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Abstract

With the increase in production and processing industries, as well as the extraction
of minerals in the territory of the Republic of Kazakhstan, it leads to pollution of the
environment, ecology, wildlife and water resources of our country. All production
capacities in agriculture and animal husbandry require water resources.
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As part of the research work, diagnostics were carried out on the content of salts of
heavy metals and radioactive substances in the water bodies of the West Kazakhstan
region, where they originate with transboundary rivers and an oil and gas field (KPO) is
being produced. To carry out our research work, samples of fish products were taken
from 15 reservoirs and 3 objects of domestic trade for laboratory testing for the content
of salts of heavy metals (Pb, Cd) and radionuclides (Sr-90, Cs-134). Radioactive
substances accumulate in the bones and muscles of fish, and subsequently enter the
human body through ingestion. The risk of developing adverse effects on human health
depends on the radiation dose. If the radiation dose is low, or if exposure occurs over a
long period of time, the risk is much lower as the human body repairs damaged cells and
molecules. Lead and cadmium harm the human nervous system and its mental
development, it can cause kidney damage and lead to bone disease. It is necessary to
constantly monitor the content of salts of heavy metals and radionuclides in fish and
livestock products, since safe products are a guarantee of public health.
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Basic position and Introduction

In the last century, as a result of
technological progress, the balance of
heavy metals in the environment was
disturbed, and there was a global
pollution of nature with heavy metals.
The most common are mercury, lead,
cadmium, arsenic, copper and others. As
a result, they interact with the plants and
fauna of water bodies with the effluents
of industrial plants entering water bodies.
As a result of such interactions, heavy
metals can accumulate in aquatic
organisms, leading to death or disruption
of life, and through trophic chains,
including humans, can lead to various
diseases [1].

The study of the elemental
composition of aquatic organisms allows
us to solve a number of ecological,
physiological, veterinary and practical
problems. This factor is responsible for
the appearance of a significant number of
works on the content of trace elements of

heavy metals in commercial aquatic
organisms in the last decade. Fish are
capable of accumulating heavy metals in
the aquatic ecosystem, even if their
amount does not exceed the established
limit. Pathological changes at the
molecular, organism, and population
levels can occur under the influence of
toxic substances in fish. Since fish is a
staple food, human health is at great risk

[2].

Environmental pollution is a very
pressing issue. The Republic of
Kazakhstan is one of the states where
many petrochemical complexes, ore
deposits contribute to pollution of salts of
heavy metals and radionuclides into the
environment. Due to the increase in
production capacity, urbanization of the
population and the development of
agriculture and fisheries, the study of
water resources is an important issue.
During the study of the dynamics of



toxicological and radiological
contamination of fish muscle tissue
(predators and benthophages) from fish
farms and commercial water bodies of
West Kazakhstan region. Food fish
products must be made from aquatic
biological resources extracted (caught)
from safe areas of extraction (catching)
in accordance with the data of planned
monitoring of safety of aquatic biological
resources, carried out by the authorized
bodies of the member states, and
aquaculture objects, originating from
farms (enterprises) that are safe in
veterinary respect.

The aquatic environment
contaminated with heavy metals has a
negative impact on hydrobionts, leads to
an increase in ecological consequences
and poses a threat not only to living
organisms living in water, but also to
human health. In the summer season on
the background of high functional
activity of the digestive system, the
sensitivity of fish carbohydrases to the
action of heavy metals increases [11].
The relevance of this approach is
confirmed by the works carried out by

Materials and methods

scientific teams in many countries of the
world [3].

For an objective assessment of the
industrial impact on the pollution of
hydrobionts  with  toxicants, it is
necessary to consider the ionic-salt
composition of the water of the water
body under study. With increasing
salinity, hardness, alkalinity of water
toxicity of metals decreases, which
increases the tolerance and resistance of
aguatic organisms to high concentrations
of metals [4].

The presence of significant
fluctuations in hydrochemical indicators
(salinity, hardness, alkalinity) leads to a
variety of correlation relationships
between biotic and abiotic factors. A
certain dependence in the accumulation
capacity of fish on the type of food in the
Zhaik-Caspian basin in terms of lead
accumulation is dominated by predators,
to a greater extent catfish - 33 %, to a
lesser extent pikeperch - 27 %. Lead in
the muscles of benthophages is contained
in similar concentrations, amounting to
20% [5,6].

