to check that
assumptions on land use and on exposure pathways are still valid, and thai exposure
forecasts still withhold. However, the feasability of such investigations on the long
term, especially when long lived nuclides are involved, is questionable [4]. In the
US, EPA also expresses doubts on the practicability of control and monitoring after
a few decades. Such reservations must be taken into account in the definition of the
remediation strategy, and may even lead to an extension of the area under concern.

2. Adequacy between principles announced and
concrete implementation

2.1. Processes for the establishment of regulations

The seek for consensus, with the involvement of stakeholders, is an approach that
may be opposed to a raw administrative process. In the present survey, public
enquiries at an early stage of regulatory development, seemed to be an approached
followed only by the US Federal Agencies. The American public is in position to
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comment the draft regulations at almost any stage. Indeed, citizens' participation in
the development of regulations is called upon since the 1946 Administrative
Procedures Act. In other countries, only administrations are in charge of the design
of regulations. In Germany, some authors [ 13] advocate for a new regulatory
scheme that organises the involvement of the public in decisions upon intervention,
or, to be more specific, in the decisional process that leads to rehabilitation.

2.2. Processes for decision making

Public participation may be a requirement in actual cases for rehabilitation. Public
information should bear at least on countermeasures as in the UK [4]. In Germany,
extensive public information is performed, for example around former mines in East
Germany. Mobile laboratories are dispatched in areas where they provide with
measurements those citizens who had collected samples [13]. Public involvement is
more extensive in the US, where proposals from the public regarding remediation
alternatives are taken into account, in line with the prescriptions of the federal code.
EPA is considering the involvement of the public at an other stage, i.e. decisions
about the future use of the site [7],
Public involvement is seen as an essential element in trust build-up, as well as an
educative process that may help in avoiding actions that are out of proportion with
the radiological benefit. Not only such actions can be expensive, but they
sometimes carry a radiological impact on remediation workers. In the US, public
involvement has the side advantage to minimise the risk that decisions will be
challenged in court

Managing sites with radioactive contamination is usually a new issue in most of the
countries that were investigated. Thus regulatory frameworks are quite flexible and
recommendations are much more frequent than requirements. In Germany a
classical regulation applies to practices (Radiation Protection Act) whereas the need
to handle an important series of sites, mostly in former East Germany, led to adopt a
case by case approach for those intervention situations, upon SSK
recommendations. The French approach also favors case by case decisions and a
decree states that the Departement of Health has jurisdiction for defining levels in
case of intervention. Contaminated site management is a regulatory policy only in
the US [7].

2.3. Field decisions vs recommendations

International literature provides little information on the actual implementation of
management principles. In the US, differences between field decisions and
recommendations may be important. The reason for such differences can be found
in an inadequate communication between those in charge of defining remediation
strategies and the scientists in charge of the analysis and design of remediation
techniques. Available technologies may not allow to achieve the quantitative goals
that are set up by regulations. Efficiency of measurement techniques and accuracy
of dose prediction models (especially on the long term), is also questionable.
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3. Conclusion

The present survey suffers from the limitation of such an approach. The main
limitation lies in the fact that remediation cannot be summarized by a series of
prescriptions that can be found in regulatory documents. Rather it is a series of
practical decisions that must be investigated, and of recommendations that may not
have an official statute and cannot be traced easily.
Nevertheless, this work allowed us to put forward some important points. The main
one is that flexible approaches are usually adopted. Even when quantitative levels
(intervention levels, non intervention levels...) are put forward, they can be
interpreted in different ways, depending on the approach followed for assessment
and on the exact concepts. Should one consider that contaminated sites can be a
building in an urban area as well as the Chernobyl contaminated area, it is obvious
that a rigid framework is inadequate. The international recommendations provide a
framework that is accepted by all countries. The basic concepts are felt to be useful,
nevertheless, they gave rise to interpretations that present sensible differences. Last,
one may also quote that the issue of fundings is a difficult issue that is not often
addressed at the level of national policies.

Undoubtly, the present state of the art is likely to be modified. All the countries are
now implementing actions and the experience they are gaining now will certainly
result in improvements.
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