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GENOTOXICITY OF ESENTAI AND ULKEN ALMATY
RIVERS WATER ON ANIMAL TEST-SYSTEMS

Ecological monitoring, including water resources, is included in a set of measures for the rational
use and protection of the environment. Currently, the assessment of water resources’ genotoxicity and
mutagenicity is an essential component of ecological monitoring. This research aimed to investigate
water’s genotoxicity from the Esentai and Ulken Almaty rivers flowing in Almaty. It was established
that the content of Fe, Cu, Co, Ni, Pb, and Cd in the Almaty rivers water does not exceed the maxi-
mum permissible concentration (MPC). In contrast, zinc content in the Esentai and Ulken Almaty riv-
ers’ water exceeded the MPC, respectively, by 1.1 and 7.7-folds, manganese — 2.1, and 1.9-folds. It
was found that water samples from the Esentai and Ulken Almaty rivers showed a DNA-damaging
effect on the studied cells (bone marrow, liver, kidneys, and spleen) of laboratory mice. DNA damage
was determined using the Comet assay. In the cells of the studied organs in the experimental groups,
the frequency of single-strand DNA breaks a statistically significant increase compared to the control
group’s animal. The genotoxic action’s organospecificity of the studied river waters on laboratory mice
was established. According to their sensitivity to water’s genotoxic effect, experimental mice’s organs
can arrange in the following order: spleen and bone marrow > liver> kidneys. An increase in lipid
peroxidation products was found in the laboratory mice’ liver that drank water from the Esentai and
Ulken Almaty rivers. Thus, the results of the physicochemical, molecular-genetic, and biochemical
analysis of water on animal test objects indicate the presence in the investigated natural surface waters
of chemicals with genotoxic and toxic activity.

Key words: surface waters; heavy metals; DNA comet assay, organ specificity, lipid
peroxidation.
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EceHTaii xaHe YAKeH AAMaTbl ©63eHAEPi CybIHbIH,
»KaHyapAapAbl CbIHAy )XXYHeAepiHAEeri reHOTOKCHMKaAbIK, 3cpcpexTi

