ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

NEWS OF THE NATIONAL ACADEMY
OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF
GEOLOGY AND TECHNICAL SCIENCES

Ne6
2025



ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

\\m%

)
S|
3
=
5]

e

,Q.‘&:\
CENTRAL ASIAN ACADEMIC

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN,
SERIES OF GEOLOGY AND TECHNICAL
SCIENCES

6 (474)

NOVEMBER - DECEMBER 2025

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, 2025



2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP 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.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.



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
ABSADYKOYV Bakhyt Narikbayevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
Satbayev University (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

AGABEKOYV Vladimir Enokovich, Doctor of Chemical Sciences, Academician of NAS of Belarus,
Honorary Director of the Institute of Chemistry of New Materials (Minsk, Belarus), https://www.scopus.com/
authid/detail.uri?authorld=7004624845

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

RATOV Boranbay Tovbasarovich, Doctor of Technical Sciences, Professor, Head of the Department of
Geophysics and Seismology, Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=55927684100, https://www.webofscience.com/wos/author/record/1993614

RONNY Berndtsson, Professor at the Center of Promising Middle Eastern Research, Lund University
(Sweden), https://www.scopus.com/authid/detail.uri?authorld=7005388716, https://www.webofscience.com/wos/
author/record/1324908

MIRLAS Vladimir, Faculty chemical engineering and Oriental research center, Ariel University, (Israel),
https://www.scopus.com/authid/detail.uri?authorld=8610969300,  https://www.webofscience.com/wos/author/
record/53680261

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: «Central Asian Academic Research Center» LLP (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the Ministry
of Information and Communications of the Republic of Kazakhstan N° KZ50VPY00121155, issued on 05.06.2025
Thematic scope: geology, hydrogeology, geography, mining and chemical technologies of oil, gas and metals
Periodicity: 6 times a year.
http://www.geolog-technical.kz/index.php/en/

© «Central Asian Academic Research Center» LLP, 2025



BAC PEJAKTOP
YKYPBIHOB Mypar JKypbIHY./IbI, XHUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran PecriyOnukacel YurTeiK Fouibiv akagemusicbinbiny npesuaenti, AK «/1.B. Cokonbekuii aTbiHIaFbI
OTBIH, KaTaJli3 JKOHEe MIEKTPOXUMUS HHCTHTYTHIHBIH» 0ac nupekTopsl (Anmarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPbIHBACAPDI:

ABCAJIBIKOB Bakpir Hapik6aiiyibl, TexHHKa FBUIBIMIAAPBIHBIH JOKTOpPBI, mpodeccop, KP ¥FA
akanemuri, K.M. CorbGaeB arbiHnarsl Kasak YITTHIK TEXHHKAIBIK 3€pTTEY YHHBepcHuTeTi (AnMarsl, KazakcraH),
https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827

PEJAKLUSI ATIKACBHI:

OBCOMETOB Moauaic Kyabicyabl (0ac  pemakTopiblH — OpbIHOAcaphl),  TeOJOTUs-MHHEPAJIOTHS
FBUIBIMJAPBIHBIH JOKTOpBI, npodeccop, KP ¥FA akagemuri, Y.M. Axmencadun areiaarsl 'maporeonorus
JKOHE TEODKOJIOTHSI MHCTUTYTBIHBIH JUPEKTOphl, (AnMarsl, Kaszakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii Koaraiiysibl, reosorusi-MUHEPAIOrUs FBUIBIMAAPBIHBIH JOKTOPHI, podeccop, KP ¥FA
KypMetTi akazemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY [Ipnmen, PhD, kaysivpacteipsurran npogeccop, Hebpacka ynmsepcurterinin Cy FbUIBIMAApEI
3eprTxaHachiHbIH  aupekrtopbl,  (HeOpacka — mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reutbiMzaap OeliMiHIH HETPOJIOTHUS JKOHE Maiaaibl Kazdanap
KEH OPBIHIAPbI CAJIACBIHAFbl 3epTTEyNIepiHiH xkerekurici, TaOurn Tapux mypaxaiisl, (JlonnoH, ¥iaeiOpuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/
record/1048681

