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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. The article presents the results of studies of the assessment of multi-
year dynamics of the volume of transboundary inflow of toxic compounds to the
territory of Kazakhstan along the Zhaiyk River: synthetic surfactants, petroleum
products, phenols, boron and a number of heavy metals. On the basis of analysis
of long-term material of the State monitoring of “Kazhydromet” RSE, the volume
of transboundary inflow and peculiarities of transformation of toxic compounds
runoff along the river flow are considered, also taking into account natural and
anthropogenic factors influence. A study of the environmental contaminants present
in the territory of Kazakhstan reveals the presence of priority pollutants, including
phenols, petroleum products, iron, and hexavalent chromium. The significant
level of river water contamination by these toxic compounds is attributable to
two primary factors: transboundary runoff and the entry of industrial and other
wastewater into the river system within the Republic’s territory. The maximum
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runoff of toxic compounds in the country is observed during the spring season.
This phenomenon is attributed to the occurrence of spring floods, which serve to
exacerbate denudation processes within the catchment area of the river. The elevated
levels of hexavalent chromium in the water of the Zhaiyk river are associated with
the presence of tailing ponds and other facilities of industrial enterprises, both in
Kazakhstan and Russia.

The data with references to the works of leading scientists of the Russian
Federation are given. This data includes information about determining influence
of numerous objects of mining and metallurgical industry of the Russian Federation
and also the technogenic metamorphization of chemical composition of water in
the upper reaches of the Zhaiyk River. The article shows the role of transboundary
flow of the Zhaiyk River as the main factor in the formation of the regime of toxic
substances on the territory of Kazakhstan. The work quantifies the volume of
transboundary inflow of these compounds and its seasonal dynamics.

Keywords: water quality, transboundary runoff (flow), toxic compounds, heavy metals.
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Annoranus. )Kymeicra Xaifpik e3eHi OoiibiMeH Ka3akcTan aymMarbiHa KeleTiH
yasl KocbuiblcTapabi: CBb3, myHnait eniMmzaepi, ¢genonnap, 6op xoHe Oipkarap
ayplp MeTaJUIAApABIH TpaHCIICKApaiblK aFblHBl KOJIEMIHIH y3aK Mep3iMi
TMHAMHKACHIH Oaranayra OaFbITTalFaH 3EPTTEYNICPIiH HOTHXKeNepi OepiireH.
«Kasrumpomer» PMK MeMiekeTTik MOHUTOPHHTIHIH KOTDKBUIIBIK MOIIMETTEPiH
Tanjay Heri3iHAe TaOWFU JKOHE aHTPOIOTEHMIK (aKTOpIapIbIH OCEpPiH ecKepe
OTBHIPBITN, TPAHCIICKAPATBIK aFbIHHBIH KOJIeMi JXOHE ©3€H arbIChl OOWBIHIIA
VIBI KOCBUIBICTAp aFBIHBIHBIH TpaHC(OpPMaIUsUIaHy epeKIIeTKTepi Kapasibl.
Kazakcran aymarbIH/Ia HETi3Ti JACTAyIIbl 3aTTap aHBIKTAIBI, ojapra (eHoiaap,
MYHail ©HIMZIEpi, TeMip KOHE anThl BAJICHTTI XPOM JKaTKbI3bLLIBI. O3¢H CyBIHBIH
OCBl yJbl KOCBUIBICTAPMEH JIACTAHYBIHBIH JKOFaphl JCHTEH TpaHCIIEKapallbiK
arbIHMEH JIe, PECIyOJINKa ayMarbIH/IaFbl ©3¢H KYHECIHE TYCETiH OHIIPICTIK KoHE
0acka J1a CapKbIHBI CYJIap/IbIH HOTH)KECIMEH OailiaHbICThI. EIl ayMaFbIHIaFbI YITbI
KOCBUTBICTAP/IBIH MAKCUMAJIJIBI aFBIHBI KOKTEMT1 Cy TaCKBIHBIHA OAJIAaHBICTHI KOK-
TeM Ke3iHje Tipkenemi, OyJ1 ©3eHHIH Cy XUHAY OeIiriHAeri ACHYIAlHsIIbIK TIpo-
necrepi kymrerdteni. XKaiiblk ©3€HiHIH CyBIHAAFBI alIThl BAJICHTTI XPOMHBIH KO-
raprel MoHJIepi Kazakcran aymarbiHa 1a, Pecelt aymarbiiia 1a KaiablK KolManap
MEH OH/IIPICTIK KOCIMOPBIHAAPABIH OacKa 00BEKTIIEPiHiH O0IybIMEH OaIaHBICTHI.

