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Abstract. The aim of the current research was to detect and assess the cytogenetic disorders of disaster fighters of 
Chernobyl nuclear power plant catastrophe, depending on radiation and non-radiation factors in the early and 
distant post-disaster periods with the help of system analysis methods. One can come across works dedicated to the 
study of genetic disorders of organisms exposed to a high level of radiation, but there are not enough data about the 
changes in these indices in case of low level radiation (lower than 1 Gy). This is the reason why it is of interest to find 
out the role of cytogenetic indices in the development of radiobiological effects in case of low dosage exposure. The 
results of regression, factorial dispersive multi regression and discriminant analyses methods of cytogenetic indices 
are presented in the study. 
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1. INTRODUCTION 

It is known that the damage to the deoxyribonucleic 
acid (DNA) is the principal initiating event after the 
radiation of the organism which serves the basis for 
considering the destabilization of chromosomes as one 
of the first and direct indicators of Ionizing Radiation 
impact on the cell [1], [2]. Radiation-initiated genome 
instability appears and practically all the main distant 
consequences of ionizing radiation – mutagenesis, 
carcinogenesis, ageing – are connected to it [3]-[5]. 

Genome instability is an important factor for the 
biological indication of the radial damage in the early 
post-disaster period as well as for the prediction of the 
development of distant negative effects of the ionizing 
radiation influence. Chromosome aberrations and the 
appearance of gene mutations indicate the possibility 
of damage to the organism which will be discovered in 
future. 

At present, the classical chromosome analysis of 
human blood lymphocytes is one of the available and 
widely used methods of the chromosome instability 
assessment of the radiation-exposed human population 
[6], [7]. The character of structural reconstruction and 
frequency depend on the type of ionizing radiation [8], 
[9]. 

2. MATERIALS AND METHODS 

The data of 30 years of observations on the 
condition of the chromosomal apparatus of the somatic 
cells (peripheral blood lymphocytes) of the liquidators 
are analyzed in the present study (350 liquidators 
whose average age is 63.05±5.2 have been examined 
and over 55000 metaphases have been analyzed). 

The cytogenetic examination included chromosome 
analysis by means of Giemsa staining recommended by 
the International Atomic Energy Agency (IAEA) [10], 
with a few modifications used in the laboratory of 
cytogenetics in the Centre of Radiation Medicine and 
Burns of the RA, which are connected with the 
assessment of the mitotic index (the quantity of mitosis 
on 1000 cells). The stimulation of lymphocytes to 
division (blood lymphocytes are in an interphase stage) 
has its own individual fluctuations which can depend 
on the condition of the organism (a disease or the 
impact of external factors). This is the reason why the 
quantity of metaphases for 0.5ml of cultural 
suspension received after processing 1.2ml of whole 
blood was taken per unit of proliferative activity of 
phytohemagglutinin-stimulated lymphocytes (only 
plates in the stage of cell division metaphase were 
taken for tests; helix formation chromosome level was 
not less than 20%).  

Statistical processing of the numerical materials 
was carried out with the help of regression, factorial 
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dispersive, multi regression and discriminant analyses 
methods. Computer programs for statistical processing 
of numerical figure arrays were used: the electronic 
worksheet Microsoft Excel and specialized statistical 
data Statsoft, SPSS-6 and StatGraphics Plus [11], [12]. 

3. RESULTS AND DISCUSSION 

The research that has been carried out has shown 
that the peripheral blood lymphocyte chromosomes 
have been considerably damaged (Table 1). It should be 
noted that these changes also depend on the time that 
has passed after radiation (remoteness of the 
occurrence). All the figures shown in the table have 
changed significantly by the end of the research. 
Starting from 1987, the level of chromosome 
aberrations was 2.5 times higher than the spontaneous 
level. This index was 5.94±1.01 in the middle post 
disaster period and the average number of 
chromosome aberrations reached 14.92±1.37 in the 
distant period. The level of chromosome aberrations in 
the liquidators was significantly higher than the control 
values until the end of the research. 

Table 1. The change of results over time 

Indices Control Early period 
Middle 
period 

Distant 
period 

Chromosome 
aberrations by 
100 cells 

1.27 
±0.39 

3.58 ±0.34 
(p<0.001) 

5.94 ±1.01 
(p<0.001) 

14.92 ±1.37 
(p<0.001) 

Polyploid cells 
(4n) by 100 
metaphases 

0.059 
±0.035 

0.13 ±0.01 
(p<0.05) 

0.82 ±0.24 
(p<0.002) 

0.73 ±0.31 
(p<0.05) 

Chromatid 
changes 
(single DNA 
breaks) 

0 2.29 ±0.21 3.24 ±0.61 7.69 ±2.11 

Chromosome 
changes 
(double DNA 
breaks) 

0 1.31 ±0.19 2.6 ±0.73 5.76 ±1.27 

Proliferative 
activity 
(quantity of 
metaphases) 
by 1.2 ml of 
blood 

290.81 
±24.56 

- 
248.3 
±28.8 

176.08 
±49.27 

(p<0.05) 

 

We found out that in the case of statistical analysis 
of the data of chromosome aberrations, the most 
suitable model out of those used at present is the 
logarithmic one [12] to describe the change dynamics 
of this index level. We have got the coefficients for the 
equation of the logarithmic regression of chromosome 
aberration change: y=0.159+9.605lg(x), where х is the 
time interval (the number of years after the disaster), 
and y is the level of chromosome aberrations. This 
formula makes it possible not only to obtain the 
prognosis in case of extrapolation, but through 
interpolation to get the theoretical part of the graph 
characterizing the level of chromosome aberrations for 
those years when no observations were carried out as 
well. 

