ACADEMIC SCIENTIFIC
JOURNAL OF CHEMISTRY




ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

CENTRAL ASIAN ACADEMIC
RESEARCH CENTER

E O QY

ACADEMIC SCIENTIFIC
JOURNAL OF CHEMISTRY

3 (468)

JULY — SEPTEMBER 2026

PUBLISHED SINCE JANUARY 1947
PUBLISHED 4 TIMES A YEAR

ALMATY



Editor in chief:
ZHURINOV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of IAAS and NAS RK,
General Director of the Research Institute of Petroleum Refining and Petrochemicals (Almaty, Kazakhstan), https://
www.scopus.com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489
Editorial board:
ADEKENOY Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor, academician of
NAS RK, director of the JSC "Phytochemistry Research and Production Center" (Karaganda, Kazakhstan), https:/www.
scopus.com/authid/detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/record/48648658
AGABEKOY Vladimir Enokovich (deputy editor-in-chief), doctor of chemistry, professor, 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, https://www.webofscience.com/wos/author/record/28920574
STRNAD Miroslav, head of the laboratory of the Institute of Experimental Botany of the Czech Academy of Sciences,
professor (Olomouc, Czech Republic), https://www.scopus.com/authid/detail.uri?authorld=36789185000, https://www.
webofscience.com/wos/author/record/18379
BURKITBAYEYV Mukhambetkali, doctor of chemistry, professor, academician of NAS RK, (Almaty, Kazakhstan)
https://www.scopus.com/authid/detail.uri?authorld=8513885600,  https://www.webofscience.com/wos/author/record/
691218
HOHMANN Judith, head of the department of pharmacognosy, faculty of Pharmacy, University of Szeged,
director of the interdisciplinary center for Life sciences (Szeged, Hungary), https://www.scopus.com/authid/detail.
uri?authorld=7004457196, https://www.webofscience.com/wos/author/record/15630788
ROSS Samir, Ph.D, professor, school of Pharmacy, National Center for scientific research of Herbal Products,
University of Mississippi (Oxford, USA), https://www.scopus.com/authid/detail.uri?authorld=7401610128, https://
www.webofscience.com/wos/author/record/47926269
KHUTORYANSKY Vitaly, Ph.D, pharmacist, professor at the University of Reading (Reading, England), https:/www.
scopus.com/authid/detail.uri?authorld=35606915700, https://www.webofscience.com/wos/author/record/221621
TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, academician of NAS RK, (Almaty,
Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=6506225641, https://www.webofscience.com/wos/
author/record/72161
PHARUK Asana Dar, professor at Hamdard al-Majid college of Oriental medicine, faculty of Oriental medicine,
Hamdard University (Karachi, Pakistan), https://www.scopus.com/authid/detail.uri?authorld=55884056900, https://
www.webofscience.com/wos/author/record/1796996
FAZYLOV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy director of the
Institute of Organic Synthesis and Coal Chemistry (Karaganda, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6701472056, https://www.webofscience.com/wos/author/record/1541357
ZHOROBEKOVA Sharipa Zhorobekovna, doctor of chemistry, professor, academician of NAS of Kyrgyzstan,
Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan), https://www.scopus.com/authid/
detail.uri?authorld=6602652060, https://www.webofscience.com/wos/author/record/31723468
KHALIKOYV Jurabay Khalikovich, doctor of chemistry, professor, academician ofthe Academy of Sciences of Tajikistan,
V.I. Nikitin Institute of Chemistry AS RT (Tajikistan), https://www.scopus.com/authid/detail.uri?authorld=6603735641,
https://www.webofscience.com/wos/author/record/9567106
FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan (Azerbaijan),
https://www.scopus.com/authid/detail.uri?authorld=6601962486,  https://www.webofscience.com/wos/author/record/
21617033
GARELIK Hemda, PhD in chemistry, president of the department of Chemistry and Environment of the
International Union of Pure and Applied Chemistry (London, England), https://www.scopus.com/authid/detail.
uri?authorld=56010090400, https://www.webofscience.com/wos/author/record/29866743

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY
ISSN 2518-1491 (Online),
ISSN 2224-5286 (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 Social Development of the Republic of Kazakhstan Ne KZ23VPY00121156,
issued 05.06.2025
Thematic scope: organic chemistry, inorganic chemistry, catalysis, electrochemistry and corrosion, pharmaceutical
chemistry and technology.
Periodicity: 4 times a year.
http://chemistry-technology.kz/index.php/en/arhiv
© «Central Asian Academic Research Center» LLP, 2026



bac pepaxrop:

JKYPBIHOB Mypar JKypbIHYJIbl, XUMHsI FBUIBIMIAPBIHBIH T0KTOPBI, podeccop, XFAK sxone KP YFA axamemu-
ri, MyHail eHAey JKOHE MYHAH-XHMHSCHI FBUIBIMH-3¢pPTTEY MHCTHTYTBIHBIH Oac aupektopsl (Asnmarbl, Kaszakcramn),
https://www.scopus.com/authid/detail.uri?authorld=66021779606, https://www.webofscience.com/wos/author/record/
2017489

Pepaknus ajkachbl:
OJIEKEHOB Cepra3pl Mpbinxkacapy/bl (0ac penakTopIblH OpbIHOAcaphl), XMMHs FhUIBIMIAPBIHBIH JOKTODBI,
mpodeccop, KP ¥FA axamemuri, "®uroxumus" reutbiMu-eHaipictik opransirsl" AK mupexropsr (Kaparanmsr, Ka-
3aKcraH), https://www.scopus.com/authid/detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/
record/48648658
ATABEKOB Baaagumup EnokoBuu (6ac penakTopiblH opbelHOacapbl), XMMHEs FHUIBIMIAPBIHBIH JOKTOPEL, Ipodec-
cop, bemapycy ¥FA axanemuri, Kana mMarepuaniap XUMHSCHI HHCTUTYTBIHBIH KYPMETTi qupektopsl (MuHck, bema-
pycs), https://www.scopus.com/authid/detail.uri?authorld=7004624845, https://www.webofscience.com/wos/author/
record/28920574
CTPHA/I Mupocaa, npodeccop, Uexust FbUIBIM aKaJIeMHSCHIHBIH JDKCIIEPUMEHTTIK O0TaHWKa HHCTUTYTHIHBIH 3€pT-
xaHa MeHrepymici (Onomoyn, Yexus), https://www.scopus.com/authid/detail.uri?authorld=36789185000, https://www.
webofscience.com/wos/author/record/18379
BYPKITBAEB Myxam6eTKaJu, XUMHs FBUIBIMAAPBIHBIH JTOKTOPHI, ipodeccop, KP ¥FA axanemuri, (Anmarsl, Ka-
3aKcTaH), https://www.scopus.com/authid/detail.uri?authorld=8513885600, https://www.webofscience.com/wos/author/
record/691218
XOXMAHH [xynut, Ceren yauepcuretiniy @apmanesrika paxynsretinig dapMakorHo3ust
KadepackIHBIH MeHrepyici, JKaparbuibicTaHy FBUIBIMIAPEIHBIH TOHAPAIBIK OPTaIbIFBIHEIH JupekTophl (Cerex, Ben-
rpusi), https://www.scopus.com/authid/detail.uri?authorld=7004457196, https://www.webofscience.com/wos/author/
record/15630788
POCC Camup, PhD, Muccucunu yHuBepcUTETIHIH OCIM/IK OHIMAEPIH FRUIBIMH 3€PTTEY
yITTBIK opranbirbl, Papmarms Mektedinin npodeccopsr (Oxcdopa, AKII), https:/www.scopus.com/authid/detail.
uri?authorld=7401610128, https://www.webofscience.com/wos/author/record/47926269
XYTOPSIHCKHWM Burannii, Gpunocodus goxropst (PhD, papmauesr), Pequnr yuuepeuterinin npopeccops: (Pe-
nuHL, AHas), https://www.scopus.com/authid/detail.uri?authorld=35606915700,
https://www.webofscience.com/wos/author/record/221621
TEJITAEB Baraar Bypxan6aiiy/ibl, TeXHHKA FRUIBIMAAPBIHBIH TOKTOPEL, ipodeccop, KP ¥FA akanemuri, (Anmarsl,
Kaszakcran'), https://www.scopus.com/authid/detail.uri?authorld=6506225641), https://www.webofscience.com/wos/
author/record/72161
DAPYK Acana Jlap, Xamnap ans-Mamxna LbiFsic MequIMHa KOJUISIKIHIH Ipodeccopbl, XaMIapa yHHBEPCUTETIHIH
ITsrreic MexunuHa daxynsreti (Kapaun, [Toxicran), https://www.scopus.com/authid/detail.uri?authorld=55884056900,
https://www.webofscience.com/wos/author/record/1796996
DA3bIJIOB Cepik /IpaxmeTry.ibl, XUMUs FBUIBIMAAPBIHBIH JOKTOPHI, podeccop, KP ¥FA akanemuri, Opranukaibik
CHHTE3 JKOHE KOMIp XMMHSChI MHCTHTYTBI AMPEKTOPBIHBIH FHUIBIMU JKyMbICTap KeHinzeri opbiHOacaps! (KaparaH/ipl,
Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=6701472056,
https://www.webofscience.com/wos/author/record/1541357
YKOPOBEKOBA Ilapuna 7Kopo6eKKbI3bI, XHMHS FBLUIBIMAAPBIHBIH JOKTOPEL, Ipodeccop, Keipreiscran YFA axasne-
muri, KP ¥FA Xumus sxoHe XUMUSUTBIK TeXHOorus HHCTUTYTHI (Bimkek, KpipreicTan)
https://www.scopus.com/authid/detail.uri?authorld=6602652060,  https://www.webofscience.com/wos/author/record/
31723468
XAJIUKOB [:xypa6aii XaJnKkoBUY, XM FBUIBIMIAPBIHBIH JOKTOPEL, podeccop, Taxkikeran FA
akagemuri, B.M. Huxutun arsiagarel Xumus wHCTHTYTHI ([ymante, Toxikcran), https:/www.scopus.com/authid/
detail.uri?authorld=6603735641, https://www.webofscience.com/wos/author/record/9567106
DAP3AJIMEB Barud Memkuaoribl, XUMAs FRUIBIMIAPBIHEIH JOKTOPEL, mpodeccop, A¥YFA axamemuri (baxy, O3ip-
Gaiixan), https://www.scopus.com/authid/detail.uri?authorld=6601962486, https://www.webofscience.com/wos/author/
record/21617033
TAPEJIMK Xempaa, ¢unocodpus moxrops! (PhD, xumms), XanblkapaiblK Taza jKOHE KOJAAQHOANBl XUMHS ONAFbI-
HbIH XHMUsl JKoHE KopluaraH opra OesiminiH npesuneHti (JIonnon, Aurims), https:/www.scopus.com/authid/detail.
uri?authorld=56010090400, https://www.webofscience.com/wos/author/record/29866743

«ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY».
ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)
CooOctBennuk: PecnyOnmkanckoe obmiectBeHHOe oObeanHenue TOO «lleHTpaibHO-a3MaTCKUI  aKaJeMUYeCKHIA
Hay4HbIN LeHTp» (. AJIMaThI).
CBHACTEIBCTBO O MOCTAHOBKE HA y4eT MEPUOJIUIECKOro MevyaTHoro m3nanus B Komurere nndopmarmn Munnctepersa
nHpopMaImy 1 obuiecTBeHHOro pasputs Pecyommkn Kasaxcran Ne KZ23VPY00121156, Beigannoe 05.06.2025 r.
Temarudeckast HATPABICHHOCTD: OP2AHUYECKAS XUMUS, HEOP2AHUYECKAs XUMUS, KAMAIU3, JNeKMPOXUMUSL U KOPPO3US,
apmayesmuyeckas Xumus u MexHoI0UMU.
IeproanunocTh: 4 pa3 B rof.
http://chemistry-technology.kz/index.php/en/arhiv

© TOO «llenTpanpHo-a3uaTckuil akajgeMUUecKuii HayyHblil IeHTpY», 2026



I'naBHbIii pegakTop:

