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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaej0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
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
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© M.Zh. Makhambetov', R. Izimova'*, G.I. Issayev’, N.A. Akhmetov>>,
E.K.Ibragimova?, 2024
K. Zhubanov Aktobe Regional University, Aktobe, Kazakhstan;
’K.A. Yassawi International Kazakh-Turkish University, Turkestan, Kazakhstan;
3Gazi University, Ankara, Tirkiye.
E-mail: roza.izimova@mail.ru

ECOLOGICAL-GEOLOGICAL ASSESSMENT OF TECHNOGENICALLY DISTURBED
TERRITORIES OF OIL FIELDS OF THE ATYRAU REGION

Makhambetov Murat — PhD, Associate Professor, K. Zhubanov Aktobe Regional University, Aktobe,
Republic of Kazakhstan

E-mail: murat.makhambetov(@zhubanov.edu.kz, https://orcid.org/0000-0002-8356-296X;

Izimova Roza — Candidate of biological sciences, Associate Professor, K. Zhubanov Aktobe Regional
University, Aktobe, Republic of Kazakhstan

E-mail: roza.izimova@mail.ru, https://orcid.org/0000-0001-9535-671X;

Issayev Gani — Candidate of technical sciences, Associate Professor, K. Yassawi International Kazakh-Turkish
University, Turkestan, Republic of Kazakhstan

E-mail: gani.isayev@ayu.edu.kz, https://orcid.org/0000-0001-5120-8387;

Akhmetov Nurlan — Gazi University, Ankara, Turkey; Khoja Akhmet Yassawi International Kazakh-Turkish
University, Turkistan, Kazakhstan

E-mail: nurlan.akhmetov@gazi.edu.tr, https://orcid.org/0000-0002-5308-0425;

Ibragimova Elmira — Candidate of technical sciences, Associate Professor Khoja Akhmet Yassawi International
Kazakh-Turkish University, Turkistan, Kazakhstan

E-mail: elmira.ibragimova@ayu.edu.kz, https://orcid.org/0000-0001-8944-5433.

Abstract. In the context of the contemporary development of the oil and gas sector
in the Republic of Kazakhstan, it is crucial to possess an understanding of the mechanisms
and patterns of distribution of heavy metals in the environment. This circumstance thus
necessitates the implementation of a programme of constant monitoring and ecological-
geological assessment of the entry of heavy metals into the soils of oil fields. This article
addresses the issues of ecological and geological assessment of soil conditions in oil
fields in the Atyrau region of the Republic of Kazakhstan. The highest categories of soil
contamination with heavy metals were identified in the vicinity of the Iskene and Koschagyl
deposits. The findings of the study allow for the accurate determination of the extent and
overall category of soil contamination in oil fields. The study was conducted in accordance
with the established techniques and methods. The issue of objective ecological-geological
assessment of oil fields is addressed through the utilisation of standardised methodologies for
the calculation of the total indicator, with due consideration given to the excess of maximum
permissible or background concentrations of pollutants. A methodology is proposed for
calculating a complex indicator that can take into account the varying dimensions of soil
contamination. This includes the frequency of excess of conditionally natural background
concentrations, the frequency of exceeding the maximum permissible concentrations of
pollutants, and their hazard class. The priority scale of pollutants is based on well-known,
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scientifically-based gradations of soil pollution parameters. Using standard and proposed
methods for calculating soil pollution, the geo-ecological situation was established at
distances of up to 10 km.

Keywords: total pollution category, soil, ecological state, heavy metals, Zhylyoi,
Makat, oil fields.
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2K.A. Slcayu aTbiHgarsl XaublKapajblK Ka3ak-Typik yHuBepcureTi, Typkicran, Kasakcraw;
Ta3u yHuBepcuTeTi, AHKapa, TypKus.
E-mail: roza.izimova@mail.ru

ATBIPAY OBJIBICHI MYHAM KEH OPBIH/IAPBI TEXHOT'EH/II BY3bLIIFAH
TEPPUTOPUAJTAPBIH SKOJOINAJBIK-I'EOJIOTUAJIBIK BAFAJIAY

MaxambetoB Mypat — PhD, kaysimmacteipputran npodeccop, K.JKyOanoB areiHmarbsl AKTeOe OHipIik
yHuBepcuteTi, Akrobe, Kazakcran PecryOnmuikacer

