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1. Introduction
In Germany there are numerous relics of former mining activities with enhanced
levels of radionuclides of the uranium/radium series. Of special importance are the
relics of uranium and other non-ferrous ore mining in the three Federal States
(Lander) of Saxony, Thuringia and Saxony-Anhalt. The majority of these relics is
situated in densely populated areas. This gives rise to the question whether measures
have to be taken to protect the population from detrimental health impacts.

Public concern often concentrates on radioactivity. Health impacts may, however,
originate from chemically hazardous substances, too. Such substances like, for
instance, arsenic, often accompany radioactive contamination in mining relics. Also,
mining safety, landscape conservation and other aspects may play a significant role
in the decision-making process, especially for large and complex mining sites. This
is, however, outside the scope of the present paper. Instead, it confines to the
discussion of problems associated with the assessment of mining sites contaminated
with both enhanced levels of naturally occurring radionuclides and chemically
toxic/carcinogenic substances.

First, some basic problems of a common assessment of both types of health risks are
outlined with special reference to the current status of scientific debate in Germany.
In the following, a deepened discussion of some selected problems referring to a
harmonization of exposure assessments within the framework of current German
legislation on radiation protection and soil protection is carried out with the help of
an example site (allotments at a former waste rock heap).

2. General problems of harmonization of health risks
Different historical developments have led to considerable differences in the
regulatory framework of the protection of the public against exposure to
radionuclides and both, carcinogenic and toxic chemicals. As a consequence of an
increasing use of risk assessment methods in environmental and health protection,
different (and partly conflicting) regulations have become more apparent, because
these methods improve the possibility to compare health risks, protective concepts
and methods in different regulatory fields. This gave rise to the question of
harmonization. According to [1] the advantages of a harmonization might be:

• providing an (objective) basis for the allocation of scarce funds to prioritize
environmental objectives
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• the possibility to take into account complex exposure situations with possibly
combined health effects

• making risk management decisions in an informed and logical way

In Germany the question of harmonization has been an issue, too. So, the ministers
for environmental protection of the Federal States have recommended to check the
feasibility of a harmonization in the treatment of radiological and non-radiological
risks. The German Commission on Radiological Protection (SSK) has given a
similar recommendation. It is not clear at the moment, however, how such
harmonization should look like. In [1] the US EPA is quoted to have stated that
harmonization does not necessarily imply identical treatment but it does imply that
any differences in treatment should be explained and justified. Options may range
from requiring the same level of lifetime risk to simply using the same policy
framework for chemicals and radiation, without requiring the same levels of lifetime
risks to be used. In view of the great number of mining relics which are a typical
example of complex exposure situations, the Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety initiated studies concerning the feasibility
of common risk assessment for radiological and chemical hazards [2,3]. In the
following, a short summary is presented of what turned out to be the main problems
and what seems to be feasible at the moment towards a harmonization.

• There is no agreement concerning a possible common metric at the moment for
stochastic effects from harmful chemicals and ionizing radiation. The authors of
[2] favor the use of the mortality risk while in [3] the 'average loss of life
expectancy' has been introduced as a common metric. Since there is no principle
problem a harmonization seems possible. However, the effort to reach a
consensus and; as far as necessary, to complete the scientific basis must not be
underestimated.

• We have a controversial discussion about a possible common metric for
deterministic and stochastic health effects of ionizing radiation and harmful
chemicals. In [2] a proposal is presented while in [3] both the necessity and
feasibility of such a metric is contested. It seems questionable whether an
agreement may be reached within a foreseeable time frame.

• There are also some differences in the field of exposure assessment in the two
fields of regulations. This refers to pathways, exposure scenarios and parameters
used in existing regulations.

• The definition of a common risk scale would make different types of risk
comparable. That does, however, not solve the problem of the harmonization of
risk management. Large differences exist, for example in the acceptable risk
levels for carcinogenic effects in both field. There is no consensus whether these
risks should be aggregated and what a common (total) acceptable risk might be.
The question how to deal with optimization is open, too. Optimization is one of
the basic principles in radiation protection but has no equivalent in soil
protection, for instance.

