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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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com/authid/detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/1753209

@®UILIEP Axcens, PhD, accormuupoannsiii npopeccop, Texunueckuii yauBepcutet pesnen ([pesnew,
Bepnun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100;  https://www.webofscience.com/
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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com/authid/detail.uri?authorld=57202218883; https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. The Zhetysu region of Kazakhstan is characterized as a partially metal-
rich territory due to both natural ore-bearing conditions and anthropogenic impacts.
Despite the significant industrial and technogenic pressure in the region, systematic
studies on the spatial distribution of heavy metals in soils have not previously been
conducted. Therefore, a first grid-based monitoring study was carried out to assess
the distribution of heavy metals in surface soils. Soil samples were collected from
the upper layer (0—5 cm) at 52 monitoring points. The concentrations of heavy
metals were determined using the flame atomic absorption spectrometric method
with a spectrophotometer.
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Results. The copper (Cu) concentrations in soils ranged from 0.003 to 0.037 mg
kg™, while zinc (Zn) concentrations varied from 0.006 to 0.195 mg kg'. Soil lead
(Pb) concentrations ranged between 0.0002 and 0.0110 mg kg'. Cadmium (Cd)
content was detected at levels of 0.001-0.009 mg kg™'. Nickel (Ni) concentrations
ranged from 0.0081 to 0.0240 mg kg™, and cobalt (Co) concentrations from 0.015
to 0.030 mg kg™*. Higher copper and cobalt concentrations were mainly observed in
heavy loams and sandy loams due to their higher sorption capacity. Zinc distribution
showed spatial similarity with copper. Low lead concentrations were recorded in
sandy soils, which promote metal leaching. Elevated nickel concentrations were
associated with clay soils capable of retaining metal particles. In addition to natural
background levels and anthropogenic sources, wind transport was identified as an
important factor influencing the accumulation of heavy metals in soils.

Scientific novelty. The study provides the first grid-based monitoring assessment
of heavy metal distribution in surface soils of the Zhetysu region, revealing the
combined influence of soil types, natural geochemical background, and aeolian
transport processes.

Practical value. The obtained results form a baseline dataset for environmental
monitoring and assessment of soil contamination in the region and can support
environmental management and soil protection strategies in industrial areas.

Keywords: heavy metals, soil, anthropogenic load, maximum permissible
concentration, distribution by wind
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Annoranus. KazakcranneiH JKericy eHipi TaOMFM KeHII JKardaiinap MeH
AHTPOMOTCHIK ocepiepre OalIaHBICTBI METalJapFa CalbICTBIPMANIBI  TYPIE
0aii ailiMak peTiHJAe curarraiajbl. AMMaKTa ©HEPKACINTIK JKOHE TEXHOTEHJIIK
KYKTEME JKOFapbl OOJFaHBIMEH, TONBIPAKTAFbl ayblp MeTajlapiblH KEHICTIKTIK
Tapaiybl Xyhem Typae OypbiH 3eprrenMereH. OcblFaH OaiiJIaHBICTBI JKep YCTi
TOIBIPAKTAPBIHAAFHI aybIp METAJIAPbIH TAPaTYbIH OaFasiay MaKcaThbIH 1A aJIFalllKbl
TOPJIbI MOHUTOPHHITIK 3€pTTey Kypri3ingi. TonmblpakThIH >KOFapFbl KabaTbIHAH
(0—5 cm) 52 HykTeneH yurinep ajabHIbL. AybIp METaIAaPIbIH MOJILEP] KaTbIHIbI
aTOM/IBIK-a0COPOIIHSIIBIK CIIEKTPOMETPHS 9/1iCIMEH aHBIKTAJIIbI.