Cy pecypcTapbiHblH MOHUTOPUHTi — TaOMFM OPTaHbl KOPFay >KoHE YTbIMAbI MafAaAaHy LapaAapbl
>KYMECiHiH MaHbi3Abl 6ybiHbl. Cy 0ObeKTIAEpiH 3epTTey Ke3iHAE OHblH MaHbI3Abl KypamAac 6GeAiri
PETIHAE CYAbIH FEHOTOKCMKAAbIK, 3(DMEKTIH XXaHE MyTareHAIAIriH 6araAaybl XkaTaAbl. byA 3epTTeyain
MakcaTbl AAMaTbl KaAacCblHAQ aFfbin aTkaH EceHTal MeH YAKeH AAMaTbl ©3eHAEpiHEH KeAeTiH
CYAbIH F€HOTOKCMKaAbIFbIH 3epTTey 60AbIN TabbiAAbl. 3epTTey HaTuxeci Fe, Cu, Co, Ni, Pb, xxoHe
Cdayblp MeTarAapbiHbiH, KypamMbl EceHTan >koHe YAKeH AAMaTbl ©3EHAEPIHAE LEKTI pyKcaT eTiAreH
KOoHueHTpaumsgaaH (LLIPK) acnaiTbiHAbIFbIH KepceTTi, aA Mbipbill MeAwepi LLIPK-aaH 1,1 >xaHe
7,7 ecere, TMiCiHWe MapraHel KepceTkiwi 2,1 >xeHe 1,9 ecere apTKaHAbIFbIH aHbiKTaAbl. EceHTan
>koHe YAKeH AAMaTbl ©3EHAEPIHIH CYy YAriAepi 6akbiAay TOObIHbIH >KaHyapAapbIMEH CaAbICTbIpFaHAA
AHK-HbIH  6ip KiNTi a)kblpay >KMIAIFIHIH CTAaTUCTUKAABLIK, MaHbI3Abl YAFAIObIHAH KOPIHreH
3epTXaHaAblK, ThILIKAHAAPAbIH CyMek Kemiri, 6ayblp, Oympek >XoHe KekOayblp >kacyllaAapbiHAA
AHK-HbI 3akbiMpaywibl acepiH kepceTTi. AHK-HbIH 3akbiMaaHybl AHK-komeTa 8Aici apKblAbl
aHbIKTAAAbI. 3epTXaHaAblK, TbhilUKAHAAPFa 3epTTEAreH ©3eHAEpP CYbIHbIH FeHOTOKCUKAABIK, ©CEpPiHiH,
opraHocreumndmkacbl aHbikTarAbl. CyAblH TFeHOTOKCMKAAbIK, 9CepiHe Ce3iMTaAAbIFbl  OOMbIHLLA
SKCMEPUMEHTTIK ThILIKAHAAPAbIH OpraHAapbl KEAeCi TOpPTINTe OpHaAacTbipyFa 0oAaAbl: kekbaybip
>KOHE CyMeK Kemiri > 6ayblp > 6yipek. CoHbiIMeH KaTtap, EceHTai skoHe YAKeH AAMaTbl ©3eHAEPiHEH
cy KabblapaaFaH 3epTXaHaAbIK, ThilLKAHAAPAbIH, OaybIpblIHAA AUMTMATEPAIH aCKblH TOTbIFY OHIMAEPIHIH
— AUIMUATEPAIH TMAPO MEPOKCUAI MEH MAAOHAMAAbAETUAIHIH — YAFalobl aHbiKTaAAbl. COHbIMEH,
>KaHyapAap CblHaK, OGbEKTIAePIHAEr CYyAbl (PM3UKA-XUMMUSADBIK, MOAEKYAAAbIK-TEHETUKAABIK, >KOHE
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OUOXMMMSIABIK, TAaAAQY HOTMXKEAEPI 3epPTTEeAETIH TabuFn XKep YCTi CyAapbiHAA F€HOTOKCMKAABIK, XXOHE
YbITTbl BEACEHAIAITT 6ap XMMMSABIK, 3aTTapAblH BOAYbIH KEPCETEAI.

TyiiH ce3aep: >Xep YCTi cyaapbl, ayblp meTanAap, AHK-komeT saici, opraHHbIH epekLleAiri,
AVMIUATEPAIH TOTBIFYbI.
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lFeHoTOKCHMYHOCTb BoAbI pek EceHTai u YAkeH AAMaTbl
Ha >XMBOTHbIX TeCT-CUCTEMAX