On contamination of fish with salts of heavy metals and radionuclides in the
reservoirs Derkul, Solyanka, Embulatovka, Chizha, Barbastau hollow. Muratsay,
Berezovka, Chagan, Bagyrlay, Ashysay, Shyngyrlau, Shiderti, Kaldygayly on Aydyn

Island and Livkino fish nursery.




Figure 1 - Sampling Process for Laboratory Research

Sampling was carried out at the
facilities of the domestic trade markets
Ayazhan, El-Yrysy and Mirlan in the city
of Uralsk. Processing of
macrozoobenthos samples were carried

out according to the standard
methodological manual [6].
Toxicological and radiological

studies were conducted in accordance
with GOST 17319-2019 in the branch of
RGP on PCV Republican Veterinary
Laboratory of West Kazakhstan region.
A total of 84 fish samples were
examined, such as crucian carp, perch,
roach, bream, ide, rudd, silver bream,

Results

podust, pike, tench, carp, zander.

Micronutrients (Lead and
Cadmium) in fish muscle were
determined on an atomic absorption
spectrometer according to the
methodological guidelines [7].

Statistical processing of data to
identify the main trends and biotic
parameters was carried out using Excel
and Statistica [8].

Maximum  permissible  levels
(MPL) of toxicants in fish were
evaluated according to current sanitary
standards [9].

Residual amounts of salts of heavy metals were studied on fish samples from 15
West Kazakhstan Region reservoirs. The results of the studies are given in Figures 2 and
3. Note: the number of fish is given in parentheses.
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Figure 2 - Content of toxic elements and radionuclides in fish from WKR
reservoirs

It follows from Figure 2 that heavy
metals lead and cadmium in muscle
samples of fish living in the fish nursery
of «Livkino» LLP contained 0.25 mg/kg
and 0.245 mg/kg Hg, Cd, Cu and Zn are
considered the most dangerous in
ecotoxicological respect elements [13]
Kaldygaityriver - 0.148 mg/kg and 0.04
mg/kg; Shyngyrlau river - 0.02 mg/kg
and 0.002 mg/kg; Bagyrlay river - 0.1
mg/kg and 0.0375 mg/kg respectively. In
invertebrate animals, the TM ions can
also come by dermal absorption [12].

The content of caesium 137 and
strontium 90 radionuclides in fish from
the fish nursery of «Livkino» LLP was
within 2.015 (£14.0) Bg/kg and 1.88
(x14.85) Bag/kg; Kaldygaiti river - 4.61
(£8.31) Ba/kg and 10.62 (£29.11) Ba/kg;
Shiderti river -1.33 (£5.9) Bg/kg and 2.6
(x11.83) Bg/kg; Shyngyrlau river - 1.83
(£6.7) Bg/kg and 0.92 (x11.56) Bg/kg;
Dv. Muratsay - 0.48 (£2.0) Bg/kg and
4.03 (£18.42) Bqg/kg; Barbastau river -
5.36 (x8.86) Bg/kg and 3.6 (x15.2)
Ba/kg; Chizha river - 2.02 (x15.2)
Ba/kg; Shingirlau river - 1.83 (£6.7)
Ba/kg and 0.92 (x11.56 Bg/kg). Chizha-
1-2.02 (x9.57) Bg/kg and 1.71(£15.85)
Ba/kg; Embulatovkariver - 6.37 (+15.6)
Ba/kg and 1.95 (+35.8); Solyankariver -
19 (x6.42) Bg/kg and 2.7(x19.15)
Ba/kg; Derkulriver 1.81 (£5.7) Bag/kg
and 4.65 (x17.61) Ba/kg,
respectively[19,20]. Cesium 137 and
strontium 90 were detected - only in the

inhabitants of Bagyrlayriver (2,52
(£9,17) Bg/kg) and Berezovkariver (2,4
(x7,8) Bag/kg). Thus, in WKO average
degree of contamination of fish and fish
products with residual amounts of
radionuclides does not exceed MAC
(caesium 137 - 2,48 Bg/kg; strontium 90
- 3,08 Bg/kg). In all sample’s heavy
metals, namely arsenic and mercury,
were not detected.

