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2 Clarivate
Analytics

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.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPDI:

OBCA/IBIKOB Bakpir Hopikbaiiyibl, TexHHKa FbUIBIMAAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akagemuri, A.b. bexrypoB aTelHmarsl XUMHS FBUIBIMAApPBI HHCTHTYTHL, (AnMarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIUS AJTIKACBI:

OBCOMETOB Mouic Kyasicyabl (6ac  peaakTopiblH — OpbIHOAcapbl), I€ONOTHs-MUHEPAIOTUst
FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥YFA akamemuri, Y.M. Axmencadun atemparsl I'maporeomorus
JKOHE TEOdKOJIOTUsSI MHCTUTYTHIHBIH JupekTopsl, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii KoJrraiiyJibl, reonorusi-MIHHEPAIOryst FRITBIMAAPBIHBIH TOKTOPHI, ipodeccop, KP YFA
KypMeTTi axazemuri, (Ammarsl, Kasakcran), https:/www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY J[Ipumen, PhD, xaysivmpacteipeurran mpodeccop, HeOpacka yruBepcureriniy Cy FhUIBIMIaphI
3epTxaHacbiHblH  aupekropel,  (HeOpacka  mrarer, — AKIH),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typassl rpuibiMaap OemiMiHIH METPOTIOrHs JKOHE Maiaansl Kazdamap
KeH OPBIHIApHI CallaCBIHIAFEI 3epTTeyNIepiHiy jxerekurici, Taburu Tapux Mypakaitsl, (Jlonnon, ¥isiopuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua bBopucoBny, TexHHKAa FBUIBIMIAPHIHBIH JOKTOpbI, HaHCH yHHBEpCHTETIHIH
npodeccopsr, (Hancu, @pannust), https:// www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

IIEH IIun, PhD, KpiTail reonorusyiblK KOFAaMbIHBIH Tay-KeH T'€OJOTHSICH KOMUTETI JUPEKTOPBIHBIH
opbIHOacapbl, AMEpPHKAHIBIK JKOHOMHKAIBIK T'COJOrTap KaybIMAACTHIFBIHBIH Mymieci, (Beibxin, Kpirail),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUUIEP Axceas, KaybIMIacThIpsLIFaH npodeccop, PhD, /lpe3nen TexHuKanbIK yHUBEpcHTeTi, ([pesneH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHoxoBHY, XUMUsI FBUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaigap XUMHSICHI MHCTUTYTHIHBIH KypMeTTi aupekropsl, (Munck, Bemapycsk), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xaysiMpacteipsurran mnpodeccop, TexuukamsKk yHuBepcureTi ([[pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB ‘Kanaii, PhD, xaysimaacteipsuiran npodeccop, HasapbaeB yHuBepcureri (Acrtawa,
Kasakctan), https://www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHU IMaoao, PhD, xaysivpacteipsurran mpodeccop, bukokk Mmuman ynusepcuteti, (Muman,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEUICOBA Map:xaun Baiicankbi3bl — TexHuKa reutbIMaapbiHbIH JOKTOpBI, K.M. CoTOaeB aThiHIaFb!
Ka3zaky/iITTeIK3epTTey TEXHUKAIBIKyHIUBEpCUTEeTiHIHTpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii Toiidacapy/ibl, TeXHHKa FBUIBIMAAPBIHBIH JOKTOPBI, mpodeccop, «leodusmka sxoHe
celicmonorus» Kadenpacebly MeHrepymrici, K.M. CorGaeB arbiHmarsl Ka3ak YITTHIK 3epTTey TEXHHKAIBIK
yHuBepeuteti, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn yuuepcureriniy Tasty LIBIFbICTBI HEPCIEKTUBANBI 3€PTTEY OPTAJBIFHIHBIH
npodeccopsl, JIyHI yHHBEpCUTETIHIH TONBIK KypcTsl mpodeccopsl, (IIBemus), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, ApHdib yHHBEPCUTETiHIH X UMISIIBIK HEKCHEepHs (paKyIbTeTi skoHe LIIBIFbIC FRUTBIME-
3eprrey opranbirbl, (M3pawis), https://www.scopus.com/authid/detail.uri?authorld=8610969300, https:/www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #oHe TeXHUKAJBIK FBLIBIMAAP CEPHSCHI».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTHIK FBUTBIM akageMusicb» PKB (AnMars K. ).
Kaszakcran PecrnyOnukachiHblH AKnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMiHIH AKmapar KOMHTETiHJIe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuIbIM TipKeyiHe KOHbUTY Typallbl KyalliK.
TaKBIPBINTHIK OAFBITHL: [ eonoaus, eudpozeonoaus, 2eoepapus, may-KeH icl, MYHail, 2az jHcane Memanoapobvly
XUMUATBIK MEXHON02UANADb
Mep3iMaiiri: )KbUIbIHA 6 PET.
Tupaxsr: 300 nana.
Pepakuusnbig MekeH-kaibl: 050010, Anmarsi K., [lleBuenko xemr., 28, 219 Geur., ten.: 272-13-19
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBu4, JOKTOp TEXHMYECKHMX Hayk, npodeccop, akazemuk HAH PK,
Wuctutyt xuMmudecknx Hayk uM. A.B. Bekryposa (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIET' ASI:

ABCAMETOB Mauuc KyabicoBuy, (3amMecTuTelb IVIABHOTO — pPEJAaKTOpa), JOKTOP  I'eoJIoro-
MHHEPAIOrHIeCKHX HayK, mpogeccop, akagemuk HAH PK, mupexrop MHCTHTYTa rTHAPOTE0IOTHI U F€0IKOIOTHI
um. Y.M. Axmencaduna (Anmarsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii ’KosrraeBu4, 1OKTOp re0I0rOMHHEPATOTHYECKUX HAYK, TPOdeccop, MOUETHBIH aKaIeMUK
HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https://www.
webofscience.com/wos/author/record/1939201

