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1. Introduction

The reports on the consequences of the reactor accident at Chernobyl in late April 1986 have been

extremely contradictory as yet. In the post-Soviet republics affected by the accident there was a

general lack of reliable information concerning the levels of radioactive contamination of the

environment and of foodstuffs. Where data were given, they were insufficiently supported and

explained.

Not least, these circumstances led to considerable disquiet and concern amongst the public even at

a great distance from the site of the accident. In order to assist in informing those affected and

above all to determine their actual radiation exposure, the Federal Republic of Germany performed

a measuring campaign in the three post-Soviet republics between Moscow and Kiev in the years

1991-1993. For this purpose, the Federal Ministry of the Environment made available funds of

about DM 12 million.

Starting in 1991 a total of 22 vehicles with 27 measuring assemblies and more than 150 staff,

recruited on a voluntary basis from various institutions in the Federal Republic of Germany, were

engaged in the first measuring campaign lasting from mid-May to early October 1991 (1). In the

following two years the programme was slightly reduced.

Great store was set by the comprehensive information of the population. In addition to general

information through the media two leaflets were distributed to all visitors to explain the

radiological situation. Each person undergoing measurements or bringing food samples received a

form with the results and a short explanation in Russian. This was favourably accepted by the

public.

2. Environmental Measurements

In each settlement the measuring programme began by determining the area dose rate and the soil

contamination. Subsequently, basic foodstuffs, such as water, milk, meat, potatoes, bread and

cereals, were examined by gamma spectrometry as an aid to interpreting the whole-body

measurements. All foodstuff supplied by the public was measured. Each participant was given the

contamination result measured for his food sample and a brief explanation in Russian on a specially

designed form.

A total of more than 4000 food measurements, more than 500 soil examinations and more than

1000 area dose rate determinations were carried out.
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Fig. 1 : Relation between Cs contamination in milk and soil contamination on meadows in 1991

and 1992

The strong relation between the cesium ground contamination and the area dose rate is confirmed

by our measurements. The gradient of the correlation line for undisturbed ground (pastures)

corresponds to a dose rate-ground contamination relationship of about 1.1 uSv/h for

1000 kBq/m2 of Cs contamination on soil. For arable land (fields) it is 0.5 uSv/h.

In 1991 the average milk concentration east of Novosybkov in the Klincy district was about 130

Bq/kg, on the basis of 227 milk samples from private farms. But maximum values were still high,

the highest was 3700 Bq/kg. In this district, the official limit of 370 Bq/kg was exceeded for 25%

of all results.

A correlation was found between the milk concentration and soil contamination of pastures. The

milk concentration in relation to the contamination of pastures for the years 1991 and 1992 is given

in fig. 1 The correlation is weak but evident. In 1993 the correlation could not be confirmed.

3. Incorporation Measurements

Three semitrailers with 4 measuring assemblies each and up to 4 box-type delivery vans with 2

measuring assemblies each were employed for the whole-body measurements. This permitted

flexible operation. The delivery vans enabled measurements to be carried out at small settlements

and the semitrailers were parked in towns or large villages where they remained stationary for a

few weeks thus permitting a high throughput.

It was to be expected the detectable incorporation of the population would only consist of the

gamma-emitters Cs-137 and Cs-134. Even in 1990 other international projects, especially the
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IAEA project, could only find these radionuclides in human bodies. On the basis of the

environmental and food measurements, a significant contamination of the population with Sr-90

and Pu-239 was finally ruled out.

Therefore, an important criterion for selecting the measuring systems was a sufficient detection

sensitivity for the isotopes Cs-137 and Cs-134 in a short measuring time appropriate for the

measuring task. It should be possible to detect a Cs activity of 1 kBq in the human body within a

measuring time of 1 minute. This requirement was fulfilled not only by spectroscopic, nuclide-

resolving measuring systems but also by simpler systems with plastic scintillators. This mixed

system permitted mobility and cost savings since the instruments operating radiometrically were

much lighter and considerably cheaper.

For intercalibration purposes, comparative measurements were carried out each year with a whole-

body phantom made available by our Russian partners from the Scientific Research Institute for

Hygiene at Sea of the Ministry of Health of the former USSR.

Measurements were carried out in more than 240 settlements in the ten regions of Bryansk,

Kaluga, Orel, Tula in Russia, Gomel, Mogilev, Brest in Belarus and Kiev, Shitomir, Rovno in

Ukraine.

All measured data were evaluated according to three categories. The breakdown of these
categories can be seen from table 1. A differentiation was made between adults and children. The
limits for children were selected in such a way that for 5- to 12-year-olds the respective dose
corresponds to the limits for adults. For babies a special counter was developed and put into
operation in 1992. For this group the limits were reduced once more.

