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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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www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681

MMAH®UJIOB Muxani BopucoBny, 10KTop TeXHUUECKUX Hayk, mpodeccop Yuusepcutera Hanen (Hanen,
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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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
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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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. Background. Heavy metal contamination of soil and water is a critical
environmental issue affecting ecosystem stability, agricultural productivity, and
human health, particularly in rapidly urbanising regions. In southern Kazakhstan,
increasing anthropogenic pressure from industrial development, transport activity,
and agricultural intensification contributes to the accumulation and migration of
toxic elements in environmental systems. Objective. This study aims to assess
the spatial distribution and geoecological risks of heavy metals (Ni, As, Pb,
Zn, and Cd) in soils and natural waters of Turkestan city. Methods. Sampling
was conducted at 15 monitoring sites representing industrial zones, residential
areas, agricultural land, and control locations. Soil samples were collected from
0-20 cm depth, and water samples were obtained from local sources following
standard procedures. Heavy metal concentrations were determined using a Hach
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DR/2010 portable colorimeter. Measurements were performed in triplicate (n =
3), and results were expressed as mean + standard deviation. Statistical analysis
included one-way ANOVA followed by Tukey post hoc tests (p < 0.05). Results
and Conclusions. Concentrations of Pb, Cd, and Ni in industrial and urban areas
exceeded maximum permissible concentrations by 1.5-3 times. The highest
contamination was in industrial zones, where Pb reached 83 mg/kg in soils and
0.027 mg/L in water. Significant differences (p < 0.05-0.01) were found between
impacted and control sites. The coefficient of variation for most elements was
below 10%, indicating high analytical reliability. Spatial distribution suggests a
predominantly anthropogenic origin linked to industrial emissions, vehicular traffic,
and agricultural activities. Soil physicochemical properties, particularly alkaline
pH and permeability, influence metal mobility and groundwater migration. These
findings confirm localised contamination hotspots in Turkestan and highlight the
need for continuous environmental monitoring and development of region-specific
remediation strategies adapted to local soil and climatic conditions.

Keywords: heavy metals, soil, drinking water, geoecology, monitoring,
colorimeter
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AHHoTanms. Ozexminiei. TobIpaK MeH CYABIH ayblp METaJIapMEH JIaCTaHybl
IKOKYHENepIiH TYpPaKThUIBIFBIHA, aybUl IIapyallbUIBIFBl  OHIMIUTITIHE JKOHE
azaM JeHCayJbIFbIHA TEPIC oCep EeTETIH HETI3Ti JKOJIOTHSUIBIK MOCENeNep i
Oipi  OompIm  TaOBUIAABI, ocipece KapKeIHABI ypOaHAaly KarmalbIHaa.
KazakcTaHHBIH OHTYCTITIHAC OHEPKOCINTIH IaMybl, KOJIK OCICEHIITITl JKOHE
ayblJ1 MAPyanIbIIBIFBIHBIH 9CEPIHEH aHTPOTIOTEH/IK )KYKTEMEHIH apTybl KOpIIaraH
opTajga yiabl JJIEMEHTTEPAIH  IJKWHATYbIHA okenmeni. Makcamoi. TypkicTan
KaJIaCBIHBIH TOIBIPAFbl MEH TaOWFH CyJIaphIHAAFbl ayblp MetanmapabiH (Ni, As,
Pb, Zn, Cd) KeHICTIKTIK TapaJyblH KOHE T€03KOJOTHSIIBIK TOyEeKeIAepiH Oaraay.
9dicmepi. Ynrinep 15 MOHUTOPHHITIK HYKTENEH aJBIH/BI, ONap ©HEPKACIMTIK,
TYPFBIH YH ayMaKTaphl, ayblyl IapyallbUIbIFbI )KOHE OaKbUTIay HYKTEJIEPiH KAMTH/IBL.
Tompipak ynrinepi 0-20 cM TepeHTIKTEH, ai Cy YATUIEpi XKeprilikTi Ke3aepacH
CTaHIAPTTHI oficTep OOWBIHINA aNBIHABL. AYBIp METAIJAPABIH KOHIICHTPAIHSICHI
Hach DR/2010 mopTaTtuBTi KOTOpUMETPi apKbUTH aHBIKTAABL. bapislk emmmeymep
YII peT KalTaxaHbIn (n=3), HOTIKEJIep OpTallla MoH + CTaHAAPTTHI ayBITKY TYPiHAC
oepinai. CTaTHCTHKABIK OHACY O0i1p (pakTopIbl quctepcusbik Tannayabl (ANOVA)
x)oHe Trioku Tectin (p < 0,05) KommaHy apKbUIBI KYPri3ingi. Homuowcenep dicone
KOpbImuIHObL. 3epTTEYy HOTIOKENepi OOWBIHIIA OHEPKOCINTIK JKOHE ypOaHIanraH
artmaktapaa Pb, Cd sxone Ni KOHIICHTpanusIapsl MEKTi pyKcaT eTiITeH MOHICPICH
1,5-3 ece xorapsl ekeHi aHBIKTaAbl. EH JKOFaphl JacTany JeHreii eHepKaCilTiK
altMakTapaa TipKemdi, MyHIa TOMbIpakTarel Pb memmepi 83 Mr/kr-ra, aim Cymarsl
memepi 0,027 mr/n-re sxetti. Jlacranran jxoHe OaKpUIay HYKTENEPiHiH apachiHaa
CTaTUCTHUKAJBIK MOH/I allbIpMamblIbIKTap aHbIKTanas! (p < 0,05-0,01). Kenreren
JJMIEMEHTTEp YIIiH Bapuarus kodpduruenti 10%-man TemeH Oommel, Oy
HOTWKEIIEPIiH JKOFaphl CEHIMIUTITIH KopceTemi. AybIp MeTalaapIblH KEHICTIKTIK
Tapayrybl OJap/AblH aHTPOTIOTEHIK IIBIFy TETiH Kepcereni. TombIpak KacweTTepi
METaJIapbIH KBUDKBIMAJIBUIBIFBIHA JKOHE OJIApIBIH KEep acThl CyJapblHa
MUTpaIMsUIaHyblHA dcep eTeli. AJBIHFaH HOTIKENEep IKePruliKTi JlacTaHy
OIIIAKTaPBIHBIH 0ap €KEeHIH pacTaibl )KOHE TYPAKThI SKOJIOTHSIIBIK MOHUTOPHHT
JKYPTizy MEH peMeIHaIlisUTBIK apaiapabl 93ipiiey KaKeTTUTITiH KOpceTe/Ii.