CHOY Jpumnen, PhD, acconunpoBanusil npogeccop, aupexrop JlabopaTropuu BOXHEIX HayK YHUBEpCHTETa
Heb6packu (mrar HeGpacka, CLIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBomutenb HCCIEIOBaHUi B 00JIACTH METPOJIOTMU U MECTOPOXKICHHM
MOJIe3HBIX UCKoTlaeMbIX B Otjiene Hayk o 3emie Mysest ecrectBernHol uctopun (JIonaoH, Aurms), https://www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MMAH®WJIOB Muxana BopucoBuy, 10KTop TeXHUUECKUX Hayk, Ipodeccop Yuusepcutera Hancu (Hancn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH Iun, PhD, 3amecturens aupexropa Komurera 1no ropHoil reosnoruu Kurtaickoro reojaoruueckoro
obmecTBa, WieH AMEPUKAHCKOH accoruanuy skoHoMmdeckux reosoros (Ilexwn, Kuraif), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUIIEP Axkcens, accounupoBanHbiii npopeccop, PhD, texuudeckuii yuusepcurer Jpesnen ([pesueH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buaagumup EHokoBHY, JOKTOp XMMHYecKuX Hayk, akagemMuk HAH Benapycu, nouerHsiii
mupexTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accoummmposanusii npodeccop, Texumueckuil ynusepcuteT ([lpesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAI'MHTAEB Kanaii, PhD, accorunpoanusiii npodeccop, Hazapoaes ynusepcurer (Acrana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTHUHMU Ilaoao, PhD, acconumposanusii npodeccop, Munanckuii yausepcurer bukokk (Mman,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHAa — JOKTOp TEeXHHYECKHX Hayk, Ipodeccop Kazaxckoro HammoHanbHOro mccienoBaTelIbCKOro
Texuuueckoro ynusepcutera um. K.M. Carnaea, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/ AAD-1173-2019

PATOB Bopan6aii ToiidacapoBu4, TOKTOp TEXHHYECKHX HaykK, mpodeccop, 3aBemyromuii kadeapoit
«T'eom3uka u ceiicmonorusy, Kasaxckuil HannoHansHbIN HCClIeOBATENIbCKUN TEXHHYECKHH YHUBEPCUTET M.
K.W. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, IIpopeccop LleHTpa nepcreKTBHbIX OIMKHEBOCTOUYHBIX HCCIEeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH U BOCTOUHBIN HayYHO-HCCIIENOBATEIbCKUIT
ueHtp, Yuusepcuter Apwousi, (M3pawmns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/1oruy M1 TeXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobctBennuk: Pecrybnikanckoe oodiecTBeHHOe o0benHenne «HarronanpHas akagemus Hayk PecryOnuku
Kazaxcran» (. Anmarsr).
CBUJIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYECKOro IredaTHoro u3fgaHus B Komurere wnHbOpManmu
MumnuncteperBa HHbOpManuK U oOUIeCTBeHHOro pas3BuTusi PecnyOmuku Kaszaxcran Ne KZ39VPY00025420,
BbIanHoOe 29.07.2020 .
TemaTnueckasi HANPABICHHOCTb: 2€0102Usl, 2UOPO2EON02UsA, 2e02Papus, 20pHOe 0eno U XUMUYECKUe MEXHON02UU
Heghmu, eaza u Memanios
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EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich , Doctor of Chemical Sciences, Professor, Academician of NAS RK,
President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC "
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF

ABSADIKOV Bakhyt Narikbaevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
A.B. Bekturov Institute of Chemical Sciences (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

EDITORIAL BOARD:

ABSAMETOV Malis Kudysovich, (Deputy Editor-in-Chief), Doctor of Geological and Mineralogical
Sciences, Professor, Academician of NAS RK, Director of the Akhmedsafin Institute of Hydrogeology and
Geoecology (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56955769200, https://
www.webofscience.com/wos/author/record/1937883

ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academicianof NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965 , https://www.webofscience.com/wos/author/record/1753209

FISCHER Axel, PhD, Associate Professor, Technical University of Dresden (Dresden, Berlin), https:/www.
scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/wos/author/record/2085986
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CATALIN Stefan, PhD, Associate Professor, Technical University of Dresden, Germany, https://www.scopus.
com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/wos/author/record/1309251

Jay Sagin, PhD, Associate Professor, Nazarbayev University (Astana, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/record/907886

FRATTINI Paolo, PhD, Associate Professor, University of Milano - Bicocca (Milan, Italy), https:/www.
scopus.com/authid/detail.uri?authorld=56538922400

NURPEISOVA Marzhan Baysanovna — Doctor of Technical Sciences, Professor of Satbayev University,
(Almaty,  Kazakhstan),  https://www.scopus.com/authid/detail.uri?authorld=57202218883,  https://www.
webofscience.com/wos/author/record/AAD-1173-2019

RATOYV Boranbay Toybasarovich , Doctor of Technical Sciences, Professor, Head of the Department of
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Abstract. The study is devoted to the analysis of soil pollution in the West
Kazakhstan region with heavy metals and hydrocarbons as a result of intensive
activities of the oil and gas and mining industries. The main attention is paid to
the determination of pollutant concentrations, their spatial distribution and the
impact on ecosystems. It has been established that the region’s soils are long-term
accumulators of man-made pollutants, including heavy metals (lead, cadmium,
arsenic, chromium, nickel) and hydrocarbons. Key industrial zones of the region,
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such as Khromtau, Aktobe, Karachaganak field and oil refineries, have been selected
as objects of study.

Field and laboratory studies were carried out using generally accepted sampling
methods (GOST 17.4.4.02-2017) and chemical analysis (atomic absorption
spectrophotometry, X-ray fluorescence analysis). Geostatistical data analysis was
carried outusing GIS technologies (ArcGIS), which made it possible to create spatial
maps of the distribution of pollutants. The results showed that the concentrations of
heavy metals in the studied soils exceed the maximum permissible values (MPC).
For example, near large industrial facilities, the concentration of chromium reaches
7333.6 mg/kg, nickel — 2213.1 mg/kg, and arsenic — 19 mg/kg.

It has been revealed that soil pollution is accompanied by a deterioration of their
physico-chemical characteristics, a decrease in fertility and a threat to ecosystems.
The problem is aggravated by the migration of toxic substances into reservoirs
and their accumulation in biota, which poses a danger to public health. Monitoring
methods, including chemical, bioindication, and geostatistical approaches, as well
as innovative soil purification technologies such as bioremediation and the use of
nanotechnology, are proposed to minimize environmental damage.

The results of the study are important for the development of state programs
for the restoration of polluted lands, reducing anthropogenic pressure and ensuring
sustainable development of the region.

