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COMPARATIVE ANALYSIS OF THE CYTOGENETIC STATUS OF PREGNANT WOMEN RESIDING IN THE 
TERRITORIES OF RADIOACTIVE, CHEMICAL AND COMBINED CONTAMINATION 

Anthropogenic impact on the biosphere has become one of the major factors dictating the conditions of our existence on the Earth. The study was aimed 

to perform comparative analysis of the rate of cytogenetic alterations, indicators of proliferation and destruction of the nucleus in the vaginal epithelium reflecting 

the reproductive health status of pregnant women aged 26–33 years living in conditions of radioactive, chemical and combined contamination of the territories 

of Bryansk Region. Cytogenetic status of 80 pregnant women divided into four groups, 20 individuals per group, was assessed using the micronucleus test. 

The rate of cytogenetic alterations, indicators of proliferation and destruction of the nucleus in the vaginal epithelium of pregnant women living in the environmentally 

disadvantaged territories was 1.9–4.9 times higher (p < 0.001) compared to that in women living in the environmentally safe (control) districts. The combined effects 

of radioactive and chemical contamination resulted in the significantly higher rate (increase from 12.8 to 81.4%) of cells with micronuclei, nuclear protrusions, 

binucleated cells, as well as cells with karyopyknosis and karyolysis compared to the effect of only one pollution factor. The findings are likely to show synergy 

of the effects of radiation and chemical factors on the cytogenetic status of pregnant women.
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А. С. Домахина1      , А. В. Корсаков2, В. П. Трошин1, Ю. П. Пивоваров2, В. В. Королик2

СРАВНИТЕЛЬНЫЙ АНАЛИЗ ЦИТОГЕНЕТИЧЕСКОГО СТАТУСА БЕРЕМЕННЫХ ЖЕНЩИН, ПРОЖИВАЮЩИХ 
НА ТЕРРИТОРИЯХ РАДИАЦИОННОГО, ХИМИЧЕСКОГО И СОЧЕТАННОГО ЗАГРЯЗНЕНИЯ

Техногенное загрязнение биосферы различной природы стало одним из значимых факторов, диктующим нам условия существования на Земле. Целью 

настоящего исследования было провести сравнительный анализ частоты цитогенетических нарушений, показателей пролиферации и деструкции ядра 

во влагалищном эпителии, отражающий состояние репродуктивного здоровья беременных женщин 26–33 лет, проживающих в условиях радиационного, 

химического и сочетанного загрязнения территорий Брянской области. Цитогенетический статус 80 беременных женщин, разделенных на четыре 

группы по 20 человек, исследовали с помощью микроядерного теста. Частота цитогенетических нарушений, показателей пролиферации и деструкции 

ядра во влагалищном эпителии беременных женщин, проживающих на экологически неблагополучных территориях, в 1,9–4,9 раза выше (p < 0,001), 

чем у проживающих в экологически благополучных (контрольных) районах. Сочетанное влияние радиоактивного и химического загрязнения стало 

причиной значимо более высокой частоты (увеличение с 12,8 до 81,4%) клеток с микроядрами, протрузий, двуядерных клеток, клеток с двойным ядром, 

а также клеток с кариопикнозом и кариолизисом у беременных женщин по сравнению с влиянием только одного фактора загрязнения. Полученные 

результаты, по всей вероятности, указывают на синергетический характер действия радиационного и химического факторов на цитогенетический 

статус беременных женщин.
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Numerous pollutants of various nature constantly worsen 
the environmental situation, causing irreparable harm to public 
health [1–3]. 

Anthropogenic impact on the biosphere has become one 
of the major factors dictating the conditions of our existence 
on the Earth. Serious radiation accidents and disasters of the late 
20th and early 21th centuries (Kyshtym, Windscale, Leningrad, 
Three Mile Island, Saint-Laurent-des-Eaux, Chernobyl, Fukushima) 
brought large amounts of anthropogenic radionuclides into 
the biosphere [3, 4–6].

As a result of the Chernobyl disaster that happened 37 years 
ago, large territories, where more than 5 million people lived, 
were contaminated [5]. The radioactive contamination density 
to the greater extent determined by cesium-137 (137Cs) and 
strontium-90 (90Sr) will remain radiologically significant for many 
decades [7].

Today, 309,000 people reside in the radioactively contaminated 
territories of the Bryansk region [8]. 

Radioecological monitoring of the Bryansk Region shows 
that the density of soil contamination with 137Cs and 90Sr 
in the South–Western territories (SWT) exceeds the permissible 
exposure limits (criteria for classifying territories as radioactively 
contaminated areas) [9], and the cumulative effective radiation 
doses of the population vary from several mSv to hundreds 
of mSv 37 years after the accident [10].

The environmental situation in the Bryansk region is also 
complicated by chemical pollution of the environment due 
to the work of industrial enterprises and the growing number 
of vehicles. According to official figures, in recent years, an increase 
in emissions of air pollutants, mostly of carbon monoxide (CO) 
and volatile organic compounds (VOCs) has been reported 
in the Bryansk region [11]. Such environmental situation 
causes deterioration of public health and makes the issue 
of environmental pollution a priority for the healthcare system 
of the region. Furthermore, it is important to note that in some 
territories of the Bryansk Region population is exposed to the 
combined effects of radioactive and chemical pollution, which 
leads to the massive increase in morbidity rate [12].

The described unfavorable environmental conditions 
in the Bryansk Region lead to the increase in the number 
of mutagenic factors. These can pose a real threat reflected 
in the increase of the population burden and the changing rate 
of mutation [13]. It was found that the index of cytogenetic 
alteration in residents of large cities is 2.0–2.4 times higher 
than that in rural population [14], however, pregnant women 
still represent the group that is most susceptible to the effects 
of adverse environmental factors [15–19]. According to the literature 
data, air pollutants (phenol, formaldehyde, heavy metals) 
[15–18], radioactive contamination [19, 20] not only lead to the 
increase in the incidence of various somatic disorders among 
pregnant women and worse pregnancy course, but also can 
cause embryo- and fetotoxicity. 