KYPUHOB Mypat KypHHoBHY, JOKTOp XUMHYECKUX HayK, Ipodeccop, akaneMnk MAAH u HAH PK, T'enepains-
ublit tupexrop HUU Hedrenepepaborku u Hedrexumun (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

PenaknuoHHast KoJLIerus:
AJIEKEHOB Cepra3pl MpIH:KacapoBUY (3aMECTUTEINb TNIABHOTO PEAKTOPa), TOKTOP XMMHYECKUX HayK, mpodec-
cop, axagemuk HAH PK, mupexrop AO «Hayuno-npomsBonctBenHoro nenrpay®@uroxumus» (Kaparanma, Kazax-
craH), https://www.scopus.com/authid/detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/
record/48648658
ATABEKOB Biagnvmup EHokoBHY (3aMecTHTENb INIABHOTO PEAAKTOPA), IOKTOP XHMHYECKHX HaykK, podeccop, aka-
nemuk HAH Benapycu, moderHslii aupexrop MHCTHTYTa XMMUK HOBBIX MatepuanoB (MuHck, benapycs), https:/www.
scopus.com/authid/detail.uri?authorld=7004624845, https://www.webofscience.com/wos/author/record/28920574
CTPHA/I Mupocaas, npodeccop, 3aBeAyronuii labopaTtopiueli HHCTUTYTa DKCIIEpUMEHTaIbHON O0TaHuKK Yerickon
akazemun Hayk (Omomoyr, Yexwus), https://www.scopus.com/authid/detail.uri?authorld=36789185000, https:/www.
webofscience.com/wos/author/record/18379
BYPKUTBAEB Myxam0eTkaan, IOKTOp XUMHYECKHX Hayk, mpodeccop, akamzemux HAH PK, (Amnmarel, Kazax-
cra), https://www.scopus.com/authid/detail.uri?authorld=8513885600, https://www.webofscience.com/wos/author/
record/691218
XOXMAHH JIxxynuT, 3aBexyromuii kadenpoit @apmaxornosun dapmanesruyeckoro daxynsrera YHuBepcutera Ce-
refia, AMPeKTop MexXIMCIMIUIMHAPHOTO LIEHTPa ecTecTBeHHbIX HayK (Ceren, Benrpus), https://www.scopus.com/authid/
detail.uri?authorld=7004457196, https://www.webofscience.com/wos/author/record/15630788
POCC Camup, PhD, mpodeccop Ilkonsr Papmanun HalMOHAIBHOTO LEHTPAa HAYYHBIX HCCICIOBAHUH pac-
TUTENBHBIX IPOAYKTOB YHHBepcurera Muccucumu (Oxcdopn, CIIA), https:/www.scopus.com/authid/detail.
uri?authorld=7401610128, https://www.webofscience.com/wos/author/record/47926269
XYTOPSIHCKHMM Buranwuii, foxrop punocodun (Ph.D, papmarest), npodeccop Yuusepcutera Pemunra (Peusr,
Anrmust),  https://www.scopus.com/authid/detail.uri?authorld=35606915700,  https://www.webofscience.com/wos/
author/record/221621
TEJIbTAEB Barnar Bypxaun6aiiy/ibl, JOKTOp TeXHHYECKHX Hayk, npodeccop, akanemux HAH PK, Munucrepcrso
Wunycrpun u uabpacTpyKkTypHOro pa3sutus Pecryonuku Kasaxcran (Anmarsl, Kazaxcran), https://www.scopus.com/
authid/detail.uri?authorld=6506225641, https://www.webofscience.com/wos/author/record/72161
DAPYK Axcana Jap, npodeccop komremka Bocrounoit memumunbl Xamaapaa anb-Mampkupa, daxyisrer
Bocrounoii memuuumnbl yHuBepcutera Xampaapaa (Kapauwm, [laxkucran), https:/www.scopus.com/authid/detail.
uri?authorld=55884056900, https://www.webofscience.com/wos/author/record/1796996
®A3bIJIOB Cepux [IpaxMeToBHY, JOKTOp XHMHYECKHX Hayk, mpodeccop, akagemuk HAH PK, 3amectutens au-
pekTopa 1o Hay4Ho pabore MHcTuTyTa Opranmdeckoro cuHresa u yrexumun (Kaparanma, Kaszaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6701472056, https://www.webofscience.com/wos/author/record/1541357
JKOPOBEKOBA Illapuna ’KopobekoBHa, JIOKTOP XUMH4YECKUX HayK, npodeccop, akagemuk HAH Ksbiproicrana,
WuctutyTt xumMun 1 xumudeckoit texuonorun HAH KP (Butukek, Keipreizcran), https:/www.scopus.com/authid/detail.
uri?authorld=6602652060, https://www.webofscience.com/wos/author/record/31723468
XAJIUKOB [:xypa6aii XaJukoBU4Y, JOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk AH Tampkukucrana, Wn-
ctutyt xumuu uMenu B.M. Hukurmna AH PT (HymaunGe, Tamkuxucran), https://www.scopus.com/authid/detail.
uri?authorld=6603735641, https://www.webofscience.com/wos/author/record/9567106
DAP3AJIMEB Barug Memkna oribl, JOKTOp XUMHYECKUX Hayk, podeccop, akanemuk HAHA (Baky, A3ep6aiin-
xKaH), https://www.scopus.com/authid/detail.uri?authorld=6601962486, https://www.webofscience.com/wos/author/
record/21617033
TAPEJIMK Xemaa, noxtop ¢unocodun (Ph.D, xumus), npesugent OTaena XUMUH M OKpYKalomied cpeasl Mexk-
JYHapoOIHOTO CoOro3a 4ucTod M mnpukiagHoir xumuu (Jlommon, Axrmms), https:/www.scopus.com/authid/detail.
uri?authorld=56010090400, https://www.webofscience.com/wos/author/record/29866743

«ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY»

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Menmikrenymi: «OpTanbIK A3Hs akaJeMISIIBIK FEUIBIME opTansrsDy XKIIC (Anmars! K. ).

Kazakcran PecryOnukachlHbIH AKMapar jkoHE KOFaMIbIK JaMy MHMHHCTPIIriHiH Akmapar komuteringe 05.06.2025
x. 6epinren Ne KZ23VPY 00121156 mep3iMaik 6acbUIbIM TipKeyiHe KOHBLTY Typaibl KyuiK.

TaKbBIPBINTHIK OAFBITBI: OP2AHUKATbIK XUMUS, OEUOP2AHUKATIBIK XUMUS, KAMATU3, TeKMPOXUMUSL HCIHE KOPPO3UL,
apmayeemuKanbly Xumus HcaHe MmexHoN0UANap.

Mep3iMIiiiri: )KbUIbIHA 4 peT.

http://chemistry-technology.kz/index.php/en/arhiv

© «OptanblK A3us akaJeMUsUIbIK FhUIbIMU opTaibirsby JKIIC, 2026

4



Volume 3, Number 468 (2026)

CONTENTS

Abdugalimov A.Sh., Jalmakhanbetova R.I1., Mukusheva G.K.
Atomistic insight into solvent effects on the chemical structure of betulonic acid........c..cccevevienininencnne. 11

Assembayeva E.K., Shadi D.K., Nurmukhanbetova D.E., Bozhbanov A.Zh., Gabdullina E.Zh.
Effect of inulin on the quality characteristics of a fermented cheese whey-based beverage ..........c.c..c..... 25

Asylbekova D.D., Toktibayeva Kh.R., Kaldybayeva A.R., Zhurkhabayeva L., Tukibayeva A.S.
Electrochemical behavior of phosphorous acid on a platinum electrode and its galvanostatic anodic
oxidation usSing @ [ead ANOME .......cc.eiuiriiiiiiiieie et 39

Auyeshov A.P., Yeskibayeva Ch.Z., Ibrayeva A.M., Alzhanov K.B., Dzholdasova E.M.
Investigation of the adsorption characteristics of silica obtained from serpentinite by a combined
acid—alkall METROA ...co.oiiiiiiiiiii ettt sttt ettt 58

Galymzhan A., Kozhabekov S., Kuanyshev A., Sansyzbay N., Abdrassilova A.
Effect of octadecyl methacrylate—maleic anhydride copolymer composition on crude oil
ThEOLOZICAL PIOPETLICS .....eveiiiiniititit ittt ettt bbbt ea ettt a e st et sbe bt e bt eseeseentens 78

Darmenbayeva A.S., Rajasekharan R.
Investigation of the structural properties of nanocellulose membranes derived from agricultural

Dmitriyeva E.A., Medvedev A., Kemelbekova A.
Development of a low-temperature gas sensor based on SnOs- thin films and a precision measurement
system for high-TesiStance dEtECTION .......couerueriiriiriirtieiieiiei ettt 109

Dzheldybaeva I.M., Kairbekov Zh., Esenalieva M.Z., Dossumova B.T., Suimbaeva S.M.
Influence of ultrasonic treatment on the structure and physicochemical properties of brown coal
RUINIC ACTAS ..ttt sttt ettt b e bbbt bt et et et nbe st st et 125

Jumadilov T.K., Khimersen Kh., Imangazy A. Features of heavy metal ion sorption by interpolymer
systems formed from homogeneous polyelectrolytes .........cccoviririririiiiiiieieeeee e 140

Zhylkybek M., Orazbekova R.S., Yerkibaeva M.K., Aidarova A.O., Baizhumanova T.S.
Co—Mg oxide catalysts for deep oxidation of methane: synthesis, structure, and catalytic activity.......... 154

Imangaliyeva B., Rakhmetova G., Dossanova B., Sovet N.
Technology of biological fertilizer production by hydrolysis treatment of polymer waste..........c..c.cceuc.e 169

Karar ML.E., Beisenbayev O.K., Alibekov R.S., Shamsudin R. Starch extraction from Baidaly rice
and Gala potatoes for application in biodegradable materials..........ccccoverieiirienininininiciececceee 186

Kudaibergenova G.N., Azimbayeva G.E., Kamysbayeva A.K., I1zteleu B.M., Kurbanbayeva N.M.
Fatty acid composition of Helianthus tuberosus flOWETS .........ccocoviiiriiiiiiiiinienineeeeeeeeeese e 204

Massenova A.T., Sass A.S., Torlopov LI., Rakhmetova K.S., Malgazhdarova M.K.
Tuning of surface acidity in Zn—-Me-modified shaped ZSM-5—-Al-0s alkylation catalysts........................ 219

Nurislamov R.M., Nefedov A.N., Beissenbayev D.K., Leontyeva X.A., Imashev B.K.
Effect of oxide films on the corrosion resistance of iron: modeling in COMSOL Multiphysics 6.2......... 238



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Nurlybayev O., Kudaibergenova R., Taubayeva R., Bekaulova A., Seitmanbetova A.
Textural properties of bentonite—sawdust carbon composites after metal-chloride-assisted
CATDOMIZALION. ...ttt ettt b ettt ettt ettt b et e e bt bt e bbbt eb et et ene st enes 250

Puzikova D.S., Bessonova G.V., Kenzin N.R., Zhurinov M.Zh., Torlopov LI.
Modeling cavitation of oil-containing media in various hydrodynamic configurations..............c.cceeeuenne 263

Rakhimov A., Zhanikulov N., Taimasov B., Potapova E., Sarsenbaev B.
Calculation of the raw material composition for cement clinker with the addition of lead slag processing

Ryskalieva D., Baibulanova A., Yessenamanova M., Mustafina A., Samat A.
Hydrogen sulfide pollution in the atmosphere of an industrial city: the potential role of evaporation
fields (Atyrau, KazakNStan) ...........cccceevieieiienienienece ettt sttt essessessessaeseesaeseensensens 299

Serikbayeva K.T., Chalov T.K., Sadykov K.A.
Rubidium sorption from aqueous solutions by VEMEA—-AGE-PEI anion exchangers............c..ccccceee.. 322

Seitkazinova A.R., Nazhipkyzy M., Yeleuov M.A., Zhaparov A.A., Kalybayeva A.K.
Orange peel-derived porous activated CarbOMN ............cveierierieriieieieeeeeetee e 334

