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Study of genetic effects of radiation pollution
from contaminated territories on biota and human

Abstract. An important element of the set of works to determine the degree of impact of radiation contaminated
territory on the environment and public health is the conduct of ecological-genetic and medical-biological
research in the region. Current publication is based on the results of scientific research to analyze the current
state of the habitat in radiation-contaminated territories. Genetic impact of the combined effect of radiation
and non-radiation factors, unlike other mutagens, have not been studied sufficiently, and the results of this
kind of research are rather contradictory. Industrial factors, the forceful action of full elementary evolutionary
processes (mutational process, migration, isolation, etc.), can lead to qualitative transformations of the gene
pool of populations. The study of chromosomal aberrations in natural populations and the human body
acquires a special practical and theoretical significance related to the influence of factors of the changing
habitat. Research data obtained using modern physico-chemical (AA-spectrometry, radiology), cytological
and molecular-genetic methods are presented wuth a complex of test systems in order to fully assess the
effectiveness of the combined action of radiation and non-radiation factors. Observations in the field and lab
facilitate establishing a previously unknown fact that complexes of soil animals with chronic irradiation with
doses of 0.5-20 mSv/day experience clearly recorded oppression. Especially sensitive are earthworms Eisenia
fetida. The quantitative dependence of the spectrum of structural and numerical aberrations of chromosomes
was studied. The frequency of cells with chromosome aberrations averages 2.4%. Both structural (93.6%) and
numerical aberrations (6.4%) of chromosomes were revealed. Among the cells with chromosome structure
disorders, chromosomal type aberrations (67.04%) prevailed over chromatid (32.95%), which indicates a
predominant radiation exposure.

Key words: cytogenetic, ecology, chromosome, population, molecular genetic, radiation genetic,
earthworms, polyheta.
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Introduction

In the past decade and a half, the concept of
radiation-induced genome instability has been
shaped and intensively studied. According to the
literature, this phenomenon is the emergence of
de novo multiple genetic changes (gene or chro-
mosomal) non-clonal in approximately 10-30%
of descendants of irradiated cells that survived
after irradiation [1-3]; observed after irradia-
tion not only at high, but also so-called low doses
(200 cSv or less) of radiation [4; 5].
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Today the problem of assessing the environmental
hazard and the genetic efficacy of the combined ac-
tion of low doses of mutagens, such as natural radio-
nuclides and heavy metals, have a complex effect on
living objects. The genetic effects of the combined ac-
tion of these factors, unlike other mutagens, have been
studied insufficiently, and the results of such studies
are rather contradictory so-called anthropogenic fac-
tors, intensifying the action of all elementary evolu-
tionary processes (mutational process, migration, iso-
lation, etc.), can lead to qualitative transformations of
the gene pool of populations [4; 6; 7]. Therefore, it
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becomes necessary to study the effects of chronic ex-
posure to ionizing radiation on natural populations in
order to fully assess the effectiveness of the combined
effect of radiation and non-radiation factors that are
difficult to reproduce in the laboratory. The study of
chromosomal aberrations in natural populations of or-
ganisms acquires a special significance in connection
with the influence of factors of a changing habitat.

The growing development of the extractive in-
dustry in Kazakhstan requires further intensification
of studies of migration patterns in natural ecosystems
of heavy natural and artificial radionuclides, as well
as the biological effects of ionizing radiation at the
population and biogeocenotic levels.

The purpose of this publication — based on the
results of scientific research to analyze the current
state of the habitat in radiation-contaminated terri-
tories, namely, to give an ecological-genetic assess-
ment of the consequences of radiation effect on biota
and human.

Materials and methods

Conducted conventional cytogenetic (micronu-
cleus analysis [8-11] in peripheral blood cells of hu-
mans). Cytogenetic analysis and photography were
performed under a microscope (MicroOptix, Austria,
2013) [12]. In persons living in settlements adjacent
to the source of pollution was carried out in clinics
from the phalanx of the upper extremities (fingers),
observing the principles of antiseptics. Blood smears
were made on the prepared glasses according to the
method for micronuclear analysis. Statistical pro-
cessing of the results was carried out by conventional
methods of biostatistics in biology and medicine [11;
13]. Molecular genetic RAPD-PCR analysis [14; 15].

A set of reagents QIAamp DNA Mini Kit (Qia-
gen, USA) was used for genomic DNA extraction.

