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ABSTRACT

The paper considers the method of reconstructing the iodine-131 fall-outs based on
the systematic per diem exposure measurements. The measurements used were taken with
standard DP-5 dosimeters at the monitoring sites of the State Hydrometeorological Service
network. These data have been collected since the Chernobyl N PP accident.

A short-living exponent has been deduced from the exposure dose dying away. Maps of
the iodine-131 release in the period of May 1—31, 1996 have been constructed in the
attempt to estimate the doses for the initial period of the accident. The paper also dwells on
the intricacy of the problem and the refinements to be made for the dose commitments with
allowance for a continuing release and meteorological changes that are comparable in time
with the half-life events of '-"I decay.

A comparative analysis has been made of various methods of the dose reconstruction.
The results obtained are compared with the maps of the increased incidence of the thyroid
gland cancer in adults and children in Belarus.

INTRODUCTION
The radiation induced pathology of the thyroid gland, with specific attention to the

cancer cases in children, is currently recognized to be the only indisputable health after-
effect of the Chernobyl accident [1-3]. The iodine prophylactics was done neither in Belarus
nor in Ukraine or was carried out too late. With many cases existence, therefore, there is a
unique possibility of determining the radiation risk coefficients for NPP large-scale acci-
dents, at least for the pathology mentioned above. Due to the unfortunate fact that measur-
ing equipment was inadequate to monitor the scale of radiation exposure in the early (or so
called iodine) phase of the accident, the detailed information on the dissipation of the
iodine nuclides and the doses to the thyroid gland has been irretrievably lost.

There are a number of approaches utilized to reconstruct the iodine release and fall-
out which are mainly based on the isotopic ratio. In |4] the correlation has been established
empirically between the cesium and iodine fall-outs:

a('-" 1) = 3,77/a('vC.s) - ao('-'
7Cs)l"M\

where a = the surface acitivities expressed in Cikm -(I Cikm 2 = 37 kBqm -) as for
May 15, 19S6; a0 = 0,057 Cikm - - a pre-accident level of '"Cs global fall-outs.

In |5] the attempt has been made to construct a map of contamination across Belarus
since May 10, 1986 using the above expression along with results of the aero-gamma survey
performed in the middle of May 1986 and milk contamination data available for the same
period. The resulting map looks like the map of contamination of l17Cs.

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 and chemical properties, as well as the natural behaviour
of cesium and iodine, differ to a considerable extent. It is, therefore, of no surprise that the
expression given above describes the iodine fall-outs only for a certain part of the eastern
trace, and, consequently, it appears to be inapplicable for most cases |4]. In this context the
aero-gamma survey, conducted three weeks after the release occured, and the subsequent
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application of its results to a short-living isotope can be treated merely as an additional
information. As for milk contamination, maps present data for the integrated activity ob-
tained through a scarce network of radiometric sites which failed to be arranged in a timely
fashion+.

The method of the iodine isotopic ratio seemed to be a promising one. Among 24 well
known isotopes, however, there are only three with their half-lives T longer then that of
'-"1 - '"I (60.2 days), 126I (12.8 days) and >291 (1.7-10' years). Upon commentment of the
reconstruction, the first two isotopes had already decayed. As for iodine-129, it is known
|6] that by the time of the accident the l29 |/mI ratio in the active core accounted to =2.5-10 \
With allowances made for this ratio and given the nature of radiation emitted by the
isotope, the conclusion is that the potential for the most sensitive modem analysis methods [7]
will enable determination of only the high activity fall-outs of m 1 |5,8|. Major doubts arise,
however, in connection to the extreme mobility of the element: It is unlikely that a few years
after a release, the distribution will follow the release pattern of the early period.

METHODOLOGY
This 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 argu-
ments: in Belarus in the pre-accident time, anetworkof meteorological stations equipped
with accredited standard dosimeters DP-5 existed. These dosimeters commenced regular
measurements immediately after the accident. A station for background monitoring, estab-
lished in the National Reserve of Berezinsk in the 60s for the purpose of registering global
fall-outs resulting from the test explosions also existed. Early 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 regis-
tered at the 30 meteorological sites in Belarus on a three hour interval.

The Obninsk observatory data included 15 observation sites on the territory of Lietuva
and north Ukraine. This observatory allowed us to gather more precise information about
contamination in the south and west of Belarus.