Keywords: soil pollution, heavy metals, geostatistical analysis, GIS
technologies, oil and gas and mining industries.
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AHHoOTanus. 3epTTey MyHail-ra3 >KoHe Tay-KeH OHEepKACiOiHIH KapKbIHIbI
KbI3MeTi HoTmwkeciHne bareic KazakcraH eHIpiHIH TONBIPaKTapbIHBIH —aybIp
MeTallapMeH JKOHE KOMIPCYTeKTEpMEH JIaCTaHyblH Tajjayra OaFbITTaJIFaH.
Jlactaymiel 3aTTapiblH KOHIICHTPAIWSICHIH aHBIKTayFa, OJIAPJbIH KEHICTIKTIK
TapalyblHAa JKOHE DJKOXKyHenepre ocepiHe Hazap ayaapbuilbl. ANMaKThIH
TOIBIPAKTAPhl aybIp METAIAAPbI (KOPFACHIH, KaJIMHH, MBIIIbBSIK, XPOM, HUKEIh)
JKOHE KOMIPCYTEKTepAl Koca allFaH/a, TEXHOTCHIIK JacTaylIbl AJIeMEHTTEPIiH
y3aK Mep3iM/Ii )KHHAKTayIIbLIaphI OOIIBI TaObLIaAbl. 3epTTey 00BEKTUIEpP] peTiHAe
Xpomray, Akrebe, Kapamsiranak KeH OpHBI )KoHE MYHal ©H/EY 3aybITTaphbl CUSKTHI
OHIP/IIH HET13T1 OHEPKACINTIK aliMaKTaphbl TaHIAJIIbI.

Jlananelk JKoHE 3€pTXaHAJBIK 3epTTeyJiep ChIHAMANAP/bl 1PIKTEYIIH KaJbl
kabpurmanran omictepin (I'OCT 17.4.4.02-2017) >koHE XUMUSIIBIK TaJday/Ibl
(aTOMIBIK-a0COPOITHSITBIK CITEKTPOGOTOMETPHSI, peHTTeH-(DITyOpeCIeHTTi
Tanjay) KOJJaHa OTBIPBIN JKYpri3immi. Jlepekrepai reoCTaTHCTUKAIBIK Taliay
I'AX TexHonorusimapein (ArcGIS) Komgana OTBIPBIN SKYPri3isiin, JacTaymibl
3aTTapIblH KEHICTIKTIK Tapay KapTajapblH xKacayFa MyMKiHIik Oepai. Hotmxenep
3epTTENIETIH TOMbIpaKTap/a ayblp MeTajllapblH KOHIIEHTPAIMICHI IIEKTI pyKcar
erinren moHzaepneH (LLIPK) acarpmbin xepceTTi. Mpicaisl, ipi @HEpKaCINTIK
HBICAaHAAPBIH JKaHBIHIA XPOM KOHIIeHTpamusacel 7333,6 Mmr/kr, Hukeas — 2213,1
MI/KT, a1 MBIIIBIK — 19 MI/KT KeTel.

TonbIpakThlH JIACTaHYbl ONAPIBIH (PU3UKATBIK-XUMUSUIBIK ~CUTIaTTaMaIapbIHBIH
HallapiaybIMeH, KYHApIbUIBIFBIHBIH TOMEHJICYIMEH JKOHE OJKOXYHenepre Kayil
TOHJIIPYMEH Karap JKYpETiHI aHbIKTalIbl. Macere yiibl 3aTTap/plH Cy OObEKTiepiHe
KOHBIC ayJapybIMEH JKOHE OJNapiblH OMOTaja >KUHATYBIMEH KypICNIeHE TYycCemi, Oyt
XaNBIKTBIH JICHCAYJIbIFbIHA Kayill TOHAIpeT. OKOJNOTHSIBIK 3HUSHIBI a3aiTy YIIiH
XUMPSUIBIK, OMOVHJIMKAIMSUIBIK JKOHE T€OCTATUCTHKAIBIK TOCUIIEPIl, COHJal-aK
OnopeMennaiysi KoHE HAHOTEXHOJOTHSUIAPAbl KOJIaHY CHSKTHI TONBIPAKTHI Ta3ap-
TYIbIH MTHHOBALIMSUTBIK TEXHOOTHSUIAPhIH KAMTHTHIH MOHUTOPHUHT 9JIiCTepi YChIHBLUTFaH.

3epTTey HOTHIKENEpl JacTaHFaH JKepliepl KallblHa KeNTipy, aHTPOIIOTeH K
KYKTEMEHI a3aiTy KoHe aiiMaKThIH TYPaKThI JJaMybIH KAMTaMachl3 €Ty OOHbIHIIA
MEMJIEKETTIK OaraapiaMaiapabl 93ipiey YIIiH MaHbI3/IbL.

Tyiiin ce3mep. TONMBIPAaKTHIH JACTaHYBI, ayblp METaap, Te0CTaTHCTUKAIBIK
tanaay, [AX TexHomorusapel, MyHali-Ta3 )KoHe Tay-KeH oHepKacioi.
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AnHoTtanus. VccienoBanre NOCBSIIEHO aHAIN3Y 3arps3HEHUS T0YB 3artaTHoO-
Kazaxcranckoro pernona TSKENTBIMU METAJIaMU M YIJIEBOAOPOIAMHU B Pe3yJbTare
WHTCHCUBHOMN JICATEIBHOCTH HE(PTEra30BOW U TOPHOPYIHOU MPOMBINUICHHOCTH.
OCHOBHOE BHUMAaHHUE YJICJIICHO OTPENEIICHIIO KOHIICHTPAIMI 3arpsi3HUTENCH, X
MIPOCTPAHCTBEHHOMY PACIIPEIENIEHUIO W BIUSHUIO Ha DKOCUCTEMBI. YCTaHOBIIEHO,
YTO ITOYBBI PETHOHA SIBIISIOTCS IOJITOBPEMEHHBIMU aKKyMYJISITOPAMH TEXHOTEHHBIX
3arpsi3HUTENCH, BKIIIOUas TsHKENbIE METaIIbl (CBUHEI], KaIMHA, MBIIIBIK, XPOM,
HUKeb) U yIIEBOAOPOAbl. B kayecTBe 00bEKTOB M3yueHHs BBHIOpPAHBI KIIIOUEBBIC
MPOMBIIUICHHBIE 30HBI PETHOHA, Takue Kak Xpomtay, AkTobe, Kapayaranakckoe
MECTOpOX IeHHE U HeTenepepadaThIBAIOIINE 3aBOJIBI.

[loneBpie ¥ abopaTopHBIE WCCIENOBAHHUA IPOBOAMINCH C IMPHUMEHEHHUEM
oOmenpuHATEIX MeTooB oroopa mpod (I'OCT 17.4.4.02-2017) u  xumu-
YeCKOro aHanm3a (aToMHO-a0COpOIMOHHAS CIEKTPO(POTOMETPHS, PEHTTEHO-
¢yopecieHTHBIN aHanu3). [eocTarucTuyeckuil aHaau3 JAaHHBIX OCYIECTBIISIICS
¢ wucnons3oBanueM ['MC-texnonmoruit (ArcGIS), d4ro mno3BoIMIO cO3AAThH
MPOCTPAHCTBEHHBIE KAPThl PACIpPEICIICHHsI 3arps3HSIONINX BEIlecTB. Pesynbrars
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MOKa3aJM, 4YTO B WCCIEAYEMBIX ITOYBaX KOHIEHTPAIUH TSKEIBIX METaJuIoB
MIPEBBIMAIOT TIpeaenpHo-gomyctumbie 3HadeHuUs ([1AK). Hampumep, BOmM3M
KPYITHBIX [TPOMBIIUICHHBIX 00BEKTOB KOHLIEHTpalMs XpoMa gocturaet 7333,6 mr/
KI, HUKeJs — 2213,1 Mr/kr, a MpIbska — 19 Mr/kr.