Tyiiin ce3aep: ayslp MeTanaap, TOMBIPaK, aybl3 Cy, TCOIKOIOTHS, MOHUTOPHHT,
KOJIOPIMETP
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AHHOTaUUsA. AKmyanbHocmy. 3arpsi3HEHHE TIOYB U BOA TSDKENBIMU MeTaJlllaMu
SIBIISICTCSI OJHOM U3 KITIOUEBBIX 9KOJIOTMYECKHUX MPO0IIEM, OKa3bIBAIOLINX HETaTUBHOE
BJIMSIHUE HA YCTOMYMBOCTH SKOCHUCTEM, CEIbCKOXO3SIMCTBEHHYIO MPOILYKTUBHOCTh
U 370pOBbE HACENCHHs, OCOOCHHO B YCJIOBHSIX HHTEHCHBHOW ypOaHU3aIHH.
B roxHom Kazaxcrane ycuiieHHEe aHTpPOIOTEHHOW Harpy3kd, OO0yCIJIOBJIEHHOE
MPOMBIIUICHHBIM ~ Pa3BUTHEM, TPAHCIOPTHOM aKTUBHOCTBIO M CEIBCKUM
XO3SIICTBOM, CITIOCOOCTBYET HAKOTJICHHIO TOKCHUYHBIX AJIEMEHTOB B OKpY)Karolen
cpene. Llenv uccrnedoganus - OUEHKA MPOCTPAHCTBEHHOIO paclpelesieHus M
I€OIKOJIOTMYECKUX PUCKOB TsKEMbIX MetauioB (Ni, As, Pb, Zn, Cd) B mouBax
W TpUPOIHBIX Bojax ropona Typkecran. Memoowvi. OT60p nmpob mpoBoauics Ha
15 MOHMTOPHHIOBBIX Y4YacTKaxX, BKJIIOYAIOIIUX IPOMBILIUICHHBIC 30HBI, KHIIbIC
TEPPUTOPHH, CEIbCKOXO3SMCTBEHHBIC 3¢MJIM U KOHTPOJIbHBIE yuacTku. [louBeHHbIC
o0pasipl oTOMpanuck ¢ miyouHsl 0—20 cM, BOJIHBIC - U3 MECTHBIX UCTOUHUKOB 110
CTaHIApPTHBIM MeToAMKaM. KOHIEHTpauuu TSHKENBIX METaJIOB ONPEACISUTUCH C
WCTIOJIb30BaHUEM TopTaruBHOro kosmopumerpa Hach DR/2010. Bce usmepenus
BBITIONHSUTUCh B TPEXKPATHOM MOBTOPHOCTH (n=3), pe3yabTaThl NpPEICTaBICHBI
B BHUJE CpEOHEro 3HAYCHUS + CTaHAapTHOrO OTKIOHeHHs. CraTucTuueckas
00paboTka BKJIIOYasna oxHO(MAKTOpHBIM aucnepcuoHHblid anamu3z (ANOVA) c
nocaenyroumum tectoM Trioku (p < 0,05). Pezynrsmamst u 661600b1. YCTAaHOBIICHO,
gyro koHueHtpauuu Pb, Cd u Ni B npOMBIIIJICHHBIX U YpOaHU3UPOBAHHBIX 30HAX
MPEBBIIIAIOT MPEACIBHO 0Ty CTUMBIE 3HaueHusI B 1,5-3 pa3za. Hanbombmme ypoBan
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3arpsi3HeHHs 3a(pUKCHPOBaHBI B TPOMBINIICHHBIX paiioHax, rae couxepkanue Pb
nocturano 83 mr/kr B mouBax u 0,027 mr/a B Bojge. BEIABIEHBI CTaTUCTHYECKU
3HaunMble pazmmaust (p < 0,05-0,01) Mexmy 3arpsi3HEHHBIMH W KOHTPOJIBHBIMU
yuactkaMu. KoaddummeHnTt Bapuaruu it 00JIBIIMHCTBA AIEMEHTOB HE TPEBBINIAT
10%, 49TO CBUIETENBCTBYET O BBICOKOM HAIEKHOCTH IMOIYYEHHBIX PE3YJIBTATOB.
[IpocTpancTBeHHOE pacmpeneneHre TSHKENBIX METaUIOB yKa3blBaeT Ha WX
MPEUMYIIIECTBEHHO aHTPOTIOTEHHOE MPOUCXOKICHUE. YCTaHOBIEHO, YTO (hU3UKO-
XMMHYECKHAE CBOHCTBA MTOYB OKA3BIBAIOT CYIIECTBEHHOE BITUSHIE Ha MOIBUKHOCTh
METAJIOB W WX MUTPAIMI0 B TMOI3eMHbIe BOnbl. [lomydeHHBIE pe3yabTaThl
MTOJTBEPKTAIOT HAIUYHE JIOKAIBHBIX OYaroB 3arps3HeHUs W OOOCHOBBIBAIOT
HEOOXOAMMOCTH PETYISPHOTO YKOJIOTUIECKOTO MOHUTOPHHTA, a TAaKXKe Pa3padO0TKU
1 BHeIpeHHs d((PEKTUBHBIX MEp peMEINAIH 3arpsI3HEHHBIX TEPPUTOPHIA.

