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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

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

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
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Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
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A.S. Madibekov!, A.M. Karimov?, L.T. Ismukhanova!, A.O. Zhadi'**,
A.B. Yegorov*

1JSC «Institute of geography and water security», Almaty, Kazakhstan;
*SLLP «Fesenkov Astrophysical Institute», Almaty, Kazakhstan;
*Kazakh National Agrarian Research University, Almaty, Kazakhstan;

“Central Asian Regional Glaciological Centre as a category 2 Centre under the
auspices of UNESCO, Almaty, Kazakhstan.

E-mail: askhat.zhadi@mail.ru
COPPER POLLUTION OF THE SNOW COVER IN ALMATY

Abstract. The natural environment of large cities is subject to strong anthropogenic
pressure. Both the soil and the hydrosphere are exposed to pollution. At the same time,
the atmosphere is one of the mechanisms means for the transfer pollutants that enter
living organisms. The study of distribution routes, chemical reactions and interaction
with the biosphere of released into nature substances and their compounds help to find
means to minimize the negative impact to the environment. One of the ways to reduce
costs is to find the best options for solving environmental problems. Such solutions are
not possible without monitoring of pollutant emissions and environmental analytical
control in particular. For the city of Almaty and the adjacent territory, for the first time
in 2018-20, a research program on heavy metal pollution was carried out. This project
made it possible to study the changes dynamics in soil and snow cover concentrations
of the following elements: Copper (Cu), Zinc (Zn), Nickel (Ni), Lead (Pb), Cobalt (Co),
and Cadmium (Cd). Along with the lithosphere, the water area of Kapshagay reservoir
was studied. In addition, there was obtained the data on oxidizability, acidity, salinity
and suspended solids. The dynamics of pollution by polychloryl biphenyl compounds
has also been studied. The metals concentration was determined by the flame atomic
absorption spectrometric method. The presence of these chemical elements in the
lithosphere allowed assuming the presence natural sources of pollution against the
background of anthropogenic factor exclusion. The lead content occupies a special
position, since the presence of anthropogenic source is not excluded and requires further
research and evaluation of the components of the incoming part of this chemical element
balance. The article provides an analysis of the search for a source of copper pollution
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of the snow cover in Almaty agglomeration territory. The source of copper emissions is
assumed to be of natural origin. Based on the analysis of the wind regime, the location
zones of sources of lithosphere pollution by copper are potentially determined. The
study of the location of areas free from snow cover during the period of increasing
copper concentration will allow determining more accurate location of zones producing
the copper particles transfer.

Key words: Pollution, copper, snow cover, wind, heavy metals.

A.C. MagubexoB', A.M. Kapumon?, JI.T. UcmyxanoBa', A.O. Koau'*",
A.B. Eropos*

'«[eorpadus sxoHe cy Kayincizairi uHcTuTyTh» AK, Anmarsl, Kasakcran;
2«B.I". ®ecenkoB aTbIHIarbI acTpodu3UKaIbIK HHCTUTYT» EHminec XKIIC, Anmarsl,
Kazakcran;

’Kazak ¥nrTeik Arpapisik 3eprrey YHuBepcuteTi, Anmarsl, Kasakcraw;

42 canarrarsl oruga KOHECKO 6Gacuibutbirsiaaarst «OpTta-Asns ARMaKTBIK
I'msmmonorusineik, Optansiky KILIC, Anmatel, Kazakcran.

