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REVIEW OF THE FOREIGN SCIENTIFIC ADVISOR
on the dissertation research of Zhaksylyk Pernebayev entitled “Ecological
Assessment and Prediction of Soil Contamination by Products of Lead-Zinc Slag
Processing”, submitted for the degree of Doctor of Philosophy (PhD) in the educational
programme 8D05210 — Ecology

The dissertation research is submitted for defense in the form of a series of
scientific articles in accordance with Clause 5-1 of the Rules for Awarding Academic
Degrees of the Republic of Kazakhstan. The four scientific articles constitute a unified and
completed scientific study, integrated by a common research purpose, object, and
methodology.

The research addresses the accumulation and spatial distribution of heavy metals
and arsenic in soils affected by lead-zinc slag processing, together with the associated
environmental and human health risks. Its relevance is determined by the need to ensure
environmental safety and provide a scientific basis for the remediation of contaminated
areas.

The candidate conducted an analysis of 56 international scientific studies and
investigated the geochemical characteristics of soils and lead-zinc slags in the city of
Shymkent. The research employed AAS, XRD, SEM, and ICP-OES methods,
geochemical contamination indices, and probabilistic modeling using the Monte Carlo
method. The scientific novelty lies in identifying spatial patterns of heavy metal
contamination, substantiating a three-level system for prioritizing the remediation of
contaminated areas, and quantitatively evaluating the influence of updated arsenic toxicity
parameters on risk assessment results.

The environmental and economic damage at the investigated site was estimated at
more than KZT 750 million annually. Probabilistic modeling demonstrated that the
application of updated arsenic toxicity parameters changes the calculated probability of
exceeding the carcinogenic risk threshold from 70% to 99%, and the non-carcinogenic risk
threshold from 82% to 97%. The reliability of the findings is supported by experimental
investigations, geochemical analysis, and probabilistic modeling.

Overall, the dissertation constitutes a coherent and completed scientific study
characterized by scientific relevance, methodological substantiation, and practical
significance. I consider the dissertation research of Zhaksylyk Pernebayev worthy of
recommendation for defense for the degree of Doctor of Philosophy (PhD).
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HETEJAIK FIUILIMU KEHECIUIHIH ITIKIPI
8D05210 — «Ikonorus» oinim Oepy 6araapnamacs! 6oiibiHma ¢puaocodus JOKTOPLI
(PhD) papesxecin amy ywin yeoinpliral [lepuebaes JKakebliabik JayaerdaiiyibIHbIH
«KopFacbIH-MBIPBII KOKAAPLIH KaiiTa eHIey oHiMAepiMeH TONBIPAKTBIH
JIACTAHYBIH YKOJIOTHSBIK 0aFajay #koHe 00/17Kay» TaKbIPbIOLIHAAFDI
AHCCePTALHSUIBIK 3epTTeyiHe
Huccepranusiibik 3eprrey Kasaxkcran Pecny6nukaceinbid «Jlapexenepai 6epy
KaFUIaTapEIHBIH» 5-1-TapMarbIHa ColiKeC FBUIBIMH MaKajauap cepusCchl TYpiHje KOprayra
yeeiHbUIFad, OpTak MakcatIieH, 3epTTey 00beKTiCiMEH XkaHe aficHaMaMeH GipikTipiireH
TOPT FHUIBIMH MaKaJia asKTanfraH 61pTyTac FEUIBIMH 3epTTeyi Kypaibl.
3epTTey KOpFacHIH-MBIPHILI KOJKAAPBIH KaiiTa eHey oHIMIAepiHiH acepiHeH TONbIpaKTa
aybIp MeTa1Aap MEH MBIIIbSKTHIH XKUHAKTATYBIH, KEHICTIKTIK Tapaly 3aHIbUILIKTapbIH,
3KOXKYHere yaHe ajaM JeHcayJIbIFbIHA TOHETIH ToyeKenaepai KeleH i 6aranayra
apHaIFaH. TakbIPBINTBIH ©3EKTiNiri TEXHOTeHAIK JJaCTaHFaH ayMaKTapAbIH 3KOJOTHSIBIK
Kayinci3airidH KaMTaMackI3 €Ty JKoHE oapAsl KAINbIHA KEeNTIpY MapaiapblH FEUIBIMH
HeTi3[ey KaXeTTiliriMeH alfKplHAanasl.
[3neHywi 56 XanbIkapaiblK FEUIBIMH 3€pTTeYAL Tanaan, LIIBIMKeHT KanachIHaaFb! TONBIPAK,
MEeH KOPFAaChIH-MBIPBILI KOXKIAPBIHBIH N'€OXHMHSIBIK €peKLICTIKTEDPIH 3epTTered. AAS,
XRD, SEM xoane ICP-OES agicrepi, reoXuMHAIBIK JaCTaHy HHAEKCTEPi xoHe MoHTe-
Kapno Mozensieyi KoJJaHbUIFaH. 3epTTeyAiH FBUIBIMH XaHAIBIFBI ayblp METAIIAPABIH
KEHICTIKTIK Tapajly epeKIIeNiKTepiH aHBIKTayAaH, JaCTaHFaH ayMaKTaplsl KajllblHa
KEeNTIpyIiH YL AeHreini 6acbIMIBIK xKyHeciH Heri3aeyeH JKoHe MBIIbSKTBIH
’KaHAPTBUIFaH YBITTBUILIK IapaMeTpliepiHiH Toyekenai 6aranay HOTHKeepiHe acepiH
caHbIK aHBIKTayaH KepiHei.
3epTTey HOTHXKECIHIE IKONOTHSUIIBIK-3KOHOMHKAJIBIK 3aNa1 KbUIbIHA 750 MIIH TeHreIeH
actaM Jen 6arananarad. MonTe-Kapno Monenbaeyi kaHIepOreHAiK TOyeKeNAiH WeKT
JeHreiiIeH acy bIKTHMAaJLIBIFbI KOJJIAHBUTATHIH YBITTBUIBIK [TapaMeTpiepine OaiilaHbICThI
70 %-nan 99 %-ra, an kaHueporeHaik eMec Tayeken GofibiHia 82 %-nan 97 %-ra
©3repeTiHiH KOpceTTi. ANBIHFAH HITHXENEeP/iH FEUIBIMH HETI3iMiri 5KCNepHMEHTTIK
3epTTeyJiepMeH, FeOXHMHUIBIK TaJIlayMeH JKoHe BIKTHMAIIBIK MOAEIbAECYMEH
KaMTaMachI3 eTijJireH.
Xanne! anranzpa, HCCEPTALUSIIBIK 3€PTTEY FBUIBIMH TYPFBIIAH HETI3JIENTeH, 03€KTi XKIHE
NPaKTHKAIBIK MaHBI3b! O6ap askrainraH sxyMeIc 6onein Tabeuiansl. Ilepnebaen
Kakebuabik JlayneraiiyIbIHBIH AHCCEPTANNSIILIK 3epTTeyiH ¢puaocodus AOKTOPLI
(PhD) napexecin any ymin Koprayra YCbIHYFa JaiibIK Aen ecenTeiimin.
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OT3bIB 3APYBEKHOI'O HAYYHOI'O KOHCYJIbTAHTA
Ha anccepraunontoe neciaenosauie Iepuebaesa Kakepliabika Jayserbaesnua Ha
TeMy «IKOJOrHYEeCKAs OLEHKA H NPOrHo3 3arpsi3HeHNs NMOUBbI POAYKTAMH
nepepabOTKH ¢CBHHUOBO-UHHKOBLIX LIJIAKOBY, NPEICTABJICHHOE HA COHCKAHHE
crenenn nokropa ¢puaocoduun (PhD) no obpazoBareabHoii nporpamme 8D05210 -
«IKoI0THA»