Table 1 — The total level of B-radiation test objects

Quantitative and qualitative assessment of the iso-
lated DNA was performed using DNA photometer
(Biofotometer Plus, Eppendorf, Germany) and elec-
trophoretic analysis. PCR mixture with Taq poly-
merase, PCR Master Mix (Thermo Scientific, Lithu-
ania) was used for DNA amplification of the studied
and control samples. Amplification was performed
automatically on the programmable amplifier Master
cycler nexus Gradient (Eppendorf, Germany) using
the Hot-start PCR method. Polymerase chain reac-
tion was performed with ten-membered oligonucle-
otide primers synthesized in RSE Institute of General
genetics and Cytology (Kazakhstan) on synthesizer
ASM-800 of Bioset (Russia). The PCR reaction was
carried out in the following temperature regime: ini-
tial denaturation at 94 °C for 2 min, 40 cycles con-
sisting of four stages, including 45 sec at 92 °C,
30 sec at 37 °C, 15 C at 45 °C and 2 min at 72 °C.
The reaction is performed during 10-minute elonga-
tion stage at 72 °C. Negative reaction control (con-
tamination test) contained a reaction mixture without
DNA addition.

Results and discussion

The content of y-emitting radionuclides and ra-
dioactivity of the test objects. Observations and ex-
periments in environment made it possible to estab-
lish a previously unknown fact that, under chronic
irradiation with doses, such as 0.5-20 mSv/day, the
complexes of soil animals undergo clearly recorded
inhibition [11]. Particularly sensitive are earthworms
[16].

As a result of determining the total level of total
radioactivity of the test objects under study, the back-
ground level of B-radiation was detected in represen-
tatives of the ringed worms — Nereis diversicolor and
Eisenia fetida (Table 1).

[-radiation, B-radiation, B-radiation,
Sample title 1/ min * cm? Sample title 1/ min * cm? Sample title 1/ min * cm?
(SD= SE) (SD= SE) (SD= SE)

Abramus brama 0.88+0.003 Unio 0.86+0.004 Neres 1.24+0.005
pictorum diversicolor

Sander 1.41+0.007 Dreisena polymorha 0.86+0.003 Eisenia fetida 8.810.021
lucioperca (Earworms)

Sander bersh 1.4240.007 Nereis diversicolor 6.24+0.021 LD (limited Dose) 5
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Basically, the results on the content of
y-emitting radionuclides in test objects correlate
with this indicator. Only in this case, the results

Table 2 — The content of y-emitting radionuclides in test objects

of all measurements are higher or close to the
Limiting Dose (LD) with the exception of Cesi-
um-137 (Table 2).

The activity of radionuclides
Sample Bl/kg (SD< SE)
Cs-137 Ra-226 Th-232 K-40
Abramus brama 64.5£0.5 155+0.4 119+0.5 1296+12.3
Sander lucioperca 63+0.4 123+0.4 70+0.4 1124+12.4
Sander bersh 65+0.4 164+0.5 124+0.4 1300+11.9
Unio pictorum 109+0.5 31+£0.3 43+0.4 625+9.9
Dreisena polymorha 76+0.3 32+0.5 45+0.4 624+9.8
Nereis diversicolor 111+0.5 100+0.3 100+0.3 850+9.8
Eisenia fetida 125+0.4 185+0.6 169+0.5 1332+12.5
Nereis diversicol 89+0.5 29+0.4 40+0.3 594+12.3
Limiting Dose 370 32 45 700

According to the data presented in the Table 2,
the activity of Cesium-137 in all test objects is signif-
icantly lower than LD. The activity of Potassium-40
in mollusks and gadflies is less than the LD, while in
other organisms it is much higher. The activity of Ra-
dium-226 and Tilura-232 in the tissues of the Sander
bersh, Dreisena polymorha are within the LD. There-
fore, of all studied fish species, pike perch accumulates
less radionuclides, although as an active predator, this
species should receive more radionuclides from food.
Apparently, low activity are associated with the pres-
ence of the molecular mechanism for removing ra-
dionuclides from the body. Among invertebrates, the
number of studied radionuclides (except for cesium)
is significantly higher than the LD. In species more
closely contacting with the soil and the ground: the
Eisenia fetida earthworm and the polychaetes (Nereis
diversicolor). Apparently, this is due to the subsid-
ence and accumulation of radionuclides at the bot-
tom and in the coastal soil, from which they enter
the body of the above species with food. The pres-
ence of high activity of Radium-226 in the studied
objects is explained by the presence of this isotope
in all mountain and sedimentary rocks. According-
ly, this radionuclide always accompanies the pol-
lution of the mining industry. Being in a dissolved
state in water, radium forms the so-called secondary
materials, which is part of the salts of lead, calcium,
barium, etc. Referring to the group of alkaline earth
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metals, radium is an analogue of the elements of
biological accumulators of copper and magnesium.
Thorium-232 and Potassium-40 are low-toxic radio-
nuclides, but at high activity that were found in inver-
tebrate test objects, these isotopes contribute to the
irradiation of organisms. Thus, on the basis of data
on the content of radioisotopes in the body of hydro
species, one can judge about the unfavorable radia-
tion situation in the waters of the Northern Caspian.
Of particular concern are the large concentrations of
radionuclides in earthworms, which indicates that the
soil in the studied area is radioactively contaminated.
Accordingly, it can be assumed that radionuclides
enter the food products of the region’s population not
only with commercial fish, but also along the follow-
ing chain: soil — plants — livestock — meat and dairy
products. It is these groups of organisms that can be
recommended as bio indicators of radioactive con-
tamination of the soil.