E-mail: murat.makhambetov(@zhubanov.edu.kz, https://orcid.org/0000-0002-8356-296X;

H3umoBa Po3za — Ouornorus FHUIBIMIAPBIHBIH KaHIUIATHL, KaybIMIAcTHIpsUFaH mpodeccop, K.IKybdanos
aTbeIHIarel AKTOOe eHipIiK yHuBepcHuTeTi, AKTooe, Kasakcran PecmyOnukacs
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XanpIkapanblK Ka3ak-Typik yHuBepcureTi, Typkicran, Kazakcran

E-mail: gani.isayev@ayu.edu.kz, https://orcid.org/0000-0001-5120-8387;

AxmetoB Hypiaan — T'a3u ynuBepcureti, Ankapa, Typkus; Koxa Axmer Slcaym aTbiHIarsl XallbIKapaiblk
Ka3ak-Typik yHuBepcurerti, Typkicran, Kazakcran
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Annoranus. Kazakcran PecrnyOnuKkachlHBIH MYHal-Ta3 CEKTOPBIH JaMbITYIbIH
Ka3ipri »aFIailblHaa ayblp METAIAAp/IbIH KOPIIAFaH OpTara Tapajy MEXaHWU3Mepi MeH
3aHBUTBIKTAPBIH 01Ty MaHBI3/bI OOJBIN TaObLIAABL. ByJ1 *KaFnail MyHal KeH OpbIHAAPIHBIH
TOMBIPAKTAPBIHA AYBIP METAAAPIBbIH TYCYIH TYPaKThl OaKpiIay MKOHE DKOJIOTHSUIBIK-
TeOJIOTHSITBIK Oaraniay KaKeTTUTIrH aHbIKTaiabl. by makanana Kasakcran PecrmyOnukacht
ATbIpay 00JBICBIHBIH MYHAH KEH OPBIHAAPBIHBIH TOTBIPAKTAPIHBIH YKaF1ali bIH 9KOJIOTHSUTBIK-
TeOJIOTHSIIBIK Oarajay Macenenepi KapacThIpbUFraH. TOMBIPAKTHIH ayblp MeTalaapMeH
JIACTAaHYBIHBIH JKOFaphl caHaTTapbl Eckene xoHe KocIarbul KeH OpbIHIAPbIHBIH MaHbIHIA
aHBIKTANABI. 3epTTey HOTH)KeJepl MyHaill KeH OpPBIHAAPBIHIAFBl TOIBIPAKTHIH JIaCTaHy
JI9pekeci MEH KaJlbl KaTerOpHsICHIH CEHIMJI aHbIKTayFa MYMKIHZIK Oepexi. 3eprreyni
KYPTi3y Ke3iHJe Kalmbl KaObUIIaHFaH 9MICTEp MEH oficTep KOJNAAaHBUIAB. MyHall keH
OPBIH/IAPBIHBIH ayMarblH OOBEKTHUBTI OJKOJOTHSUIBIK-TCONIOTHSIIBIK ~Oaranay Moceneci
JIaCTayIIIbl 3aTTAP/IbIH IICKTI PYKCaT eTUITeH HeMece (DOHIBIK KOHIICHTPAIUSITAPBIHBIH AChIIT
KETYiH €CKepe OTBIPBII, JKAJIBI KOPCETKIIITI eCeNTeyIiH CTaHIaPTThI SICTepPiH KOIAaHy
ApKbUTBI KAPACTBIPbIIA/IbI. TOMBIPAKTHIH JACTAHYBIHBIH dPTYPIIi OIIEM/Ii CHIIATTAMATaPbIH
€CelKe aNaThbiH KEeIIeH[[I KOPCETKIIITI €CenTey SJiCTeMeci YCHIHBUIFAH: MAapTThl TaOWUFH
(hOHITBIK KOHIIEHTPAIUSIAH AChII KETY YKHLITIT1, TACTAyIIbI 3aTTaP/IbIH IEKTI PYKCAT eTUITeH
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KOHIICHTPALMSAChIHAH acy JKHIJITi, OJapIblH KayinTilik kKiacel. Jlactaymibl 3aTTapabiy
0achIMJIBIK IITKATACHI TOMBIPAKTHIH JIACTAHY NTapaMeTpiIepiHiH FhIIBIMU HET13eNTeH Oenrimi
rpajanusiiapblHa HeTi3nenreH. ToNbIpaKThIH JIACTAaHYBIH €CENTEY/IH CTaHIApTThl JKOHE
YCBIHBUTFAaH 9JIICTEPiH KOJIaHa OTHIPHIN, 10 KM-re AeiiHT1 KallbIKTHIKTa T€0KOIOTHSITBIK
JKarman OenruIeHIl.