KiroueBble cjI10Ba: TsHKEIBIE METAJIbI, [10YBA, IUTHEBAsT BOJA, I'€ODIKOIOIHA,
MOHHTOPHUHT, KOJIOPUMETP

Introduction. The development of human society, changing lifestyles, and
intensive industrial production have led to serious environmental problems,
including the contamination of soil and water systems with heavy metals (Alinia-
Ahandani et al., 2020; Allahbakhsh 2017; Sheydaei et al., 2020). Heavy metal
pollution is a significant environmental issue due to its potential negative impact
on agriculture and human health. Physical remediation technologies have been
employed to remove and neutralise toxic elements (Wang 2019; Krueger et al.,
2015; Zazouli et al., 2010).

Plastic waste, industrial effluents, and domestic waste degrade water and soil
quality, negatively affecting plants, animals, and humans. Increasing heavy metal
pollution in various environments, driven by erosion of agricultural lands, urban
waste, rural activities, industrial operations, and mining industries, has raised global
concerns, particularly in developing countries (Varol et al., 2018; Demirezen et al.,
2006). Heavy metals are highly persistent in the environment and bioaccumulate,
making them among the most dangerous pollutants. They can enter the human body
via food, water, and air, disrupting metabolic processes and causing diseases such
as immune system dysfunction, nervous system disorders, muscle weakness, and
cancer.