The micronucleus test, that has proven itself as a reliable 
and simple instrument for assessment of cytogenetic disorders, 
has been long used for cytogenetic monitoring [21, 22]. This 
is explained by the fact that the method represents a universal 
biomarker that is reliable in terms of measuring genotoxic, 
mutagenic, and teratogenic environmental factors [21–23]. The 
capabilities of the micronucleus test can be used much more 
widely, since these allow one to assess not only micronuclei, 
but also the broad spectrum of the nucleus conditions in the 
exfoliative cells based on the cytogenetic alterations, indicators 
of proliferation and destruction of the nucleus [23, 24].

Thus, the study of the cytogenetic status of pregnant 
women living in the territories with various levels of radioactive 

and chemical contamination of the environment is very 
important not only for theoretical hygiene of the environment 
and medical ecology, but also for practical healthcare.  

The study was aimed to perform comparative analysis 
of the rate of cytogenetic alterations, indicators of proliferation 
and destruction of the nucleus in the vaginal epithelium 
of pregnant women living in the conditions of radioactive, 
chemical and combined contamination in the territories of the 
Bryansk Region.

METHODS

Cytogenetic status of pregnant women was assessed using 
the micronucleus test [21–25] applied to the vaginal epithelial 
cells at the Bryansk City Hospital No. 1 between August and 
November 2023.

The study involved three groups of pregnant women living 
in various environmental conditions (in the territories 
of chemical, radioactive, and combined contamination) and the 
control group (women living in the ecologically safe territories). 
A total of 20 women aged 26–33 years with the same gestational 
age (27–33 weeks) and with no chronic somatic disorders 
or complications of pregnancy were included in each group. 
The non-inclusion criteria were as follows: pregnant woman’s 
age over 35 years, various complications of pregnancy. A total 
of 80 women were surveyed.

The vaginal epithelium samples were obtained using the 
Cervex-Brush cell sampling device (Simurg; Russia) and placed 
in the test tube filled with specific medium, and the buccal 
epithelium samples were obtained using the sterile wooden 
spatula and applied to the slide; these were fixed in air for 2 min. 
The cytological vaginal epithelium preparations were produced 
by precipitation. All the preparations were subjected to Quik 
staining. The samples containing at least 2500–3000 cells 
were selected for analysis. Data calculation was performed per 
1000 cells (the final results were expressed in ppm, ‰). A total 
of about 220,000 cells were assessed. Microscopy examination 
was performed using the Nikon Eclipse light microscope (Nikon; 
Japan) with 1000× magnification. 

The smears were used to count cytogenetic alterations (cells 
with micronuclei and nuclear protrusions of various types; indicators 
of proliferation (binucleate cells, cells with a double nucleus, cells 
with more than two nuclei); indicators of destruction of the nucleus 
(cells with karyopyknosis, karyorrhexis and karyolysis) [23–25].

The districts and towns of the Bryansk Region were divided 
into four groups based on the levels of chemical and radioactive 
contamination. The group of environmentally safe territories 
included Karachevsky, Navlinsky, Kletnyansky, and Dubrovsky 
districts, while the group of chemically contaminated territories 
included the city of Bryansk and the town of Dyatkovo. 
The group of radioactively contaminated territories consisted 
of Krasnogorsky and Zlynkovsky districts, while the territories 
with combined radioactive and chemical contamination 
included the town of Novozybkov and the town of Klintsy.

The levels of the 90Sr and 137Cs radioactive contamination 
of the territories were determined based on the data [9], the average 
accumulated effective doses — based on the data [26], the levels
of chemical contamination — based on the data of the 
Rostekhnadzor reports on the stationary source emissions 2-TP (air) 
for the decade (2010–2019) [8]. We identified the main air pollutants: 
carbon monoxide (СО), nitrogen oxides (NO

x
), sulfur dioxide (SO

2
), 

and VOCs (including formaldehyde, benzene, benzo[a]pyrene, 
styrene, pyridine, vinyl chloride, acrolein, and phenol). Chemical 
emissions into atmospheric air (tons/year) were recalculated 
for the area of the district (km2) to be expressed in g/m2 [8].
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Table 1. Levels of chemical and radioactive contamination of the environment in the studied groups of towns and districts of the Bryansk Region (2010–2019)

№
Towns and districts of Bryansk 

Region 

Major air pollutants 
Radiactive contamination density, 

kBq/m2

Total
Of those:

137Cs 90Sr
VOCs NO

x
SO

2
CO

Gross gaseous pollutant emissions per area of the district, g/m2

Environmentally safe territories (control)

1

Dubrovsky District 45 12 8 1 24 6.4 0.4

Navlinsky District 57 26 7 1 23 16.7 1.2

Kletnyansky District 68 51 4 2 11 4.7 0.4

Karachevsky District 122 44 25 0 53 12.3 0.7

Mean value 73 33 44 1 27.8 10 0.7

Chemically contaminated territories

2

Dyatkovsky District 6553 365 3809 198 2181 34 1

City of Bryansk 30462 7671 8230 2019 12542 7.8 5.2

Mean value 18508 4018 6020 1109 7362 20.9 3.1

Radioactively contaminated territories 

3

Krasnogorsky District 13 2 3 1 7 268.7 8.2

Zlynkovsky District 16 6 3 0 7 365.3 14.3

Mean value 14.5 4 3 0.5 7 317 11.3

Territories with combined radioactive and chemical contamination 

4

Town of Novozybkov 281 94 33 0 154 404.3 8.6

Town of Klintsy 441 151 133 7 150 173.3 2.6

Mean value 361 123 83 3.5 152 288.8 5.6

Statistical analysis of the data obtained was performed 
using the MyOffice software package (New Cloud Technologies; 
Russia). The sample mean (M) and standard error of the mean 
were used (m). The data distribution was tested for normality 
using the Shapiro–Wilk test. It was found that in the majority 
of cases the distribution of the indicators of cytogenetic 
alterations, proliferation, and destruction of the nucleus was 
non-normal, so the Mann–Whitney U test was used to verify 
statistical significance of differences; the differences were 
considered significant at p < 0.001 – p < 0.05.

