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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».
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.
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

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

3



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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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

ZHOLTAEYV 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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N. Amirgaliyev', M. Askarova?, R. Kulbekova', L. Ismukhanova',
A. Madibekov'**

JSC «Institute of Geography and Water Security», Almaty, Kazakhstan;
“al-Farabi KazNU, Almaty, Kazakhstan.
E-mail: madibekov(@mail.ru

MONITORING OF ACCUMULATION OF POLYCHLORINATED
BIPHENYLS IN THE SNOW COVER IN THE ALMATY
AGGLOMERATION

Abstract. There are presented results of the accumulation of polychlorinated
biphenyls (PCBs) — the most toxic compounds among persistent organic
pollutants (POPS) in the snow cover (SC) study (2018 and 2020) in the Almaty
agglomeration (AA).

Protection of the natural environment and the population from the effects of
POPs, including PCBs, is one of the most acute problems for Kazakhstan. The
territory of AA is experiencing a serious technogenic load, the concentration of
a number of pollutants in its natural objects exceeds the permissible standards.
Snow cover among natural objects, is one of the informative indicators of
pollution of the natural environment, including the air basin, and reflects the
main trends in the spread of pollutants in the region.

For the first time, studies of the level of PCBs contamination of the SC of
the vast AA, by taking snow samples at a large number of points, using modern
chromatographic methods and instruments, established the contamination of its
territory with these dangerous toxicants. Up to 22 individual PCBs congeners
were identified in the SC of the agglomeration. Strictly controlled «marker»
(indicator) and highly toxic dioxin-like congeners were registered in snow
samples with a wide range of PCBs congener composition. The analysis of
analytical data and the container composition of PCBs allows us to note that the
SC of the agglomeration is polluted by regional sources.

The results of the study can be used by government agencies and scientific
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institutions in assessing the level of pollution of the SC territory of Kazakhstan,
including urban agglomerations.
Key words: snow water, concentration, toxicants, congeners, pollution.

H.A. Amupraiaues!, M. Ackaposa?, P.A. Kya6exosa', JI.T. MUcmyxaHoBa',
A.C. Maaub6exoB'?”

'«Ieorpadust xoHe cy Kayincizairi uHctutyTh» AK, Anmarel, Kazakcran;
2On-Papabdbu arbingarel Kaz¥YV, Anmarsel, KazakcraH.
E-mail: madibekov(@mail.ru

AJIMATBI AIJTOMEPALIUSICHI AYMAFBIHBIH KAP
"KAMBLIFBICBIHAAFbI MOJUXJIOPTbI BUGEHUIEPIIH
JKUHAKTAJY JEHTENTHIH MOHUTOPUHTI

AHHOTanus. Anmarsl arioMepanuscbiaaa (A A) Kap >KaMbUIFBICHIH 3€PTTEY/IE
(SC) (2018 xone 2020 xpu11ap) TYpaKThl opranukaibik Jactarsimrap (JKKOJI)
apachIHAAFbl HEFYPIIBIM YBITTHI KOCBUIBICTAP — MOJIMXJIOpIaHFaH qUPEHUIIEpaiH
(ITX 1) »xuHaKTaIy HOTHXKEepl YChIHBUIFaH.

Taburu opra men xanbIkThl [IX/] acepinen kopray Kazakcran yIiH eH ©TKip
npobieManapabiH Oipi Oomibim TabbuTambl. AA aymarbl Eneynmi TeXHOTEHIIK
aybIpTHAJIBIKTEl OacTaH Kellyzle, OHBbIH TaOuru oObekTuUIepiHae OipkaTtap
JacTaymIbl 3aTTapAbIH MIOFBIPIAHYBI PYKCAT €TiJITeH HopMaJlapaH achIl TYCE/Ii.
Taburu oOBeKTUIEp apachlHIaFbl Kap KaMbUIFBICHI TAaOMFH OpPTaHbIH, OHbBIH
irriHe aya 0acceiHiHIH JIacTaHybIHBIH aKIMAPATTHIK KOPCETKIMITEPiHIH 0ipi koHe
OHIpJIeri JacTayIllbl 3aTTapblH TapalybIHBIH HET13l1 YPAICTEpiH KopceTei.