Tyiin ce3aep: >kanmbl JacTaHy KaTerOPHSCHI, TOMBIPAK, SKOJOTHSUIIBIK KaFaai,
ayblp MeTanaap, JKeuiblol, Makat, MyHail KeH OpbIHAAPbI
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AnHoTauus. IIpy COBpEeMEHHBIX YCIOBHUSIX Pa3sBUTHS HEPTEra3oBOrO CEKTOPa
Pecny6nuku Kazaxcran BaxHOE 3HaUEHHE UIMEET IIO3HAHNE MEXaHU3MOB U 3aKOHOMEPHOCTEH
pacripeneneHus TSHKEIbIX METAIJIOB B OKPYXKaroLe cperie. ITo 00CTOSATEIbCTBO ONIPEACTISIET
HEOOXOJUMOCTh HPOBEICHUSI IOCTOSHHOIO MOHUTOPHUHIA M  3KOJOrO-T€OJIOTHYECKON
OLICHKH MOCTYIUICHHUS TSDKEJIBIX METAJUIOB B IIOYBBI HEPTSHBIX MECTOPOXKACHUHA. B nanHOM
CTaThe PACCMOTPEHBI BOIPOCHI 3KOJIOT0-I'€0JIOTMUECKOH OLIEHKH COCTOSHUS TIOUB HEPTSIHBIX
MecTopoXxIeHul ATbeipayckoii obmactu PecryOnmkm Kazaxcran. HaumbGomee BwIcOKHe
KaTEeropuH 3arpsI3HEHNUS IOYB TSDKEIBIMU METaJUIaMU OOHAPY>KEHBI BOJIM3H MECTOPOKACHUS
Uckene, Kocuarbul. PesynbTarsl HCClleIOBaHUS MO3BOJISIOT JOCTOBEPHO ONPEACIHTH
CTENEHb U CYMMAapHYIO KaTETOPHUIO 3arps3HEHUs] Mo4B He(TIHBIX MecTopoxaeHui. [lpu
MPOBEICHUN HCCIECIOBAaHUA ObUIM HCIIONb30BaHbl OOIIEHPUHSITHIE METOIUKH M METOIBI.
PaccmarpuBaercst nmpobiaeMa OOBEKTHBHOW 3KOJIOTO-TEOJIOTHUECKOH OLICHKU TEPPUTOPUHU
HE(QTSAHBIX MECTOPOKICHUH IO CTaHAAPTHBIM METOJMKAM pacdyeTa CyMMapHOTO
MOKAa3aTesIs ¢ yUETOM MPEBBILICHUS IPEACTBHO JOITyCTUMBIX MM (DOHOBBIX KOHLICHTPALU
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3arpsizHUTENei. [lpeanmoxkeHa Meromuka pacueTa KOMIUIEKCHOTO TIOKa3arens, KOTOPBIH
MOXET YYUTBHIBaTh pa3HOpa3MepHBbIC XapaKTePUCTHKH 3arps3HEHUs II0YB: KPATHOCTh
MIPEBBIIICHNST YCIIOBHO-ECTECTBEHHBIX (DOHOBBIX KOHIICHTPAIIHiA, YacTOTy IPEBBIMICHUS
MIPEJICTBHO JIOMYCTUMBIX KOHIIGHTPAIMA 3arpsi3HUTENCH, UX Ki1acCc OMacHOCTH. B ocHOBY
KBl TPHOPUTETHOCTH 3arpsi3HUTENICH TTOI0KEHB M3BECTHBIE HAYyYHO-O00OCHOBAHHBIE
rpajaluy napaMeTpoB 3arpsa3HeHust nouB. C MOMOILIBIO CTaHJAPTHBIX U NPEIIOKEHHON
METOAMK pacyeTa 3arps3HEHHs II0YB YCTAHOBIIEHA TEOJKOJIOTHYECKas CHTyalus Ha
pacctossauu 10 10 kM.