The effect of radiation on the body of animals
and humans. Assessing the impact of factors that pol-
lute the human environment, genetic consequences
should be included. Among the factors leading to
chromosome abnormalities, ionizing radiation is of
particular importance, since all types of radiation
cause chromosomal aberrations in human germ cells
and somatic cells [17].

Cytogenetic analysis in rodents. Catching ro-
dents big gerbil and small R. opimus was carried out
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with live bait from adjacent to the tailing dump areas
and were taken as control from the Balkhash zone.
Following the standard (conventional) methods cy-
tological preparations for chromosome analysis and
samples for DNA extractions were conducted ac-
cordingly (molecular genetic research).

To establish the mutagenic potential, a test was
used to account for chromosomal and genomic mu-
tations in bone marrow cells. The obtained data on
the assessment of the potential mutagenic hazard of
contamination of the tailing dump and surrounding
areas with oil and petroleum products using as a test
object of big gerbil (R. opimus), showed that in all
four points of the rodents studied, there are changes
in both the frequency of aberrant cells and types of
chromosomal abnormalities.

Cytogenetic studies of large gerbils (R.opimus).
The karyotype of the great gerbil (R. opimus) con-
sists of 40 chromosomes (Figure 1). 8" chromosome
is a large submetacentric or metactntrics. 15 pairs of
chromosomes gradually decrease in size and form
are submetacentric or metacentric. One pair of chro-
mosomes is the smallest in size and morphologically
they are acrocentric chromosomes.
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Figure 1 — Karyotype of a big gerbil (2n=40)
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The maximum values of the studied cytogenetic
parameters were observed in heavily polluted areas.
In animals caught near the tailing dump, the frequen-
cy of chromosomal aberrations in the bone marrow
of the gerbil is (5.03+£13)% at t=3.83; p<0.003, which
exceeds the spontaneous level by 2.5 times. Rodents
living in the neighborhood, in the adjacent territory to
the tailing dump really detect individual variability in
cytogenetic damage. The level of cytogenetic disor-
ders in R. opimus, living in the surrounding area, 1.5
times lower than in rodents from the tailings. In the
studied animals of the adjacent territory at a distance
of 500 m (place 1, 2), the frequency of metaphase
cells with aberrations was (4.97£1.21)% at (t=2.58;
p<0.01), 2,3 times higher than spontancous level,
and points 3.4 (1000 m) — (4.05£1.02)% at (t=2.01;
p<0.05), 1.5 times higher than the level of spontane-
ous chromosomal mutations.

The quantitative and qualitative composition
of cytogenetic disturbances revealed in this work
according to dislocation from the source of pol-
lution in the studied points testifies to the pres-
ence of strong clastogenic effects of pollutants
here. The studied mutagenic factors radionuclides,
heavy metals and others are the cause of the high
frequency of chromosomal mutations of R. opimus
in the surveyed areas. However, it is difficult to say
which of these mutagenic environmental factors
caused the observed changes [18]. However, the
revealed level of genetic disorders in wild rodents
with appropriate extrapolation can be considered
as the real maximum mutagenic effect of environ-
mental factors in relation to people living in these
areas [19-21].
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Figure 2 — Chromosome of metaphase cell
with terminal deletion in big gerbil
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Figure 3 — Metaphase cell
with diploid set of chromosomes (2n=38)

Chromosomal rearrangements play an important
role in karyotype divergence and population adapta-
tion in many animal and plant species, and there are
differing views on the role of chromosomal polymor-
phism in natural populations.

Micronuclear test. We examined the inhabitants
of the settlements adjacent to the source of pollution
of the coastal zone of the Caspian sea, using a mi-
cronuclear test. Table 3 presents the results of micro-
nuclear test of people living in settlements: the city of
Aktau and towns: Mangistau-1 village, Mangystau-5
village, Baskuduk village and Akshukur village.

Table 3 — The amount of blood examined erythrocytes with micronuclei in patients

Number of analyzed Erythrocytes with micronuclea
Place of observation Quantity of patients erythrocytes, in
thousands Absolute number % (SD+ SE)

Control group 35 482.4 2 0.415+0.01
m;‘:ﬁ‘:jiﬁfi‘;ﬁﬁ y 10 1819.622 2029 3.693+ 0.35
Baskuduk village 5 1180.5 1037 1.224+0.07
Mangystau-5 village 5 1158.9 1057 1.2250.06

Akshukur village 11 2368.3 1797.2 4.2560.03
Mangistau-1 village 6 1235.6 1225 1.513+0.06

As follows from Table 3, the maximum frequen-
cy of cytogenetic disorders in persons living in the
area of the Aktau (uranium enterprises) was detected
in the age group up to 60 years and ranges from 0.199
— 0.287, which is slightly lower than the age group
over 60 years — from 0.189 to 0.201, and the mini-
mum frequency in children is 0.102.