Kazipri 3amanfel XxpomarorpadusiblK 9IiCTep MEH Kypalaapabl KoJgaHa
OTBIPBIN, KONTEreH HYKTelepAe Kap cblHamanapblH aimy apkeuiel [1X][ KA-
HBIH KeH AA jacTaHy JCHICWIH ajFall PEeT 3epPTTEY OHBIH ayMaFblH OCHI
KayinTi TOKCUKaHTTapMeH JacTay/bl aHbikTaael. CK-ma 22-re geitin xexe [1X/]
KOHTeHepiepl aHbIKTanpl. KaraH GakpUIaHaThIH «MapKep» (MHAMKATOP) 'KOHE
JKOFaphbl YBITTHI IMOKCHUH Tapi3al kKoHreHepsep I[1X/] koHreHepiik KypaMbIHbIH
KEH CIeKTpiMeH Kap yiariiepinzae tipkenmi. ITX]] aHamuTuKamblK AepekTepi
MEH KOHTEHHEepIIIK KypaMbIH TaJiay arfioMepanusi ayMarbl OHIpIIiK KO3/1epMeH
JIACTaHFAHBIH aTall ©Tyre MyMKIiH/IIK Oepei.

3epTTey HOTWXKENIEPIH MEMJIEKETTIK OpraHaap MEH FbUIBIMH MEKeMeJep
KaJIaJIbIK arnoMepanusiapabl Koca anranaa, KazakcTaHHBIH OYKiad ayMarbIHbIH
JacTaHy JeHreiiH Oaranay Ke3iHje naiiianaHa anajpl.

Tyiiin ce3gep: Kap Cybl, KOHIEHTpalus, TOKCUKAaHTTap, KOHIECHEpIep,
JIaCTaHy.
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H.A. Amupranues', M. AckapoBa’, P.A. Kya6exona', JI.T. UcmyxanoBa',
A.C. Maau6ekoB'*

'AO «MuctuTyT reorpaduu u BogHOU Oe30macHOCTH», Aamarsl, KazaxcraH;
’KasHY um. anp-®apabdbu, Anmarel, Kazaxcran.
E-mail: madibekov@mail.ru

MOHHUTOPHHI' YPOBHSA KYMWIALNU ITOJIUXJTTOPUPOBAHHBIX
BU®EHNJIOB B CHEXKHOM INIOKPOBE TEPPUTOPUN
AJIMATHHCKOW AIJIOMEPAIIUH

AnHoTtauus. Ilpeacrasnensl pesynbTatel ucciepoBanus (2018-2020rr.)
YPOBHS aKKyMYJTHPOBaHHUS MOMUXJIOpHpoBaHHBIX Onennnos ([1XB) — naubomnee
TOKCUYHBIX COCIMHEHUI U3 YMCIIa CTOMKUX Oprannyeckux 3arpssauteneit (CO3)
B cHexkHOM nokpoBe (CII) repputopun AnmaTtuHckoil armomepanuu (AA).

OxpaHna npupoaHOI cpeapl U HaceneHus ot Bo3aencTBusa CO3, B TOM yucie
[TXB, oTHOCHTCS K ynCTy OcTpermmx mpoodsiem u ais Kazaxcrana. Tepputopus
AA WCHBITBIBAET CEPHE3HYI0 TEXHOTCHHYIO HAarpy3Ky, B €€ IPUPOAHBIX
00beKTax KOHIEHTpAIMs 1eJIOT0 psiAa MOJUTIOTAHTOB MPEBHIIACT JOMYCTUMbBIE
HOpMaTUBBl. CHEXHBIN TOKPOB M3 YHCIIA IPUPOTHBIX OOBEKTOB SBISETCS OHUM
13 UTHPOPMATUBHBIX MHAUKATOPOB 3arpsi3HEHUS IPUPOIHOM CpeJIbl, B TOM UHCIIE
BO3IYLIHOTO OacceliHa, U OTpa)kaeT OCHOBHBIE TEHJICHIMU PACHpOCTPAHEHUS
3arpsI3HAIOLIUX BELIECTB B PETHOHE.