BrsiBrieHO, 4TO 3arpsi3HEHUE TIOYB COMPOBOXKAACTCS YXYALICHUEM UX (PU3HKO-
XUMHUYECKHUX XapaKTEPUCTHK, CHIDKEHUEM III0O0POINS U YTPO30U IJIsI IKOCHUCTEM.
[Ipobnema ycyryOnsiercss MHTpanield TOKCHYHBIX BEIIECTB B BOJOEMBI M HX
HaKOIUICHHEM B OMOTE, YTO MPEACTABISET ONACHOCTb JUIS 3J0POBbSl HACENCHHUS.
JUis MUHIMH3AIIH SKOJIOTHYECKOTO yIiep0a MpeayioxKeHbl METOIbI MOHUTOPHHTA,
BKITIOUAIOIINE XUMUYECKUH, OMOMHAMKAMOHHBIN U T€0CTaTUCTUUECKUH MOAXO/IBI,
a Tak)Ke WHHOBAITMOHHBIE TEXHOJIOTHH OYHCTKHU IT0YB, TAKHE KaK OMopeMenraIis
U IPUMEHEHUE HAHOTEXHOJIOTUH.

Pesynbrarthl mcciieoBaHUS UMEIOT BaXHOE 3HAYCHHE IS Pa3pabdOTKH TOCY-
JIAPCTBEHHBIX MPOIPAMM IO BOCCTAHOBIICHHIO 3arpsi3HEHHBIX 3€MelTb, CHIKCHUIO
AHTPOIOTCHHON HArPY3KH U 00ECIICUEeHHIO yCTOWYHBOTO PAa3BUTHSI PETHOHA.

KutoueBble ci10Ba: 3arps3HeHNE TOYB, TSKETBIE METAJITBL, T€0CTaTHCTUIECKUI
anayms, [ UC-texHonoruii, Herera3oBasi U TOPHO00BIBAIOIIAS TIPOMBIILIICHHOCTh

Introduction. The increasing anthropogenic impact on soil resources in the
West Kazakhstan region requires a comprehensive study due to the growing
environmental problems. In recent decades, the active industrial development of the
region, especially in the oil and gas and mining industries, has led to a deterioration
in soil conditions, changes in their physico-chemical properties and a decrease in
biological activity. The region’s soils are long-term accumulators of man-made
pollutants, which makes them an important indicator of the ecological state of the
natural environment.

The West Kazakhstan region, including Aktobe, Atyrau and Mangystau regions,
plays a key role in the economy of Kazakhstan due to the extraction of oil, natural
gas, as well as the processing of non-ferrous and polymetallic ores. However,
intensive industrial activity is accompanied by man-made disturbances, leakage of
petroleum products and accumulation of heavy metals in soils. The main pollutants
include hydrocarbons such as polycyclic aromatic hydrocarbons (PAHs), benzenes
and xylenes, as well as heavy metals such as lead, cadmium, arsenic and mercury.
These substances have a toxic effect on the soil horizons, water systems and biota
of the region (Korabayev, et al. 2024; Bazarbayeva, 2024).

The purpose of the study is to assess the level of soil pollution in the West
Kazakhstan region with heavy metals and petroleum products, to study their
impact on ecosystems and to identify existing monitoring methods to prevent soil
degradation.

The relevance of research. The problem of soil pollution is especially relevant
for the western regions of Kazakhstan, where the accumulation of toxic substances
has reached critical levels. Oil spills, drilling waste, and mining tailings lead to
changes in soil properties, including reduced fertility, secondary salinization, and
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vegetation degradation (Wang, et al. 2021). The complexity of the situation is
compounded by the lack of systematic monitoring and control over the condition
of polluted lands. As a result, the quality of agricultural land is deteriorating, the
risk of groundwater contamination is increasing, and the region’s biodiversity is
being disrupted.

The main sources of pollution. Oil and gas industry. The extraction, processing
and transportation of oil is accompanied by hydrocarbon leaks and emissions of
toxic substances such as PAHs and petroleum products that penetrate into the soil
and water horizons (Korabayev, et al. 2024; Bazarbayeva, 2024). An example is
the Emba River, where an excess concentration of petroleum products leads to
ecosystem degradation and soil quality degradation (Dahl and Kuralbayeva, 2001).

Mining industry. Mining and processing of polymetallic ores leads to the
accumulation of heavy metals (lead, cadmium, arsenic, zinc). (Y. Wang et al. 2021)
in soil horizons and water systems. Toxic waste in tailings dumps often becomes a
source of pollution due to leaks and insufficient controls (Korabayev, et al. 2024).

Environmental consequences. Soil pollution leads to degradation of their
structure (C. Wang et al. 2020, Tan et al. 2020), deterioration of physico-chemical
characteristics and decrease in biological activity. Heavy metals, penetrating
into soil horizons, are adsorbed on soil particles and accumulate in plants, which
disrupts food chains and reduces the productivity of agricultural land. In addition,
toxic substances affect the soil biota (Tan, et al. 2021), disrupting microbiological
processes and the nutrient cycle.

Migration of heavy metals and hydrocarbons into groundwater is particularly
dangerous (Taghizadeh-Mehrjardi, et al. 2021), which poses a threat to the water
supply of the local population and worsens the quality of life in the region (Tan et
al. 2021). Degradation of pastures contaminated with lead and cadmium makes
them unsuitable for grazing, which affects agricultural production and food security
(Boiko, et al. 2023).

The significance of this study will contribute to the development of effective
measures to control and monitor the state of the soil cover of the West Kazakhstan
region. The proposed approaches will minimize the negative impact of industrial
activity on soils, preserve biodiversity and improve the ecological situation of the
region, which is the basis for sustainable development and ensuring public health.

Objects of research. The objects of the study are the western regions of
Kazakhstan: Aktobe, West Kazakhstan, Atyrau and Mangystau regions (Figure 1).
These territories are of particular interest due to their geographical location, natural
conditions and economic importance to the country (Committee on Ecology of the
Republic of Kazakhstan, 2022).