HAH®UWJIOB Muxaun BopucoBuY, TeXHHMKA FBUIBIMAAPBIHBIH JOKTOpHl, HaHCH yHHBEpCHUTETiHIH
npodeccopsl, (Hancn, ®pannms), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, KpiTail reoiorusuiblk KOFaMbIHBIH Tay-KeH I€OJOTHSICHl KOMHUTETI JHPEKTOPHIHBIH
opbIHOAcapsl, AMEpPHKAHIBIK ASKOHOMHKAIBIK T'EOJIOrTap KaybIMAACTBIFBIHBIH Mymreci, (beibxin, Kprrail),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akcens, KaybIMaacTeIpbuIran npodeccop, PhD, Jlpesnen texHukansik yuusepcureri, (JlpesjeH,
Bepaun), https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBMY, XMMUSI FBUIBIMIAPBIHBIH TOKTOpHI, benapycs ¥FA akanemuri, XKana
MaTepHaap XUMHUSICHl MHCTHUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapyce), https://www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xayeimpacteipsuiran mpodeccop, Texuuxamblk yHuBepcuteTi ([lpeseH,
Tepmanns), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB 7Kamnaii, PhD, xayeimpacteipbuiran npodeccop, HaszapbaeB ynuBepcuteti (AcTaHa,
Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

OPATTUHHU Ilaoao, PhD, kaysiMpacTeipbuiran npodeccop, bukokk Mmunan ynusepcuteri, (Munas,
HWrtanus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHuKa FUIbIMAAPBIHBIH JOKTOpPB!, K. M. CoaTbaeB aTbIHIaFbl
KazakyJITThIK3epTTeY TEXHUKAIBIKYHHBEpCUTETIHIHIIpodeccopsl, (Anmarsl, Kazakcran), https://www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopanbaii ToB6acapoBu4, TeXHMKA FBUIBIMAAPBIHBIH JOKTOPHI, mpodeccop, «leodusmka xoHe
ceiicmonorns» KadenpackiHblH MeHrepymici, K.J. CorbaeB arbinymarel Kazak yJITTHIK 3epTTey TEXHHKAJbIK
yHuBepcureti, (Anmarel, Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, Jlynn ynuepcuteriniH Tasy IIBIFBICTBI NMEPCIIEKTHBAIBI 3€PTTEY OPTaJbIFBIHBIH
npodeccopsl, JIlyH] yHUBEPCUTETIHIH TONBIK KypcThl npodeccopsl, (LBerwms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MHUPITAC Bragumup, Apusib YHUBEPCHTETiHIH X UMUSITBIK HHKEHepUst (pakyibreTi xoHe [IIbIFbIC FRUTBIMHU-
3eprrey opransirbl, (M3pawmns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #dHe TeXHUKAJBIK FhLIBIMAAP CEPHSCHI».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Memnnrikreymi: «OpTaibiK A3Hs akaJeMHSUIBIK FRUIBIMI opTaibiFbhy XKIIC (Anmarsr K. ).
KasakcTan PecryOinrkachiHBIH AKIIapar )KoHe KOMMYHHUKALHSIAP MUHHCTPIIriHIH AKIIapaT KOMHUTETIHIE
05.06.2025 x. 6epinren N° KZ50VPY00121155 mep3iMaik 6acbuibiM TipkeyiHe KOWbLTY Typalibl KyalliK.
TaKeIpeITHIK OarbITEL: [ eonoaus, 2udpozeonoaus, 2eoepagus, may-Keu ici, MyHail, 2az dicare Memanoapobly
XUMUATLIK MEXHON02UANADb
Mep3iMIiiri: )KbUIbIHA 6 PET.
http://www.geolog-technical kz/index.php/en/
© «OptanbIK A3ust akaJIeMUsUIBIK FbIIbIMU opTaibiFbDy JKILIC, 2025



IJTABHBIA PEJAKTOP
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Abstract: One of the important environmental issues under current conditions
is the pollution of Kazakhstan’s water bodies and watercourses by persistent
organic substances, particularly the highly toxic polychlorinated biphenyls (PCBs)
included in their list, which determines the relevance of this study. The aim of the
work was to assess the PCB contamination level of the main tributaries of the Ili
River based on long-term observations. The investigations were conducted in 2014,
2015, 2018, 2019, as well as in 2023 and 2024. Water sample analysis was carried
out in accordance with STB ISO 6468-2003 (2004) using a “Khromos GC-1000”
gas chromatograph with dedicated software. PCB contamination was identified in
the waters of all studied watercourses, along with the presence of a large number
of individual congeners, including strictly regulated “marker” and dioxin-like ones.
The main sources of PCB contamination in the examined rivers were identified,
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and their diverse origin was demonstrated, as evidenced by the wide variety of
the toxicant’s congener composition. Altogether, these findings suggest increased
toxicity of the river water resources with respect to PCBs. Significant interannual
variability in the level of contamination was revealed, as well as a noticeable
decrease in 2023 and 2024 compared with the previous period.
The results of the study may be used by national and local environmental
authorities in developing practical measures to protect rivers from contamination by
these highly toxic pollutants, in accordance with the requirements of the Stockholm
Convention on POPs.

