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Micronucleus test and assessment of changes in peripheral blood erythrocytes of
dominant animal species in the Turkestan region

Abstract. The article presents the results of a study of peripheral blood erythrocytes of
dominant animal species in the Turkestan region. The relevance of this work is due to the
construction of a nuclear power plant on the territory of Uzbekistan (Jizzakh region, Lake
Tuzkan), since the areas of the Turkestan region fall under the potential influence of nuclear
power plants and biota objects require monitoring at the ‘zero stage’ before the construction of a
nuclear power plant. The data obtained are of great importance in assessing the impact of
technogenic factors on biota. Given the location of uranium deposits in the Turkestan region,
the uranium content was determined in samples (bones, soft tissues) of amphibians and fish. It
has been established that the concentration of uranium in samples of biological objects is within
the normal range. We have carried out work on the analysis of erythrocytes and micronuclei in
the following biota representatives: desert lacerta (lat. Eremias intermedia), yellow ground
squirrel (lat. Spermophilus or Citellus), lake frog (lat. Pelophylax ridibundus), rudd (lat. Redd
pisces), snakehead (lat. Channa argus). According to the results of studies in the desert lacerta
(Iat. Eremias intermedia) and lake frog (lat. Pelophylax ridibundus), various pathological
conditions of erythrocytes and micronuclei were observed in 11% of the total number of blood
products studied.
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Introduction

The micronucleus test (MNT) is used for toxicological screening of potential genotoxic
compounds. Currently, MNT is recognized as one of the successful and reliable tests for genotoxic
carcinogens, which is based on the formation of the number of micronuclei in cells [1].

Depending on the number of detected formations, one can speak about the degree of pollution
of the organism's habitat [2]. The appearance of micronuclei has a direct correlation with chromosome
damage. There is a direct relationship between an increase in the number of chromosome aberrations
and the activity of the mitosis process. This is due to the fact that the violation of mitotic division when
exposed to toxic substances [3-4].

In recent years, micronucleus analysis has been used for biomonitoring in nuclear power plant
workers [5-6]. In one of the most extensive studies, Tierens and colleagues evaluated various groups of
workers in Belgian nuclear power plants and found a slight increase in the frequency of micronuclei [7].

The micronucleus test is widely used to assess cytogenetic damage caused by chemical or
physical agents. Although most of the work published so far has performed this analysis on mammalian
species (especially rodents), the micronucleus test has proven to be a useful tool for samples taken from
other members of the biota. In particular, it makes it possible to reveal the genotoxic properties of
compounds present in the aquatic environment. Both laboratory studies (to assess the genotoxicity of
xenobiotics) and in situ studies (to assess water quality) included several species of invertebrates,
amphibians, and teleosts [8-9].

The need for this study is explained by the fact that micronuclei in cells often appear as a result
of the mutagenic effects of technogenic factors (heavy metals, radionuclides, pesticides, etc.) on
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organisms. At the nuclear power plant under construction in Uzbekistan, it is planned to install a water-
cooled power reactor VVER-1200 and, accordingly, water from Lake Tuzkan, which is located at a short
distance from the Shardara reservoir and the Syrdarya River, will be used to cool the nuclear power
plant. It should also be noted that uranium deposits are located in the Turkestan region. After the
commissioning of nuclear power plants to monitor the state of environmental objects, an important role
is played by the assessment of the degree of change in erythrocytes and micronuclei of biological objects
(fish, amphibians, reptiles, rodents) in the study areas. Therefore, at the "zero stage" it is relevant to
assess the real state of blood erythrocytes of biological objects living near the territory of the NPP.