Lead belongs to hazard class I, its
peculiarities of stay and migration in
natural waters are explained by the fact
that it reacts relatively easily with water
impurities to form less soluble
compounds. Its concentration in water is
low and does not exceed 10 pg/L aquatic
plants can also retain lead well. Lead
accumulates insignificantly in organs and
tissues, so it is relatively harmless for
humans in this link of the trophic chain.
According to many Russian scientists,
methylated lead compounds in fish of
unpolluted water bodies are relatively
rare. In regions with industrial emissions,
the accumulation of tetramethyl lead in
fish tissues is efficient and rapid, so acute
and chronic exposure to lead occurs at
pollution levels of 0.1-05 pug/L.
Hydrobionts are capable of accumulating
TM to concentrations tens and even
thousands of times greater than their
content in the environment [14,15,16].

Cadmium is one of the toxic heavy
metals; it is less toxic to plants than
mercury. It is dangerous to living



organisms because it can replace zinc in
enzymes with metals in their active
centers, which leads to drastic disruption
of enzymatic processes. This metal
accumulates in the tissues of the internal
organs of aquatic plants and fish [17,18].
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Figure 3 - Content of toxic elements and radionuclides in fish and fish products
from retail outlets

The data of Fig. 3 indicate that the content of heavy metals and radionuclides in the
examined samples of fish and fish products does not exceed the MPC. Thus, according to
GOST 32161-2013 "Food products. Method for Determination of Cesium Cs-137" and
GOST 32163-2013 "Food products. Method for Determination of Strontium Sr-90"
cesium 137 and strontium 90 must not exceed 130.00 Bg/kg. and 100.00 Bg/kg,

respectively.

Discussion

The monitoring of heavy metal
contamination is one of the main tasks in
ensuring the safety of food of animal
origin. Heavy metals such as Pb, Cd and

Hg, and the radionuclides Sr and Cs are
toxic elements with the highest
accumulation factor, but whose presence
in food is strongly influenced by



environmental conditions. Exposure to
metallic  pollutants is  particularly
important in the consumption of fish,
whose integration into the habitat and the
biomagnification process may pose a
health risk to the consumer. In the
present study, it was found that the
limiting value set for Sr was in the
studied river Kaldagaiti (>10.62bq/kg)
Derkul (>4.65bg/kg) and Cs in water
samples Barbastau and Embulatovka
(>6.37bg/kg,>5.36bg/kg). Cd and Pb
concentrations in all analysed samples
were within the permissible limits
(0.148-0.2mg/kg) in Bagirlay, Shyngirlau
rivers, however, it should be noted that in
case of Cd and its compounds, the
quality standards depend on water
hardness[19].

However, it should be noted that
the maximum allowable concentrations
(MAC) of Pb, Cd and Hg were not
exceeded in any of the rivers studied.
The Pb and Cd content in the water
samples from these surveyed lakes was
in line with the results of the survey, as
shown by the review of available
sources. Analysis of bottom sediments
showed a significant quantitative
differentiation of the investigated metals
between the individual water bodies and
a significantly higher content of metals in
sediments compared to concentrations in
water. The results of this study are in
agreement with observations by other
authors that heavy metal pollutants
entering surface waters are
predominantly deposited in bottom
sediments. This mechanism is influenced
by the structure of the sediment, which,

unlike the water column, is stable and
immobile, preventing rapid resuspension
and biochemical dissolution of metal
bonds back into the water column.
Assessment of the degree of
contamination of bottom sediments with
heavy metals on the basis of geochemical
criteria according to Boyakovskaya
classification allows to refer sediments to
class I, which includes sediments
considered to be uncontaminated. It
should be noted that the content of all
investigated metals in bottom sediments
of this lake did not exceed the
geochemical background determined for
Pb, Cd and Hg. showed that the content
of heavy metals in fish tissues largely
depends on the balance between
absorption rate and elimination rate. And
it depends on environmental conditions
and the duration of life of fish. In young
fish, characterized by higher metabolic
activity and food intake rate, metal
impurities can accumulate in tissues and
organs to a greater extent than in older
fish. Fish as a food product must comply
with the requirements established in the
legislation On the Technical Regulation
of the Eurasian Economic Union On the
Safety of Fish and Fish Products for
Foodstuffs, i.e. the permissible content of
Pb, Cd and Hg. Comparison of Pb, Cd
and Hg content in the muscles of the
studied fish species with the content of
these metals in the muscles of different
commercial fish species showed that the
content of the mentioned metals in the
muscles of the three studied fish species
was low. Health risk assessment
associated with the content of Hg, Pb,