Table 1: Division of the measured data into categories

category 1
category 2
category 3

adults
up to 7 kBq
7 kBq to 25 kBq
over 25 kBq

children
up to 4 kBq
4 kBq to 15 kBq
over 15 kBq

The limit of 7 kBq actually results in an effective dose of 0.3 mSv/a and the activity of 25 kBq

leads to an effective dose of 1 mSv/a. Measurement results in the first category do not give any

cause for concern. Body activities within the second category are also sufficiently safe, but in this

case it was recommended to limit the intake of food known to be highly contaminated (e.g.

mushrooms, game). The values in the third category do not in any case exceed the permissible

limits of intake according to ICRP 30. The highest measured result was 770 kBq. For continuous

uptake of Cs-137 the annual dose limit of 50 mSv/a corresponds to a body burden of more than

1000 kBq.

A summary of all body counter measurements carried out by German experts from 1991 to 1993 is

given in table 2. A total of 317,011 measurements were performed in the three republics Russia,

Belarus and Ukraine. The total number of measurements decreased from 163,000 in 1991, to

90,000 in 1992 and 64,000 in 1993 due to our continuously reduced funding and a reduction in the
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Table 2: Summary of all German body counter measurements 1991-1993

1991
Total Russia
1992
Total
Russia
Ukraine (Fastov)
Belarus
1993
Total
Russia
Ukraine
(incl. Rovno)
Belarus
1991-1993
Total

number

163 033

90 460
49 858
11 373
29 229

63 518
14 836
36 126
2 773
12 556

317011

cat.l

93.7 %

90.6 %
85.8 %
100%
95.2 %

81.0%
70.0 %
84.5 %
38.6 %
83.8 %

90.3 %

cat. 2

5.3 %

7.9 %
11.7%

0 %
4.4 %

14.6 %
22.9 %
11.9%
34.9 %
12.4 %

7.9 %

cat. 3

1.0%

1.5%
2.5 %
0 %

0.4 %

4.5 %
7.1 %
3.7%

26.5 %)
3.8%

1.8%

interest of people who in the previous year had been found to have low exposure. Nearly 90 % of

all results are within the lowest category 1, about 8 % are in category 2 and only 2 % must be

assigned to category 3.

Some particularities can be observed for the different republics and for different years. Thus, the

category 3 fraction increased over the 3 years from 1 % to 1.5 % and 4.5 %, probably due to the

reduced interest of people with low exposure in a repetition of their measurements.

The highest fraction of category 3 results was found in 1993 in the district of Rovno where 26.5 %

had to be assigned to the highest category. In Rovno in the western part of the Ukraine the ground

contamination is not high. Thus, the high body burden in these inundated areas demonstrates the

overriding importance of transfer factors.

4. Measurements of the external Dose

In 1992 and 1993 the measuring programme was supplemented and completed by personal dose

measurements of the external dose. They were performed in collaboration with colleagues from the

Novosybkov branch of the Institute for Radiation Hygiene in St. Petersburg. The personal dose

was mainly measured in Russia near the western border of the Bryansk region in the districts

Novosybkov, Slinka, Klimovo, Krasnaya Gora, Gordeyevka, Klincy and Starodub. In 1992 a minor

part of these measurements (about 10 %) was done in the Gomel Region in Belarus in the districts

Narovlya, Dobrush, Chechersk and Korma.

Personal dose measurements were carried out in about 100 selected settlements with varying Cs

ground contamination from less than 74 kBq/m2 to about 3700 kBq/m2. In some of these

settlements decontamination measures had been previously taken. The settlements also varied due

to size and economy (agricultural, industrial).
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Fig 2 . Correlation between the person-related dose rate 11, and the soil contamination in villages

The dosemeter was a tissue equivalent LiF thermoluminescence detector of the type TLD-100.

The dosemeter was distributed together with an information sheet and a questionnaire for statistical

reasons.

The measurement of the personal dose was carried out in summer 1992 and 1993 between May

and September. A supplementary measuring campaign took place in winter 1993/94. In 1993 every

person being monitored received a second dosemeter to determine the area dose rate in their home.

Figure 2 shows the correlation between person-related dose rate and soil contamination for the

1992 and 1993 measurements. The deviation of the values for high soil contamination is to be

attributed to decontamination measures since the contamination values specified apply to the

original contamination prior to decontamination.

These regression lines allow an estimate of the personal dose equivalents.

The effective dose equivalents estimated are compiled in table 3 for a soil contamination of 1

kBq/m2. The contribution from natural radiation exposure was not taken into consideration. The

effective dose equivalent in lines 1 and 2 was calculated from measured area dose rates under

consideration of shielding and staytime factors inside houses. The effective dose equivalent in line 3

is calculated from the soil activity according to the official method of the State Committee for

Hydrometeorology in Russia with a derived area dose factor ADF = 0.13 mSvkm^Ci'-a*1. Line 4

is based on personal dose measurements by the Institute of Radiation Hygiene, St. Petersburg (2),

and the effective dose equivalents in lines 5 and 6 are derived from fig. 2.