KaroueBbie ciioBa: cymMMapHasi KaTeropus 3arps3HEHUS, T0YBa, DKOJIOTHYECKOE
COCTOSIHHE, TsDKeIble MeTautbl, JKbUIbI0id, Makart, HeTSTHbIE MECTOPOKICHUS

Introduction

The distribution of potentially hazardous pollutants in the soils of oil field zones is
contingent upon a number of factors, including the volume of emissions, the dynamics of
their entry onto the surface of the soil cover, the degree of its heterogeneity, the characteristics
of chemicals and compounds containing pollutants, the transfer and migration of heavy
metals, the interaction and mutual influence of various pollutants, and other factors. The
underlying soil surface within a radius of up to 9 km from the territory of oil fields and
waste storage facilities may receive significant amounts of substances containing potential
environmental pollutants, including cadmium, lead, zinc, copper and strontium (Zhukova,
Khomyakov, 2016). The soil is in a constant state of change in response to alterations in
the surrounding environment, as well as to the impact of human activity and land use, and
agricultural processes. Some changes in the soil will be transient and reversible, whereas
others will result in a radical alteration of the soil’s condition, becoming a permanent feature
(Kolesnikov, 2010; Kubrina, 2012). Despite a significant number of studies examining the
impact of oil pollution on soil ecology in oil fields in the Atyrau region, there is a paucity
of research investigating the behaviour of oil products and the practical aspects of soil
reclamation in oil field ecosystems.

The objective of this research is to evaluate the ecological and geological condition
of technogenic ally polluted areas within oil fields in the Atyrau region of the Republic of
Kazakhstan. The rationale for these objective stems from the fact that the study area is not
only affected by oil pollution but also by oil fields, which are widely regarded as one of the
most environmentally hazardous forms of oil waste.

Study area

The Makat district is situated in the south-eastern region of the Atyrau district. Its
total area extends from north to south for 58 km and from west to east for 124 km. The
district is bordered to the north by the Kyzylkoginsky district, to the southeast by the Zhylyoi
district, to the southwest by the suburban areas of Atyrau, and to the west by the Makhambet
district. The district’s total area within administrative boundaries is 487.8 thousand hectares,
representing 4.2 % of the Atyrau region’s total territory.

The administrative centre of the district is the urban-type settlement of Makat, situated
130 km from the regional centre, the city of Atyrau. The regional economy is primarily
based on oil and gas production, with notable contributions from NGDU Makatneft, NGDU
Dossorneft, LPU MakatZhaiktransgaz, and the Dossor auto repair plant. The Makat region
is characterised by a strong industrial presence. The advancement of the regional economy
is contingent upon the growth and utilisation of oil fields. The territory of the Makat region

146



Reports of the Academy of Sciences of the Republic of Kazakhstan

is geomorphologically characterised as part of the Caspian accumulative Upper Quaternary
marine, with localised alluvial lowland features within the marginal trough of the platform,
exhibiting evidence of preserved marine salinisation and partial aeolian modelling. The
region’s topography is characterised by an extremely flat plain, comprising predominantly
sandy and partially loamy Upper Khvalynian deposits (Diarov, 2003).