Homuorcenep. Hotmwxkenep 6oiibiama Cu memepi 0,003-0,037 mr/kr, Zn —0,006-
0,195 mr/xr, Pb —0,0002-0,0110 mr/kr, Cd —0,001-0,009 mr/xr, Ni—0,0081-0,0240
mr/kr, Co — 0,015-0,030 mr/kr apanbirbinaa aHbiKTamabl. Cu sxoHe Co KOFapbl
KOHIICHTpALUsIapbl COPOLMSIIBIK KaOIJIeTi JKOFaphl ayblp KOHE KYMJAK Ca3ak
TombIpaKTapaa Oaiikanapl. Zn Tapamnysl Cu-meH ykcac. Kymabl Tonsipakrapaa Pb
MeJIIIepi TOMEH 00Ibl, OyJ1 MeTalAap/IblH MalblTybIHa OaianbicThl. Ni Memepi
KeOiHe ca3/bl TOMbIpaKTap/a xKorapbl 00sabl. COHBIMEH KaTap ayblp MeTalaapIblH
YKHHATYBIHA YKeJl apKbLIbI TaChIMAJIIAHy MaHbI3/AbI (PakTop OOJbIN TaObLIa kL.
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Foumvivu orcananvizel. 3eprrey JKeticy eHIpiHIH kep O€Ti TONBIPaKTapbIHIAFbI
aybIp METaIAap/IbIH TapalyblH TOPJIbGI MOHUTOPHHT HETi3iHe aiFam peT Oaraiarl,
TOIIBIPAK TUIITEPI, TAOUFH T€OXUMUSUIBIK (DOH 5KOHE DOJIIBIK TACKIMAII IPOIECTEPIHIH
OipIeCKeH ocepiH KOpCeTTi.

Ilpaxmuxanels  manvizel. AJBIHFAH HOTIIKEJEp OHIpIEri  TOIBIPAKTHIH
JIACTaHYBIH Oarajiay KOHE SKOJOTHSUIBIK MOHHTOPUHT JKYPri3y YIIIH OacTarKsl
JepekTep 0a3achlH KalbINTACThIPaJbl, COHJAW-aK OHEPKACINTIK aWMakrapia
KOpIIaraH OpTaHbl 0ackapy MEH TONBIPaKThl KOPFay CTpaTerusulapblH d3ipieyre
Heri3 0osa anapl.

Tyiiin ce3mep: ayplp MeTangap, TONBIPAK, aHTPOMOTEHIIK JKYKTeMe, IIEeKTi
pYKcaT eTUITeH KOHIICHTPAIHS, JKEeJI apKbLIbI Tapary
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AuHoTamust. Axmyarvrnocms. JKetbicyckas oOmacte Kazaxcrana xapak-
TEPU3YeTCsl KaK TEPPUTOPHS C TMOBBIMIEHHBIM COJCPKAHUEM METaJIOB, 00YCIIOB-
JICHHBIM KaK MPHUPOAHBIMH PYIOHOCHBIMH YCJIOBHSIMH, TaK M AHTPOIOTCHHBIM
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Bo3zelicTBueM. HecMOTpss Ha 3HAYUTEIBHOE MPOMBIIUIEHHOE M TEXHOT€HHOE
JaBJICHHE, CUCTEMATHYEeCKHE MCCIICJOBAHMS MTPOCTPAHCTBEHHOIO pacipeieeHus
TSOKEIBIX METAJUIOB B [IOYBAX paHee MPAaKTHUECKN He TPOBOIMINCH. B ¢BsI3M ¢ 5THM
BBITOJTHEHO TEPBOE CETOYHOE MOHHUTOPMHTOBOE MCCIICAOBAHUE pacIpeieieHus
TSOKEIBIX METAJIOB B IOBEPXHOCTHBIX MouBax perunonHa. OOpas3mpl MOUYB
BepxHero ciost (0—5 cMm) Obutr oTOOpaHk B 52 Toukax. KoHIIEHTpanun MeTaysuioB
OIIPEIEISUINCh METOAOM IJIaMEHHO-aTOMHO-a0COPOLIMOHHON — CIIEKTPOMETPHUH.
Pesynomamer. YcranosneHo, uto conepkanne Cu BapbupyeT B npeaenax 0,003—
0,037 wmr/kr, Zn - 0,006-0,195 mr/xr, Pb - 0,0002—0,0110 mr/kr, Cd - 0,001—
0,009 mr/kr, Ni - 0,0081-0,0240 mr/kr, Co - 0,015-0,030 mr/kr. IToBEIIIICHHEIC
koHueHTpaund Cu u Co oTMeueHbl B TSDKEIBIX M CYNECYaHBIX CYIIMHKAaX, YTO
CBSI3aHO C MX BBICOKOW COPOIMOHHOM cmocoOHOCThIO. [IpocTpancTBeHHOE
pacripenenenye Zn B IIeJIOM Koppeaupyert ¢ pacupeaenenueM Cu. Huzkue 3nauenuns
Pb xapaxTepHbl U1 MECYaHbIX MOYB, CHOCOOCTBYIOIINX BBIMBIBAHUIO METAIJIOB.
[loBbimieHHbIE KOHIEHTpaUuK Ni MpUypo4YeHbl K DIMHUCTBIM IOYBaM. BakHbIM
(akTopoM (HOPMHUPOBAHMS TEOXUMHUUCCKUX AaHOMAJMHM TaKXKe SIBISCTCS BETPOBOM
(s0m0BBIi) TiepeHoc. Hayunasa nosuszna. B paboTe mpeacTaBieHa mepsas OLEHKa
MPOCTPAHCTBEHHOTO PpACHpENesICHUsT TOKEIBIX METaNIOB B MOBEPXHOCTHBIX
nouBax JKeTpICyCcKOro pernoHa Ha OCHOBE CETOYHOTO MOHUTOPHHTA, YTO ITO3BOJIMIIO
BBISIBUTH COBOKYITHOE BIIMSIHME THIIOB ITOYB, IPUPOAHOTO F'€OXMMUYECKOTO (hoHa
U D0JIOBBIX MPOLECCOB INepeHoca. [Ipakmuueckas 3uauumocmy. llomydeHHbIC
pe3ynbratsl GOpMHUPYIOT 0a30BYI0 HHPOPMALIMOHHYIO OCHOBY JJIs1 KOJIOTHUYECKOTO
MOHHUTOPHHTIA U OLICHKH 3arpsi3HCHMS MIOYB PETHOHA U MOT'YT OBITh CIIOJIb30BaHbBI
npu pa3paboTke Mep HKOJOTHUECKOTO YHPABJICHUSI M CTPATETHH 3allUThl IOYB B
MPOMBIIUICHHBIX U IPUPOAHO-AHTPOIIOTEHHBIX CUCTEMAaX.

