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I Clarivate
Analytics

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

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 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 UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU 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 aTbIHAaFb! XUMUS FBUIBIMIAPEI 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 KaybiMaacToiFbiHbIH Mylieci (ITexun, Keitait) 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».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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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 HCKomaeMbIX 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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

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

Scientific secretary

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

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

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

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

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

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

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

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

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

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© National Academy of Sciences of the Republic of Kazakhstan, 2023
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©A.S. Madibekov!, L.T. Ismukhanova', A.O. Zhadi*, A. Mussakulkyzy!,
K.M. Bolatov!, 2023
1JSC «Institute of geography and water security», Almaty, Kazakhstan;

ZKazakh National Agrarian Science University, Almaty, Kazakhstan.
E-mail: askhat.zhadi@mail.ru

RANKING THE TERRITORY OF THE ALMATY AGGLOMERATION
ACCORDING TO THE DEGREE OF POLLUTION

Madibekov A.S. — PhD, associate professor, Head of the Laboratory of Hydrochemistry and Ecotoxicology,
JSC «Institute of geography and water security», Almaty, Kazakhstan

E-mail: madibekov@mail.ru, https://orcid.org/0000-0001-9303-6640;

Ismukhanova L.T. — Research of the Laboratory of Hydrochemistry and Ecotoxicology, JSC «Institute of
geography and water security», Almaty, Kazakhstan

E-mail: I--aura@bk.ru, https://orcid.org/0000-0001-6421-8621;

Zhadi A.O. — Junior Research of the Laboratory of Hydrochemistry and Ecotoxicology, JSC «Institute of
geography and water security», Almaty, Kazakhstan

E-mail: askhat.zhadi@mail.ru, https://orcid.org/0000-0001-7044-3454;

Mussakulkyzy A. — senior Research of the Laboratory of Hydrochemistry and Ecotoxicology, JSC
«Institute of geography and water security», Almaty, Kazakhstan

E-mail: mus_ain@mail.ru,

Bolatov K.M. — Junior Research of the Laboratory of Hydrochemistry and Ecotoxicology, JSC «Institute
of geography and water security», Almaty, Kazakhstan

E-mail: kaynar404@mail.ru, https://orcid.org/0000-0002-6349-8569.

Abstract. The article considers the assessment of the transfer of pollutants by the
state of pollution of snow cover and soil to rank the study area by degree of pollution
(2018-2020). The object of the study is one of the major megalopolises of the country —
the territory of Almaty agglomeration (AA) with a total area - 939.5 thousand hectares.
The area of the agglomeration includes 188 settlements of Almaty region, the center
of which is the city of Almaty, includes parts of five administrative districts of Almaty
region: Karasai, Talgar, Ili, Enbekshikazakh and Zhambyl, as well as cities of Kaskelen,
Kapshagai, Talgar and Yesik. Assessment of the degree of pollution of the territory of
the Almaty agglomeration is calculated one of the characteristics of soil and snow cover
(SC) pollution, which are the total pollution index (Zc), which is determined by the
degree of accumulation of the pollutant compared to the background point. Analysis
of pollution of the AA area according to the values of metal concentration ratios for
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2018-2020 showed that the largest contribution is copper, zinc and lead in the soil,
while for SC mainly cobalt, nickel, copper and lead, which were also several times
higher than the limit standards. Cartographic ranking of the territory of the AA showed
that relatively high total pollution levels of SC were observed in 2020 in the areas that
were most exposed to pollution from sources such as CHPP-2, power plants, household
stoves, coal-fired and motor vehicles. According to the total values of soil pollution
AA territory is characterized by a high level of pollution, and the territory of Almaty,
according to the existing gradation, refers to a very high level of pollution in all the
years studied.
Keywords: agglomeration, snow cover, soil, toxicology, pollutants, ranking

©A.C. Maau6exos', JI.T. MUcmyxanoBal, A.O. Kaaun'?', A.M. MycakyJKbI3bl',
K.M. BoJsaros!, 2023

'« eorpadus xxoHe cy Kayincizairi uHctutyTh» AK, Anmarsl, Kazakcran;
2Kazak ¥nTThIK Arpapibik 3eprrey YHuBepcuteTi, Anmarsl, KazakcraH.
E-mail: askhat.zhadi@mail.ru

AJIMATBI ATJIOMEPALIUACHI TEPPUTOPUSACBHIH JIACTAHY
JIOPEKECI BOMBIHIIIA CAPAJIAY

Maau6exoB A.C. — PhD, kaysiMmacTsipbuIFas npodeccop, ['HIpoxumMust )oHe 3KOIOT USUITBIK
TOKCHKOJIOTHS 3epTXaHAChIHBIH KeTeKIIici, «['eorpadust xaoHe cy Kayincizairi uHCTUTyTh» AK, AnMarsl,
Kazakcran

E-mail: madibekov@mail.ru, https://orcid.org/0000-0001-9303-6640;

Hcemyxanosa JI.T. — 'mapoxumus sk9HE 3KOJIOTHSUIBIK TOKCUKOJIOTUS 36PTXaHACBIHBIH FBUIBIMU
KbI3MeTKepi, «[ eorpadus sxoHe cy Kayincizairi uactutyTh» AK, Anmarsl, Kasakcran

E-mail: I--aura@bk.ru, https://orcid.org/0000-0001-6421-8621;

Konu A.O. — I'mapoxuMust )KoHE SKOJIOTHSIBIK TOKCHKOJIOTHS 3€PTXaHACBIHBIH Killll FIIBIMU
KbI3MeTKepi, «['eorpadus sxoHe cy Kayincizairi uactutyTh» AK, Anmarsl, Kasakcran