and radionuclides Sr and Cs in the
muscles of the three studied fish species
sampled from the rivers was conducted
in the laboratory "Republican Veterinary
Laboratory” of the Committee for
Veterinary Control and Supervision of

report results give us the results of the
study. That in all investigated fish the
investigated heavy metals, i.e. Pb, Cd
and radionuclides Sr,Cs , did not pose a
threat to the health of consumers
consuming such fish species[20].

the Ministry of Agriculture of the
Republic of Kazakhstan and the test

Conclusion

Summarizing the data obtained, we can state that the content of heavy metals and
radionuclides in some specimens of fish and fish products WKR exceeds MPC (GOST
31903-2012), which is a consequence of industrial waste entering the water bodies.

Fish tissues can accumulate toxic substances, since they are the main species of
hydrobionts and act as one of the last links in the food chain.

The contents of heavy metals (lead, cadmium, arsenic, and mercury) and
radionuclides (cesium 137 and strontium 90) in fish and fish products consumed by
WAKR residents were within acceptable limits.

Information on financing
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Tyitin

OHipic TIeH 6HJey ©HEpKOCiOiHIH YJIFalobiMeH, coHpai-ak Kazakcran
PecnnyOnukachiHBIH ~ayMarbiHAa Takgansl  Kasz0amapAblH OHIIPUTYIMEH — eliMI3IIH
KOpILIaFaH OPTAChIHBIH, DKOJIOTHSCBHIHBIH, JKaHyapyiap JYHHECI MEH Cy pecypCTapbIHbIH
JacTaHyblHA OKEJIN COFajbl. AYbLI IIapyallbUIBIFBI MEH Mall IIapyallblIbIFbIH/IaFbI
OapiblK  OHAIPICTIK KyaTrTap Cy pecypcTapblH KaxeT erenl. FruibiMu-zeprrey
KYMBICTApPBIHBIH ~ IIeHOepinae bateic KaszakcTtaH OOJBICHIHBIH — TpaHCIICKAPaJIbIK
e3eHJiep/ieH Oacrtay ajaThlH Jk0He MyHaii-ra3 keH opHbl (KIIO) enmipimerin cy
alBIHIAPBIHIAFBl AYBIp METAJNAap MEH PaauOaKTUBTI 3aTTap/bIH TY3AapbIHBIH KYpPaMbI
OOWBIHINIA TUATHOCTUKA JKYPri3uiai. 3epTTey KYMBICBIMBI3/IBI )KY3€Te achIpy YILIIH aybIp
metanaap (Pb, Cd) Ty3mgapeiabiH koHe pamuonyknuarepaid (Sr-90, Cs-134) kypaMblH
3epTXaHaJbIK TEKCcepy YIIiH 15 cy KoWmachl MeH 3 iIKi cayna 0ObEKTUIepIHEH OajIbIK
OHIMJIEPIHIH ChIHAMaJIaphbl albIHJBI. PamnoakTUBTI 3aTTap OAJBIKTapIbIH CyHEKTepl MEH
OWIIIBIKETTEPIH/IC JKUHAJIBIT, KCHIHHEH aJaM ar3acblHa JKYTy apKbUIbl Tyceml. Amam
JICHCAYJIBIFbIHA JKaFBIMCBI3 dCep €Ty KayIll coylelieHy ao3achiHa OainmaHbicThl. Erep
coyJIeJIeHy J103achl TOMEH 00Jica HEMece dcep €Ty y3aK yakbIT 00l 00Jjica, ajlaM ar3achl
3aKbIMJAIFaH JKacyllaJiap MEH MOJIeKyJajlapAbl KaJllblHA KEeATIPETIHIIKTeH, Kayim
onnekaiima a3 6onaapl. KopracklH MeH KaJMHil aJaMHBIH JKYHKE KYHECIHE KOHE OHBIH
MICUXUKAJIBIK JlaMyblHA 3HSHBIH THUTI3€/1, 01 OYHpeKTi 3akbIMaam, CyHeKk aypyblHa
okeneni. Kayincis eHiMaep XanblK JCHCAYJBIFBIHBIH Kl OOJFaHIBIKTAH, OaJbIK IICH
MaJ apyanbUIBIFBl OHIMACPIH/IE aybIp METANIap MEH PAIUOHYKIUATEPAIH TY31apbIHBIH
MOJIIIIEPIH YHEM1 OaKbIIay KaXKeT.