Some of the problems listed have a rather fundamental character and solutions
cannot be expected soon. The only questions which can be solved in the near future
is that of the inconsistencies in exposure assessments. Since exposure scenarios and
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many of the parameters used are immediately accessible to the understanding of all
parties involved in the decision-making process their adaptation is urgent to reach
public acceptance. In the following, the basic concepts and some problems
concerning the harmonization of the exposure assessment according to the new
German Federal Soil Protection Act and its associated regulations on the one hand
and the planned provisions for the calculation of radiation exposures on the other
hand are discussed.

3. Comparison of exposure assessments
Provisions and recommendations concerning exposure assessments have been
developed in both fields of environmental protection rather independently. In 1991
the SSK published recommendations [4] concerning the use of sites influenced by
uranium mining. An amendment of radiation protection regulations with regard to
naturally occurring radiation is in preparation. To estimate radiation exposures
resulting from relics of former uranium mining, specific calculation provisions [5]
are in preparation, too.

Regarding harmful chemicals there were several different regulations in the Federal
States in the past. This led to the creation of a uniform Federal Soil Protection Act
[6] in force since March 1999. Associated regulations [7] containing examination
levels and action levels etc. will be passed in the near future. These will be explained
at first. After that, a rough comparison of pathway, scenarios, and parameters used
for exposure assessments in both fields is given.

Examination levels and action levels

To avoid exposure calculations for every particular case, a system of examination
levels and action levels has been established in both fields using the exposure
models. They can be applied by the authorities in a stepwise procedure as follows: If
examination levels are not exceeded there is no requirement for any actions and the
site is not considered contaminated. Only if this level is exceeded the site has to be
investigated site-specifically and further decisions must be drawn from the results of
exposure assessments. In cases of exceeded action levels a site has to be regarded as
contaminated and remedial actions or use restrictions are necessary.

Usually these levels are given in derived values like concentrations per unit, e.g. soil
concentrations, to enable an easy comparison with measured values. However, there
are some important differences: The examination level for radiation protection is
derived independently from use whereas for soil protection use-dependent
examination levels are fixed. Although the action levels for harmful chemicals
usually are derived from average daily intake rates the action levels are expressed in
concentrations per unit, too. That is the second contrast to radiation protection where
the action level has another unit than the examination level and is given as a dose
which has to be calculated site-specifically case by case. This is due to the fact -
which represents the third important difference- that the effect of different
radioactive substances can be added whereas there is still no sufficient scientific
basis to summarize the effects of different carcinogenic and all the more of different
toxic substances and thus the assessment of every single substance is done
separately.
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Pathways

Exposures to ionizing radiation and harmful chemicals can occur via several
pathways. Their relevance depends on the particular use of the site and the
assessment of a hazard is done use-dependent in both fields. According to the
specific SSK-recommendations for mining relics [4] and the so-called UMS-model
(Exposures of the Protective Goods Environment and Humans by Harmful
Substances) [8], the following relevant pathways have to be considered:

• external radiation exposure to gamma radiation

• inhalation of radon progeny outdoors/ of gaseous substances

• inhalation of contaminated dust

• ingestion of contaminated dust and soil by children playing outdoors

• ingestion of agricultural and horticultural products

• skin contact to contaminated soil (dermal uptake)

Some pathways are relevant for one field only, of course, like external exposure or
dermal uptake, whereas inhalation and ingestion have to be considered in radiation
protection as well as in soil protection. It has to be mentioned that, to a certain
extent, realizations from one field have already influenced the other, as in the case of
soil ingestion: Health problems of children at playgrounds contaminated with
dioxyne made the general public aware of this pathway and thus it got much
significance in discussions connected with soil protection. As a result the ingestion
of soil by playing children had to be included into radiation protection considerations
at contaminated sites as a rather new pathway in this field.