E-mail: askhat.zhadi@mail.ru

AJIMATBI ATJTIOMEPALIUSACBI KAP ) KAMbBIJIF BICBIHBIH MBICITEH
JIACTAHYBI

AnHOTanus. YJIKeH KananapaslH TaOUFU OpTackl aHTPOIIOT€H/IIK KbICBIMFa YIIBIpay
BIKTUMAaJIJBIFbI )KOFaphl. TombIpak Ta, runpocgepa qa ractanyra yuibipaiasl. COHbIMEH
Katap, arMocdepa, Tipi OpraHu3Maepre TYCETIH JacTayllbl 3aTTap/Abl TaChIMaJAayIlbl
MeXaHM3MHiH Oipi Oonbil TaObUIagpl. Kopiiaran opTara TacTaldblHaTBIH 3arTap
MEH OJNapAblH KOCBUIBICTAPBIHBIH Tapayly »KOJAApblH, XUMISUIBIK pPeaKkUUsUIapbIH
xKoHe OmocdepaMeH opekeTTecyiH 3epTTey, KOplLlaraH opTara Tepic ocepAi azaury
KypainapblH TaOyra KeMmekrecedi. TacTaibMIapAbl a3alTy >KOJAAPbIHBIH Oipi —
KOpLIaraH OpTaHbl KOpFay MoCeleepiH MIeHIyOiH OHTAMIbl HYCKalIapblH 137ey.
MyHpaali memimaep JacTaylibl 3aTTapAblH LIBIFAPBIHABLUIAPBIH OaKbUIAYCHI3 JKOHE
aran alTKaH/a, SKOJOTHSIIBIK capanTaMachl3 MYMKiH eMec. ATMaThl Kajdackl MEH OFaH
iprenec aymMakTapZblH ayblp METalAapMeH JacTaHysl OolibiHIIa anram pet 2018-2020
KBUIIAPBI FRUIBIMH-3€pTTey OarmapiaMachl Xypriziiami. byn »oba Tomblpak meH Kap
KaMBUIFBICBIH/IA Keneci aeMeHTTepAiH: MbIC (Cu), MBIpbII (Zn), HUKeb (N1), KOpFachlH
(Pb), xobanst (Co), xamgmuii (Cd) KOHIEHTpaUWSUIAPBIHBIH ©3repy AMHAMHKACHIH
3eprreyre MyMmKiHzik Oepai. Jlutochepamen xarap Kammaraii cy KolMachIHBIH
akBaropusichl aa 3eprrengi. Onan 6acka, TOTBIFY, KbIIIKbUIIBIK, MUHEPATU3aAIHs KOHE
KaJIKbIMAJIbI 3aTTap TYpajibl MaTiMeTTep anbiHAbl. COHBIMEH KaTap, MOJTUXI0OPUIONPEHNIT
KOCBUIBICTAPBIMEH JIACTaHy ITUHAMUKACHI 3epTTeili. MeTanaapaslH KOHIEHTPALHSCHI
KaIBIHABl  aTOMIBIK-a0COPOLMSIIBIK ~ CIIEKTPOMETPUSUIBIK ~ OAICIMEH  aHBIKTAJIbI.
Jlutocdepanga aranFraH XUMHIBIK JIEMEHTTEPAIH OOMybl aHTPOMOTeHIIK (akTopaaH
Oacka TabufM JacTaHy Ke3lepiHiH OonmyblH OoJpkayra MyMKiHAiK Oepai. Maxkanana
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ANMaThbl arJoMepanusChiHbIH ayMaFbIHJaFrbl Kap >KaMBUIFBICHIHBIH MBICIICH JIaCTaHy
KO3iH i31eyre Tanjay jkacaifaH. MBpIC TacTalbIMIapbIHBIH K31 TaOUFU OOMbI
cananaspl. JKen pexxuMiH Tanaay HeriziHae JTUTocepaHbl MBICICH JlacTay KO3/ACpiHiH
OpHajiacy aMakTapbl MOTEHIMAJIBI TYPAE aHbIKTaNaAbl. MBICTBIH HMIOFBIPIAHYBIHBIH
JKOFapbllay Ke3eHIHJe Kap >KaMbUIFBICBIHAH 0OC ayMaKTapHblH OpHAJIACYBIH 3€pTTEY,
JacTaylibl peTiHAe MbIC OeJIIeKTEpiHiH TachbIMaIAaHybIH OHIIPETiH aiMaKTapblH
OPHBIH aHBIKTayFa MYMKiH/IK Oepei.
Tyiiinai ce3aep: JlacTany, MbIC, Kap *KaMbUIFBICHI, e, aybIp MeTajaap.
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3ATPSIBHEHUE MEJIbIO CHEXKHOI'O IIOKPOBA AIMATUHCKOM
AIVTIOMEPAIINHN