DKOAOTMYECKMA MOHUTOPWHI, B TOM UMCAE BOAHbIX PECYPCOB, BXOAWUT B KOMMAEKC Mep Mo
pPaLUMOHAABHOMY MCMOAB30BaHMIO M OXpaHe MPUPOAHOM cpeAbl. B HacTosuwee Bpems oueHka
reHOTOKCMUYHOCTMMMYTAr eHHOCTUBOABIIBASIETCS BaXKHOM COCTABASIIOLLLEN SKOAOT MYECKOTOMOHUTOPUHIa
BOAHbIX pecypcoB. LleAblo HacTosLLero ncCcAeA0BaHUS IBUAOCh M3yUeHMe reHOTOKCMUYHOCTU BOABI U3
pek EceHTal n YAkeH AAmatbl, npoTekalowmx B r. AAmatbl. [TokasaHo, UYTO COAEp>KaHMEe TSXKEAbIX
metaanoB, Takux kak Fe, Cu, Co, Ni, Pb 1 Cd, He npeBbilLar0 NpeAeAbHO AOMYCTUMbIE KOHLIEHTPaLMK
(MAK) B pekax EceHTait u YAKeH AAMaTbl, B TO Bpem$ Kak CoAeprkaHue LmHKa npesbiwaro MAK
B 1,1n 7,7 pa3a, mapraHua — B 2,1 1 1,9 pasa, cootserctBeHHO. C nomouibio metoaa AHK-komet
yCTaHOBAEHO, UTO 06pasupl BoAbl pek EceHTait u YAkeH Aamatbl nposisuan AHK-nospexxaaioimii
3(ppekT B KAETKAX KOCTHOTO MO3ra, MevYeHu, NoYveK M CeAe3eHKM AabopaTopHbIX Mbillen. B kaeTkax
MCCAEAYEMbIX OPraHOB OMbITHbIX FPYMI MbILLEl YacToTa OAHOHMTEBbIX pa3pbiBoB AHK ctatuctnyeckm
3HAYMMO YBEAMYMBAETCH MO CPAaBHEHMIO C >XMBOTHbIM M3 KOHTPOAbHOWM rpynmnbl. YCTaHOBAEHa
opraHocneumM@UUHOCTb FEHOTOKCUYECKOTrO AEMCTBMS BOAbI M3YUEHHbIX PEK Ha AaBOPATOPHbIX MbILLIAX.
1o 4YyBCTBMTEABHOCTM K MEHOTOKCMYECKOMY AEMCTBMIO BOAbI OpraHbl 3KCMEPUMEHTAAbHbIX MbILLIEN
MOXXHO PACMOAOXKMUTb B CAEAYIOLLEM MOPSAKE: CeAe3eHKA M KOCTHbIM MO3TI > neyeHb > Noyku. Takxke
ObIAO BbISIBAEHO YBEAUYEHME MPOAYKTOB NEPEKMCHOrO OKUCAEHUS AMMMAOB B MeveHn AabopaTopHbIX
MblILLEN, MPUHUMABLLMX BOAY M3 peKk EceHTan n YAkeH AAmatbl. Takum o6pa3om, pesyAbTaTbl (hU3MKO-
XUMMUECKOr0, MOAEKYASPHO-TEHETUYECKOro M BUOXMMMUYECKOr0 aHaAM3a BOAbI HA >KMBOTHbIX TECT-
00beKTax CBUAETEABCTBYIOT O HAAUUMM B UICCAEAYEMbIX MPUPOAHBIX MOBEPXHOCTHBIX BOAAX XMMUUECKUX

BeLlecCTB, 06/\aAa|ou_qu reHOTOKCMYECKOM M TOKCUYECKOM aKTUBHOCTbIO.
KAroueBble cAaoBa: NOBEPXHOCTHbIE BOAbI, TAXXE€Able METaAAbl, METOA ,A,H K—KOMeT, opraHocneun-

Cbl/ILIHOCTb, nepekncHoe OKMCcAeHne AMNMAOB.

Introduction

Environmental pollution with household and in-
dustrial waste is one of the severe ecological prob-
lems since waste can be genotoxic, mutagenic, car-
cinogenic, embryotoxic activities. Most pollutants
can disrupt living organisms’ genetic structures,
including humans, increasing the population’s ge-
netic burden. The danger of mutagenic effects lies in
the manifestation of the occurred harmful mutations
in subsequent generations. Ultimately, this can de-
crease the number of biodiversities, the species dis-
appearance, and increase the birth frequency with
hereditary pathology [1]. In this regard, the problem
of identifying and assessing genotoxic and muta-
genic factors in the environment is acute.

Surface natural waters are a natural habitat for
many species of living organisms and a vital re-
source for humans. There are 3,000 chemical pol-
lutants in water resources, and about 700 of them
can get into drinking water, according to the World
Health Organization [2]. Priority water pollutants

include heavy metals, persistent organic pollutants,
phenols, pesticides, and fertilizers, which lead to the
subsequent death of all life in the aquatic environ-
ment.

