BHUMAHUS, XOTS CYIIECTBYET psJ WCCICIOBAaHUMA, TNE YKa3bIBaeTCS CYIICCTBEHHOE BIIUSHUC
3a00yIeBaHMsl HAa MOJOYHYIO TPOTYKTHBHOCTB, BJIEKyIee OOJbIIME SKOHOMHUYECKHe moTepu. B
COBPEMEHHOW TMPAaKTHUKH, M JUArTHOCTUKH 3a00JIEBaHUS HWCIONB3YIOT CEPOJIOTHYECKHE W
MOJIEKYJIIpHO-TeHETHUecKue MeToabl ucciaeaoBanus. I[lo manueiMm MOb PUJ[ u UDA sBusroTcs
PEKOMEHIYEeMBIMH TECTaMU ISl CEePOJIOTHYECKON IMAarHOCTUKHA WH(EKINH, BBI3BAHHONH BHPYCOM
neiiko3a KpymHOTo poraroro ckora [1].9tu Tectel ObUTH TPOBEPEHBI C HCHOIH30BAHHEM
MEXTYHapOIHOTO 3TAJOHHOTO CTaHAapTa CHIBOPOTKH MO Ha3BaHueM E05, KOTOpHIH yCTaHABIUBACT
MUHUMAJILHBIH YPOBEHb YyBCTBUTCIHHOCTH, HEOOXOIUMBIN JJI1 PYTHHHOTO TECTUPOBaHUs 00pa3IoB
CHIBOPOTKH W MOJIOKa ¢ ucmonb3oBanueM PUJ| mm MDPA. Hamu Owmio mccmemoBano 200 mpob
cepomornueckumu (PUJI, UPA) u remaromormdeckum Meromamu. Mudummposannocts B PUJI
cocraBuna 18,5%, B MDA 21,5%. B pesynbprare reMaToNIOTHYCCKUX HCCICIOBaHMA B 9 mpobax
abcomroTHOe KommuecTBo MuMdonuToB (AKJI) cooTBeTCTBOBaN mMOKa3aTeNsiM COTIACHO JIEHKO3ZHOMY
KITFOUy OONBHBIX JKABOTHBIX. CTOWT OTMETHTH, YTO B HAacToOsIIee BpeMmsi HanOoiee 3(h¢eKTHBHON
cTparerueid OOpHOBI C JIEHKO30M MPEAIOJIaracT BBHISBICHUE W YHUYTOXKCHHE WHQOUIIUPOBAHHBIX
JKUBOTHBIX, a TAKXKE PEaTM3aIUI0 MEp 10 HEJIOMYIICHUIO BBO3a MH(PHUIIMPOBAHHBIX )KUBOTHBIX.
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MONITORING THE CONTENT OF HEAVY METAL SALTS IN FISH

Annotation

This article presents the results of a comprehensive assessment and analysis of the content of
heavy metal salts in fish from water bodies of the West Kazakhstan region. The problem of purifying
surface and waste water from heavy metals is quite acute and relevant for our country. Heavy metals,
remaining toxic even in trace amounts, have a negative impact on water bodies and the human body.
Untreated wastewater leads to a high degree of pollution of water bodies. Heavy metals cadmium and
lead in muscle samples of fish living in the Bagyrlay rivers were contained in amounts of 0.018 mg/kg
and 0.27 mg/kg; Berezovka river - 0.02 mg/kg and 0.33 mg/kg; Chagan river - 0.012 mg/kg and 0.21
mg/kg; Derkul river - 0.007 mg/kg and 0.21 mg/kg, Shyngyrlau river - 0.009 mg/kg and 1.15 mg/kg,
Chizha 2 river - 0.001 mg/kg and 0.12 mg/kg, Chizha 1 river - 0.01 mg/kg and 0.24 mg/kg,
respectively. According to the results of studies of 8 species of fish: pike, perch, rudd, roach, crucian
carp, bream, tench, carp in the amount of 241 specimens from the reservoirs of the West Kazakhstan
region the presence of a residual amount of lead compound on average 0.36 mg/kg and cadmium
0.0041 mg/kg was detected; toxic elements (arsenic and mercury) were not detected. Analysis of the
content of heavy metals in fish does not exceed maximum permissible concentrations. These results
indicate the relative safety of consuming fish from the studied water bodies.