Keywords: polychlorinated biphenyls, transboundary runoff, transformation,
congeners
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Annoramus: Kasipri xarmaiina KazakcTaHHbIH Cy aWabIHAaphl MEH aFblH
CYJIapbIHBIH TYPaKThl OPraHUKAIBIK 3aTTAPMEH, dCipece OJap/IbIH Ti3iMiHE KipeTiH
JKOFaphl YBITTHI NonuxiopnanraH Oudenmiaepmer (I1XB) mactanybl MaHBI3IBI
AKOJIOTHSUTBIK, TTpOoOIeManapasiH Oipi 007a OTBIPBIN, OCHI 3E€PTTEY/IH ©3EKTLTITiH
alikpIHIaiabl. JKYMBICTBIH MakcaThl — KOIDKBULIBIK Oakputaynap HeriziHme lme
©3cHiHIH Heri3ri cananapbiabig [IXb-Men nacrany nenreifin Garanay. 3eprreynep
2014, 2015, 2018, 2019, connmaii-ak 2023 sxone 2024 xbuinapsr xyprizimmi. Cy
ceiHamanapeiably, Tangaysl CTh MCO 6468-2003, 2004 cranpapTbiHa Colikec
apHaiibl OarjgapiaMalblk KamTamachid eryi 0ap «Xpomoc ['X-1000» ra3mbix
xXpomatorpadbIH/Ia OpbIHIAIEL. bapIblK 3epTTENTeH Cy aFbIHAAPBIHBIH CyJIapbIH/Ia
[IXb-MeH nactany xoHe oNapblH iMIiHAe KaTaH OaKbUIaHATHIH «MaPKEPIIK» )KOHE
JTMOKCHH TOPI3NiJepiH KOoca aiFaHja, KOINTereH JXeKe KOHTEHEepJepAiH Ooirysl
aHbIKTaNAbl. 3eprrenreH e3eHaepaiH [IXb-meH nmacTaHybIHBIH HeTi3ri ke3mepi
OenTineHi KoHe OJapAbIH OpPTYPJI IIBIFY Terl KepCeTunmi, Oyl YhITTaHyIbIH
KOHTCHEPITIK KYPaMbIHBIH KEH ayKbIMBIMEH JIe¢ JoJelieHei. MyHBIH OapiibIFsl
e3eHIepiH cy pecypcrapslHbiH [IXB TyprbeICBIHAH KOFaphl YBITTHUIBIFBIH
Oomkayra Heriz Oeperi. ©O3eH CylapblHBIH JIaCTaHy JeHIeHiHIH aiTapibIKTait
YKBUIIBIK ©3TEPTIlITITi )KOHE aNJBIHFBI Ke3eHMEH cabicThipFanaa 2023 xxone 2024
KBUIIaphl OHBIH alTapibIKTall TOMEHIEYl aHBIKTAIbl. 3epTTey HOTHIKEIepi OChI
YKOFapBI YBITTHI JTACTAFBIIIITAP/IaH ©3CHIEP/li KOpFayFa OarbITTaFaH MPAKTHKAIBIK
mapanxapapl  o3ipiiey Ke3iHJe MEMJICKETTIK JKOHE JKEePTUTiKTI TaOufar Kopray
OpraHaphl TapanblHaH A 1aTaHbLTY bl MyMKiH %oHe CTOKTOJIEM KOHBEHITUSCHIHBIH
CO3 OoifpIHIIA TaNaNTapbIHA COUKEC KEIe/Ti.