According to this test similar results were ob-
tained from residents of other settlements adjacent to
the source of pollution (total residents — 33). In par-
ticular, residents of Baskudyk village have the high-
est frequency of cells with disorders MN found in
children under the age of 5 years (0.236-0.244), and
in the age group of 31-40 years it is slightly lower
(0.175-0.193).

A sufficiently high frequency of cells with MN
in the blood of the examined residents of Mangys-
tau — 5 in the age group 30-45 years and ranges from
0.208-0.221, and in persons over 45 years within
0,197 was revealed. In persons living in the village
of Akshukyr, the number of cells with MN is: in the
group over 60 years in the range 0.163-0.184; in the

Int. j. biol. chem. (Online)

age of 50 years-from 0.196 to 0.204; in the group of
20-23 years-from 0.213 to 0.25; in children-0.228.
The number of erythrocytes with micronuclei in the
blood of the examined art. Mangistau-1, up to 30
years ranges from 0.196-0.255, and in the group over
50 years — from 0.184-0.198.

Many authors [8; 9; 11; 14] evaluated the micro-
nucleus test as a convenient method of screening sub-
stances, allowing to quickly determine the presence
or absence of cytogenotoxicity and mutagenicity of
various compounds. Comparison of the results of this
study with the literature data indicates the adequacy
of the results obtained by us, that is, the induction
of pollutants, in our case radionuclides and chemical
contaminants, in human peripheral blood cells leads
to violations of genome stability.

As follows from the analysis, a clear dependence
of cytogenetic disorders on the micronucleus test
(MN) from the age of the examined is not observed.
In turn, there is an increase in the frequency of cells
with cytogenetic disorders (MN), depending on the
location of the village from the source of pollution,

International Journal of Biology and Chemistry 13, Ne 1, 88 (2020)
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in particular, the tail of the Koshkar-Ata. Thus, the
greatest frequency is found in persons living in the
area GHS Aktau and towns have Baskuduk, Akshu-
kur that corresponds to the data of radiation ecologi-
cal surveys of these territories.

Molecular genetic analysis of the population
living in Mangystau region by DNA repair genes
XRCC1 and XRCC3. To analyze the state of re-

1000 B.P.

500B.P.

300 B.P.
200 B.P.

100 B.P.

pair systems of the organism in the inhabitants
of Mangystau region, polymorphism of genes
XRCC1 Argl94Trp (rs1799782) and XRCC3
Trp241Met (rs861539) were studied. A group
of people living in Almaty region was used as a
control. The results of electrophoretic analysis of
restriction products after PCR-analysis are pre-
sented on Figures 4 and 5.

T 8 8 10 11 12

490 B.P.

294 B.P.
196 B.P.

Figure 4 — Electrophoresis products in a polymorphic restriction site 194Arg/ Trp
of the XRCCI1 gene. Note: M: molecular DNA marker. Homozygotes by normal allele XRCCl1
194 Arg/Arg -1, 2, 3, 5, 7, 10 heterozygotes XRCC1 194 Arg/Trp — 4, 6,9, 11, 12

7008.P.

300 B.p.

20006.P.
1508.P.

1008B.P.
758.P.
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1 12 13 14

1368.P.
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Figure 5 — Electrophoresis products of the restriction in the polymorphic site 241
Thr/Met XRCC3 gene. Note: M: molecular DNA marker. Homozygotes by normal allele
XRCC3 241 Thr/Thr-3, 6, 7, 8, 9, 11, 12, 14 heterozygotes XRCC3 241 Thr/Met — 1, 2, 5, 13
homozygotes by mutant allele XRCC3 241 Met / Met — 4

The research method “case-control” is an effec-
tive method for epidemiological assessment of the
relative effect (hazard ratio). The most important and
crucial point of this study is the formation of groups
for analysis.

Int. j. biol. chem. (Online)

As a criterion, we considered living in an eco-
logically unfavorable region of Kazakhstan near the
Koshkar-Ata tailing dump.

The case study group was formed from representatives
living in the Mangystau region (95 people) (Table 4).