Peceit ®enepanusiceiabie (PD) sxeTeKIn FalbIMIapbIHBIH eHOSKTEPiHe CliTeMe
acail OTBIpHIT, JKaWbIK ©3€HIHIH JKOFAPFhI aFbICHl ala0BIHAAFhl ©3€H CYBIHBIH
XUMHSUTBIK KYPaMBIH TEXHOTEHIIK MeTamopdu3amusuaynarsl PO tay-keH koHe
METAJUTyprus. OHEPKACiOiHIH KOeNTereH HBICAHAAPBIHBIH JCepiH aHBIKTAHTHIH
MomiMerTep KenTipinreH. KasakcraH aymarblHIa YOBI  3aTTap  PEXKUMIH
KaJIBIITACTBIPY/IBIH HET13T1 (hakTopel peTiHe JKalblK ©3eHIHIH TPaHCIIeKapabIK
aFBIHBIHBIH POl KepceTiireH. OChl KOCBUTBICTAPABIH TPAHCIIEKAPATBIK aF bIHBIHBIH
KeJIeMiHe )KOHE OHBIH MayCBhIM/IBIK TMHAMHUKACHIHA CaHJIBIK Oara Oepiyii.

Tyiiin ce3aep: Cy/IbIH canacel, TPaHCIIEKaPaJIbIK aFbIH, YIbI KOCBUIBICTAP, AyBIP
MeTanzap.
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AHHoTanms. B pabore nmpuBoasATCS pe3ynbTaThl HCCIEI0BAHU, MOCBSIIEHHBIX
OIIEHKE MHOTOJIETHEH JMHAMUKH 00beMa TPaHCT PAaHMYHOTO ITPUTOKA HA TEPPUTOPHIO
Kazaxcrana TokcwmunbX coemuHeHuit mo p. XKaiteik: CITAB, HedTenmpomyKTHI,
¢denonpl, 60p M psiza TSDKENBIX MeTauioB. Ha ocHOBe aHain3a MHOTOJIETHETO
Marepuana ['ocynapctsenHoro monutopusra PITI «Kasrunpomer» paccMoTpenst
00BEM TPaHCTPAHUYHOTONIPUTOKAN 0COOCHHOCTUTPAHC(POPMAIINN CTOKATOKCHYHBIX
COEMHEHUH 10 TEYCHHIO PEKH C YUETOM BIIMSHUS MPUPOIHBIX M aHTPOIIOTEHHBIX
(bakTOpOB. BBISABIEHBI MPUOPUTETHBIE 3arpsA3HATENN Ha Tepputopuu Kazaxcrana,
K HUM OTHECEHB! (DEHOJIbI, HEPTEIPOLYKThI, JKEIE30 U MIECTUBAJICHTHBIH XPOM.
BrIcokmii ypoBeHb 3arpsi3HEHUS PEYHOM BOJBI STUMU TOKCUYHBIMH COE€MHEHUSIMU
00yCIIOBJICHBI, KaK TPAHCTPAHUYHBIM CTOKOM, TaK M PE3YyJIbTaTOM MOCTYMNAIOLUINX
B PEYHYIO CHCTEMY MPOMU3BOACTBEHHBIX U JIPYT'MX CTOYHBIX BOJ Ha TEPPUTOPUU
PecriyOnukn. MakcUManbHBIH CTOK TOKCHYHBIX COCIMHEHMH Ha TEpPUTOPUN
CTpaHBl PErHCTPUPYETCS B BECEHHHWH TEpPHOA, OOYyCIOBICHHBI BECEHHUMH
[IaBOIKAMH, YCHJIMBAIOIIMMH JEHYIALMOHHBIE NPOLECCH HA BOILOCOOPHON yacTu
peku. IloBelIEHHOE COAEp)KaHME MIECTUBAJIEHTHOrO Xpoma B Boie p. JKailblk
CBSI3aHO C HAJIMYMEM XBOCTOXPAHWIUII M IPYTUX OOBEKTOB MPOHM3BOACTBEHHBIX
MpeanpuaTui, Kak Ha Teppuropun Kazaxcrana, Tak u Ha Tepputopun Poccun.