KinaTt ce3mep: ayslp MeTainm Ty3Haphl; PaguOHYKIUATED; OaNbIK OHIMIEDPi; Cy
koumanapsl; BKO.

AHHOTALUA
C yBennueHHEeM IPOU3BOJICTBECHHBIX U IepepadaThIBAIOIINX MPOU3BOICTB, a TAKKE
n00bIYa TMOJIE3HBIX HMCKOIMaeMbIX Ha Tepputopuu Pecnybnukm KazaxcTtaH mpuBOIHMT K



3arps3HEHUIO OKPY’KAIOMIEH Cpeibl KOJIOTMH, >KMBOTHOTO MHUpa M BOJHBIX PECYpPCOB
Halen cTpaHbl. BO BCEX NPOU3BOJICTBEHHBIX MOIIHOCTAX B CEIBCKOM XO3SMCTBE U
’KUBOTHOBOJICTBE HEOOXOJIMMO BOJHBIE pecypchl. B paMmkax Hay4yHO-UCCIEA0BATEIBCKOM
paboThl MpOBEJEHA JMArHOCTUKA IO COJACP)KAHHUIO COJICH TSXKEIbIX METAIJIOB U
paIMoaKTUBHBIX BEIIECTB B BojoeMax 3anaaHo-Kazaxcranckoi o0nacTu, rjie oHu 0epyT
Hayajo C TPAaHCTPAaHUYHBIMHU PEKAMU U BEJETCS 100bYa HE(TEra30BOro MECTOPOXKICHUS
(KPO). s BBIMOJIHEHUSI HAYYHO-HCCIEA0BATEIBCKOW pabOThl OBLIM OTOOpaHBI MPOOKI
pBIO U pHIOHON MPOAYKIMU U3 15 BOA0EMOB M 3-X 00BEKTaX BHYTPEHHEH TOPTOBIU JJISI
7a00paTOPHOTO MCCJICMOBAHUSA Ha cojaepkaHue cojiel Tsokenbix MetamioB (Pb,Cd) wu
paguonykiauaoB (Sr-90,Cs-134). PaguoakTUBHBIE BEIIECTBA HAKATUIMBAIOTCS B KOCTSIX U
MBIIIIaX pbI0, U TOCJIEIOBATEILHO MOMAAal0T B OPraHU3M YeJIOBeKa MpU ynoTpeOIeHUn
B nuily.PUCK pa3BUTHST HEOJArONMpUSITHBIX MMOCIAEACTBUM JJIsi 370pOBbSl UEIOBEKa
3aBUCHUT OT J103bI 00NyueHus. Eciu 103a 00yueHust HU3Kasi iU eclii 00Jy4eHUE UMEET
MECTO B TE€UYEHHUE JJIUTEIHHOTO MEPHO/ia BPEMEHHU, PUCK 3HAYUTEIHHO HIKE, TTOCKOJIBKY
OpraHu3M YeJIOBEKa BOCCTAHABIWBACT IMOBPEXKICHHBIE KJICTKH W MOJICKYJbl.CBUHEI U
KaJIMUM HAHOCUT BpEJl HEPBHOW CHCTEME YeJiOBeKa M €ro YMCTBEHHOMY Pa3BUTHIO
MOKET BBI3BaTh HapylieHUe paboThl MOYEK U MPUBECTH K OoJie3HsIM KocTeil. Heobxoaum
MOCTOSIHHBIN KOHTPOJIb HA/I COJICPKAHUSIM COJICH TSAKEIbIX METAIOB U PATUOHYKIUIOB
B MIPOJYKITUU PHIOOBOJICTBA, TaK KaK O€30IacHas MPOIYKIIHS 3aJI0T 37J0pPOBbsl HACETICHUS.

KioueBble ¢JI0Ba:COIN THKEIBIX METAIOB, PAIUOHYKIUIBI; PHIOHAS TIPOTYKITHS;
Bos1oeMnI; 3KO.