The Zhylyoi district is situated in the southeastern portion of the Atyrau region. The
district is bordered to the north by the Kyzyl-Korgansky district, to the north-west by the
Makat districts of the Atyrau region, to the west by the Caspian Sea, and to the south by the
Aktobe region. The district covers an area of 29,352.2 km?. The topography of the Zhylyoi
region is characterised by a lack of variation. The region is situated within two distinct
geomorphological zones: the Caspian lowland and the Podural chalk plateau. The majority
of the region’s territory is situated within the first of these regions. The region’s economy is
primarily based on oil production.

Materials and research methods

In order to conduct an ecological and geological assessment of the current state
of the soil cover, oil fields situated within the Atyrau region were selected as the subject
of study. The study area is host to a number of oil fields, which have the potential to act as
sources of soil contamination.

The methodology comprised an analysis of background soils and soils exposed to oil
contamination as a consequence of an oil pipeline rupture. The latter was situated at various
distances from the accident site, including the epicentre, impact zone and contamination
boundary. In the course of the field survey, a comparative geographical approach was
employed with a view to establishing a connection between the structure of soils and the
corresponding set of natural conditions (Seredina V.P., Nosova, 2020).

In soil-geographical terms, the study area is situated within the desert subzone,
where the predominant zonal soil type is brown desert soil. However, given the relatively
recent formation of the territory, the proximity of mineralised groundwater to the surface
and the complex influence exerted on the soil-forming process by the Caspian Sea, weakly
formed saline soils of the hydromorphic series are predominant (Saparov et al., 2020).

Two samples were taken from each of the two deposits in each region. A total of four
points from the Tengiz, Koschagyl, Iskine, and Koshkar Yuzhny oil fields were considered
(see Figure 1). Samples were obtained at distances ranging from 0.1 to 10 km from each
point of the studied deposits. A total of 22 samples were obtained for each deposit in the
Makat and Zhylyoi districts of the Atyrau region. In the absence of natural or anthropogenic
sources of chemical elements within a 15 km radius of each deposit, the geochemical
background for each deposit was determined.
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Figure I — Schematic map of soil sampling sites in oil fields of the Zhylyoi and Makat regions.
The oil fields are located in the following regions: 1 — Tengiz, 2 — Koschagyl, 3 — Iskine, 4 — Koshkar
Yuzhny
Red dots — indicate the locations of soil sampling.

Soil samples were obtained from the principal soil types and in the vicinity of
the oil fields under investigation in the Makat and Zhylyoi districts of the Atyrau region,
specifically from the upper horizon at a depth of 0-25 cm. A total of 88 sampling sites
(SP) and one conditional background site were established. The upper soil layer, spanning
a depth of 0-25 cm, was selected as the focus of the study, encompassing the anticipated
area of oil impact within a radius of 0.1-10.0 km from the object of investigation. In order
to assess the ecological and geological impact of soil contamination in the region under
study, classical analytical techniques were employed. The soil samples were collected in
accordance with the requirements of GOST 17.4.3.01-2017. The soil samples were analysed
in accordance with the relevant standards and guidelines. The sampling requirements
were met in July 2023, with the samples subsequently prepared in accordance with GOST
17.4.4.02-2017. The determination of the content of heavy metals in soil samples was
conducted in specialized chemical laboratories using atomic absorption spectroscopy on a
spectrophotometer (Izimova et al., 2024).

In addition to the aforementioned multivariate analysis techniques, a set of
indicators was employed to characterise geochemical associations and subsequently assess
the ecological state of the deposit area. These calculations were performed using the Excel
program. The concentration coefficient (CC) of a chemical element is a measure of the level
of concentration of the element in the environment (in the contaminated zone) relative to
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its background content. The aforementioned coefficient is calculated using the following
formula:

Ci
KC - —
Cp, (1)
In this context, C, represents the average concentration of the i-th chemical element
established for a given geochemical sample. C,, on the other hand, denotes the background
content of this same element.
The total pollution index (Z ) was calculated using the following formula:

Z. = Ke—(n—1)

n
=1 , )

In this context, n represents the number of ingredients under consideration, while
Kc denotes the concentration coefficient of a given element. This is defined as the ratio
of the element’s concentration at the sampling site to that observed in the conventional
background (K¢ = Kpp / Kfon). The level of pollution was determined in accordance with
the gradations set forth in SanPin 2.1.7.1287.03.