RESULTS

The levels of air pollution with СО, SO
2
, NO

x
 and VOCs in four 

groups of districts differ by hundreds and even thousands 
of times (Table 1). In the environmentally safe territories, the 
maximum gross gaseous pollutant emission value per area 
of the district (g/m2) is 122 g/m2, while in the chemically 
contaminated territories, the total emission value reaches its 
maximum — 30,462 g/m2. In the radioactively contaminated 
territories, the total gaseous pollutant emission value 
is extremely low —13–16 g/m2. In the territories with combined 
contamination, the gaseous pollutant emission value is 281–
441 g/m2, which is 22–27 times higher compared to the values 
reported for the radioactively contaminated districts (Table 1). 

 The levels of СО pollution in the chemically contaminated 
territories vary between 2181 and 12,542 g/m2, the levels 
of SO

2
 pollution vary between 198 and 2019 g/m2, the levels 

of NO
x
 are 3809–8230 g/m2, and the levels of VOC pollution are 

365–7671 g/m2. In the radioactively contaminated territories,  
the values are minimal and show minor fluctuation — from 
0 for SO

2
 to 7 g/m2 for СО, while in the territories with combined 

contamination, the values vary between 0 for SO
2
 and 154 g/m2 

for CO; in the control districts these vary between 0 and 53 g/m2 
(Table 1). 

The 137Cs radioactive contamination density in the environmentally 
safe districts varies between 4.7 and 16.7 kBq/m2, while 
in the chemically contaminated territories it varies between 7.8 
and 34.0 kBq/m2. In the radioactively contaminated territories, 
the average 137Cs contamination density is 31.7 times higher 
than in the safe territories (317.0 and 10.0 kBq/m2) and 15.2 
higher than in the chemically contaminated territories (317.0 
and 20.9 kBq/m2), which exceeds the permissible values 
being the criteria for classifying territories as radioactively 
contaminated areas (37.0 kBq/m2) [9]. In the territories with 
combined contamination, the average 137Cs contamination 
level is 288.8 kBq/m2, which is slightly lower compared to the 
values of the radioactively contaminated territories (–8,9%), but 
28.8-fold exceeds the values of the control districts and 13.8-
fold exceeds the values of the chemically contaminated ones 
(Table 1).

The 90Sr radioactive contamination density in the towns and 
districts of the Bryansk Region varies between 0.4 and 14.3 
kBq/m2 to reach its maximum in the radioactively contaminated 
territories (14.3 kBq/m2) and territories with combined 
contamination (8.6 kBq/m2), which exceeds the permissible 
values (5.6 kBq/м2) [9] (Table 1).

The values of the average annual effective dose (AAED90) 
from the Chernobyl component in the group of environmentally 
safe and chemically contaminated territories do not exceed 
0.1 mSv per year, while in the group of territories with radioactive 
and combined contamination AAED90 is on average 1.1 mSv 
per year [26].

Table 2 provides comparative analysis of the cytogenetic 
alterations, indicators of proliferation and destruction of the 
nucleus in the vaginal epithelium of pregnant women aged 
28–33 years living in various environmental conditions (chemical, 
radioactive, and combined contamination of the environment) 
and in the environmentally safe territories. The Figure presents 
microphotographs of the cytogenetic alterations, indicators 
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Note: * — the differences are considered significant at р < 0.05; **— the differences are considered significant at р < 0.01; ***— the differences are considered 
significant at р < 0.001; n/d — the differences are considered non-significant at  р > 0.05.

Table 2. Comparative analysis of the cytogenetic alterations, indicators of proliferation and destruction of the nucleus in the vaginal epithelium of pregnant women 
aged 28–33 years living in various environmental conditions (per 1000 cells, ‰)

Environmentally 
safe territories 

(control) 

Chemically 
contaminated 

territories 

Radioactively 
contaminated 

territories 

Territories with 
combined 

contamination

Significance of intergroup 
differences based on the 

Mann–Whitney U test: 
р

1
 (I–II), р

2
 (I–III), 

р
3
 (I–IV), р

4
 (II–III), 

р
5
 (II–IV), р

6
 (III–IV).

I 
 (n = 20)

II 
 (n = 20)

III 
(n = 20)

IV  
(n = 20)

Cytogenetic alterations

Cells with micronuclei 1.6 ± 0.15 5.9 ± 0.31 6.8 ± 0.35 7.9 ± 0.32
р

1
***; р

2
***; р

3
***; 

р
4
n/d; р

5
***; р

6
*

Various types of nuclear protrusions 3.8 ± 0.27 6.9 ± 0.33 8.8 ± 0.44 10.6 ± 0.43
р

1
***; р

2
***; р

3
***; 

р
4
**; р

5
***; р

6
**

Indicators of proliferation

Binucleated cells 1.2 ± 0.22 2.7 ± 0.22 3.5 ± 0.25 4.9 ± 0.43
р

1
***; р

2
***; р

3
***; 

р
4
*; р

5
***; р

6
*

Cells with a double nucleus 0.9 ± 0.16 2.1 ± 0.22 2.4 ± 0.28 3.2 ± 0.21
р

1
***; р

2
***; р

3
***; 