In recent years, interest in studying the geno-
toxicity of surface natural waters has significantly
increased. A complex of substances in natural wa-
ters can cause gene and chromosomal mutations,
DNA breaks, micronuclei, and other disorders [3-
11]. There is a demand for a comprehensive study of
aquatic ecosystems, including the genotoxic activ-
ity, subject to anthropogenic impact. Studying the
genotoxic activity of chemical substances helps de-
termine environmental threats and form current nor-
mative actions to mitigate their impact. However,
environmental pollutants’ molecular influence may
transcend their interaction with the DNA sequence
[12, 13]. Industrial waste impurities can cause a
weakening of the human immune and reproductive
systems, kidney failure. The spread of infectious
gastroenteritis diseases, diarrhea, vomiting, skin,
and kidney problems occurs through contaminated
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water [4, 13]. Increasing pollutants’ content in water
resources, the concentration of which goes beyond
the maximum permissible concentration (MPC),
results in a deterioration of the sanitary and epi-
demiological situation, a reduction in their use for
household needs, changes of environment, mainly
adverse changes in the aquatic ecological system,
among them deterioration of health of living beings
[14]. Xenobiotics of mutagenic action increase the
“genetic load” - a complex of detrimental mutations
in the population due to gametes’ mutations can be
inherited [15].

On the territory of Almaty, there are rivers Es-
entai and Ulken Almaty. There is a reinforced con-
crete mudflow protection dam with mudfiow stor-
age, a cascade of hydroelectric power plants, a water
supply system in Almaty, a recreation area, and the
Sairan reservoir in the River Ulken Almaty valley.
Almaty’s territory along the river Esentai riverbed,
an embankment, and recreation area have been cre-
ated, including the KazNUgrad University com-

plex, the amusement park, and attractions “Fantasy
World,” the park near Auezov theater. The water
of the River Esentai is used for household purposes
and irrigation. According to monitoring data for De-
cember 2020, the Ulken Almaty river belongs to the
4th class of pollution: water is suitable for irrigation
and industry; for household and drinking water sup-
ply, intensive water treatment is required; Esentai
- to class 2: water is suitable for all categories of
water use; for domestic and drinking water supply,
simple water treatment is required [16].

From the above, the research aimed to study the
genotoxic effects of the Esentai River and the Ulken
Almaty River on laboratory mice.

Materials and Methods

The Esentai River and Ulken Almaty River’s
water, which flows in the Almaty city, was selected
as the study’s object. Figure 1 shows the location of
the sampling points.

Figure 1 — The location of water sampling points:
No. 1 — the Esentai River: coordinates: 43°13°35.66” N, 76°55°29.47” E;
No.2 — Ulken Almaty River: coordinates: 43°14°14.96” N, 76°52°11.28”E

Collection, filtration, and conservation of wa-
ter samples were carried out according to standard
recommendations [17]. The water’s physical pa-
rameters were measured using portable analyz-
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ers pH-meter PH-009(I) (Barry Century, China),
TDS&EC-meter (Barry Century, China), ORP-me-
ter ORP169E (Barry Century, China), DO-pen type
DO-meter (Alvin Instrument, China). The content of
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heavy metals (Fe, Pb, Cu, Zn, Mn, Co, Ni, Cr, Cd)
in water samples was determined using an MGA-
915MD atomic absorption spectrophotometer (Lu-
mex, Russia) [18].

The research test object was laboratory mice.
Mice were with an average weight of 25 grams and
two to three months of age. Laboratory mice drank
the test water for seven days. The aqueous solution
of mutagen cyclophosphamide at a 50.0 mg/kg dose
was used as the positive control and was injected in-
traperitoneally. Drinking water was used as the neg-
ative control. The genotoxic potential of water sam-
ples in organs (bone marrow, liver, kidney, spleen)
of laboratory mice was investigated using the DNA
comet assay [19, 20]. Giemsa stain was used to
stain the preparations [21]. We visually analyzed
randomly at least 100 DNA-comets without over-
lapping “tails” for each preparation using Olympus
microscope BX-43 (Olympus Corporation, Japan)
with increasing the resolution 40x. DNA comets
were ranked into five conditional types: class I: 0
- 6.0%; class II: 6.1 - 17%; class III: 17.1 - 35.0%;
class IV: 35.1 - 60.0%; class V: 60.1-100.0% DNA
single- and double-strand breaks in the “comet tails”
[22]. The index of DNA comets (IDC) as the de-
gree of DNA damage was calculated by the formula:
IDC = P22t ts \where n,-n, is the number
of DNA come%sn of each class, 2n is the sum of the
calculated DNA comets. The damage index (DI)
was calculated using the formula:DI = 2% where
IDC, — the index of DNA comets in the experimen-
tal group, IDC — the index of DNA comets in the
negative control [23].