Lake Tuzkan (Aydar-Arnasai system of lakes) in the Jizzakh region, is located about 40 km from
the Turkestan region, the most densely populated region of Kazakhstan. Near Lake Tuzkan is the
Shardara Reservoir, a portable water source and a strategic reservoir located on the transboundary
Syrdarya River (Fig. 1). The specifics of the Tuzkan reservoirs and the chain of Aydarkul lakes, formed
as a result of recharge and lenses of groundwater, is such that contamination of reservoirs with
radionuclides can lead to their spread into underground lenses downstream [10]. The above specifics of
the location of water arteries can become one of the factors of contamination with radionuclides, and
pathological changes in erythrocytes of biological objects.
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Figure 1. Characteristics of the location and correlation of Aidar - Arnasay system of lakes (Tuzkan
Lake) in Uzbekistan and Shardara reservoir (Kazakhstan)

Since 2010, the Kazakhstan has become the world's largest supplier of uranium, topping the list
of leading producers of natural uranium [11]. It is necessary to focus on the location of uranium ore
deposits in relation to the studied territories - Sozak and Otyrar districts of Turkestan region
(Zarechnoye uranium deposit).

Shu-Sarysu and Syrdarya uranium provinces are located in the sedimentary basins of the
marginal part of Turan Plate [12]. The largest halos of fallow waters formed along these fronts; due to
infiltration, they are unsuitable for drinking water supply due to anomalously high concentrations of
natural radionuclides in them [13]. This fact also explains the need to control the uranium content in the
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dominant biological objects of aquatic ecosystems in Turkestan region. This will allow assessing the
impact of uranium mining on the biological objects of the aquatic ecosystems of Turkestan region
(changes in erythrocytes, the appearance of micronuclei). And also to differentiate the causes of
spontaneous changes in micronuclei at the ‘zero stage’.

Methodology and materials of the study

The object of the study was blood preparations of the following biological objects: Desert
lacertas (Lat. Eremias intermedia) — 21 slides, ground squirrel (Lat. Spermophilus nan Citellus) — 27
slides. Peripheral blood preparations of the lake frog were taken for bioindication of aquatic ecosystems
(Lat. Pelophylax ridibundus) — 20 slides, dominant fish species in water bodies of selected areas —
Redeye (Lat. Rudd pisces) — 3 slides, Shakehead fish (Lat. Channa argus) — 18 slides.

Peripheral blood samples taken with a syringe from the tail vein of the dominant species of
biological objects in the Turkestan region were fixed on a defatted glass slide. In fish, peripheral blood
was taken from the caudal artery by cutting off the caudal peduncle. The resulting preparations in the
amount of 65 pieces were dried in air and fixed with 96% ethyl alcohol. The work was carried out in the
field.

At the laboratory stage, the slides were stained according to Romanovsky-Giemsa. Before
staining the smears, the finished liquid dye is diluted at the rate of 1- 2 drops of the dye per 1 ml of
distilled water. After rinsing with distilled water, it was dried on filter paper for 30 min. Anomalies of
nuclei in blood erythrocytes and morphological analysis of changes in erythrocytes, micronuclei were
evaluated on hematological preparations using an EX20-MSC-Company microscope (China) with an oil
immersion objective - PLAN 100x/1.25 oil, «/0.17 (100-fold increase).

The content of uranium in the tissues of fish (Sander lucioperca, Cyprinus carpi), frogs
(Pelophylax ridibundus) was determined by inductively coupled plasma mass spectrometry on an
Agilent-7800 instrument using regulated analysis methods in an accredited testing laboratory of
radiochemistry and radio spectrometry of the Institute of Radiobiology and Radiation Protection NJSC
"Astana Medical University". Samples of biological objects (bones and soft tissues) were preliminarily
dried in the laboratory for two weeks.

Statistical data processing was carried out by generally accepted methods, using a package of
documents, Microsoft Excel and Statistica 6.0 programs.

Results and discussions

As an indicator of changes in mitotic processes and the pathological state of erythrocytes,
micronuclei were found - these are the remains of a nuclear (chromatin) substance formed as a result of
degradation of erythrocyte nuclei. They were rounded chromatin-containing formations 1.5-2 um in
size, mostly in a single amount per cell.