IIpuBeneHs! cBeneHUs, CO CCBUIKOM HAa TPYABl BELYIIHUX y4eHbIX Poccuiickoi
Oenepanun (PD), 00 ompenensonieM BIMSHUA MHOTIOYHCICHHBIX OOBEKTOB
TOPHOIOOBIBAIOIIECH M METaJUTYypPTHUECKOM MPOMBITIUICHHOCTH PD B TeXHOTCHHOU
MeTaMOop(hU3alMKy XMMUYECKOTO COCTaBa PEYHOH BOABI B OacceilHe BEpXHEro
teueHus p. JKaiipik. Iloka3aHa ponb TpaHCrpaHMYHOro croka p. JKalblk Kak
OCHOBHOTO (hakTopa GOPMUPOBAHUS PEKUMA TOKCHUHBIX BEIIECTB Ha TEPPUTOPUHI
Kazaxcrana. [lana xonndecTBeHHas OlleHKa 00beMa TPAHCTPAHMYHOTO MPUTOKA
3THX COEMHEHNH M €T0 Ce30HHAs JMHAMUKA.

KiroueBble c10Ba: KadecTBO BOABI, TPAHCTPAHWYHBIA CTOK, TOKCHYHBIE
COEMHEHHS, TSKENBIE METAJLIBI.

Introduction. Water security in arid conditions of Kazakhstan is currently
considered as an important component of national security. An important aspect
of quantitative limitation of water resources in Kazakhstan is the fact, that all
main rivers (Ertis, Ile, Syrdarya, Zhaiyk and others) are transboundary. Out of
total surface water resources (91.3 km?/year) 48.5 % (44.3 km?*/year) comes from
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neighboring countries. Local runoff in about 47.0 km?®/year, that is formed on the
territory of the republic (Dostay, et al., 2012).

Transboundary problems for Kazakhstan become acute both in the field of
preservation of optimal volume of river water inflow to our water basins and
other problems such as: inflow of various toxic compounds, interpenetration of
alien hydrobionts, including fish, introduction of new types of fish diseases. This
occurs due to the peculiarities of the geographical position of Kazakhstan, which
occupies the downstream of all transboundary watercourses. Such problem also
exists for the Zhaiyk River. It is aggravated by the fact, that further anthropogenic
reduction of the river flow is expected in connection with the implementation of
water management projects on the territory of the Russian Federation. The Zhaiyk
River is the third longest river in Europe (total length is 2428 km, of which 1084
km are in Kazakhstan), with a basin area of about 380 thousand km?. The upper
reaches of the river are on the Russian Federation territory, and the lower reaches
are in West Kazakhstan and Atyrau regions.

The Zhaiyk River is one of the main transboundary rivers of the Republic and
plays a key role in providing water to the population and various economic sectors
of Western Kazakhstan. The importance of water resources of the Zhaiyk River in
the dynamics of the level regime and water-salt balance of the large transboundary
inland Caspian Sea is extremely high. Water resources of the Zhaiyk River are
widely used for various economic purposes. At the same time, the inflow of the
river’s low-salinity water into the Caspian Sea leads to significant desalination
of the shallow water zone of the Kazakhstan sector of the sea. This circumstance
creates favorable conditions for the reproduction of valuable commercial fish
stocks, including sturgeon species.

In recent decades, the Zhaiyk River has experienced a downward change in
water resources mainly due to anthropogenically induced flow reduction. This
poses a serious threat to the sustainable development of the natural-economic
system of Western Kazakhstan. According to long-term data, starting from 1971,
there is a systematic step-by-step decrease in the annual runoff of the Zhaiyk River.
The value of the annual river flow (12.0 km?®) decreased, compared to the average
annual flow (Surface Water Resources of the USSR, 1970). In chronological order,
these changes looked as follows: by 1995 — on average to 10.0 km* (16.7 %), and
by 2016 — on average to 7.47 km? (37.8 %) (Medeu, et al., 2017).