KitroueBble cjioBa: TsOKEIble METaJUIbl, MOYBA, AHTPOIOTCHHAS HArpyska,
MPEAETIbHO IOMyCTUMAsl KOHIICHTPALUs], BETPOBOE paclpeaesicHue

Introduction. Zhetysu region of Kazakhstan, located in a favorable natural
and climatic zone, possesses significant natural resources, including fertile lands
and water sources. The region has strategic importance as a key transit corridor
of the Silk Road project “Western Europe — Western China” and serves as one of
the major business and transport hubs of Central Asia, acting as a bridge between
Europe and Asia. The regional economy is primarily based on agricultural and
industrial sectors, which ensures economic stability but simultaneously increases
anthropogenic pressure on the environment. At the same time, the region faces
infrastructural limitations related to waste treatment and environmental protection.

The main sources of atmospheric air pollution in the region include heat
and power stations, automobile transport, and facilities of the agricultural and
construction sectors. In recent years, environmental protection measures have been
introduced to reduce emissions, including modernization of treatment facilities
and improvement of technological processes aimed at lowering concentrations of
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inorganic dust, soot, hydrocarbons and heavy metals. In addition, the territory of
Zhetysu region and adjacent areas includes several geochemical provinces, zones
of geochemical associations and metallogenic complexes (Kravchenko et al, 2024).

According to RSE “Kazhydromet”, over the past five years the atmospheric
pollution index (API) indicates elevated air pollution levels. Exceedances of
maximum allowable concentrations (MAC) were recorded for PM-10 (568 cases),
carbon monoxide (538 cases), PM-2.5 (240 cases) and hydrogen sulfide (50 cases).
Pollution intensifies mainly during the cold season due to emissions from heat and
power plants and automobile transport. The MAC values are 0.06 mg m for PM-
10, 0.035 mg m™ for PM-2.5 and 0.008 mg m™ for hydrogen sulfide (Order of the
Minister of Health of the Republic of Kazakhstan, 2022).

The main sources of water pollution in the region are public utilities, mining and
the food industry (Kumari et al, 2021). Municipal utilities account for about 95%
of pollutant discharges, while mining and the food industry contribute 3.3% and
1.5%, respectively. Major polluters include SCP VH “Karatalirrigation”, “Zhetysu
Vodokanal” and other municipal enterprises. According to RSE “Kazgidromet”
monitoring data for 2023, water bodies in the region correspond to class 2 of the
Unified Classification System, with the main pollutants being suspended solids,
nitrite anions and total phosphorus exceeding MAC levels.