E-mail: askhat.zhadi@mail.ru, https://orcid.org/0000-0001-7044-3454;

Mycakyakbi3bl A. — ['HIPOXUMUS JKOHE SKOJIOTHAIBIK TOKCHKOJIOTHS 3€PTXaHACBIHBIH aFa FhUIBIMU
KbI3MeTKepi, «[ eorpadus sxoHe cy Kayincizairi uactutyTh» AK, Anmarsl, Kasakcran

E-mail: mus_ain@ingeo.kz

Boaaros K. M. — I'nipoXuMust 5xoHE SKOJIOTHSIBIK TOKCHKOJIOTHS 3€PTXaHACHIHBIH Killll FBUTBIMU

KbI3MeTKepi, «[ eorpadus sxoHe cy Kayincizairi uactutyTh» AK, Anmarsl, Kasakcran
E-mail: kaynar404@mail.ru, https://orcid.org/0000-0002-6349-8569.

AnHoTanus. Makanaja3epTTey ayMarsl O0MBIHIIA Kap dKaMbUTFBICHI )KOHE TOTIBIPaKTa
JacTaylibl 3aTTapablH TapallyblH, JIacTaHy IopexkeciHe kapait (2018-2020) capanay
KYMBICTapbl KapacThIPbUIFaH.3epTTey HBICAHBI €NiMI3AiH €H ipl MeramnoiucTepiHiH
0ipi, >xanmel aynaHsl — 939,5 MbIH rekTap AJIMaThl arJIoMepanrsIChIHBIH ayMaFbl OOJIBII
TaObUIaABl. ATIOMepauusi ayMarblHa OpTalbIFbl AJIMaThl Kajgachl OOJbIN TaObLIATHIH,
AnMatbl oOnBICBIHBIH 188 enpi MeKeHi Kipeni, OHbIH KypaMblHa AJIMaThl OONBICHIHBIH
Oec oKIMIILTIK OKpYTiHiH OeinikTepi Kapaiapl: Kapacaii, Tanrap, Ine, EnOexmikasak,
Kam6s11 xone Kackenen, Kammaraii, Tanrap, Ecik kananapsl. ATMaTs arioMepauschl
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ayMarbIHBIH JIACTaHY JIOPEKECIH Oarayay JIacTaHy/IbIH JKUBIHTHIK KepceTKimTepi (Zc)
0oJBIN TaOBUTATBIH TONBIPAK TICH Kap YKaMBUIFBICHIHBIH JIACTaHY CHUIIATTaMalapbIHBIH
OipiMmeH ecenrenreH, OyJl (DOHABIK HYKTEMEH CaJIBICTHIPHUIA OTBHIPHIN JIACTAYIIIBI
3aTThIH JKMHAKTally JopexeciMeH aHbikTanmaapl. 2018-2020 sxpuimapiarbl MeTasul
KOHIICHTPANUACH  KOA(DUIIMCHTEPIHIH MoHIepi OoiibiHIIa AA  ayMarbIHBIH
JIACTAHYBIHBIH Kap JKaMBUIFBICBIHIAFbl MBIC, MBIPBIII OHE KOPFACBHIH, TOIBIPAKTa
K0OaJIbT, HUKEIh, MBIC )KOHE KOPFAChIHFa THECIJIi, COHBIMEH KaTap IIEKTi HopMaiapaaH
OipHelie ece XOFaphl €KEHIH KepceTTi. AA ayMarblH KapTOrpadUsUIBIK capajay
6apoiceiaaa 2020 >kbuTel Kap kaMbUIFBICH JKOC-2, 31IeKTp CTaHUMSIAPHI, TYPMBICTBIK
TEIITeP, ABTOKOJIKTEP CUAKTHI KO3/ICP/ICH JIaCTaHyFa OMiM ailMaKTap/ia CaIbICThIPMaJIbl
TYPAE KOFaphl OaiiKaiFaHbIH KOPCETTi. TOMBIPAKTHIH JaCTAHYBIHBIH )KUBIHTHIK MOHACPI
OolibiHIIa AA aymarbl JIACTAHYIIIH JKOFApFhl JICHIeWiMEH cumnarraianbl, AJMaThl
KaJIACBIHBIH ayMarbl KOJIIaHBICTAFbI IPAIUIIHsI OOMBIHIIIA OAPIIBIK 3ePTTEIATEH KbLIAaPhI
JIACTAHY/IbIH ©TE )KOFAPFBI JICHICIHIHE )KaTa bl