Tyiiin ce3aep: mnonuxIOpIaHFraH OW(PEHHUIACP, TPAHCIICKAPAIBIK aFbIH,
TpaHchopMaIns, KOHTeHEpIep
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Annoranus. OTHOW U3 3HAYUMBIX DKOJIOTHYECKUX MPOOJIEM COBPEMEHHOCTH
SIBIISIETCSI3arPS3HEHUE BOJIOEMOBHBOAOTOKOBKa3axcTaHa CTOMKUMIOPTaHUIe CKIMHU
COCMHECHUSAMH, TIPEXKJIEe BCEro BBICOKOTOKCUYHBIMH IOJIUXIIOPUPOBAHHBIMHU
oudennnamu (I1XB), uto onpenensier akTyaabHOCTb JaHHOTO UcclieaoBanus. Llens
paboTHI 3aKIII0YaETCS B OLIEHKE YPOBHS 3arpss3sHeHHOCTH [ 1Xb 0CHOBHBIX MPUTOKOB
p. We Ha ocHOBe MHOTONETHHX HaOmronenni. MccnemnoBanus mpooauiuch B 2014,
2015, 2018, 2019, a Taxxke B 2023 u 2024 1. AHanU3 MPOO BOIBI BBITIOIHSIICS
B coorBercTBUM co cragmaprom CTb HUCO 6468-2003 (2004) Ha razoBoM
xpomarorpade «Xpomoc ['’X-1000» c¢ wcronp30BaHHEM CHEIHMATU3NPOBAHHOTO
MIPOrpaMMHOTO OOecIieueHusl. YCTAaHOBIICHO 3arpsi3HEHHE BOJBI BCEX HM3YYEHHBIX
BontoToKOB [IXb ¥ mpucyTCTBHE 3HAUMTEIBHOTO KOJIWYECTBA HHIUBUIYaIbHBIX
KOHTEHEpOB, B TOM 4YHCIE CTPOTO KOHTPOIMPYEMBIX «MapKEpHBIX» U
TUOKCHHOTIONOOHBIX (hopMm. OmpeneneHsl OCHOBHBIE HMCTOYHHKHU 3arps3HEHUS
[IXb uccremyemMplx peKk W TOKa3aHO HMX Pa3HOOOpPA3HOE IMPOUCXOXKICHUE, YTO
MTOJTBEPKAAETCS MIMPOKUM CIIEKTPOM KOHT€HEPHOTO COCTaBa TOKCHKAHTa. JTH
pe3yJbTaThl CBUIETENBCTBYIOT O MOBBILIEHHON TOKcuueckoil Harpyske IIXb Ha
BOJIHBIE PECYPCHl PETHOHA. BBISBIEHBI OOJbIAas MEXIofoBas W3MEHYHBOCTH
YPOBHS 3arpsiI3HEHHOCTH PEYHBIX BOJ M 3aMETHOE CHIKeHue KoHueHTpanuii [1Xb
B 2023-2024 rr. 0 CpaBHEHUIO C OPeAbITyIIUMU rogamu. [lonyyeHHble JaHHBIE
MOTYT OBITh UCTIOIB30BaHBI TOCYIAPCTBEHHBIMU W MECTHBIMH IPUPOA00XPAHHBIMU
OpraHaMu Tpu pa3paboTKe MEPOIPHITAH 1O TPEIOTBPAIICHUIO 3arpsS3HEHUS
PEK BBICOKOTOKCHYHBIMH TIOJUTIOTAHTAMH, YTO COOTBETCTBYET TPEeOOBaHHIM
CTOKTOJIbMCKOHM KOHBEHIIMU O CTOWKHX OopraHudeckux 3arps3autensx (CO3).

KuroueBsble ci1oBa: MoimxiiopupoBaHHble OM(EHNITBI, TPAHCTPAHUYHBIN CTOK,
Tpa"copmanus, KOHTeHEePhI

Introduction. The Ile River is the main transboundary artery feeding Lake
Balkhash, carrying up to 70% of all river water entering the lake. It originates on
the Muzart glaciers in Central Tanirtau (Kazakhstan) at the source of the Tekes
River. Tekes. The total length of the river is 1439 km, within Kazakhstan - 815
km. The total area of the Ile River basin is 140,000 km? (approximately 75% of
the catchment area of Lake Balkhash), of which 7,740 km? are in the territory of
the Republic of Kazakhstan. The forming part of the basin is located in China,
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where the hydrographic network is quite developed (from 0.6 to 3 km/km2). About
30% of the Ile River water resources are formed on the territory of Kazakhstan
(Kaganat Publishing House, 2002). The Ile River in the left-bank part of the basin
in the middle reaches is joined by a number of mountain rivers: Charyn, Shelek,
Turgen, Issyk, Talgar, Kaskelen with tributaries Small and Big Almatinka, Kurty,
forming the flow on the northern slope of the Zailiyskiy Alatau. The largest of these
tributaries are the Shelek and Turgen rivers with a length of 245 km and a basin
area of 4950 km?and 116 km, 625 km? respectively, and the Issyk River with a
basin area of 256 km? and a total length of 121 km (Burlibayev et al, 2014). These
watercourses flow through the cities of Almaty, Kaskelen, Talgar, Yesik and other
settlements before flowing into the reservoir, which has a significant impact on the
quality indicators of their water resources.

Among the priority pollutants of the environment, including water resources
of Kazakhstan and the Ile River basin, requiring systematic analytical control, are
persistent organic pollutants (POPs). Organochlorine pesticides (OCPs): (DDT,
aldrin, hexachlorobenzene, HCH, etc.), polychlorinated biphenyls (PCBs), which
are included in the list of persistent organic pollutants (POPs), are characterised by
high toxicity to living organisms at extremely low concentration levels in natural
objects. Xenobiotics are typical for high persistence to physical, chemical and
biological factors, global distribution by air, water and migratory species, high
cumulative capacity in living organisms, active migration along trophic chains.

