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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 xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

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

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX 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, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

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

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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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

AGABEKOV 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

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2023

7




NEWS of the National Academy of Sciences of the Republic of Kazakhstan

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 6. Number 462 (2023), 100-110
https://doi.org/10.32014/2023.2518-170X.352

© G.I Issayev'®, L.G. Tkramov?, 2023
'Khoja Akhmet Yassawi International Kazakh-Turkish University, Republic of
Kazakhstan, Turkistan;
Mukhtar Auezov South Kazakhstan University, Republic of Kazakhstan, Shymkent.
E-mail: gani.isaev@mail.ru

ENVIRONMENTAL IMPACT OF LEAD TOXICITY

G.I. Issayev — Khoja Akhmet Yassawi International Kazakh-Turkish University Republic of Kazakhstan,
Turkistan

E-mail: gani.isaev(@mail.ru, https://orcid.org/0000-0001-5120-8387;

I.G. Ikramov — Auezov South Kazakhstan University, Republic of Kazakhstan, Shymkent

E-mail: ilias 91 24@mail.ru; https://orcid.org/0009-0007-7454-6339.

Abstract. We will talk in this article about the fact that due to anthropogenic activity,
toxic metals and metalloids are constantly released into the environment, and therefore
pose a threat to human, plant and animal health. This global threat is of concern to health
organizations. This is because the bioaccumulation of these toxic pollutants above their
limits has a detrimental effect on living systems. Lead toxicity should only be considered
as an etiological factor in areas with high environmental risk factors, which include lead
paints, lead batteries, homes near major roads/traffic areas, and exposure to pesticides.
The toxicity of lead to the skeletal system has received a lot of attention in recent years,
but little research has been done on the toxicity of lead to the skeleton in the early
stages of zebra fish life. In the study of the circulation of lead in food, it was shown that
the transfer of lead concentrated in the air to the biota can occur directly or indirectly
through the soil; that is, plants take lead from the air and soil. Lead is characterized
by a wide range of toxic effects caused by it on various representatives of the biota.
The degree of toxicity of lead for microflora depends on the type of soil: on black soil,
neutralization of toxicity occurs faster than on clay soil.

Keywords: Lead, water, chromium, cadmium, industry, man
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AHHoTamus. Bi3 Oy Makanajga aHTPOMOTeHIIK OCJICEHIUTIKTIH apKachlHIa YIbl
MeTaliap MeH MeTaJUIOMATap KOpIaraH opTara YHEMi MNIBIFApbUIBIT  OTBIPAIbI,
COHJIBIKTaH aJaM, OCIMJIIKTep MEH »KaHyaplap/blH JCHCAyJbIFbIHA Kayill TOHJIIPEI.
Byn »xahanaplk Kayinn JeHCAylbIK CakTay YHbIMAApbhIH anaHfarein oThip. Cebeli
Oyl ymbel JlacTaylibl 3aTTaplblH [IEKTEPIHEH IKOFapbl OHOAKKYMYISIUICH Tipi
KyHenepre 3usHIbI ocep ereli. KopFachblHHBIH YBITTBUIBIFBI KOPIIAFaH OpTara Kayir
TOHJIPETIH (aKTopiapbl KOFaphl aylaHnapia FaHa J3THOJOTHSUIBIK (DAaKTOp peTiHge
KapacThIPBUTYBI KePEK, OFaH KOPFAachIHJbI 00styaap, KOpFachIHbl OaTapesiiap, Herisri
KOILAAp/KO3FalbIc aiMaKTapbl MaHBIHIAFBl YH KOHE MECTUIUATEPAIH dcepi KaTaibl.
Kerneci 3eprTey >KYMBICBIHA KOPFACBIHHBIH dCEPi AEKTPOHIBI KAIIBIKTAPbl Kojere
JKapaTy aliMakTapblHIa TypaTbiH Oanaynapaa Pb CHHTE31H 3JIEKTPOHIIbI KaJIbIKTapbl
KoJlere KapaTyFa KaTbIChl KOK ayJaHuapAa TypaTbIHIapra KaparaHaa KeOipek
TEXEUTIHIH KopceTel. DICKTPOHABIK KaNIbIKTapJaH OeiHeTiH 0acka TOKCHHIAED e
Pb cuHTe3iHIH TeXenyiHe BIKINA €Tyl MYMKIH YKOHE JKepriuTiKTi Oananappl aHeMHUsIFa
oKkenyi MyMKiH fenineni. KaHka xyieciHe KOpFaChbIHHBIH YBITTBIIBIFBI COHFbI KbLIIAphI
YJIKeH Hazap aynapy/a, Oipak 3e0pa OalbIKTapbIHBIH OMIpIHIH aJFallKbl Ke3CHIACPIHIe
KOPFAacChIHHBIH KaHKara YBITTBUIBIFBI TYpajbl a3 FaHa 3epTTeyiep >KYpri3iireH. A3bIK-
TYJIIK KypaMbIH/IaFbl KOPFACHIHHBIH aifHAJIBIMBIH 3€PTTEY Ke31HJIe aya/a MIOFbIpIIaHFaH
KOpPFachIHHBIH OMOTaFa aybICybl Tikellel (3kaybIH-IIAIIBIHHBIH dCEPiHEeH, OCIMIIKTEPIiH
AQHTEHHAJIBIK OOJIKTEpi apKbUIbI) HEMECe TOMbIpaK apKbLIbl jKaHaMma >KOJIMEH KYpYyi
MYMKIH €KCHJII1 KOPCeTIl; SFHU OCIMJIIKTEp aya/iaH JKOHE TOMBIPAKTaH KOPFaChIH
anmanpl. KoprachlH OMOTaHBIH OPTYpJl OKUIAEpPIHE OHBIH OCEPIHEH OO0JIATBhIH YIIbI
ocepliepiiH KeH ayKbIMbIMEH cumarranaipl. Mukpodiaopa YIIiH KOpFachIHHBIH
YBITTBUTBIK JIOPEKEC] TOMBIPAKTHIH TYpiHe OaliIaHBICTHI: Kapa TONBIPAKTa YBITTHUIBIKTHIH
OeliTapanTaHybl ca3Jibl TOMbIPAKKA KaparaH/ia Te31peK Kypel.