Bnepseie mnpoBenenHble uccienoBaHus ypoBHs 3arpsizHeHus [IXb CII
obmupHoil mo momaan AA mytem orOopa 0Opa3LOB CHera Ha OOJIBLIOM
KOJIMYECTBE TOYEK, C HCIOJIb30BAaHHMEM COBPEMEHHBIX XpOMarorpaduiecKux
METOZIOB M NPUOOPOB, YCTAHOBWJIM 3arpsiI3HEHHOCTb €€ TEPPUTOPUU ATHUMHU
BecbMa onacHbIMU TokcukanTamu. B CII arnomepaniun naeHTuGUIMpPOBaHbI 10
22 nanuBuaAyadbHbIX KOHTeHepoB [1Xb. B mpobax cHera ¢ mMMUpOKUM CIIEKTPOM
KoHreHepHoro coctaBa [IXb 3apeructpupoBaHbl CTPOrO KOHTPOIHPYEMBIE
«MapKepHbIe» (MHIUKATOPHBIE) M BBICOKOTOKCUYHBIE JTUOKCHMHOMOIAOOHBIE
KOHT€Hephbl. AHAJIN3 aHAIUTHUYECKUX JAHHBIX M KOHreHepHoro cocrasa [IXb
no3BosisieT orMeTuTh, uto CII amomepanum 3arpsi3HSAETCS PETMOHAIBHBIMU
HCTOYHHUKAMH.

Pesynprarel uccnenoBaHus MOTYT OBITh MCIIOJB30BaHbl FOCYAapCTBEHHBIMU
OpraHaMM M HAyYHBIMHU YUPEXKJECHUSMHU IMPHU OLICHKE YPOBHS 3arpsi3HEHHOCTH
CII Tepputopuu PK, B T.4. TOpOACKUX arjioMepaiuu.

KuroueBble ci10Ba: cHErosas Boia, KOHLEHTPALNsA, TOKCUKaHThI, KOHTCHEPHI,
3arpsi3HEHUE.
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Introduction. The research of the chemical composition of the snow cover is
one of the ways to assess changes in the level and spatial scale of local pollution
of large areas, including the agglomeration of large cities. The use of snow cover
(SC) as an indicator of environmental pollution will serve as the basis for the
development of a forecast of the state of pollution of environmental objects.

During the study of the snow cover of the object under consideration, special
attention was paid to the study of polychlorinated biphenyls (PCBs) included
in the list of persistent organic pollutants (POPs). It is known that POPs are
recognized by the international community as substances that pose a great
danger to humans and the environment. To take measures to protect human
health and nature, a global international agreement has been in force since 2001
— the Stockholm Convention on POPs (Stockholm Convention on Persistent ...,
2011), which was ratified by the Republic of Kazakhstan in 2007. In relation to
PCBs, the Stockholm Convention sets three main goals: the immediate cessation
of their production; the cessation of operation of equipment containing PCBs
by 2025; and the earliest, no later than 2028, destruction of PCBs. PCBs are
one of the most toxic and widespread representatives of POPs on a global scale.
Their global distribution in nature is facilitated by high stability, resistance to
biodegradation, activity in accumulation in biological objects and a significant
amount of use (Amed et al., 1992:173).

According to the HELCOM Convention on the Protection of the Baltic Sea
from Pollution, three main criteria are used to assess the hazard of substances:
persistence, toxicity and bioaccumulation. According to these characteristics,
priority groups of harmful substances are formulated in (Safonova et al.,
2014:78), which include dangerous organic compounds such as POPs and
others. Consequently, the dangerous xenobiotics (PCBs) studied by us are quite
consistent in their properties to the 3 specified criteria.