Samadun A.L., Taussarova B.R., Asrakulova D.I., Nurmukhanbetova D.E.
Biodegradable packaging films with copper nanoparticles: effect of NaBH4 concentration
on morphology and antifungal PrOPETLICS .........eceeieirierierierieriese et etee et et ste et ere e esaeaesessessesseseeene 351

Khamitova T.O., Tyanakh S., Bolatbay A.N., Ma Fengyun, Aitbekova D.E.
Linking geological genesis to the molecular and optical traits of humic acids from coal wastes............. 370

Talgatov E., Zamanbekova A., Abilmagzhanov A., Auyezkhanova A., Akhmetova S.
Polymer-modified supported catalysts for the oxidation of cyclohexane with hydrogen peroxide........... 389



Volume 3, Number 468 (2026)

MA3MYHBbI

Aoayranumos A.ILl., /lxxanmaxan6erosa P.U., Mykymesa LK.
BeTyloH KbIIIKBUIBIHBIH XUMHSIIBIK KYPBUIBIMBIHA €PITKILITEP 9CEPiH aTOMUCTUKAIIBIK TYPFbIIaH
BEPTTEY +euveuvenreteastenteueentententestestesseebeeseestestesse bttt ab e bt eb e es e es s em s et e b e eb e eb e eh e eh e es b es b en b et e ebeebe e bt e bt e bt en et et e b e b eheets 11

Acemb6aeBa J.K., llani /I.K., Hypmyxanoerosa /I.E., bo:xxk6anos A.2K., 'adaynmna EK.
WHynuHHIH 1piMILNIK capbICYbl HETi31HAET1 AlIBITBIIFAH CYCBIHHBIH Calla KOPCETKIIITEPIHE 9CEPL............. 25

Acsbri6exoBa JI./1., ToxkreioaeBa X.P., Kanabsi6aeBa A.P., ’Kypxabaesa JI., TykioaeBa A.C.
Docdopiibl KBIIIKBULABIH IIATHHA dIEKTPOABIHAAFbI MEKTPOXUMHUSUIBIK KACHETTEPI )KOHE OHBI
KOPFAChIH aHOBIH KOJIIAHBII TaIbBAHOCTATUKAIIBIK @HOATHI TOTBIKTBIPY. c.c.vevveveaeereeeneeseneeseaseneeseneeseaeeneans 39

AyemoB A.Il., Ecku6aesa 4.3., UopaeBa A.M., AizkanoB K.b., Ixxonnacosa 3.M.
KpIIKBIIABI-CINTITT KOMOMHAIMATIBIK 9IICTIEH CEPIIEHTUHUTTEH AJIbIHFAaH KPEMHE3eMHIH aJCOPOLUSIIBIK
CHUTTATTAMAIIAPBIH BEPTTEY -..vveuventenresiastaseestestestentensestestenseastesteseentensensenseaseestestestensessensensestestestesbeeseensensensens 58

Fansivmikan A., Ko:kadexoB C., Kyanbimes A., Cancoi306aii H., AogpacuiioBa A.
OKTazeIMeTakpuiIaT IeH MaJleH aHTHAPHU/II COMOIMMEepIIepi KYPaMbIHbIH MYHAHIbIH PEOIOTHSIIBIK,
KACHETTEPTHE OCCP «.veuvtvtemieutentetetiettettete et ettestetestestesbesbeebeeseesees s et et e b e ebeebeeb e eh s ea s esbes b e bestesbeebeebeeneentententens 78

JapmenodaeBa A.C., Rajasekharan R. ArpokanasikTapiaH ajablHFAaH HAHOIIEIUTIONO3aJIbI
MeMOpaHaIaAPABIH KYPBUTBIMABIK KACHETTEPIH BEPTTEY....c.veeveerterrentetentensenseeseeseensensensensessesiessesseeseessesensens 95

Jmurtpuena E.A., Mensenes A., KemesioexoBa A.
SnO: )xyKa KaOBIKIIaTapsl HET131HIEeT TOMEH TeMIIEPaTypajbl ra3 CEHCOPBIH )KIHE KOFAPhI
KeAepriepl Tipkeyre apHalIFaH MPEUU3UOHIBI OJIIICY JKYHECTH O31IPIIEY....ccuvevererrinriniieiieiieieieniesieneeee 109

JxengpioaeBa U.M., Kaiibipoexos K., Ecenanuea M.3., locymosa B.T., Cyiim6aesa C.M.
VYrpTpaapIObICTHIK OHACYAIH KOHBIP KOMIpP T'yMUH KBIIIKBIIIAPBIHBIH KYPBUIBIMBI MCH
(PUBUKA-XUMUSITBIK KACHCTTEPIHE QCCP.vuveutemtintirtiatietietientententestestestesieestestessensessestessesseeseeneeseentensensesnesues 125

Txymaauios T.K., Xumapean X., Umanrassl A.
BipTekTi momManeKTpoIUTTepACH KYPbUIFaH HHTEPIOINMEPITIK )KYyHeIepaiH ayblp MeTasll
HMOHIAPBIH COPOLIMSIIAY CPEKIICTTIKTED . . uveuteurintetertertiettestestestestestestesseeseeseestesensesbesbeebeeseessensensensenaensenne 140

Kpuikbsioex M., Opaszdexosa P.C., EpkuéaeBa M.K., Aiinaposa A.O., baii:kymanosa T.C.
MetaH/pl TEpeH TOTHIKThIpYFa apHasiFaH Co—Mg OKCHATI KaTalu3aTopiap: CHHTE31, KYpbUIbIMBI
MKOHE KATATHTUKATBIK OCIICEHIIITITI ¢ . cuviuiiiteiitiieiceteeet ettt 154

HUmanranuena b., Paxmerosa I'., locanoBa b., Coset H.
[TonmmMep KanapIKTapbIH THAPONU3TIK OHJCY apKbUIBI OHMOIOTHSIIBIK THIHAUTKBILI ATy
TEXHOIIOTHISICBL. .. .e vt teuveesteenseeseesseessaesssassseasseasseesseenseanseesssanssessaessseassessseanssessesnseenseenseenseensaesssesssenssennsesnses 169

Kapap M.E., Beiicen6aeB O.K., Annodexos P.C., Pocuax lllamcynus.
Baiimans! kypinriHeH sxoHe ['ana cOPTTH KAPTONTAaH KpaXMaJl ally )KOHE OHbI OMOBIIBIPANTHIH
MATEPUATTAPAA KOTIIIAHY. ... cuverventenrestaneestententensensessestesseessessessessestestesseaseeseeseentensenseaseasesseeseessensensensensensense 186

Kynaiioeprenosa I.H., A3um6aeBa I.E., KambicoaeBa A.K., I3tesiey b.M., Kyp6an6aesa H.M.
TornmHaMOyp TYAAEPIHIH MAH KBIIKBIIIBIK KYPAMBI ....c.veuterteteterienterseeseemeeneensensessessesseeseessensensensensensense 204



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

MacenoBa A.T., Cacc A.C., Topiaonos U.U., PaxmeroBa K.C., Maaraxnaposa M.K.
Zn-Me-monubuKkanusnanFal Kaasmranrad ZSM-5-A10s ankuiaey KaTanan3aTopiapbiHbIH
OCTTIK KBIIKBUIABIFBIH PETTEY....ccvveuvenrereeenee

Hypucaamos P.M., Hedenos A.H., Beiicendaen /I.K., JleonTtheBa K.A., Umames b.K.
Temipain KOppo3usFa TO3IMALIIriHE OKCUATIK KaObIKmanapasH acepi: COMSOL Multiphysics 6.2
OAFIAPTAMACHIHIA MOECIIBIICY. c..cuveeventerteneententenseaseestestestentensensensessessesseestessensensensesseaseebeeseeneentensensenseasennes 238

Hypasidaes O., Kynaiideprenona P., Tayoaesa P., bekayiioBa A., CeiitManGeToBa A.
Mertasn xopuaTepi KaTbIChIHAA KapOOHU3asIIaHFaH OCHTOHUT—aFalll YT1HIICI KOMIPTEKTi
KOMIO3UTTEPIHIH TEKCTYPATBIK KACHETTED 1. euveeveatereeieesientertententestesseeseeseeseentensessessessesseensensensensessensensenne 250

Iy3ukoBa /I.C., becconona I.B., Kenzun H.P., )Kypsinos M.2K., Top;ionos U.H.
OPTYpIli THAPOIMHAMHKAIIBIK KOHCTPYKLHMSIAPIaFbl MyHal KypaM/ibl OpTaJlapIbIH KaBUTALHs
TIPOIICCIH MOJICIIBIICY ..evvenvenvensensensenseastententensensensessesseaseessensessentesseseeabeeseeseemtentensenseabeebeebeestensensensensenaentene 263

Paxumos A., ’Kanuxyiso H., Taiimacos B., [loranosa E., Copcendaes b.
KoprachlH KOKBIH OHACY KaIIbIKTaPhl KOCUIFAH [IEMEHT KJIMHKEPiHiH IIUKI3aT IIHXTaChIHBIH
KYPAMBIH ©CEIITEY ....vvuvteueeneentententeaseastastestententensessessessesstessessessessessesteaseesteseentensensensesseabeeseensensensensensensensenne 285

Cepikoaena K.T., Hanos T.K., Canbikos K.A.

CeiiTkazunoBa A.P., Haxkunkpizsl M., Eneyos ML.A., ’Kanapos A.A., Kaabi6aeBa A.K.
AnenbCHH KaObIFbIHAH AJIBIHFAH KEYEKT1 OCTCCHIIPIITCH KOMIP. .. coverueemeeuienietentententeeteeieeneeeenaenienieneenne 322

CamanyHn A.U., TaycapoBa b.P., Acpakynosa /I.U., Hypmyxau6eropa JI.E.
Mpic HaHOO®OMIIeKTEPi 6ap OMOBLABIPANTHIH KanTamMambIK yiaipiaep: NaBH4 KoHICHTpauusChIHBIH
MOP(OIIOTHSFA KIHE CAHBIPAYKYJIAKKA KAPCHI KACHETTEPIHE CEP1uveuvereeueeneeienrentenieeiieieererenaeniesienienne 334

Xamuroa T.O., Taunax C., bonaroaii A.H., Ma ®3ub10Hb, AliToexoBa /I.E.
Kemip kanapIKTapsIHaH OOTiHIeH TyMHH KBIIIKBUIIAPBIHBIH T€0TOTHAIBIK T€HE3UCI MEH MOJIEKYTIANIbIK
JKOHE ONTHKAIBIK KACUCTTEPIHIH OQMITAHBICH ......eveveiieiteiienieiententesteeteeseeseestensestesbesbesteeneessesensentenaeneenne 351

Prickanuesa /I.K., baiioy1anoBa A.A., EcenamanoBa M.C., Mycrapuna A.2K., Camar A.C.
OHepKaCcinTiK Kana atMoc(hepachIHBIH KYKIPTCYTEKIIEH JIaCTaHybl: OylaHy aJaHIapbIHBIH
BIKTUMAIT POIL (ATBIPAY, KABAKCTAH) ..ecueiuieiiiiitiitieiieiteiteteteste ettt ettt 370

TaararoB J.T., 3amanbéexoBa A.T., Abuiabmar;kanoB A.3., Oye3xanoBa A.C., AxmeroBa C.H.
I{uksoreKcan/pl CyTeK MePOKCHAIMEH TOTHIKTBIPYFa apHAIIFaH MOJUMEPMEH MOAN(DHUKAIMUIAaHFaH
TACBIMAJIAFBIIIKA OCKITIITCH KATATTMBATOPIIAD «.veeveeverrerrententententersesseeseeseeseeneesensessessesseessensensensensensensense 389



Volume 3, Number 468 (2026)

COAEP)KAHHUE

Aoayranumos A.ILl., /lxxanmaxan6erosa P.U., Mykymesa LK.
ATOMHCTHYECKOE UCCIICIOBAHUE BIMSHUS PACTBOPHUTENICH Ha XUMUYECKYIO CTPYKTYPY
OCTYITOHOBOM KHICTIOTBL ... uveuveateertstautentententessestestesseestestessentesesseastebeeseeseestensentesenbesbesbeestentesbensentenbenbeabeaneas 11