Tyiiin ce3nep: Kopracels, cy, XpoM, KaJMuii, OHEPKICIT, ajam
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AHHoTanus. B cratbe paccmarpuBaeTcs podiemMa aHTPOIIOTeHHON aKTUBHOCTH B
pe3ynbraTe KOTOPOH TOKCHYHBIE METAIIIBl M METAJIOU/IbI IIOCTOSTHHO BBIOPACKIBAIOTCSI
B OKPYKarOUIYI0 CPENy U, NPEACTABIISIIOT ONIACHOCTb JUIsl 3I0POBbs YEJIOBEKA, PACTCHUI
W )KHBOTHBIX. JTa mo0aibHast yrpo3a OECIIOKOUT OpraHU3alliH 3PaBOOXPAHECHUS, TaK
KaKk OMOAaKKYMYJISIIIUSI TOKCHYHBIX 3arps3HUATENCH BBIIIE MPEIeIOB HOPMBI OKa3bIBaeT
BPEHOE BO3JICHCTBUE HA BCE JKUBBIE CHUCTEMBl. TOKCUYHOCTb CBHHLA CJENYET
paccMarpuBaTh Kak STHOJIOTHYECKUH (DaKTOP TOJIBKO B paiiloHaX C BRICOKUMH (haKTOpaMH
pHCKa JUISl OKpPY’Karollleil cpelipl, BKIIIoYasi CBHHIIOBbIE KPACKH, CBUHIIOBBIE Oarapew,
JIOMa BO3JI€ OCHOBHBIX JIOPOT/30H JIBMOKCHHSI M BO3JCHCTBHE MECTUIUA0B. B maHHOMN
HCCIIEIOBATENIbCKON paboTe TTOKa3aHo, UTO BO3CHCTBUE CBUHIIA MOAABIAET cuHTE3 Pb
y JIeTel, )KUBYIINX B 30HaX YTHWIM3AIMU AIEKTPOHHBIX OTXO/AOB, OOJBIIIE, UEM Y TEX,
KTO JKHMBET B HE3arpsi3HEHHBIX paiioHax. [{pyrue TOKCHHBI, BbIAEIsIeMbIE YIEKTPOHHBIMU
OTXOZIaMH, MOTYT CIIOCOOCTBOBaTh HMHIHMOMpPOBaHWIO CcHHTe3a Pb mH, comiacHo
WCCIIEZIOBAHUAM, BBI3BIBaTh aHEeMMIO y neTeil. [Ipu m3yueHuu MUpKyIsSIUd CBUHIA B
MUIIEBBIX MPOIYKTaxX ObUIO MOKAa3aHO, YTO TMEPEeHOC CBUHIA, CKOHIEHTPHUPOBAHHOTO
B BO3JlyXe, B OMOTY MOXET MPOUCXOAUTH KOO MPSIMBIM JTHOO KOCBEHHBIM ITyTEM, TO
€CTh 13 BO3/1yXa 1 Oo4BBl. CBHHEI XapaKTepU3yeTCs IIUPOKUM CIIEKTPOM TOKCHUYECKUX
BO3/ICMCTBUH, KOTOPbIE OH OKa3bIBAET HA PA3NINYHBIX MIpecTaBuTeNeH OMOTH. CTeneHb
TOKCUYHOCTH CBHMHIA Ui MHUKPO(IOPHI 3aBHCHUT OT THIIA ITIOYBBI: B YEPHO3EME
HENTpaIu3aIus TOKCHYHOCTH MPOUCXOAUT ObICTpee, YeM B INIMHUCTOM MOYBE.

