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Abstract

ŽWithin the framework of the EC-financed RESTORE project EC DGXII Nuclear Fission
. Ž .Safety Programme , a GIS-based Environmental Decision Support System EDSS will be

Ždeveloped to help local authorities identify vulnerable collective units e.g. settlements, collective
.farms having population groups with critical radiocaesium doses. The EDSS will include methods

for modelling the spatial and temporal variation of radiocaesium in alluvial and peaty soils
through flooding, radiocaesium transfer from different soil types to food products, and the
collection and intake of food products by the human population. The spatial models will be written
in PCRaster, a raster GIS and dynamic modelling toolkit that includes geostatistical analysis,
conditional simulation, and topological modelling. q 1998 Elsevier Science B.V. All rights
reserved.

Keywords: Geographical Information Systems; Chernobyl; Radiocaesium; Radioecology; Radionuclide trans-
fer; Dose estimation

1. Introduction

As a result of the accident in the Chernobyl nuclear power plant on April 26, 1986,
large areas of Ukraine, Belarus, and Russia were contaminated with radiocaesium
Ž .Fig. 1 . Although in many areas, the initial deposits were much lower than in the
immediate vicinity of Chernobyl, local radiocaesium contamination of foodstuffs may
still be a source of increased radiation exposure for population groups with certain
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Ž .Fig. 1. Soil contamination by radiocaesium released by the Chernobyl accident situation December 1989
Ž w x.Source: Ref. 12 .

w xdietary habits 1 . Recent research has shown that private milk and wild foodstuffs, like
wild mushrooms, berries, fish and game, may still contribute significantly to elevated

w xradiocaesium levels in the food of the rural population 2 . Studies in the Novozybkov
Ž .district Russia show that there is a significant positive correlation between consump-

w xtion of fish and mushrooms and whole body radiocaesium content of humans 3 .
The mobility and fate of radiocaesium in landscapes is largely determined by its

hydrochemistry. Radiocaesium is very soluble in water, but also readily specifically
w xadsorbed on illitic clay minerals 4 . As a consequence, the environmental mobility in

peaty soils is much greater than in mineral soils, which has been demonstrated by many
w xauthors 5–8 . The transfer rates of radiocaesium from peaty soils into food chains is

likewise greater than from mineral soils. Since extensive peatland ecosystems, known as
the Pripyat marshes, are a major feature of the border between Belarus and Ukraine,
extensive areas affected by the Chernobyl accident are potentially vulnerable for
enhanced uptake of radiocaesium.

Another feature of the Pripyat marshes is that they are very flat, so that the floodplain
w xof the Pripyat River and its tributaries are several kilometres wide. Several authors 9,10

showed that radiocaesium contamination and uptake on such a floodplain may not only
vary considerably in space, but also in time. For example, in summer 1993, a
conspicuous peak in radiocaesium activity concentrations occurred in milk from pri-
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vately owned cows grazing on a peatland pasture soils adjoining the Sluc River near
Dubrovisa, Northwest Ukraine, which had been inundated for three weeks. Soil data
from the same area showed that the surface contamination in 1993 was significantly

w xgreater than in 1988 and 1994, especially in the flooded areas 9 . In the floodplain near
Chernobyl, the opposite occurs and floodplains are a source of contamination of the

w xriver waters 10 . This suggests that flooding may contribute considerably to temporal
variation of radiocaesium contamination of water, soil and foodstuffs.

It is obvious that the variation of radionuclide contamination in space and time affects
the uptake into food chain and, consequently, the radioactive doses to the human
population in the areas of concern. This may particularly be the case in areas known as
‘relatively minor contaminated areas’, especially if this is accompanied by biased dietary
habits of special population groups, such as fishermen, foresters, or private farmers.
Local enhancement of contamination andror transfer due to hydrochemical conditions
andror additional inputs should be considered, also in large-scale investigations, for a
proper assessment of radiation doses to humans, which are essential for selecting the
most appropriate countermeasures.

2. Scope of the project

Existing models of radionuclide transfer through food chains to humans and dose
assessments pay little attention to spatial variability of radioecological parameters and to
possible short-term temporal variation due to flooding. These models are mainly based
on information of collective farm systems and do not adequately consider private
farming or different consumption behaviour of special population groups. The choice
and effect of countermeasures, however, is largely determined by these factors. There-
fore, it is essential to build spatial models taking these factors into account. This project
has been designed to contribute to these aspects.