In the field of problems of atmospheric precipitation research, the authors of
the review article (Barenboim et al., 2010:13) claim that there are few works
on the study of organic xenobiotics in the snow cover, including especially
dangerous ones, and the need to expand research in this area deserves attention.

The high toxicity of POPs and their ability to bioaccumulate make this
problem especially urgent. The determining factors in the global distribution of
PCBs are long-term existence in the atmosphere and the ability to be transported
over long distances: there is data about the presence of POPs compounds in the
Arctic and Antarctica in relatively high concentrations (Arctic Assessment ...,
1998, 2002; Konoplev et al., 2005:38; Laletin et al., 2013:109-114; Herbert et
al., 2005:2998; Riseprough et al., 1976:738).

The issue of ecology has become one of the priorities for large megacities and
the Almaty agglomeration is no exception. Megacities are centers of concentration
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of population, industry, transport, communications and the resulting degradation
of landscapes and intense environmental pollution.

The purpose of this work was, on the basis of a detailed study using modern
methods and physical devices, to assess the level and spatial distribution of PCBs
in the snow cover of various agglomeration areas experiencing different types
of man-made pollution. It is recommended to develop monitoring networks for
monitoring and scientific research of the state of contamination of the natural
environment of the Republic of Kazakhstan with a dangerous PCB toxicant.

The object and relevance of the study. As part of the implementation of
the President’s Address to the People of Kazakhstan dated December 14, 2012
«Strategy «Kazakhstan — 2050»» and the Decree of the Government of the
Republic of Kazakhstan dated May 24, 2016, No. 302, the Interregional Scheme
of Territorial Development of the Almaty Agglomeration (AA) was approved.
The area of influence of the AA includes (the core) of the agglomeration —
the city of Almaty, parts of five administrative districts of the Almaty region:
Karasai, Talgar, Ili, Enbekshikazakh and Zhambyl, as well as the territory of
the Kapshagai city administration. Its zone includes satellite cities: Kapchagai,
Kaskelen, Talgar, Esik, the village of Uzynagash, recreation areas on the northern
coast of the Kapshagai reservoir. The total land area of the agglomeration is
939.5 thousand hectares. There are 188 settlements of the Almaty region located
in the agglomeration zone.

A natural feature of the AA is location which covers the northern slope of the
Ili Alatau up to an altitude of 2755 m above sea level and a foothill plain with a
minimum elevation of 487 m above sea level. There are many mountain rivers
of different water content like tributaries of the river Ili, which is one of the main
transboundary rivers of Kazakhstan, feeding the unique lake Balkhash. The AA
includes the dam part of the water area of the Kapshagay reservoir located on Ili
river with area 1280 km? and water volume 16.5 km?. Also, there are large crop
and livestock agricultural facilities, summer cottages, recreational facilities for
the population, etc.

At the same time, it should be noted that within the South-Eastern Kazakhstan,
which includes part of territory AA, it is planned to introduce (adapt) an
integrated approach to the analysis of agricultural systems (express assessment
of agricultural innovation systems [RAAIS]) (Barrett et al., 2017:106; Barrett et
al., 2017:747). According to the authors, the use of RAAIS in the countries of
Africa, Southeast Asia and Central America has proven itself well in the field of
studying and predicting the effects of climate change on water resources, crop
production and food security.

Therefore, the importance of studying the AA snow cover is not only in the
general assessment of its impact on the environment, but also in a significant
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impact on the ecological and toxicological state of important water bodies, on
the quality of food products and on other spheres of life of the population.

These aspects of the conducted research distinguish them from a number of
scientific works devoted to the study of snow cover only in urban areas. At the
same time, it is appropriate to refer to the well-known work (Barenboim et al.,
2010:13), the authors of which, based on a statistical analysis of publications
related to the study of snow cover, drew attention to the predominance of urban
areas as objects of research.