KuroueBble ci1oBa: CBUHEL, BOJA, XPOM, KaJMHUH, IPOMBIIUIEHHOCTb, YEJIOBEK

Introduction

The presence of lead, chromium and cadmium metals in drinking water poses a
serious threat to the health of living beings around the world (Daribayev et al., 2023).

Pollution of fresh waters with heavy metals has become an acute problem in many
countries, including Kazakhstan, and industrial progress is the main source of toxic
heavy metals. As gut microbial communities play an important role in fish homeostasis,
immune regulation, metabolism, and disease resistance, it is crucial to understand how
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heavy metals affect the diversity of the fish gastrointestinal microbiome. Heavy metal
pollution has a serious negative impact on the quality of the entire river ecosystem
and poses a potential threat to human health. A comprehensive approach involving
deterministic and probabilistic models (Monte Carlo simulation) with sensitivity
analysis in the river ecosystem has been used to determine chronic daily heavy metal
consumption (CDI) and associated health risks. The risk of carcinogenic and non-
carcinogenic water and sediment was assessed using several methods of exposure. The
results of the analysis showed that the structure of the heavy metal concentration in the
sludge is slightly different and higher than in water. Lead (Pb) has been involved in many
genotoxic, neuroepigenotoxic, and chromosomal toxic mechanisms and has interacted
with different pathways of synaptic plasticity, which may be the basis for previous
reports on the relationship between Pb and cognitive impairment. The use of leaded
gasoline was discontinued in the United States from 1976 to 1996 and discontinued in
the European Union by 2000, but there is growing concern that gasoline will remain an
important source of influence in many countries, especially Africa and Asia (Richard L.
Canfield et al., 2020).

In addition, domestic scientists have conducted research on the main factor that
negatively affects the plant in Salt conditions. The results of a study on the effect of
heavy metals on seedling elongation according to the results obtained on the effect of
heavy metals on the synthesis of photosynthetic pigments during the cultivation of corn
varieties showed that the effect of heavy metals on corn varieties significantly inhibited
the processes of accumulation and growth of biomass, in particular, the growth of plant
roots (Ivahnyuk et al., 2023). Heavy metals in water can be dangerous to public health.
Their high concentration in drinking water can damage nerves, liver, bones, block
functional groups of vital enzymes and are possible carcinogens for humans.

The mechanism of its action is due to the inhibition of the detoxification enzymes
of xenobiotics, therefore, the influence of lead leads to biochemical shifts, in particular
the activity of a number of mitochondrial or cytosolic enzymes. Increased lead content
in the soil leads to a decrease in the number of the main representatives of the soil
microbiocenosis. Some soil fungi that are resistant to the toxic effects of lead compounds
are, on the contrary, more sensitive-actinomycetes and nitrogen-fixing bacteria, which
can be used as bioindicators of the level of soil contamination with lead compounds.

Lead ingress into drinking water is caused by lead pipes or lead parts of the water
pipe. The scattering radius around the metallurgical enterprise reaches 30-40 km, and
within a radius of 1-2 km there is a zone of particularly severe landscape damage,
where the damage reaches 10 and 100 times (Mineev V.G., 1990).