POPs are recognised by the international community as substances that pose a
high risk to human health and the environment. In order to take measures to protect
human and natural environment, a global international agreement, the Stockholm
Convention on POPs, was accepted in 2001 (Stockholm, 2001). It entered into
force in 2004, Kazakhstan ratified it in 2007. The Convention sets the following
goals: immediate cessation of POPs production, cessation of their use by 2025 and
destruction of all wastes by 2028 at the latest by environmentally safe methods. The
problem related to POPs is quite acute for Kazakhstan as well.

Polychlorinated biphenyls (PCBs) are one of the most toxic and globally
widespread POPs. At present, on the territory of the Republic of Kazakhstan
(RK) a large amount of PCB-containing equipment and eight ‘hot spots’ of PCB-
contaminated territories have been identified (Ishankulov, 2008; Berkinbaev et al,
2009). The most powerful among them is the territory of the northern and western
shore of Lake Balkash, which is close to the Ile River basin.

In water bodies of Kazakhstan, there is practically no purposeful monitoring
for the purpose of realisation of national tasks under the Stockholm Convention on
POPs. Observation of these xenobiotics is not conducted by the Kazhydromet and
other bodies of the Republic of Kazakhstan. However, studies conducted by us in
the last decades have shown a significant level of contamination of water resources
of a number of large transboundary basins of Kazakhstan (Amirgaliyev et al, 2023;
Amirgaliyev et al, 2022) and atmospheric precipitation of the vast territory of the
Republic (Amirgaliyev et al, 2022) with these hazardous pollutants.
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This report considers the results of our research of PCB pollution level in the
main tributaries of the Ile River, water resources of which are widely used for
household needs of the population of a few cities and large settlements of the south-
eastern region of the republic. Runoffs of these watercourses have an important
role in formation of quality input of Kapshagay reservoir, Ile River and in its
transformation along the river flow.

Material and methods. Water samples from the rivers under consideration
for polychlorinated biphenyls analysis were collected during comprehensive
ecotoxicological studies conducted in 2014 and 2015, 2018 and 2019, and 2023
and 2024. The water sampling points at the watercourses are shown in Figure 1.
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Figure 1 — Water sampling points on the Ile River tributaries

PCBs in water were analysed in accordance with (STB ISO 6468-2003, 2004) on
a gas chromatograph (Chowdhury et al, 2022) ‘Chromos GC-1000" with software,
electron-capture detector (ECD) and using a capillary column 30 m x 0.32 mm long.
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Chromatography conditions: column temperature 220 °C, evaporator temperature
240 °C, detector temperature 300 °C, carrier gas flow rate (nitrogen ‘Osch’) - 38
ml/min. As a standard we used State standard samples (SSS) composition of Sovol
solution in hexane, which is a mixture of PCB-52, PCB-101, PCB-138, PCB-153
and the sum of tetra-, penta- and hexachlorobiphenyls.

The essence of the method consists in extraction of PCBs from the sample
of analysed water with an organic solvent (n-Hexane), concentration and
purification of the extract from associated compounds, analysis of the extract by
gas chromatography using an electron capture detector (ECD), with subsequent
determination of mass concentrations of individual PCB congeners using the
absolute graduation method.

Determination of PCBs in the selected samples was carried out in the testing
laboratory ‘Nutritest’” LLP of the Kazakh Academy of Nutrition Accreditation
Certificate N° KZ.T.02. E0177 from 06.05 2021.

Research results and discussion. The study of water pollution of the main
tributaries of the Ile River by these highly toxic pollutants was conducted for
the first time in 2014 and 2015. In 2014 the presence of PCBs was registered in
the water of three rivers out of seven surveyed, and in 2015 in the water of all
rivers flowing into the reservoir (Table 1). Their content in the water of individual
watercourses is characterised by generally close values. In 2014, it varied in the
range from 0.018 to 0.027 pg/L, and in 2015. - from 0.021 to 0.168 pg/L. More
elevated values of PCB concentration were observed in 2015 in waters of Esik,
Talgar and Kishi Almaty rivers.

The obtained data indicate a significant increase in the level of PCB contamination
of river waters in 2015, compared to the previous year. There is not only a noticeable
increase in their content in the water of a number of rivers, but also susceptibility of
water resources of all watercourses to pollution by these pollutants.

Table 1 — Content of PCBs and their congeners in water of the Ile River tributaries in 2014 and

2015.
Indicators Rivers
Shelek | Yesik | Talgar | Turgen | Kishi Almaty | Kaskelen
2014
Congeners 66 n/a n/a n/a 118 n/a
Total PCBs, pg/L 0,018 n/a n/a n/a 0,027 n/a
2015
Congeners 66 66 66;151;171 86 66;87;110;153 | 66;115
Total PCBs, pg/L | 0,059 0,142 0,168 0,021 0,134 0,092
Note: «n/a» — no data available

Congeneric composition of PCBs in river waters turned out to be rather
wide, 9 individual congeners of PCBs belonging to homological groups from
tetrachlorobiphenyls (PCB 44, 66) to heptachlorobiphenyls (PCB 171) were
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registered. Among the isomers found is the congener PCB 153, which belongs to
the ‘marker’ group.

