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Abstract In order to perform retrospective estimations of radiation doses seven
years after the nuclear accident in Chernobyl, the frequencies of chromosomal
aberrations in the peripheral blood lymphocytes of individuals living in contaminated
areas around Chernobyl and the Estonian clean-up workers were determined. The
first study group composed of 45 individuals living in four areas (i.e. Rechitsa,
Komsomolski, Choiniki and Zaspa) in the vicinity (80-125 km) of Chernobyl and
20 individuals living in Minsk (control group - 340 km from Chernobyl). The
second study group (Estonian clean-up workers) composed of 26 individuals
involved in cleaning up the Chernobyl for a different period of time (up to 7
months) and a matched control group consisting of 9 probands. Unstable aberrations
(dicentrics and rings) were scored in Giemsa stained preparations and stable
aberrations (translocations) were analyzed using chromosome specific DNA libraries
and fluorescence in situ hybridization (FISH) technique. For both study groups the
estimated average dose is between 0.1-0.4 Gy. Among the people living in the
contaminated areas in the vicinity of Chernobyl, a higher frequency of numerical
aberrations (i.e. trisomy, hyperdiploidy) was evident.

1. Introduction

On April 26, 1986, when the radiation accident in the Chernobyl nuclear power plant
occurred, several thousands of subjects were exposed to high doses of beta and gamma
irradiation and a very large number of populated areas were contaminated as a result of the
nuclear fallout. Among subjects exposed, were personnel of the power plant, those living
in the vicinity of Chernobyl and groups involved in rescue and clean-up operations [1,2].
Since reliable physical dose measurements are not available from Chernobyl victims,
alternatively biological dosimetry can be used. Generally, chromosomal aberrations (in
particular dicentrics) in peripheral blood lymphocytes are being used to estimate the
absorbed dose immediately following the accident [3].
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However, difficulties in dose estimation arise for the past exposure, due to a decline of
cells containing such unstable chromosome aberrations [4-6]. Fluorescence in situ
hybridization (FISH) technique employing chromosome specific DNA libraries to "paint"
individual human chromosomes [7] has opened new prospectives for rapid and precise
detection of stable chromosome aberrations such as translocations (which are generally
assumed to remain fairly constant for a long period of time) in peripheral lymphocytes of
irradiated individuals [6,8].

In the present study seven years after the accident; we have used conventional dicentrics
analysis and FISH technique for retrospective biological dosimetry of past exposure.
Different groups were selected, i.e. subjects living in the vicinity of Chernobyl and the
Estonian clean-up workers.

2. Materials and methods

The first study group composed of 45 individuals living in four areas (Choiniki,
Komsomolski, Rechitsa and Zaspa) and a control group from Minsk (Table 1). The second
study group composed of 26 subjects divided in four groups on the basis of different
exposure levels they might have received. Among these subjects one group working with
the construction of the sarcophagus, second and third groups working in the vicinity or on
the roof of the reactor for 4-7 and 0-3 months, respectively, and the fourth group working
in the 10 to 30 km area of the prohibited zone or beyond this area and a matched control
group from Estonia was selected (Table 2).

Whole blood from each individual was collected in heparinized tubes, 0.5 ml of blood
is added to 5.0 ml culture medium of Ham's F10 containing 15 % foetal calf serum (heat
inactivated at 56°C for 30 minutes), phytohaemagglutinin (PHA), L-glutamine (200 mM),
heparin and antibiotics. Four cultures were set up for each donor, they were allowed to
grow for 48 hours (2 cultures), 54 hours (I culture) and 68 hours (1 culture) in an incubator
at 37°C. Colcemid at a final concentration of 1.0 u.g/ml was added to the cultures fixed at
48 and 54 hours after simulation for the last 2 hours, and cultures fixed at 68 hours treated
with Colcemid (final concentration 0.3 ug/ml) for 14 hours (using this protocol, yield of
mitotic index increased by a factor of 2-3 compared to 2 hours Colcemid treatment regimen.
Cells that have divided more than once appear as tetraploid which can be easily
distinguished from diploid cells). 5-Bromodeoxyuridine (at final concentration of 10 [iM)
was added to all cultures in order to analyze cell cycle progression and the scoring of
chromosomal aberrations was confined to cells in the first mitotic division. A routine
fixation protocol was employed following treatment with hypotonic solution (KCl 0.075M)
and fixation in acetic-acid: methanol (1:3). Air-dried preparations were made under an
infra-red lamp.