Acemb6aeBa J.K., Hlanu J.K., Hypmyxan6eroBa /I.E., Bo:k6anos A.XK., I'aonyamna EOK.
BinsiHue HHY/IHMHA Ha TT0KA3aTeNu Ka4ecTBa ()epMEHTHPOBAHHOTO HAMUTKA HAa OCHOBE CHIPHOIL
CBIBOPOTEH «.uveuteatetteteestestentententeseaseestebeestestessentenseete et e eb e ebeeseestentent et e bt ebeebeebeeh s es b esbenbenbentenbeebeebeebeenteneentens 25

Acsbri6exoBa JI./1., Toktu6aesa X.P., Kaansi6aeBa A.P., ’Kypxadaesa Jl., Tykuoaena A.C.
DAeKTpoXuMHYecKoe moseaeHne pochopucToil KHCIOTH Ha TNITATHHOBOM 3JIEKTPOIE
1 e€ rabBaHOCTATHYCCKOEC aHOIHOE OKUCIICHHE C MCITOIb30BAHUEM CBHHIIOBOTO AHOMA.......ecvveveereervennens 39

AyemoB A.Il., Ecku6aesa 4.3., UopaeBa A.M., AizkanoB K.B., Ixxonnacosa 3.M.
HccnenoBanue aacopOIMOHHBIX XapaKTEPUCTUK KPeMHe3EMa, MOTyUYeHHOTO M3 CePIICHTHHUTA
KOMOMHUPOBAHHBIM KHCITOTHO-IIETTOTHBIM METOMOM ....eetiutesiateneasinseseaseneeseseseasenseseasensesenseseasensesensessasenens 58

Tlaasivmekan A., Koxkatekos C., KyanbimeB A., Cancbi30aii H., AapacuiioBa A.
BrusiHre cocTaBa COMOIMMEPOB OKTAASIIMIMETAKPUIIaTa U MAJICMHOBOTO aHTHIPHIA
HA PEOTIOTHYCCKHIE CBOMCTBA HEMTH ....euveeervieiienietentententeeteettestestentestenseebeeutebeessensessentensestesbesbeebeeseeneeneensens 78

JapmenobaeBa A.C., Rajasekharan R.
HccnenoBanue CTpyKTYPHBIX CBOWCTB HAHOLEIUTIONIO3HBIX MEMOpaH, MOJIYYEHHBIX U3 arpOOTXO/OB.......95

Jmurtpuena E.A., Mensenes A., KemesioexoBa A.
Pa3paboTka HU3KOTEMIIEPaTypPHOTO Ta30BOT0 CEHCOPA HAa OCHOBE TOHKMX IUIEHOK SnO: 1 NPEeLn3HOHHON
HM3MEPUTETBHON CUCTEMBI JJISl PETUCTPALUU BBICOKOOMHBIX COTPOTHBICHMM. ...vvevvenvirieiieiieiieieienienienee 109

xengpioaeBa U.M., Kaupoekos K., EcenanueBa M.3., locymoBa B.T., CyiimoaeBa C.M.
BrusiHue yapTpa3BykoBOi 00pabOTKH Ha CTPYKTYPY U (PU3UKO-XUMUYECKHE CBOWCTBA I'YMUHOBBIX
KHCITOT OYPOTO YITIT .evtuteutententententeattemtestentententenseatessesteestessessesentesaeabeebeeseemtententesenbeabeebeeseensensensensententenee 125

Jxymanuios T.K., Xumapean X., Umanrassl A.
Oco0EHHOCTH COPOLIMN HOHOB TSHKENBIX METAJUIOB HHTEPHIOIMMEPHBIMU CHCTEMAMH,
¢(hOpPMHUPOBAHHBIMHU M3 OXHOPOIHBIX MOTHAICKTPOIIHTOB. .....veuventerterterseeseemteneentensensessesseeseessesensensensensense 140

Kpuiksioex M., Opasoexosa P.C., EpkuéaeBa M.K., Aiinaposa A.O., baii:xxymanosa T.C.
Co—-Mg oKcHHbIE KaTaJIU3aTOPbI VIS ITyOOKOr0 OKMCIICHHSI METAHA: CHHTE3, CTPYKTypa
1 KaTATUTHUECKAST AKTUBHOCTD .....viuvuitenieuitenteteteuteteseetesesteseseeseesesesseseseesesesseasesesseseesensesesaeseeseseeneeeens 154

HUmanranuena b., Paxmerosa I'., locanoBa b., Coset H.
TexHoNOTHA NONTYyYSHUST ONOTOTUIECKOTO YAIOOPEHUS Iy TEM THIPOIU3HON 00pabOTKH
TTOTTIMEPHBIX OTXOOB. ..uteutententeateteaseestententensensessessesteessessessensensesaeabeebeeseemtententeseabeebeebeeneensensensensententenne 169

Kapap M.E., Beiicen6aeB O.K., Anudekxos P.C., Pocuax lllamcynun.
[Nonyuenue kpaxmana u3 puca «baiigansn u kaprodens copra «['ana» u ero npuMeHeHNe

B OHMOpa3IaraeMblx Marepuanax ... ..186

Kynaiioeprenosa I.H., Asumbaesa I.E., Kambic6aeBa A.K., U3tesney .M., Kyp6an6aesa H.M.
JKAPHOKUCIIOTHBIN COCTAB LBETKOB TOTTMHAMOYPA ....cuvvvvirentenieienientenseeseentestesensesbestesteeneeneensensensensenienee 204



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

MacenoBa A.T., Cacc A.C., Topiaonos U.U., PaxmeroBa K.C., Maaraxnaposa M.K.
PerynupoBanne moBepXHOCTHOH KHCIOTHOCTH Zn—Me-MonupHIupOBaHHBIX (POPMOBAHHBIX
ZSM-5-Al:0;3 KaTanu3aToOPOB ANKHITHPOBAHIST ........eoveueriteutrenreniteseeteseteeseseeseeseseeseseeseseesesaeseeseseeseeeens 219

Hypucaamos P.M., Hedenos A.H., Beiicendaen /I.K., JleonTtheBa K.A., Umames b.K.
Buinsinue okCcuAHBIX TIEHOK Ha KOPPO3UOHHYIO CTOMKOCTD JKele3a: MOJEIMPOBAaHUE
B COMSOL MUIIPRYSICS 0.2 ....cueiiiiiiiiiiiiiieiee ettt 238

Hypasidaes O., Kynaiideprenona P., Tayoaesa P., bekayiioBa A., CeiitManGeToBa A.
TexcTypHbIe CBOWCTBA OEHTOHUT—YIIEPOAHBIX KOMIIO3UTOB MOCIE KapOOHH3ALNH
B TMPUCYTCTBHH XJIOPHIIOB METATIIOB ....uvuteutenretenteeteettessessessentestestessesseeseentensesensessessesseeneensensensensensessenne 250

Iy3ukoBa /I.C., becconona I.B., Kenzun H.P., ’Kypunos M.2K., Top;ionos U.U.
MozenupoBaHue npouecca KaBUTalnl HeTeCoAepKaIMX CPel B Pa3IHYHbIX
THIPOIMHAMUUCCKUX KOHCTPYKIIHX . cevvuvententententeeteettensensessensestestessesseeseeneensensensessessesseensensensensensensensenne 263

Paxumos A., ’Kanuxyiso H., Taiimacos b., [loranosa E., Capcen6aeB b.
Pacuér cocraBa ChIpbeBOil MINXTHI AJISI IEMEHTHOTO KIIMHKepa ¢ J00aBICHUEM OTXO/I0B
TIEPEPAOOTKH CBHHIIOBOTO IIITAKA ...veevvenrenrentensentensensesstessensessesensessessesseeseensensensensensessesseessensensensensensensenne 285

Cepukoaena K.T., Yanos T.K., Caasixos K.A.
Copbuus pyouaust u3 BOOHBIX PacTBOPOB aHHOHUTAMH BOMDA—-ATI'D-TIOU....c..coeviiiiiiiiiece, 299

CeiiTkazunoBa A.P., Haxkunksizsl M., Eneyos ML.A., ’Kanapos A.A., KaabioaeBa A.K.
ITopucTelii akTUBUPOBAHHBIN yIJIEPO/, OJTYYEHHBIH U3 AlIETbCUHOBOM KOMKYPBL....cuvvenvrenreerieenreenienerennnes 322

CamanyHn A.U., TaycapoBa b.P., Acpakynosa /I.U., Hypmyxau6eropa JI.E.
buopasinaraemble YIIakoBOYHbIC IUIEHKU ¢ HAHOYACTUIIAMU ME/IN: BIUSHUE KOHLICHTPALIMK
NaBHa Ha MOP(OIOTHIO X AHTUTPHOKOBBIE CBOMCTBA .....veuveuveaieieeiiertenteneententensesseeseeseeseensensensensensensensenne 334

Xamuroa T.O., Taunax C., bonaroaii A.H., Ma ®3ub10Hb, AliToexoBa /I.E.
CBsI3b I€0JIOTHYECKOTO TeHE3UCa C MOJICKY/SIPHBIME U ONTHYECKUMH XapaKTePHCTHKAMU
TYMUAHOBBIX KHCJIOT M3 YTOIBHBIX OTXOMOB -...veutttuteutteneestsestasanseseaseseaseseseasenseseaseseasensesenseneasensesesseneesenes 351

Prickanuena /I.K., Baiioy1anoBa A.A., Ecenamanosa M.C., Mycraduna A.)K., Camat A.C.
3arpsizaeHre aTMocepsl MIPOMBIIIIEHHOTO FOPO/Ia CEPOBOAOPOIOM: OTEHIIHATIBHAS
poib nmoseld ncmapeHust (ATBIPAY, KABAXCTAH) ...c.eevetiriiiiiiiiiiiriieiieiieitetetet ettt 370

Taararos J.T., 3aman6exoBa A.T., AbuabmarxkanoB A.3., Aye3xanoa A.C., AxmeroBa C.H.

IMonmumep-MoanGUINPOBaHHbIC HAHECEHHbIE KaTAIM3aTOPbl OKUCIICHHS LIUKJIOTeKCaHa
TICPOKCUTOM BOZOPOIIA «.envenvententensiaseameestententesensessesseastessensensensestesaeaseeseeseentensensenseabeebeeseeneensensensensensensenne 389

10



Volume 3, Number 468 (2026)

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY
ISSN 2224-5286

Volume 3.

Number 468 (2026), 299-321

https://doi.org/10.32014/2026.2518-1491.402

IRSTI 87.51.15
UDC 504.3.054:546.221:628.394

© Ryskalieva D.!, Baibulanova A.%, Yessenamanova M."", Mustafina A3,
Samat A.', 2026.
'"Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan;
“Institute of Monitoring of Climatic and Ecological Systems of the Siberian Branch of
the Russian Academy of Sciences, Tomsk, Russia;
’L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.
E-mail: mansiya.73@mail.ru

HYDROGEN SULFIDE POLLUTION IN THE ATMOSPHERE OF AN
INDUSTRIAL CITY: THE POTENTIAL ROLE OF EVAPORATION FIELDS
(ATYRAU, KAZAKHSTAN)

Ryskalieva Damilya — PhD, Kh. Dosmukhamedov, Atyrau University, Atyrau, Kazakhstan,

E-mail: damilya03@gmail.com, https://orcid.org/0000-0002-5988-3632;

Aiman Baibulanova — PhD student, Institute of Monitoring of Climatic and Ecological Systems of the
Siberian Branch of the Russian Academy of Sciences, Tomsk, Russia,

E-mail: aiman.81aab@gmail.com, https://orcid.org/0009-0008-6565-487X;

Yessenamanova Mansiya — candidate of Technical Sciences, Kh. Dosmukhamedov, Atyrau University,
Atyrau, Kazakhstan,

E-mail: Mansiya.73@mail.ru, https://orcid.org/0000-0002-5423-2857;

Assemgul Mustafina — PhD student, Department of Physical and Economic Geography, L.N. Gumilyov
Eurasian National University, Astana, Kazakhstan,

E-mail: asemgul1985@mail.ru, https://orcid.org/0000-0001-7214-5346;

Ayaulym Samat — Master's student, Kh. Dosmukhamedov, Atyrau University, Atyrau, Kazakhstan,
Sam.ayaulym04@mail.ru, https://orcid.org/0009-0005-8529-7927.