Annorauusi. Ilpupoanass cpema KpymHBIX TOPOJOB IOJABEpP)KEHA CHUIBHOM
AHTPOIIOTCHHON Harpy3Ke. 3arpsa3HeHUsIM OABEpraeTcs Kak Mo4Ba, Tak u ruapocdepa.
[Tpu aToM aTMOCdepa SIBISIETCSI OAHUM U3 CPEACTB MEXaHM3Ma [IEPEHOCa 3arPSA3HSIOIINX
BEIIECTB, MONAJAIOIINX B JKMBBIE OpraHu3Mbl. M3ydeHue myTell pacmpocTpaHeHus,
XMMUYECKHE PeakUMh ¢ B3aMMOJCHCTBHE ¢ Ouocdepoil BbIOpachIBaeMBIX B
MPUPONY BEIECTB M MX COCAMHEHHWH MMOMOTAIOT HAaWTH CPEACTBA Ui MUHHUMHU3ALUH
HETaTHBHOTO BO3JCHCTBHE Ha OKpyXawoulyto cpeay. OZHUM U3 MyTel COKpalleHHs
3aTpar SIBJISAETCS MOUCK ONTHMAIBHBIX BapUaHTOB pELICHUS MPOOJIeM OXpaHbI
OKpyXxaromieil cpenpl. Takue pelieHHs HEBO3MOXHBI 0€3 MOHUTOPHHIA BHIOPOCOB
3arpsI3HAIONIMX BEIIECTB U JKOJOr0-aHAJTUTHYECKOTO KOHTPOJSA, B 4acTHOCTH. Jlns
ropoga Anmarel U Onmsnexamied tepputopun Brepsbie B 2018-20 rr, mpoBeneHa
porpaMMa HCCIICIOBAHUH MO 3arpsS3HEHHIO TSUKENBIMUA MeTajlaMH. JJaHHBIH MPOeKT
MO3BOJIMJ U3YUYHUTh IMHAMUKY W3MEHEHUH KOHIEHTPALUI B IOUYBE M CHEKHOM ITOKPOBE
CIIeYIONUX AIeMeHTOB: Meib (Cu), iuHK (Zn), Hukenb (Ni), ceunen (Pb), kobanst (Co),
kagmuii (Cd). Hapsimy ¢ murocdepoii Obiia uccnenoBana akBaropust Kammaraickoro
Bojoxpanwiniia. Kpome 3Toro, momyueHsl JaHHbBIE [0 OKUCISIEMOCTH, KUCIOTHOCTH,
MUHEpaIu3alii 1 B3BEIICHHBIM BeIIeCTBaM. Tarke H3yueHa NWHAMUKA 3arps3HEHUH
MOIUXJIOPUION(DEHUITBHBIME cOeqUHEHUSIMUA. KOHIIEHTpaIist METalIoB ONpeaesiach
IUIAMEHHBIM aTOMHO-a0COPOLIMOHHBIM CIIEKTpOMETpUYecKHM MeTonoM. [IpucyrcTue
YKa3aHHBIX XUMHYECKHX 3JIEMEHTOB B JTUTOC(EpE MO3BOIHIO MPEANIOIOKUTh HATHIHE
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OPpUPOAHBIX HCTOYHHUKOB 33.1"p$13HCHI/II\/'I Ha (1)0H€ HUCKIIFOYCHUS aHTPOIIOTCHHOT'O (baKTopa.
B crarbe MPUBOAUTCA AHAJIMU3 IOUCKA HCTOYHHUKA 3ar pH3HeHHI>i MEIbIKO CHEXHOIO
MOKpOBa HA TCPPUTOPUHN AnmaTuHCKOM arjioMepanuu. HpeanonaraeTCH C€CTCCTBCHHOC
MPOUCXOXKACHUE HCTOYHHKA BLI6POCOB MEOU. Ha ocHoBe ananuza BETPOBOI'O
peKrMa MNOTCHUHUAJIBLHO OIPEACJICHBI 30HBI HAXOXICHUA HMCTOYHUKOB 3arpA3HCHUA
J'II/ITOC(l)CpLI MCEAbBIO. I/ICCHC,I[OBB.HI/IC PACIIOIOKCHUA YHaCTKOB, CBO6OZ[HLIX OT CHECXKHOI'O
MOKpOBa B NEpHUOJA pOCTa KOHUCHTpAUUU MCAU, MO3BOJUT OIMPECACINTDH Ooiree TOUHOE
MCCTOIIOJIOKECHUEC 30H, NPOAYHUPYIOHMIUX MEPEHOC YaCTUIL] MEAN KaK 3arpA3HAOIICTO
BCIICCTBA.
KiioueBbie ciioBa: 3arpsi3HCHUEC, MC/lb, CHEXKHBIN IOKPOB, BETCP, TAKECIILIC