One of the most acute problems for Kazakhstan is the protection of the
natural environment and population from the effects of POPs, including PCBs.
Kazakhstan ranks second among the countries of Central and Eastern Europe and
the Commonwealth of Independent States (CIS) after Russia in terms of stocks
of POPs waste. According to the results of the preliminary inventory (2004),
eight “hot spots” were identified in the republic — territories contaminated with
PCBs, there is PCB-containing equipment in the amount of 116 transformers and
about 50 thousand capacitors, which contain about 800 tons of PCBs.

However, there is practically no purposeful monitoring of PCBs in natural
objects to implement the national tasks adopted under the Stockholm Convention
on POPs in Kazakhstan. Consequently, operational data on the spread of these
dangerous toxic compounds in the natural environment of the republic are
essentially absent; scientific publications are also extremely insufficient. In
literary sources, including Kazakhstan, it is not possible to find publications
on the study of PCBs in atmospheric precipitation. Single snow samples were
taken in 1985 around the Ust-Kamenogorsk condenser plant, which is one of the
eight “hot spots”. The PCB content in the SC ranged from 0.28 to 4.56 pg/dm?
(Kabdrahmanova et al., 2014:128).

For the determination of PCBs, sampling was carried out in the central part of
Almaty and Talgar located 25 km from each other during the winter of 2014 and
2015. The highest concentrations of the toxicant were recorded at 0.8 pg/dm?
in Talgar city and 3.79 pg/dm? in Almaty (Amirgaliev, 2016). Among the found
congeners there are “marker” congeners (PCBs 52, 101 and 138), as well as the
most dangerous and highly toxic to living organism’s dioxin-like congeners —
PCBs 105 and 118.

Thus, the assessment of the pollution of the natural environment by these
pollutants, not only of atmospheric precipitation, but also of all natural objects,
the adoption of urgent measures to eliminate their sources, is an extremely acute
environmental problem for Kazakhstan. According to research (Amirgaliev,
2014; 2016; Amirgaliyev et al., 2019:541; Kajiwara et al., 2003:741), highly
toxic PCBs pollute the water and biological resources of large internal and
transboundary water basins of the country. The solution of this problem requires
joint efforts of state bodies for nature protection and the scientific community.
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Research Material and methods. Sampling was carried out at 22 and 30
points in January-February of each year, respectively, in 2018 and 2019, and
2020. Snow samples were taken at 41 points with the established coordinates of
their location for more detailed ranking of AA according to the distribution of
PCBs. The sampling points of the SC were established considering the degree of
anthropogenic load and sources of anthropogenic pollution of the agglomeration
(in accordance with the recommendations (Methodological recommendations
..., 1990:16). Location of sampling points of snow samples are shown in Fig. 1.

ALMATY AGGLOMERATION \ A

\
o s/10 20/ % 4 tzone “¢'
T — e — ) \, S

Legend

@ Sanpling points
Territory

Almaty
| e

773 Temitory of Almaty

2020

Figure 1. Location of snow sampling points in 2020

Snow sampling was conducted during two surveys in 2018 and 2019. In 2020,
it was during one trip before the start of the massive melting of snow. Snow
cover was sampled from the whole thickness from pits, measuring of the sides
and depth of the pit (except for a 5 cm layer above the soil). Before processing,
the samples delivered to the laboratory were stored at a temperature of —5....
—15°C. The samples were placed in pre-prepared containers for snow melting.
The sedimented sample was filtered through a white ribbon filter paper for
further chemical and toxicological analysis of snow. The determination of PCBs
in the SC was carried out according to MU 1792-77 on a gas chromatograph
“Chromos GKh-1000" with software, an electron capture detector (ECD) and
using a capillary column 30 m x 0.32 mm long. Chromatographic conditions:
column temperature 220°C, evaporator temperature 240°C, detector temperature
300°C, carrier gas flow rate (high purity nitrogen) - 38 ml/min. As a standard
was used the State standard samples of the composition of the Sovol solution in
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hexane, which is a mixture of PCB-52, PCB-101, PCB-138, PCB-153 and the
sum of tetra-, -penta-, and hexachlorobiphenyls.