In the area of the lead smelter, its content in atmospheric air is 0.62—0.95 pg/m3,
sometimes reaching 12 pg/m3. With exhaust gases, lead compounds (oxides, chlorides,
fluorides, nitrates, sulfates, etc.) are released in the form of solid particles, about 20
% of which are located near the roadway. The lead level, which reduces the yield or
height of the plant by 5-10 %, is considered toxic and amounts to 50 million for Clover.
When the lead content in the soil of experimental sites is 500 and 2500 mg/kg, the
yield of radishes is reduced from control to 50-23 %, onions to 74-23 %. The term
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"heavy metal" mainly refers to a group of elements, including metals or metalloids,
which are highly toxic to organisms due to their cumulative potential, since they are not
broken down by organisms, so they accumulate in tissues and in the environment (Tiago
Morales-Silva et al., 2023).

In most fish, the manifestation of intoxication is observed at a concentration of 0.1—
0.4 mg/l. Over the years, the level of lead in the tissues of large sea fish and dolphins
increases significantly, the accumulation of metal in the muscles is an indicator of the
duration of pollution. A large number of waterfowl are poisoned by the use of lead and
fish waste, and about 2 million ducks die each year in North America as a result of this.
Therefore, lead is considered a practically hazardous substance for a number of water
bodies and waterfowl.

Lead sulfate and lead (II) oxide are more toxic than other compounds, dogs and
horses are most susceptible to lead poisoning and its compounds; cats and rabbits are
moderately sensitive, guinea pigs are insensitive, sheep, goats, rats, mice, birds are the
most resistant. According to literary data, a single intake of lead at a dose of 155-454 mg/
kg is fatal, a single inhalation of a concentration of about 271-795 mg/m3 is fatal; 9.9—
11.4 mg/m3 causes poisoning after 1-16 days and severe intoxication after 4-9 months;
0.7-1.7 mg/m3 leads to poisoning after a few weeks and months; 0.07-0.14 mg/m3 is
described as a dangerous concentration, 0.011-—0.04 mg/m3 causes a functional shift in
higher nervous activity after 6 months. With regular inhalation, symptoms of poisoning
are observed after 6 months. The consequences of exposure to lead in childhood are
serious and long-term (Alexa Eisenberg et al., 2020).

Relevance of research.

Excess lead in plants, associated with its high concentration in the soil, inhibits
respiration and suppresses the process of photosynthesis, sometimes leading to an
increase in the amount of cadmium and a decrease in the content of zinc, calcium,
phosphorus, sulfur. As a result, the yield of plants decreases and the quality of the product
deteriorates sharply. External signs of the negative impact of lead are the appearance
of black and green leaves, twisting of old leaves, the appearance of thick leaves. The
resistance of plants to excess lead is not the same: cereals are less hardy, legumes are
more resistant. Therefore, signs of toxicity of various agricultural crops can be from 100
to 500 mg/kg with a different total amount of lead in the soil.

Together with copper and lead, zinc ranks first among the scattered elements in
terms of the intensity of absorption by ocean biosomes. The accumulative indicator of
atmospheric pollution of zinc can be mosses, the metal content in which is 0.860 mg/g
near non-ferrous metallurgy enterprises.

In the norm, the content of zinc in atmospheric air is 0.05 mg/m3; in water — 1.0
mg/m3; in soil — 23.0 mg/kg. The content of zinc in the air in the area of the plant for
processing non-ferrous metals within a radius of 300 m - 0.350 mg/m3; 500 m — 0.285
mg/m3; 1000m — 0.148 mg/m3; 2000m — 0.52 mg/m3; on average, 72 kg of zinc, 3
times more than lead and 12 times more than copper per 1 km?2 of the Earth's surface are
received annually by atmospheric precipitation. Lead is found mainly in zinc ores, but
is also abundant in fossil fuels (Ilyas Ikramov et al., 2023).
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Polluted wastewater is especially dangerous for the oceans. The maximum
concentration of zinc, which reduces the efficiency of wastewater treatment by 5 %, is
5-10 mg/L.the total amount of zinc entering the environment is 314 thousand tons per
year. The amount of dissolved zinc species in the World Ocean is 6850 million tons.
is a ton. Zinc belongs to the most common toxic components of large-scale pollution
of the World Ocean, which can currently be estimated in the surface layer of sea water
(60—100 microns), where it reaches 1020 microns/I. For the oceans and inland seas, the
upper limit of environmental tolerance is considered to be 50 mcg/L too at an average
concentration of 20 mcg/L.