Geographicallocation and climate. Thewesternregions of Kazakhstan are located
at the junction of Europe and Asia, bordering Russia, Uzbekistan, Turkmenistan
and the Caspian Sea. The region covers the Caspian lowlands, Mugodzhary and the
Ustyurt desert. The climate is sharply continental: hot summers with temperatures
up to +40 °C and cold winters up to -20 °C. Low rainfall (150-300 mm per year)
causes the aridity of the territory (Kazhydromet, https://kazhydromet.kz ).
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Map of the Western Region of Kazakhstan

0

UZBEKIETAN

Legend
The border of the Republic of Kazakhstan

""""" Borders of Countries
Borders of the western regions (Aktobe,
West Kazakhstan region, Atyrau and
Mangystau regions)
The boundaries of the administrative
division of the western regions
- Railway

TURKMENTS

S50°0E 55°0E G0°0E

Figure 1 — Map of the Western regions of Kazakhstan administrative divisions

Soils and vegetation. The soil cover of the region is diverse. The northern part
(Aktobe and West Kazakhstan regions) is dominated by chestnut and gray-earth
soils suitable for pasture and agriculture. In the southern regions (Mangystau
region), desert sandy and clay soils are common, as well as salt marshes
characterized by low fertility. Vegetation is represented by steppe (kovyl, tipchak)
and desert communities (saksaul, solyanka, wormwood) (Academy of Sciences of
the Republic of Kazakhstan 2018).

Industrial activity. The western regions of Kazakhstan play a strategic role
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due to large oil and gas deposits (Tengiz, Kashagan), as well as polymetallic
ores (United Nations Environment Programme (UNEP). 2020). More than 90%
of the country’s proven hydrocarbon reserves are concentrated here, which is
accompanied by intense anthropogenic impact. The main pollutants are petroleum
products, heavy metals and wastewater, which degrade the soil cover and disrupt
ecosystems (Salikhov, et al, 2018; Baykov, et al, 2022).

Environmental issues. Key environmental issues in the region include:

— contamination of soil and water resources as a result of oil leaks and industrial
waste;

Desertification and land degradation, especially in the Mangystau region;

— decrease in biodiversity due to intensive industrial development.

Thus, the object of the study is man-made changes in the soil cover of the
western regions of Kazakhstan caused by the activities of the oil and gas and mining
industries (Salikhov, 2018).

Materials and methods. The research was conducted on the territory of the
West Kazakhstan region in June 2024. The main types of soils in the dry-steppe
zone of the West Kazakhstan region were studied: dark chestnut, meadow chestnut
and salt marsh. To ensure a comprehensive analysis, both natural undisturbed areas
and anthropogenic-disturbed territories were selected.

Selection of soil samples. Soil samples were taken along the middle part of
the soil profile horizon in accordance with generally accepted methods and the
envelope method. Cotton bags were used to collect samples, which ensures the
preservation of the chemical composition of the soil. The selection procedure was
carried out in accordance with GOST 17.4.4.02-2017 “Nature protection. Soils.
Methods of sampling and preparation of samples for chemical, bacteriological and
helminthological analysis” (INTERSTATE STANDARD 2017). The selection was
carried out according to the genetic profile, taking into account the characteristics
of each soil horizon.

Organization of field work. Field research was conducted in four regions of the
West Kazakhstan region. Field and camera studies of soils in the West Kazakhstan
region included the collection of quantitative data from monitoring sites, the analysis
of stock and cartographic materials, as well as the decryption of remote sensing
data (including the processing of satellite images). Additionally, meteorological
information was collected, which made it possible to clarify the current boundaries
of the spread of degraded lands and other relief formation processes. This made it
possible to clarify the contours of the spread of degraded lands and other relief-
forming processes.

Laboratory methods of soil analysis. Laboratory studies were carried out using
traditional methods: granulometric and microaggregate compositions — according
to N.A. Kachinsky; total humus, group and fractional composition of humus —
according to I. Tyurin; total nitrogen — according to Kjeldahl; carbon dioxide of
carbonates — according to Geisler-Maximyuk; gypsum — according to Giedroyc;
metabolic capacity — according to Giedroyc; absorbed calcium and magnesium —
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according to Giedroyc; absorbed sodium and potassium — on a flame photometer;
water extraction analysis — according to Arinushkina; pH of soil suspension
— calorimetrically; aggregate analysis — according to Savvinov; maximum
hygroscopicity — according to Mitcherlich; the mass of the solid phase of the soil
is pycnometrically; the volume mass is by the Nekrasov borax; soil moisture is by
the weight method; water permeability is by the N.S. Nesterov device with an area
of 0.1 m2 with a water pressure of 5 cm; field moisture capacity is at the flooded
sites with humidity determination after 3 days; mobile iron is by Kirsanov; mobile
phosphorus — according to Machigin; mobile potassium — according to Protasov;
hydrolyzable nitrogen — according to Tyurin and Kononova; gross phosphorus —
according to Pamberton; gross potassium — according to Smith; gross soil analysis
— according to Giedroyc. Biological (soil fauna) research will be conducted in
spring — summer — autumn (October); Gilyarov method research.

Monitoring methods were also used, including physico-chemical analysis,
geostatistical and modern technological approaches.

Methods of monitoring and chemical analysis. Chemical analysis is one
of the key methods for monitoring contaminated soils. Atomic absorption
spectrophotometry (AAS) was used to determine concentrations of heavy metals
such as lead, cadmium, mercury, and arsenic (Enuneku, et al, 2021; Bhardwaj, et al,
2017; Mmolawa, et al, 2013). This method provides highly accurate identification
of even minimal concentrations.

To study the assessment of soil pollution with heavy metals in the territory of
the West Kazakhstan region, the following objects were selected for the Aktobe
region (1. Khromtau Artificial upland mountains from spent rock, 2. Khromtau
Artificial upland mountains from spent rock, 3. Alley of Miners, 4. Central City
Park in the city of Khromtau, 5. Zhaman Kargaly River, 6. Aktobe Ferroalloy plant,
7. Kenkiyak deposit); Mangystau region (1. Zhangyrlau village, 2. Turysh village,
3. LLP “JV “CASPI BITUMEN industrial zone, 4. Sulfuric acid plant (Aktau), 5.
Zhetibai field, JSC Mangistaumunaigas, 6. Kyzylsai, 7. Central Park in Zhanaozen)
in Atyrau region (1.Kosshagyl settlement, 2. 40 km east of Atyrau, 3. Akystau field,
4. Atyrau Oil Refinery (ANPZ)); in West Kazakhstan regions (1. Karachaganak
oil and gas condensate field, 2. Karashyganak village, 3. Park of Culture and
Recreation. Uralsk, 4. Uralskaya CHPP thermal power plant industrial zone).