METaJlJIbI.

Introduction. In 2018-2020, in the laboratory of Hydrochemistry and Ecological
Toxicology of the JSC “Institute of Geography and Water Security”, for the first time (at
least since the beginning of the 21st century) systematic research program was carried
out on pollution by heavy metals and halogen-hydrocarbon compounds (polychlorinated
biphenyls) of soil and snow cover of the territory of Almaty agglomeration.

Among the studied heavy metals in 2018-2020, the content in the soil and snow
cover of the following elements was determined: Copper (Cu), Zinc (Zn), Nickel (Ni),
Lead (Pb), Cobalt (Co), Cadmium (Cd). In addition to these pollutants, the content of
suspended particles, oxidizability and acidity (pH) were also measured. The results of
the conducted research can be used by environmental authorities to assess the condition
of the environment and develop measures to reduce the negative impact to the territory
not only within the area where people live, but also to wildlife areas that have both
recreational potential and biodiversity conservation areas (Cherednichenko et. al., 2014;
Madibekov et al., 2019; Madibekov et al., 2020; Amirgaliyev et al., 2022; Normatov et
al., 2020).

Apart from the anthropogenic load to the natural environment, the natural region
with a high content of one or more pollutants can serve as a source of pollution of the
local area. The mechanism for the transfer of substances can be both: atmospheric air
flows, precipitation, dissolution and removal of pollutants by groundwater as well as
biological component of the chemical elements migration in the habitat of flora and
fauna. In addition, there could be the natural mobility of chemicals, both individual
elements and complex compounds, in the earth’s crust (Cichata-Kamrowska et al.,
2011; Felenberg et al., 1997).

This article considers Almaty agglomeration snow cover pollution by copper
during the winter months of 2018 and 2019. The study object is the snow cover, which
has a high sorption capacity and is the most informative in the study of technogenic
atmospheric pollution (Reynolds et al., 2020; Vinogradov et al., 1967). Snow absorbs
a significant part of the technogenesis products, accumulates them during the winter
period and during the spring snowmelt, these substances enter the natural environment,
mainly water and soil and polluting them. Consequently, the chemical analysis of snow
will allow predicting the composition of future migrants in various natural objects of
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urban landscapes, to determine the sources of pollution (Circular on target... et al.,
2010). In addition, the period of snow cover is several months, which makes it possible
to track the dynamics of pollution levels in a shorter period of time with a smaller
degree of atmospheric turbulence. The periods between samplings at which there was
a significant change in the pollutant concentration make it easier to localize in time and
space the location of potential pollution source.

At the same time, the source of copper emissions is not known at first glance. Near
the city of Almaty there are no copper smelters, no mining and processing facilities, and
there are also no other industrial facilities that can serve as a source of copper emissions,
both in pure form and in chemical compounds. Thus, we can assume the presence of
natural pollution source, emissions from which can be carried by wind flows. Taking
into account the presence of gray soils in the foothill zone of the Ile Alatau, the copper
content in the soils of this altitudinal zone seems hardly probable, especially in the
winter season (Kurmangaliyev et al., 1968:82; Durasov et al., 1981:152). Nevertheless,
the transport of copper particles by wind is, in our opinion, the only mechanism for the
transfer of this substance to the places of its accumulation, regardless of the pollution
source nature.

