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Abstract

An analysis of 53,207 records of l37Cs contents in 83 types of food products obtained in 1993 in
Belarus was carried out. Internal exposure by eight selected food components has been estimated. To
map the non-uniformly distributed data, different types of geostatistical approaches are used. The
results of spatial analysis of long term internal dose loads on populations under high radiation risk
could be used in decision making.

Introduction

The Chernobyl accident affected Belarus more than any other country. The analysis and
visualization of environmental and epidemiological data, therefore, are critical for predicting public
health outcomes. Many interpretations of the affects from the Chernobyl accident appeared in post-
Chernobyl years. The after effects of radiation 11 years following the accident, however, are yet to be
explored and are, therefore, poorly understood. The situation has been exacerbated by a lack of
experience in using modern statistical interpolation methods together with a GIS. Such techniques can
reveal the interrelations between spatial distributions of radioactive contamination and disease
incidence rates.

During the first weeks after the Chernobyl accident the main dose loads on the population were
from external radiation by short-lived radionuclides. Levels of the territory contaminated by short-
lived radionuclides, in particular 'i, were so high that the corresponding exposure of millions of
people was qualified as "iodine shock." In the first days after the accident residents of Belarus
received the majority of their doses of radiation on their thyroid gland. This will result in long term
health problems for these populations. The epidemic of childhood thyroid cancer is the first
indisputable health after-effect of the accident. Reconstruction of dose loads on the population in the
initial period of the Chernobyl accident and estimation of thyroid cancer risk in Belarus have been
investigated in [1-3].

At present (and over the next decades), the main hazard comes from IA7CS and wSr. Today,
internal exposure from human intake of l37Cs contaminated food contributes to approximately half of
the population income of the inhabitants of villages in Belarus affords these populations no access to
"clean" (non-contaminated) food. They, therefore, consume vegetables, potatoes and milk cultivated
on their own personal properties as well as mushrooms and berries from nearby forests.

This current investigation is based on more than 50,000 measurements of l37Cs contents in the
main types of food, which were carried out in the Byelorussian Institute of Radiation Safety in 1993.
The cases of ' '7Cs content in food exceeding the upper permissible level (UPL) were included in the
information bulletins [4], which allow one to carry out the address help to the families under high
radiation risk.

For decision making on the regional scale, however, the use of modern methods of spatial
analysis is needed. This report brings the results of processing data on U7Cs food contamination into
the framework of a geostatistical approach. All databases were processed and visualized using the GIS
MapStudio [5.6].
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137Cs food contamination in Belarus in 1993

At present, the main sources of radiation hazard for the population living in contaminated regions
are internal exposure from food and external exposure from gamma dose rate in the air. The official
data of internal and external doses for more than three thousand Byelorussian settlements were
published in 1992 [7]. In this investigation internal exposures have been estimated, based on
measurements of ii7Cs and 90Sr in milk and potatoes, taking into account the average consumption of
these types of food for the whole Belarussian population. Unfortunately, maps of exposures have not
been published until now.

Our investigation demonstrates that the consideration of additional products leads to an increase
in estimation of internal exposure by two-three folds in comparison with [7]. The initial database
contains 53,207 records of food contamination in 83 types of food, which are distributed very non-
uniformly both as geographical locations and as type of food, see table I.

Table 1. Exceeding
Food

Cranberry
Bilberry
Mushrooms
Milk
Pork
Sour cream
Cottage cheese
Well water
Carrots
Cabbage
Potatoes

UPL in food in rural
UPL, Bq/kg

185
185
370
111
185
111
111
18,5
185
185
370

settlements of Mogilev, Gomel and
Number of
settlements

100
317
292
675
229
83
103
243
252
182
472

Number of
Measurements

429
1383
1123
19111
234
242
344
2141
1439
590
4996

Brest provinces in 1993.
Exceeding UPL, %

62,70
61,03
56,0
14,85
14,10
12,81
11,63
8,78

• 5,84
4,41
1,64

For decision making it is interesting to find regions in which it is dangerous to consume each type
of food. We have prepared probability maps for each type of food based on indicator kriging
approach. Figure 1 presents data samples of food contamination in mushrooms and a map of
conditional probabilities that the UPL for mushrooms was exceeded.
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Figure I. a) Food contamination in mushrooms, Bq/kg. b) Conditional probabilities that upper

permissible level for mushrooms was exceeded, indicator kriging estimation.