Anthropogenic soil pollution, particularly in Taldykorgan, Tekeli and Zharkent,
is characterized by elevated concentrations of heavy metals (lead and zinc), largely
related to the activities of the Tekeli Lead-Zinc Combine. Such contamination
negatively affects soil physical and biological properties, reduces fertility and poses
risks to human health (T6zsér et al, 2023; Angon et al, 2024).

Agricultural lands are economically important for the region; however, soil
degradation caused by anthropogenic impacts reduces their productivity (Angon
et al, 2024; Rashid et al, 2023). Earlier studies conducted in the Ile River delta and
the State National Reserve “Ile-Balkash” revealed soil and vegetation degradation
associated with industrial emissions (Performed within the framework, 2023;
Madibekov et al, 2023; Madibekov, 2023). Exceedances of maximum permissible
concentrations (MPC) were recorded for copper, zinc, cadmium, cobalt and nickel,
indicating significant accumulation of pollutants in soils (Fang et al, 2024). The
MPC values (mg kg ') are: Cu — 3.0, Zn — 23.0, Pb — 6.0, Cd — 0.5, Co — 5.0 and
Ni — 4.0 (Order of the Minister of Health of the Republic of Kazakhstan, 2021)

The development of the region contributes to the growth of prosperity and
cultural diversity. But this development is accompanied by significant anthropogenic
pressure on the natural environment. Urbanization, as well as intensive activities of
energy and agricultural enterprises lead to desertification, reduction of biodiversity,
degradation of water resources and soils in this area (Li et al, 2019, Kumar et al,
2024). This situation requires attention to the ecological conditions of the region
and strengthening of measures to control and reduce anthropogenic pressure and
impact on the environment.
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The analysis of the current state of the region's depositing environments has
shown that the main pollution factors are industrial emissions, transportation and
public utilities. The environmental situation is characterized by the accumulation of
pollutants in the atmosphere, water bodies and soils, which requires strengthened
monitoring and modernization of environmental protection measures at enterprises.
The introduction of a systematic approach to assessing and reducing anthropogenic
pressure, together with effective natural resource management strategies, is essential
for ensuring the environmental sustainability of the region (Gonzéalez Henao, 2021).
Data on the distribution and accumulation of heavy metals in soils are fundamental
for establishing an effective environmental monitoring system aimed at assessing
and reducing environmental pressure; however, such systematic baseline data are
still lacking for the Zhetysu region.

Therefore, a sampling system based on geographical and geochemical analysis
was developed to comprehensively assess and monitor environmental conditions.
The territory of the region was divided into equal areas of approximately 250 km?,
forming a grid of 52 squares. This approach ensures systematic and uniform spatial
coverage while minimizing the risk of missing zones with potential contamination
anomalies. Sampling sites were selected to represent the diversity of natural and
anthropogenic environments of the region.

The key sampling sites were determined considering:

1. the regional geochemical background, which allows identification of
anomalous concentrations of metals and toxicants and evaluation of anthropogenic
impacts;

2. the degree of anthropogenic load, including industrial zones, agricultural
areas and populated territories;

3. the spatial and functional diversity of ecosystems, taking into account relief,
soil types and water resources to assess factors influencing pollutant distribution.

Such structured division of the territory allows us to achieve high accuracy and
reproducibility of data, providing objective information on the nature and extent of
pollution at the region level.

Materials and Methods. A field expedition for sampling was carried out from
September 25 to October 25 2024 at established permanent points distributed over
the study area (Figure 1) to assess the chemical-toxicological state of soils in the
Zhetysu region. The purpose of this work was to obtain original data on heavy
metal concentrations in soils.
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Figure 1. Location of the Zhetysu region and soil sampling points of the present study.

Soil sampling was carried out using the envelope method with diagonal crossing
of the site to ensure representativeness. Sampling locations were selected based
on analysis of the regional geochemical background, which allowed identification
of areas with anomalous concentrations of the studied parameters. Each sample
therefore reflects the characteristics of the soil cover and genetic horizons typical
for the site.

According to the regulations (Water quality, 2005), each composite sample was
formed from point samples collected at the same site. A pooled sample consisted of
at least five-point samples with a total mass of not less than 1 kg, ensuring reliable
analytical results. Sampling was performed carefully to avoid contamination, and
metal-free tools were used.

To assess soil contamination by heavy metals, samples were taken from the
surface layer (0-5 cm), each weighing up to 200 g. The samples were air-dried
(Water quality, 2005) and stored in cloth bags, cardboard boxes or glass containers.
For chemical analysis, air-dried samples were cleaned of large inclusions, reduced
by the quartering method to 0.2 kg, ground and sieved through a 1 mm sieve.
Approximately 5 g of soil was used for laboratory analysis.