Key words: heavy metals, lead, cadmium, reservoirs, maximum permissible concentrations, fish
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Introduction. Aquatic ecosystems, including water bodies of the West Kazakhstan region, play
a key role in maintaining biological diversity and ensuring food security. However, due to the
intensive development of industry and an increase in anthropogenic activity, water basins are
becoming susceptible to contamination with heavy metals. Fish, as important members of aquatic
ecosystems, are a key subject of monitoring in the context of assessing the quality of water resources.
At the same time, it is necessary to remember that chemical elements entering the human body
accumulate in biological media and, influencing the chemical homeostasis of the body, can lead to the
occurrence of various pathologies [1-4]. Pollution of most water bodies used by humans with heavy
metals leads to a deterioration in the commercial quality of caught and farmed fish - this is one of the
problems that has a number of theoretical and practical aspects that are important for modern fishing
and fish farming. The amount of toxic substances entering water bodies with industrial, household and
domestic wastewater amounts to tens of thousands, and every year this list is replenished with many
new chemical compounds synthesized by humans that can pose a danger to animals, including aquatic
organisms. Many of these substances exhibit mutagenic and carcinogenic properties, disrupt the
structural and functional systems of the cell, affecting membrane formations, enzyme and genetic
apparatus. Anthropogenic pollution of many heavy metals in water bodies to a decrease in the level of
quality products characteristics of mined and bred fish. Every year the level of concentration of
toxicants entering rivers, lakes, seas, oceans, with industrial wastewater, household and household
waste is increasing due to the fact that the list of chemical compounds interacting with each other is
supplemented by new, synthetic, posing a threat to humans, animals and aquatic organisms [5-9].
Majority chemical compounds have mutagenic and carcinogenic properties, they capable of causing
structural and functional changes in cells, and also have a direct effect on membrane systems, genetic
and enzyme apparatus [10-16].

A number of scientific studies have established that toxicants affect hydrobionts directly and
indirectly, reducing fish stocks in water bodies, affecting every level of their life cycle, including
spawning, food supply, area of distribution, as well as physicochemical and ichthyological systems
reservoirs [17-19]. Heavy metals trapped into the water of the reservoir, are mainly deposited in
bottom sediments, and the rest, under certain conditions, is introduced into food chains, and then into
other components of the environment. At this time the process is influenced by the individual
characteristics of aquatic organisms, in particular physiological and biochemical, since this transition
is quite difficult process [20].

The purpose of this study is to conduct a comprehensive assessment of the content of heavy
metal salts in fish from water bodies of the Western Kazakhstan region. Analysis of the content of
heavy metals in fish tissues allows not only to assess the ecological state of aquatic systems, but also
provides important data for understanding the possible risks to human health associated with the
consumption of fish from these bodies of water.

Materials and methods of research. To determine residual amounts of heavy metal
compounds in fish samples, the following methods were used: GOST 26932-86 Methods for
determination of lead; GOST 26933-86 Raw materials and food products. Methods for determining
cadmium; GOST 26927-86 Raw materials and food products. Methods for determining mercury;
GOST 31628-2012 Food products and food raw materials. Stripping voltammetric method for
determining the mass concentration of arsenic. The study was conducted on the basis of the NJSC
WKATU named after Zhangir Khan, the laboratory of the West Kazakhstan branch of the RSE at the
Republican Veterinary Laboratory of the KVKN of the Ministry of Agriculture of the Republic of
Kazakhstan in 2022-2023. The objects of the study were fish from water bodies of the West
Kazakhstan region.
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Figure 1 - Fish sampling

Research results. The state of the fishing industry in the Republic of Kazakhstan is directly
related to the ecological state of the country’s water bodies, namely the anthropogenic impact on the
hydrosphere. Pollution of water bodies with heavy metals leads to the accumulation of these toxicants
both in the environment and in aquatic organisms themselves, which, in turn, leads to a decrease in the
quality of fish products. Due to the fact that human health to a certain extent depends on
environmental factors, with the intensification of technogenesis, the relevance of ecological and
hygienic monitoring of the environment. Since water has high dynamism, significance and reliability
of research results, limited only the indicators of pollutants in water are reduced.