As was to be expected, there is not complete agreement between the effective doses calculated

according to the different methods. The values derived from the area dose rate are higher than

those from personal dose measurements. It should be noted that the calculation of the effective
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Table 3: Comparison of effective dose equivalent determined according to different methods

for a soil contamination of 1 kBqm*2

line

A
1
2
B
3
C
4
5
6
7

method

from the area dose rate
assuming 0.92 uGyV-MBq'-m2 from [2]
German measurements over pasture (1.1 uSv h"I-MBq'1-m2)
from soil contamination
official method of the State Committee for Hydrometeorology
from individual dose measurements
Institute of Radiation Hygiene
TLD for villages (German measurements)
TLD for villages (German measurements)
TLD for towns (German measurements)

year

1991
1992

1991

1991
1992
1993
1992

H
uSv/a

2.52
2.66

3.51

2.10
1.62
1.34
0.77

dose from the area dose rate was based on some very generalized assumptions. The values derived

from personal dose measurements should be most reliable since they take precise account of the

presence of persons at differently contaminated locations

5. Dose Assessment

Actual dose.

The dosimetric evaluation of the measurements is given in tab. 4 for the villages with the highest

average body activity in 1993. On the assumption that the cesium body burden is constant over the

whole year, an ingestion dose factor of 0.04 mSv/kBqa for adults >20 a applies.

Further, tab. 4 presents the results of the external dose calculation for the mean soil contamination

of each village. According to tab. 3 the calculation of the external dose equivalent from soil

contamination was performed applying the area dose factors measured by TLD measurements.

The highest current total doses were found in Kirov in the Narovlya district. This is a settlement

near to the forest with a high degree of self-sufficiency. In the Rovno region internal doses are high

and the external doses are low because soil contaminations are low.

The ICRP dose limit for the general population of 1 mSv/a is exceeded in most of the villages given

in tab. 4, but in no case the dose limit for translocation (5 m Sv/a) was reached. All results are

given for adults. For children the doses are in the same range, because, in general, they had

significantly lower contamination. This compensates the higher biological sensitivity.

Dose reconstruction:

The external dose reconstruction makes use of the fact that the decrease in the dose rate of the Cs-

137/Cs-134 mixture due to the physical decay, considering the higher area dose factor for Cs-134,

for a 10 a period since 1986 is about 65 %; 18 % in the first year, 4 % in the tenth. In addition,
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migration effects must be considered. Our measurements in 1992 over undisturbed ground yielded

a mean value of 0.69 nGy/h over soil contaminated with 1 kBq/m2 Cs-137. This is a reduction of

63 % compared with the 1986 value of 1.82 nGy/h given by Russian scientists (2). Thus, migration

effects are in the same order of magnitude as physical decay. For our calculation we considered all

these effects with the consequence that an annual dose in 1993 resulted in an 18 times higher 10 a

dose.

The reconstruction of the 10 a-internal dose on the basis of our whole body counter measurements

needs some knowledge about the development of the activity level in humans during the first few

years after the accident. Results from Russia and Belarus (3) reveal a decrease by a factor of 10

from 1986 to 1991. But unfortunately, this information is not very sure due to the fact that the

measurements were not carried out systematically over the years always with the same persons.

Therefore, the variation for these results is great.

Systematic monitoring of a fixed group of persons over the first few years after the accident was

performed in Germany. After an initial increase in 1986, an exponential decrease was observed

since 1987 with a factor of about 20 for the first 5 years (1991). Considering the fact that the

contamination and the life style in rural German areas like Berchtesgarden seems to be more similar

to urbanized Russian areas, we suggest for dose reconstruction purposes for towns in the CIS a

decrease by a factor of 20 from the end of 1986 to 1991. For villages we suggest a decrease by a

factor of 15 from the maximum at the end of 1986 to 1991, being between the German and the

Belarussian experience.

Tab. 4: Annual dose 1993 and 10-year doses for adults in settlements with the highest body

activities measured in 1991-1993

village

Cheremel
Veshiza
Kirov
Staroye Selo
Drosdyn
Unecha
Veprin
Beresovka
Sarechye
Tulukovchina
Uvelye
Verbovka
Saborye

district

Rovno
Rovno
Gomel
Rovno
Rovno
Klincy
Klincy
Klincy
Klincy
Klincy
Krasnaya Gora
Rovno
Krasnaya Gora

int. dose
[mSv/al

2.3
2.2
2.2
1.8
1.7
1.3
1.5
1.3
1.3
1.1
1.1
1.0
1.0

ext. dose
[mSv/a]

0.1
0.1
1.9
0.1
0.1
0.7
1.3
0.3
0.5
0.5
0.6
0.1
3.1

10 aim. dose
mSv
104
92
90
72
70
51
62
53
53
46
46
41
41

10 aext. dose
mSv

1
1

34
1
1

11
21
5
9
10
29
1

56

10 a total
dose, mSv

105
93
124
73
71
62
83
58
62
56
75
42
97
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In tab. 4 the results of the ten-year dose equivalent for the external and internal doses are listed for

those villages and towns of the three republics which had the highest mean body activities.The

highest 10 a total dose is 124 mSv. This value does not represent any acute health risk and is below

the ICRP dose limits for persons professionally exposed to radiation.
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