The Z_ indicator was employed for the ecological-geological assessment of the
total indicator of soil pollution due to technogenic impacts, with the results presented in
accordance with the specifications set forth in Table 1. It can serve to reflect the actual
influence of the volume and composition of pollutants found in the soil on the composition
and quality of the soil.

Table 1. Gradation of the degree of violation by categories of soil pollution

Meaning Z . Soil pollution category
— Clean
8§-16 Acceptable
16 -32 Moderately dangerous
32 -128 Dangerous
>128 Extremely dangerous

The data were subjected to statistical processing using computer programs,
specifically MS Excel 2017 and Statistica 8.0.

Results and its discussion

The objective of this study, conducted in the autumn of 2022-2023, was to assess the
ecological and geological impact of soil contamination with oil in oil fields situated in the Zhylyoi
and Makat regions of the Atyrau region. The primary anthropogenic pathway for the introduction
of heavy metals into the soil is through oil. The propagation range and levels of soil contamination
are contingent upon the strength of the source, emission conditions, and other parameters. As a
consequence of the dissipation of impurities with distance from the sources of pollution, the zone
of intense influence, in which the MPC is exceeded, is relatively limited. However, the soil cover
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of the studied areas has been found to contain notable quantities of heavy metals. The results of the
laboratory analysis of soil samples for the content of heavy metals (HM) revealed the following
patterns (Table 2).

Table 2. Average content of heavy metals in soils of the studied oil fields of the Atyrau region, mg/kg

Date s Heavy metals and their content in soils, mg/kg
em Cu cd Pb 7h Cr
MPC, mg/kg 3.0 0.3 32,0 23.0 6.0
Tengiz oil field (coordinates 46°09'10" 53°23'00")
’;‘ggfln 0-25 2,955 0,056 34,151 21,549 3,15
Autumn 2878 0,087 33,112 23472 1,05
2023y 0-25
Koschagyl oil field (coordinates 46°49" 53°46)
Autumn [ )5 2,326 0,026 32,155 23,175 321
/%ogz v
utumn
003 v 0-25 2,481 0,027 31,231 20,182 2,28
Iskine oil field (coordinates 47°24' 52°42")
Autumn
0-25 2,258 0,065 31,146 22,184 2,87
Igogz y
utumn
003 v 0-25 2,387 0,042 30,112 22,793 1,11
South Koshkar oil field (coordinates 47°44' 53°45')
Autumn. - g 2,974 0,102 32,847 23,487 2,37
Kozz v
utumn g o 2,538 0,075 31,735 21,931 3,99
2023y

The data on the content of substances in the soil cover are of the utmost importance for the
ecological and geological assessment of the state of soils in oil fields contaminated with oil and oil
products in the Makat and Zhylyoi fields of the Atyrau region. Furthermore, they are instrumental in
identifying the distribution area of heavy metals. The results of the soil sample analyses revealed that
the concentrations of heavy metals, specifically lead, exceeded the maximum permitted concentration
(MPC) in 2022. The exceedances were observed at 34.151 MPC in the Tengiz fields, 32.155 in
the Koschagyl field, and 32.847 MPC in the South Koshkar field. In 2022, an excess of zinc was
recorded in the Koschagyl and South Koshkar deposits, with levels reaching 23.175 MPC and 23.487
MPC, respectively. With regard to other heavy metals, no excess of the MPC was identified in the
aforementioned oil fields during the course of the 2022 study.

In comparison to the data collected in spring 2022, the concentrations of all heavy metals
detected in soil samples from individual oil fields exhibited a slight decrease. The results of the soil
sample analyses indicated a slight increase in the concentration of heavy metals, specifically lead
(33.112 MPC) and zinc (23.472 MPC), in the Tengiz fields in 2023 (Figure 2).
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Figure 2. The Dynamics of the Average Content of Heavy Metals in Soils of Oil Fields in the Atyrau Region

The research findings indicate that the concentration of heavy metals in soil samples
from the Atyrau region in 2022 is as follows: The order of concentration was Cd > Cu > Cr
> 7Zn > Pb. Cadmium was the initial element in the series, exhibiting a content in soils that
did not exceed the established threshold. In 2023, the concentration of heavy metals in soil
samples remained consistent with that observed in 2022.