The main anthropogenic sources of primary entry of heavy metals into the environment
are non-ferrous metallurgy enterprises. Soil contamination with this metal has led in
some places to very high accumulations of up to 66,400 mg/kg in the upper soil layer.
In garden soils, up to 250 mg/kg of zinc accumulates, and zinc in the upper layer of
the soil is stored up to 8—13 %. The total number of microorganisms is significantly
reduced: in a temperate climate, cereals decrease by 20-30 %, beets — by 35 %, peas —
by 40 %, potatoes-by 47 %, and mushrooms become more resistant. Zinc levels, which
reduce the yield and height of the plant by 5-10 %, are considered toxic and amount to
435-725 million for oats, 210-280 for Clover, and 240-275 for beets. As a method for
determining the types of heavy metal pollution, it is most effective to use the frequency
range corresponding to the phase peaks (Xuesong Xie et al., 2023).

Excess zinc in plants occurs in areas of industrial soil pollution, as well as with
improper application of zinc-containing fertilizers. Many plant species have high
resistance to its excess in the soil. However, if the content of this metal in the soil is very
high, the most common sign of zinc toxicosis is observed in chlorosis of young leaves.
If it enters plants excessively and antagonism with other elements occurs, the absorption
of copper and iron decreases and symptoms of their insufficiency appear.

Excess zinc is an energy nucleotide in ATP. This is the main source of energy
in a living cell. In all processes of the body, ATP is important in the metabolism of
substances. ATP inhibits cell synthesis in 1929 as a result of research work by scientists
from the Harvard School of Medicine (Carl Loman and Yellapragada Subbarao). In
terms of the importance of such inhibition, zinc occupies the second place after copper.
Heavy metals are mainly used in mining, smelting, agricultural activities, atmospheric
precipitation, etc (Daribayev et al., 2023).

In animal and human bodies, zinc affects cell division and respiration, skeletal
development, the formation of brain and behavioral reflexes, wound healing, reproductive
function, immune response, and interacts with insulin. With a lack of the element, a
number of skin diseases appear. For animals and humans, zinc is less toxic, since with
excessive intake it does not accumulate, but is excreted. However, in the literature there
is individual information about the toxic effect of this metal: in live animals, weight gain
decreases, depression occurs in behavior, and miscarriage is possible. Zinc compounds
are dangerous for all fish with a concentration of 15mg/L for 8 hours, severely damaging
the fish's glands. The toxicity of zinc increases copper and nickel ions. Zinc chloride
is 0.2 mg/I toxic to snails and crustaceans. oysters have the ability to accumulate zinc;
feeding such oysters to rats will cause them to lose consciousness.
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Research materials and methods.

Excessive intake of zinc into the body of animals is accompanied by a decrease in
the amount of calcium not only in the blood, but also in the bones, and the absorption
of phosphorus is also disrupted; as a result, osteoporosis develops. The toxicity of
zinc depends on catalytic activity. Zinc can pose a mutagenic and oncogenic risk. The
gonadotoxic effect of zinc is manifested by a decrease in sperm motility and their ability
to penetrate the egg.

Cats that inhale zinc dust will experience swelling, bleeding in the lungs. Exposure
to zinc sulfate aerosol (1.1 mg/m3 for 1 hour) irritates the upper respiratory tract in
guinea pigs.

Prolonged administration of zinc and its compounds in various ways (from 1 to 5
months) in white mice, rats and rabbits caused the following types of toxic action:

- growth retardation;

- protein metabolism disorders;

- dystrophy of internal organs;

- violation of enzymatic activity, carbohydrate and Mineral Metabolism;

- gonadotoxic abnormalities;

- mutagenic and carcinogenic effects.

In low concentrations, zinc (Zn) is necessary for plants and animals, but it becomes
toxic when it exceeds critical levels. Very high temperatures and heat waves in the area
under study are due to secondary exposure (Vardui Margaryan et al., 2022).