The physiological activity of copper is associated mainly with its inclusion in
the composition of the active centers of reductive-oxidative ferments. Insufficient
copper content in soils adversely affects the synthesis of proteins, fats and vitamins
and contributes to the infertility of plant organisms. Copper is involved in the process
of photosynthesis and affects the absorption of nitrogen by plants. At the same time,
excessive concentrations of copper have an adverse effect to the plant and animal
organisms. The most effective method for assessing the degree of impact of technogenic
load to the environment of cities and public health is the monitoring of atmospheric
precipitation pollution (Felenberg et al., 1997:232; Vinogradov et al., 1967). It is these
factors that are the main reasons for the study of copper pollution within the Almaty
agglomeration.

Research methodology. Snow sampling for chemical analysis was carried out
not only in the territory of Almaty city. Five zones were conventionally identified:
mountainous territory; the territory of Almaty city; small towns and urban-type
settlements; small settlements; coast of the Kapshagay reservoir. A total of 338 samples
were taken during the project implementation period; 3525 physicochemical and
toxicological measurements and analyzes were made.

Samples were taken at the time of maximum snow cover accumulation in the last
ten days of January and first ten days of February 2018; in February 2019, and also in
February 2020.

Heavy metals in the samples were determined by the flame atomic absorption
spectrometric method with pretreatment of the samples on AA-7000 atomic absorption
spectrophotometer from Shimadzu (Japan). That is atomic absorption spectrometer with
a hollow cathode lamp for the respective metals to correct the coefficient of nonspecific
absorption and with acetylene-air jet burner (Felenberg et al., 1997:232).

Sampling was carried out in an open flat area, 100 m away from local sources of
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pollution during the period of maximum accumulation of moisture content in the snow
along with measurements of snow density and moisture content in the snow measuring
route. Snow samples were taken by the pit method for the entire thickness of the snow
cover, with the exception of a 5 cm layer above the soil, with measurements of the sides
and depth of the pit, depending on the snow cover. Sampling was carried out in sites
with the area of 1 m? in plastic bags. The dimensions of the pit were measured in length
and width to calculate the area of atmospheric precipitation. By sampling, the ingress of
foreign substances was excluded, both at the time of sampling and during their storage
and transportation to the laboratory. Due to the fact that the content of substances
dissolved in sediments is small and is measured in milligrams or even fractions of a
milligram per 1 dm?® of water, strict observance of the conditions for sampling, storage
and analysis of samples is required. The organization of transportation of samples
ensured the minimum time between sampling and analysis of sediment samples.

The samples delivered to the laboratory were stored at — 5 — 15°C until they were
processed. To melt the snow, the samples were placed overnight in pre-prepared
containers. The settled samples were filtered through a paper filter with a white tape for
further chemical and toxicological analysis.

The sampling results are shown in Table 1, which shows data about the concentrations
of copper in the snow cover. The data presented in Table 1 characterize the spatial and
temporal distribution of the copper content in the snow cover throughout the territory of
the Almaty agglomeration.

Table 1. The content of copper in the snow cover of different zones of Almaty agglomeration for the three
years of study.

Zone Samples Cu pg/dm?