In addition to the problems of transboundary inflow reduction, anthropogenic
transformation of the qualitative composition of water resources of the Zhaiyk
River remains one of the threats to hydro-ecological security. Technogenic
pollution of surface water of the Zhaiyk River basin has progressive character,
there is a deep disturbance of ecological balance of river ecosystems. The river
receives a large number of pollutants of anthropogenic origin. Stable pollution of
watercourses occurs, exceeding maximum permissible concentrations (MPC) by
many parameters.

The primary factor contributing to the anthropogenic metamorphosis of the
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chemical composition of river water over a period of 50-60 years are beyond in
the basin of the upper reaches of the Zhaiyk River on the territory of the Russian
Federation is the presence of numerous mining and metallurgical facilities
(Sivokhip, et al., 2017; Pavleichik, et al., 2013). The authors have identified 20
primary sources of chemical contamination in surface water spanning the area from
Magnitogorsk to Orsk. These sources provide data on the high water pollution of
the Zhaiyk River and its tributaries by a number of toxic compound, the content of
which reaches high and extremely high levels.

In light of the aforementioned considerations, with a focus on the imperative
of safeguarding the normative quality of the river water resources, the primary
objective of the research endeavors was delineated by the following questions:
first, to conduct a quantitative assessment of the volume of transboundary inflow of
toxic compounds along the river into the territory of Kazakhstan over a multi-year
period; and second, to determine the nature of transformation of the flow of these
substances along the river within the Republic’s territory.

According to the analysis of long-term data provided by “Kazhydromet” RSE,
synthetic surfactants, phenols, petroleum products, boron (borates), and heavy
metals have been identified as priority pollutants in river water. These pollutants
have been found to have an extremely negative impact on the aquatic environment
and on humans. Consequently, their content in natural water is strictly regulated.

Synthetic surfactants have been found to adsorb at phase interfaces, thereby
reducing surface tension. Phenols under natural conditions are formed as a result
of metabolic processes of aquatic organisms, as well as during biochemical
decomposition and transformation of organic substances in water and bottom
sediments. Petroleum products are among the most hazardous pollutants of surface
water. The presence of boron compounds in the human body has been demonstrated
to exert deleterious effects. Boron oxide and orthoboric acid are potent toxic
substances with polytropic and embryotoxic effects, causing chronic intoxication.
Heavy metals are defined as toxic substances that have the capacity to accumulate
in the body, thereby including a state of chronic intoxication. This condition, in
turn, has the potential to disrupt numerous physiological functions.

Materials and research methods

The quantitative assessment of the runoff of toxic compounds along the Zhaiyk
River and the nature of its temporal dynamics are based on the monitoring data
of “Kazhydromet” RSE for the period 2000-2022. The data set, which included
measurements of water flow and the presence of toxic compounds, was obtained
at six gauging stations (hydroposts) situated along the river in Kazakhstan.
These stations included Yanvartsevo village (border hydropost with the Russian
Federation), Uralsk city, Kushum village, Taipak village, Atyrau city, and Malaya
Damba village (the final hydropost at the river’s mouth). The calculation of runoff of
toxic substances was made in accordance with the generally accepted methodology
(Alekin, 1963). The normative indicators of MPC for the studied toxic parameters
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are determined in accordance with the standards of the 1* quality class of the Unified
system of classification of water quality in water bodies, approved by the Decree
of the Chairman of the Committee of Water Management of the Ministry of Water
Resources and Irrigation of the Republic of Kazakhstan (20.03.2024 No 68-NK).

Results and discussion

Transboundary inflow of toxic compounds of complex composition

The range of concentrations of toxic compounds of complex composition in
the transboundary runoff of the Zhaiyk River are given in Table 1, and their annual
average values are presented in Table 2. For phenols, upon evaluating the annual
average values, it was observed that there were exceedances of the standards of
MPC of fishery (MPC)). There weren’t exceedances of MPC, recorded for synthetic
surfactants, petroleum products, and boron. It is imperative to acknowledge that
boron compounds constitute the primary class of pollutants within the Elek River,
that is significant left-bank tributary of the Zhaiyk River. The Surface Water
Quality Yearbook (1989) contains data regarding boron pollution of the Yelek
River in the area of Alga city, attributed to effluents from aged sludge ponds of
the coolers at Aktobe Chemical Plant. In the water samples collected from this
river, boron concentrations consistently exceeded MPC, concentrations, with
concentration values ranging from 15 to 42 MPC_. A comprehensive analysis of
the levels of contamination by boron compounds in the Yelek River was provided
in the following studies (Burlibayev, et al., 2013; Amirgaliyev, 2013; Amirgaliyev,
etal., 2022).