Copper is one of the essential elements for living organisms, irreplaceable with other
metals. In plants, it is actively involved in the processes of photosynthesis, respiration,
nitrogen recovery and fixation. Copper is part of a number of enzymes, oxidases —
cytochrome oxidase, ceruloplasmin, superoxidadismutase, urate oxidase, etc. and
participates in biochemical processes as a component of enzymes that carry out the
oxidation reaction of substrates with molecular oxygen (Dobrovolsky, 1983).

Copper has a higher phytotoxicity than zinc. It is especially pronounced on light soils.
In terrestrial phytomassas and roots, there are signs of antagonism in the accumulation
of copper and manganese and independence in the accumulation of copper and zinc.

Oxidative stress caused by copper and cadmium ions is characterized by increased
lipid peroxidation and inhibition of oxidative enzyme activity in plant tissues, which
indicates that the antioxidant system of plant body protection itself can be a sensitive
object to the effects of heavy metals.

Near sources of industrial pollution, in some cases, soil contamination with copper
up to 3500 mg/kg may be observed. Copper mining and smelting are accompanied by
emissions during ores processing, the special composition of which affects the content
of pollutants in the air (Ikramov et al., 2023).

Excess copper interferes with changes in the permeability of cell membranes,
increased lipid oxidation, and electron transport in chloroplasts.

The presence of excess copper causes a lack of iron and manganese in plants.

The results of the experiments of the scientific research institute "study of the
physiological foundations of the resistance of cereal plants to the effects of heavy metal
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ions", according to which copper inhibits the growth and accumulation of biomass of
terrestrial organs and especially the roots of the studied plants. With an increase in
the amount of copper in the medium, its content in plant organs increases accordingly.
Cadmium ions have a toxic effect on the growth and accumulation of biomass compared
to the copper ions of the studied plants. Zinc and lead, common environmental pollutants,
significantly inhibit seed germination, the growth and accumulation of biomass of
individual organs of cereal grasses of the natural flora of the Republic, that is, inhibit
the growth of terrestrial organisms and roots at high concentrations of heavy metals.
Environmental pollution with heavy metals is becoming more and more a problem, and
it is causing great concern around the world due to its negative consequences. These
inorganic pollutants enter our waters, soils and atmosphere due to the rapidly growing
agricultural and metallurgical industries, the misuse of waste, fertilizers and pesticides
(Jessica Briffa et al., 2020).

Soil cover pollution of cadmium is considered one of the most dangerous
environmental phenomena, since it accumulates excessively high in plants even with
poor soil pollution. The highest concentration of cadmium in the upper soil layer is
observed in mining areas up to 469 mg/kg, around zinc alloys they reach 1700 mg/kg.
Every year, about 9,000 tons of cadmium enter the air, as a result of human activity,
7,700 tons are released into the air.

The toxicity of cadmium for plants is observed due to impaired enzyme activity,
inhibition of photosynthesis, transpiration disorders, as well as inhibition of recovery
from NO2 to no. In addition, in plant metabolism, it is an antagonist of a number of
nutrients (Zn, Cu, Mn, Ni, Se, Ca, Mg, P). Due to the toxic effect of the metal, plants
experience growth retardation, damage to the root system and leaf chlorosis. Cadmium
easily penetrates plants from the soil and atmosphere, among phytotoxic and heavy
metals, it ranks first in terms of its ability to accumulate in plants (Cd, Cu, Zn, Pb).
Pollution of toxic metals is of concern to the world community due to their high toxicity,
long-term resistance, non-biodegradable and bioaccumulation in the ecosystem (Moses
Akintayo Aborisade et al., 2022).

Cadmium is easily collected by many organisms, especially bacteria and snails,
where the level of bioconcentration reaches several thousand. It was found that aquatic
organisms at the stage of embryonic development are most susceptible to the toxic effects
of cadmium. Research in fish shows the teratogenic effect of cadmium compounds.
Epidemiological data indicate a slow excretion of cadmium from the body (0.1 % per
day). There are also reliable data on the carcinogenic hazard of cadmium. Today, it is
estimated that the concentration of cadmium in the body in 5% of the population of
the United States and Japan has already reached relatively high levels. According to
the Austrian Institute of nutrition, cadmium is recognized as the most dangerous heavy
metal.