The main pathways for heavy metals entering natural environments include
natural processes (mineral erosion, wind and water transport, and volcanic
activity) and anthropogenic sources (industrial discharges, pesticides, mining,
fuel combustion, and chemical and metallurgical industries). Since ancient times,
human activities such as metal ore processing have contributed to the spread of
metals throughout the atmosphere, hydrosphere, and pedosphere. Historically,
heavy metals were used in jewellery, weapons, and water pipes without awareness
of their toxicity. With industrialisation, coal combustion containing heavy metals
caused elevated pollution levels in industrial areas, first documented in Japan.
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In contemporary discourse, the term “heavy metals” is sometimes misused in
media and marketing contexts to describe toxic or high-density metals in general.
Scientifically, heavy metals are defined as metals with a density greater than 5 g/
cm’, including lead (Pb), cadmium (Cd), chromium (Cr), iron (Fe), cobalt (Co),
copper (Cu), nickel (Ni), mercury (Hg), and over 60 other metals. These elements
naturally occur as stable compounds, such as carbonates, oxides, silicates, and
sulphides, or are incorporated into silicates. Despite efforts to classify metals
according to ecological impact, these classifications often differ from the actual
biological distribution of metals (Millour et al., 2011; Dadar et al., 2017; Fathabad
etal., 2018).

Population growth, particularly in developing countries, has increased housing
density, sewage requirements, and environmental pressures, further exacerbating
pollution from heavy metals and other chemical compounds (Fakhri et al.,
2017; Fathabad et al., 2018; Kazemeini et al., 2010). Given the rapid pace of
industrialisation and the potential risk of heavy metal pollution both globally and
in Kazakhstan, Tables 1 and 2 summarise global and local data on soil and water
contamination from 2015 to 2025 (Hou et al., 2025; Ramazanova et al., 2021).

Table 1. Global Heavy Metal Contamination (Soils and Water, 2015-2025) (Hou et al., 2025).

% Contaminated
Year % Contaminated Soil Surface/Drinking Input / Source
Water

2015 14 8 Research estimate
2016 14.5 8.2 Research estimate
2017 15 8.5 Research estimate
2018 15.2 8.7 Research estimate
2019 15.5 9 Research estimate
2020 15.8 9.2 Research estimate
2021 16 9.5 Research estimate
2022 16.2 9.7 Research estimate
2023 16.5 10 Research estimate
2024 16.7 10.2 Research estimate
2025 17 10.5 Research estimate

Table 2. Kazakhstan Heavy Metal Contamination (Soils and Water, 2015-2025) (Ramazanova et

al., 2021).
Region / Pb Cd Zn Pb Cd Cu
Year g (Soil, | (Soil, | (Soil, |(Water, | (Water, | (Water, Input / Source

City mg/kg) | mg/kg) | mg/kg) | mg/L) | mg/L) | mg/L)

2015 | Balkhash | 45 35 120 | 002 | 0001 | 005 |Regionalsurvey/Water

monitoring
2016 | Balkhash | 47 37 | 125 | 0021 |0.0011 | 0,052 |Regional survey /Water

monitoring
2017 |Karaganda| 50 40 | 130 | 0022 | 0.0012 | 0,055 |Regional survey /Water

l’IlOl’lltOI'lIlg
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Regional survey / Water
monitoring
Regional survey / Water
monitoring
Regional survey / Water
monitoring
Regional survey / Water
monitoring
Regional survey / Water
monitoring

2018 |Karaganda | 52 4.2 135 0.023 | 0.0013 | 0.056

2019 | Aktobe 40 3.0 110 0.020 | 0.001 | 0.051

2020 | Aktobe 42 32 115 0.021 | 0.0011 | 0.053

2021 | Almaty 35 2.8 105 0.023 | 0.0013 | 0.056

2022 | Almaty 37 3.0 108 0.022 | 0.0012 | 0.054

2023 | Temirtau | 55 45 140 | 0.024 | 0.0014 | 0,058 |Regional survey /Water

monitoring
2024 | Temirtau | 57 48 | 145 | 0025 | 00015 | 0.060 |Regionalsurvey/ Water

momtorlng
2025 |Karaganda| 53 43 | 138 | 0023 | 00013 | 0.056 |Regional survey/ Water

monitoring

In the face of increasing human-induced pressure on agricultural lands, rational
land use and soil protection against pollution are critical. Heavy metal pollution,
released into the atmosphere as dust, accumulates in soils and water, leading to soil
degradation, reduced crop yields, and lower crop quality. Monitoring heavy metal
levels in soils and water is essential for assessing geoecological safety and ensuring
the sustainability of agricultural and ecological systems.