The content of primary (LOOH - lipid hydro-
peroxide) and secondary (MDA - malonic dialde-
hyde) lipid peroxidation products was determined
to assess water’s toxic properties in the hepatic tis-
sue homogenate of the laboratory mice. The method
for determining LOOH is based on measuring the
absorption of light by conjugated diene structures
extracted with a mixture of heptane and isopropyl
alcohol (1:1). The heptane phase’s optical density
was measured at a wavelength of 233 nm on an Apel
PD-303 spectrophotometer (Japan). MDA was de-
termined by the 2-thiobarbituric acid method. Op-
tical density was measured at 532 nm on an Apel
PD-303 spectrophotometer (Japan) [24].

Statistical data analysis was in the Data Analysis
add-in Microsoft Excel program and the StatPlus®5
Pro version 5.9.9.4/Core v6.7.3 (AnalystSoft Inc.,
USA). Each result is expressed as mean =+ standard
error (SE). The distribution of data for normality
was checked using the Shapiro-Wilk W-test. Differ-
ences between groups were considered significant

with a confidence level of 95% and higher (p <0.05)
and were calculated using Student’s t-test.

Research results and discussion

It is crucial to test the water for various physical
and chemical parameters before using it for drink-
ing, domestic, agricultural, or industrial use. Table
1 shows the physicochemical parameters of water
samples. The studied water sources’ pH value was
within normal values (pH = 6.0-9.0). Water from
the River Ulken Almaty can be attributed to slight-
ly acidic waters (pH 5.0-6.5), water from the Riv-
er Esentai can be attributed to neutral waters (pH
6.6-7.5). Within the oxidation-reduction potential
(ORP) context, all waters had values in the norma-
tive values range. The total dissolved solids (TDS)
and electrical conductivity (EC) of water from the
River Esentai aligned the standard, but from the
River Ulken Almaty - less than the standard. The
dissolved oxygen in the water of the investigated
sources was 1.8-2.2 mg/L. Low levels of dissolved
oxygen (<7.0 mg/L) implicitly show that the river
Ulken Almaty is dirty; Esentai is very dirty. Howev-
er, a decrease in dissolved oxygen in water can be re-
lated to increased ambient temperature and increased
microbial activity [25]. The content of Ni, Co, Pb, Cr,
Fe, Cu, and Cd in the Almaty’s rivers waters did not
exceed the MPC. The excess of MPC was observed
for Mn and Zn in the Esentai river water by 2.1 and
1.1-fold, respectively, in the Ulken Almaty river wa-
ter was observed by 1.9 and 7.7-fold.

Laboratory mice were exposed to water samples
from Esentai and Ulken Almaty rivers for seven
days to study water’s genotoxic activity. The geno-
toxic effects of water samples were examined on
bone marrow cells, liver, kidney, and spleen using
the Comet assay. Table 2 shows the indexes of DNA
comets (IDC) in cells of the studied organs.

In intact laboratory mice, we observed class I
DNA comets; when exposed to cyclophosphamide
has class III and I'V; when exposed to water from the
rivers Esentai and Ulken Almaty has II and III dam-
age classes (Figure 2) [22]. Comparative analysis of
the data on the index of DNA comets in the studied
organs’ cells showed a statistically significant in-
crease in DNA breaks in the experimental groups’
mice compared with the negative control (p<0.05-
0.01). The damage index (DI), which shows the
degree of genotoxicity in bone marrow cells, was
2.07 when exposed to cyclophosphamide, 2.10 -
Esentai river, 2.17 - Ulken Almaty water. The DI
in liver cells was 2.32 when exposed to cyclophos-
phamide, water from the river Esentai was 1.98, the
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river Ulken Almaty was 1.94. The kidney cells’ DI
was 1.94 when exposed to cyclophosphamide, water
from the rivers Esentai —1.51, Ulken Almaty - 1.42.