Mobile forms of metals were extracted according to RD 52.18.289-90
(Guiding document, 1990) using an acetate-ammonium buffer solution (pH
4.8). Metal concentrations in the extracts were determined by atomic absorption
analysis, allowing assessment of the mobile fraction of metals and their potential

260



ISSN 2224-5278 2.2026

bioavailability.

The concentration of heavy metals such as Cu, Zn, Pb, Cd, Co and Ni in soil
samples was determined by flame atomic absorption spectrometric method using
a Shimadzu AA-7000 spectrophotometer (Japan) (Kumari et al, 2021). The
method is based on the measurement of light absorption by metal atoms at specific
wavelengths, which allows the determination of the concentration of each metal in
the samples (e.g., for copper — 324.7 nm, for zinc — 213.9 nm, etc.). For calibration
purposes, State Standard Reference Materials (SSM) with correlation r = 0.99 were
used, which guarantees the reliability of the results.

The organization of field and laboratory studies on the basis of modern methods
allows us to ensure high accuracy and reproducibility of data on soil contamination
of the region. The application of atomic absorption analysis methods for heavy
metals determination allows to obtain reliable data necessary for the further
assessment of the technogenic impact degree (Kumari et al, 2021).

When analyzing the prevailing wind directions, the period from the beginning
of complete melting snow cover (April 27, 2024) to the first day of sampling soil
probes on September 25, 2024 was taken.

Results and discussion. Change in air temperature. In consequence of the
chemical-toxicological analyses of soils in the region the following regularities and
peculiarities of distribution of heavy metals and other chemical indicators were
founded. Based on these new results the determination of the state of ecosystems in
the region (Campillo-Cora et al, 2024) became possible.

Soil pH values vary from 5.7 to 8.1. This indicates a diverse range of soil acidity
in the region. Most of the studied soils have neutral or slightly alkaline reactions,
which is common for soils in Central and East Kazakhstan with normal biological
activity and the maintenance of a healthy microbiological composition. Soil
mineralization varies in a wide range — from 20 to 3240 mg/L. High mineralization
levels indicate significant salt content, which may contribute to the accumulation of
heavy metals, especially in soils with heavier granulometric structure.

The soils of the region are represented by a wide range of granulometric types,
from sands and sandy loams to heavy loams and clays. Clay and loam soils have
a high sorption capacity and therefore retain pollutants, including heavy metals,
more effectively. In contrast, sandy soils are more permeable and prone to metal
leaching, which reduces their ability to accumulate contaminants over long periods
(Opp et al, 1999).

Copper concentrations in soils range from 0.003 to 0.037 mg kg™'. The highest
values were recorded in heavy loam and sandy loam soils at sampling points 24
and 26 (up to 0.037 mg kg') and point 28 (up to 0.036 mg kg'), which may be
associated with local anthropogenic sources and the high sorption capacity of these
soil types. The lowest copper content (0.003 mg kg™') was observed in sandy loam
soils, for example at point 46 (Explanatory note, 2023). The classification of soil
granulometric composition follows Lomtadze V. D. (Lomtadze, 1990).
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The source of soil contamination with copper and zinc in the town of Tekeli is of
natural-anthropogenic origin. The area is associated with mining and processing of
polymetallic ores, while the geological structure of the Tekeli deposit itself creates
an elevated natural background of heavy metals in soils (National conditions and
resources, 2010; Emami et al., 2023). In addition, copper, lead and zinc deposits
are located near the regional center. Metal-processing enterprises such as “Kainar”,
“Ger-power”, “Velund-steel” and the “Miras” plant operate in Taldykorgan
(Madibekov et al., 2023). Local wind conditions promote the transport of metal
particles mainly in the southern direction.

Figure 2 shows the spatial distribution of copper concentrations in surface
soils (0-5 cm) of the Zhetysu region together with wind roses indicating the
frequency of wind directions. Wind roses were constructed using data from the
Internet resource https://rpS.ru and the Climate Handbook (Weather Schedule,
2024; Reference book on climate of Kazakhstan, 2025). The rp5.ru dataset includes
statistical wind direction distribution from the date of complete snow cover melt (or
establishment of stable positive daily temperatures) until September 25, 2024, when
soil sampling began. Climate Handbook data were used to determine the average
annual repeatability of wind directions. Additional information was taken from the
“Results of Environmental Impact Assessment” for the Sayak field (Explanatory
note, 2023).