For detection of unstable chromosomal aberrations such as dicentric, ring and acentric
fragment in the first mitotic division, slides were stained according to FPG-technique [9].
Between 100-1000 metaphases were scored for each individual.

Chromosome specific DNA libraries and fluorescence in situ hybridization were applied
to detect stable aberrations (i.e. translocations). Bluescribe DNA libraries specific for
chromosomes 1, 4, 10, 15, 17 and/or X were labeled with biotin-16-dUTP by nick
translation following standard protocol (7, 10). Generally, a cocktail of DNA libraries
specific for 4 chromosomes were employed, namely, 1,4, 15, X for the first study group,
and for Estonian clean-up workers namely 1, 4, 15, X and 1, 4, 17, X for two donors 1, 4,
10, X and for three donors, 1, 4, X and for one 4, 15, X, representing 19.9, 19.6, 21.1, 16.9
and 11.8 % of the human genome, respectively (for men, and for women plus 2.5 %).
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The preparations were examined under a Zeiss or Leitz microscope equipped with DAPI
and FITC epifluorescence optics. 100-1000 metaphases were analyzed for each individual.
Two types of translocations namely reciprocal and terminal were observed. In addition to
structural aberrations (i.e. translocations) by using DNA libraries for specific chromosomes
presence of trisomy/hyperdiploidy could be easily visualized.

3. Statistical analysis

Assuming that the exchange events occur randomly in all the chromosomes in the genome,
depending on the DNA content of the cocktail employed in the study, the frequencies of
translocations for whole genome were estimated [8]. Average translocation frequency for
the whole exposed group was calculated and the average dose was estimated from both, the
in vitro dose-response curve [8] and from the in vivo, an estimated linear dose-response
curve calculated from victims of the Goiania accident [11], those we estimated to have
received doses less than 1 Gy. Exact methods, based on the poisson distribution, were used
for significance tests and construction of confidence limits.

4. Results

The frequencies of chromosomal aberrations for the populations living in the vicinity of
Chernobyl and Estonian clean-up workers (including matched control groups) are presented
in Tables 1 and 2, respectively. Based on these tables, the frequency of dicentrics observed
in the control group in Minsk was 0.15 % and in the contaminated areas in the range of 0
(in Choiniki, but frequency of ring chromosomes was found to be 0.16 %) and 0.3 % (in
Rechitsa), and the average dicentric frequency in the total groups from four cities, were 0.18
per 100 cells. Frequency of translocations in control group (Minsk) was 0.6 and in the
contaminated areas in the range of 1.1 (in Zaspa) and 1.8 (in Rechitsa) per 100 cells, and
the average translocation frequency was 1.4 per 100 cells (Table 1). Compared to the
control group, no significant increase was found in the frequencies of dicentric and
translocation, though the latter is slightly higher than control but was found to be not
significant (p > 0.05). In addition to translocations, using chromosome specific DNA
libraries (i.e. 1,4, 15 and X) numerical aberrations were also detected and it was found to
be significantly high (p < 0.01) in Choiniki, Rechitsa and Komsomolski when compared to
the control group (Table 1).
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Table 1. Average dicentric and translocation frequencies and
populations living in the vicinity of Chernobyl

retrospective dose estimates in

City

Minsk
(control)