Establishing the degree of contamination of fish with residual amounts of heavy metal
compounds in water bodies of the West Kazakhstan region.

The results of a study of fish samples (2022) from 15 water bodies of the West Kazakhstan
region for the content of residual amounts of heavy metal salts are shown in Figure 1.
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Figure 2 — Content of toxic elements in fish from water bodies of Western Kazakhstan in 2022

From Figure 2 it follows that of the four heavy metals, only cadmium and lead were found in
muscle samples of fish living in Kaldygaity river - 0.04 mg/kg and 0.148 mg/kg; Shyngyrlau river -
0.002 mg/kg and 0.02 mg/kg; Bagyrlay river - 0.0375 mg/kg and 0.1 mg/kg, respectively; no toxic
elements were found in the remaining eleven reservoirs.

Cadmium is one of the toxic and non-biogenic metals. Since cadmium is poorly excreted from
the body, the degree of its accumulation in the organs and tissues of fish throughout the entire life
period is high. In many cases, cadmium can replace zinc in zinc-containing enzymes, which can also
lead to its accumulation.

Thus, in the organs and tissues of fish, an excess of the maximum permissible concentration for
cadmium by 0.045 mg/kg was revealed. The patterns of accumulation of these metals in the tissues
and organs of the studied fish are consistent with their biochemical role in the life of the organism.

Data from a study of fish samples (2023) from 7 reservoirs of the West Kazakhstan region for
the content of residual amounts of heavy metal salts.

Bagyrlay (5) Bel:018 s 27
Berezovka (5) Bal02ummmmms 0 33
Chagan (5) |els012us 21
Derkul (5) 10007 021
Shyngyrlau (5)  leO009 e —— | 15
Chizha2 (5) w001 (1o

Chizha 1 (5) |lmCsOlmmn 0.24
0 0,2 04 0,6 0,8 1 1,2 14

cadmium, mg/kg = lead, mg/kg

Figure 3 — Content of toxic elements in fish from water bodies of Western Kazakhstan (2023)
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Thus, from Figure 3 it follows that the heavy metals cadmium and lead in muscle samples of
fish living in the Bagyrlay rivers were contained in amounts of 0.018 mg/kg and 0.27 mg/kg;
Berezovka river - 0.02 mg/kg and 0.33 mg/kg; Chagan river - 0.012 mg/kg and 0.21 mg/kg; Derkul
river - 0.007 mg/kg and 0.21 mg/kg, Shyngyrlau river - 0.009 mg/kg and 1.15 mg/kg, Chizha 2 river -
0.001 mg/kg and 0.12 mg/kg, p Siskin 1 - 0.01 mg/kg and 0.24 mg/kg, respectively.

Thus, an excess of 0.15 mg/kg was observed for lead from fish from the Shyngyrlau River; lead
is usually localized in the gills and fins, that is, in those structures that are in contact with water and
through which the metabolic communication of organisms with the aquatic environment is carried out,
which is associated with a significant technogenic load exerted on the state of the aquatic ecosystem
by enterprises of the Burlinsky district of the West Kazakhstan region.

Figure 4 - Weighing fish

According to the results of studies of 8 species of fish: pike, perch, rudd, roach, crucian carp,
bream, tench, carp in the amount of 241 specimens from the reservoirs of the West Kazakhstan region
(rivers Chizha-2, Chizha-1, Derkul, Chagan, Berezovka, Utva, Bagyrlay) the presence of a residual
amount of lead compound on average 0.36 mg/kg and cadmium 0.0041 mg/kg was detected; toxic
elements (arsenic and mercury) were not detected.