GIS technologies and geostatistical analysis. The ArcGIS 10.6 software was
used for data processing and map creation. Geostatistical methods such as kriging
interpolation and the inversely weighted distance (IDW) method have been used to
analyze the spatial distribution of pollutants. The IDW method makes it possible to
visualize the spread of pollutants and identify “hot spots” where concentrations of
heavy metals are highest.

The formula of the IDW method:

n -

N _ doi
¥(So) = 2. WY(SO €Y)
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In equation (1), the numerator is the inverse of the distance (d0i) between SO
and Si with degree a, and the denominator is the sum of all weights of the inverse
distance for all locations i, so the sum of all li for a point without sampling will be
one (George Y. Lu and David W. Wong. 2008; Shepard 1968; Berndt and Haberlandt
2018).

The IDW method allows to visualize the distribution of heavy metals based on
the created raster surface.

Based on the results of the GIS analysis, they provide a reliable assessment of
the soil cover and contamination of the territory. Comparative analysis with remote
sensing data will allow for more accurate mapping of degraded and polluted soils
in the West Kazakhstan region.

The research was conducted on the territory of the West Kazakhstan region in
June 2024. The main types of soils in the dry-steppe zone of the West Kazakhstan
region were studied: dark chestnut, meadow chestnut and salt marsh. To ensure
a comprehensive analysis, both natural undisturbed areas and anthropogenic-
disturbed territories were selected.

Results and discussion. During the field soil expedition, soil samples were
taken in accordance with GOST 17.4.4.02-2017 “Nature protection. Soils.
Methods of sampling and preparation of samples for chemical, bacteriological,
and helminthological analysis” (INTERSTATE STANDARD 2017). The work was
carried out at facilities located in various regions of the West Kazakhstan region
and other industrial zones of Kazakhstan.

To determine the impact of the Donskoy Mining and quarries on soil pollution, a
soil section was laid and soil samples were taken using the envelope method in the
south—east and north—west directions according to the wind rose, at a distance of
100 m, 250 m, 500 m, 1000 m and 5000 m, as well as on the territory of urban parks
(Alley of Miners and Central Khromtau City Park). A total of 18 samples were
taken from the study area (Figure 2): Section No. 1 (0-8 cm); 100 m, 250 m, 500
m to the southeast of Section No. 1; The foot of the dump; 100 m, 250 m, 500 m,
1000 m and 5000 m to the northwest of the dump; The Central Park and the Alley
of miners of the city of Khromtau, the border of the city of Khromtau.

Tndicators of the elements in the soil. in mg/ke
Sample names " . Mobile Mobile Mobile | Gross | Gross | Gross
Nickel | Molybdenum | Cobale  Chromium | Arsenic | Mobile Zne | o © |- LU | Mobilelead | R Grosszine| | |
Section No. 1 (0-8 cm) 7 1550 09 [ 0.5 0.9 0.22 912 | 228 12 5.6
100 m south-cast of Section No. | 56 2434 12 06 04 11 872 72
250 m south-east of Section No. | 3307 9 0.5 02 0.9 14 0.14 264 36 6
500 m south-east of Section No. 1 2849 13 o5 [ o1 | 11 15 72.4 212 32 3.6
Foot of the dump 14 07 0.07 1838 36 24

1.1 0.7 0.6 0.7 0.13 68.8 12 36
03 06 0.6 01l 64 172 24
1.7 0.5 0.8 1.1 0.15 652 17.6 2 56

100 m northwest of the dump
250 m northwest of the dump

500 m northwest of the dump B

1000 m northwest of the dump 321 6 0.6 03 0.8 0.08 744 164 24 3.6

[Khromtau Central Park 1 485 14 04 13 728 204
|Alley of miners, Khromtau city 563 10 51 3708 11 0.5 0.9 87.6 268 2 48

The border of the city of Khromtau 537 13 10 5 06 11
5000 m northwest of the dump 714 4 2524 12 0.5 0.9

99.2 216 36 56
0.17 664 184 16 2

Figure 2 — Results of laboratory studies of soil samples in the territory of the Donskoy Mining and
Processing Complex, Khromtau
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A soil section was laid on the border of the industrial zone of the Aktobe
Ferroalloy plant and soil samples were taken in the sanitary protection zone and
beyond it at a distance of 100 m, 250 m, 500 m and 1000 m in the western and
northern directions, as well as in the territory of the Central Park of Aktobe. A total
of 9 samples were selected (Figure 3): Section—3; 100 m, 250 m, 500 m and 1000 m
west of the SPZ; 100 m, 250 m and 500 m north of the SPZ; Aktobe Central Park.

Indicators of the elements in the soil. in mg/kg
Sample mumber Sample names ) § | Mobile Mobile Gross | Gross | Gross | Gross
Nickel | Molybdenum |Chrominm | Arsenic | Mobile Zine | (20 * | Mobile lead [Mobile boran| %% || % | SO | S
23 Section 12 4 03 0.06 2 44
2 100 m west of sanitary protection zone 17 16863 11 5.1 028 944 | 216 32
27 250 m west of sanitary protection zone 49 14197 11 021 212
28 500 m west of sanitary protection zone 68 2851 9 3.2 0.9 0.5 021 94.4 32 48
29 1000 m west of sanitary protection zo 76 11 3238 5 038 015 848 | 216 24 44
30 100 m north of the sanitary protection zone | 84 11 10655 10 4 12 06 | 013 832 | 196 | 4
31 250 m north of the sanitary protection zone | 80 s 9231 49 12 08 0.12 132 192 16 4
32 500 m north of the sanitary protection zone | 83 9 6029 44 08 1 04 90.4 24 | 56 |
34 | Aktobe Central Park, 000 m 37 07| 09 | o4 102 12 | 4 |

Figure 3 — Comparison of the results of laboratory studies of soil samples in the territory of the
Aktobe Ferroalloy Plant

Sampling sites on the territory of the Kenkiyak oil field SPZ (Figure 4): 37
sample is a gas station site, 35 sample is along the road in a northwesterly direction
at 1000 m and 36 sample is 5000 m.

T Tndicators of the elements in the soil, in mg/k; |
Sample number Sample names
35 1000 m north of the sanitary protection zone
36 5000 m north of the sanitary protection zone
37 gas station of terratoria villages

Figure 4 — Comparison of the results of laboratory studies of soil samples in the Kenkiyak oil field

The Karachaganak oil field and the city of Uralsk were selected as sites on the
territory of the West Kazakhstan Region. 5 samples were selected at the SPZ of the
Karachyganak oil field (Figure 5): No. 103 — section No. 12, No. 109 — the border
of the SPZ, No. 110 — 1,500 m to the southwest of the SPZ, No. 111 — 1,500 m to
the northeast of the SPZ, No. 112 — the village of Karashyganak. 3 samples were
selected at the Uralsk city border (Figure 6): No. 113 — Central Park, No. 114 —
Central Park Industrial Zone, No. 115 — 7,500 m from the industrial zone.