Tyiiin ce3aep: armoMeparus, Kap >KaMbUIFBICHL, TOIBIPaK, TOKCUKOJIOTHS, JACTaYIIbI
3arrap, capaiay
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AnHoTaumus. B cratbe paccmarpuBaeTcs OLIEHKA IEPEeHOCa 3arpsA3HSIONINX
BEILIECTB 110 COCTOSHUIO 3arPsI3HEHMS CHEXKHOTO TIOKPOBA U TIOYBHKI JIJIS1 PAH>KUPOBAHUS
uccienyemMoi tepputopun mno crenenu 3arpszHeHus (2018-2020 romer). OO0bexkTOM
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WCCIIEZIOBAaHUA SIBISETCA OJHA M3 KPYNHBIX METallojMCOB CTPAaHbl — TEPPUTOPUS
ANMaTHHCKOH armoMepanuu ¢ o0miei monaasio — 939,5 teic. ra. B 30Hy armomepanyn
BXOOAT 188 HaceneHHBIX MYHKTOB AJIMAaTHHCKOH OOJIACTH, LEHTPOM KOTOPOTO
SIBIIIETCS TOPOJ, ANIMAThl, B COCTaB BXOAAT YacTH NATH aAMUHHCTPATUBHBIX PalilOHOB
AnmMaruHckoi oonactu: Kapacatickoro, Tanrapckoro, Unutickoro, EnOexmmnkazaxckoro
n JKamoObuickoro, a takxke ropona Kackenen, Kammaraii, Tanrap u Ecuk. Onenka
CTETEHU 3arps3HEHUs] TEPPUTOPUN AJMATHHCKOM armoMepanid paccuuTaHa OJHUM
W3 XapakTepuCTHK 3arpsisHeHus: mouBbl U CII, KoTopble SABISAIOTCS CyMMapHBIMHU
MOKa3aTeNsIMi  3arpsi3HeHust (ZC), YTO ONpeneNnseTcsl CTENeHbI0 HAKOIUICHHS
3arps3HSAIONIETO BEIIECTBA 110 CPABHEHHIO C (POHOBOM TOUKOW. AHANN3 3arpsS3HEHHOCTH
TeppuUTOpUH AA MO 3HaYEeHUSIM K03(p(QUIIMEHTOB KOHLEHTpauuu MetamioB 3a 2018—
2020 rr. mokasai, YTo HauOONBINWI BKJal MPUXOOUTCA HAa MeIb, IMHK M CBHHEI] B
MMOYBEHHOM ITOKpOBe, Toraa kak st CI1 B 0cHOBHOM Ha KOOAbT, HUKENb, MEJb U CBUHEL,
KOTOpBIe OBUTM TaKXe BBILIE MPeJebHBIX HOPM B HECKOJBbKO pa3. Kaprorpaduueckoe
paH)XHpOBaHUE TEPPUTOPUU AA TOKa3ajao, YTO OTHOCHTEIBHO BBICOKHE CyMMapHbIE
ypoBHH 3arpssueHust CII ormeuanucs B 2020 T. B 30HaX, KOTOphIe ObUTH HaubOoliee
MOJBEPKEHBl 3arpsA3HEHUI0 TAaKUMU HCTOUYHMKamu, kak TOLI-2, anexkrpocTaHuui,
OBITOBBIC T€YM, paOOTAIOLINE HA YIVIe U aBTOTPaHCHOPT. [lo cyMMapHBIM 3HAUYCHHAM
3arpsi3HEHMS [TOYB TeppUTOpUs AA XapaKTepU3yeTcsl BBICOKUM YPOBHEM 3arps3HEHU,
a TeppuTOpuUs I. ATMaThl 10 CYLIECTBYIOIIEH IpaJaliii OTHOCUTCS K OYE€Hb BHICOKOMY
YPOBHIO 3arpsA3HEHUS BO BCE UCCIEI0BaHHBIE TOABI.

KuaroueBble cjioBa: amiomepanysi, CHEXHBIH TOKpOB, IIOYBa, TOKCHKOJIOTHS,
3arpsI3HSAIONINE BEIIECTBA, PAHKUPOBAHHE

Introduction

There are different methods of atmospheric air condition estimation, but one of the
most accessible is SC monitoring (Ardakov et al., 2004; Sayet et al., 1990). This method
is a cheap and informative indicator of pollution in winter period. Snow, having a number
of properties, is a convenient indicator of pollution not only of atmospheric precipitation
itself, but also the state of the atmospheric layer (where clouds are formed, gas exchange
occurs and from which precipitation falls), as well as for subsequent pollution of waters
and soils (Rezhim dostupa: http://www.normacs.ru/Doclist/doc/12590.html....), so it
gives an objective assessment of all atmospheric pollution during the winter period
(Sergeyeva et al., 2017).

SC pollution occurs in two stages. Firstly, it is the pollution of snowflakes during
their formation in the cloud and precipitation on the terrain — wet precipitation of
pollutants with snow. The second is the pollution of already fallen snow as a result
of dry deposition of pollutants from the atmosphere, as well as their entry from the
underlying soils and rocks (Vasilenko et al., 1985; Skugoreva et al., 2011).

The relationship between dry and wet deposition depends on many factors, the
main ones being: the duration of the cold period, the frequency of snowfalls and their
intensity, the physical and chemical properties of pollutants, and the size of aerosols
(Buyvolov et al., 1997).
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When snow forms and falls as a result of dry and wet leaching processes, the
concentration of pollutants in it is usually 2-3 orders of magnitude higher than in the
atmospheric air. For this reason, measurements of the content of these substances can
be made by fairly simple methods and with a high degree of reliability. The layer-by-
layer sampling of SC allows obtaining the dynamics of pollution for the winter season,
and only one sample over the whole SC thickness gives representative data on pollution
during the period from the formation of a stable SC up to the moment of sampling. In
order to study pollution using this method, several selected points are examined. Based
on the results obtained, a map of SC pollution can be drawn and the sources of air
pollution, as well as the extent and boundaries of their influence, can be determined.
Such sources of pollutants as boilers, motor transport, enterprises of heavy and fuel-
energy industry are most easily identified. Study of chemical composition of SC is a
mandatory part of the study of environmental pollution processes. It is the quality of SC
vividly demonstrates the influence of different sources of atmospheric air pollution on
the surface of the earth. The analysis of SC quality allows to trace the spatial distribution
of pollutants over the territory and to receive a reliable picture of zones of influence of
specific industrial enterprises and other objects on the state of the environment (Rezhim
dostupa: https://cyberleninka.ru/article/n/vozmozhnost-otsenki-sostoyaniya-atmosfery-
po-harakteristikam-zagryazneniya-snega-i-pochvy Daunov et al., 2018).