Comparative micronucleus analysis of spontaneous chromosomal instability revealed no
correlation differences in the frequencies of micronuclei between different habitats of animals from the
same species group found in the territory of the Turkestan region. Statistical processing did not reveal
statistically significant differences (« 0.05). In addition, analysis of variance between groups (species of
dominant animal species) was used to evaluate the results, where F=1.8. P=0.1 (no statistically
significant differences between species were found). The exception was 1 specimen of the lake frog (lat.
Pelophylax ridibundus), and 2 specimen s of the Desert lacertas (lat. Eremias intermedia), where single
micronuclei were found. It has been established that in the peripheral blood of frogs and lizards,
erythrocytes with attached and loose micronuclei were mainly found.

Guided by atlases of blood cells, pathomorphological changes in erythrocytes were determined
[14,15,16]. For each individual, from 3 to 15 smears were made. On the preparation of each individual
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type, blood cells were examined. A total of 62 preparations and 3053 cells were analyzed. Mature
erythrocytes had an elongated shape, the nucleus was elongated. In the studied drugs, several types of
pathological changes in erythrocytes were recorded:

1. Change in the shape of red blood cells (poikilocytosis).

2. Agglutination (clumping) of erythrocytes

3. Changes in the shape of nuclei

3.1 Displacement of nuclei to the periphery

3.2 Invagination of the nucleus

3.3 Nuclear shadows

4. Hypochromasia

5. Scalloped border

Poikilocytosis may be the result of a violation of intracellular metabolism or occur as a result of
external physicochemical and immunological influences. Examining preparations of peripheral blood of
frogs in 2 studied smears (sample names: L1, L2), the following transformations in the shape of
erythrocytes were noticed (Fig. 1a, 1b, Fig. 3)

b

Figure 1a. Nuclear shadows in a smear of a lake Figure 1b. Hypochromasia and agglutination of
frog (lat. Pelophylax ridibundus) erythrocytes in a smear of a lake frog (lat. Pelophylax
ridibundus)

All slides were coded prior to microscopic analysis. To exclude contaminating factors on
peripheral blood preparations, a clear strategy for micronucleus differentiation was adopted.
Micronuclei were taken into account only when the micronucleus was clearly separated from the main
nucleus and had a rounded shape and color corresponding to the main nucleus. Erythrocytes with
micronuclei were observed in the peripheral blood samples of Desert lacertas (Lat. Eremias intermedia)
(Fig. 2a, 2b). The types of identified nuclear anomalies corresponded to the accepted morphological
criteria of the micronucleus.
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Figure 2a. Anomalous nucleus (micronucleus) in Figure 2b. Anomalous nucleus (micronucleus) in
preparation Ne 2 of Desert lacertas (Lat. Eremias preparation Ne 1 of Desert lacertas (Lat. Eremias
intermedia) intermedia)

Figure 3. Scalloped edge of an erythrocyte Figure 4. Anomalous nucleus (micronucleus) in
of a lake frog (aat. Pelophylax ridibundus) preparation Neo 1 of lake frog (aat. Pelophylax
ridibundus)

The study area includes the Shardara reservoir. This reservoir is an important economic and
ecological object for the Turkestan region. The predominant fish species of the Shardara reservoir are
carp and pike perch.

In the Shardara Reservoir, the dominant fish species are carp and zander (Sanderlucioperca,
Cyprinuscarpi), whose bioassays were analyzed for uranium content. Judging by the reference source,
uranium isotopes are unevenly distributed in fish organisms [17]. The highest concentration is observed
in the body and head of fish, so tissue samples from the body of fish (Sanderlucioperca, Cyprinuscarpi)
were analyzed for U content and the following results were obtained (Table 1).
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Uranium content in fish from Shardara reservoir

Table 1

No. | Settlement Product Uranium Uranium concentration | Worldwide range*
type concentration (mkBq/kg) of U, uBg/kg
(ng/1)
1 Shardara fish- bones-14.88 bones-183.76
zander meat-1.92 meat-23.71 100000
2 Shardara fish- carp bones-69 bones-852.15
meat-6.54 meat-80.769
*UNSCEAR

According to *UNSCEAR 2000, the uranium content in fish samples (bones and soft tissues)

from the Shardara reservoir corresponds to the background values.
Amphibians have thin skin that absorbs water well, thereby exposing them to radionuclides
from the environment both internally and externally [18]. The obtained values are included in the
calculated reference values of natural concentrations of uranium in the body of animals and humans (in
terms of mgl/1-0.00033 for bones and 0.0001 per 0.0002 mgl/1 of tissues) (Fig. 5).