р
4
n/d; р

5
**; р

6
*

Cells with two or more nuclei 0.4 ± 0.13 0.9 ± 0.20 1.1 ± 0.20 1.5 ± 0.24
р

1
n/d; р

2
**; р

3
***; 

р
4
n/d; р

5
n/d; р

6
n/d

Indicators of destruction of the nucleus 

Karyopyknosis 3.6 ± 0.35 6.4 ± 0.37 7.9 ± 0.33 9.9 ± 0.34
р

1
***; р

2
***; р

3
***; 

р
4
**; р

5
***; р

6
***

Karyorrhexis 4.8 ± 0.41 6.4 ± 0.30 7.7 ± 0.36 8.4 ± 0.29
р

1
**; р

2
***; р

3
***; 

р
4
*; р

5
***; р

6
n/d

Karyolysis 4.5 ± 0.32 7.8 ± 0.35 9.4 ± 0.27 10.6 ± 0.48
р

1
***; р

2
***; р

3
***; 

р
4
**; р

5
***; р

6
*

Studied 
territories 

Studied 
indicator of the 

vaginal epithelium, ‰

of proliferation and destruction of the nucleus in the vaginal 
epithelium of pregnant women aged 28–33 years.

The analysis of data provided in Table 2 has shown that 
the rate of cytogenetic alterations based on the number 
of cells with micronuclei and various types of nuclear protrusions 
in the vaginal epithelium is significantly increased (p < 0.001) 
in the environmentally disadvantaged territories compared 
to environmentally safe ones. Thus, the number of cells with 
micronuclei and nuclear protrusions of various types in the 
environmentally safe territories (control) is 1.6 ± 0.15‰ and 
3.8 ± 0.27‰, in the group of chemically contaminated territories 
it is 3.7 and 1.9 times higher (5.9 ± 0.31‰ and 6.9 ± 0.33‰),
 in the group of radioactively contaminated territories it is 4.3 
and 2.3 times higher (6.8 ± 0.35‰ and 8,8 ± 0.44‰), and in the 
group of territories with combined contamination the indicators 
are increased 4.9- and 2.8-fold (7.9 ± 0.32‰ and 10.6 ± 0.43‰). 
It should be noted that the combined effects of radioactive and 
chemical contamination in appropriate districts resulted in the 
significantly higher rate of cells with micronuclei in pregnant 
women compared to that reported for the districts, where 
there was only one pollution factor (chemically contaminated 
territories: +33.9%, p < 0.001; radioactively contaminated 
territories: +16.2%, p < 0.05) (Table 2). The number of cells 
with various types of nuclear protrusions was also significantly 
higher in the territories with combined radioactive and chemical 
contamination (chemically contaminated territories: +53.6%, 
p < 0.001; radioactively contaminated territories: +20.5%, 
p < 0.01). Furthermore, it was found that the number of cells 
with nuclear protrusions of various types was significantly 
higher in the radioactively contaminated territories compared 
to the chemically contaminated territories (+27.5%, p < 0.01), 
while the increase in the rate of cells with micronuclei was non-
significant (+15.2%, p ˃ 0.05) (Table 2).   

The pattern of proliferation indicators is virtually identical 
to the pattern of the rate of cells with cytogenetic alterations 
(Table 2). Thus, the rate of binucleated cells and cell with the 
double nucleus in pregnant women living in the control districts 
is 1.2 ± 0.22‰ and 0.9 ± 0.16‰, in the group of chemically 
contaminated districts it is 2.3 times higher (2.7 ± 0.22‰ and 
2.1 ± 0.22‰), in the group of radioactively contaminated districts 
it is 2.9 and 2.7 times higher (3.5 ± 0.25‰ and 2.4 ± 0.28‰), 
and in the group of districts with combined contamination 
the values are increased 4.1- and 3.6-fold (4.9 ± 0.43‰ and 
3.2 ± 0.21‰). The combined effects of radioactive and chemical 
contamination in appropriate territories resulted in the increased 
rate of binucleated cells relative to the territories, where 
there was only one pollution factor (chemically contaminated 
territories: +81.4%, p < 0.001; radioactively contaminated 
territories: +40.0%, p < 0.05). The rate of cells with the 
double nucleus was also significantly higher in the territories 
with combined contamination (chemically contaminated 
territories: +52.4%, p < 0.01; radioactively contaminated 
territories: +33.3%, p < 0.05). The rate of binucleated cells was 
significantly higher in the radioactively contaminated territories 
compared to the chemically contaminated ones (+29.6%, 
p < 0.05), while the increase in the rate of cells with double 
nuclei was non-significant (+11.4%, p ˃ 0.05). Significant 
differences in the number of cells with two or more nuclei 
from controls was reported for pregnant women living in the 
radioactively contaminated districts (+2.8-fold, p < 0.01) and 
districts with combined contamination (+3.8-fold, p < 0.001). 
In other cases no significant patterns were revealed (p ˃ 0.05),
along with the persistent upward trend of the rate of cells with 
two or more nuclei in the districts with chemical contamination 
(+22.5%), radioactive and chemical (+22.2%), radioactive 
and combined (+36.3%), chemical and combined (+66.7%) 
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Fig. Microphotographs of the cytogenetic alterations, indicators of proliferation and destruction of the nucleus in the vaginal epithelium of pregnant women aged 28–33 years 
(Quik stain, 1000× magnification)     
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3. Cell with a double nucleus
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5. Cell with karyopyknosis

6. Cell with karyorrhexis

7. Cell with karyolysis

contamination relative to the environmentally safe districts 
(Table 2).