In the work of A. Sergeeva, studied the degree of pollution of the air environment of
Blagoveshensk using snow as an indicator. Determined the quantitative distribution of
solid sediment and studied the content of the heavy metals (HM), studied the sources
of pollution, previously divided the territory of the city into functional zones. An area
less exposed to anthropogenic impact was selected as a background zone. To assess the
content of the HM (Cd, Pb, Cu, Zn, Co, Ni and Cr) used anthropogenic concentration
ratios (Kc) compared with the background and to determine the degree of pollution SC
used the total pollution index (Zc). The maximum content of solid emissions in the city,
where the main component is sand, installed in areas with the most intensive vehicular
traffic: Citizenskaya Street — 50 years of October > bus station > private residential
sector. The content of dust emissions in these points is 40-240 times higher than the
background. Maximum values of total SC pollution on the territory of Blagoveshchensk
are established in Astrakhanovka (Zc=20) and CHPP (Zc=15). At sampling points located
in the zone of TPP influence, Zc values decrease with distance from the main source
of emissions. Increased total anthropogenic pollution index (Zc = 11-12) revealed in
the areas of private residential sector (Connaya — Shimanovsky), shipyard, Botanical
Garden and city parks. The main sources of pollution in the industrial and residential
areas of the city are products of incomplete combustion of fuel and motor transport.
Also one of the causes of the increased HM content in SC is the transfer of toxicants
from emission sources along the wind rose towards the park area, the transboundary
transfer of pollutants falling out in the city with precipitation is not excluded.

Similar work has been done by other authors (Smirnova et al., 2017; Lebedev et al.,
2017), since this methodology (Sayet et al., 1990) is well enough developed.

In the work of Smirnova S.M. (Smirnovaetal., 2011), the ecological and geochemical
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indicators of pollution Zn, Ni, Cu, Mn, Fe in SC of Nikolaev city. As follows from the
work, the cumulative effect of aerotechnogenic inflow of metals into the joint venture
is expressed contrasting in zonal differentiation of urban areas. The content of metals
in SC on the territory of the city is much higher than the background values. The index
of the total pollution load of the snow cover within the city decreases in the series:
Ni (10.1), Fe, Zn (6.8), Mn (4.7), Cu (1.0). The coefficient of relative increase in the
total load increases significantly in the transport area with the maximum indicators: Zn
(186.6), Ni (174.2), Cu (64.5). According to the total load index (Zr < 1000) the territory
of the city refers to a low level of pollution.

Methodology for assessing the spatial heterogeneity of HM distribution is found
in the work of S. Lebedev. B., within Vasileostrovsky district of St. Petersburg. The
results of the study showed asymmetrical nature in the distribution of HM (Zn, Pb, Cu,
Ni, Cr) in the area, which significantly affected the definition of soil pollution category.
Apparently, such a character of metal distributions is natural for urban areas, when as
a result of technogenic load there are local areas with anomalously high concentrations
of pollutants. The maximum contribution to the total index of pollution SC and soils
contributes Zn. A high positive correlation (coefficient of more than 0.7) between the
pollution index Zc in SC and in soils, which may indicate a constant receipt of this
pollutant in the components of the environment. The most noticeable difference in the
nature of pollution of soil and snow cover was noted for Pb. For soils, Pb concentration
largely determines the total pollution index.

Methodology and results

Against this background, the distribution patterns of pollutants in the study area
are considered. It is well known that the main sources of air pollution of the city of
Almaty, nearby settlements and small towns are soot, dust, HM, are power plants,
household furnaces, coal-fired thermal power plants and motor transport. Among the
main pollutants in the air basin of the AA territory are metals belonging to the I and II
classes of hazard. Their negative impact on humans is manifested not only in the direct
impact of high concentrations, but also in the long-term consequences associated with
the ability of many metals to accumulate in the body (Kasimov et al., 2012).

As is known, HMs are contained in many types of industrial, manufacturing, energy
and motor transport emissions into the atmosphere and are the main indicators of the
anthropogenic impact of these emissions on the environment. The distribution of HM in
various components of the environment fixes the sources of pollution and zones of their
impact (Revich et al., 1982).

Assessment of the transfer of pollutants according to the results of the study (2018—
2020) on the state of pollution of snow cover and soils, makes it possible to rank the
territory of the AA on the degree of pollution. Assessment of the degree of pollution of
the AA area is calculated by one of the characteristics of soil and SC pollution, which are
the total pollution indicators (Zc), which is determined by the degree of accumulation
of the pollutant compared to the background point. Background points were selected
throughout the study area is not exposed to pollution or experiencing it to a minimum
degree separately for each metal.
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At the same time, the background approach to estimating the degree of SC pollution
has a number of drawbacks, because the choice of site for sampling is arbitrary, the values
of background indicators depend on the character of meteorological conditions and
change annually due to a complete change of SC (in our studies, background indicators
of individual metals of different years differed several times), there is no possibility to
determine the real amount of pollutant on the territory unit. Such a method was used in
(Stepanova et al., 2003), and the toxicity class of elements was not taken into account
when calculating the total coefficient of HM concentrations. In this connection, it would
be logical to consider that the background method of evaluation in its "pure" form has
no practical value when studying the pollution of snow cover.