The content of uranium in the bones and soft tissues of the frog (Pelophylax ridibundus)

bones

o [

tissues

0

5E-05

0.0001 0.00015 0.0002 0.00025 0.0003 0.00035

= max norms of natural content of uranium-238 (ng/l)

Figure 5. Uranium content in the bones and soft tissues of lake frog (Pelophylax ridibundus)

The lake frog (Pelophylax ridibundus) is one of the dominant amphibian species in the area of
the Shardara Reservoir. This biological object is further proposed as a bioindicator for pollution control
at various stages of NPP operation. Given the proximity of uranium mining facilities, it is advisable to
take into account the laboratory-confirmed uranium content in the bones and soft tissues of the lake frog
(Pelophylax ridibundus).

96

No 2(143)/2023

AH. Tymunes amoindazor EYY Xabapuivicor.

BHOAOZM}MMK Zbl)\blM()ﬂp cepuscot

ISSN(Print) 2616-7034 eISSN 2663-130X



A.M. Ganina, M.M. Bakhtin, Y.T. Kashkinbayev, P.K. Kazymbet, M.N. Aumalikova, Zh.S. Uvataeva

Conclusion

Our studies have shown that under the given environmental conditions of the Turkestan region
(Zhetisay, Shardara and Maktaaral Districts), 5.88 + 2.8% of the cells of the studied biota objects had
pathologies associated with erythrocytes and micronuclei. Erythrocytes with any one type of pathology
were found in 2.5+2.3% of marsh frogs. In the blood of 11.82+ 2.7% of animals (out of the total number)
there are 2 different types of disorders in the morphology of erythrocytes. Three types of pathologies of
red blood cells were noted in 7.94+5.4% of Desert lacertas, and 4.76+3.9% of amphibians had 4 different
types of pathologies of erythrocytes.

Regarding the formation of micronuclei, the following distribution was observed: among
lizards, 0.41 %o of abnormal erythrocytes with micronuclei were found, among frogs, 0.32 %o of cells
with micronuclei were found.

The formation of micronuclei is a consequence of the pathology of mitotic cell division, during
which some chromosomes lag behind in metaphase and anaphase. During apoptosis, micronuclei of
various sizes can occur, which is associated with fragmentation of the nucleus of the cell subject to this
process. At this stage of research, a number of disorders of the nucleus and erythrocytes have been
identified, which may indicate a possible adverse effect of environmental factors in their habitat. The
practical application of this study is the development of a program for monitoring the state of the
environment and biota at various stages of the construction of a nuclear power plant in Uzbekistan for
the nearest areas of the Turkestan region. In addition, this study can serve as a basis for including the
studied biological objects in the territory monitoring program at the stage preceding the construction of
a nuclear power facility. In a particular case, it is recommended to include a block of research of
biological objects as indicator factors of environmental change in the general monitoring program at the
“zero stage of construction of the Uzbek NPP, and to monitor biological objects annually at each stage of
construction and operation of a nuclear power plant in Uzbekistan.

Taking into account the ability of amphibians to absorb radioactive elements through the surface
of the skin, as well as the proximity of uranium deposits in controlled areas, this study recommended:
to include in the monitoring program the control of uranium content in the soft tissues of the dominant
species of fish and frogs. This will make it possible to establish or eliminate the correlation between the
presence of micronuclei, changes in the shape of erythrocytes, and the level of uranium content in soft
tissues and bones. This study should be carried out at the "zero stage" and annually during the
operation of nuclear power plants in Uzbekistan.

A differentiated count of micronuclei shows the need for comprehensive studies using the
cytogenetic features of living organisms to obtain information about the ecological and genetic state of
populations of organisms and their habitat at the zero stage.