The main aim of the RESTORE project is to develop an environmental decision
Ž .support package EDSS based on understanding of the nature of contamination, the

Ž .Fig. 2. Schematic overview of the Environmental Decision Support System EDSS .
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processes involved and the different pathways by which radioactivity is transferred in a
variety of ecosystems. The EDSS integrates spatial models of transfer of radionuclides
from soil via various food products to human population groups on the scale of

Ž .collective unit e.g. settlement, collective farm or groups of collective units including
the adjacent semi-natural and urban areas. In addition, the EDSS contains a geostatistical
module for interpolation from point samples to areas, a module for external dose
assessment and special modules for dynamic inputs into the modelled food chain, e.g.

Ž .through flooding see Fig. 2 . The system of environmental models should enable local
authorities to identify vulnerable areas within these units and to evaluate possible
countermeasures for reclaiming contaminated land and restoring traditional farming.

3. Spatial analysis and modelling programme

The input for the EDSS consists of data on surface contamination, soil type, land use,
food production rates, population density and structure. Since these parameters vary in
space, it is a logical inference to investigate the radionuclide transfer from soil to food
products and the subsequent intake of these foodstuffs by the human population using
Geographical Information Systems. The raster GIS PCRaster, a dynamic modelling
toolkit that includes geostatistical analysis, conditional simulation, and topological
modelling, offers a convenient framework to build the submodels within a GIS environ-
ment. In this manner, a full and flexible integration of the transfer models and the
geographical database is achieved. Fig. 2 presents a schematic overview of the submod-
els within the EDSS. The function of the various submodels is explained in further detail
below.

The basic input for the EDSS is a map of actual soil contamination. This input can be
achieved either through the geostatistical interpolation of point samples, or by using
information on the initial deposition and running a model accounting for the different
physical and hydrological processes that affect the evolution of soil contamination in
time. These include physical decay, leaching from the soil profile, and redistribution
through the landscape due to erosion and sedimentation processes. Together with maps
of land use and soil type, the transfer model is run to simulate food product contamina-
tion. The calculation of radionuclide transfer in this submodel is based on either

Ž Ž y1 .aggregated transfer coefficients i.e. the ratio of food product contamination Bq kg
Ž y2 ..and surface contamination Bq m , or, if more detailed information is available, on a

w xmechanistic approach using more detailed data on soil chemistry 11 .
The next step is to model the collection and intake of food products for the estimation

of the internal doses. The spatial relations of food product origin, fate and dietary habits
need special attention. Fig. 3 demonstrates an example of such spatial relations. To
model the collection of wild food products such as mushrooms and berries in the
neighbourhood of a settlement, a probabilistic approach will be chosen. Theoretically,
the probability of collecting wild food products decreases with distance from a settle-
ment. The fact that wild food products grow in the forest areas, and that the access to
forests is influenced by the presence of roads or rivers, can be included by using weight
functions andror resistance functions in the spatial model. These weight functions will
be obtained from dietary surveys in selected areas. In this way, the mean and variation
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Ž .Fig. 3. Examples of a probability functions for collection of wild food products around a settlement: A
Ž .Probability as function of distance from settlement; B Idem, corrected for the presence of forests, roads, and

rivers using weights.

of the contamination of wild food product consumed by inhabitants of a settlement can
be estimated. Similar approaches can be followed for both collective and private
agricultural food products.

Together with the outcomes of the external dose model, the diet model yields output
maps indicating areas that are vulnerable because of the presence of critical population
groups suffering an increased radioactive doses. Because the EDSS includes the entire
chain of soil contamination–food product contamination and diet, a detailed insight in
the fluxes of radionuclides through the landscape, and the food chain in particular, is
obtained.

4. Concluding remarks

The environmental decision support system being developed in the RESTORE-pro-
ject comprises a wide variety of GIS-based environmental submodels. These include,
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among others, data-driven geostatistical interpolation techniques, physical-based models
for modelling transport of radionuclides and food products over the landscape, empirical
and semi-empirical cartographic point models for modelling radionuclide transfer to
agricultural and wild food products and external doses. The execution of these models
within the raster GIS environment accomplishes a full integration between the geograph-
ical database and the various models, and enables a flexible choice of submodels.
Accordingly, the system can be adjusted easily to the needs of the user depending on the
amount and quality of available data.
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