Abstract. This study assesses atmospheric hydrogen sulfide (H2S) pollution in
Atyrau, Kazakhstan, with a focus on its spatial and temporal variability and the potential
role of wastewater-related emission sources. The analysis was based on automatic air-
quality monitoring data for the comparable September—February periods of 2021-2022
and 2025-2026. Individual intraday H>S measurements obtained from the AirKZ
monitoring database were aggregated to daily mean concentrations. The upper part of the
concentration distribution was characterized using the P95/reference-value ratio, while
the frequency of days with daily mean H>S concentrations above the reference value
of 0.008 mg/m* was used as an additional comparative indicator. During 2021-2022,
elevated HS levels were observed at both industrial and residential monitoring stations.
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The highest P95/reference-value ratio was recorded at the Proparka industrial monitoring
station in September 2021, reaching approximately 50. Both the P95/reference-value
ratio and the frequency of days with daily mean H-S concentrations above the reference
value were substantially lower during 2025-2026. Statistical analysis confirmed
significant differences in daily H-S concentrations between the two observation periods
across all seven monitoring stations included in the comparative analysis. The observed
reduction coincided with the reported reduction or suspension of reclamation-related
activities. Although the observational design does not allow direct causal attribution,
the temporal pattern, spatial distribution, and available literature support the hypothesis
that wastewater evaporation fields and sediment disturbance may contribute to elevated
atmospheric HS levels. The findings emphasize the need to strengthen H>S monitoring,
particularly near wastewater storage facilities and evaporation fields, and to implement
targeted environmental monitoring during reclamation and other sediment-disturbance
activities.

Keywords: hydrogen sulfide, air pollution, wastewater, evaporation fields, air-
quality monitoring, industrial emissions, spatial and temporal variability, Atyrau
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AnHotamus: 3epTreyne AThlpay KaJachlHBIH aTMoc(epanblK — ayachIHBIH
kykiprcytekneH (H2S) mactaHybl OHBIH KEHICTIKTIK KOHE YaKbITTHIK ©3TepTillTiTiHe,
COHJali-aK aFbIHIBI CyJapMeH OaiIaHBICTHI BIKTUMAN IIBIFAPBIHABUIAD KO3AepiHiH
perniHe Hazap aymapa OTBIpbI Oaramanapl. Tammay 2021-2022 sxome 2025-2026
KBUIIApIarbl  KBIPKYHEK—aKIaH  apallbIFbIHIAFbl  CAJBICTHIPMAalbl  Ke3eHJAepre
apHaJFaH aBTOMATTHl aya carachkl MOHHUTOPHHTIHIH Jepekrepine Herizmenmi. AirKZ
MOHHUTOPUHT JIEPEKKOPBIHAH albIHFaH TOymiK immiazmeri H.S emmempaepi ToymikTik
opTaia KOoHIIeHTpanusuiapra Oipiktipinai. KoHneHTpanusmap TapaitybIHBIH KOFapFbI
Oeouiri P95/3Tanonapk MoH KaTbIHACK! apKBUTBI CHTIATTAINAB, all HaS ToymikTik oprama
koHIeHTpanusichl 0,008 MI/M? 3TaJOHIBIK MOHHEH aCKaH KYHISPIIH KHULTIT KOCKIMITIA
CaNBICTRIPMAJIbl KOpCeTKim peTinae maimamansuiael. 2021-2022 sxeurmapel HaS
JEHTeHiHIH KOFapbl MOHIEP] OHEPKAICITITIK XKOHE TYPFHIH afMaKTapAarbl MOHUTOPHUHT
CTaHIMsIapbIHAa OaKanapl. P95/3TamoHIBIK MOHHIH €H jKOFapbl KaThlHachl 2021
JKBUTFBI KBIpKYHekTe Proparka eHepkocINTIK MOHHUTOPHHT CTAHIHACHIHAA TipKEJIl,
mamameH 50-re xerti. 2025-2026 xbuinapsl P95/3Tanonasik MoH KaTeiHACKH 1a, H2S
TOYMIKTIK OpTalia KOHIIEHTPANUSACH TANOHIBIK MOHHEH acKaH KYHICPAiH KHIIIri Jie
aiiTapnpikTail ToMeH Oonabl. CTaTUCTHKANBIK Talfay CajbICTBIPYFa EHTI3UIreH JKeTi
MOHHUTOPWHT CTAHIMSICHIHBIH OaplbIFBIHA €Ki Ke3eH apachlHAAFbl TOYMIKTIK H»S
KOHIICHTPANMSIIAPBIHBIH €JIeYITi aifbIpMaIIbUIBIKTAPbIH pacTaabl. balikanran ToMeH ey
PEeKyIBTUBAIHSIFA OalTaHBICTHI JKYMBICTapPBIH KBICKAPYBI HEMECE TOKTATBLTYBI TypPalbl
MOJTIMETTEpPMEH YaKbIT )KaFbIHAH COlKeC Keli. Ajaii/ia 3epTTey/IiH OaKbUIayIIbIK CHITAThI
TiKenel cebern-cannapiblK OalIaHbICTHl aHBIKTayFa MYMKIHIK OepMeiimi. Y aKbITThIK
TUHAMHKA, KeHICTIKTIK Tapajy jKoHe Koijma Oap omedu AepeKTep aFbIHIbI CyIapIblH
OynaHy amaHmapbl MEH MmeriHaiepaiH Oy3putysl arMochepanarsl H.S neHreitiHig
YKOFaphlIayblHA BIKIA €Tyl MYMKIH IET€H THTIOTe3aHbl KONMAai el HoTmkemnep arbIHIbI
CynapAbl cakTay 0ObeKTiIepi MeH OyiaHy ajaHJapblHbIH MaHbIHAa H2S MOHUTOpHHTIH
KYIIEHTY JKoHE peKyIbTUBAIIM MEH IeTiHAiIep i Oy3aTeiH 0acka 1a )KyMbICTap Ke3iH e
MaKCaTThl KOJIOTHSIIBIK OaKbIIay KYPTi3y KaXeTTiriH KepceTe/i.

Tyiin ce3mep: KykiprcyTeri, ayaHbIH JlacTaHybl, aFbIHIBI Cynap, OymaHy KeH
OpBIHJIAPHI, aya CarachlHBIH MOHUTOPHHT1, OHEPKACINTIK MIBIFAPBIHABLIAD, KeHICTIKTIK
YKOHE YaKBITTBHIK ©3TeprillTiK, AThIpay
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AHHoOTanusa: B wmccienoBaHWy OIEHEHO 3arps3HeHHe arMoc(epHOro BoO3IyXa
ATtwipay cepoBomoponoM (H:S) ¢ akiieHTOM Ha ero mpoCTPaHCTBEHHYIO U BPEMEHHYIO
W3MEHYMBOCTh W TMOTEHIMAIBHYIO pOJIb HCTOYHWKOB BBIOPOCOB, CBSI3aHHBIX CO
CTOYHBIMH BOAAMH. AHANIW3 OCHOBAaH Ha JAaHHBIX aBTOMATHYECKOTO MOHWTOPHHTA
KadecTBa BO3MyXa 3a COMOCTABUMBIC NEPHOABI C CEHTAO0ps 1o despams 2021-—
2022 u 2025-2026 rtomoB. MHmuBHmyalbHBIE BHYTPHUCYTOUHBIC H3MepeHHUs H-S,
ronydeHHbIe U3 0a3pl MoHUTOpHHTA AirKZ, OBITH arpernpoBaHbl 10 CPEAHECYTOUHBIX
KOHIIEHTpaluii. BepXHIOI0 4acTh pacnpe/iefieHrs] KOHIEHTPAUM XapaKkTepU30BaIid C
HCMOJB30BaHUEM OTHOIIEHU P95 K 3TallOHHOMY 3HaYEHHUIO, @ YACTOTY JIHEH, B KOTOpbIE
cpenmHecyTodHas KoHIeHTpamus H2S mpeBwimana stamorroe 3HadeHue 0,008 mr/m?,
HCITOJIB30BAJIN KaK JOTIOTHATEILHBIN CPaBHUTEBHBIN TToKa3aTenb. B 2021-2022 romax
MOBBIIIIEHHBIE ypoBHH H>S Habmromanmnch Kak Ha MPOMBIIUIEHHBIX, TaK U Ha KHIBIX
CTaHIIUAX MOHHUTOpPHWHTA. MakcmMmallbHOe oTHOIIeHHe P95 Kk 3TamoHHOMY 3HAUYCHUIO
3apeTUCTPUPOBAHO HA MPOMEBINIICHHON cranmumu Proparka B centsiope 2021 roma u
nmocturano npumepro 50. B 2025-2026 rogax kak oTHomieHwe P95 k sramornHOMY
3HAQUEHWIO, TaK W 4YacToTa JHEW C MPEBBIINIEHUEM OTAJIOHHONW CpeaHEeCYyTOYHON
koHIeHTpanuu HaS Opumn cymecTBeHHO Hipke. CTaTUCTHYECKUN aHAIIN3 TTOATBEPIFIT
3HaYMMBbIe PazNUYvs B CYTOUHBIX KOHIEHTpamusx H>S wmexmy nByms nepuomamu
HaONIONEHNIT Ha BCEX CEMH CTaHIUSAX, BKIIOYEHHBIX B CPABHHUTEIHHBINA aHAIN3.
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Habmromaemoe cHm)XEHHE COBHAJIO IO BPEMEHH C COOOIIEHHSIMU O COKpAIICHUH
WIK TIPHOCTAHOBKE DEKYJIBTHBALMOHHBIX paboT. Bmecre ¢ Tem HaOmiomaTenbHbIH
JU3aiiH MCCIe0BaHMsl HE MO3BOJISIET YCTAHOBUTH MPSIMYIO MPUUUHHO-CIIECTBEHHYIO
CBA3b. BpemeHHas AMHaMUKa, MPOCTPAHCTBEHHOE pACHpPENENIEHHE M HMEIOLIHecs
JIUTEepaTypHbIE TaHHBIE COMIACYIOTCA C THUIIOTE30M O TOM, YTO MO UCIIAPEHUS CTOUHBIX
BOJI M HApyLIEHUE JOHHBIX OTIOKEHHH MOTYT CIIOCOOCTBOBATH MOBBILICHUIO COACPIKAHHS
H.S B armocdepe. IlomydeHHble pe3ynbraThl MOAYEPKUBAIOT HEOOXOAMMOCTD
YCHUJICHUS MOHHMTOPHHIA CEPOBOAOPOAA BOJHM3M XPAaHWJIMIL CTOYHBIX BOX M IOJEH
HCHapeHus], a TaKKe MPOBEACHUS LIEJIEBOr0 3KOJIOTMYECKOI0 MOHUTOPHUHTA BO BpeMs
PEKYIBTUBAIIMOHHBIX U APYTHX paloT, CBA3aHHBIX C HAPYILICHHEM JIOHHBIX OTIOKCHHH.

KuaroueBble cii0Ba: cepoBOAOpON, 3arpsi3HEHUE BO3AYyXa, CTOYHBIE BOJbI,
MOJIsl MCIApeHHsl, MOHMTOPMHI KadecTBa BO3IyXd, MPOMBIIUICHHBIE BBIOPOCHI,
MPOCTPAaHCTBEHHASI U BPEMEHHAasi U3BMEHUUBOCTh, AThIpay

Introduction. Hydrogen sulfide (H2S) is one of the key atmospheric pollutants in
regions with a well-developed oil, gas, and petrochemical industries. Its high toxicity,
distinct organoleptic properties and the ability to have a negative impact on public
health and ecosystems necessitate continuous monitoring and regulatory control of its
concentrations in the atmospheric air (Kenessary et al., 2017).