The indicators of destruction of the necleus fully reflect 
the overall patterns of the rate of cytogenetic alterations and 
the indicators of proliferation (Table 2). The rates of cells with 
karyopyknosis, karyorrhexis and karyolysis in the environmentally 
safe areas are 3.6 ± 0.35‰, 4.8 ± 0.41‰ and 4.5 ± 0.32‰, 
in the group of chemically contaminated territories these are 
1.8, 1.3 and 1.7 times higher (6.4 ± 0.37‰, 6.4 ± 0.30‰ 
and 7.8 ± 0.35‰), in the group of radioactively contaminated 
territories — these are 2.2, 1.6 and 2.1 times higher (7.9 ± 0.35‰,
7.7 ± 0.36‰ and 9.4 ± 0.27‰), and in the group of territories 
with combined contamination the indicators reach their 
maximum and are increased 2.8-, 1.8- and 2.4-fold (9.9 ± 0.34‰, 
8.4 ± 0.29‰ and 10.6 ± 0.48‰). The combined effects 
of radioactive and chemical contamination in appropriate 
districts resulted in the increased rate of cells with karyopyknosis 

in pregnant women relative to the districts, where there was 
only one pollution factor (chemically contaminated territories: 
+54.7%, p < 0.001; radioactively contaminated territories: 
+25.3%, p < 0.001). The number of cells with karyolysis 
was also significantly higher in the territories with combined 
contamination (chemically contaminated territories: +35.9%, 
p < 0.001; radioactively contaminated territories: +12.8%, 
p < 0.05). The number of cells with karyorrhexis was significantly 
higher in the territories with combined contamination compared 
to the chemically contaminated territories (+31.3%, p < 0.001) 
and higher compared to the radioactively contaminated 
territories, but the difference was non-significant (+9.1%, 
p ˃ 0.05). It should be noted that the rate of cells with 
karyopyknosis, karyorrhexis and karyolysis is significantly 
higher in the radioactively contaminated districts than in the 
chemically contaminated ones (+23.4%, p < 0.01; +20.3%, 
p < 0.05; +20.5%, p < 0.01) (Table 2). 
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DISCUSSION

Comparative analysis of the cytogenetic status of pregnant women 
living in various environmental conditions revealed similar factor-
dependent responses to the studied environmental exposures. 
The fact, that the studied samples belong to the territories showing 
many-fold differences in the chemical and radiation load, suggests 
that the identified differences in cytogenetic alterations, indicators 
of proliferation and destruction of the nucleus, reflect the effects 
of the chemical, radiation, and combined environmental factors.

The rate of cells with micronuclei in pregnant women living 
in the Bryansk Region attracts attention. Since, in accordance 
with the international data (HUMNxl project), the average rate 
of cells with micronuclei in controls is 1.1‰ [21], the indicator 
reported for the territories of the Bryansk Region is increased 
1.45-fold relative to the control territories and 5.4–7.2-fold 
relative to the environmentally disadvantaged territories to reach 
its maximum in the territories with the combined radioactive 
and chemical contamination (7.9‰). 

Both the differences and similarity of the data obtained 
by cytogenetic monitoring of exfoliative cells should be noted. 
Thus, according to [23], the rate of micronuclei in the urothelial, 
buccal and nasal cells of the control group varies between 
0.24 and 0.35‰, which is significantly lower compared to both 
our results obtained for the control districts of the Bryansk 
Region (1.6‰) and international standards (1.1‰) [21]. The 
values of the rate of binucleated cells in the vaginal epithelium 
of pregnant women living in the control districts we have 
obtained (1.20‰) are similar to the data on the rate of binucleated 
cells in the urothelium of the controls (1.21‰) [23], however, 
the reported number of cells with karyopyknosis and karyolysis 
[23] is significantly higher compared to our results.

The study [25] showed that the total rate of cells with 
destruction of the nucleus (karyopyknosis, karyorrhexis 
and karyolysis) reached its maximum in the puerperas with 
abnormalities of the fetus living in the conditions of combined 
radioactive and chemical contamination. 

When assessing the data obtained, it is necessary 
to emphasize the need to implement the complex hygienic 
monitoring of the environment based on the levels of chemical, 
radioactive and combined contamination reported over a long 
period, since the impact of single factors is always  summed 
up and transformed in real-world conditions (the phenomenon 
of synergy) [12, 24, 25, 27].

In the reported study, the combined effects of radioactive 
and chemical contamination resulted in the significantly 
higher rates of cytogenetic alterations, indicators 
of proliferation and destruction of the nucleus in pregnant 
women living in the environmentally disadvantaged 
territories compared to women living in the districts where 
there was only one pollution factor. The findings are likely 
to show synergy of the effects of the radiation and chemical 
factors.

CONCLUSIONS

1. The rates of cytogenetic alterations, indicators of proliferation 
and destruction of the nucleus in pregnant women living in the 
environmentally disadvantaged territories are 1.9–4.9 times 
higher (p < 0.001) compared to that in women living in the 
environmentally safe (control) districts.

2. The number of cells with nuclear protrusions, binucleated 
cells, cells with karyopyknosis, karyorrhexis and karyolysis 
is significantly higher in the radioactively contaminated 
territories compared to the chemically contaminated ones 
(increase from 20.5 to 29.6%), which suggests the greater 
effect of the radiation factor resulting from the Chernobyl 
disaster on the cytogenetic status of pregnant women relative 
to the chemical factor.

3. The combined effects of radioactive and chemical 
contamination resulted in the significantly higher rates 
of cells with micronuclei (increase from 16.2 to 33.9%), nuclear 
protrusions (increase from 20.5 and 53.6%), binucleated 
cells (increase from 40.0 to 81.4%), cells with the double 
nucleus (increase from 33.3 to 52.4%), as well as cells with 
karyopyknosis (increase from 25.3 to 54.7%) and karyolysis 
(increase from 12.8 to 35.9%) in pregnant women living in the 
environmentally disadvantaged territories compared to that 
in women living in the districts where there was only one 
pollution factor. The findings are likely to show synergy of the 
effects of the radiation and chemical factors on the cytogenetic 
status of pregnant women. 