A pilot study of the uranium content in amphibian tissues shows the need for further study of
this topic in order to establish a connection between a possible increased content of uranium and the
presence of micronuclei or other changes in erythrocytes.
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TypkicTan 00abICBIHAAFBI AOMUHAHTTEI JKaHyapaap TypAepiHiH nepudepusiabiK
KaHbBIHBIH 9PUTPOLUTTEPiHiH 03repyiH MMKpPOHYKAeyC ChbIHArbl )XaHe Oaraaay

Anpaarmia. Maxaaaga Typkictan 00ABICBIHAQFBI AOMMHAHTTBI JKaHyapAap TYpAepiHiH IIeTKi
KaHBIHAAFBI DPUTPOLIUTTEPAL 3epTTey HoTIKedepi OepiareH. bya >KyMbIcThIH e3ekTiairi ©sbexkcran
ayMarbiHga (JKmszax 0OABICHI) aTOM DAEKTP CTaHIIMACBIHBIH CaAbIHYbIMeH OalldaHBICTBI, COHABIKTAH
Typkicran o0abIchiHBIH aliMakTappl ADC moTeHIMaaAbl ocCepiHe YIIBIpaiiAbl >KoHe Omorasac
oOBbeKTiAepi «HOAAIK Ke3eHHeH» Oacram OaKbL1ayAbl TaJall eTeii. AAbIHFaH MoaJliMeTTep OMOTa YIIiH
TeXHOTeHAIK ¢akropaapAbl Oarasaysda yAKeH MasbIdfa me. bis OmoraHblH Keaeci exiagepinae
SPUTPOLIUTTEP MEH MUKPOsAPOAapAbl TaaAay >KYMBICTapbIH JKYPri3AiK: KecipTke opracel (aart. Eremias
intermedia), capsr Tuin (aaT. Spermophilus nemece Citellus), kea 6akacs (aat. Pelophylax ridibundus),
pya. (aar. Rudd Pices), >xpiaanbac 6aapik (aar. Channa argus). 3eprrey HaTyoKeaepi OoifbIHIIIA
MUKposgpoaap opTa Keciptke (aar. Eremias intermedia) men kea ©OakaceiHga (aat. Pelophylax
ridibundus) TabblaraH. 3epTreseTiH KaH IperaparTapbiHBIH >KaAIlbl caHbIHBIH 11%  -pIHAQ
SPUTPOLIUTTEp MeH MUKPOHYKAeyCTapAblH opTypAi IaTOAOTMAABIK >KaFdaiidapel OaiiKaaAbl.
KasakcraHHBIH OHTYCTiriHAeri ypaH aliMaKTapbIHBIH OipIlamMa >KaKbIHABIFBIH eCKepe OTBIPHIIL,
KOCMeKeHAilepAiH >KyMcaK TiHAepiHAe ypaH aHBIKTaAAbl. YpaH KOCMeKeHAildep MeH OaabIKTapaa
©34iriHeH MUKPOsIAPOAAPABIH Ty3iayiHe >XoHe SPUTPOLUTTEPAIH ©3TepyiHe acep eTyi MyMKIH.

Tyi1in ce3aep: MUKpPOsAAPO CBIHAMACH, SPUTPOIIUTTEP, TEXHOTeHAIK (paKTOpAap, MOHUTOPUHT,
ouora.

AM. I'aanmuaal, M.M. baxtun!, E.T. Kamukmna6aes’, I1.K. Ka3zsimoOeT?,
M.H. Aymaauxosal, )K.C. YBaraesna?
TMremumym paduodbuorozuu u paduavuortos sawumol, HAO «Meduyunckuii Yrusepcumem
Acmana, Acmana, Kazaxcman
2AO «Hayuonaronvlii HayuHviil Meoutunckuil uenmp», Acmana, Kasaxcman

MukposigepHbIii TeCT U OlleHKa M3MeHeHII 9pUTPOINTOB epudepmieckoit KpoBu
AOMMHAHTHBIX BUAOB XMBOTHBIX TypKecTaHCKO¥ 004acTn