Analysis of wind flows near areas with elevated heavy metal concentrations
shows that these zones often coincide with prevailing wind directions. Geochemical
analysis allowed identification of two main sources of soil contamination:
technogenic (industrial emissions) and natural (ore deposits). Elevated copper
concentrations are mainly associated with the Zhetysu Alatau mountain region
(16004622 m a.s.l.), although air transport from this area indicates that it is not a
major accumulation zone of heavy metals. Zinc and cadmium show similar spatial
distribution patterns.

Zinc concentrations range from 0.006 to 0.195 mg kg'. The highest values
(up to 0.195 mg kg™") occur in the eastern and southeastern parts of the region,
including areas near Sarkand and Zharkent, indicating strong local contamination
likely related to industrial and agricultural activities. Lower zinc concentrations
(around 0.008 mg kg™') are typical for the central and western parts of the region.

In the Bezhintau Ridge area, a polymetallic mining province explains the
similar distribution of elevated copper and zinc concentrations in soils, especially
north-north-east of Zharkent. Part of this province extends into the territory of the
People's Republic of China (PRC) (Explanatory note, 2023). Data on metallogenic
complexes and geochemical associations were obtained from the Geochemical and
Metallogenic Maps of the National Atlas of the Republic of Kazakhstan (Natural
conditions and resources, 2010). The distribution of metals is strongly influenced
by mountain-valley wind circulation in the western Boro-Khoro Ridge and air
flows from the Zharkent area.
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The northern slopes of the Tastau Ridge belong to a quartz-vein geochemical
association of copper and zinc, forming a zone of relatively high copper (0.013
mg kg ') and maximum zinc concentrations (0.195 mg kg ') south of Lepsinsk
(point 39). Another accumulation zone occurs near the Dostyk railway station in the
Alakol district, where wind erosion and transport of particles from the eastern Tastau
Ridge increase copper (0.032 mg kg™) and zinc (0.149 mg kg™!) concentrations in
soils (point 30) (Emami et al, 2023). The same area also shows the highest lead
(0.011 mg kg ") and cadmium (0.009 mg kg ') values. Prevailing winds from the
south and north-west (Figure 2) indicate possible transboundary transport of heavy
metal particles from the PRC through the “Dzhungarian Gate”, one of the windiest
inland regions in the world.
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Figure 2. Distribution of copper (Cu) concentrations in surface soils of the Zhetysu region.
The prevailing wind directions shown by arrows within the studing territory and outside areas.
The arrows length is proportional to the maximum repeatability.

Another accumulation zone is observed on the eastern shore of Lake Sasykkol
(point 7), where elevated concentrations of zinc (0.030 mg kg™), cadmium (0.006
mg kg), cobalt (0.023 mg kg!) and nickel (0.014 mg kg!) are recorded. This is
likely related to the transport of metal particles from the Aktogay deposit. Further
cast, along the northern shore of Lake Balkash, the Sayak group of deposits forms
a slightly elevated background of heavy metals (except cobalt) in the north-western
soils of the Zhetysu region.

The main zones of high zinc concentrations generally coincide with areas of
elevated copper content, indicating common sources of pollution. Since large
industrial enterprises are absent in most of these areas, except for the highly polluted
zone around Tekeli, the elevated zinc levels are mainly associated with natural
sources. As shown in Figure 3, the principal zones of increased zinc concentrations
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are located in the mountainous regions of the Zhetysu Alatau, where copper- and
zinc-bearing ores are widespread. The relatively high zinc concentration near Tekeli
(point 43 — 0.052 mg kg') may also be related to the wind transport of weathered
rock particles from ore deposits and mining waste. In addition, the western shore
of Lake Sasykkol shows elevated zinc levels due to the transport of heavy metal
particles from the Aktogay deposit. On the northern shore of Lake Balkash, in the
western part of the Zhetysu region, relatively high zinc concentrations (point 1 —
0.023 mg kg™') are associated with the Sayak group of deposits, where ores also
contain cadmium, cobalt, nickel and lead.

Low concentrations of lead were noted in sandy surface soils in the northern
and central parts, especially near Lake Balkash (point 9) and south of the cities of
Taldykorgan and Sarkand (0.006-0.007 mg kg™'). In the eastern and south-eastern
parts, near the border to China and Zharkent, there were recorded high concentrations
of lead, which may be related to transboundary transport of pollutants and industrial
activity near the border.