4. In the towns and districts of the Bryansk Region, the 
average rate of cells with micronuclei in the environmentally 
safe territories 1.45-fold exceeds the international standards 
(HUMNxl project) and in environmentally unfavorable areas 
5.4–7.2 times, reaching maximum values in the territories 
of combined radioactive and chemical contamination (7.9‰).

References

1. Orellano P, Reynoso J, Quaranta N, Bardach A, Ciapponi A. 
Short-term exposure to particulate matter (PM

10
 and PM

2.5
), 

nitrogen dioxide (NO
2
), and ozone (O

3
) and all-cause and cause-

specific mortality: systematic review and meta-analysis. Environ 
Int. 2020; (142): 105876. DOI: 10.1016/j.envint.2020.105876.

2. Rahmanin JuA, Novikov SM, Avaliani CL, Sinicyna OO, 
Shashina TA. Sovremennye problemy ocenki riska vozdejstvija 
faktorov okruzhajushhej sredy na zdorov'e naselenija i puti ee 
sovershenstvovanija. Analiz riska zdorov'ju. 2015; (2): 4–11 (in Rus.).

3. Lourenço J, Mendo S, Pereira R. Radioactively contaminated 
areas: bioindicator species and biomarkers of effect in an early 
warning scheme for a preliminary risk assessment. J Hazard Mater. 
2016; (317): 503–42. DOI: 10.1016/j.jhazmat.2016.06.020.

4. Aleksahin RM, Buldakov LA, Gubanov VA, Drozhko EG, Ilin AA, 
Kryshev II, et al. Krupnye radiacionnye avarii: posledstvija i 
zashhitnye mery. M.: IzdAT, 2001; 752 p. (in Rus.).

5. Jablokov AV, Nesterenko VB, Nesterenko AV, Preobrazhenskaja NE. 
Chernobyl': posledstvija Katastrofy dlja cheloveka i prirody: 

1986–2016. 6-e izd., pererab. i dop. M.: Tovarishhestvo 
nauchnyh izdanij KMK, 2016;  826 p. (in Rus.).

6. Bréchignac F, Oughton D, Mays C, Barnthouse L, Beasley JC,
Bonisoli-Alquati A, et al. Addressing ecological effects of 
radiation on populations and ecosystems to improve protection 
of the environment against radiation: Agreed statements from a 
Consensus Symposium. J Environ Radioact. 2016; (158–159): 
21–9. DOI: 10.1016/j.jenvrad.2016.03.021.

7. Izrajel JuA, Bogdevich IM. Atlas sovremennyh i prognoznyh 
aspektov posledstvij avarii na Chernobyl'skoj AJeS na postradavshih 
territorijah Rossii i Belarusi. Moskva-Minsk: Infosfera, 2009; 140 p. (in Rus.).

8. Goroda i rajony Brjanskoj oblasti (statisticheskij sbornik). Brjansk: 
Upravlenie Federal'noj sluzhby gosudarstvennoj statistiki po 
Brjanskoj oblasti, 2020; 255 p. (in Rus.). 

9. Jahrjushin VN. Dannye po radioaktivnomu zagrjazneniju 
territorii naseljonnyh punktov Rossijskoj Federacii ceziem-137, 
stronciem–90 i plutoniem-239+240. Obninsk: FGBU "NPO "Tajfun", 
2023; 228 p. (in Rus.).     



20

ORIGINAL RESEARCH

RUSSIAN BULLETIN OF HYGIENE   2, 2024   RBH.RSMU.PRESS| |

Литература

1. Orellano P, Reynoso J, Quaranta N, Bardach A, Ciapponi A. 
Short-term exposure to particulate matter (PM

10
 and PM

2.5
), 

nitrogen dioxide (NO
2
), and ozone (O

3
) and all-cause and cause-

specific mortality: systematic review and meta-analysis. Environ 
Int. 2020; (142): 105876. DOI: 10.1016/j.envint.2020.105876.

2. Рахманин Ю. А., Новиков С. М., Авалиани C. Л., Синицына О. О., 
Шашина Т. А. Современные проблемы оценки риска 
воздействия факторов окружающей среды на здоровье 
населения и пути ее совершенствования. Анализ риска 
здоровью. 2015; (2): 4–11.

3. Lourenço J, Mendo S, Pereira R. Radioactively contaminated 
areas: bioindicator species and biomarkers of effect in an early 
warning scheme for a preliminary risk assessment. J Hazard Mater. 
2016; (317): 503–42. DOI: 10.1016/j.jhazmat.2016.06.020.

4. Алексахин Р. М., Булдаков Л. А., Губанов В. А., Дрожко Е. Г.,
Ильин А. А., Крышев И. И. и др. Крупные радиационные 
аварии: последствия и защитные меры. М.: ИздАТ, 
2001; 752 с.

5. Яблоков А. В., Нестеренко В. Б., Нестеренко А. В., 
Преображенская Н. Е. Чернобыль: последствия Катастрофы 
для человека и природы: 1986–2016. 6-е изд., перераб. и 
доп. М.: Товарищество научных изданий КМК, 2016;  826 с.

6. Bréchignac F, Oughton D, Mays C, Barnthouse L, Beasley JC,
Bonisoli-Alquati A, et al. Addressing ecological effects of 
radiation on populations and ecosystems to improve protection 
of the environment against radiation: Agreed statements from a 
Consensus Symposium. J Environ Radioact. 2016; (158–159): 
21–9. DOI: 10.1016/j.jenvrad.2016.03.021.