Hence, a 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.They also describe the relative changes in gammabackground
registered from the very start of the accident. Daily observation data have been simulated by
the following function:

In 2 -'">') , In 2
ii~—e " +{a- po~ e '*

where B{j)- 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; .? - a constant to be calculated; c and pt - per diem releases for all radionu-
clides and i!'l during April 26 -May 5, 1986 according to |9|, respectfully; f\ and 7' - the
"I half-life and the integrated component to be calculated of the isotopes with a half-life

shorter that of IMI; / - the lime passed from the very outset of the accident, days.
The values B, S, 7( have been determined by minimizing the function,

, where D(t) - the data observed at the sites on the day 1 after the



start of the accident. In so doing, a 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 y-emitters and 131I radiation.

In the initial phase the absorption of the radionuclide fall-out on the surface can be
neglected , and the conversion coefficients are not affected by the specific properties of soils.
In this case, the universal conversion coefficients can be applied for "'I. The values for the
1311 surface contamination are obtained for a singled-out iodine calculated component by
using the transition coefficient ka = 3.6 10"^ (Sv/c)/(Bq/nv) |9], Fig. 2 shows the example
of calculations made for the 131I surface contamination for several settlements in Belarus. As
is seen in 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, 1. An example of calculation made for Ui 1 soil contamination in several cities in Belarus.

Table 1. Direct measurements of WI fall-out [5} and the results of calculation

during the early days after the accident

Citv

Pinsk
Brest
Gomel
Baranovichi
(iroilno

Date

27-28.04.86
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-in-2

600
117

2677
141

' 'i-.fortunately, the experimental measurement data on tiie ; -I fall-out in succeeding
IMVS an: iioi available, and the comparison can be made only with the results on the dose
reconstruction [5] as for May 10, 1986. A fairly adequate agreement of data is observed for
:4 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 a higher order of magnitude.

RESULTS
For mapping the iodine fall-out in the period of May 1-31, 1986 we used a geostatistical

approach. The main idea of 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 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.
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A brief description of the geostatistical approach is given below. We used an ordinary
kriging method [11-13],

Let x be the coordinate of a point on the plane under investigation. The value of
required variable Z in the point x is considered as a random value, which is normally
distributed over the plane. In the scope of ordinary kriging E)Z(x)} is considered to be equal
to the mean expected value m.

At this point the initial data Y(x) were not normally distributed, and the distribution
function F(y) was defined. The following transformation was applied:

where

1 v -v1

<&(x) = -f=- \e 2 clx - Laplace function.
•42K\2n

Respectively, the reversed transformation was applied to receive the final result:

In the scope of ordinary kriging E{Z(x)| is considered lo be equal to the mean ex-
pected value m. It is also supposed that variation between variables Z(x) and Z(x+h)
depends solely on distance vector h. Thus:

= \ • [var{Z(X)} - 2cov{Z(x),Z(x + h)} + var{Z(x + h)}] = p(o)

where g(h) - is a semivariation, and p(h)=cov{Z(x),Z(x+h)}.
Semivariation is estimated from the initial data set:

where M(h) - the number of settlements separated by the lag h and sum was made
foi ah paires of such data.

In our case the values at data points are not known exactly because of measurement
errors:

7i( x,)' the true value of a quantity being studied at point ^, > transformed to normal

distribution,

4\) ' accidental error of observation at point %.,

z( Y,) - the observed value of a being studied quantity at point Y, . transformed into

normal distribution.
It is assumed that there is no correlation between the observation errors in different

sites and between the observation error and the corresponding value in a site. Also, the errors
are normally distributed with zero mathimatical expectation and a similar dispersion for all
observations.
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In this case:

for non-correlating observations, e.i. i

(j = var|e(.v)} - nugget effect.

If the nature of spatial distribution of initial data is unknown, a model which agrees
most with the initial data is selected.

Hence, in this research we chose a linear model with the nugget effect N:

A' + C — , h \ < A ,
\ A ' j

! .V - C. jhj > A,

where the unknown parameters: N, C, and A are estimated in a way to agree closely
with the initial data. It is also assumed that an average square distribution of the estimations
of semivariogram is proportional to the semivariogram's square for value h:

The same model could be applied where initial data have a microstructure. In our case it
,'i.KT in the area close to Chernobyl: for restricted data there is a sharp rise in eastward

and north-westward directions.
Where initial data are inaccurate and have microstructures, both types of errors will

be summed up under the estimation of the semivariogram.
Estimation of ?(x) is defined by the following formulae:

where N is a number of settlements. Unknown parameters X, (weight coefficients)
should be calculated from the following system of linear equations:

J . I

where f-l is a Lagrange multiplier.