International Journal of Biology and Chemistry 13, Ne 1, 88 (2020)
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Table 4 — Frequencies of polymorphic alleles of XRCC1 Arg194Trp and XRCC3 Trp241Met genes

Allele frequency
Alleles of gene Data NCBI/NIH
ene Group “case” Group “control” - - -
g Asian Populations | European Populations

XRCC1 Arg 0.95 0.951 0.761 - 0.711 0.948 — 0.908
Argl94Trp Trp 0.205 0.049 0.239 - 0.289 0.052 - 0.092
XRCC3 Thr 0.874 0.837 0.942 - 0.889 0.571-0.500
Trp241Met Met 0.126 0.163 0.058 - 0.110 0.429 - 0.500

The mean age in this group was 35.16£1.16
years. The gender composition of the experimental
group is 85% of women and 15% of men. The selec-
tion of the control group was based on the analysis
of the database of biological samples (personal data
and clinical examination data) of the laboratory of
molecular genetics of the Institute of General genet-
ics and Cytology, Almaty, Kazakhstan. Clinical ma-
terial from these people was collected in 2008-2014
in the course of scientific projects of the Institute of
genetics and Cytology, Almaty, Kazakhstan. Blood
and DNA samples are stored in the Biological bank at
-20 °C and -80 °C. The control group included healthy
individuals living in ecologically favorable areas of
Almaty region. The control population of condition-
ally healthy donors was selected in the maximum
possible accordance with the personal data of the sur-
veyed group according to age and gender criteria. A
total of 92 peripheral blood samples were collected for
the control group. The mean age in the control group
was 36.99+1.02 years. The gender composition of the
control group is 78% women and 22% men. The Stu-
dent’s t-test was used to determine the statistical sig-
nificance of the differences in the studied samples. The
differences were considered to be significant, starting
with p<0.05, that is, when the probability of differenc-
es was equal to or greater than 95%. The analysis of
the experimental and control cohorts showed that the
differences of the compared values in Table 4 are not
statistically significant, since in all cases p>0.05.

According to international experts, the threshold
dose for deterministic (acute, immediate) effects is
0.2 Gr. Therefore, at lower doses, the only type of
radiological consequences are stochastic (remote) ef-
fects — oncological and hereditary diseases. Consid-
ering the range of such small doses, it is more correct
to speak of low radiation levels (LRL), implying not
only the absolute value of the dose, but also the low
intensity of radiation exposure —a low dose rate [4; 5].

Int. j. biol. chem. (Online)

All information about the long-term effects of LRL in
humans was obtained either by extrapolation of ex-
perimental data on animals, or as a result of direct
radiation-epidemiological studies. The main source
of the latter is the data of acute single exposure of
high dose rate in atomic catastrophes (Hiroshima and
Nagasaki, Chernobyl, Fukushima, and other). The
quantitative parameters of the probability of devel-
opment of the stochastic effects of an LRL are char-
acterized by a number of important radiobiological
parameters. However, due to the lack of specific data,
these effects have not been accurately determined to
date and remain a subject of discussion.

If we consider that the human genome contains
up to 100,000 genes, then the potential number of
possible mutations, as well as various radiation ge-
netic disorders, can be enormous, especially since
there are no specific radiation mutations. Irradiation
only increases the likelihood of the manifestation of
all categories of hereditary disorders that occur in
natural conditions — Mendelian, chromosomal and
multifactorial [15].

In the process of evolution of the species under
consideration, such a mechanism in humans has
reached a maximum, ensuring the leveling of ge-
netic effects in LRL. Without a doubt, the validity
of the proposed mechanism needs experimental con-
firmation. The latest data on the assessment of the
minimum significance of radiation genetic risk and
provide grounds for a confident conclusion that this
risk, as a factor taken into account when regulating
LRL has firmly shifted to a much less significant
place compared to radiation-carcinogenic risk. In this
regard, there are two independent, albeit interrelated
research aspects of radiobiology: basic research — the
study of the effects of ionizing radiation at the mo-
lecular and cellular levels and applied — recording ef-
fects at the organismic and population levels to assess
radiation safety [22].

International Journal of Biology and Chemistry 13, Ne 1, 88 (2020)
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It is important to keep in mind that it is impos-
sible to evaluate the response of the whole organism
in the field of an LRL under the conditions of a vari-
ety of other factors, based solely on radiobiological
knowledge of the effects at previous levels of bio-
logical organization. The fact is that with the modern
possibilities of registering the most diverse indicators
of the action of radiation, the dose ranges at the cel-
lular and organismic levels are very different. If this
1s not taken into account, then there are conclusions
about the harm to human health of radiation in the
range of so-called “ultra-low” doses. Knowledge of
the effects of radiation on humans with an LRL (low
exposure levels — up to 100 background levels) are
given by radiation epidemiological studies.