The territory of AA was conditionally divided into 4 zones according to the
degree of technogenic load: mountain (1236-2755 m above sea level); the Almaty
city (674-993 m); Small towns and urban-type villages (STUV) (489-1002 m);
small villages (SV) (487-981 m). This approach seems to be justified based on
the distinct inhomogeneity of the spatial distribution of the studied parameters.

Result and discussion. The main results obtained presented in table 1, which
includes the averaged data on the PCB content in the SC of individual zones and
the detected congeners for 2018-2020. First of all, the obtained results show the
spread of PCBs in the SC throughout the AA, with the exception of cases of their
temporary absence at certain sampling points.

The highest concentrations of the toxicant in the SC of the AA (exceeding 0.1
pg/dm?, i.e. 100 pg/dm?) were marked at 9 points during the first survey in 2018,
and during the second - at 4 points out of 22 examined. The maximum level of
PCB accumulation was recorded during the second survey in the snow water
of a mountain point — the Shymbulak Mountain Resort 2755 m above sea level
(1.942 pg/dm?) and in the area of station Shamalgan in the amount of 1.283 pg/
dm?®. A total of 22 individual PCB congeners were recorded in the snow samples.
The dominant position is possessed by “light” congeners: during the first survey,
PCB 44, 49 belonging to the homologous group of tetrachlorobiphenyls, as well
as PCB 151, which is part of the homologous group of hexa CB, and during the
second survey, PCBs 49 and 151.

Table 1 — Average content and congener composition of PCBs in the AA snow
cover in 2018-2020

PCB congeners PCB concentration, pg/dm?

Zones 2018 2019 2020 1*2018 > 1*20192* 2020

1. Mountainous 40,42, 44,49, | 40, 42,
territory 151 48, 86
41, 44, 49, 52,| 40, 41,
66/95, 87/115,| 44, 64, | 44,74,
101, 110, 118, | 71,86, | 114, 137
119, 138, 151 | 101, 114
40, 44, 49, 52,
3. Small towns and | 85,97, 110, | 42,44, |44, 66/95,
urban-type villages | 118, 119, 128, | 74, 86 74, 97
138, 151, 155
40, 44,49,97,| 42,44, | 44,48,
118,121, 151 86 49, 74,97
Note: *—serial number of sampling

0,005

44,49 0,0311,94210,026| 0.0 | '3¢)

2. The Almaty city 0,066 (0,058 10,044 (0,009 | 0,071

0,12910,225|0,039 (0,016 | 0,207

4. Small villages 0,09310,028{0,016 {0,007 | 0,068
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A great number of congeners in the SC samples is an indicator of the presence
of'various sources of PCB atmospheric pollution. The author of the work (Kannan,
2000) came to same conclusion by studying the soil cover of urbanized cities.
Such conclusions are confirmed by our research. Sampled snow of indicated
points with a wide spectrum of PCB congener composition are registered strictly
controlled “marker” (indicator) PCB congeners 101 and 138, as well as PCB
congener 118 (highly toxic dioxin-like congeners). “Marker” PCB congener 52
and dioxin-like PCB congener 118 were also found in the SC in the Almaty city.
Highly toxic congeners were not found in the SC of the mountainous zone.

The content of PCBs was found from 0.003 to 0.164 pg/dm? in all 5 samples
in the SC of the AA. The highest concentrations of the toxicant were found in
the SC of the city center and in major highways. The average PCB content in the
area during the two surveys was characterized by similar values (Table 1).

A relative predominance was recorded for PCB congeners 49 (92%), 52 (90
and 77%), 151 (up to 88 and 100%). The “marker” congeners of PCBs 101 and
138, found in the SC of North bypass (accounted for 11 and 10%, respectively).
Only here was registered the dioxin-like congener PCB 118 in the amount of
23%. The concentration of PCBs in the SC of STUV (zone 3) varied in a wide
range from zero values to 1.283 pg/dm’, which was noted in the SC of a large
railway station Shamalgan. The highest values of the average PCB content
(0.129 and 0.225 pg/dm?) were recorded in the SC of this zone.