Similar difficulties have been noted in oil-producing regions around the world,
and distinguishing between industrial and non-industrial sources of hydrogen sulfide
remains a key issue for environmental protection and public health.

Oil refineries are traditionally regarded as the main sources of H>S emissions,
primarily associated with hydrocarbon processing, flare combustion and accidental
releases. Multiple studies have shown that industrial facilities are a significant source
of elevated hydrogen sulfide (H2S) concentrations in urban areas (Ragothaman and
Anderson, 2017; Salih et al., 2023).

Literary review. Furthermore, wastewater treatment and storage systems can
represent important sources of H>S emissions. These systems include evaporation ponds,
evaporation fields, and wastewater treatment facilities, where anaerobic decomposition
of organic matter can promote H>S formation (Baawain et al., 2019; Czarnota et al.,
2023). Under conditions of open water surface, shallow water depths and disturbance
of bottom sediments, these facilities may contribute to atmospheric H>S emissions (He
et al., 2013).

Hydrogen sulfide formation in wastewater storage systems is primarily due to sulfate
reduction processes occurring under anaerobic conditions. Sulfate-reducing bacteria
use sulfate as the final electron acceptor during the decomposition of organic matter,
producing soluble sulfides (H-S, HS™, and S?). The balance between these sulfides is
highly dependent on pH and temperature, while high temperatures, shallow water depth,
and the mechanical action of bottom sediments facilitate the release of gaseous H-S
into the atmosphere. Therefore, evaporation ponds can become a significant secondary
source of sulfur pollution. Hydrogen sulfide pollution is particularly pronounced in
Kazakhstan. Kazakhstan is a country with a rich oil and gas industry, which includes
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processes with a wide range of hydrogen sulfide emission sources (Ragothaman
and Anderson, 2017; Ulman et al., 2026). In addition, many regions face challenges
related to aging wastewater infrastructure, outdated treatment technologies, and
limited availability of modern wastewater treatment systems (Andraka et al., 2015;
Kalmakhanova et al., 2023). Under such conditions, evaporation fields and wastewater
storage reservoirs located near settlements may represent additional potential sources of
H-S emissions (Amoatey et al., 2021).

Despite the environmental relevance of this problem, studies addressing the role of
wastewater accumulation facilities in atmospheric H=S pollution in industrial regions
of Kazakhstan remain limited. The lack of systematic analyses combining temporal
and spatial monitoring data constrains the interpretation of H.S variability and the
identification of potential relationships between observed pollution patterns and different
categories of emission sources (Yessenamanova et al., 2021; Ryskalieva et al., 2022).

To date, relatively few studies in Kazakhstan have combined multi-period air-quality
monitoring data with spatial information on industrial and wastewater-related potential
emission sources. The present study addresses this gap by comparing H>S monitoring
data between two observation periods and examining whether the observed spatial
and temporal patterns are consistent with the potential influence of different source
categories. The object of the study is atmospheric H2S pollution in the urban environment
of Atyrau, while the subject of the study is the spatial and temporal variability of H.S
concentrations and their relationship with the spatial distribution of potential emission
sources.

Wastewater retention facilities, including evaporation ponds and fields, represent
potential sources of atmospheric H>S because anaerobic conditions favor sulfate
reduction and sulfide formation. Mechanical disturbance of sulfide-rich bottom sediments
during reclamation activities may enhance the release of H-.S into the atmosphere.
This mechanism provides a plausible basis for examining whether reclamation-related
activities may be associated with episodes of elevated atmospheric H>S concentrations.
The study is based on data from fixed automatic air-quality monitoring stations and
applies statistical and comparative methods to characterize temporal and spatial
variability in H2S concentrations, P95/reference-value ratios, and the frequency of days
with daily mean concentrations above the selected reference value.

The aim of this study is to compare atmospheric H=S levels and their spatial and
temporal variability in Atyrau during two observation periods (2021-2022 and 2025—
2026), using data from fixed automatic monitoring stations, and to evaluate whether the
observed pollution patterns are consistent with the potential influence of industrial and
wastewater-related emission sources.

To achieve this aim, the following objectives were established:

* to analyze the temporal dynamics of atmospheric H>S concentrations during the
2021-2022 and 20252026 observation periods;

* to characterize the upper part of the H2S concentration distribution using the
P95/reference-value ratio and to assess the frequency of days with daily mean H-S
concentrations above the reference value of 0.008 mg/m?;

304



Volume 3, Number 468 (2026)

* to compare H-S levels among industrial and residential monitoring stations;

* to statistically evaluate differences in H.S concentrations between the two
observation periods;

 to examine whether the observed spatial and temporal patterns are consistent
with the potential influence of industrial and wastewater-related emission sources and
meteorological conditions.

The findings of this study have practical implications for improving environmental
monitoring strategies, identifying priorities for more detailed source-specific
investigations, and supporting H-S air-quality management in industrial urban areas.

Methods

The area under investigation. The focus of this research is the city of Atyrau
(Kazakhstan), located in the lowlands of the Caspian Sea in the western part of the
country. As a major center of the petroleum industry, Atyrau has a well-developed
oil and gas production and processing infrastructure, which has caused a significant
anthropogenic load on the atmosphere (Mustafina et al., 2025). The climate of the
region is sharply continental: hot summers and cold winters. During the cold season,
reduced air circulation and more frequent temperature fluctuations cause pollutants
to accumulate on the surface and exacerbate their spread. According to the official
environmental report (RSE Kazhydromet, 2026), major industrial emission sources in
Atyrau include the Atyrau Oil Refinery, Tengizchevroil LLP, North Caspian Operating
Company N.V., Atyrau Power Plant JSC, Embamunaygas JSC, and West Dala LLP. In
addition, there are two wastewater storage ponds located on the leeward sides of the
city: the Kvadrat in the northwestern part, and the Tukhlaya Balka evaporation field in
the eastern.

In accordance with the Comprehensive plan of socio-economic development of
Atyrau region for 2021-2025 reclamation of part of the “Tukhlaya Balka” evaporation
field owned by AOR LLP (860 ha) and purification of the sewage evaporation pond
“Kvadrat” was planned (Government of the Republic of Kazakhstan, 2022).

Environmental reclamation activities were conducted at the Tukhlaya Balka
evaporation field during 2021-2022 as part of the regional environmental remediation
program. These activities involved the treatment and disturbance of wastewater-affected
areas and bottom sediments. According to the Atyrau Oil Refinery sustainability report,
approximately 50% of the planned reclamation work had been completed before the
project was subsequently suspended (Atyrau Oil Refinery LLP, 2024). This information
was considered when interpreting temporal changes in atmospheric HS levels; however,
reclamation status was not treated as independent evidence of causality.

To assess the spatial distribution of atmospheric air pollution, a network of monitoring
stations is used in various functional areas of the city (including industrial, residential
and suburban areas) (Table 1 and 2. Figure 1).
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Table 1 — Air-quality monitoring stations considered in the study

Point title The location

1 Proparka AOR 47.0726660, 51.9508610
2 Khimposelok AOR 47.0887220, 51.9352780
3 Mirny AOR 47.0754720, 51.9107500
4 Peretaska AOR 47.0685280, 51.9052210
5 POP NCOC No. 103 47.1117740, 51.9221670
6 POP NCOC No. 108 47.1645230, 52.0275220
7 POP NCOC No. 109 47.0947250, 51.9250130
8 POP NCOC No. 110 47.1261730, 51.9472360
9 POP NCOC No. 111 47.0988520, 51.9006170
10 POP NCOC No. 112 47.1050630, 51.9164730
11 POP NCOC No. 113 47.0930470, 51.8869910
12 POP NCOC No. 114 47.1415560, 51.8959480
13 POP No. 17 47.134870, 51.868599

Note: AOR — Atyrau Oil Refinery; POP — Pollution Observation Point; NCOC — North Caspian
Operating Company N.V.

Table 2 — Locations of potential H.S emission sources considered in the spatial analysis

Point title The location
1 Tukhlaya Balka evaporation field 47.076043, 51.977329
2 Sewage storage pond "Kvadrat" 47.129827, 51.871184

Figure 1 — Geographical locations of air-quality monitoring stations and potential H.S emission
sources in Atyrau, Kazakhstan.

Data and methods. The comparative analysis included seven monitoring stations
with sufficiently comparable data for both observation periods: two stations located in
industrially influenced areas (Proparka and Peretaska) and five residential monitoring
stations (NCOC No. 103, No. 109, No. 111, No. 112, and No. 113).
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The stations provide regular instrumental measurements of pollutant concentrations,
including hydrogen sulphide (H2S). For the purposes of this study, individual intraday
H>S measurements obtained from the AirKZ monitoring database were used. All
measurements were expressed in mg/m°. For each monitoring station, the arithmetic
mean of all valid intraday measurements was calculated for each calendar day, resulting
in a time series of daily mean H»S concentrations used for subsequent statistical analysis.
Days without valid measurements were treated as missing data and were excluded from
the calculations.

It should be noted that the database was compiled using data obtained via the publicly
available online service AirKZ, which may be associated with potential errors in the
extraction and aggregation of information. However, the data used are the results of
official government monitoring and reflect actual observations.

A data quality control procedure was applied before statistical analysis. Measurements
with missing or non-numeric concentration values were treated as invalid and excluded
from the calculations. Duplicate records referring to the same monitoring station
and measurement time were checked to avoid repeated observations. Extreme H»S
concentrations were not excluded solely on the basis of their statistical magnitude,
because unusually high values may represent genuine short-term pollution episodes.
When unusually high values were identified, their temporal consistency and, where data
were available, observations from neighbouring monitoring stations were examined.
Values were excluded only when there was an objective indication of a data-recording
or extraction error; otherwise, extreme observations were retained in the dataset. Days
without valid measurements were classified as missing data (NA) rather than as zero
concentrations. No valid extreme H>S observations were removed solely as statistical
outliers.

To ensure the comparability of results, only those stations for which data were
available for both periods under study were included in the comparative analysis. In the
partial absence of data, the analysis was limited to overlapping time intervals, which
ensured comparability of results between the studied periods.

Monitoring stations were classified into functional categories (industrial impact
zones and residential areas) to allow comparative spatial analysis of pollution levels
and to identify potential emission sources.

The analysis was performed for the period from September to February in 2021-
2022 and 2025-2026, due to the availability of data and allowed for a comparative
analysis of atmospheric air pollution.

For reference, the regulatory maximum one-time permissible concentration (MPC)
for hydrogen sulfide (H>S) in ambient air is 0.008 mg/m?, according to the Hygienic
Standards for Ambient Air in Urban and Rural Settlements and on the Territories
of Industrial Organizations, approved by Order No. KR DSM-70 of the Minister of
Healthcare of the Republic of Kazakhstan dated 2 August 2022 (Ministry of Healthcare
of the Republic of Kazakhstan, 2022). The regulation specifies 0.008 mg/m? as the
maximum one-time MPC for H.S; a daily average MPC for H.S is not established.
Because the present analysis was based on daily mean concentrations calculated from
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individual intraday measurements, comparison of these daily means with 0.008 mg/m?
was used as a comparative study indicator rather than as a direct regulatory assessment
of compliance with the maximum one-time MPC.

The upper part of the H>S concentration distribution was characterized using the
ratio of the 95th percentile (P95) of daily mean H>S concentrations to the reference
value of 0.008 mg/m?:

P95/MPC = Cy./MPC 0

where Cos is the 95th percentile of the daily mean H>S concentrations calculated
from valid intraday measurements. In this study, the P95/reference-value ratio is
used as a comparative pollution indicator. Because the denominator represents the
regulatory maximum one-time MPC whereas the numerator is derived from daily mean
concentrations, this ratio should not be interpreted as a direct regulatory compliance
metric.

In addition, the frequency of days with daily mean H>S concentrations above the
reference value was calculated using the following formula:

Frequency (%) = (%) x 100, 2
Near

where Nec is the number of days for which the calculated daily mean H.S
concentration exceeded the reference value of 0.008 mg/m?, and Ny is the total number
of days with valid observations. This indicator represents the frequency of daily mean
concentrations above the selected reference threshold and should not be interpreted as
the regulatory frequency of exceedances of the maximum one-time MPC.