Information on the effect of LRL for the popu-
lation of Kazakhstan needs to develop a separate
program in relation to the specific conditions of ura-
nium mining activities, guaranteeing the technical
conditions of radiation safety, ensuring compliance
with radiation hygiene standards for external and
incorporated exposure to different types of ionizing
radiation. This program should be based on the data
of modern scientific studies, taking into account the
limits of applicability and significance for radiation
safety of a person of relevant results at the molecular
and cellular levels. The relevance of such a work pro-
gram is evidenced by the materials of the 55th ses-
sion of UNSCEAR, held from May 21 to 25, 2007 in
Vienna (Austria) [13]. As was noted at this session,
the exposure of occupational groups and the risk to
the population of adjacent areas in the mining indus-
try is a particular problem today, when very large
amounts of waste rock are formed, containing even
low concentrations of 23U and 2*?Th and their decay
products. Although, on average, radiation doses of
miners are insignificant, amounting to several micro-
Sieverts(mSv) per year, in some cases they can reach
several milli-Sieverts, which already represents a ra-
diation risk [17; 24]. Japanese scientists studied the
chromosomes in the blood leukocytes of people ex-
posed to the atomic bombardment of Hiroshima and
Nagasaki, and showed that chromosomal rearrange-
ments are characteristic of human leukocytes even
after at least three decades after the explosion.

When conducting cytogenetic analysis of leu-
kocytes of people who received radiation, it turned
out that all irradiated people had leukocytes, among
which more than 10% had chromosomal rearrange-
ments [6; 24-26]. The results of epidemiological and
experimental studies indicate the induction of ge-
nome instability in the offspring of parents exposed
to ionizing radiation. This genomic instability is pri-
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marily manifested by an increase in the rate of muta-
tion and an increase in the risk of tumor and other
pathologies in the offspring [8; 17]. Studies of many
scientists have shown that the phenomenon of ge-
nomic instability is found in populations of distant
descendants irradiated. At the same time, the appear-
ance of different types of chromosomal aberrations
in cells and an increase in the overall level of chro-
mosome abnormalities are noted. It was revealed ex-
perimentally that prolonged low-intensity irradiation
can cause a significant increase in the number of cells
with chromosomal aberrations and reciprocal chro-
mosomal translocations not only in the exposed but
also in their descendants of the first [16; 25; 26], and
especially the second generation. To date, cytogenet-
ic studied the patterns of action of a wide variety of
gene toxically agents and accumulated a sufficiently
large amount of factual material on the dynamics of
the yield and diversity of types of chromosomal aber-
rations, which are difficult to replicate double-strand-
ed DNA breaks. The work of many scientists [16; 26]
is devoted to the study of new molecular mechanisms
of the formation of cytogenetic damage.

Conclusion

On the basis of data on the content of radioiso-
topes in the body of hydro species (fish’s, mollusk’s,
polychaetes), one can judge about the unfavorable
radiation situation in the waters of the Northern Cas-
pian. Of particular concern are the large activity of
radionuclides in body of polyhactes and earthworms,
which indicates that the soil in the studied area is ra-
dioactively contaminated. It is these groups of organ-
isms that can be recommended as bio indicators of
radioactive contamination of the soil.

The studied mutagenic factors radionuclides,
heavy metals and others are the cause of the high
frequency of chromosomal mutations of wild mouse
(R. opimus) in the surveyed areas. The level of cyto-
genetic disorders in R. opimus, living in the surround-
ing area, 1.5 times lower than in rodents from the tail-
ings. In the studied animals of the adjacent territory
at a distance of 500 m (places 1, 2), the frequency of
metaphase cells with aberrations was (4.97£1.21)%
at (t=2.58; p<0.01), 2,3 times higher than spontane-
ous level, and points 3.4 (1000 m) — (4.05+1.02)% at
(t=2.01; p<0.05), 1.5 times higher than the level of
spontaneous chromosomal mutations [18]. However,
the revealed level of genetic disorders in wild rodents
with appropriate extrapolation can be considered as
the real maximum mutagenic effect of environmental
factors in relation to people living in these areas.
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As next test-system for examined the inhabitants
of the settlements adjacent to the source of pollu-
tion of the coastal zone of the Caspian sea was used
a micro-nuclear test. Was obtained the maximum
frequency of cytogenetic disorders in people living
in the area of the Aktau (uranium enterprises) was
detected in the age group up to 60 years and ranges
from 0.199 — 0.287, which is slightly lower than the
age group over 60 years — from 0.189 to 0.201, and
the minimum frequency in children is 0.102. Accord-
ing to micronuclear test similar results were obtained
from residents of other settlements adjacent to the
source of pollution (total residents — 33). In particu-
lar, residents of Baskudyk village have the highest
frequency of cells with disorders (MN) found in
children under the age of 5 years (0.236-0.244), and
in the age group of 31-40 years it is slightly lower
(0.175-0.193). A sufficiently high frequency of cells
with MN in the blood of the examined residents of
Mangystau — 5 in the age group 30-45 years and
ranges from 0.208-0.221, and in persons over 45
years within 0,197 was revealed. In persons living
in the village of Akshukyr, the number of cells with
MN is: in the group over 60 years in the range 0.163-
0.184; in the age of 50 years-from 0.196 to 0.204;
in the group of 20-23 years-from 0.213 to 0.25;
in children — 0.228. The number of erythrocytes
with micronuclei in the blood of the examined art.
Mangistau-1, up to 30 years ranges from 0.196-
0.255, and in the group over 50 years — from 0.184-
0.198.