153



A number of factors influence the uptake of radionuclides from soil to plant, including the level
of soil contamination, the soil type, and the type and extent of countermeasures. We have analyzed the
spatial correlation between 137Cs in the food and in the soil and found that this dependence is very
complicated. Figure 2 presents the results for food contamination in milk and milk-soil transfer.
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Figure 2. a) Food contamination in milk, Bq/kg. b) Milk-soil transfer, ordinary kriging

estimations, Bq/I per kBq/sq.m.

Maps presented in Figures 1 and 2 are different from the map of l37Cs soil contamination,
especially in relation to the western passage of radioactive cloud in the very first days after the
Chernobyl accident.

An estimation of internal dose on the Belarus population in 1993

The estimation of the internal exposure was made based on the following components of food:
milk, potatoes, vegetables, fruit and berries, meat, mushrooms, fish and bread. We had enough
information for 120 rural settlements. We used the dietary habits of the adult rural population of
Belarus and information about diet of children from the Chernobyl zone [4].

Figure 3a presents the structure of the internal dose loads from food for the adult population in
1993 based on information for 120 rural settlements for which we have at least 50 measurements.
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Figure 3. a) The structure of the internal dose loads from food for the adult population in the

1993. b) Spatial structure of the internal exposure, mSv, disjunctive kriging estimation.
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The result of dose estimation shows that the contribution to total dose from consumption of milk
and potatoes is about one half of the whole body dose received by the population. This finding
discredits the common practice of utilizing only milk and potato consumption data to estimate internal
dose [7,8]. It should be noted that rural citizens who live near forests potentially consume
contaminated "forest gifts" - berries and mushrooms - than reflected by average values commonly
used in calculations.

The population under high radiation risk extends throughout most of the southern part of Belarus.
As was mentioned in [4], practically all children in this area have problems with health.

In the near future we are planning to extend this investigation to take into account additional
environmental and epidemiological information.

Acknowledgments

I thank Prof. V.Nesterenko for giving me the data on food contamination and Mr. A.Makeichic
for help in the data processing.

References

[1] A.LUTSKO, K.KRJVORUCHKO. Analysis of methods and reconstruction of iodine doses
from the Chernobyl release in Belarus. International Conference "One Decade After
Chernobyl". Vienna, Austria, 8-12 April 1996, Vol. 2.

[2] K.KRIVORUCHKO, A.GRIBOV. Dynamics of thyroid cancer risk in Belarus in connection
with iodine contamination. Ecological Antropology, Minsk-Lublin-Lodz (1997) 436-441.

[3] K.KRIVORUCHKO. Geostatistical Picturing of Chernobyl Fallout and Estimation of Cancer
Risk Among Belarus Population. Third Joint European Conference and Exhibition on
Geographical Information, Vienna, Austria, April 1997, Vol. 2, pp. 676-685.

[4] H E C T E P E H K O B.B. PaflHauHOHHbiR MOHMTopHHr npoayicroB nHTamia ce/ibCKMX WHTcnefi,

HOBbie KOHuenuHH peKOHCTpyKUHH nojiHofi flO3bi H KaTajiora H3MepeHHbix a,O3 o6.nyHeHMfl

jKMTe/ieH 4epHo6bi.nbCKOH 3OHbi Ee/iapycH. MH<|)opMaunoHHbtH 6ian.neTeHb N° 1-6; flpaBO H

3K0H0MHKa, MHHCK (1996-1997) .

[5] K.KRIVORUCHKO, A.GRIBOV, I.FIGUR1N, S.KAREBO, D.PAVLUSHKO, D.REMESOV,
A.ZH1G1MONT. MapStudio: The Specialized GIS Integrating Possibilities of Geostatistics.
Third Joint European Conference and Exhibition on Geographical Information, Vienna,
Austria, April 1997, Vol. 1, pp. 187-196.

[6] M.MAIGNAN. K.KRIVORUCHKO. Integration GIS and Geostatistics: A Software and a Case
Study. Proceedings 18lh ICA/ACI International Cartographic Conference. Stockholm, Sweden,
23-27 June 1997, Vol.2, pp.925-932.
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