An estimate TC*(X) is unbiased (its mathematical expectation equals the mathematical
expectation of the observed value in the point x) and effective (i.e. this estimate is the best)
in the cases when the initial data are subjected to the normal distribution of random values.

Error variance of the estimate is defined by the following formula:

The value of the error variation shows the uncertainty of data in the considered point x.
This fact makes it possible to obtain the probability maps of exceeding of some predicted
level by the variable under investigation, as well as to draw the level lines with fixed
significance.

Fig. 2 presents the results of the probabilistic simulation of the m l soil contamination
across the territory of Belarus as of May 10, 1986. - the spreading of the surface contamina-
tion for the levels of 1850 and 3700 kBq-m"2, respectively for 45 points of measurement.

. 1XZLZZ,
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a) b)

Fig. 2. Probabilistic simulation of the "'/soil contamination across the territory of Belarus
as of May 10, 1986 - the exceedence of the surface contamination for the levels of 1850 (a) and

3700(b) kBq-m-2, respectively. Contours at 0.30, 0.25, 0.20, 0.15, 0. lOand 0.05.

Figures 3 presents the results of simulation of the maps for the i3lI surface contami-
nation in soil in the territory of Belarus as of May 10, 1986 (probability evaluation - 75%)
for 30 and 45 points of measurement respectively

a) b)
Fig. 3. a) Simulating the map of the '"I surface contamination in soil in the territory of Belarus as for
May 10, 1986 (probability evaluation -75%). State Hydrometeorological Seivice network for 30 settlements.

b) Simulating the map of the '"I surface contamination in soil in the territory of Belarus as for
May 10, 1986 (probability evaluation -75%) for 45 settlements.
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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 Dext are calculated from the equation:

D e x t (mSv) = k . - k ^ - F - P ,
where k, = 0,0087 - the conversion factor from an exposure dose to an absorbed dose

in the air, GrR ' 1 ; k2 = 0,7 - the conversion factor from the effective dose in the body of an
adult individual; Sv-Gr1; k3 = 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.

The internal exposure doses to the 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:

Dinl= V k ' l k " .
where aim - 13II per diem fall-outs, Bq nr2; k = 1 . 3 n r - the conversion ratio in a

human body though milk; k " = 5.M0'7 Sv-Bq"' - the conversion ratio from the l3iI activity
to the dose absorbed in thyroid gland. For calculating the accumulated dose to the thyroid
gland, the consideration was made for the biological half-life of 7.6 days.

Table II presents the dose contributions and the upper 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.

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.S
303.2

29.9
Finally, it is of importance to compare the results obtained for the dose load spatial

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 1995) have been built for both the adult (over 3000 cases) and the child popula-
tion register (330 cases) by the kriging method [14]. Fig. 4 illustrates the mapping for the
thyroid gland cancer in children for.the period of two years.

SltuV * ^1 w1^

a) b)
fig. 4. a) SDR thyroid cancer in children, per 100,000 for 1991. The ordinary kriging estimate for 59

cases of disease, b) SDR thyroid cancer in children, per 100,000 for 1994. The ordinary kriging estimate
for 82 cases of the disease. Probability evaluation is 85%.

As is seen, the maps we have built include all the clusters available on the increased
thyroid gland cancer incidence.
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CONCLUSION
Though this work is currently in progress, we feel that the approach proposed for

reconstructing the doses of the iodine phase via GIS-technology tools is rather promising, as
it can provide the results which will not contradict the observed spreading of the thyroid
gland pathologies. This approach also offers 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.

All maps presented in this article were prepared using specialised Geographical Infor-
mation System GIS GeoModel. G1S GeoModel is oriented to analysing radiological and
epidemiological information, synthesizing the maps of the territory pollution, dose loads
upon population, different types of morbidity and health risk associated with radionuclide
contamination. GIS ISIR was developed in GIS Laboratory of International Sakharov Insti-
tute of Radioecology.
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