Choiniki

Komsomolski

Rechitsa

Zaspa

No. of
subjects

20

9

16

7

13

Cells
scored

3800
2882

1802
1931

8830
5070

5750
1400

2976
2645

Genomic (%)

Dicentric

0.15

0

0.12

0.3

0.22

Translocation

0.6

1.4

1.5

1.8

1.1

Hyperdiploidy
(%)

0
0

0
0.15

0.28
0.45

0.26
0.20

0
0

Estimated
dose (Gy)

0.25

0.25

0.4

0.18

For Estonian clean-up workers data are presented in Table 2. The average dicentric and
translocation frequency was 0.28 and 1.2 per 100 cells. When compared to the control
group (from Estonia), a significant increase (p < 0.05) was found in the dicentric frequency
while the difference in translocation is not significant (p = 0.19, one sided test) (Table 2).
However, when we pooled data for control from both groups, an increase in the frequency
of dicentrics in clean-up workers from Estonia was not significantly different from control
groups (Tables 1 and 2). When we compared these data with the historical control values,
1 per 1000 cells for dicentrics and 5 per 1000 cells for translocations both groups under
study showed a significantly increased frequency of both dicentrics and translocations
(p < 0.01).

Table 2. Average dicentric and translocation frequencies and retrospective dose estimates in Estonian
clean-up workers

Groups of
subjects*

Control

a

b

c

d

No. of
subjects

9

5

5

5

11

Cells
scored

2500
1370

1150
1083

1400
979

1200
1146

2800
2880

Genomic (%)

Dicentric

0

2.6

0.7

1.7

4.3

Translocation

0.62

0.8

1.7

1.5

1.1

Estimated
dose (GyJ)

.

0.04

0.28

0.23

0.13

* a) at construction of sarcophagus, b) and c) at roof or vicinity of reactor,
working for 4-7 and 0-3 months, respectively, d) at 10-30 km zone. A detailed
report on this analysis is under publication [12].
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Retrospective dose estimates were obtained on the basis of translocation frequencies
using two different calibration curves: one using a linear dose response obtained from
frequency of translocations in the victims of the Goiania accident, exposed to doses less
than 1 Gy [11], and the other one, using the in vitro dose-response curve [8]. They yielded
a dose estimate of 0.13-0.4 and 0.10-0.25 Gy, respectively.

5. Discussion

Provided that translocation frequencies, unlike unstable dicentrics, do not essentially change
with post-exposure time, recently, the possibility of using translocation frequencies for
estimating radiation doses of past exposure has been suggested [8], In this study, the
frequencies of translocations in atom bomb survivors seem to be related to the ones which
were expected on the basis of in vitro dose response curve for the calculated doses during
the accident. In the case of victims of the Goiania accident, using initial dicentric data and
comparing with translocations data 6 years after accident [11], we have found that the
translocation frequencies can be fitted as a function of estimated dose with the linear,
quadratic and linear-quadratic dose response models for the total data set as well as for
individuals with doses less than 1 Gy, but for doses above 1 Gy a correction factor is
required to estimate accurately past exposure doses retrospectively [11].

The aim of the present study was to use FISH technique for biological dose estimation
of the inhabitants of four cities in the vicinity of Chernobyl and Estonian clean-up workers
almost 7 years after accident, which presumably received a rather high chronic and acute
exposure, respectively. On the basis of the dose response curve established (in vivo) for
the victims of Goiania accident, the dose estimates presented constitute an estimate of the
average exposure, and it was found to be in the range of 0.18 up to 0.4 Gy, for which
retrospective dose estimation is feasible at individual level. FISH technique can discern
individuals exposed to high doses and groups with different levels of radiation exposures.
However, in order to assess reliable statistical analysis, the required elements are: the
number of cells analyzed and the proportion of genome labeled [12], the calibration curve
used for back-calculation, back-ground level and persistence of "stable" translocations
specially at doses above 1 Gy [11].
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