Literature Review. Several studies have investigated the sources, persistence,
and impacts of heavy metal pollution. Heavy metals, due to their stability and
bioaccumulation, are among the most dangerous environmental pollutants. Natural
processes such as mineral erosion, wind and water transport, and volcanic activity
contribute to metal dispersion, while anthropogenic sources industrial discharges,
pesticide use, mining, and fuel combustion significantly amplify their environmental
load (Millour et al., 2011; Dadar et al., 2017; Fathabad et al., 2018).

Historically, metals have been widely used in human societies, and
industrialisation has intensified their release into the environment. Coal combustion,
smelting, and other industrial processes increased heavy metal levels in air, water,
and soil, creating hotspots of contamination in urban and industrial areas (Varol
et al., 2018; Demirezen et al., 2006). Heavy metals enter the food chain through
soil and water, impacting human and animal health by disrupting metabolic and
physiological functions (Fakhri et al., 2017).

Remediation technologies, including physical, chemical, and biological
methods, have been applied to mitigate heavy metal pollution (Wang 2019;
Krueger et al., 2015; Zazouli et al., 2010). Among them, physical remediation is
often used for removing metals from contaminated soils and water. Monitoring
heavy metal concentrations in environmental matrices allows for risk assessment
and the development of management strategies to reduce anthropogenic pressure
(Hou et al., 2025; Ramazanova et al., 2021).

In Kazakhstan, studies have shown significant spatial and temporal variations
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in heavy metal contamination in soils and waters of industrial and urban regions.
Areas such as Karaganda, Temirtau, and Balkhash exhibit elevated levels of Pb,
Cd, Zn, and Cu, reflecting historical and ongoing industrial activities (Ramazanova
et al., 2021). These findings highlight the importance of continuous environmental
monitoring and the implementation of geoecological protection measures.

Monitoring heavy metals using rapid analytical tools, such as the Hach DR/2010
portable colorimeter, enables timely detection of pollution hotspots, allowing for
early interventions to protect ecosystems and public health. The concentrations
of nickel (Ni), arsenic (As), lead (Pb), zinc (Zn), and cadmium (Cd) in soils and
water remain critical indicators for assessing geoecological safety in urban and
agricultural environments.

The obtained results allow us to identify areas with elevated pollution levels,
assess potential risks to ecosystems and public health, and serve as a basis for
developing measures to reduce anthropogenic loads and planning further
environmental monitoring.

Materials and methods. This study is important for raising awareness of
environmental issues and occupational health and safety. Specifically, it highlights
the need for modern laboratories using advanced, sensitive, reliable, and sustainable
methods and equipment to monitor and track environmental issues such as heavy
metal contamination and soil and water toxicity, and emphasizes the importance
of providing and maintaining adequate technical and infrastructural equipment
(Sunakbaeva et al., 2025a). Beyond identifying problems, it is also crucial to raise
awareness of the development and use of the most effective, environmentally
friendly, sustainable, and cost-effective detoxification and purification methods, as
well as to highlight research that will serve as a reference for scientists working in
this field (Sunakbaeva et al., 2025b).

Heavy metals are natural components of rocks and, consequently, soils, and
soils contain heavy metals in varying proportions and forms depending on their
composition. The natural distribution of heavy metals in the environment, shaped
by geological factors, has begun to change significantly in recent years due to
human impact. Soil pollution with heavy metals is becoming a global problem due
to the development of industry and mining, the widespread use of wastewater for
irrigation, and the application of sewage sludge (Sunakbaeva et al., 2025c¢). The
soil-plant system is a vital component of the geosphere and biosphere. Therefore,
soil pollution with heavy metals has a significant impact not only on the yield and
quality of agricultural crops, but also on the quality of the atmosphere and aquatic
environment, and even on human health through the food chain. Soil and water
contamination with heavy metals has become a global problem. Research on soil
and water contamination with heavy metals focuses on the sources and fate of
heavy metals, their impact on human health and the environment, the investigation
and analysis of contaminated sites, remediation management and risk assessment,
and remediation methods.
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The study focused on the absorption of heavy metals by soils and irrigated
fields. Soil and water samples were collected according to standard procedures.
All analytical work was conducted in the laboratories of the Khoja Ahmet Yasawi
Kazakh-Turkish International University.