A comparison of the data processing results for the two-year period (2022-2023)
(Table 3) reveals that the concentration (mean, minimum, maximum) of heavy metals in the
soil cover of the studied oil fields is lower than the mean for 2022.

Table 3. The results of the statistical processing of the soil sample analysis from oil fields in the Atyrau region
for the period 2022-2023 are presented in mg/kg.

Element | Tombt [ Cu [ Cd [ Pb [ Zh [ Cr [
Tengiz oil field
2022 2,955 0,056 34,151 21,549 3,15
Average content 2023 7878 0,087 33,112 23472 1,05
2022 1,694 0,022 21,289 18,587 .16
Minimum 2023 1,084 0,016 20,548 18,541 .18
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2022 3,107 0,121 33,162 26,184 336
Maximum 2023 3,054 0,154 36,654 24981 6,11
Number of | 2022 20 20 20 20 20
samples 2023 ” i) o¥) 7 7
Geochemical | 2022 1,056 0,021 10,816 9.195 0.87
backd
ackdrop 2023 T,087 0,017 9,891 11,643 0,02
oschagyl oil field
2022 2,326 0,026 32,155 23,175 321
Average content 3003
2,481 0,027 31,231 20,182 2,28
2022 151 0,018 20,160 17,969 1,02
Minimum 2023 1262 0,011 22,058 18,118 11
2022 2,985 0,102 34,991 25,508 5,04
Maximum 2023 3,002 0,114 35287 25,547 508
Number of | 2022 20 20 20 20 20
1
sampres 2023 7 7 2 b} 7
Geochemical | 2022 1,025 0,025 10,511 7,088 0,99
k
backdrop 2023 1,082 0,022 10,229 10,878 0,82
Iskine oil fiel.
2022 2,258 0,065 31,146 22,184 2,87
Average content 3023
2,387 0,042 30,112 22,793 L1
2022 1,587 0,021 20,298 19512 T2
Minimum 2023 T.621 0,019 20,121 18,180 IR
2022 3,051 0,098 34,841 26,058 7,69
Maximum 2023 2,988 0,101 33,158 25,894 775
Number of | 2022 20 20 20 20 20
samples 2023 ” ¥) i) 7 7
Geochemical | 2022 0,901 0,020 9875 8,184 022
backd
ackdrop 2023 1,005 0,01T 10,002 8,498 0,19
Oil field South Koshkar
2022 2,974 0,102 32,847 23,487 2,37
Average content 3003
2,538 0,075 31,735 21,931 3,99
2022 1874 0,052 20,119 7,976 087
Minimum 2023 1,765 0,032 20,489 18,089 0,99
2022 37218 0,101 34,596 26,198 718
Maximum 2023 3,054 0,196 34,165 25,489 798
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Number — of | 2022 20 20 20 20 70
samples 2023 pp) p) p) p) p)

Geochemical | 2022 1,051 0,018 9,087 8,596 0,77
backdrop 2023 T,02T 0,016 10,098 9,489 0,76

In order to ascertain the concentration coefficient of the element KS in relation to the
degree of soil contamination in oil fields, the following formula is employed. Subsequently, the data
obtained for each field (Table 4) is subjected to processing. It is notable that for all elements under
analysis, there is a considerable discrepancy between the minimum and maximum values of the CS
concentration coefficient, with a ratio of up to 6.0 times for Cr and 3.0 times for Pb. The observed
scatter in Kc values can be attributed to the presence of isolated anomalies within a relatively limited
area in oil fields.