Ne Name 2018 | 2019 2020
1 0,0 2,6

1 | Shymbulak Mountain Resort 2 8,6 3,2 259
3 8,6 1,3
1 3,6 4,9

2 | Territory of Almaty city 2 9,9 4,0 26,1
3 10,4 1,7
1 4,7 3,8

3 | Small towns, urban-type settlements 2 11,1 3,2 242
3 9,9 2,0
1 5,3 2,5

4 | Small towns 2 13,7 2,2 23,4
3 11,1 2,7
1 5,0 3,7

5 | Kapshagay reservoir and its coastal zone 2 13,6 1,1 24,6
3 10,1 3,9

As can be seen from Table 1, in 2018, in all five zones, in the period between the
first and second surveys (sampling), there was a significant accumulation of copper
in the snow cover. This was especially typical for Shymbulak Mountain Resort area,
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small settlements and the coastal zone of Kapshagay reservoir. Small settlements are
distributed throughout the territory of Almaty agglomeration and the average copper
content characterizes in this case most of the territory. But, as it is illustrated below, to
the east of Talgar town there was a zone with a high content of copper in snow cover.
A year later, from survey to survey by zones, there was multidirectional dynamics of
changes in the concentration of copper in the snow. In the mountainous area between
the first and second surveys, there was an increase of the copper content in snow cover.
At the same time, changes in the copper content in all zones, between surveys, did not
exceed 3 pg/m’. Data for 2020 is provided for comparison with previous years, and
show the highest rates for the entire three-year study period.

Research results. According to the data provided in Table. 1, the increase of
copper content in snow cover in the limits of the Mountainous area in 2018 is most
clearly observed between the first (February 9) and second (February 24) surveys. The
correctness of the data is confirmed by the results of the third survey, made on February
27. During the three-day period between the second and third surveys, there was no
change in the concentration of copper in snow cover within the mountainous area. Good
conditions for finding the source of pollution developed between the first and second
surveys in 2018. These conditions include the following factors:

- Noticeable increase in copper concentration from 0.0 to 8.6 pg/dm’.

- Short two-week period, from 9 to 24 February.

- Locality and remoteness from the industrial center territory, the location of which
reduces the potential participation of the technogenic component of copper emissions
into the environment.

Among the disadvantages, we can note: the singleness of the sampling site, lack of
long-term observations, and regularity of the assumption of the existence of a mechanism
for the transfer of copper particles by wind from the source to the sampling site.

A similar picture took place in 2019. At the same time, the increase in the
concentration of copper in snow cover was not so significant, and amounted to 0.6 pg/
dm3 between the first (January 22 - 26) and the second (February 04 - 08) surveys.
The third survey, carried out at the end of February, revealed 2.5-times decrease of the
copper content in snow cover compared to the previous survey. The conditions in 2019
will allow comparing the results of the search of the source zone from which come
copper emissions registered in snow cover.

The soil cover in the considered area mainly forms ordinary grey soils and meadow-
grey soils [9, 10]. At the same time, in the northwestern part of the coast of the Kapshagai
reservoir, there are red earth soils, in which a high copper content could be presented.
Naturally, such soils can serve as a potential source of copper near to the Kapshagai
reservoir, when red earth sediments are released from snow cover.

It should be noted that measurements of wind direction and speed at weather stations
are made at a height of 10 meters from the earth’s surface. At the same time, the height
of the transferred particles can differ significantly (in both directions) from the height
at which wind measurements are taken. But, since the snow samples are taken from
the surface of the earth, the representativeness of the available wind data has to be
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considered with a certain degree of tolerance. Naturally, such a tolerance is limited by
the scale of the roughness of the earth’s surface (from fluctuations in the roughness
of the ice crust to the heights of urban development, vegetation and relief), as well as
turbulence in the atmosphere, where the particles of the precipitated substance moving
and settle (Marsalek et al., 2014). A weak, but still fact, in defense of such a tolerance
is the fact that the elevation difference from south to north in the zone of maximal
depositing of pollutants exceeds a ten-meter mark.

The accumulation of copper in snow cover and the search of its sources require
the analysis of the wind regime during the period of increasing copper content. For
this reason, to the concentration distribution maps were added the diagrams of the
prevailing wind directions at the meteorological stations “Shymbulak”, “Kamenskoye
Plateau” and “Esik town”. These diagrams show the repeatability of the directions of
the prevailing winds. Information about wind directions at the time of meteorological
observations was taken from the site “Weather schedule rp5.kz” (Weather Schedule,
2022). For Shymbulak Mountain Resort, the constructed diagram indicates significant
predominance of east and east-southeast winds during the period of increasing copper
concentration in the snow cover in 2018. The data of the station “Kamenskoye Plateau”
were taken to clarify the wind regime of the station “Shymbulak”, as the closest
observation location to the sampling point. As follows from Figure 1, according to the
weather station “Kamenskoye Plateau”, during the period under review in 2018, winds
of the southern and southwestern directions prevailed.