Indicators of the elements in the scil, in mg/

Sample number Sample names N
Mobile lead

103 ncision No. 12
109 SPZ border
110

Karashveanak village

Figure 5 — Comparison of the results of laboratory studies of soil samples in the territory
of the Karachyganak oil field
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Indicators of the elements in the soil, in mg/kg |
Sample names Gross Gross.
Nickel |Chromium | Arsenic | Mobile Zinc |Mobile Copper | Mobile Cadmium | Mobile lead ‘Mobile boron Gross zinc copper Ca Gross lead
Central Park 92 9 0.9 1 4.4
Central Park Industrial Zone 317 5 0.14 548 25.6 4
7500 m south of the industrial zone 0.7

Figure 6 — Comparison of the results of laboratory studies of soil samples in the city of
Uralsk

Atyrau Oil Refinery (ANPZ), Koschagylskoye and Martyshinskoye oil fields
were selected as sites for soil research in Atyrau region (Figures 7, 8, 9). The
following points have been selected on the territory of the ANPZ: No. 93 — 5000 m
east of the SPZ, No. 94 — 1000 m east of the SPZ, No. 95 — 500 m east of the SPZ,
No. 96 — 250 m east of the SPZ, No. 97 — 250 m south of the SPZ, No. 98 — 500 m
south of the SPZ and No. 99 — 1000 m south of the SPZ. The Koschagylskoye oil
field facility covers the following points: No. 71 — section No. 8, No. 73 — section
No. 9, No. 77 — 1000 m south — east of section No. 8, No. 78 — 5000 m south — east
of section No. 8, No. 79 — 500 m south—east of section No. 8, No. 80 — 500 m to the
northwest and No. 81 — Kosachagyl settlement.

Indicators of the elements in the soil. in me/kg

Sample number Sample names

93 5000 m east of SPZ
94 1000 m east of SPZ
95 500 m east of SPZ
96 250 m east of SPZ
97 250 m south of the SPZ

98 500 m south of the SPZ

99 1000 m south of the SPZ

Figure 7 — Comparison of the results of laboratory studies of soil samples in the territory of the

Atyrau Oil Refinery
[ Tndicators of the elements in the soil, in mg/kg
Sample number Sample names . " . . Mobile ‘Mobile Gross. Gross. Gross Gross.
Nickel |Molybdenum |Chromium | Arsenic | Mobile Zinc Copper Cadminm Mobile lead Zzine <ol Cadminm|  lead

71 Section No. § 98 17 1 16 32 6
73 Section No. 9 16 57 5 24 1 72 6.8
77 1000 m southeast of section No. 8 18 102 4 84 12
78 5000 m southeast of section No. 8 4 13 26 11 192 16 6
79 500 m southeast of section No. 8 12 26 15 96 12 2|
80 500 m northwest of section No. 8 2.7 11 16 96 12 5
81 [Kosshagyl. a settlement 60 4 21 09 16 164 12

Figure 8 — Comparison of the results of laboratory studies of soil samples in the territory of the

Koschagyl oil field
Indicators of the elements in the soil. in mg/k;
Sample number Sample names Mobile Mobile Gross | Gross | Gross | Gross
Nickel |Molybdenum | Cobalt |Chromium | Arsenic | Mobile Zinc c Cadmi Mobile lead Zine er | Cadmi lead
89 Martyshi Section-11 4 147 12 0.8
90 Martyshi to the north 250 m 288 88
91 Martyshi 1000 m 46 3 35 26

Figure 9 — Comparison of the results of laboratory studies of soil samples in the territory of the
Martyshinsky oil field

Laboratory tests. The selected samples were sent to certified laboratories for
chemical analysis for the content of heavy metals:
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* Ecoservice—S LLP

» Kazakh Research Institute of Soil Science and Agrochemistry named after
U.U. Uspanov

Applied laboratory instruments:

1. Specord 210 PLUS

2. lonometer [-160

3. FLAPHO-4 flame photometer

4. AR 2140 and Scout SPS202F electronic scales

5. Portable XRF analyzer for X-ray fluorescence spectrometry

Laboratory results showed concentrations of heavy metals (mg/kg), shown in
Figures 3 and 4.

An integrated approach using GIS and chemical analysis allowed us to obtain
accurate and reliable results for assessing the state of the soil cover of the West
Kazakhstan region and other industrial regions of Kazakhstan.

Soil pollution in the western regions of Kazakhstan is a serious environmental
problem associated with the intensive activities of the oil and mining industry.
The accumulation of heavy metals, oil and its derivatives in soils has a significant
negative impact on ecosystems, reduces land fertility and threatens public health.

The main criteria for assessing polluted soils. The main indicator of the
environmental danger of soil pollution is the excess of the maximum permissible
concentrations (MPC) of toxic substances. The analysis showed that intensive
development of natural resources in Kazakhstan is often carried out without
due consideration of environmental consequences, which leads to significant
accumulation of heavy metals, pesticides and petroleum products in the soils. Soil
pollution is the entry into its composition of solid, liquid and gaseous substances
that have harmful effects both directly and indirectly through their impact on other
components of the ecosystem.

In Kazakhstan, there is a lack of systematic research on the content of toxic
substances in soils and vegetation of natural areas, especially pastures and forage
lands. Data on pollution are fragmentary, focusing mainly on the sources of
pollution rather than its effects on the soil cover.

Sources of soil pollution. The main anthropogenic sources of soil pollution are:

Industrial enterprises (metallurgy, mining and oil refining industries);

— energy (thermal power plants);

— motor transport;

— agricultural waste (chemical plant protection products);

— household and industrial waste.

Enterprises associated with the extraction and processing of polymetallic ores
pose a special environmental danger, as heavy metals enter the soil: lead (Pb),
cadmium (Cd), mercury (Hg), arsenic (As), zinc (Zn), copper (Cu), nickel (Ni).
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ASSESSMENT MAP OF SOIL POLLUTION BY HEAVY METALS
IN THE WEST KAZAKHSTAN REQION

KOSTANAY |
REGION
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REGION

Soil pollution by heavy met
The presence of A
eavy metal n the soil
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Pucynok 10 — OnenouHasi kapra 3arpsi3HEHUs! M04B TSKEJIbIMU MeTaJulaMy 3ara/iHo-
Kazaxcranckoro peruona

Geographical specifics of soil pollution. Foci of heavy metal pollution in
Kazakhstan are concentrated in areas of large industrial zones and cities: Khromtau,
Atyrau, Aktau, Karachaganak oil and gas condensate field. In the vicinity of
these settlements, concentrations of lead, copper, zinc, and cadmium in the soil
significantly exceed the maximum permissible concentration (Figure 10), which
poses a threat to ecosystems and public health.