In terms of aberration types, mainly chromatid and 
chromosome aberrations have been registered (single 
and double DNA breaks) and starting from 1995, only 
exchange aberrations have been observed. The 
dynamics of the chromatid changes was described by 

the graph of exponential regression and our formula 
describing this dynamics: y=1.8441е0.0736х , where x is 
the number of years after the disaster and y is the 
average number of single DNA breaks, which reached 
7.69±2.11 in the distant period. 

The double breaks of the DNA are no less 
informative indices. The dynamics of the number of 
double breaks can be described by the formula 
y=1.5524e(0.0565x), where x is the number of years after 
Chernobyl nuclear power plant catastrophe and y is the 
number of double breaks, which by the end of the 
research was 5.76±1.27. 

The equations obtained through the 3 above-
mentioned indices make it possible to predict quite 
precisely the increase of these indices in the future 
years (95% confidence level of the regression graph 
embraces 90-95% of the empirical value of this index). 

We have also tried to find out the multiregression 
connection and its change between the number of 
single (X) and double (Y) breaks and the level of 
chromosome aberrations (Z) in the early and distant 
observation periods (Figure 1). 

 
Figure 1. The multiregression dependence between the 

number of single and double breaks and the level of 
chromosome aberrations in the early (a) and distant (b) post 

disaster periods. X – the number of single breaks,  
Y – the number of double breaks, Z – the level of 

chromosome aberrations 

It was found out that the increase in the number of 
breaks is in correlation with the increase in the level of 
chromosome aberrations, and that is why, in spite of 
their increase throughout 30 years, their correlation 
undergoes insignificant changes (a decrease in the free 
coefficient by 2.77 times was observed in the distant 
period relative to the early period). 
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The increase in the exchange aberrations (of 
marker chromosomes) is one of the possible 
mechanisms of elimination of genetic disorders in the 
cell which does not go through the next mitosis and the 
result is that daughter cells are not formed, i.e. 
chromosome aberrations are eliminated [13]. 

Dicentrics and rings that are considered the 
biomarkers of ionizing radiation were not discovered in 
the liquidators. This is accounted for by two reasons: 

1) the cells with the mentioned biomarkers were 
quickly eliminated (while the research started a year 
after the radiation), 

2) the liquidators have got doses lower than 1 Gy  
(a group of authors [14], [15] think that dicentrics and 
rings are formed in case of over 1-1.5 Gy radiation 
dose) 

A very important point in the observations was the 
discovery of poyploid cells (mainly tetraploid). In the 
research until 1990, polyploid forms of lymphocytes 
were registered sporadically. Later on, a significant 
increase in the number of polyploid cells was 
registered.  

From the point of view of genome instability, 
realignments of chromatin are estimated as adaptation 
process with the aim of eliminating the genetic 
disorders in the cell and the change in ploidy is one of 
the possible mechanisms. 

 The detection of ploidy change of the cells in the 
liquidators is of wavelike character; however, a clear 
tendency towards the increase of this index is 
noticeable. The theoretical curve (exponential 
regression) describing the dynamics of the change of 
polyploidy cell number is shown as follows: 
у=0.2325е0.0607х where x is the number of years after 
the disaster and y is the number of polyploid cells. 

The importance of the detection of the increase in 
polyploid cells should be noted as a possible 
cytogenetic marker in the radiated organism. There is 
no doubt that participation in the catastrophe 
liquidation work induced the remaining genome 
damage.  

Despite the wavelike change in the proliferative 
activity, it is not difficult to notice the tendency to the 
decrease of this index by following the dynamics. This 
tendency can be described by the logarithmical 
regression curve у=360.3823-134.4805lg(x), where x is 
the number of years after the disaster and y is the level 
of proliferative activity of lectin-stimulated 
lymphocytes. This curve enables us to get the prognosis 
of the change in the proliferative activity of lectin-
stimulated lymphocytes for the next 5 years. 

It is known that cytogenetic disorders become more 
frequent with the age, intensifying the changes in the 
chromosome apparatus of lymphocytes [16]. 

We made use of a statistical mathematical device 
which can detect and assess even an insignificant 
correlation of genetic damage with the doses of 
radiation received by the liquidators on the site of the 
catastrophe. We made use of factorial dispersive 
analysis to find out the impact of the radiation factor 
on the cytogenetic indices throughout the observation 
period and compare it to the age factor. 