7. Израэль Ю. А., Богдевич И. М. Атлас современных и 
прогнозных аспектов последствий аварии на Чернобыльской 
АЭС на пострадавших территориях России и Беларуси. 
Москва-Минск: Инфосфера, 2009; 140 с.

8. Города и районы Брянской области (статистический сборник). 
Брянск: Управление Федеральной службы государственной 
статистики по Брянской области, 2020; 255 с. 

9. Яхрюшин В. Н. Данные по радиоактивному загрязнению 
территории населенных пунктов Российской Федерации 
цезием-137, стронцием–90 и плутонием-239+240. Обнинск: 
ФГБУ «НПО «Тайфун», 2023; 228 с.    

10. Романович И. К., Брук Г. Я., Базюкин А. Б., Братилова А. А., 
Яковлев В. А. Динамика средних годовых и накопленных 
доз облучения взрослого населения Российской Федерации 
после аварии на Чернобыльской АЭС. Здоровье населения и 
среда обитания — ЗНиСО. 2020; (3): 33–8.

11. Государственный доклад «О состоянии и об охране 
окружающей среды Российской Федерации в 2021 году». 
М.: Минприроды России; МГУ им. М.В.Ломоносова, 2023; 
686 с. 

12. Корсаков А. В., Домахина А. С., Трошин В. П., Гегерь Э. В. 
Заболеваемость детского и взрослого населения Брянской 
области в зависимости от уровней радиационного, 
химического и сочетанного загрязнения: экологическое 
исследование. Экология человека. 2020; (7): 4–14. DOI: 
10.33396/1728-0869-2020-7-4-14.

13. Яблоков А. В. О концепции популяционного груза (обзор). 
Гигиена и санитария. 2015; (6): 11–4.

14. Волкова А. Т., Целоусова О. С., Загидуллина С. Р., Потапова И. А.,
Викторова Т. В. Оценка кариологических показателей 
апоптоза в процессе адаптации сельских жителей к 
городской среде. Медицинский вестник Башкортостана. 
2014; 9 (6): 77–80.

15. Казанцева Е. В., Долгушина Н. В., Ильченко И. Н. 
Влияние антропогенных химических веществ на течение 
беременности. Акушерство и гинекология. 2013; (2): 32–7.

10. Romanovich IK, Bruk GJa, Bazjukin AB, Bratilova AA, Jakovlev VA. 
Dinamika srednih godovyh i nakoplennyh doz obluchenija vzroslogo 
naselenija Rossijskoj Federacii posle avarii na Chernobyl'skoj AJeS. 
Zdorov'e naselenija i sreda obitanija — ZNiSO. 2020; (3): 33–8 (in Rus.).

11. Gosudarstvennyj doklad "O sostojanii i ob ohrane okruzhajushhej 
sredy Rossijskoj Federacii v 2021 godu". M.: Minprirody Rossii; 
MGU im. M.V.Lomonosova, 2023; 686 p. (in Rus.). 

12. Korsakov AV, Domahina AS, Troshin VP, Geger JeV. Zabolevaemost' 
detskogo i vzroslogo naselenija Brjanskoj oblasti v zavisimosti 
ot urovnej radiacionnogo, himicheskogo i sochetannogo 
zagrjaznenija: jekologicheskoe issledovanie. Jekologija cheloveka. 
2020; (7): 4–14 (in Rus.). DOI: 10.33396/1728-0869-2020-7-4-14.

13. Jablokov AV. O koncepcii populjacionnogo gruza (obzor). Gigiena 
i sanitarija. 2015; (6): 11–4 (in Rus.).

14. Volkova AT, Celousova OS, Zagidullina SR, Potapova IA, Viktorova TV. 
Ocenka kariologicheskih pokazatelej apoptoza v processe 
adaptacii sel'skih zhitelej k gorodskoj srede. Medicinskij vestnik 
Bashkortostana. 2014; 9 (6): 77–80 (in Rus.).

15. Kazanceva EV, Dolgushina NV, Ilchenko IN. Vlijanie antropogennyh 
himicheskih veshhestv na techenie beremennosti. Akusherstvo i 
ginekologija. 2013; (2): 32–7 (in Rus.).

16. Verzilina IN, Churnosov MI, Evdokimov VI. Issledovanie vlijanija 
atmosfernyh polljutantov na zabolevaemost' beremennyh v 
Belgorodskoj oblasti. Gigiena i sanitarija. 2015; (4): 11–4 (in Rus.).

17. Setko NP, Zaharova EA. Kinetika metallov v sisteme mat'-plod-
novorozhdennyj pri tehnogennom vozdejstvii. Gigiena i sanitarija. 
2005; (6): 65–7 (in Rus.).

18. Kuzmin DV. Sravnitel'nyj analiz pokazatelej reproduktivnogo 
zdorov'ja zhenshhin, prozhivajushhih v rajonah raspolozhenija 
aljuminievogo proizvodstva. Gigiena i sanitarija. 2007; (3): 13–5 (in Rus.).

19. Antypkin YG, Gorban NY, Borysiuk OY, Lynchak OV. Reproductive 
health of residents of the territories of Ukraine affected by radioactive 
contamination (2007–2017). Probl Radiac Med Radiobiol. 2019; (24): 
284–95. DOI: 10.33145/2304-8336-2019-24-284-295. 

20. Kundiev YI, Chernyuk VI, Karakashyan AN, Martynovskaya TY. 
Chornobyl and reproductive health of a female rural population (an 

epidemiological study). Probl Radiac Med Radiobiol. 2013; (18): 
102–18. 

21. Fenech M, Holland N, Zeiger E, Chang WP, Burgaz S, Thomas P, 
et al. The HUMN and HUMNxL international collaboration projects 
on human micronucleus assays in lymphocytes and buccal cells-
past, present and future. Mutagenesis. 2011; 26 (1): 239–45. 
DOI: 10.1093/mutage/geq051.