Descriptive statistics, including the mean, median, and standard deviation, were
calculated for each monitoring station and observation period. Differences in daily
HaS concentrations between the 2021-2022 and 2025-2026 observation periods were
evaluated separately for each monitoring station using the two-sided Mann—Whitney
U test. Only valid daily observations were included in the analysis. The statistical
significance level was set at p < 0.05, and rank-biserial correlation was calculated as a
measure of effect size. To account for multiple comparisons across the seven monitoring
stations, p-values were adjusted using the Benjamini—-Hochberg false discovery rate
procedure. Because consecutive daily observations may exhibit temporal dependence,
lag-1 autocorrelation was additionally assessed using Spearman’s rank correlation. As a
sensitivity analysis, daily H.S concentrations were aggregated to weekly mean values,
and the between-period comparisons were repeated using the Mann—Whitney U test.

Missing days were excluded from concentration-based calculations and designated
as “NA”. A value of 0% in the frequency analysis indicates that no daily mean H»S
concentrations above the reference value were recorded among the valid observation
days and should not be interpreted as missing data.

Data completeness was assessed separately for each monitoring station and month
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as the ratio of the number of days with valid H>S observations to the total number
of calendar days in the corresponding month. Days without valid observations were
treated as missing data and excluded from concentration-based calculations. Monthly
data completeness, the number of valid observation days, and the number and frequency
of days with daily mean H»S concentrations above the reference value are provided in
Supplementary Table S1. Months with no valid observations were designated as “NA”
and were not interpreted as zero concentrations or zero frequencies.

The data were visualized using line graphs, bar charts, and heat maps to characterize
temporal and spatial variability. Line graphs were used to illustrate monthly changes in
the P95/reference-value ratio, bar charts to compare the frequency of days with daily
mean H:S concentrations above the reference value between observation periods, and
heat maps to represent the monthly distribution of this frequency across monitoring
stations. To improve readability, the residential monitoring stations were divided
between two figures.

A logarithmic scale was applied to the P95/reference-value ratios to accommodate
their wide dynamic range and improve visualization of both relatively low and high
values.

Wind-direction analysis was performed using aggregated city-level meteorological
data to examine potential atmospheric transport pathways. Prevailing wind directions
were considered in relation to the locations of major industrial facilities and evaporation
fields. Days with elevated H>S concentrations were compared with wind-direction data
to identify potential source—receptor patterns. Because station-specific meteorological
measurements were unavailable, this analysis was considered exploratory and was not
used for definitive source attribution.

Results. The spatial and temporal variability of atmospheric H2S levels in Atyrau was
evaluated using two complementary comparative indicators: the P95/reference-value
ratio, which characterizes the upper part of the daily mean concentration distribution,
and the frequency of days with daily mean H.S concentrations above the reference
value of 0.008 mg/m*® The analysis covered the comparable September—February
observation periods of 2021-2022 and 2025-2026 and included seven monitoring
stations representing industrial and residential areas.

The results are presented using monthly P95/reference-value ratios, monthly and
period-level frequency indicators, and statistical comparisons of daily H-S concentrations
between the two observation periods..
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Industrial monitoring stations
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Figure 2 — Monthly P95/reference-value ratio for H»S at the Proparka and Peretaska industrial
monitoring stations during the September—February observation periods of 2021-2022 and 2025-2026.
The horizontal reference line at a ratio of 1 indicates that the 95th percentile equals the reference
concentration of 0.008 mg/m?. Values below 1 indicate that the 95th percentile was below the reference
value and do not exclude isolated higher observations.

Figure 2 presents the monthly ratio of the 95th percentile (P95) of H-S concentrations
to the reference value of 0.008 mg/m? at the Proparka and Peretaska industrial monitoring
stations during the September—February observation periods of 2021-2022 and 2025—
2026. A logarithmic scale was used because of the wide range of P95/reference-value
ratios.

During 2021-2022, the highest P95/reference-value ratio was observed at Proparka
in September, reaching 51.88. This value indicates that the 95th percentile of the H.S
concentration distribution was substantially above the selected reference value during
that month. In the subsequent months, the ratio decreased markedly but remained
considerably lower than the September value. Peretaska exhibited substantially lower
P95/reference-value ratios and a more stable temporal pattern than Proparka.

During 2025-2026, P95/reference-value ratios were generally lower at both industrial
monitoring stations than during 2021-2022. At Peretaska, the ratios remained below 1
during most of the observation period. At Proparka, available observations also showed
substantially lower ratios than in 2021-2022, although data availability was limited for
part of the 2025-2026 period.

Importantly, a P95/reference-value ratio below 1 indicates only that the 95th
percentile of the concentration distribution was below the reference value. It does not
demonstrate the complete absence of individual observations above 0.008 mg/m?; such
events were evaluated separately using the frequency-based indicator.

Overall, the industrial monitoring stations exhibited a pronounced reduction in the
upper part of the H.S concentration distribution during 2025-2026 compared with
2021-2022.
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Residential monitoring stations: NCOC No. 103, 109 and 111
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Figure 3 — Monthly P95/reference-value ratio for H»S at residential monitoring stations NCOC No.
103, No. 109, and No. 111 during the September—February observation periods of 2021-2022 and 2025—
2026. The horizontal reference line at a ratio of 1 indicates that the 95th percentile equals the reference
concentration of 0.008 mg/m?®.

Figure 3 shows the monthly P95/reference-value ratios at the residential monitoring
stations NCOC No. 103, No. 109, and No. 111. Pronounced spatial and temporal
differences were observed among the three stations and between the two observation
periods.

During 2021-2022, NCOC No. 109 showed the highest P95/reference-value ratios
among these residential monitoring stations. NCOC No. 111 also exhibited elevated
ratios, particularly during the early part of the observation period, whereas NCOC No.
103 generally showed lower ratios and a more stable temporal pattern.

During 2025-2026, the P95/reference-value ratios were substantially lower at all
three stations compared with 2021-2022. Most monthly ratios were below or close to
the reference ratio of 1, although localized increases remained evident during individual
months.

These results indicate a substantial downward shift in the upper part of the H.S
concentration distribution during 2025-2026. However, a P95/reference-value ratio
below 1 does not exclude individual observations above the reference value; these
events are evaluated separately using the frequency-based indicators presented in
Figures 5 and 6
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Residential monitoring stations: NCOC Ne. 112 and 113
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Figure 4 — Monthly P95/reference-value ratio for H»S at residential monitoring stations NCOC No. 112
and No. 113 during the September—February observation periods of 2021-2022 and 2025-2026. The
horizontal reference line at a ratio of 1 indicates that the 95th percentile equals the reference concentration
0f 0.008 mg/m?.

Figure 4 presents the monthly P95/reference-value ratios at residential monitoring
stations NCOC No. 112 and No. 113. These stations are presented separately to improve
visualization of their temporal patterns.

During 2021-2022, NCOC No. 112 exhibited P95/reference-value ratios above
1 during several months, indicating that the 95th percentile of the H2.S concentration
distribution was above the reference value during those months. NCOC No. 113 showed
a less pronounced temporal pattern, with ratios varying among months.

During 2025-2026, P95/reference-value ratios were generally lower than during
2021-2022 at both monitoring stations. Nevertheless, localized monthly increases
remained evident, particularly at NCOC No. 113, demonstrating that the overall
reduction between periods did not eliminate short-term spatial and temporal variability.

Taken together, Figures 3 and 4 demonstrate a general reduction in the upper part of
the H-S concentration distribution at residential monitoring stations during 2025-2026
compared with 2021-2022.
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Monthly frequency of daily H:S concentrations above 0.008 mg/m?
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Figure 5 — Monthly frequency (%) of daily mean H-S concentrations above the reference value of 0.008
mg/m? at monitoring stations in Atyrau during the September—February observation periods of 2021-2022
and 2025-2026. The color scale indicates the percentage of valid observation days when the daily mean
H:S concentration was above the reference value; “NA” indicates missing data.

The analysis of the monthly frequency of daily mean H:S concentrations above
the reference value of 0.008 mg/m* (Figure 5) demonstrates pronounced spatial and
temporal variability across the monitoring network during the September—February
observation periods.

During 2021-2022, relatively high frequencies of days with daily mean H-S
concentrations above the reference value were observed at several monitoring stations.
The highest monthly frequency was recorded at Proparka in September (64.0%). High
frequencies were also observed at NCOC No. 109 and NCOC No. 112, particularly
during the autumn months. Elevated frequencies were additionally observed at NCOC
No. 111 and NCOC No. 113, although their temporal patterns differed among months.

At the industrial monitoring stations, Peretaska showed moderate frequencies of
daily mean H>S concentrations above the reference value, with monthly values varying
throughout the observation period. Proparka exhibited greater temporal variability,
characterized by a particularly high frequency in September 2021 followed by
substantially lower values during subsequent months.

Overall, during 2021-2022, higher frequencies were generally observed in autumn
(September—November), followed by lower frequencies during the winter months
(December—February), although the magnitude and timing of this pattern varied among
monitoring stations.

During 2025-2026, the frequency of days with daily mean H>S concentrations
above the reference value was generally lower across the monitoring network. At
several stations, no days with daily mean concentrations above the reference value
were recorded during individual months, whereas low to moderate frequencies were
observed during other months. Localized increases nevertheless remained evident at
individual monitoring stations, demonstrating that episodes of elevated daily mean H.S
concentrations persisted despite the overall reduction.
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Missing observations are indicated as “NA” in the heat maps and were excluded from
the calculation of monthly frequencies. A value of 0% indicates that no daily mean H-S
concentrations above the reference value were recorded among the valid observation
days for that station and month and should not be interpreted as missing data.

Comparison of the two heat maps indicates a marked overall reduction in the
frequency of days with daily mean H>S concentrations above the reference value during
2025-2026 compared with 2021-2022. This pattern is consistent with the reduction
observed in the P95/reference-value ratio. However, because the analysis is based on
daily mean concentrations, these frequencies are interpreted as comparative indicators
rather than as direct regulatory frequencies of exceedance of the maximum one-time
MPC.
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Figure 6 — Comparison of the mean frequency (%) of daily mean H-S concentrations above the reference
value of 0.008 mg/m? across monitoring stations in Atyrau during the 2021-2022 and 2025-2026
observation periods. Values represent the percentage of valid observation days when the daily mean H2S
concentration was above the reference value.

The analysis of the frequency of daily mean H>S concentrations above the reference
value of 0.008 mg/m* (Figure 6) revealed substantial differences between the two
observation periods.

During 2021-2022, relatively high frequencies of daily mean H-S concentrations
above the reference value were observed at all monitoring stations included in the
comparative analysis. The highest frequency was recorded at NCOC No. 109 (35.8%),
followed by NCOC No. 112 (29.11%). Elevated frequencies were also observed at
Proparka (18.95%), Peretaska (16.11%), NCOC No. 111 (14.00%), and NCOC No. 113
(13.25%), whereas the lowest value was recorded at NCOC No. 103 (10.69%).

During 2025-2026, the frequency of daily mean H-.S concentrations above the
reference value decreased at all monitoring stations. The values did not exceed 5% and
ranged from 0.66% at NCOC No. 103 to 4.05% at NCOC No. 112.
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Thus, the second observation period was characterized by a marked and consistent
reduction in the frequency of days with daily mean H>S concentrations above the
reference value across the entire monitoring network. This pattern was observed at both
industrial and residential monitoring stations.

The descriptive and statistical comparisons therefore indicate a substantial and
consistent reduction in the investigated H.S indicators between the two observation
periods (Table 3).