In modern conditions of the continuing anthropogenic load of HMs on the water bodies of the
studied territory, natural fish populations are subject to their toxic influence, which, against the
backdrop of climate change processes, may increase the danger of a decrease in the biological
diversity of ichthyofauna in general and a reduction in the number of valuable fish species. The
observed effects must be taken into account when VSE of fish and assessing the condition of existing
protected areas. Despite the results obtained, we consider it important to note that the problem of
product contamination with HM salts is acute both in the Republic of Kazakhstan and in the world as a
whole. In this regard, some scientists recommend extracting heavy metals from the muscle tissue of
cut fish by two-stage exposure to a phosphate solution followed by exposure to an acid solution. The
authors' research has shown that this raw material, which has undergone a detoxification procedure,
can be used to prepare dried fish products. As a result of the analysis of the presented data, we can
conclude that the main cause of pollution of aquatic ecosystems with heavy metals is anthropogenic
impact caused by the flow of wastewater from industrial enterprises and municipal services. Based on
the measures proposed and regulated at the legislative level, the most effective and efficient can be, on
the one hand, the creation of closed production cycles using recycled water, the development and
implementation of water-saving and low-waste technologies to reduce the anthropogenic load on
surface and wastewater. On the other hand, it is necessary to create new and improve existing physical
and chemical methods for purifying water from heavy metals, primarily the development of low-cost
and more environmentally friendly organic sorbents and biological purification methods with
increased efficiency. Small rivers flowing within cities with developed industry experience significant
man-made load. The main cause of pollution of water bodies in urban areas is the discharge of
untreated or insufficiently treated industrial wastewater. A pressing environmental problem is the
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progressive pollution of water bodies with heavy metals. From water bodies, toxicants can enter the
human body through food chains. Having cumulative characteristics, metals are capable of exhibiting
carcinogenic, mutagenic and teratogenic properties. Due to the fact that human health to a certain
extent depends on environmental factors, with the intensification of technogenesis, the relevance of
conducting an environmental and hygienic assessment of the state of the environment increases.
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TYHIH

byn makanaga bateic KazakcTaH OONBICHIHBIH Cy alABIHIAPBIHBIH OalbIKTApBIHIAAFBl AYbIP
MeTaJlT TY3IapbIHBIH KYpPaMbIH KeUIeH i Oararnay XoHe Taljay HoTkemepi OepinreH. bizmin emimis
YIIIiH Xep YCTi JKoHE aFbIH[BI CyJIapasl ayblp METaTAapAaH Ta3apTy MaceJeci eTe OTKIp KoHe ©3eKTi
Oounbin Tabbmanel. Ayslp MeTainap a3z Menuiepae Oonca qa yiasl O0bin Kana Oepesi, cy KolManapel
MEH aJaM ar3achlHa Kepi acep ereldi. TazapThUIMaraH arblHABI CyJlap Cy OOBEKTUIEpiHIH >KOFaphl
JacTaHybIHA 9Keledi. barpipiail e3eHiHIe MEKEHACUTIH OaNBIKTapAbIH OYIIIIBIK €T YITLUIepiHae aysip
MeTanaap kaaMuii MeH Kopraceid 0,018 mr/kr xone 0,27 mr/kr menmepinae; bepesoBka ezeni — 0,02
mr/kr sxoHe 0,33 wmr/kr; [llaran e3zeni — 0,012 mr/kr xxone 0,21 mr/kr; Hepkyn e3zeni — 0,007 Mr/kr
sxoHe 0,21 mr/kr, emareipnay e3erni — 0,009 mr/kr xone 1,15 mr/kr, Ymka 2 e3eni — 0,001 mr/kr
sxkoHe 0,12 mr/kr, Umka 1 e3eni 1 — 0,01 mr/kr xone 0,24. coiikecidmie mr/kr. bateic Kazakcran
OOJBICHIHBIH, ¢y KoWiManapbiHaH 241 naHa kenemiHie OalbIKTapIblH 8 TypiH: mopTaH, analyra,
KaHOaK, OallblK, MOHKE, KapaKYHpPbIK, ca3aH, Ca3aHIbl 3epTTEy HOTIDKeJepi OOWBIHINA OpTa ecemnmeH
0,36 mr/kr »xoHe kammuit 0,0041 MI/Kr KOpFachlH KOCBUTBICHIHBIH KAJJIBIK MOJNIIEPiHIH OOIyBI
AHBIKTAJIBI; YIIbI AIEMEHTTep (MBILIbSIK KOHE ChIHAI) aHBIKTaIMa/bl. balbIKTaFe! ayblp MeTaniapablH
KypaMBbIH Taijay IIeKTi pyKcaT eTiireH KOHICHTpalUsIaH acnaiapl. byn HoTmwkemnep 3epTTenreH cy
KoHMaltapblHaH OABIKTHI TYTHIHYABIH CATBICTRIPMAITBI KAYITICI3IITiH KOpPCeTe/Ii.