Comparatively wide variety of congeners is characterised by water of Talgar
and Kishi Almaty rivers. One congener was detected in water of Shelek, Turgen
and Yesik rivers. PCB 66 congeners were present in water of five rivers. A wider
structural diversity of PCB congeners according to the studies (Agapkina et al,
2011; Kannan 2000; Victor et al, 2023) is a sign that sources of different origin are
involved in pollution of water bodies and watercourses with these toxic compounds.
These can be contamination by industrial PCB mixtures, atmospheric transport or
of pyrogenic origin caused by industrial and domestic waste incineration processes.

The character of distribution of relative content of congeners in river waters,
on the example of 2015, is shown in Figure 2. The dominant position from 75 to
100 % belongs to ‘light’ congeners (PCBs 44, 66 and 86), which are characterised
by relatively increased solubility in water. The specific weight of more ‘heavy’
isomers (PCB 151, 153, 155 and 171), belonging to the homological groups of
hexa- and heptachorbiphenyls, ranges from 2.4 to 25 %. More diverse congeneric
composition of PCBs in waters of Talgar, Kishi Almaty and Kaskelen rivers is
obviously caused by different sources of pollution with these toxicants.
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Figure 2 — Relative content of PCB congeners in watercourse water

PCB content in the water of the watercourses under consideration is
characterised by close values with the data we obtained for river water flowing
into Lake Balkhash. The average concentration of PCBs in the waters of rivers
flowing into the Kapshagai reservoir; was 0.090 pg/L in 2015, and in 2014 for
individual watercourses from 0.018 to 0.143 pg/L. These data indicate, in general,
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the susceptibility of river water resources of the Ile-Balkhash basin to pollution by
these toxic compounds of similar origin.

Thus, the researches carried out in 2014 and 2015 allowed for the first time to
obtain an objective idea of the current level of pollution by toxic xenobiotics in the
water of the tributaries of the Ile River. The main factors causing the accumulation
of PCBs in the ecosystem of watercourses are their contamination of effluents and
air emissions of industrial and municipal enterprises, transport on the territory of
cities and large settlements through which they flow. Water bodies are the primary
means for the disposal of industrial effluents. These effluents from industries
have a great deal of impact on the pollution of the rivers. Thus, these effluents
can change the physicochemical and biological properties of the receiving rivers.
The occurrence of PCBs in water rivers is an issue of concern for water quality
because they concentrate on the sediments by attaching to the organic matter the
moment, they enter into water bodies. (Irerhievwie et al, 2020) Wide diversity of
PCB congener composition in water of watercourses, established as a result of the
research, is an indicator of presence of different sources of pollution of the natural
environment of the region with these toxicants.

It should also be noted that PCBs coming as part of river water are obviously
accumulated in the Kapshagai reservoir. Such regularity in PCBs migration was
revealed by a number of foreign scientists and it is caused by the fact that PCBs
due to low solubility and high specific weight migrate primarily with suspended
solids contained in river water, which are deposited when water flow decreases. In
the water of tributaries of the Ile River, PCB concentration in 2018 varied in a wide
range from 0.117 in the water of the Shengeldy River to 4.68 pg/L - Talgar River
(Table 2).

Table 2 — Concentration and congeneric composition of PCBs in the water of major tributaries

of the Ile River in 2018.
Concentration of PCB congeners, pg/L Total PCB
River amount,

44 48 52 66,95 | 110 118 119 115 pg/L

Kaskelen 0.732 0.732
Talgar 4.68 4.68
Shengeldy 0.117 0.117
Yesik 0.408 0.732 1.14
Turgen 0.014 0.019 0.204 0.236
Shelek 0.018 0.021 | 0.033 | 0.038 | 0.007 | 0.245 0.363
Sharyn 0.776 0.776

Sufficiently high pollutant content was also registered in the water of the Yesik
River (1.14 pg/L). These two rivers - Talgar and Yesik flow through the cities of
the similar names, where a number of industrial facilities are located. It is quite
obvious their negative impact on the environment, including accumulation of PCBs
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in river waters. In the water of all studied tributaries of the Ile River PCB congener
155 from the homological group of hexachlorobiphenyls was detected, which was
characteristic for the water of the Ile River. For water resources of Kaskelen, Talgar
and Shengeldy rivers this congener was the only one. The congener composition in
the water of the Shelek River is relatively wide. Dioxin-like congener PCB 118 was
detected in the water of this river, and ‘marker’ PCB 52 was detected in the water
of the Turgen River in relatively low concentrations.