AGcTpaxkT. B craThe rpeAcTaBaeHbI pe3yabTaThl UCCA€AOBaHUS DPUTPOLIUTOB IepudeprdecKoi
KPOBI AOMUHAHATHBIX BUAOB KMBOTHBIX TypkecraHckoit obaacTy. AKTyaAbHOCTh AAHHOW pPaOOTHI
00ycAOBA€Ha CTPOUTeABCTBOM aTOMHOI 9AeKTPOCTaHIIUNM Ha TeppuTtopun Ysbekucrana (J>kmsakckast
obaactp, osepo TyskaH), Tak KakK paifoHBI TypKecTaHCKOM 004acTu IIONajaioT 110/, IOTeHIMaAbHoe
BausHre ADC 1 00BeKTsl OMOTH TpeOyIOT MOHUTOPMHTA Ha «HyAeBas CTalus» Iepe/ CTPOUTeALCTBOM
ADC. TloayyeHHBle aaHHBIE MMeEIOT OOABIIOE 3HAUeHNUe IPU OIfeHKe BO3AENCTBUSA TEeXHOTeHHBIX
¢dpakTOopoB Ha OMOTY. YUUTHIBas paclioA0KeHIe YpaHOBBIX MeCTOpOXKAeHni1 B TypkecraHckol obaacTy,
B oOpasmax (KocTu, MATKie TKaHM) aM$puonii 1 peid oIpeseanan cojep>KaHue ypaHa. YCTaHOBAEHO,
9TO KOHIIeHTpaIlus ypaHa B oOpasijaXx 611000beKTOB HaXOAUTCA B Ipejeaax HOpMEI. Hamm mposejeHs
paboOTEI IO aHAAM3y DPUTPOIUTOB ¥ MUKPOIAEP Y CAEAYIOIINX IpeACTaBuTeAell OMOTHI: ITyCThIHHAS
aaneprta (aat. Eremias intermedia), >xeatsit cycamk (aat. Spermophilus mam Citellus), oszepnas:
asrymika (aat. Pelophylax ridibundus), kpacnonépka (aat. Redd pisces), 3meeroaos (aar. Channa
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argus). I'lo pesyapraTtam mccaejoBaHMil y IMyCTBIHHOM AanepTsl (aaT. Eremias intermedia) n ozeproit
aarymku (aat. Pelophylax ridibundus) pasamunble maToaormueckme COCTOSHUSA SPUTPOLNUTOB U
MUKposigep Haba104aamch B 11% ot ob11iero KoandecTsa 1ccAe0BaHHBIX IIperlapaToOB KPOBIA.

KaroueBbie ca0Ba: MUKPOSIAEPHBIN TECT, SPUTPOLINTEI, TEXHOTEHHBbIE (PAKTOPHI, MOHUTOPVIHT,
ouora.

References

1. Ahmed Nabile Emam, Emad Girgis, Wagdy K.B., Khalil, Mona Bakr Mohamed. Toxicity of
Plasmonic Nanomaterials and Their Hybrid Nanocomposites, Advances in Molecular Toxicology, 8,
173-202 (2014).

2. Dockrell D.H., Marriott H.M., Prince L.R., Ridger V.C,, Ince P.G., Hellewell P.G., Whyte M.K.
Alveolar macrophage apoptosis contributes to pneumococcal clearance in a resolving model of
pulmonary infection, J. Immunol., 171(10), 5380-5388 (2003).

3. Zahidov S.T., Gopko A.V., Semenova M.L., Mihaleva YA.YU., Makarov A.A., Kulibin A.YU.
Karnozin kak faktor, modificiruyushchij chastotu vstrechaemosti geneticheski anomal'nyh polovyh
kletok v semennikah uskorenno stareyushchih myshej SAM, Byulleten' eksperimental'noj biologii i
mediciny [Carnosine as a Factor Modifying the Frequency of Genetically Abnormal Germ Cells in the
Testes of Accelerated Aging SAM Mice, Bulletin of Experimental Biology and Medicine], 134 (7), 89
(2002). [in Russian]

4. Thierens H., Vral A., Barbé M., Ridder L. D. Micronucleus assay reveals no radiation effects
among nuclear power plant workers, Health Physics, 83(2),178 (2002).