Study Objects. The study objects were soils and natural waters in Turkestan city
of Kazakhstan. Sampling was conducted at 15 fixed locations, including the city's
central districts, industrial zones, agricultural land, residential areas, and control
sites on the outskirts.

Soil samples were collected from a depth of 0-20 cm using a metal or plastic
trowel and placed in clean polyethylene containers. Water samples were collected
in 1-liter plastic bottles, pre-rinsed with deionized water. All samples were
transported to the laboratory under conditions that prevented contamination and
loss of elements.

Sample Preparation. Soil:

Samples were dried at 40-50°C to constant weight, crushed, and sieved through
a 2-mm sieve. Acid leaching was used to extract metals: 1 g of dry soil was treated
with a mixture of concentrated HNO:HCl (3:1) acids in a flask heated to 90°C for
2 hours (Kazemeini et al., 2010). The resulting solution was filtered and made up to
50 mL with deionized water.

Water: Samples were filtered to remove suspended particles.

To stabilize the metals, 1 mL of concentrated HNOs was added to 1 L of water
(Standard Methods for the Examination of Water and Wastewater, 23rd edition.
American Public Health Association, 2017).

Analytical Methods. Heavy metal concentrations (Ni, As, Pb, Zn, Cd) were
determined using a Hach DR/2010 portable colorimeter, which is based on the
formation of colored metal complexes with organic reagents (Hach Company.
DR/2010 Portable Colorimeter User Manual., 2010).

Measurements were performed in triplicate for each sample.

Metal standard solutions and calibration curves were used to control accuracy.

Results Assessment. For soils and waters, the sanitary standards of the Republic
of Kazakhstan and the WHO maximum permissible concentrations (MPCs) were
used.

MPC exceedance indicators and local pollution indices were calculated, allowing
for the identification of areas with elevated heavy metal concentrations.

Results and discussions. Environmental pollution, ecological degradation, and
global climate change remain among the most pressing challenges worldwide. Soil
and water resources are particularly vulnerable to contamination, especially by
heavy metals, which pose long-term environmental and health risks. In Kazakhstan,
including the Turkestan region, these issues are becoming increasingly acute due to
growing anthropogenic pressures.

The primary objective of this study was to assess and interpret heavy metal
contamination in soils and natural waters of Turkestan city. Special attention was
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given to the spatial distribution of pollutants and their potential sources, as well as
to the implications for environmental and human health within the framework of
the “One Health, One World” concept.

Statistical Analysis of Heavy Metal Concentrations. All measurements of heavy
metal concentrations (Ni, As, Pb, Zn, Cd) in soil and water samples were performed
in triplicate. The results are presented as mean values + standard deviation (SD)
(Tables 3 and 4). Statistical analysis was carried out using one-way ANOVA to
assess differences between sampling sites, followed by post hoc Tukey tests.
Differences were considered statistically significant at p < 0.05.

The inclusion of standard deviation values demonstrated that variability
within sampling points was relatively low (coefficient of variation <10% for most
elements), indicating good reproducibility of measurements. Statistically significant
differences (p < 0.05) were observed between industrial zones and control sites for
Ni, Pb, and Cd in both soil and water samples (Tables 3 and 4), confirming the
influence of anthropogenic activities.

Soil Contamination Characteristics. Analysis of soil samples revealed that heavy
metal concentrations varied significantly depending on land use type (Table 3).

Table 3. Heavy Metal Concentrations in Soil of Turkestan City (mg/kg, mean + SD, n=3).