The maximum values of the relative content of PCB congeners were noted for
PCBs 44 and 155 during the first survey up to 79 and 74%, respectively (Fig. 2).
“Marker” congeners of PCBs 52 and 138 were registered in the amount of 100
and 15%, respectively, as well as dioxin-like PCBs 118 (39%) during the second
survey. Moreover, these isomers were present in the SC of the cities of Talgar
and Kapshagay.

The PCB content reached 0.192 and 0.205 pg/dm? in the snowmelt water of
SV (zone 4). Light congeners dominated in relative concentration (PCB 44 to
97 (100%) and PCB 49 up to 77%, also PCB 151 from 64 to 100%). There was
a single case of the presence of a dioxin-like congener PCB 118 at a point near
the Almaty city.
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Figure 2. The relative content of PCB congeners in the SC of small towns and urban-type
settlements (STUV)

According to the results of studies in 2019, it can be noted about a relatively
low level of pollution of the SC of agglomeration by the pollutants. The
maximum values of the PCB concentration were 0.140 and 0.148 pg/dm® and
0.039 and 0.044 pg/dm?® during the first and second surveys respectively (at
individual points of the Almaty city and STUV). PCB were not found in most
permanent points in the SC. The average content of the toxicant in all areas was
significantly lower than in 2018 (Table 1).

The decrease of PCB contamination in the SC in comparison with the data
of 2018, can presumably be explained by the fact that the winter of 2019 was
characterized by little snow and frequent thaws. As a result, mainly freshly
fallen precipitation were sampled for analysis, which did not sufficiently affect
local sources of pollution. “Light” congeners had the dominant position in SC
of agglomeration, which belong mainly to the homologous group of tetra- and
hexachlorobiphenyls. The indicator PCB congener 101 (0.017 ug/dm?®) and the
dioxin-like congener PCB 114 (0.038 pg/dm?) were registered in the SC of two
points of the urban zone.
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PCB congener 86 (75.2%) prevailed in the snowmelt water of zone 1. The
highly toxic dioxin-like isomer of PCB 114 (53%) had a predominant position
in the Almaty (Fig. 3).
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Figure 3. The relative content of PCB congeners in the SC of the Almaty city

The nature of the distribution of the concentration in the SC throughout the AA
is shown in Fig. 4. Also, the elevation marks are plotted for all sampling points.
PCBs are registered in the SC at 27 points out of 41 sampling points. PCBs
were found in the amount of 0.038 pg/dm?® only in the snow of the Shymbulak
Mountain Resort from the 7 points established this year in the mountainous area.
PCBs was registered in the SC only at this point in 2018-2020 except for the
second survey in 2019.
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Figure 4. The content of PCBs in the SC of the AA and the altitude characteristics of its
territory

It is rather difficult to explain the reason for this phenomenon. At the same
time, presumably, it needs to pay attention to the following circumstances.
Shymbulak Mountain Resort is located closer to the Almaty city in comparison
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with other sampling points, which are located at a considerable distance in the
east and south-west direction from the resort. Consequently, it can be assumed
that the Shymbulak is located on the transfer strip depending on the speed and
direction of the wind, air mass and aerosols polluted over the industrial city into
higher layers of the atmosphere. Solid precipitation can accumulate a certain part
of the carried pollutants including PCBs.

In addition, a rather vast territory of the long-functioning Shymbulak resort is
economically developed. Objects of communal housing and other sectors have
been built. Therefore, these local sources are not excluded as a possible influence
on the composition of the SC in winter.

The average PCB content in the SC was 0.071 ug/dm® in the Almaty city in
2020, which is approximately equivalent to the average data for 2018 and 2019
(Table 1). The maximum value reached 0.137 pg/dm?® in the large highways.