Table 4. The concentration coefficients of heavy metals for deposits in the Atyrau region are presented below

Oil field Years Cu Cd Pb Zh Cr
Tengiz 2022 2.80 2,67 3,16 234 3,62
2023 2,65 >12 335 2,02 4,40
Koschagyl 2022 227 1,04 3,06 2,55 3,24
2023 2,29 1,23 3,05 1,86 2,78
Iskine 2022 2.8 323 3,15 271 13,05
2025 238 3,82 3.01 2.68 5,84
South Koshkar 2022 2.83 5,67 3.9 273 3,08
2023 2,49 469 3,14 231 5,25

The application of histograms of heavy metal concentrations and calculated CS
concentration coefficients for each element enables the identification of trends in changes in
the content of heavy metals.

The total pollution indicator (Zc), defined as the sum of the concentration coefficients
(Kc) of elements (minus the background) included in the geochemical association, serves
to reflect the excess of the background level by a group of elements and to characterise the
level of technogenic pollution of the environment. In order to ascertain the total indicator of
heavy metal contamination of soils in oil fields, the following formula (2) is employed. In
order to assess the sanitary and toxicological situation, chemical elements of toxicological
hazard classes I (Cd, Pb, Zn) and II (Cu, Cr) are employed in the calculation of ZC. The
results of the total indicator of heavy metal pollution in oil fields of the study areas are
presented in Table 5.
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Table 5. The total pollution indicator for oil fields in the Atyrau region is as follows:

Oil field Years Z.
Tengiz 2022
10,59
2023
13,53
Koschagyl 2022
8,16
2023
8,21
Iskine 2022
20,44
2023
13,73
South Koshkar 2022
13,60
2023
13,88

Table 1 is employed as an assessment scale for the total contamination of soil with
heavy metals. As illustrated in Table 1, the soil contamination levels at the Tengiz, Koschagyl
and South Koshkar oil fields were deemed to be within the acceptable or low contamination
range in 2022. Conversely, the Iskene field exhibited a total pollution indicator value of
20.44, which falls within the moderately dangerous category of soil pollution. In 2023, all
oil fields in the Atyrau region that were the subject of study were found to be in the category
of acceptable or low degree of soil contamination with heavy metals. Subsequently, trend
lines were constructed in order to identify the projected trajectory of soil contamination over
the subsequent two-year period (Figure 3).

25
20
15

10

0 1 2 3 4 5 6 7
——2022 —»—2023

Figure 3. Correlation of trends in total pollution (Zc) of soil cover in oil fields of the Atyrau region

The trends in soil pollution in the region identified during the study indicate a statistically
low level of general pollution of the territory of oil fields. This allows for the establishment of a
number of anomalies of technogenic origin with significant excesses of the maximum permissible
concentrations of heavy metals.

The results of processing the data obtained during the study of soils for the ecological-
geological assessment of oil fields in the Zhylyoi and Makat regions of Atyrau for the content of
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heavy metals demonstrated that the state of the soil cover during the period of research (2022-2023)
was within the acceptable or low degree of pollution category.

In conclusion, the results of the ecological and geological assessment of the soil cover
indicate that areas containing elevated concentrations of Cd, Pb, Zn, Cu and Cr can be identified
within a radius of up to 4.0 km from the oil fields and 0.5-1.0 km from the object (well). Nevertheless,
the concentration of bulk forms of Cd, Pb, Zn, Cu and Cr in the soils of the investigated areas remains
below the current regulatory limits for maximum permissible concentrations.

The intensity of migration and accumulation of heavy metals in the studied oil-contaminated
soils is contingent upon the concentration of oil products and the distance from the source of pollution.
Technogenic pollution affects the morphological appearance of soils, manifesting as an intense
specific odour of oil, a change in the colour of the entire soil profile to a darker hue, cementation of
soil aggregates with heavy fractions of oil, and the formation of a bituminous crust on the soil surface.

In conclusion, it can be stated that the formation of the oil and gas complex in the
areas of the Atyrau region under study has led to a notable increase in the anthropogenic
load on the soil cover. The principal causes of soil cover disturbance in the region are
anthropogenic disturbances, petrochemical and industrial wastewater, drilling fluids, toxic
chemical elements and others. It can also be stated that the most informative approach to the
ecological-geological assessment of soil condition is provided by the use of the ZC indicator.
Consequently, the ecological and geological state of the soil was evaluated throughout the
course of the study based on the composition of a number of polluting heavy metals.
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