The distribution of relative content of congeners in tributary waters is generally
similar to that characteristic of the Ile River water itself (Figure 3). In the waters of
watercourses from 64 to 100 % fall on the share of PCB 155 congener, in the water
of the Yesik river light PCB 48 congener was found in the amount of 36 %. The
relative share of the representative of strictly controlled ‘marker’ congeners PCB
52 and dioxin-like PCB 118 is not high - 8 and 11 %.
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Figure 3 — Relative content of PCB congeners in the water of the main tributaries of the Ile River in
2018

In 2019, water in the tributaries of the Ile River was polluted with PCBs of
lower degree from 0.018 to 0.300 pg/L (Table 3). The highest PCB content was
registered in the water of the Shengeldy River, flowing into the northern coast of
Kapshagay reservoir (KR), flowing through a number of settlements and military-
strategic objects.
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Table 3 — PCB concentrations and congeneric composition in water of major tributaries of the

Ile River in 2019.
River Concentration of PCB congeners, pg/L Total PCB amount,
42 44 155 ng/L
Kaskelen 0.018 0.018
Talgar n/a n/a
Shengeldy | 0.300 | 0.300
Yesik n/a n/a
Turgen | | 0.036 0.036
Shelek n/a n/a
Sharyn 0.089 0.089
Tekes 0.150 0.150
Note: «n/a» — no data available

In2019, the congener composition of PCBs in tributary waters was also extremely
limited, congeners 42, 44 and 155 were present, i.e. it had a similar character to their
composition in the Ile River water. PCB congener 44 was dominant in quantitative
terms in tributary waters, the others were presented sporadically.

Some decrease in the concentration of the toxicant in the tributary water observed
in May 2019 should obviously be considered a temporary phenomenon. The results
of studies conducted in this water basin for a number of years have shown the
extreme variability of the level of pollution of water resources by persistent organic
pollutants, including PCBs, in interannual and seasonal aspects.

In 2019, for the first time, water samples were taken from the Tekes River flowing
into the Ile River near the PRC border, in which PCBs were detected at 0.150
ug/L. This represents a transboundary inflow of the toxicant from the neighbouring
territory.

In 2023, the study of POPs contamination level in water resources of the main
tributaries of the Ile River was conducted in November and December of this year.
In the waters of the studied tributaries of the Ile River during this period the PCB
content was found within the range of 0.018 - 0.039 pg/L, a higher value was
observed in the water of the Talgar River (Table 4).

Table 4 — General characterisation of PCB contamination of Ile River tributaries water in
November and December 2023

Sampling Location Date Congeners PCB Total PCB amount, pg/L
Shelek 03.12.2023 0.032
Yesik 03.12.2023 40; 48; 49: 52: 70.76: 74; 82 0.023
Turgen 05.12.2023 85: 86; 97; 101; 105; 110; 114; 0.018
Talgar 05.12.2023 118; 119; 1215 128; 129; 137; 0.039
Kaskelen 08.12.2023 138; 146; 151; 153; 171 0.027
Shengeldy 08.12.2023 0.027
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One of the important issues in PCBs study is the assessment of concentration
level in water of water bodies and watercourses, strictly controlled in natural
objects ‘marker’ and highly toxic dioxin-like congeners of PCBs, which give higher
toxicity to waters.

As follows from the data in Table 5, 4 congeners from the ‘marker’ group and
3 congeners from the dioxin-like group were registered in the water of all studied
tributaries. The concentration of ‘marker’ congeners was in the range of 0.002-
0.006 ng/L. The relative content of ‘marker’ congeners was between 7-16%.

Concentration of dioxin-like congeners in tributary waters varied within narrow
limits of 0.002-0.004 pg/L, extreme values of their relative content were in the
range from 4 to 19%.

Thus, based on the analysis of the material obtained in November and December
2023, it can be noted about the continuing pollution of water resources of the main
tributaries of the Ile River by PCBs. Taking into account the wide congeneric
composition of PCBs and the presence of ‘marker’ and dioxin-like congeners
strictly controlled in natural objects, it can be assumed that the waters of the studied
water bodies have an increased level of toxicity in relation to PCBs.

Table 5 — Concentration and relative content of ‘marker’ and dioxin-like congeners in waters of
the studied watercourses in 2023.