The results of molecular genetic investigation by
electrophoretic analysis of restriction products after
PCR-analysis the state of repair systems of the or-
ganism in the inhabitants of Mangystau region poly-
morphism of genes XRCC1 Argl94Trp (rs1799782)
and XRCC3 Trp241Met (rs861539) was obtained.
The study of the distribution of genotypes in people
living near radiation-contaminated areas of Western
Kazakhstan showed that the distribution of the mu-
taion genotype (TRP/TRP) gene XRCC1 Argl94 to-
tal-1.7%, and the gene XRCC1 arg 399GLn(English/
English) — 8.6%, XRCC3Thr 241Met — (Met/Met)-
7% and XPD751GLn — 5.2%-contaminated areas
of Western Kazakhstan showed that the distribution
of the mutaion genotype (TRP/TRP) of the gene
XRCC1 Argl94 total — 1.7,%, and the gene XRCCl1
arg 399gIn(ENG/ENG) — 8.6%, xrcc3thr 241met —
(Met/ Met) — 7% and XPD751GLn — (GLn/Gln) —
5.2%. The research method “case-control” is an ef-
fective method for epidemiological assessment of the
relative effect (hazard ratio). The most important and
crucial point of this study is the formation of groups
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for analysis. As a criterion, we considered living in
an ecologically unfavorable region of Kazakhstan
near Koshkar-Ata tailing dump. In order to explain
the possible causes of surprising interspecific quan-
titative differences in the manifestation of radiation-
genetic consequences.

References

1 Preston J.K., Dean B.J., Galloway S. (1987)
Mammalian in vivo cytogenetic assays. Analysis of
chromosome aberrations in bone marrow cells. My-
tat. Res., vol. 189, pp. 157-165.

2 Dubinin N.P., et al. (1990) Human genetic
fund and environmental mutagens [Genofond che-
loveka i mutageny okruzhajushhej sredy]. Materials
of AS USSR. Report 1, pp. 19-31.

3 Rihvanov L.P. (2009) Radioactive elements
in the environment and problems of radioecology
[Radioaktivnye jelementy v okruzhajushhej srede i
problemy radiojekologii]. Tomsk Polytechnic Uni-
versity Publ., 428 p.

4  Jablokov A.V. (2013) Non-appropriacy of
the official concept of radioprotection in low dose
impact field [Neadekvatnost’ oficial’noj koncepcii
radiacionnoj zashhity v oblasti vlijanija malyh doz].
Materials of IV international conference. Tomsk,
June 4-8, pp. 580-587.

5 Mosse 1., Dubovic B., Kostrova L., Molophei
V. (2006) Melanin can be used for people protection
against chronic irradiation and low radiation doses.
4th International Workshop on Space Radiation
Research and 17th Annual NASA Space Radiation
Health Investigators’ Workshop, Book of Abstracts,
Dubna, p. 81.

6 Bigaliev A.B. (2017) Ecological genetics,
Qazaq University Publ., 346 p.

7 Rihvanov L.P. (2013) Radioactivity and ra-
dioactive elements in biosphere, possible ecological
consequences [Radioaktivnost’ i radioaktivnye jele-
menty v biosferei vozmozhnye jekologicheskie po-
sledstvija]. Materials of IV international conference.
Tomsk, June 4-8, pp. 440-447.

8 Loomis D.P., Shy C.M., Allen J.W., Sacco-
manno G. (1990) Micronuclei epithelial cells from
sputum of uranium workers. Scand J Work Environ
and Health, vol. 16, no. 5, pp. 355-362.

9 Montero R., Serrano L., Davila V., Segura
Y., Arrieta A., Fuentes R., Abad 1., Valencia L., Si-
erra P., Camacho R. (2003) Metabolic polymorphism
and the micronucleus frequency in buccal epithelium
of adolescents living in an urban environment. Envi-
ron. Mol. Mutagen., vol. 42, no. 3, pp. 216-222.

International Journal of Biology and Chemistry 13, Ne 1, 88 (2020)



A. Bigaliev et al. 97

10 Lloyd D.C., Edwards A.A., Moquet, J.E.,
Guerrero-Carbajal Y.C. (2000) The role of cytoge-
netics in early triage of radiation casualties. Appl.
Radiat. Isot., vol. 52, pp. 1107-1112.

11 MacGregor J.T., Heddie J.A. Hite F., Tice
R.R. (1987) Guide lines for the conduct of micro-
nucleus assays in mammalian bone marrow erythro-
cytes. Mutat. Res. Genet. Toxicol. Test, vol. 189, no.
2, pp- 103-112.