5. Heaven C.J., Wanstall H.C., Henthorn N.T., Warmenhoven J.W., Ingram S.P., Chadwick A.L,
Honeychurch J., Schmidt C.K., Kirkby K.J., Kirkby N.F., Burnet N.G. The suitability of micronuclei as
markers of relative biological effect, Merchant MJ. Mutagenesis, 2, 37(1), 3-12 (2022).

6. Sommer S., Buraczewska I., Kruszewski M. Micronucleus Assay. The State of Art, and Future
Directions, International Journal of Molecular Sciences, 4, 1532-1534 (2020).

7. Thierens H. Micronucleus Frequency is Increased in Peripheral Blood Lymphocytes of
Nuclear Power Plant Workers, Radiation Research, 160, 684-690 (2003).

8. Rodriguez-Cea A., Ayllon F., Garcia-Vazquez E. Micronucleus test in freshwater fish species:
An evaluation of its sensitivity for application in field surveys, Ecotoxicol Environ Saf., 56, 442-448
(2003).

9. Arslan O.C., Parlak H. Micronucleus Test Good Biomarker for Determination of Genetic
Changes in Aquatic Organism, ] Aquat Pollut Toxicol., 1, (3), 18-19 (2017).

10. Vereshchagina N., Vidineeva E., Shchetinnikov A., Mukhametzyanova A. Main factors
which make an impact on the ecological condition of the Aidar-Arnasay lake system and the area
around it, Environmental Bulletin, 13(8),11-12 (2013).

11. Bakhtin M.M., Kashkinbaev E.T., Altaeva N.Z. Radiation Situation of Territory Uranium
Mining Deposit of Kazakhstan, The Faseb Journal, 29(4), 25-26 (2015).

12. Syromyatnikov S.G. Ecological significance of the content of natural radionuclides in
groundwater on the sites of ore deposits and settlements of Kazakhstan, Geology of Kazakhstan, 1, 73-
79 (2001).

13. Berkinbayev G.D., Fedorov G.V., Bensman V.A. Radioecological situation in uranium
regions of the south of Kazakhstan. Ecoservice S. [Electronic resource] — Available at:
https://ecoservice.kz/index.php?route=article/article&apath=3&article_id=30 (Accessed 01.06.2008).

14. ZHiteneva L.D., Poltavceva T.G., Rudnickaya O.A. Atlas normal'nyh i patologicheski
izmenyonnyh kletok krovi ryb [Atlas of normal and pathologically altered blood cells in fish] (Rostov-
na-Donu: Rostovskoe knizhnoe izdatel'stvo, 1989, 110 s.) [Rostov-on-Don: Rostov book publishing

100 Ne 2(143)/2023 A.H. Tymuaes amoindazor EYY Xabapurvicol. buorozusivik viabimoap cepuscol
ISSN(Print) 2616-7034 eISSN 2663-130X



A.M. Ganina, M.M. Bakhtin, Y.T. Kashkinbayev, P.K. Kazymbet, M.N. Aumalikova, Zh.S. Uvataeva

house, 1989, 110 p.]. [in Russian]

15. Ivanova N.T. Atlas kletok krovi ryb [Atlas of fish blood cells] (Moskva: Lyogkaya i
pishchevaya promyshlennost’, 1983, 184 s.) [Moscow: Light and food industry, 1983, 184 p.]. [in Russian]

16. Izergina E.E., Izergin IL., Izergin L.I. Atlas kletok krovi lososevyh ryb materikovogo
poberezh'ya [Atlas of blood cells in salmon fish of the mainland coast] (Magadan: Kordis, 2014, 127 s.).
[in Russian]

17. Gudymenko V.A. Behaviour of Uranium Isotopes in Freshwater Mist Model System.
Dissertation, Russian State Agrarian University, 2014.