Table 1 — Concentration limits of toxic compounds of complex composition in transboundary
runoff of the Zhaiyk River, 2000-2022, mg/dm?*

Toxic compounds MPC, mg/dm? Fluctuation range Average
Synthetic surfactants | 0.1 0-0.093 0.046
Phenols 0.001 0-0.002 0.001
Petroleum products 0.05 0.003-0.047 0.025
Boron 0.5 0.00-0.19 0.08

Observations of boron content in the Zhaiyk River’s transboundary flow near
Yanvartsevo village were conducted in 2021-2022. The concentrations of boron in
the water were registered at the level below MPC..

The concentrations of synthetic surfactants exhibited significant variability
during the observation period, ranging from undetectable levels to 0.093 mg/dm?,
with an average value of 0.046 mg/dm3. The range of petroleum products was
recorded between 0.003 and 0.047 mg/dm®, with an average value of 0.025 mg/
dm?®. For the period from 2000 to 2022 phenols concentrations were from 0 to
0.002 mg/dm?, with an average concentration of 0.001 mg/dm?. The main annual
concentrations of synthetic surfactants, phenols, and petroleum products are
presented in Table 2.
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Table 2 — Average annual concentrations of toxic compounds of complex composition in the
water of the border section of the Zhaiyk River, 2000-2022, mg/dm?

Years Parameters
Synthetic surfactants Phenols Petroleum products
2000 n/a n/a n/a
2001 0.004 0.002 0.010
2002 n/a n/a n/a
2003 n/a n/a n/a
2004 n/a 0.001 0.034
2005 0 0.002 0.035
2006 0 0.001 0.047
2007 0 0.001 0.028
2008 0 0.001 0.022
2009 0.084 0.001 0.025
2010 0.093 0.001 0.033
2011 0.090 0.001 0.037
2012 0.092 0.001 0.034
2013 0.092 0.001 0.029
2014 0.089 0.001 0.019
2015 0.007 0.001 0.016
2016 0.001 0.001 0.025
2017 0.004 0 0.004
2018 0.026 0 0.012
2019 0.021 0 0.010
2020 0 0 0.003
2021 0 0.001 0.003
2022 0 0.001 0.005
TIIK 0.1 0.001 0.05
Note: n/a — no data available

The Zhayik River is a transboundary water body, thus necessitating a quantitative
assessment of the pollutants it carries to the territory of the Republic of Kazakhstan.
Toxicant transport was calculated for the period 2009-2021, because more complete
data about pollutant concentrations and water runoft were available for this time
period.

The transfer mass of synthetic surfactants, as demonstrated in Table 3, exhibited
significant variability, ranging from zero (2020-2021) to a maximum of 743.953
tons (2014). Phenols in river water were observed in low concentrations, resulting
in lower transporting mass, ranging from 0.755 tons (2019) to 14.175 (2011). The
range of variation in petroleum product exhibited significant annual fluctuations,
ranging from a minimum of 12.347 tons (2021) to a maximum of a maximum of
273.427 tons (2016). The transboundary boron runoff was determined for 2021 only,
because the observations for this element were resumed in 2021, and amounted to
352.975 tons.
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Table 3 — Transboundary runoff of toxic compounds of complex composition in the Zhaiyk
River, 2009-2021, tons

v Parameters
e Synthetic surfactants Phenols Petroleum products

2009 304.963 4.553 87.826
2010 525.326 8.502 230.301
2011 613.285 14.175 269.401
2012 565.754 6.267 195.348
2013 711.367 7.299 257.073
2014 743.953 9.734 113.397
2015 112.990 9.272 44.062
2016 7.540 3.529 273.427
2017 45.803 6.784 44.103
2018 76.450 1.984 125.741
2019 161.229 0.755 34.771
2020 0 1.228 15.801
2021 0 6.394 12.347