The zone of maximum snow cover pollution in 2018 was located east of the Almaty
city. The average distribution of copper content in snow cover does not reflect changes
in the level of contamination between sampling periods. The distribution of levels of
copper content characterizes the process of pollutant accumulation in snow cover. In
the warm season, the main axis of the distribution of copper concentrations in the soil
crosses the territory of Almaty city from the southwest to the northeast. By analyzing
the wind regime that provides a certain level of snow cover pollution by copper in
mountainous area, a sector of the potential location of the copper pollution source is
singled out. It is located in the southeastern part of Almaty city on the eastern side of
Ulken Almaty River in the mountainous area. The wind regime of the mountainous
territory in 2018 had the main features also in 2019 during the period of increasing
copper concentration in snow cover. That is confirmed by the similar data provided in
Figure 2.
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Figure 1. Average copper content in snow cover in 2018. Frequency diagrams of wind directions for the
stations “Kamenskoye Plateau”, “Shymbulak™ and “Esik” are also shown

The main area with a high content of copper in snow cover in 2019 was located in
the territory of Almaty city. As can be seen from Figure 2, the axis of copper pollution
concentrations in the city was located from southeast to northwest. According to the
data presented in Table 1, in 2019, from survey to survey, there was a decrease in the
concentration of copper in snow cover in the city. But in 2018 sampling showed an
increase in copper content from the middle to the end of the winter period. In general,
for the mountainous area in the limits of Almaty city, the distribution of the prevailing
wind directions is characteristic within the range from east to south-west (90° - 225°).
It is also worth paying attention to the zone of copper pollution between the towns of
Talgar and Esik, where the wind of south and northwest direction took place. But this
zone is not clearly expressed and was determined from year to year by seasons with
a large spread in space. Copper concentrations in the lithosphere in this zone varied
from 5 to 13.6 pg/dm?® in 2018 and within the limits of 0.1-6.1 pg/dm? in 2019. Weakly
expressed zone of copper pollution in the warm season appears in the west of the city
limits. The source of this pollution may be located near the village of Izvestkovyi.

As can be seen from the figures, there is no direct relationship between the wind
fields during the period of maximum change in the copper concentration in snow cover
and the total accumulation of the pollutant. There could be several reasons for this:
uncoordinated time moments of copper accumulation and periods of analysis of the
wind field; difference between the level of wind measurement and the height of the
pollutant transfer level; influence of atmospheric turbulence; incomplete understanding
of the transport mechanism of the considered pollution element; possible influence of
other factors (for example, the presence of obstacles for airflow, multiple deposition by
particles moving), etc.
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Studies conducted in 1987 by Kobzar and Tavrish (Kobzar et al., 1987:105) revealed
an increased content (mg/dm?) of zinc 700, copper 35 in atmospheric precipitation in
the territory of Almaty. According to the research of M.S. Panin (Panin et al., 2011), in
Almaty, the content of lead (Pb) in soils exceeds the sanitary standards by 2.9 times,
and copper (Cu) by 4.4 times. In other words, a steady trend of high concentrations of
copper, zinc and lead is continued for several decades.
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Figure 2. Average copper content in snow cover in 2019. Frequency diagrams of wind directions for the
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stations “Kamenskoye Plateau”, “Shymbulak™ and “Esik” are also shown