18. Baranovskaya N.V., Ignatova T.N., Ryhvanov L.P. Uranium and thorium in human organs
and tissues, Newsletter of Tomsk State University, 339, 182-188 (2010).

Information about authors:

Ganina A.M. — 3rd year Phd student in the specialty "Biology", Institute of Radiobiology and
Radiation Protection, NC JSC Astana Medical University, 49/A Beibitshilik Street, Astana, Kazakhstan.

Bakhtin M.M. - Doctor of Biological Sciences, Professor, Director of the Institute of
Radiobiology and Radiation Protection, NC JSC Astana Medical University, 49/A Beibitshilik Street,
Astana, Kazakhstan.

Kashkinbaev E.T. — PhD, Deputy Director of the Institute of Radiobiology and Radiation
Protection, NC JSC Astana Medical University, 49/A Beibitshilik Street, Astana, Kazakhstan.

Kazymbet P.K. — Doctor of Medical Sciences, Professor, Honorable Director of the Institute of
Radiobiology and Radiation Protection, NC JSC Astana Medical University, 49/A Beibitshilik Street,
Astana, Kazakhstan.

Aumalikova M.N. — PhD, Head of the Laboratory of the Institute of Radiobiology and Radiation
Protection, NC JSC Astana Medical University, 49/A Beibitshilik Street, Astana, Kazakhstan.

Uvatayeva Zh.S. — Senior Specialist of the Molecular Genetic Laboratory, JSC National Scientific
Medical Center, 42 Abylai Khan street, Astana, Kazakhstan.

TI'anuna AM. — «buoaorusi» MaMaHABIFEL OOMBIHINIA 3 KypC AOKTOpaHTHI, Paanobmoaorus skoHe
paduanusAbIK KOpFay WMHCTUTYTHL, «AcraHa meaunyHa yHusepcuteTi» KEAK, berioitmmiaik 49/A.,
Acrana, KazakcraH.

baxmun M.M. — Ounoaorus ¥relABIMAApPBIHBIH AOKTOpHl, mpodeccop, Paamobmoaorms >koHe
paauanumsAABIK KOpFay MHCTUTYTHI AMPeKTOphl, «AcraHa MeaniinHa yHusepcnuteTi» KEAK, beribirtiiaik
49/A., Acrana, Kaszakcran.

Kawxunbaes ET. — PhD, PaamoOmoaorus >KeHe pasualiUsAAbIK KOpFay MHCTUTYTHI
AVIPEKTOPBIHBIH OpbIHOacapsl, «AcraHa MeaunuHa yHusepcureri» KEAK, Berbitmriaik 49/A., Acrana,
KazakcraH.

Kasvimbem II.K. — MeauIHa FHIABIMAAPBIHBIH AOKTOpPEI, ITpodpeccop, Paanodbmosorns >xexe
paAMalMsAABIK, KOp¥ay MHCTUTYTBIHBIH KYPMETTi AUPEKTOphl, «AcTaHa MeAUIIMHA YHMUBEPCUTeTi»
KEAK, Beibirmiaik 49/A., Acrana, Kasakcram.

Aymaruxosa M.H. — PhD, PaaumoOmoaorus >keHe paamalmsagaH KOpFay MHCTUTYTHIHBIH
3epTxaHa MeHrepymmici, «Acrana meanmnuHa yHusepcuteri» KEAK, bBernbirmiiaik 49/A., AcraHa,
KazakcraH.

Yeamaesa 2K.C. — MO0aeKyAsApABIK-TEHETUKAABIK 3€pPTXaHACBIHBIH Oac MaMaHBl, «YATTBIK
FBLABIMU MeAUIINMHAABIK opTaabiK» AK, AGrplaart xaH 42, AcraHa, KaszakcraH.

BECTHMK EHY umenu A.H. Tymunesa. Cepust Buorozuseckue nayxu Ne 2(143)/2023 101
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