The maximum values of toxic compounds runoff were observed during the
spring flooding period (Figure 1), which may be a consequence of increased water
runoff during this period and flushing of chemical pollutants from the watershed
surface.
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Figure 1 — Intra-annual fluctuations of toxic compounds transfer mass in the transboundary
hydropost of the Zhaiyk River - Yanvartsevo village: a) synthetic surfactants; b) phenols;
¢) petroleum products
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Heavy metals

A significant environmental concern is the evaluation of the quantity of heavy
metals entering the country’s territory through transboundary watercourses.
A comprehensive data set pertaining to the heavy metal concern present within
transboundary hydropost water was collected over the period of 2000-2022.
However, for a considerable period, concentration data for the majority of the
critical toxic elements were not accessible in the materials. More comprehensive
array of data was obtained during the monitoring observations spanning the period
from 2009 to 2022. These data have been deemed suitable for consideration of
transboundary inflow of heavy metals and attendant changes in their concentrations
along the river.

Tables 4 presents general information on the content of heavy metals in the
transboundary river runoff and their annual average concentrations.

Table 4 — Concentration limits of heavy metals in transboundary runoff of the Zhaiyk River,
2009-2022, mg/dm’

Heavy metals MPC, mg/dm? Fluctuation range Average
Iron total 100 57.500-316.667 151.637
Chrome (6+) 20 0-44.167 9.549
Chrome total 100 0-3.558 1.413
Manganese 10 0-6.125 3.904
Copper 1 0-0.317 0.191
Zinc 10 0-3.367 1.568
Cadmium 1 0-0.350 0.139
Lead 6 0-2.600 0.995
Nickel 8 0-1.917 0.585
Cobalt 5 0-1.925 0.710
Arsenic 2 0-0.492 0.113
Mercury 0.02 0 0

Exceedances of the MPC, standard for annual average concentrations of total
iron in river water were observed in nearly all years from 2009 to 2022, with the
exception of 2015 and 2016. The maximum annual average concentration recorded
at the level 0f 316.667 pg/dm?® in 2009, and the minimum concentration was 57.500
pug/dm? in 2015.

The content of hexavalent chromium in the transboundary hydropost exhibited
significant variability, ranging undetectable levels to the maximum of 44.167 g/
dm?® (2011). Furthermore, from 2011 to 2013, exceedances of the normative level
by annual average values up to 2.21 MPC, were documented.

For the majority of the elements under consideration, including total
chromium, manganese, copper, zinc, cadmium, lead, nickel, cobalt, and arsenic,
no exceedances of their annual average concentrations in the transboundary river
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runoff were observed. In certain years during the period from 2009 to 2022, data
concerning these concentrations was not available. In the intra-annual regime, the
maximum values of metals runoff are also observed in spring period (Figure 2).
This phenomenon is attributed to flushing from adjacent areas to the riverbed due
to an increase in river water flow and release of water on the floodplain during the
flood period. As indicated by the works (Xie, et al., 2025; Xiaojie, et al., 2025;
Al-Obaidy, 2024), analogous occurrences have been documented in other rivers
throughout the continent.
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Figure 2 — Intra-annual fluctuations of heavy metals in the transboundary hydropost of the Zhaiyk
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Transformation of toxic compounds occurs in the downstream section of the river

In order to conduct a comprehensive study of the nature of transformation along
the Zhaiyk River, a set of substances was selected for analysis. These substances
are characterized by elevated concentrations in the water samples and include:
synthetic surfactants, phenols, petroleum products, and hexavalent chromium.