12 Zang K.D., Back E. I. (1968) Quantitative
studies on the arrangement of human metaphase
chromosomes. Individual features in the association
pattern of the acrocentric chromosomes of normal
males and females. Cytogenetics, vol. 6, pp. 455-470.

13 Levan A., Fregda K., Sandberg A.A. (2006)
Nomenclature for centric position on chromosomes.
Hereditas, vol. 52, pp. 201-220.

14 Mac Key B.E., Mac Gregor J.N. (1979) The
Micronucleus test: statistical design and analysis.
Mutat. Res., vol. 64, no. 2, pp. 195-201.

15 Mosse I.B. (2012) Genetic effects of ionizing
radiation — some questions with no answers. Env. Ra-
dioactivity, vol. 112, no. 1, pp. 70-75.

16 Bigalyev A.B., Shalabaeva K.Z., Kulumbe-
tov A.K., Jiyenbekov A.K., Adylova L.M., Kozhah-
metova A.N., Myrzakhan A.G., Ishanova N.E.
(2017). Ecology-genetical evaluation of radiation
and chemical pollution (associated with heavy met-
als) on biota and man. International Journal of ad-
vanced research. vol. 5, no. 10, pp. 819-825.

17 Catana A., et al. (2012) Genetic polymor-
phism of DNA repair gene ERCC2/XPD (Arg 156
Arg) (A22541C) and lung cancer risk in Northern
Romania. Revista Roméana de Medicind de Labora-
tor. vol. 20, no. 2, pp. 157-161.

18 Hagmar L., Stromberg U., Bonassi S.,
Hansteen I.L., Knudsen L.E., Lindholm C., Norppa
H. (2004) Impact of types of lymphocyte chromo-
somal aberrations on human cancer risk: results from
Nordic and Italian cohorts, Cancer Research, vol. 64,
no. 6, pp. 2258-2263.

19 Ecological and genetic assessment of the im-
pact of the Koshkar-Ata tailing dump on the health of
the population of adjacent territories. Annual scien-
tific report. (2016). Almaty, 119 p.

Int. j. biol. chem. (Online)

20 Kadyrzhanov K.K., Lucashenko S.N.,
Gluschenko V.N., Kijatkina N.G., Morenko V.S.,
Silachyov 1.Y., Poleshko A.N., Sadykov N.R., Ziro-
jan V. (2005) Over all investigation of the influence
on environment from Koshkar-Ata tailing pond and
rehabilitation measure, ISTC Science Workshops
at the International Conference on contamination
Soil, Con Soil, Bordeaux Convention Centre France,
pp- 55-59.

21 Luckey T.D. (1999) Nature with ionizing ra-
diation: a provocative hypothesis, Nutrition and can-
cer, vol. 34, pp. 1-11.

22 Beljaeva N.N., Muhambetova L.H., Petrova
LV., Hripach L.V., Shamarin A.A., Jurchenko V.V.,
Zhurkov V.S. (2003) Medical and biological assess-
ment criteria of environmental pollution impact on
human health [Mediko-biologicheskie kriterii ocen-
ki vlijanija zagrjaznenija okruzhajushhej sredy na
zdorov’e naselenija], Hyg. Sanit., no. 6, pp. 77-79.

23 Hagmar L., Stromberg U., Bonassi S.,
Hansteen I.L., Knudsen L.E., Lindholm C., Norppa
H. (2004) Impact of types of lymphocyte chromo-
somal aberrations on human cancer risk: results from
Nordic and Italian cohorts, Cancer Research, vol. 64,
no.6, pp. 2258-2263.

24 Bigaliev A.B., Sintjurina A. (2009) Fea-
tures of radionucleide accumulation by hydrobionts
and coastal inhabitants of Northern-Caspian region
[Osobennosti akkumuljacii radionuklidov gshidrobi-
ontami i obitateljami pribrezhnoj zony Severo-kaspi-
jskogo regiona], KazZNU Herald, Series Ecology,
vol. 1, no. 24, pp. 97-100.

25 Shametov A.K., Kozhahmetova A.N,,
Bigaliev A.B. (2014) Reconnaissance and radioeco-
logical study of environmental objects of Koshkar-
Ata tail storage. Biological sciences. Fundamental
research, no. 12, pp. 1938-1941.

26 Kundakbaeva G.B., Svjatova G.S,,
Abil’dinova G.Zh., Bigaliev A.B. (1997) Cytogenetic
effect in human somatic cells under radiation during
nuclear tests at Semipalatinsk polygon [Citogenet-
icheskij effect” v somaticheskih kletkah cheloveka,
podvergavshihsja vozdejstviju radiacii v period jad-
ernyh ispytanij na Semipalatinskom poligone], News
of MS AS RK, Series biol. and med., no. 4, pp. 6-12.

International Journal of Biology and Chemistry 13, Ne 1, 88 (2020)