Features of migration and accumulation of heavy metals. Heavy metals have the
ability to accumulate and migrate in the soil (Figure 11). The main mechanisms of
their movement and accumulation include:

1) the transfer of toxic substances in the form of dust for tens of kilometers from
the source of pollution, especially in the dry season;

2) the formation of insoluble compounds with humus, which leads to their
fixation in the upper soil layer, mainly at a distance of 1-3 km from the source;

3) increased anthropogenic impact on urban soils due to the proximity of
industrial enterprises, transport infrastructure and urbanization.

Environmental hazards of soil pollution. Heavy metals, accumulating in soils,
pose a serious threat to ecosystems and human health. The main consequences
include:

- The transfer of toxic substances into plants, animals and further along the food
chain, which contributes to their accumulation in human and animal organisms;
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- High toxicity of certain metals (for example, lead and mercury), leading to
serious illnesses and even deaths;

- Accumulation of a billion tons of industrial waste annually, which causes
irreversible changes in the soil cover.

ASSESSMENT MAP OF SOIL POLLUTION BY MOBILE FORMS [
OF ELEMENTS IN THE WEST KAZAKHSTAN REGION

KOSTANAY,
REGION

ULYTAU
REGION

KYZYLORDA
REGIO

Figure 11 — Estimated map of soil pollution by mobile forms of elements in the West Kazakhstan
region

Characteristics of the soils of the studied territories. The soils of the cities of
Khromtau and Aktobe are dark chestnut, carbonate.

Mechanical composition: medium loamy.

The addition density of horizon A is 1.08 g/cm3, the density of the solid phase
is 2.46 g/cm3.

Porosity: 56%.

Humus content:

- Upper horizon (A1): 2.80 %;

- Horizon Az: 1.91 %j;

- AB horizon: less than 1 %.

The reaction of the medium (pH): slightly alkaline in the upper horizons (7.3—
7.6) and strongly alkaline in the lower horizons (8.0-9.0).

Salinity: the upper horizons are unsalted, the middle part is medium salinity, the
lower part is strong (1.02—1.60%).

Heavy metal content. In the territories of Donskoy GOK and the city of
Khromtau, there is a significant excess of the maximum permissible concentration
for a number of heavy metals.:
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1. Arsenic (6.0-19.0 mg/kg), MPC: 2 mg/kg.

2. Nickel (above 4.0 mg/kg at all points).

3. Molybdenum (at some points up to 10-fold excess).
4. Cobalt and chromium (excess at all sampling points).
5. Zinc (up to 146 mg/kg at individual points).

ASSESSMENT MAP OF SOIL POLLUTION BY GROSS
FORMS OF ELEMENTS IN THE WEST KAZAKHSTAN REGION N

ULYTAU
REGION

KYZYLORDA
REGION

Figure 12 — Estimated map of soil pollution by gross forms of elements in the West Kazakhstan
region

Spatial distribution of heavy metals (Figure 12). Geospatial analysis using the
IDW interpolation method in ArcGIS showed:

— The city of Khromtau: the main pollutants are nickel, cobalt, chromium, zinc,
cadmium. The highest concentrations are recorded in the landfill sites and the
central part of the city.

— Aktobe city: high concentrations of nickel, chromium, arsenic, cadmium and
zinc. The greatest pollution was recorded in the northeastern and southern parts of
the city.

— Kenkiyak deposit: exceeding the maximum permissible concentration for
chromium, copper, arsenic and cadmium.

— The city of Uralsk: the maximum permissible concentrations for chromium
(up to 436.9 mg/kg), arsenic (9.9 mg/kg), cadmium and copper have been exceeded.

— Karachaganak deposit: soil pollution is associated with chromium, arsenic,
zinc and cadmium.

— Koschagylskoye and Martyshinskoye deposits: the maximum permissible
concentrations for arsenic, chromium, cadmium and copper were exceeded.

87



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

The most polluted territories are associated with the location of industrial
facilities, landfills, and mining areas.

The main pollutants of soils are chromium, nickel, arsenic, cadmium, copper
and zinc, the concentrations of which are many times higher than the MPC.

The results emphasize the need to implement systematic monitoring of soil
pollution, develop methods for their purification and restoration.

The data obtained are of high practical importance for the development
of environmental measures to restore polluted territories and include them in
agricultural turnover, which will ensure the sustainable development of the region.

Conclusion. Soil pollution in the western regions of Kazakhstan continues to
be a significant environmental concern due to the extensive activities of the oil and
mining industries. The primary contaminants include heavy metals, petroleum, and
its derivatives, all of which severely impact ecosystems, degrade soil fertility, and
pose considerable risks to public health.

The major sources of contamination are industrial emissions, mining and
mineral processing activities, and vehicular emissions. Areas with the highest
concentrations of toxic substances are located near major industrial facilities, such
as the cities of Khromtau, Aktobe, and Uralsk, as well as the Karachaganak oil and
gas condensate field and other prominent oil fields.

Research findings highlight that the soils in the affected regions are characterized
by low humus and phosphorus levels, moderate nitrogen content, and elevated
potassium levels, which collectively signal reduced soil fertility. This situation
underscores the urgent need for soil restoration measures to ensure long-term land
productivity.

To assess soil contamination, chemical, bioindication, geostatistical, and
cartographic methods were employed. Geographic Information System (GIS)
technologies facilitated the development of information and assessment maps
that visualize pollutant dispersion. The key indicator of contamination is the
exceedance of maximum permissible concentrations (MPC) for heavy metals, such
as chromium, nickel, cadmium, and arsenic.

To mitigate environmental damage, the following integrated approaches are
recommended:

1. Continuous Monitoring: Regular monitoring of soil pollution using advanced
analytical techniques to identify trends and risks.

2. Remediation Technologies: Implementation of soil purification methods,
including bioremediation, chemical treatments, and thermal processing.

3. Innovative Solutions: Adoption of cutting-edge technologies, such as
nanotechnology, to enhance the efficiency and effectiveness of soil restoration.

The research outcomes have significant practical value and can inform
government policies aimed at reducing anthropogenic pressures, restoring soil
fertility, and reintegrating polluted lands into agricultural production. This will
enhance regional livestock and feed production, contributing to the sustainable
economic development of the region.
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Achievingenvironmental safety in western Kazakhstannecessitates strengthening
the environmental control system, prioritizing soil condition assessments, and
fostering collaboration between research institutions and industrial enterprises.
Such partnerships can facilitate the implementation of innovative environmental
protection strategies and promote the rational use of natural resources.
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