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INTRODUCTION

The radiation induced pathology of the thyroid gland comprising specifically the cancer cases in
children are currently recognized to be the only indisputable health after-effect of the Chernobyl
accident [1-3]. The iodine prophylactics took place neither in Belarus nor in the Ukraine or was effected
only too late. Thus with rather full case registers available there is a unique possibility to determine the
radiation risk coefficients for NPP large-scale accidents at least for the pathology mentioned above. For
the measuring equipment being regretfully inadequate to the scale of the radiation exposure in the eariy
(or so called iodine) phase of the accident, the detailed information on the spreading of the iodine
nuclides and the doses to thyroid gland has been irretrievably lost

There are a number of approaches exercised to the reconstruction of iodine release and fall-outs
which are mainly based on tbe isotopic ratio, m [4] tide correlation has been established empirically
between the cesium and iodine fall-outs:

af131 I) = 3,77[af37Cs) - a<^37Cs)f-M7,

where a - the surface acitivities expressed in Ci-km*2 (1 Ci-km"2 = 37 kBq-m"2) as for May 15,1986;
ao = 0,057 Ci-km"2 - a pre-accident level of 137Cs global fell-outs.

hi [5] the attempt has been made to build up a map of contamination across Belarus as forme 10th
of May, 1986 using the above expression along with the results of the aero-gamma survey performed in
the middle of May 1986, and also the milk contamination maps available for the same period.

The limitations of this particular approach, though none of them is expected to restore the maps of
the iodine spatial spreading with the absolute accuracy, can be brought to the following. Fume
temperatures, chemical properties as well as the natural behaviour of cesium and iodine differ to a
considerable extend. Thus it is of no surprise that the expression given above describes the iodine fell-
outs only for a certain part of the eastern trace, and consequently it appears to be inapplicable for most
cases [4]. m mis context the aero-gamma survey done three weeks later after the start-up of the release
and applying its results to a short-living isotope can be treated merely as an additional information. As
for the milk contamination maps they present data for the integrated activity obtained through a scarce
network of radiometric sites which foiled to be arranged timely.

The method of me iodine isotopic ratio seemed to be a promising one. However among 24 well
known isotopes there are only three with their half-lives T longer then mat of l31I - l2SI (60.2 days), 126I
(12.8 days) and 129I (1.7'107 years). On commencing the reconstruction the first two had already
decayed long ago. As for iodine-129 it is known [6] that by the time of the accident the 129I/131I ratio in
the active core accounted to -2.5* 10"*. With the allowance made for the ratio along with the nature of
radiation emitted by the isotope it offers no difficulty to arrive to a conclusion that the potentialities of
the most sensitive modem analysis methods (built upon using enriched soil samples) will enable to
determine only the high activity fell-outs of 131I [5,7] which could hardly take place even in the vicinity
of the reactor site. However major doubts arise in connection with the extreme mobility of the element:
it is unlikely that a couple of years later the distribution will follow the release pattern of the early
period.
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METHODOLOGY

The present paper suggests a method for the dose reconstruction that differs from those mentioned
above and is based on experimental dosimetric exposure measurements. The choice of the initial values
of an exposure dose can be justified with the following arguments to be brought forward: in Belarus in
the pre-accidenl time mere existed the network of meteorological stations equipped with the accredited
standard dosimeters #11-5 which could start regular measurements immediately after the accident, and
also the station for background monitoring, established in the National Reserve of Beryozinsk in the 60s
for the purpose of registering the global fall-outs resulted from the test explosions. The earry information
on the exposure dose rate started to arrive at 9 a.m. April 26. Next day more frequent measurements
were initiated in the South of the country; on April 28 the measurement data were being registered at all
the meteorological sites available in Belarus with a three hour interval (Fig. 1).

Fig.l. The Hydrometeorological Service station network in the territory of Belarus in 19S6.

Hence the data base of comparable data for the whole country is available. Scarce as they are, these
measuring sites nevertheless provide the most reliable data due to the simplicity of measuring equipment
used and also describe the relative changes in the gamma background registered from the very rise of the
accident Daily observation data have been simulated by the following function:
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where D(t) - the calculated exposure dose rate, B - a value to be calculated that corresponds to a
long-living component ( cesium isotopes, mainly) in the period under consideration; S - a constant to be
calculated; c, and />, - per diem releases for all radionuclides and 131I during April 26 -May 5, 1986
according to [9], respectfully; Tt and Tx - the !31I half-life and the integrated component to be calculated
of the isotopes with a half-life shorter that of 1 3 I t / - the time passed from the very outset of the
accident, days.

The values B, S, Tx have been determined by minimizing the function, ~~ 2Lt \ ^ v * ) ~~ v
n t=l
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where D(t) - the data observed at the sites at the day t after the start of the accident In so doing the
model has been chosen that permits, with allowance made for the nature of release, the values for the
three components of an exposure dose to be determined through short- and long-living "/-emitters and 131I
radiation.

In the initial phase the into-deepening of the radionuclide fell-out on the surface can be neglected ,
and the conversion coefficients vnll not be affected by the specific properties of soils. In this case the
universal conversion coefficients can be applied for I31L The values for the 13II surface contamination
are obtained for a singled-out iodine calculated component by using the transition coefficient 1% = 3.6
10"16 (Sv/c)/(Bq/m ) [9]. Fig. 2 shows the example of calculation made for the I3II surface
contamination for several settlements in Belarus. As is seen from Table I there is an adequate agreement
between the direct measurements and the results of this calculation for the early days of the accident
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Fig.2. An example of calculation made for 131I soil contamination in several cities in Belarus.