The factorial dispersive analysis of the cytogenetic 
indices has shown that the radiation factor was more 

significant for the indices chromosome aberrations and 
proliferative activity (Figure 2). The radiation factor 
impact share on the chromosome aberrations has two 
peaks occurring in 1992 and 2004 (93.28 % and 
91.75%, respectively). A little decrease in this index was 
observed in the rest of the years. The impact of the age 
factor prevails over the radiation factor only by the end 
of the research. As for the decrease period of the 
radiation factor impact from 1994-2003, it is apparent 
that there were stronger factor impacts here on the 
number of the chromosome aberrations overlooked by 
us (this can be hard socio-economic conditions, 
smoking, the increase in the percentage of sickness 
rate, etc. Those factors seem to be the reason for the 
decrease in the impact shares of the radiation factor) 
[17]. 

As for the proliferative activity, the impact of both 
age and radiation factors is observed (Figure 2(b)). The 
interdependence of these 2 factors attracts attention, 
with the increase in the impact of the age factor (in 
2003, it was 56.52%), the impact of the radiation factor 
decreases (19.24%) and vice versa (in 2004, 35.36% 
and 64.28%, respectively). 

In spite of the fact that a decrease in the radiation 
factor impact is observed in the distant period, the use 
of the modern statistical methods of system analysis 
[11], [12] makes it possible to assess and find out the 
indirect dose dependence of cytogenetic disorders even 
after 30 years. 

 
Figure 2. Change dynamics of the impact shares of the 
radiation factor and the age factor on the level of the 

chromosome aberrations (a) and the proliferative activity (b) 

It is known that the parameter “year of stay” 
indicates indirectly the dose received by the 
liquidators. Relying on this fact we made a decision to 
use the discriminant analysis method (in order to 
classify), which enables us to receive the group 
arrangements of the liquidators who were on the 
disaster site from 1986, 1987 and 1988, on the basis of 
identification (Figure 3). 
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Figure 3. Classification of 206 liquidators in groups who 

arrived at the site in 1986, 1987 and 1988. Symbols: Root 1, 2 
– 1st and 2nd roots of discrimination, G1, G2, G3 – groups of 
people who took part in the catastrophe liquidation in 1986, 

1987, 1988, respectively 

The results of the discriminant analysis of 206 
examined liquidators are shown in Figure 3. 

The predictors of the classification were 9 
cytogenetic and immunological indices: chromosome 
aberrations, the number of polyploid cells, proliferative 
activity, the number of leucocytes, the number of 
lymphocytes, and the relative and absolute number of 
T- and B-lymphocytes. The analysis was supposed to 
show if it is possible to divide the liquidators on the 
basis of the time of their stay on the catastrophe site 
(separately into 1986, 1987, 1988) and classify them 
into groups. The indices of each liquidator are shown 
with a separate “dot” in Figure 3. 

The graphs of the liquidators who were on the 
disaster site in different years are apart from one 
another, making a relatively distinguished, separate 
group in the domain of the discriminant functions. The 
results of the discriminant analysis testify that the 
liquidators who were in the disaster zone in different 
years, thereby getting different doses of radiation, are 
in different groups, having distinguishing features 
making the group. There is only an insignificant 
imposition of 2 groups of liquidators, who were on the 
disaster site in 1986 and 1987. This apparently 
happened, because 2-3 liquidators from the group were 
on the site at the end of 1986 and at the beginning of 
1987 and were imposed to almost the same dose of 
radiation. The liquidators of 1988 clearly made a 
separate group. It shows that even after 30 years, 
chromosome aberrations and shifts in the 
immunological indices can testify dose dependence 
with the help of a mathematical device. 

4. CONCLUSIONS 

Summing up the results of cytogenetic examination 
of the Armenian liquidators, it can be stated that the 
instability of the lymphocyte genome of the peripheral 
blood is quite well expressed: these figures are 
significantly different from the control figures by the 
end of the research. An increase in the indices was 
observed: the chromosome aberrations by 100 cells, 
the polyploid cells by 100 metaphases, the number of 
single and double breaks of the DNA. The proliferative 

activity decreased and by the end of the research was 
1.65 times smaller than the control. 

The methods of the regression analysis made it 
possible not only to describe the change dynamics of 
these indices throughout many years, but also, by 
extrapolating, to get the prognosis for the future years 
with an acceptable exactness. 

The cytogenetic analysis of the liquidators is 
directly linked to the definition of the concept of the 
distant consequences of ionizing radiation. Our 
research provides an assessment of radiation and non-
radiation factor contributions to the observed changes. 
All this has a scientific practical significance in the 
establishment of the possible interconnection between 
genome instability and such distant consequences as 
mutagenenesis (increase in the congenital 
malformations, change of the reproduction function of 
the organism and condition of the genital glands, 
frequency of chromosome and hereditary diseases), 
cancerogenesis, ageing, etc. 
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