Calculation of the total pollution index for soil and SC was carried out according to
the following formulas:

o Ci A3)
cTer
Zc=23Kc—(n—-1) 4

where, Kc - the coefficient of concentration of the pollutant;

Ci - concentration of the pollutant;

Cf - concentration of the pollutant in the background point;

n - the number of elements to be determined.

On the basis of the obtained total indices of soil and snow pollution maps of metal
distribution over the territory of the AA were constructed. Gradation intervals in the
construction of maps were taken according to the evaluation scales and four levels of
pollution were identified (see table 1).

Table 1 - Levels of SC (Zc) and soil (Zc) metal pollution

Level Cumulative SC pollution index Total soil pollution index
Low 32-64 8-16
Medium 64-128 16-32
High 128-256 32-128
Very High 256 128

Assessment of the danger of pollution of snow and soil with HM on the relevant
indicators that reflect the differentiation of AA pollution of the territory was carried out
by approximate assessment scales (Rezhim dostupa: http://www.normacs.ru/Doclist/
doc/12590.htm et al., 1990; Revich et al., 1982; Rezhim dostupa: http://docs.cntd.ru/
document/1200003852 et al., 1999) (tables 2,3).
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Table 2 - Indicative assessment scale of the danger of pollution of
SC on the total pollution index (Zc)

Level Total pollution index of SC (Zc) SC pollution categories
Low 32-64 Non-hazardous
Medium 64-128 Moderately dangerous
High 128-256 Dangerous
Very High 256 Extremely dangerous

Table 3 - Approximate assessment scale of soil pollution hazard
by the total pollution index (Zc)

Changes in the health indicators of the

Zc value Level Soil pollution categories population in the foci of pollution
Tolerable The lowest morbidity rate for children and the
Less than 16 Low . o
lowest frequency of functional abnormalities
16-32 Medium | Moderately hazardous Increase in overall morbidity

Increase in the overall morbidity rate, the number
of children who fall ill frequently, children with
chronic illnesses and functional disorders of the

cardiovascular system

More than . Increase in the morbidity rate among children,

128 Very High | Extremely dangerous violation of the reproductive function of women

32-128 High Dangerous

Several approaches are used to assess the contrast and ecological hazard of
technogenic HM halos in soils. Pollution indication, as for air and snow, is based
primarily on comparison of polluted urban soils with their background counterparts.
This is achieved by calculating the coefficient of anthropogenic concentration or
anomaly (Kc), which shows how many times the content of an element in urban soils
is higher than its content in background soils. Coefficient Kc reflects the intensity of
pollution, but does not directly indicate its danger (Rezhim dostupa: http://medbiol.ru/
medbiol/ecology/000305f4.htm).

In the composition of man-made emissions, metals tend to be deposited in SC, and
during snow melting form the mineral and mobile forms. The mobile forms of HM are
considered to be the most aggressive, because in addition to deposition in the soil with
all the ensuing consequences, they are also accessible to living organisms.

In order to determine the quantitative content of HM in the air and soil of AA territory
during the winter period, we determined concentration ratios (Kc) of the metals (Cu, Zn,
Pb, Cd, Co and Ni) studied in snow and soil relative to background points, which are
presented in Tables 4,5.
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Table 4 - AA average coefficients of HM concentration in SC

Ke
Years
Cu Zn Pb Cd Co Ni
2018 1,0-2,3 1,0-6,6 1,0-2,4 1,0-2,6 0,99-36,9 1,0-29,2
1,7 3,6 1,7 1,7 16,5 13,2
2019 1,0-27,3 1,0-20,5 1,0-3,7 1,0-4,6 1,0-3,1 1,0-15,2
11,8 4,0 2,1 2,3 2,0 7,1
2020 1,0-3,4 1,0-13,7 0,0-34,7 0,0-44,0 1,0-15,3 0,0-63,3
1,6 33 15,2 12,6 8,1 20,9
Note: Limits in the numerator and averages in the denominator
Table 5 - AA average coefficients of HM concentration in soil
Ke
Years
Cu Zn Pb Cd Co Ni
2018 1,0-245 1,1-81,7 1,1-1079 1,0-58,2 1,0-11,8 1,0-2,3
24,0 15,6 106 5,4 3,0 1,3
2019 1,2-21677 0,97-207 0,99-338 1,0-3,7 1,0-7,1 1,0-24,8
747 26,4 25,9 1,9 2,4 8,0
2020 1,0-91,0 1,0-69,5 1,0-305 1,0-19,6 1,0-3,2 1,0-33,9
27,5 7,9 79,8 6,0 1,8 13,5
Note: Limits in the numerator and averages in the denominator

A comparison of HM concentration coefficients revealed both similarities and
differences in their behavior in both snow and soil. The comparison showed that for SC,
the average concentration factor decreased in the series:

-In2018: Co Ni Pb=Cd Cu Zn,

-In2019: Cu Ni Zn Pb=Cd = Co,

-In 2020: Ni Pb Cd Co Zn=Cuy,

whereas for soil, the series of decreases in the concentration coefficients were quite
different:

-In2018: Pb Cu Zn Cd Co Ni,

-In2019: Cu Zn=Pb Ni Cd= Co,

-In 2020: Pb Cu Ni Zn Cd Co.

When comparing the coefficients of HM concentration for the studied years, high Kc
values relative to background values in 2018 were characteristic of Co (36.9), Ni (29.2)
and Zn (6.6), in 2019 Cu (27.3), Zn (20.5), Ni (15.2) and in 2020 Ni (63.3), Cd (44.0),
Pb (34.7), Co (15.3), Zn (13.7) (Table 4).