Discussion. The existing dynamics of the copper content in snow cover leads to
the conclusion that it is necessary to search the sources of these substances. In the case
of lead, the source is more or less known - it is tetraethyl lead, a component of motor
fuel. But it should be noted that additives containing lead are not used in motor fuel
(Madibekov et al., 2011). An increased concentration of lead in the area of Shymbulak
Mountain Resort may also indicate a natural source of this substance. Similar situation
is observed in the area of Kaskelen town and to the north-west of Shamalgan village,
as a result of neighborhood of the copper ore province, located to the north-north-west
of Shamalgan village at a distance of up to 80 km, near to the area of Zhynkeldy River
mouth. From this part of the region copper is transported towards the southern coast of
the Sorbulak reservoir. The combination of high concentrations of copper and lead in the
lithosphere, as well as the amplitude of concentration fluctuations over a short period of
time, indicate the potential location of the source outside the city limits, which confirms
its natural origin. Thus, lead is considered as the most characteristic substance, the entry
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of which in the underlying surface is most typical for the anthropogenic sources. The
increased content of copper in the area of recreation zone of Kapshagay reservoir may
indicate another geological province. As evidenced by the red-brown soils which are
characteristic for this area.

The listed places of the potential location of the zones-sources of copper pollution
can also be localized and significantly refined using the analysis of satellite images. The
allocation of areas of the territories of Almaty agglomeration free from snow cover,
during the studied periods, can directly indicate the location of soils with a high copper
content.

Apart from the copper content in snow cover, the presence of nickel and zinc in
the snow cover and soil is also of interest (Barcan et al., 1996; Hubbard et al., 2007).
The centers of maximum concentrations of both elements are located approximately
in the same place - in the north-eastern part of Almaty city and partly in Talgar area.
The presence of nickel can be considered as accompanying element in copper ores.
Deposits of zinc-bearing ores often border with copper deposits (Itsikson et al.,
1950). High concentration of zinc is also observed to the west of Almaty. A separate
study also deserves the search for sources of cobalt and cadmium, since, by analogy,
the version of their natural origin is not excluded. But for these two substances, the
version of anthropogenic pollution should also not be excluded. In further studies, it
is also necessary to assess the reasonability of judgments about the scale of emissions
from technogenic sources that form the registered concentrations of these substances
in the natural environment of Almaty agglomeration. In other words, the inventory of
emissions within the limits of the city will help to determine the genesis of pollution
sources and take environmental protection measures.

The content of lead in the lithosphere and atmosphere of the studied area also requires
assessment of the scale of emissions from the burning fuel of vehicles. Otherwise, it is
needed to determine a natural source of lead coming into the atmosphere.

Conclusion. The absence of obvious anthropogenic sources of copper pollution of
the lithosphere within the limits of Almaty agglomeration leads to the need to search
for natural sources. Such a search is indicated by the dynamics of copper concentration
levels in snow cover. Taking into account the wind field in mountainous areas and
distribution of soil types, we can identify the following potential location of the zones-
sources of copper pollution: southern and south-eastern parts of the territory of Almaty,
located in the limits of 90° - 225° from east to southwest direction and in the eastern
bank of Ulken Almaty River in the mountainous zone. The

source of copper, near the Kapshagay reservoir, can be the red earth sediments during
the melting of snow cover (in the cold half-year, taking into account the wind field). A
weakly expressed zone of copper pollution in the warm season appears in the west of
the city limits. The source of this pollution can be located in the area between the village
Izvestkovyi and Kaskelen town. Another weakly expressed zone of copper pollution is
located between the towns of Talgar and Esik.

The presence of nickel and zinc in the snow cover and soil can be considered as
an accompanying element in copper ores. The centers of maximum concentrations of
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both elements are located approximately in the same place - in the north-eastern part
of Almaty city and partly in Talgar area. High concentration of zinc is also observed to
the west of Almaty. And that is, despite the apparent absence of anthropogenic sources,
also indicates the natural origin of these heavy metals in the soil and creates the need to
search for sources of these substances.

The search for zones-sources of heavy metals entering the soil and snow cover can be
carried out by analyzing satellite images covering periods of increasing concentrations
of heavy metals in snow cover (Hubbard et al., 2007). The localization of areas free of
snow cover, taking into account the wind field, may indicate the direct location of metal
ore deposits that provide the observed level of pollution.

By the further assessment of the contribution of anthropogenic factor to the source
of cadmium, cobalt, and lead entering the lithosphere, it is also required to search for
natural sources of these substances (Forbes et al., 1976; Street et al., 1977). This may
indicate sediments that include chemical compounds of the mentioned elements.
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