As illustrated in Figure 3, the average annual values of the synthetic surfactants
in the water of the Zhayik River are depicted from the transboundary point
(Yanvartsevo village) to the Malaya Damba village i.e., up to the confluence of
the river with Caspian Sea. The figure illustrates the absence of exceedances of
concentrations of synthetic surfactants (annual average) along the flow of the
Zhaiyk River for the presented years. However, in certain years, namely 2014 near
Uralsk ciry, Kushum and Taipak villages, 2012 near Atyrau city, and 2017 near
Malaya Damba village, concentrations of synthetic surfactants were observed to
come close to the normative value of 0.1 mg/dm’.
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Figure 3 — Average annual values of synthetic surfactants in the water of the Zhaiyk River

As illustrated in Figure 4, phenols levels frequently exceed the normative
level (0.001 mg/dm®) in water of Yanvartsevo village (transboundary zone) and
near Uralsk city. Further downstream, the maximum concentration of phenols
was recorded near Kushum village (0.012 mg/dm?®) and Malaya Damba village
(0.008 mg/dm?) in 2010 and 2013, respectively.
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Figure 4 — Average annual values of phenols concentrations in water of the Zhaiyk River
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As illustrated in Figure 5, there is a demonstrable multi-year fluctuation in
the concentrations of petroleum products in water throughout the entire course
of the Zhaiyk River. It is noteworthy that petroleum products exhibit a high
degree of penetration into various environmental media (Vecchiato, et al., 2021),
particularly soils and groundwater (Mari¢, 2020). For the years indicated in Figure
6, exceedances of the standards for this substance (0.05 mg/dm?®) were detected in
a total of three cases: in Uralsk city in 2004 (0.071 mg/dm?) and 2005 (0.058 mg/
dm?), as well as in Atyrau city in 2002 (0.070 mg/dm?®). These detections were made
in areas with significant industrial activity. The examination of the data reveals a
discernible downward trend in the annual average concentrations downstream of
the river, commencing in 2018.
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Figure 5 — Fluctuations of annual average concentrations of petroleum products in water of the
Zhaiyk River

Among the heavy metals, the long-term dynamics of hexavalent chromium in
river water is of particular interest (Figure 6). Increased pollution of water resources
is associated with the presence of tailing ponds and other facilities of industrial
enterprises both in Kazakhstan and Russia. Concentrations of this element exceeding
the normative level (20 pg/dm?) were recorded in the majority of river sections in
2008-2013. Its maximum concentrations were observed near Yanvartsevo village
and Uralsk city in 2011, 2012, and 2013, with the concentrations of 44.2, 28.5, and
20.9 pg/dm? at the first point, and 30.0, 23.4, and 28.7 pg/dm? at the second one,
respectively. Near Kushum village in 2011 and 2013 the maximum concentrations
were 40.0 and 28.5 ug/dm?; near Taipak village the maximum was observed in
2011 (50.0 pg/dm®). Moreover, in the water of lower reaches of the river the content
of this element significantly decreases, near Atyrau city only in 2008 the level of
MPC, was exceeded at the concentration of 68.8 ug/dm’; and in Malaya Damba
village exceeding concentrations were not observed.
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Figure 6 — Fluctuations of annual average concentrations of hexavalent chromium in water of the
Zhaiyk River

Conclusion

The study of the toxic compounds present in the transboundary flow of the
Zhaiyk River revealed that the concentrations of total iron, hexavalent chromium,
and phenols exceeded the established normative levels. The presence of these
toxicants above the established standards was frequently observed downstream of
the river, in the majority of hydroposts, and in the vicinity of industrial cities.

The maximum inflow of all toxic compounds to the territory of the Republic of
Kazakhstan is registered during spring floods, caused by the increase of water flow
and intensification of denudation processes in the basin territory during snowmelt.

A comprehensive analysis of long-term materials from State monitoring indicates
that phenols, petroleum products, and hexavalent chromium are the most critical
pollutants affecting the river on the territory of Kazakhstan. The level of river water
pollution by these toxic compounds is significantly higher in the transboundary
zone of the river under the influence of transboundary runoff. However, the
persistence of elevated concentrations of these compounds downstream may be
attributed to the influx of industrial and other effluents into the river system within
the Republic’s territory.

The results of the study can be informed for the development of practical
measures by the regional conservation authorities to protect the river from pollution.
A thorough examination of the long-term monitoring observations reveals the
irregularity of the performed observations for toxicants at several monitoring
points (hydroposts). It is imperative to expend the scope of the study to encompass
a more extensive array of analyzed toxic substances, including persistent organic
pollutants. This expansion is particularly crucial in light of the significance of the
significance of this transboundary river.
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