Coefficients of HM concentrations in soil had a different character and were much
higher than in snow and relative to its background values, so in 2018. — Pb (1079),
Cu (245), Zn (81.7), Cd (58.2), Co (11.8), in 2019 Cu (21677), Pb (338), Zn (207), Ni
(24.8) and in 2020 - Pb (305), Cu (91.0), Zn (69.5), Cd (44.0), Ni (33.9), and Co (19.6)
(Table 5).

Analysis of pollution of the AA area according to the values of the concentration
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ratios of metals for 2018-2020 showed that the largest contribution is copper, zinc and
lead in the soil cover, while for SC mainly cobalt, nickel, copper and lead, which were
also several times higher than the limit standards.

The results of the assessment of the danger of pollution of snow and soil with HM
AA given in the tables, allow us to identify areas with different levels of pollution.
Based on the total pollution indexes (Zc) SC and soil HM for 2018-2020 were identified
5 zones, which differ in their location.

As can be seen from Table 2, an indicative assessment scale of the danger of pollution
SC for 2018-2020 on the total index of the low level (Zc = 32-64), the category - non-
hazardous, was characteristic of the entire territory of the AA.

High values of the total snow pollution index (Zc) to 81 were found for sampling
points Orman (zone I) and Otegen Batyr (zone IV), to 88 — Arna (zone V), to 94 and 98
— Boraldai (zone III) and Northern bypass road (zone II), respectively. According to the
approximate rating scale (Table 6) refer to the average level of pollution, ie, the category
of pollution - moderately hazardous.

Table 6-Total indices of pollution of SC and soils by zones of the territory of the AA

7 Total pollution index of SC (Zc) Total soil pollution index (Zc)
one 2018 2019 2020 2018 2019 2020

I . . 9-28 13-81 20-57 46-105

Mountain territories 16* 17 38 42 36 78

I Territory of Almaty 13-43 24-40 25-98 18-474 | 78-22253 | 117-299
31 32 57 438 4553 186

111 Small towns, urban 15-40 18-44 23-94 36-161 49-181 77-314
settlements 31 28 62 81 77 128

1\Y Small settlements 23-62 15-39 29-81 10-235 9-121 76-347
38 23 54 66 58 137

\% The coast of the 24 15-32 48-88 2 17-27 68-143
Kapshagai Reservoir 23 62 22 114

Note — in numerator - limits, in denominator - averages, 16* - unit points

In 2018 and 2019, totals were in the category of non-hazardous, low-level pollution,
both by zone and by individual point. Relatively high total pollution values were
observed in 2020: zone II - Z¢ =57, zone Il and V - Z¢c = 62, zone 1V - Zc = 54 (table 6),
which were most exposed to pollution, the sources of which are power plants, domestic
furnaces, coal-fired CHPP and motor vehicles.

In the zone of influence of CHPPs and heating zones in SC very voluminous sludge is
formed, though by weight insignificant, which includes soot and other products of coal
combustion. These products are dispersed by air flows almost throughout the territory
of the agglomeration, polluting the snow, and after its melting and the soil cover. In
addition, the products of incomplete combustion can have a negative impact on humans,
because they contain PAHs, which have a carcinogenic effect, HM, etc. A special danger
of fine soot emissions is that they contribute to deep penetration of toxicants into the
human body through the respiratory organs (Goldovskaya et al., 2005).
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The level of anthropogenic pollution of soils is characterized by rather high values
compared to SC, which is explained by the cumulative effect of soil cover (Table 6).
Intensive technogenic load on the soil cover depends not only on the biochemical
conditions, granular composition, water permeability and sorption properties of soils,
but also on the rate of migration of HM and other pollutants, which largely depend on
the alkaline-acid and redox conditions (Glazovskaya et al., 1997).

According to the total indices of soil pollution in the territory of the AA for the years
under study was in the range from medium (Zc¢ 16) to very high level (Zc¢ 128). The low
level of pollution was recorded in a single case at the Sorbulak sampling point in 2018
(Zc =10) and 2019 (Zc =9), by category of pollution — allowable.

According to the data of 2018 to the "very high level" of pollution (extremely
dangerous) can be attributed sampling points: Institute of Geography (Zc = 1474),
Northern bypass road (Zc = 436), the Park of the First President (Zc = 179) in Almaty,
also Kapshagay city (Zc = 161) and village. Baidibek bi (Zc = 235). In 2019, the total
pollution indicators had a slightly different character, so, at the sampling point of
Northern bypass road - Zc increased to 22253, at other points varied from average to
high level. This anomaly in the nature of soil pollution in the area of the northern ring,
due to the high content of copper and lead in the soil, their concentrations exceed to 72.3
MAC and 2.2 MAC, respectively, which are considered among the most mobile metals
in hypergenic processes. At the same time, in the area of the northern ring there is a very
high load of motor transport, thus the loamy soil, characteristic of that area, actively
absorbs and retains pollution coming from exhaust gases in higher concentrations than
it is in the environment. To "extremely dangerous" pollution of soils were also recorded:
on the territory of Almaty Institute of Geography (Zc = 187), Altyn Orda (Zc = 156) and
Kaskelen (Zc = 181).

In 2020, due to the addition of sampling points and a wider coverage of the AA
territory, the points exposed to pollution in all zones increased. So, in the point of
Izvestkovy (zone 1) Zc up to 150, on the whole territory of Almaty (zone 1) Zc ranging
from 117 to 300, by small towns - Kapshagay (zone III) Zc = 315, by small settlements
(zone 1V) Zc from 146 (Kyrbaltabay) to 348 (Kosmos) and the coast of the Kapshagai
reservoir (zone V) Zc from 131 (recreational zone) to 143 (Akzhal), which belong to a
very high level of pollution, category "extremely dangerous".