AHHOTALMS

B nmanHOI cTaThe MpenCTaBICHBI Pe3yNbTaThl KOMIUIEKCHOH OIEHKH M aHajn3a COICepPKaHHS
CoJlel TSDKENBIX METAIIOB B phIOe BogoeMoB 3amamHo-Kazaxcranckoit oomactu. [IpoGiiemMa ouncTkn
MMOBEPXHOCTHBIX M CTOYHBIX BOJ[ OT TSXKEIBIX METAUIOB CTOUT JIOCTATOYHO OCTPO U aKTyajabHa IS
Hamie cTpaHpl. TspKenmble MeTallTbl, OCTaBasCh TOKCHYHBIMH AK€ B CIIEOBBIX KOJMYECTBAX,
OKa3bIBAIOT HETAaTHBHOE BO3JIEHCTBHE HA BOJOEMBI M OpPraHu3M 4eJoBeKa. HeodwieHHBIE CTOYHEIE
BOJIBI IIPUBOMST K BBICOKOHM CTEIIEHU 3arps3HCHUS BOAHBIX 00BEKTOB. TspKesble META/UIBI KaIMHUA H
CBUHEIl B Mpo0ax MBI pbIO, oOuTarommXx B pekax barviprnaii, cogepkanuck B konmdectBax 0,018
mr/kr u 0,27 mr/kr; pexka bepezoska - 0,02 mr/kr u 0,33 mr/kr; peka Yaran - 0,012 mr/kr u 0,21 mr/xr;
p. depxyns - 0,007 mr/kr u 0,21 mr/kr, p. Lemrreipnay - 0,009 mr/kr u 1,15 mr/kr, p. Ymka 2 - 0,001
mr/kr u 0,12 mr/kr, p Umwku 1 - 0,01 mr/kr u 0,24 mr/kr coorBercTBeHHO. [lo pesynbTaTam
WCCIIEIOBaHNH & BHUJIOB PBIO: IyKa, OKYHb, KpacHOIIEpKa, ITUIOTBA, Kapach, Jiell, JIMHb, Kapach B
konmmuecTBe 241 9K3. m3 Bomoémor 3amamHo-Kaszaxcranckonr obOmactu (pekm Ymxka-2, Ywmxka- 1,
Hepkyn, Yaran, bepe3zoBka, YTBa, barbipnail) BBISBICHO HaJIWMYWE OCTATOYHOTO KOJMYECTBA
coenuHeHu cBuHIA B cpeaHeM 0,36 mr/kr u kaamus 0,0041 Mr/Kr; TOKCHYHBIE 3JIEMEHTBI (MBIIIBSK U
PTYTh) HE OOHAPYKEHBI. AHAIN3 COJIEPKAHUS TSKEIBIX METAUIOB B PhIOE HE MPEBHINIAST MIPEeIeIbHO
JIOIMYCTHMBIX KOHIICHTpaIMi. DTH PE3yJIbTaThl CBUICTEILCTBYIOT 00 OTHOCHUTEILHOW 0€301acHOCTH
MOTpeOIeHUS PHIOBI U3 UCCIIETOBAHHBIX BOJJOEMOB.
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