Along the Aksu River, the Zhetysu—Alatau—Balkhash structural block of the
metallogenic collision zone is located. Although this block does not contain known
lead inclusions, the presence of local centers with elevated lead concentrations
suggests possible lead occurrence in the Earth’s crust. The source of lead input to
the southern shore of Lake Balkash remains unclear. Wind conditions around the
Zhamanzhal sands (point 11 — 0.008 mg kg™') do not allow the identification of a
specific emission area. In the western part of the Zhetysu region (point 19 — 0.008
mg kg), lead particles are likely transported from the Ile River delta area, north
of the Zhideli channel, where a lead ore source is located in the western part of the
Saryesik-Atyrau sand massifs.
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Figure 3. Distribution of zinc (Zn) concentrations in surface soils of the Zhetysu region.
The prevailing wind directions shown by arrows within the studing territory and outside areas.
The arrows length is proportional to the maximum repeatability.
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At the latitude of Sarkand city, a lead accumulation zone has been identified.
Elevated lead concentrations here are mainly associated with wind transport. At
point 19(0.0121 mgkg™), lead is transported from the geochemical province located
between the Ile River delta and the Zhetysu region. Northeast of Taldykorgan,
another geochemical province forms an elongated zone of high lead concentrations
in the southwest—northeast direction (point 24 — 0.0162 mg kg™). In addition, a
center of increased lead concentration is observed northeast of Sarkand (point
26 — 0.0164 mg kg), where the anomaly is of natural origin and not related to
anthropogenic sources.
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Figure 4. Distribution of lead (Pb) concentrations in surface soils of the Zhetysu region.
The prevailing wind directions shown by arrows within the studing territory and outside areas.
The arrows length is proportional to the maximum repeatability.

Cadmium concentrations range from 0.001 to 0.009 mg kg™'. Elevated levels
are observed in highly mineralized soils near Sarkand (point 26 — 0.0055 mg kg™),
Taldykorgan (point 34 — 0.006 mg kg™') and near Lake Zhalanashkol (points 29
and 30), where increased soil mineralization likely promotes cadmium retention.
Additional accumulation zones occur near the Sayak group of deposits (points 1
and 3 — both 0.005 mg kg ') and along the northern bank of the Ile River upstream
of the Kapshagai reservoir (point 50 — 0.005 mg kg™') (Figure 5).
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Figure 5. Distribution of cadmium (Cd) concentrations in surface soils of the Zhetysu region.
The prevailing wind directions shown by arrows within the studing territory and outside areas.
The arrows length is proportional to the maximum repeatability.

In the areas near Sarkand (point 26 — 0.006 mg kg™') and Taldykorgan (point
34 — 0.006 mg kg'), cadmium input is associated with a porphyry quartz-vein
geochemical zone extending from Tekeli toward the Kazakhstan—PRC border and
possibly into the Xinjiang Uyghur Autonomous Region of China. The Sayak and
Aktogay deposits also form local zones of elevated heavy metal concentrations in
soils of the Zhetysu region. The cadmium anomaly along the northern bank of the
Ile River (point 50 — 0.005 mg kg™') coincides with a geochemical association zone
of heavy metals in the southern part of the region, where cadmium-bearing rocks
are transported by prevailing winds.

Nickel and cobalt are commonly associated elements in the Earth’s crust.
Nickel concentrations range from 0.0081 to 0.024 mg kg™, with the highest values
recorded at points 26 and 28 in the eastern part of the study area, likely due to
clay soils capable of retaining metals. Lower concentrations occur in the central
and western parts of the region. The main zone of nickel and cobalt accumulation
is located on the northern slopes of the Zhetysu Alatau (point 28: Ni — 0.024, Co
—0.030 mg kg™), corresponding to metallogenic complexes situated away from
major industrial sources.