The highest average concentration of PCBs (0.207 pg/dm?) turned out to be
characteristic of the SC of STUV zone in 2020. Their highest content reached 0.447
and 0.492 pg/dm’ in the SC of Talgar and the Uzynagash village, respectively. It
also amounted to 0.209 pg/dm? in the Boralday village. Sources of pollution of
the SC can be emissions from industrial facilities and from combined heat and
power CHP-2, located near the Boralday village.

PCBs were registered in the SC of 16 small settlements out of 22 surveyed.
Their highest concentrations were noted in SC in Ulan village (0.396 ug/dm?),
as well as four other settlements. The average content of the toxicant (0.068
ug/dm?) is approximately equal to the content in the Almaty city in 2020 and
closer to the maximum value of the average content of PCBs noted here in 2018
(Table 1). Sources of pollution of the SC can be production facilities of small and
medium-sized businesses, autonomous utilities operating on coal, often high-
ash (up to 40%), railway and coal facilities. It is not excluded Air transport of
pollutants from the territory of closer located cities such as Almaty.

The congener composition of PCBs did not significantly differ in the Almaty in
2020 from that observed in 2019 (Table 1). Total of 7 individual PCB congeners
were recorded in the snow samples. The dominant position is possessed by “light”
congeners 44, 49 belonging to the homologous group tetrachlorobiphenyls.
Dioxin-like congener PCB 114 (0.045 pg/dm®) from the pentaCB group was
registered only in one snow sample in the Almaty.

The relative share of the congener PCB 44 area was in the range of 35-53%
in the SC of the urban (Fig. 5).

100% presence of PCB 74 congener was noted at one point. The share of this
congener ranged from 32 to 63% at other points. The most toxic congener PCB
114 was present in an amount of 33% in the SC of North bypass.
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Figure 5. The relative content of PCB congeners in the snow cover of the Almaty city in 2020
100% of the PCB congeners 44 and 74 were found in the territory of two

cities of zone 3 (Fig. 6). The relative content of other congeners is low.
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Figure 6. The relative content of PCB congeners in the snow cover of the STUV in 2020

A total of 5 PCB congeners were found in the STUV (Fig. 7). PCB congeners
44, 49, and 74 had 100% content. The relative proportion of congeners varies in
a wide range from 3 to 100% in the SC of zone 3.

Yo = PCBs 44
W PCBs 48
100 PCBs 49
PCBs 74
80 B8 PCBs 97
60
40 N
20 | fi
o N
S P RS > &>
& va@\* ‘s\l“ w&\\* S S &8 &
& o & &
&« < &

Figure 7. The relative content of PCB congeners in the snow cover of the SV in 2020
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According to research by leading scientists in this field (Barenboim et al.,
2010:13), the content of POPs compounds of atmospheric precipitation is
influenced by two main types of pollution sources: local sources and global
transport. The predominance of low-chlorinated congeners (dichlorobiphenyls
and trichlorobiphenyls) of PCBs indicates a long-distance transfer of toxicants to
the sampling area. The dominance in the total concentration of PCBs congeners
belonging to the homologous group of tetra-, penta- and hexachlorobiphenyls is
an indicator of the similarity of the composition of the detected PCBs with the
composition of the main Sovol mixture, which was used in the USSR. Thus, this
indicates the participation in the formation of the PCB composition mainly of
local or regional sources of pollution in the sampling site.

The composition of the identified toxicants is mainly represented by congeners
belonging to the homologous groups of tetra-, penta- and hexachlorobiphenyls
(Table 1). Consequently, this may be a reason to believe that the SC of the AA is
polluted mainly by sources located in this region.

Conclusion. The level of PCB contamination was investigated the first time
in the SC of the vast Almaty agglomeration. The coverage of the territory with
many snow sampling points allowed studying in more detail the distribution
of the toxicant over the characteristic zones, which are urban, mountainous,
and lowland territories with the different man-made load. Analytical data and
analysis of the congener composition of PCBs registered in the SC of various
zones shown that the main sources of pollution are local industrial enterprises,
energy and other objects of various profiles. It is extremely expedient to develop
scientific research on the level of PCB pollution of natural resources of the
Republic of Kazakhstan.
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