22. Kashyap B, Reddy PS. Micronuclei assay of exfoliated oral 
buccal cells: means to assess the nuclear abnormalities in 
different diseases. J Cancer Res Ther. 2012; 8 (2): 184–91. DOI: 
10.4103/0973-1482.98968.

23. Sycheva LP. Citogeneticheskij monitoring dlja ocenki bezopasnosti 
sredy obitanija cheloveka. Gigiena i sanitarija. 2012; (6): 68–72 (in 
Rus.).

24. Korsakov AV, Troshin VP, Sidorov IV, Zhilin AV, Mihalev VP. 
Sravnitel'naja ocenka izmenenij bukkal'nogo jepitelija rodil'nic s 
vrozhdennymi porokami razvitija ploda, prozhivajushhih na 
territorijah himicheskogo zagrjaznenija okruzhajushhej sredy. 
Zdravoohranenie Rossijskoj Federacii. 2014; 58 (5): 45–9 
(in Rus.).

25. Korsakov AV, Troshin VP. Osobennosti citogeneticheskih 
narushenij v bukkal'nom jepitelii rodil'nic s vrozhdennymi porokami 
razvitija ploda, prozhivajushhih na territorijah radiacionnogo, 
himicheskogo i sochetannogo zagrjaznenija okruzhajushhej sredy. 
Vestnik Moskovskogo universiteta (serija HHIII Antropologija). 
2016; (1): 93–101 (in Rus.).

26. Trapeznikova LN. Dozy obluchenija naselenija Brjanskoj 
oblasti ot razlichnyh istochnikov ionizirujushhego izluchenija za 
2021 god (informacionnyj spravochnik). Brjansk: Upravlenie 
Federal'noj sluzhby po nadzoru v sfere zashhity prav potrebitelej 
i blagopoluchija cheloveka po Brjanskoj oblasti, 2022; 53 p. 
(in Rus.). 

27. Korsakov AV, Geger EV, Lagerev DG, Pugach LI, Mousseau TA. 
De novo congenital malformation frequencies in children from the 
Bryansk region following the Chernobyl disaster (2000–2017). 
Heliyon. 2020; 6 (8): e04616. DOI: 10.1016/j.heliyon.2020.e04616.



21

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ

РОССИЙСКИЙ ВЕСТНИК ГИГИЕНЫ   2, 2024   RBH.RSMU.PRESS| |

16. Верзилина И. Н., Чурносов М. И., Евдокимов В. И. 
Исследование влияния атмосферных поллютантов на 
заболеваемость беременных в Белгородской области. 
Гигиена и санитария. 2015; (4): 11–4.

17. Сетко Н. П., Захарова Е. А. Кинетика металлов в системе 
мать-плод-новорожденный при техногенном воздействии. 
Гигиена и санитария. 2005; (6): 65–7.

18. Кузьмин Д. В. Сравнительный анализ показателей 
репродуктивного здоровья женщин, проживающих в 
районах расположения алюминиевого производства. Гигиена 
и санитария. 2007; (3): 13–5.

19. Antypkin YG, Gorban NY, Borysiuk OY, Lynchak OV. Reproductive 
health of residents of the territories of Ukraine affected by 
radioactive contamination (2007–2017). Probl Radiac Med 
Radiobiol. 2019; (24): 284–95. DOI: 10.33145/2304-8336-2019-
24-284-295. 

20. Kundiev YI, Chernyuk VI, Karakashyan AN, Martynovskaya TY. 
Chornobyl and reproductive health of a female rural population (an 
epidemiological study). Probl Radiac Med Radiobiol. 2013; (18): 
102–18. 

21. Fenech M, Holland N, Zeiger E, Chang WP, Burgaz S, Thomas P, 
et al. The HUMN and HUMNxL international collaboration projects 
on human micronucleus assays in lymphocytes and buccal cells-
past, present and future. Mutagenesis. 2011; 26 (1): 239–45. 
DOI: 10.1093/mutage/geq051.

22. Kashyap B, Reddy PS. Micronuclei assay of exfoliated oral 
buccal cells: means to assess the nuclear abnormalities in 

different diseases. J Cancer Res Ther. 2012; 8 (2): 184–91. DOI: 
10.4103/0973-1482.98968.

23. Сычева Л. П. Цитогенетический мониторинг для оценки 
безопасности среды обитания человека. Гигиена и санитария. 
2012; (6): 68–72.

24. Корсаков А. В., Трошин В. П., Сидоров И. В., Жилин А. В., 
Михалев В. П. Сравнительная оценка изменений буккального 
эпителия родильниц с врожденными пороками развития 
плода, проживающих на территориях химического 
загрязнения окружающей среды. Здравоохранение 
Российской Федерации. 2014; 58 (5): 45–9.

25. Корсаков А. В., Трошин В. П. Особенности цитогенетических 
нарушений в буккальном эпителии родильниц с врожденными 
пороками развития плода, проживающих на территориях 
радиационного, химического и сочетанного загрязнения 
окружающей среды. Вестник Московского университета 
(серия ХХIII Антропология).  2016; (1): 93–101.

26. Трапезникова Л. Н. Дозы облучения населения Брянской 
области от различных источников ионизирующего излучения 
за 2021 год (информационный справочник). Брянск: 
Управление Федеральной службы по надзору в сфере 
защиты прав потребителей и благополучия человека по 
Брянской области, 2022; 53 с. 

27. Korsakov AV, Geger EV, Lagerev DG, Pugach LI, Mousseau TA. 
De novo congenital malformation frequencies in children from the 
Bryansk region following the Chernobyl disaster (2000–2017). 
Heliyon. 2020; 6 (8): e04616. DOI: 10.1016/j.heliyon.2020.e04616.