Nickel anomalies near Lepsinsk are associated with a nickel-bearing
metallogenic complex. In the western part of the region, nickel is transported from
the metallogenic zone of the Shu-Ilei Mountains (Gagarinskoye, Shokpar and
Kepken deposits) and recorded at points 19 and 40 (0.012 and 0.014 mg kg),
while wind transport can carry nickel and cobalt particles over distances of several
hundred kilometers.
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The northern coast of Lake Balkash represents a heavy metal accumulation zone
influenced by the Sayak deposit. Elevated concentrations on the eastern coast (point
5: Ni—0.007 mg kg™, Co — 0.018 mg kg') reflect the influence of the Aktogay
deposit, while increased nickel levels on the northeastern coast (point 2 — 0.018
mg kg') are associated with the Sayak group of deposits (Madibekov et al, 2023).
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Figure 6. Distribution of nickel (Ni) concentrations in surface soils of the Zhetysu region.
The prevailing wind directions shown by arrows within the studing territory and outside areas.
The arrows length is proportional to the maximum repeatability.

High concentrations of zinc (0.030 mg kg'), cadmium (0.006 mg kg™'), cobalt
(0.023 mg kg ") and nickel (0.014 mg kg') are recorded in soils on the western
shore of Lake Sasykkol (point 7). The distribution of heavy metals in the north-
eastern soils of the Zhetysu region suggests a natural source west of Urzhar village,
likely related to metal-bearing rocks of the south-western part of the Tarbagatai
Ridge.

Analysis of local zones with high heavy-metal concentrations shows that the
isolines of maximum values often form ellipsoidal contours. The major axis of
these ellipsoids generally coincides with prevailing wind directions, indicating
the location of emission sources. At the same time, terrain features can modify
the trajectory of dust and weathered rock particles, since air flows may rise above
natural obstacles several times their height.

Cobalt concentrations vary from 0.015 to 0.030 mg kg™, with the highest values
observed in heavy loams (up to 0.030 mg kg™ at point 28), reflecting the ability
of these soils to accumulate cobalt, particularly in central and southern parts of the
study area near the PRC border. In the Bestas sands area, a zone of elevated cobalt
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concentrations in surface soils is also observed. Although the prevailing wind
direction near Balkash, the Sayak field and the “Algazy Island” weather station
follows a northeast—southwest axis, the cobalt anomaly southeast of Balkash (point
8 — 0.025 mg kg™) indicates accumulation of emissions mainly from the Sayak
group of deposits, with a possible additional influence from the Balkhash industrial
hub.

Based on the analysis of heavy metal distribution in the soils of the Zhetysu
region, geological features make a significant contribution to the observed levels
of contamination.

Copper and zinc show similar spatial patterns of high concentrations, indicating
common emission sources. On the northern slopes of the Zhetysu Alatau, the zone
of elevated copper and zinc concentrations lies west of the zones with high nickel
and cobalt contents. This difference may be related to variations in particle transport
distances or to the presence of weathered rocks containing these metals in adjacent
areas of the south-western shore of Lake Alakol and the PRC.

On the western shore of Lake Sasykkol (point 7), a deposition zone of heavy
metals is observed: zinc (0.030 mg kg '), cadmium (0.006 mg kg '), cobalt (0.023
mg kg ') and nickel (0.014 mg kg'). The source of these emissions is likely located
west of Urzhar village, on the western slopes of the Tarbagatai Ridge.
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Figure 7. Distribution of cobalt (Co) concentrations in surface soils of the Zhetysu region.
The prevailing wind directions shown by arrows within the studing territory and outside areas.
The arrows length is proportional to the maximum repeatability.

The contours of maximum concentration isolines often have an ellipsoidal
shape, with the major axis generally coinciding with prevailing wind directions.
Such orientation indicates the probable location of emission sources of heavy metal
particles.
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Conclusions. The results of the study indicate that soil contamination of the
Zhetysu region by heavy metals (Cu, Zn, Pb, Cd, Co and Ni) is determined by
a combination of natural geochemical conditions and anthropogenic influences.
The highest concentrations of heavy metals were recorded in the areas adjacent to
Tekeli city, the Aktogay and Sayak ore deposits, and on the eastern shore of Lake
Alakol. Elevated levels of cadmium, lead, cobalt and nickel were also detected
along the northern shore of Lake Balkash and in the valley of the Ile River. The
spatial distribution of metals in soils shows a clear relationship with prevailing
wind directions, forming elongated zones of increased concentrations with a gradual
decrease from the central parts to the periphery. The analysis also demonstrates that
natural geochemical provinces generally create higher background levels of heavy
metals in soils than technogenic sources. An exception to this trend was identified
for cobalt in the northwestern part of the Zhetysu region. The obtained results
provide a basis for further investigations of the vertical distribution and migration
of heavy metals in soils and for the development of a regional monitoring system
for soil contamination.
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