Values of soil pollution indicators (Table 6) by zones shows that the territory of the
agglomeration refers to a high level, except for the coast of KR, which refers to the
average level (2018 and 2019) and the territory of Almaty to a very high level in all the
years studied.

Thus, for the years under study, Zc values indicate that in all snow and soil samples
taken in different points of the territory of the agglomeration exceeded the limit levels
as follows:

-In2018: SC — 60 %, soil — 91 %;

-In2019: SC — 23 %, soil — 97 %;

- In 2020: SC — 80 %, soil — 100 %.

The number of samples exceeding the limit levels in soils is much higher than in
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snow, because soils are a depositing environment, accumulating pollutants for the entire
period of anthropogenic impact on the environment. Snow is also a depositing medium,
but unlike soils, it serves as an indicator of seasonal pollution, mainly atmospheric
pollution (Lebedev et al., 2017). Another factor of soil pollution in the absence of
precipitation, pollutants can also precipitate on the underlying surface and vegetation.
This process of removing pollutant compounds from the atmosphere is called dry
deposition or dry deposition (Semenchin et al., 1993). Dry deposition is direct transport
followed by adsorption of gases and particles by natural surfaces (vegetation, water,
soil). Numerous studies (Berlyand et al., 2004; Berlyand et al., 1975; Kolmogorov et al.,
1942; Samarskiy et al., 1989; Madibekov et al., 2023; Madibekov et al., 2022) carried
out in recent years have shown that the rate of deposition depends on the chemical
properties of the substance. Thus, gaseous compounds with higher reactivity have a
higher deposition rate. Dry deposition is carried out mainly because there is a thin layer
of air with a thickness of 10 to 100 microns in the immediate vicinity of the surface.
Since this layer is practically motionless, particles or gases penetrating it come into
direct contact and interaction with soil particles or vegetation due to the Brownian
motion. Due to such interaction (chemical reactions, physical or chemical sorption)
pollutants are removed from the said thin boundary layer of air. The influence of the
boundary fixed layer may also be insignificant if there is intensive turbulent exchange
in higher air layers, contributing to an increase in the entry of gases or aerosols into the
fixed layer, in which they are subsequently lost (Zhermen et al., 1965).

According to the results of calculations of the total indicators of SC and soil pollution,
maps processed in the ArcGIS environment were built, which allow us to clearly rank
the territory of the AA by the degree of anthropogenic load. Such maps will reveal
regional features of pollution of conjugated geographical environments: low thickness
of snow cover during the entire winter period; formation of toxic smog, not dispersed
for several days (sometimes weeks); high concentration of aerosol emissions, located in
a limited area. The maps made by the category of snow and soil pollution hazards are
shown in Figures 1-3.

The total indicators of SC and soil pollution for 2018 are shown in Figure 1. On
the territory of the agglomeration the low level of pollution was distinguished by
mountainous areas (Zc 15), settlements (Kaskelen, Talgar), located in the foothills, the
eastern part of Almaty city and the northern coast of KR (Zc = 15-25). In the rest of the
AA the level of pollution was within Zc = 25-45, but, not reaching the low level limits
(Zc = 36—-64). In the eastern part of the study area, where the small settlements Tolkyn
and Baidibek bi are located, the total index of pollution of SC was the average level of
Zc 65. Pollution of SC caused by a high coefficient of concentration in the SC of metals
such as Co (36.9), Ni (29.2), Zn (6.6) and Pb (2.4). The level of pollution of soils by
metals on the territory has a different character, so, the low level was distinguished by
small settlements (Kargaly, Sorbulak) Zc = 8-16. To the average level of soil pollution
in the territory are — Altyn Orda (territory of Almaty), Otegen Batyr, Turgen (small
settlements) and recreation area (coastal KR), the total index of which ranges from 16
to 32. The high level is registered in the SHSB "Shymbulak", Eastern bypass road, small
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towns (Kapshagay, Esik, Kaskelen) and small settlements (Shamalgan, Otegen Batyr,
Kyrbaltabai, Tolkyn) with a total index up to 128. Very high level of soil pollution was
distinguished by the territory of Almaty city (Kabanbai Batyr street corner of Pushkin
street, First President Park, Northern bypass road) and small settlement Baidibek bi Zc
128. It should be particularly noted Northern bypass road, whose soil pollution level
reaches 1474, associated with very high concentrations of Pb (86 mg/kg), Zn (41 mg/
kg) and Cu (25 mg/kg) in the soil.

Fig. 1 - Ranking of the territory of the AA by the level of pollution of SC and soil in 2018.
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In general, in the conditions of the agglomeration in 2018, the level of SC and soil
pollution is at a satisfactory level, except for some local zones, caused by the technogenic
influence of vehicles and CHPP. At the same time, an important role is played by the
location of zones relative to the wind rose, which during the winter period leads to
intensive transfer of pollutants, which are sorbed in SC, and in the process of melting
they pass into the soil.

In 2019, the cumulative SC pollution in most of the agglomeration area is very low
(Zc > 32), also low level from 32 to 64, the main pollution occurs in the area of Almaty
(Figure 2). SC pollution in 2019 is due to high concentrations of lead, zinc and copper,
which cover mainly major highway routes, i.e. Northern bypass road (Zc = 40), Eastern
bypass road (Zc = 35), and railways - Shamalgan station (Zc = 39), also small towns -
Kapshagai (Zc = 44) and Kaskelen (Zc = 34). A similar trend can be observed for the
level of soil pollution in the same year, especially highlighting the zone - Northern
bypass road, which is located in the zone of maximum vehicular traffic (Figure 2). The
total index of soil pollution in Northern bypass road reached Zc = 22253, where the
main pollutants were Cu, Pb and Zn, with concentration ratios (Kc¢) — 21677, 339 and
208, respectively.