Scenarios

Since the relevance of the pathways depends on the particular use, different
scenarios have to be considered in radiation as well as in soil protection. They are
illustrated in table 1. In general the scenarios in both fields are similar but they are
more detailed in soil protection regulations. Here a most sensitive scenario for
playgrounds is considered in addition to the ones mentioned in table 1. In the SSK-
recommendations there is only a difference between sensitive use (residential area
including playgrounds and sport fields, agricultural and horticultural use) and non-
sensitive use (industrial area, public gardens, grassland and forestry). With regard to
food production in the soil protection regulations there is the house garden which is
included in the residential area scenario and furthermore a special consideration of
the soil-plant-pathway with separate levels. Although there are differences with
regard to exposure pathways and scenarios they are not as fundamental to hinder a
consistent evaluation of both types of contaminants considered here.
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Table 1. Relevant pathways of standard exposure scenarios in radiation protection
and soil protection

Exposure pathway

External exposure to
gamma radiation

Inhalation by radon
daughter products

Inhalation of dust

Ingestion of soil

Ingestion of food

Skin contact

Industrial area

RP

RP

RP, SP

-

-

SP

Exposure scenario
Residential area

RP

RP

RP.SP

RP.SP

RP.SP

SP

Public gardens

RP

RP

RP

RP, SP

-

SP

RP - radiation protection
SP - soil protection

Parameters

The situation is different, however, for the exposure parameters. As a result of a
comparison made in connection with the preparation of calculation provisions for the
estimation of radiation exposures originating from mining relics it turned out that
there are large differences. These differences are the result of different historic
developments of currently existing regulations. Nonetheless, they are hardly
acceptable especially taking into account the fact that some parameters refer directly
to everyday life, like consumption rates of food. On the other hand, a simple
adaptation of parameters from, for instance, soil protection to radiation protection
may give rise to conflicts with other well established provisions in radiation
protection, for example for the estimation of doses resulting from effluents of nuclear
power plants. The following case study will illustrate some of the problems as well
as possible solutions.

4. Case study
The problem can be illustrated with the help of an example of a mixed contamination
site: A gardening area in the uranium mining and low-mountain region in the German
"Erzgebirge". It has a sire of about 40,000 m2 with 70 allotments of each 400 to 600
m2. They are used not only for rest and as holiday area but for growing fruit and
vegetables, too. This area was an uranium mining heap in the 50ies and was used as
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a dump afterwards. In the 80ies it was graded, existing soil was riddled and
additionally the area was covered up with regional soil. Since this cover was used for
leveling the terrain, too, it shows a different depth from only 10 to 80 cm depending
on the original profile. The area is situated in a valley along a brook which contains
pit water and is surrounded by big uranium mining heaps. The uranium-bearing ores
in the region of the "Erzgebirge" are known for containing enhanced amounts of
arsenic, too.

Radioactive contamination

Owing to this special situation (covered waste rock material, deposition of dust and
radon decay products from surrounding heaps, use of water of the brook for watering
the plants) the gardening land was expected to be influenced by enhanced levels of
radionuclides from the uranium/radium series. Therefore, an investigation was
performed to determine the mining-related radiation exposure of the gardeners.
Samples of soil, different kinds of plants, airborne dust and water were taken and
investigated for their specific activity. Furthermore, radon outdoor, radon in soil gas
and gamma-dose rate measurements were carried out.

The soil investigations showed a clearly enhanced specific activity of radionuclides
of the uranium/ radium series in the range of 70 to 500 Bq/kg dry mass. The average
regional background is about 70 Bq/kg and the upper end of the naturally occurring
range is about 200 Bq/kg. According to the SSK-recommendations the 200 Bq/kg
value is used as the examination level. Since it is clearly exceeded further detailed
investigations and exposure assessments were required in order to decide upon
remedial actions or use restrictions, respectively.

Arsenic contamination

Few measurement results in soil samples showed relatively high concentrations of
arsenic in the range from 70 to 280 mg/kg dry mass in the upper soil layer. In
Saxony the local background for arsenic is at an average concentration of 19 mg/kg
(median: 9 mg/kg, 90percentil: 25 mg/kg) [9]. The latter value has been taken as the
examination level for the most sensitive scenario published in the Soil Protection
Ordinance (draft). These levels are arsenic concentrations in soil for children's
playgrounds of 25 mg/kg, for residential sites of 50 mg/kg, for public gardens and
leisure grounds 125 mg/kg and for industrial sites 140 mg/kg. Since in our case the
examination level for residential areas (including gardens) is exceeded, a site-
specific investigation is required, as for radiation protection reasons.