Table 1 — Physicochemical parameters of water samples from rivers of Almaty city

The DI in spleen cells was 2.16; 2.26; 2.19 when
exposed to cyclophosphamide, water from the rivers
Esentai and Ulken Almaty, respectively.

Physicochemical parameter River Esentai, (M+SE) River Ulken Almaty, (M+SE) Standard or MPC
t (°C) 11.0 12.8 -
pH 6.6 6.4 6.0-9.0
ORP (mv) 208 145 +80.0-300.0
TDS (ppm) 127 47 50.0-150.0
EC (uSm/sm) 246 94 100.0- 1200.0
DO(mg/L) 1.8 22 7.0-9.0
Fe (mg/dm?) 0.0783+ 0.0002 0.0337+ 0.0002 0.1
Pb (mg/dm?) 0.0045+ 0.0002 0.0040+ 0.0001 0.006
Cu (mg/dm?) 0.0006+ 0.0001 0.0007+ 0.0000 0.001
Zn (mg/dm?) 0.0106+ 0.0003* 0.0767+ 0.0001* 0.01
Mn (mg/dm?) 0.0212+0.0011* 0.0185+0.0014* 0.01
Ni(mg/dm?) 0.0013+0.0002 0.0019+0.0003 0.01
Cr (mg/dm?) 0.0054+ 0.0001 0.0052+ 0.0001 0.02
Co(mg/dm?) 0.0031+0.0003 0.0025+ 0.0004 0.01
Cd(mg/dm?) 0.0004=+ 0.0000 0.0004=+ 0.0000 0.005
Note: MPC - maximum permissible concentration, t - temperature, ORP — oxidation-redox potential, TDS - total dissolved solids,
EC—electrical conductivity, DO-dissolved oxygen in water
* - exceeds or at the level of MPC
M=SE - mean + standard error

Table 2 — The Indexes of DNA-comets in the organs’ cells of laboratory mice that received water from the Almaty rivers

Index of DNA comets in the cell (M+SE)
Experimental groups
bone marrow liver kidney spleen
drinking water (negative control) 1.08 £ 0.05 1.03 £0.02 1.17+0.10 1.06 £ 0.05
cyclophosphamide, 50 mg/kg 2.24 % 0.04%5 2.39 £ 0.06%** 2.27+0.07%% 2.29 £ 0.06%**
(positive control) ' ' ’ ’ ’ ’ ’ '
river Esentai 2.27+0.50* 2.04 +0.42* 1.77 £0.23% 240+ 0.38**
river Ulken Almaty 2.34 +£0.28** 2.00+0.35* 1.67 +0.19* 233+0.41*
Note: * p<0.05; **p<0.01; ***p<0.001 in comparison with negative control
M=+SE - mean = standard error
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Figure 2 — DNA-comets in the cells of bone marrow treated with water of Esentai (A),
with water of Ulken Almaty (B), and with cyclophosphamide (C)

Comparative analysis of the data obtained that
under the cyclophosphamide action at a dose of
50 mg/kg, DNA breaks increased statistically sig-
nificant (p<0.01) compared to the negative control.
The studied organs can be arranged by their sen-
sitivity to cyclophosphamide’s DNA-damaging
action in the following order: liver> spleen> bone
marrow> kidneys. Under the influence of the water
from the Esentai and Ulken Almaty River, there
is also a statistically significant increase in DNA
breaks compared (p<0.05-0.01) with intact mice.
The studied organs can be arranged by their sensi-
tivity to water samples’ DNA-damaging action in
the following order: spleen> bone marrow> liver>
kidneys.