Table 3 — Statistical comparison of daily H>S concentrations between the 2021-2022 and 2025-2026

observation periods
. n2021- | Median, mg/ | n 2025— | Median, mg/ Rank-
Station 2022 w2006 m | U P biserial r

Proparka 153 0.0040 61 0.0020 6543.5 | <0.001 0.402
Peretaska 149 0.0050 149 0.0030 17645.0 | <0.001 0.590
NCOC No. 103 131 0.0030 152 0.0011 13303.0 | <0.001 0.336
NCOC No. 109 162 0.0050 153 0.0020 19850.5 | <0.001 0.602
NCOC No. 111 150 0.0030 150 0.0010 18261.0 | <0.001 0.623
NCOC No. 112 158 0.0040 148 0.00185 18703.5 | <0.001 0.600
NCOC No. 113 166 0.0030 150 0.0018 16685.5 | <0.001 0.340

Statistical comparison of daily HaS concentrations confirmed significant differences
between the two observation periods at all monitoring stations. Median daily
concentrations were lower in 2025-2026 than in 2021-2022 at each of the seven stations.
The Mann—Whitney U test showed statistically significant differences for all station-
specific comparisons (all p < 0.001). Rank-biserial correlation coefficients ranged from
0.336 to 0.623, indicating differences of varying magnitude among monitoring stations.

Because positive temporal autocorrelation was detected in the daily H.S series
at several monitoring stations, the robustness of the between-period differences was
additionally evaluated using weekly aggregated H>S concentrations. The sensitivity
analysis confirmed significantly lower H.S concentrations during 2025-2026 at all
seven monitoring stations. The differences remained statistically significant at Proparka
(p = 0.0079), NCOC No. 113 (p = 0.0015), and at all other monitoring stations (p <
0.001). Thus, the observed between-period differences remained evident after reducing
the influence of short-term temporal autocorrelation through weekly aggregation.

Overall, the results demonstrate a clear and consistent reduction in both the P95/
reference-value ratio and the frequency of days with daily mean H-.S concentrations
above the reference value during 2025-2026 compared with 2021-2022. This temporal
pattern was observed at both industrial and residential monitoring stations, indicating
a broad reduction in atmospheric H>S levels across the monitored areas of Atyrau.
Nevertheless, localized episodes of elevated H=S concentrations persisted at individual
monitoring stations, demonstrating continued spatial and temporal variability in
atmospheric HaS levels.

Discussion. The results showed that there were pronounced temporal differences in
atmospheric hydrogen sulfide (H2S) levels between the two observation periods. During
2021-2022, higher P95/reference-value ratios and a higher frequency of days with daily
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mean H.S concentrations above the reference value of 0.008 mg/m* were observed,
whereas substantially lower values of both indicators were recorded during 2025—
2026. A statistical comparison of daily H,S concentrations also revealed significant
differences between the two observation periods at all monitoring stations included in
the comparative analysis. Collectively, these data indicate a pronounced temporal shift
in atmospheric H-S levels between the two periods.

At the same time, pronounced spatial variability in atmospheric H=S levels was
observed, with some monitoring stations showing substantially higher values than
others. This pattern suggests spatial variability in emission and atmospheric dispersion
conditions. The absence of a clear distinction between industrial and residential
monitoring stations indicates a complex spatial pattern in which elevated H-S levels are
not confined to areas located close to industrial facilities.

Analysis of pollution episodes in relation to wind direction showed that elevated
H.S levels were frequently associated with south-easterly, southerly, and south-
westerly winds. The observed association is consistent with atmospheric transport
from sectors containing industrial facilities and evaporation fields. However, because
aggregated city-level meteorological data were used, these results should be interpreted
as supporting potential source-receptor relationships rather than providing definitive
source attribution.

Given the geographical configuration of the study area, the location of wastewater
accumulation facilities, and the observed wind directions, evaporation ponds and
evaporation fields, particularly the Tukhlaya Balka evaporation field, represent plausible
contributors to elevated atmospheric H-.S levels at some monitoring stations. This
interpretation is consistent with previously published information for the study area
(Atyrau Oil Refinery LLP, 2024) and with studies showing that H.S may be generated
in wastewater storage facilities through anaerobic decomposition of organic matter
(Ryskalieva et al., 2022). However, the present analysis does not allow quantitative
source apportionment, and the relative contributions of individual industrial and
wastewater-related sources cannot be determined from the available data alone.

From a biogeochemical perspective, evaporation fields may function as large
anaerobic systems in which the accumulation of organic-rich wastewater promotes
sulfate reduction and sulfide formation. Disturbance of bottom sediments during
reclamation activities may mobilize dissolved sulfides from deeper sediment layers and
facilitate their release into the atmosphere. These mechanisms have been described in
wastewater and aquatic systems and provide a plausible process-based explanation for
increased H:S release following sediment disturbance (Baawain et al., 2019; He et al.,
2013; Reese et al., 2008).

Elevated H.S levels observed during 2021-2022 coincided temporally with
reclamation activities involving disturbance of bottom sediments. The temporal
coincidence between elevated H2S levels and reclamation activities, together with
the known biogeochemical mechanisms of sulfide release from disturbed anaerobic
sediments, supports the hypothesis that sediment disturbance may have contributed
to elevated H.S emissions during the 2021-2022 period. However, the observational

316



Volume 3, Number 468 (2026)

design of this study does not allow this association to be interpreted as direct evidence
of causality.

The reduction in HS levels observed during 2025-2026 coincided with the reported
reduction or suspension of reclamation activities. This temporal correspondence is
consistent with the proposed hypothesis; however, it cannot independently establish
causality because meteorological conditions, industrial operating regimes, wastewater
management practices, and other emission sources may also have differed between
the two periods. Therefore, the observed reduction should be interpreted as a temporal
association rather than as independent evidence that changes in reclamation activities
caused the decrease in atmospheric H2S levels.

The contribution of oil-refining and other industrial sources cannot be excluded. H>S
emissions from oil refineries may vary depending on production processes, operating
conditions, accidental releases, and meteorological factors, potentially resulting in
localized episodes of elevated atmospheric concentrations (Salih et al., 2023). Therefore,
the spatial and temporal patterns identified in this study may reflect the combined
influence of several emission sources rather than a single dominant source.

This interpretation is consistent with previous studies indicating that wastewater-
related sources may contribute substantially to atmospheric H.S pollution in
industrialized areas. For example, Sanchez et al. (2019) reported elevated H-S
concentrations at monitoring locations farther from a petroleum refinery and closer
to wastewater treatment facilities. These findings demonstrate the importance of
considering wastewater infrastructure alongside conventional industrial sources when
interpreting spatial patterns of atmospheric H=S pollution.

Several limitations of the present study should be considered. First, the comparative
analysis included only monitoring stations for which sufficiently comparable
observations were available during both study periods, whereas the original monitoring
network comprised a larger number of stations. Reduced spatial coverage may result
in areas with insufficient instrumental monitoring and may limit the detection and
characterization of localized H-S pollution episodes.

Second, data completeness varied among monitoring stations and months. Missing
observations were excluded from the calculations, but periods with reduced data
completeness may be less representative of the full temporal variability of H-S pollution.
Therefore, results for station—-month combinations with limited data availability should
be interpreted with caution.

Third, the use of aggregated city-level meteorological data limits the accuracy
of source-receptor attribution. Although the observed wind-direction patterns are
consistent with transport from sectors containing potential H>S sources, more definitive
source attribution would require local meteorological measurements, including wind
speed and direction, source-specific emission data, atmospheric dispersion or trajectory
modelling, and, where possible, chemical or isotopic source markers

Fourth, the comparison of the 2021-2022 and 2025-2026 periods represents
an observational before—after comparison rather than a controlled experiment. The
observed differences between the two periods alone do not establish a causal relationship
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with changes in any specific emission source. Interannual differences in meteorological
conditions, industrial operating regimes, wastewater management practices, and other
environmental factors may also have contributed to the observed temporal changes

These limitations do not negate the observed spatial and temporal patterns but define
the level at which they can be interpreted. The results demonstrate a substantial reduction
in atmospheric H.S indicators between the two observation periods and support the
hypothesis that wastewater accumulation facilities and sediment disturbance during
reclamation activities may contribute to elevated H.S levels. However, quantitative
determination of the contributions of individual sources requires additional source-
apportionment studies and high-resolution meteorological analysis.

From a practical perspective, the results emphasize the need to strengthen
atmospheric H>S monitoring in Atyrau. Increasing the spatial density of monitoring
stations, particularly near wastewater storage facilities, evaporation fields, and major
industrial sources, would improve the detection of localized pollution episodes. Targeted
monitoring during reclamation and other sediment-disturbance activities is particularly
important because such operations may increase the potential for secondary H-S release.

Future studies should integrate high-resolution local meteorological observations,
source-specific emission data, operational information from industrial and wastewater
facilities, and atmospheric dispersion or air-mass trajectory modelling. Such an integrated
approach would allow the hypotheses identified in the present study to be tested more
directly and would provide a stronger basis for quantitative source attribution and
environmental management decisions.

Conclusion. The study revealed a pronounced temporal shift in the level of hydrogen
sulfide (H-S) in the atmosphere of Atyrau, characterized by a significant decrease in
both the P95/reference-value ratio and the frequency of days with daily mean H-S
concentrations above the reference value of 0.008 mg/m* between 2025 and 2026,
compared to the period from 2021 to 2022. The observed decline was characteristic
of both industrial and residential monitoring stations, although local episodes with
elevated H-S levels continued.

The study results demonstrate a pronounced spatial heterogeneity of H=S levels in
the atmosphere across the entire monitoring network. Elevated values were observed
at both industrial and residential monitoring stations, which indicates that the spatial
distribution of hydrogen sulfide pollution cannot be explained solely by proximity
to industrial facilities. It is likely influenced by a combination of factors, such as the
location of emission sources and atmospheric transport conditions.

The spatial and temporal patterns identified during the study support the hypothesis
that wastewater-related facilities, particularly evaporation fields, may contribute to
elevated atmospheric HS levels in Atyrau. Known biogeochemical processes of sulfate
reduction under anaerobic conditions provide a plausible mechanism for H.S formation
in wastewater accumulation facilities, while disturbance of sulfide-rich bottom sediments
during reclamation activities may facilitate H-S release into the atmosphere. However,
the observational design of the study does not allow quantitative source apportionment
or definitive attribution of the observed H-S levels to a single emission source.
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Elevated levels of hydrogen sulfide in 2021-2022 coincided in time with land
reclamation activities related to the disturbance of bottom sediments, while in 2025—
2026, when land reclamation activities were reduced or suspended, significantly lower
levels of hydrogen sulfide were observed. This temporal coincidence is consistent with
the hypothesis that the disturbance of bottom sediments as a result of land reclamation
activities could have contributed to increased hydrogen sulfide emissions in an earlier
period. However, this does not constitute proof of a cause-and-effect relationship,
since meteorological conditions, operating modes of industrial enterprises, wastewater
treatment methods, and other sources of emissions may have differed during these two
periods.

The observed wind-direction patterns were consistent with the potential transport
of H=S from sectors containing industrial facilities and evaporation fields toward some
monitoring stations. Nevertheless, because the analysis was based on aggregated city-
level meteorological data, these observations should be regarded as supporting evidence
of potential source-receptor relationships rather than as definitive source attribution.

The study also has limitations related to the spatial and temporal completeness of
the monitoring network and the use of aggregated meteorological data. These factors
introduce uncertainty into the interpretation of spatial patterns of pollution and the
attribution of sources. Future studies should therefore combine high-resolution
local meteorological observations, source-specific emission data, information on the
operating regimes of industrial and wastewater facilities, and atmospheric dispersion
or air-mass trajectory modelling to quantitatively assess the relative contributions of
individual H.S sources.

From a practical point of view, the study results emphasize the need to strengthen
monitoring of hydrogen sulfide content in the atmosphere in Atyrau, especially near
wastewater storage facilities, evaporation fields, and major industrial sources. Targeted
monitoring during reclamation and other sediment-disturbance activities would be
particularly useful for assessing the potential occurrence of secondary H-S emissions
and supporting environmentally safe management of wastewater accumulation facilities.

Overall, the study indicates significant temporal and spatial variability in the hydrogen
sulfide content in the atmosphere of Atyrau and supports the hypothesis that the observed
pollution patterns are due to the combined influence of industrial, wastewater-related,
biogeochemical, and meteorological factors. The obtained results serve as a basis for
further research into specific sources of pollution and for developing more targeted
strategies for monitoring and managing hydrogen sulfide levels in industrial cities.
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