Table I. Direct measurements of 13II fall-out [5] and the results of calculation during the early days
after the accident

City

Pinsk
Brest

Gomel
Baranovichi

Grodnj

Date

27^8.04.86
27-28.04.86
28-29.04.86
28-29.04.86

27.04.86

Data,
kBqm-2

740
110

2450
150
260

Calculation,
kBq-m"2

600
117

2677
141
277

Unfortunately the experimental measurement data on the 13II fell-out in succeeding days are not
available and the comparison can be made only with the results on the dose reconstruction [5,6] as of
May 10, 1986 (Fig.3) A fairly adequate agreement of data is observed for 14 out of 30 settlements
located both in the zone adjacent to Chernobyl NPP (Mozyr, Chechersk, Pinsk) and the remote one
(lida, Mogilev). At the same time our calculations show big cities like Minsk and Brest having the
iodine fall-out of an order of magnitude higher.
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Fig.3. Hie 131I contamination of soil in the territory of Belarus as for May 10,1986 (Reconstruction
made by the State Belgidrometeologkal Service).
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Fig.4. Probabilistic simulation of til 13II soil contamination across the territory of Belarus as of May
10, 1986 - the exceeds in the surface contamination for the levels of 185(a), 370(b), 1850 (c) and
5550(d) kBq-nr*, respectively.
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RESULTS

Three different techniques of spatial data interpolation have been used for mapping the iodine fell-
out in the period of May 1-31, 1986 . The trend surface analysis based on the polynomial regression
[10] as well as the method based on the Voronoi map, which merges geometrical problems and graph
theoretical solutions [11] have not provided adequate results because of a scarce number of experimental
observation sites, ft was the reason of applying the analysis based on a geostatistical approach [12] with
a special software developed to that end. The main idea of the predictive statistics resides in classifying
any non-measured value of z as a random variable Z, the probability density of which can define the
uncertainty around z. This approach enables one to obtain the interpolation maps as well as to build up
the probability maps of the exceed over a given level on the base of the spatial uncertainty for the values
predicted. Fig. 4 presents the results of the probabilistic simulation of the 131I soil contamination across
the territory of Belarus as of May 10,1986 - the exceeds in the surface contamination for the levels of
185, 370,1850 and5550kBqm"2, respectively.

Fig.5 presents the result of simulation of the map for the 13II surface contamination in soil in the
territory of Belarus as for May 10,1986 ( probability evaluation - 75%).

The maps shown in Fig.4 and 5 have been biult by using the exponential anisotropic model.

For the reconstructed iodine component of the exposure dose rate the external and internal exposure
doses to thyroid gland have been determined. The per diem external doses De& are calculated from the
equation:

Dext (mSv) = krkrk3FP,

where ki = 0,0087 - the conversion factor from an exposure dose to an absorbed dose in the air,
Gr-R"1; k2 = 0,7 - the conversion factor from the effective dose in the body of an adult individual;
Sv-Gr"1; 1̂  = 24 - twenty-four hours; F= (0,24 - 0,41) - the shielding factor for various types of
settlements; P -the exposure dose rate due to the iodine contribution.

Fig.5. Simulating the map of the m I surface contamination in soil in the territory of Belarus as for
May 10,1986 (probability evaluation -75%).
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Table II. Doses to the thyroid gland for several settlements.

City

Bragin
Brest

Gomel
Grodno
Khoiniki
Minsk

Mogilev
Pinsk

Polotsk

External Dose,
mSv
29.500
0.012
0.611
0.012

21.901
0.012
0.011
0.012
0.013

Internal Dose,
mSv
10727.6

137.7
846.6
195.8

8136.0
163.8
121.8
303.2
29.9

Cumulative Dose,
mSv
10757.1

137.7
847.2
195.8

8157.9
163.8
121.8
303.2
29.9
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Fig.6. Increased incidence of the thyroid gland cancer among the population of Belarus after the
accident.

Hie internal exposure doses to thyroid gland from I3II, received through the surface contamination-
cow-milk chain (on assuming that the population does not migrate and keeps to a local food diet) are
derived from:

where aM - ml per diem 611-outs, Bq m'2; k' = 1.3 m2 - the conversion ratio in a human body
though milk; k"= 5.1" 10 "7 Sv Bq"1 - the conversion ratio from the m I activity to the dose absorbed in
thyroid gland. For calculating the accumulated dose to thyroid gland the consideration was made for the
biological half-life of 7.6 days.

Table II presents the dose contributions and the cumulative dose commitment to the organ in the
result of the iodine exposure for several settlements located at various distances from the Chernobyl
NPP; the latter being integrated over a three month period after the accident.
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Finally it is of importance to compare the results obtained for the dose load spacial reconstruction of
the iodine phase with the distribution of the thyroid gland cancer cases. To this end maps of the
increased incidence (covering the period from May 1986 to January 1994) have been built for both the
adult (over 3000 cases) and the children population register (330 cases) by the method based on the
minimum spanning tree [13]. Fig. 6 illustrates the mapping for the thyroid gland cancer in adults.

As is seen, the map (Fig.5) we have built includes all the clusters available on the increased thyroid
gland cancer incidence.

CONCLUSION
Though mis work is currently in progress we feel that the approach proposed for reconstructing the

doses of the iodine phase with using the GIS-technology tools is rather promising as it can provide the
results which will not contradict the observed spreading of the thyroid gland pathologies and also offer a
reliable estimation of the risk coefficients for the case being considered as well as that of the cumulative
dose for the initial period of the accident
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