Thus, the organ-specificity of the studied riv-
ers water’s genotoxic action on laboratory animals
was established. The studied water samples induced
single-strand DNA breaks in the cells of the mice’
organs.

The lipid peroxidation product levels in labora-
tory mice’s liver were studied using the extraction-
spectrometric method. The lipid hydroperoxide
(LOOH) accumulation in the cell occurs at the first
stage of free radical oxidation of polyunsaturated
fatty acids. Hydroperoxides have mutagenic and
pronounced cytotoxicity. They inhibit glycolysis
and oxidative phosphorylation activity, inhibit the
synthesis of protein and nucleic acids, disrupt the
secretion of triglycerides by hepatocytes, and in-
hibit various membrane-bound enzymes. LOOHs
then metabolize to malondialdehyde (MDA). Malo-
ndialdehyde crosslinks lipid molecules and reduces
membrane fluidity, as a result of which the process-
es associated with phagocytosis, pinocytosis, and
cell migration are disrupted [24, 26].

Figure 3 shows the primary and secondary LPO
product’s content exposed to Esentai and Ulken Al-
maty’s water samples. The LOOHs level in the mice

liver exposed to the Esentai and Ulken Almaty rivers’
water samples was8.71+£0.76 and 8.60+0.86mMol/
mg, respectively. These data were statistically sig-
nificantly higher, respectively, in 3.93 (p=0,0011)
and 3.88-fold (p=0,0019) than the control. The
malondialdehyde levels in the liver of experimen-
tal animals are statistically significantly higher in
5.48-fold (p=0,0003, Esentai), 5.02-fold (p=0,0083,
Ulken Almaty), and 5.67-fold (p=0,0001, cyclo-
phosphamide) than the control values.

Population growth in large cities and the expan-
sion of old cities have significantly increased do-
mestic wastewater flow into surface water. These
runoffs have become a source of pollution of rivers
and lakes with pathogenic bacteria and helminths.
To an even greater extent, synthetic detergents,
widely used in everyday life, pollute water bodies.
They are also commonly used in industry and agri-
culture. The chemicals in them, getting into water
bodies with wastewater, affect their biological and
physical regime.

Water temperature controls the speed of all
chemical reactions in aquatic ecosystems and affects
fish growth, immunity, and reproduction. The main
processes that ensure an organism’s vital activity are
redox reactions, i.e., reactions associated with elec-
trons’ transfer or attachment. Usually, the ORP of
the human body ranges from -90 mV to -200 mV,
and the ORP of ordinary drinking water is almost
always much higher than zero, tap water - from +80
mV to +300 mV [27]. The Total Dissolved Solids
determines the total content of inorganic salts and
inorganic substances. Electrical conductivity corre-
lates with pH, temperature, TDS, chemical oxygen
demand, CI, Fe*", and Ca*' content in the water [28].
Dissolved oxygen is an indirect indicator of surface
waters’ quality and correlates with bacterial activity,
photosynthesis, nutrient availability, and stratifica-
tion [25, 28].
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Figure 3 — The lipid peroxidation product level in the liver
of laboratory mice exposed to Almaty rivers waters

Urbanization has led to the deterioration of
aquatic ecosystems and introduced many pollutants
in water resources. Heavy metals, metalloids, and
hydrocarbons, organic compounds can cause geno-
toxic damage to different organisms [5-7]. In many
chemical elements entering water bodies, metals are
essential because of their association with domestic
and industrial wastewater, vehicle emissions [29].
Metals such as Pb, Cr, Zn, Cu, Cd, and Ni are typi-
cal potential water and sediment pollutants in urban
areas [8, 30]. Our studies found that in the water of
the studied rivers flowing in Almaty, Ni, Co, Pb, Cr,
Fe, Cu, Cd, Mn, and Zn are determined, while levels
of Mn and Zn exceed the MPC. Several studies have
shown that natural water contaminated with heavy
metals may exhibit genotoxic activity in aquatic liv-
ing beings [5, 31, 32]. For example, Ni acts as a mu-
tagen on the physiology and behavior of fish [33].
Pb can suppress the enzyme’s activity interfering
with the DNA repair system [34]. Excess copper in
the organism inhibits the immune system, leading to
anemia and non-infectious hepatitis. Zinc has muta-
genic and carcinogenic activity [26].