Total | “marker” dioxin-like

Sampli PCB PCBs
pling | o |amo. |PCBs52 |PCBs 101 [ PCBs 138 | PCBs 153 PCBs 114 | PCBs 118

points 105

unt,

ug/L ng/L | % |pg/L |% |ug/L % |png/l |% |png/L |%|pug/L | % |ng/L | %
Shelek  [03.12.{0.032 0.002 | 7
Yesik 03.12.10.023 [0.002 |10 |0.004 | 16 0.002 | 10 0.002 |9
Turgen  [05.12.10.018 [0.003 | 14 0.004 |23 0.004 | 19
Talgar 05.12.10.039 [0.006 | 16 0.003 | 7 0.002 | 4
Kaskelen [08.12.10.027 10.002 |7 0.00312{0.002 |7 [0.002]|7 |0.003 |11
Shengeldi | 08.12. | 0.027 0.002 |7

The main tributaries of the Ile River were studied in the spring of 2024 to assess
the level of their pollution by PCBs. The results of chromatographic analysis
showed the contamination of water of all studied watercourses with these toxic
compounds (Table 6).
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Table 6 — Concentration and congeneric composition of PCBs in the waters of the Ile River

tributaries.

Sampling Total PCB

location Date Congeners amount, ug/L
Kurshelek 16.03.2024 0.037
Turgen 1603.2024 | 41,61,71; 44; 49; 52; 66,95; 70,76; 74; 0.031
Yesik 16.03.2024 82; 85; 86; 87,115; 97, 101; 105; 110; 0.048
Talgar 16.03.2024 114; 118; 121; 128; 129; 138; 141; 0.023
Kaskelen 16.03.2024 146; 151; 153; 155; 171 0.029
Shengeldi 17.03.2024 0.059

The total PCB content in river waters varied in the ranges of 0.023 - 0.059
pg/L. Maximum concentrations of the toxicant were registered in waters of the
Shengeldy and Yesik rivers.

The data in Table 7 show that the concentrations of found dioxin-like and
‘marker’ congeners in the water of the studied watercourses are close to each other
and have values of the same order. The absolute content of ‘marker’ and dioxin-like
congeners ranged from 0.002 to 0.005 pg/L. ‘Marker’ congeners occurred 5-21% of
the time in the analysed water samples and the occurrence of dioxin-like congeners
was 4-13%. Similar occurrence rates were observed in 2023.

Table 7 — Concentration and relative content of ‘marker’ and dioxin-like congeners in the waters
of the tributaries of the Ile River in 2024

“marker” dioxin-like
Sggﬁging Date |PCB52 |PCB101 |PCB138 |PCB153 |PCB105 |[PCB114 |PCB118
pg/L | % |ug/L % |pg/L | % | pug/l | % | pg/l | % |pg/L | % | ng/L | %
Shelek 16.03. 0.003 | 8 | 0.004 | 10 0.003 | 8
Turgen 16.03. | 0.003 | 10 | 0.002 | 8 0.002 | 8 0.002 | 8
Yesik 16.03.
Talgar 16.03. 0.005 | 21 0.003 | 12 1 0.002 | 8
Kaskelen | 16.03. 0.002 | 6 0.004 | 13
Shengeldi | 17.03. 1 0.003 | 5 0.005 19 |0.003 |5 0.002 | 4

Conclusion. Over the nearly decade-long study period, PCB contamination was
recorded in the waters of all investigated tributaries of the Ili River. The level of
watercourse contamination showed considerable interannual variability. The most
contaminated waters in terms of PCB content were those of the Yesik, Talgar, and
Shengeldi rivers. The main factors contributing to the accumulation of PCBs in
river ecosystems are the contamination of wastewater and atmospheric emissions
from industrial and municipal enterprises, as well as transport within cities and
large settlements through which the rivers flow. The wide congener composition of
PCBs, including the presence of highly toxic “marker” and dioxin-like congeners
strictly controlled in environmental media, indicates that the studied water bodies
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have an increased level of PCB-related toxicity. It also reflects the existence of
multiple pollution sources of different origins contributing to the contamination of
the region’s natural environment with these toxicants.

An analysis of long-term data shows a significant decrease in the level of water
pollution in 2023 and 2024 compared with the previous period. However, these
small rivers remain the main sources of PCB pollution in the Kapchagay Reservoir
and the deltaic watercourses.

A promising direction for organizational measures by governmental
environmental protection bodies and for further scientific research is the identification
of the main sources of PCB contamination within the basins of the studied rivers
and the development of strategies to reduce their impact on river water quality. It is
also important to advance scientific research on the problems of persistent organic
pollutants, taking into account the commitments undertaken by the Republic of
Kazakhstan in the basins of the Ili River and other major transboundary rivers. The
RSE “Kazhydromet” should expand the list of toxic substances analyzed in river
waters to include polychlorinated biphenyls.
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