Heavy metal compounds it is toxic due to their ability to bind tightly to proteins
and disrupt the normal functioning of biocatalysts, enzymes and other biologically
active protein substances. Heavy metals have a toxic effect in any state of aggregation
and in any natural environment. Each metal is characterized by their accumulation in
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certain organs. Cadmium ions enter the body and combine with carboxylic, amino and
sulthydryl (-soon, NH2, SH) groups of protein molecules. According to the sensitivity of
animals and humans, heavy metals can be placed in the following rows: Hg, Cu, Zn, Ni,
Pb, Cd, Cr, SN, Fe, Mn, Al. The place of accumulation of cadmium is the kidneys, liver,
pancreas and thyroid gland. Acting on the skin, cadmium causes dermatitis and eczema.
The accumulation of cadmium in various organs is accompanied by the formation of
kidney stones. Its toxic effect is especially pronounced in the children's body — speech
development is inhibited, mental development is observed. Cadmium reduces the
activity of digestive enzymes, catalase activity of blood and tissues, affects carbohydrate
metabolism, and has a pronounced effect on the developing fetus. Prolonged exposure
to cadmium leads to kidney failure, protein formation in the urine, calcification, and
pyelonephritis. In agriculture, the main sources of cadmium are the use of phosphorus
fertilizers, compost and wastewater (Ikramov et al., 2023).

The balance of the atmosphere is ensured by the joint vital activity of plants and
animals, each of which, during breathing, not only absorbs substances necessary for life
in the air, but also releases elements that are vital for others. The growth and development
of plants is impossible without the animal world, and the existence of the animal world
is impossible without plants. Human life is impossible without either animals or plants,
therefore, heavy metals and other toxicant substances migrate, accumulate and enter the
human body through the trophic chains of the biological cycle. Environmental pollution
with heavy metals is an environmental problem around the world that poses a threat to
humans, animals and plants due to their non-decomposition (Yuquan Wei et al., 2019).

The US Environmental Protection Agency estimates that exposure to heavy metals
and other toxic substances causes more than 2,700 types of cancer each year.

Biosubstrates (hair, blood, urine, saliva, teeth, nails) are usually examined to assess
the dose of toxic substances that have entered the body. Changes in the microelement
composition of hair and urine clearly characterize the degree of pollution of the
atmosphere. So, in the hair of children living near the copper smelter, CU, as, Pb, Cd,
near the battery plant — PB and Cd, etc.are collected. It has also been found that the
accumulation of Pb and Cr in the hair of children living in areas of cities with high traffic,
these elements are usually released into the air in significant amounts when burning
leaded gasoline. When the lead in the hair is higher than 9 mcg/g, the development of
diseases in the child's body is clearly reflected. A disease of the nervous system was
detected when the lead concentration in the hair of children ranged from 14.2 to-24.0
mcg/g, and when it was higher than 30 mcg/g, changes were observed in the bones.
Heavy metals found in agricultural land soils enter the human body through inhalation,
ingestion and skin contact (Liping Li et al., 2019).

Conclusion

One of the most important results of the study revealed a significant increase in
mortality rates from cancer among employees who had industrial contact with non-
ferrous metal compounds compared to other residents of the city.

Harmful production factors affecting the state of health of those working in the
production of processing non-ferrous metals are a complex in the form of an aerosol that
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decomposes alloys and, to a lesser extent, metal oxides in the form of a condensation
aerosol. Data from sanitary statistics show that at metallurgical enterprises there is an
increase in occupational diseases due to prolonged exposure to dust, harmful gases,
noise, vibration on the body. Deposits of exploited copper-zinc ores are gradually being
depleted.

According to A.G. Dernova, as a result of pollution of the habitat in East Kazakhstan
with heavy metals, primarily lead, zinc, cadmium and other substances contained in
discharges into reservoirs with emissions of industrial enterprises into the atmosphere,
it was established that the level of danger to public health in this region has reached.

According to E.N. Sraubaev, A.E. Shpakov, it was found that pollution of the
atmospheric air of the city of Leninogorsk with heavy metals increases the incidence
of the population by 40—60 %. It was found that an increase in dust in snow samples by
100 kg/km2 per day leads to an increase in the incidence of bronchial asthma by 11 and
the incidence of acute bronchitis by 33 cases per 1000 population. Arsenic, cadmium,
lead, and Mercury are among the known endocrine disorders that can affect fetal brain
development, as well as infant growth.
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