Problems of exposure assessment

Rough estimates have shown that ingestion of soil and ingestion of plants are the
relevant pathways. Others, like inhalation and uptake via skin are not as relevant and
thus are not considered here. External exposure - a pathway which may contribute
significantly to radiation doses - has no equivalent in soil protection and can also be
excluded from the harmonization discussion.

As to the ingestion of contaminated soil, different annual intakes are assumed for
different use scenarios of soil protection. In contrast to that, in the stage of derivation
of examination levels the SSK assumed in their recommendations a use-independent
uptake of llOg of soil per year by playing children. This is comparable to the
ingestion rate used in connection with most restrictive scenarios (playgrounds) in the
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field of soil protection. If the same amount were applied for dose calculations for
unused contaminated sites it would cause unrealistically high total doses. Thus it
obvious were better to define a use-dependent soil uptake in radiation protection,
too, to avoid conservative assumptions in less sensitive scenarios. However, a totally
taking over of the assumptions in the soil protection regulations would have caused
deviations to generally used parameters in radiation protection. For instance, the time
of daily stay outdoors - due to historical and international assumptions in radiation
protection - has been established with about five hours a day all over the year
(2000h/a) whereas in soil protection only relevant days per year (180-190d/a) are
given [10]. As a compromise, in the current suggestion for the calculation provision
of radiation exposure the uptake is given in grams per hour [7] and expressed in
terms of grams per day now is equal to soil protection regulations. Since the time of
stay outdoors depends on the radiation exposure scenario in the end the total uptake
per year indirectly corresponds to a use-dependent uptake rate. An adaptation to the
regulations on soil protection with regard to annual soil uptake is reached that way.

Another specific problem is the contribution of the pathway of ingestion of
contaminated plant products. Up to now, different consumption rates have been used
in the standard exposure models. For adults, for example, a value of 68 kg per
annum is assumed in radiation protection, while a correspondent value of 90 kg/a
would have to be used in soil protection. This is hardly acceptable. In this particular
case we used a value of 50 kg/a. This figure is not completely arbitrary but is the
result of site-specific information obtained from a questionnaire to the gardeners
with regard to the kind and amount of food production. Both regulations provide
some interpretation latitudes which in principle allow this, if it leads to a more
realistic assessment.

Such a procedure, however, may only be a temporary solution. It is just the
advantage of standardized calculation provisions to avoid such more or less arbitrary
site-specific parameters. One way or the other, the relevant scenarios and parameters
have to be made consistent in the regulations in order to make decisions that are
legally defensible and acceptable to all parties involved in the process.

To return to the example site it can be stated that the action level of effective dose of
1 mSv/a is not exceeded for the gardeners. Therefore, there is no need for use
restrictions - at least from the radiological point of view. As to arsenic, the data
available were not sufficient to draw a final conclusion but an urgent hazard can be
excluded.

5. Summary
Sites with mixed contaminants like mining relics may cause special problems in the
assessment of hazards to human health. Different scientific approaches and historic
developments led to considerable differences in existing regulations. Both, on the
national and international scale efforts are made towards a harmonization.

Having reviewed studies carried out in Germany we arrived at the conclusion the
generation of a common risk scale for all kinds of hazards seems to be a too
challenging problem to be solved within a foreseeable time scale. It is reasonable, at
least in principle, to define a unified metric for carcinogenic effects of ionizing
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radiation and harmful chemicals. Even this needs a lot of research work as a basis for
adaptations in the legal systems.

What seems to be reasonable and in our opinion is much more important at the
current stage is the harmonization of exposure scenarios, pathways and parameters
because they are comprehensible to everyone. A comparison of existing provisions
and recommendations has proved that the harmonization of parameters used for
exposure calculations is of special importance. The ideal solution would be to use
the same parameters for the same pathways independently from the specific
substance (ingestion rates of plants and soil, breathing rates and dust concentrations).
It is problematic, however, to bring parameters in line to each other as this could
cause conflicts with other well established provisions in the different fields. On the
long run, however, such harmonization is indispensable.
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