Sampling Point | Ni (mg/ | As (mg/ | Pb (mg/ | Zn(mg/ |Cd(mg/| Exceeds |p-valuevs

kg) kg) kg) kg) kg) MAC Control
City Center [48+28|62+04| 72+3.5 | 110+52 [24+0.2| Pb, Cd, Ni <0.05

Industrial Zone |54+3.2|7.0£0.5| 83 +4.1 | 120£6.0 [2.9+0.2|all except Zn| <0.01

Farmland 41+£25(51+£03| 68+3.0 | 98+4.8 [2.1+0.1 Pb, Cd <0.05
Residential Area|35+2.1|45+03 | 60+2.7 | 95+4.5 [1.8+0.1 Pb <0.05
Control Zone |28 +1.7(3.2+0.2 | 50£23 | 85+39 |1.5+0.1 — -

Note: MAC (mg/kg): Ni—40; As —2; Pb— 60; Zn — 100; Cd — 2

The highest concentrations of heavy metals were recorded in the industrial zone,
where Ni, Pb, and Cd exceeded MAC values by 1.5-2.5 times (p < 0.05 compared
to control sites) (Table 3).

The spatial distribution of heavy metals indicates a strong anthropogenic origin.
Elevated Pb concentrations are associated with vehicle emissions, tire and brake
wear, and industrial activities. Increased Cd levels in agricultural soils are likely
linked to the long-term application of phosphate fertilizers.

However, no direct correlation analysis between metal concentrations and
specific pollution sources was conducted. Future research should include
multivariate statistical approaches (e.g., Pearson correlation, PCA).

Influence of Environmental Factors. The soils of Turkestan are predominantly
sandy-clay with alkaline pH, which significantly affects the mobility and
bioavailability of heavy metals. Under alkaline conditions, metals such as Pb and
Cd tend to form less soluble compounds. However, high soil permeability facilitates
their vertical migration into groundwater.
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Thus, the observed contamination pattern reflects both accumulation in surface
horizons and migration processes within the soil-water system.

Water Contamination and Migration Processes. Heavy metal concentrations in
water samples also showed spatial variability (Table 4).

Table 4. Heavy Metal Concentrations in Water of Turkestan City (mg/L, mean + SD, n=3).
Sampling Ni (mg/L) As (mg/L) Pb Zn Cd Exceeds | p-value vs
Point (mg/L) | (mg/L) | (mg/L) MPC Control
City Center [0.045+0.003| 0.008 =£0.001 | 0.021+ | 0.12+ | 0.006 = | Pb, Cd <0.05
0.002 0.01 0.001
Industrial |0.052 +£0.004| 0.010+£0.001 | 0.027+ | 0.14+ | 0.007+ | Pb, Cd <0.01

Zone 0.002 0.01 0.001

Agricultural | 0.038 +0.002 | 0.007 +0.001 | 0.018 = | 0.09+ | 0.005 + Pb <0.05
Land 0.001 0.01 0.001

Residential {0.032 +0.002 | 0.006 +0.001 | 0.015+ | 0.08+ | 0.004 + Pb <0.05
Area 0.001 0.01 0.0005

Control Site | 0.025 + 0.001 | 0.005 £ 0.0005 | 0.012+ | 0.07 = | 0.003 = - -
0.001 0.005 | 0.0005

Note: MPC (mg/L): Ni—0.02; As—0.01; Pb—0.01; Zn —3.0; Cd — 0.003

The concentrations of Pb and Cd in water samples exceeded MPC values by up
to 2—3 times in industrial zones (p < 0.05).

The main pathways of water contamination include:

* surface runoff from polluted soils,

* industrial wastewater discharge,

* infiltration of contaminated soil solutions.

The highest contamination levels were observed near industrial enterprises and
agricultural areas, confirming the role of anthropogenic sources.

Implications for Remediation Strategies. Remediation strategies for Turkestan
must consider local soil characteristics, particularly alkaline pH and mineral
composition.

Electrokinetic remediation may be less effective in alkaline soils without pH
adjustment. Soil washing requires careful selection of chelating agents to avoid
secondary pollution.

Phytoremediation is a promising approach for low to moderate contamination
levels; however, its effectiveness depends on the selection of plant species adapted
to arid and saline conditions typical of southern Kazakhstan.

Environmental and Health Considerations. Heavy metal pollution poses a
serious threat not only to soil and water quality but also to human health through
the food chain. The detected exceedances of Pb and Cd are particularly concerning
due to their toxicity and bioaccumulation potential.