There are numerous data on water’s genotoxic-
ity in various rivers, including those in areas asso-
ciated with large settlements and industrial centers.
For example, a study of the Pitimbu River (an es-
sential source of water supply for the city of Natal,
Rio Grande do Norte, Brazil) revealed changes in
the mitotic index for two samples, an increase in
the frequency of chromosomal aberrations, and mi-
cronuclei in the root meristem of Allium sulfur for
all water samples compared with the control group.
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The data show that the surface waters of the Pitimbu
River contain compounds with potential genotoxic-
ity that can affect the ecosystem. The highest geno-
toxic activity was noted near the industrial center
[35]. Ames and SOS/umu tests indicated that organ-
ic extracts of water from Pearl River (Guangzhou
city, China) induced mutagenicity and genotoxicity
[36].

At present, water bodies, due to anthropogenic
impact on them, can contain a complex mixture of
chemicals. Physicochemical analysis of water can
not always determine the content of various sub-
stances, especially in low concentrations. How-
ever, the chemicals present’ combined effect can
negatively affect the body even at low concentra-
tions [9]. Stankevi¢iuté M. et al.showed that the
metal mixture’s toxicity might change and be
stronger or weaker than expected. Besides, it was
determined that after a 10-fold decrease in the
concentration of one metal in a mixture of several
metals, the accumulation of some other metals
in fish tissues may increase. Accordingly, a de-
crease in the concentration of a particular metal
in a mixture does not necessarily lead to a signifi-
cantly lower accumulation of metal in fish tissues
compared to the amount accumulated in fish con-
tained in mixtures with a reduced concentration
of any other heavy metals. This shows that in the
presence of other metals in the environment, the
MPC established for a specific metal may be un-
safe for aquatic organisms. Combined metals can
strengthen toxic, genotoxic effects in comparison
to isolated chemicals [5, 37].



A.B. Karazhanova et al.

In practice, conventional monitoring programs
measure almost exclusively chemical/physical pa-
rameters [27, 28]. Concentrations of pollutants can
provide detailed descriptions of pollution levels and
indirectly indicate the potential biological effects of
mixed environmental pollution. Biological analyzes,
in turn, make it possible to determine the biological
effects of mixtures. The combination of these two
approaches makes it possible to identify the prima-
ry sources of risk that require constant monitoring;
therefore, an adequate assessment of the environ-
mental risk caused by any pollution should be based
on the use of chemical methods for controlling pol-
lutants, followed by biological tests [9, 38].

Thus, the revealed genotoxic effect of water on
the laboratory mice is determined by the combined
impact of pollutants’ mixed activity, such as heavy
metals, organic and non-organic compounds, geno-
toxicants of physical and biological origin, and oth-
er anthropogenic water pollutants.

Conclusion

Thus, research results were established that the
MPC was exceeded for manganese and zinc. The

toxic and genotoxic activities were shown for all
studied surface waters. It was shown that in animals
that received water from the Esentai and Ulken Al-
maty rivers, the frequency of single-strand DNA
breaks in all studied organs (bone marrow, liver,
kidney, and spleen) was statistically significantly
higher (p<0.05) compared to the control. The in-
creased lipid peroxidation products (lipid hydroper-
oxide and malondialdehyde) in the liver of experi-
mental mice were also observed compared to intact
animals. The research results indicate Esentai and
Ulken Almaty rivers’ pollution with environmental-
ly hazardous factors that threaten biota and human
health. Further studies are planned to identify the
main inorganic and organic pollutants in the Esen-
tai and Ulken Almaty rivers to determine the water
genotoxicity mechanism.
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