In 2020, as discussed in Section 2, the sampling points were increased to 75 for SC,
to 41 for soil, this allowed us to increase the detail of the ranking maps. As a result of
the increase in sampling points, we can observe a more detailed picture of the level of
pollution of the territory, both by SC and soil.

The average level of pollution SC up to 90 % occupies the territory of Almaty,
with a total index (Zc) from 72 to 110. In mountainous areas it is necessary to note
VSC "Medeu" and Orman, extreme mountain areas with a total index of 75 and 81
respectively (figure 3). In small towns Kapshagay and Boraldai these values reached
79 and 94, and some settlements with average pollution level — 80, expressed by high
concentration ratios of Cu, Zn, Pb, Cd and Co. Identified pollution by Cd content in
2020 is probably due to the mass use of boilers that do not have smoke cleaning systems
and for which the main fuel is coal with a high degree of ash content. Small commercial
boiler plants often use automobile tires, plastic, and other combustible garbage as fuel,
which significantly degrades air quality and contributes to air and snow pollution. The
rest of the agglomeration was characterized by low levels of snow pollution, but also
with some increases in the metals noted above. These metals are the most dangerous and
aggressive for biota and are characterized by high mobility, ability to biotransformation
and accumulation in the soil cover and biomass.
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-l—.
Fig. 2 - Ranking of the AA area by SC and so1l pollutlon in 2019.
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Fig. 3 - Ranking of the AA territory according to the level of SC and soil pollution in 2020.
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The level of soil pollution, the whole territory of the agglomeration, in 2020 ranged
from 47 to 348. The nucleus of the agglomeration - the city of Almaty and some small
settlements — belong to the high level of pollution in territorial respect (Figure 3). In
this regard, the type of heating fuel plays an important role, as in the western part of the
agglomeration mostly in all settlements gasification is carried out, while in the north-
eastern, eastern and central parts solid fuel is used.

Thus, the ranking of the AA territory according to the degree of anthropogenic load
showed uneven nature in both inter-annual and migratory pollution, as snow pollution
occurs mainly due to high concentrations of zinc, and soil - lead. Mapping survey of
the urbanized area showed that the ecological condition of the environment, mainly has
anthropogenic load due to heavy metals, namely by high concentrations of metals of the
Ist and 2nd hazard class.

Thus, in 2018 and 2019, the total pollution indicators of SCs were in the category of
non-hazardous, low-level pollution, both by zones and by individual points. Relatively
high total pollution indicators were observed in 2020: zones II, III, V and IV, which
were the most susceptible to pollution, the sources of which are power plants, domestic
furnaces, coal-fired CHHP and motor vehicles. As a result, volumetric sediment is
formed, which is dispersed by air flows over the territory of the agglomeration, polluting
the snow, and after its melting, the soil cover.

The level of anthropogenic pollution of soils is characterized by fairly large values
compared to SC, which is explained by the cumulative effect of the soil cover. Values of
soil pollution indicators by zones show that the territory of the agglomeration refers to
a high level, with the exception of the KR coast, which refers to an average level (2018
and 2019) and the territory of Almaty to a very high level in all the years studied. In
2020, due to the addition of sampling points and a wider coverage of the AA territory,
the points exposed to pollution increased in all areas: Izvestkovy, throughout the Almaty
city, Kapshagay city, small settlements (villages Kyrbaltabay, Cosmos) and the coast of
Kapshagay reservoir, which refer to a very high level of pollution, category "extremely
hazardous". These pollutions are caused primarily by exhaust gases from motor vehicles
that use low-quality gasoline (gasoline with an addition of tetracthyl lead) and heating
with solid fuel, even in urban areas.

Conclusion

Analysis of pollution of the AA territory by the values of the concentration ratios of
metals for 2018-2020 showed that the largest contribution is copper, zinc and lead in the
soil cover, while for SC mainly cobalt, nickel, copper and lead, which were also several
times higher than the limit standards.

According to the total indicators of soil pollution in the territory of the AA for the
years under study was in the range from average (Zc < 16) to very high level (Zc¢ > 128).
The low level of pollution was recorded in a single case.

According to the results of the calculations of the total indicators of SC and soil
pollution, maps were built, processed in the ArcGIS environment, which allow a clear
ranking of the territory of the AA according to the degree of technogenic load.

Cartographic survey of the urbanized area showed that the ecological condition of
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the environment, mainly has anthropogenic load due to heavy metals, namely high
levels of metals of hazard class 1 and 2. In 2018 and 2019, the total pollution indicators
of SC were in the category of non-hazardous, low level pollution both by zones and by
individual points. Relatively high total pollution values were observed in 2020: zone II,
III, V and 1V, which were the most exposed to pollution, the sources of which are power
plants, domestic furnaces, coal-fired CHPP plants and motor vehicles.

The values of soil pollution indicators by zone indicate that the territory of the
agglomeration refers to a high level, with the exception of the KR coast, which refers to
the medium level (2018 and 2019) and the territory of Almaty to a very high level in all
years studied. In 2020, due to the addition of sampling points and wider coverage of the
AA area, the points exposed to contamination increased in all zones.
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