Within the framework of the “One Health, One World” concept, it is essential
to recognize the interconnectedness of environmental, animal, and human health.
From soil microorganisms to aquatic biota and ultimately humans, all components
of the ecosystem are exposed to contamination risks.
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The results of this study confirm that heavy metal contamination in Turkestan
city has a predominantly anthropogenic origin and is spatially associated with
industrial and urban activities. The inclusion of statistical analysis strengthens the
reliability of the findings, demonstrating significant differences between impacted
and control sites.

At the same time, the study highlights the need for more comprehensive
investigations, including source apportionment, correlation analysis, and integration
of environmental factors such as soil chemistry and climate conditions. Such
approaches are essential for developing scientifically grounded and region-specific
remediation strategies.

Study Limitations. Despite the robustness of the obtained results, this study
has several limitations. No direct correlation analysis (e.g., Pearson correlation or
principal component analysis) between heavy metals and specific pollution sources
was conducted.

Future studies should include multivariate statistical analysis, wind direction
data, and detailed information on fertilizer composition to improve source
apportionment accuracy.

Conclusion. The results of this study demonstrate that heavy metal contamination
in Turkestan city is spatially heterogeneous and predominantly anthropogenic
in origin. A comprehensive monitoring of heavy metal (Ni, As, Pb, Zn, and Cd)
content in soils and natural waters in the city of Turkestan was conducted. The
analysis showed that lead, cadmium, and nickel concentrations in a number of
samples exceeded the maximum permissible concentrations established by the
sanitary standards of the Republic of Kazakhstan and recommendations of the
World Health Organization.

Statistically significant differences between industrial and control sites confirm
the impact of urbanization and industrial activities.

The highest pollution levels were observed in industrial areas and along
highways, indicating significant anthropogenic impact. The soils of these areas are
characterized by significant accumulation of heavy metals in the upper horizon,
which is associated with vehicle emissions, industrial waste, and the use of mineral
fertilizers. This accumulation of pollutants poses a threat of soil degradation,
reduced crop yields, and unfavorable conditions for biota. In this context, it should
be noted that water and soil pollution caused by the introduction of numerous
illegal and harmful chemicals into water systems is a serious problem. With
population growth in various countries and accelerating growth rates in Third
World and developing countries, it is clear that housing density is also increasing,
requiring the expansion of sewerage systems in these areas, creating inequalities
and requiring attention. Given the complexity and importance of the problem, it is
clear to all that wastewater causes significant harm to the environment, fisheries,
tourism, and drinking water sources. Therefore, perhaps the greatest contribution to
national and regional health can be achieved by preventing the pollution of surface
water resources, which are the main source of drinking water for the population.
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Water samples revealed elevated lead and cadmium concentrations, likely due
to the influx of industrial and agricultural wastewater, as well as the migration of
metals from the soil into the aquatic environment. The most vulnerable sources
were those located near industrial facilities and agricultural lands where mineral
fertilizers are intensively used. The release of heavy metals into the ecosystem
through the sieve outlet clearly demonstrates that their entry into the environment
is due to anthropogenic impacts, not natural cycles. In addition to ongoing pollution
and pollution caused by resource use, significant volumes of heavy metal releases
can also occur as a result of accidents. Soil and water pollution are not only an
environmental problem but also a serious threat to human health, food security,
and ecosystems. Therefore, we all have a tremendous responsibility to reduce soil
and water pollution and preserve a healthy environment for future generations
through action at both the individual and community level. Protecting our soil
and water means protecting our planet. Working together, we can create a cleaner
and healthier world. Heavy metals enter water sources through industrial waste
or acid rain; these substances dissolve the soil, causing the dissolution of already
present heavy metals. Dissolved heavy metals enter rivers, lakes, and groundwater.
Heavy metals entering water are highly diluted and settle to the bottom, where
they accumulate and partially form solid compounds such as carbonates, sulfates,
and sulfides. Because the adsorption capacity of the sediment layer is limited,
the concentration of heavy metals in water continually increases. In closed lakes,
if adequate environmental protection measures are not taken and uncontrolled
industrialization is allowed in the water bodies, heavy metal concentrations will
continue to increase.

These results indicate that the environmental situation in Turkestan can be
characterized as moderately severe, with localized pockets of high pollution. To
reduce the anthropogenic impact and ensure environmental safety in the region,
regular monitoring of'soil and water conditions, the implementation of environmental
protection technologies, bioremediation, and increased environmental awareness
among the population are essential.
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