JluccepTallHOHHOE HCCICIOBAHHE NPEICTABIEHO K 3allHTe B pOopMe CepHH Hay4YHBIX
cTareii B COOTBETCTBHH C MyHKTOM 5-1 «[IpaBun npucyxneHus creneneit» PecnyGnuku
KazaxcraH. YeTblpe Hay4HbI€ CTaTbH, 00BbeIHHEHHBIE 0011eli 1eNnbio, 00LEKTOM H
MeToJoM0rHelt, 00pa3yloT elHHOe 3aBeplIEHHOE Hay4YHOe HCCe10BaHHE.
PaGota nocesinieHa KOMIJIEKCHOMN OUEHKE HAKOIIEHHS H POCTPAHCTBEHHOTO
pacnpeneneHHs TAXKENBIX METAIIOB H MBIIIbSKa B TI0YBaX, MOABEPrUIHXCS BO3AEHCTBHIO
NpPOJYKTOB NepepaboTKH CBHHLOBO-UHHKOBBIX IJIAKOB, A TAKKE IKOJIOrHYECKHX PHCKOB
M PHCKOB JUIS 3I0POBbS YeJIOBEKA. AKTYaIbHOCTh HCCIEIOBAHHUS ONPEIeNseTCs
HEeoOX0AMMOCTBIO 00ecneYeHHs IKOTOrHYECKOit 6€30MacHOCTH U Hay4HOro 060CHOBaHHUA
BOCCTAHOBJIEHHSI TEXHOT€HHO 3arpsA3HEHHBIX TEPPHTOPHIA.
CouckareneM IMpOAHATH3HPOBAHBI 56 MEKIYHAaPOIHBIX HAYYHBIX HCCIIENOBAHHIT,
H3y4eHbl FeOXHMHYECKHE XapaKTEPHCTHKHU NOYB H CBHHLOBO-LIHHKOBLIX LIJTAKOB Ha
tepputopuu ropoaa lllemmkenTa. Mcnone3oBanel Metoasl AAS, XRD, SEM u ICP-OES,
reOXHMHUYECKHE HHIEKCHI 3arPA3HEHHS H BEPOSATHOCTHOE MOJIEIHPOBAHKHE METONIOM
MoHnTe-Kapno. Hayunas HOBH3Ha 3aKJ1I04aeTCs B BBISBJIEHHH 0COOEHHOCTEH
NPOCTPaHCTBEHHOIO pacnpeeeHus THKENBIX METALIOB, 000CHOBAHHH TPEXYPOBHEBOI
CHCTEMbI IPHOPHTETHOCTH BOCCTAHOBJICHUA 3arpA3HEHHBIX TEPPHTOPHIL H
KOJIHYECTBEHHOI! OLIEHKE BIUAHUA OOHOBIEHHBIX TOKCHKOJIOTHYECKHX NTapaMeTpoB
MBIILIBSKA HA pe3yJIbTaThl OLEHKH PHCKOB.
DKON0ro-3KOHOMHYECKHI1 yLIep6 Ha Hecnea0BaHHO TeppHTOPHH OLeHEH Gonee ueM B
750 MuH TeHre B roa. MoaennpoBanie nokasauo H3MEHEeHHE BEPOSATHOCTH IpEBBIIEHHS
NOpOroBOro ypoBHs KaHueporeHHoro pucka ¢ 70 % no 99 %, a HekaHLIepOreHHOro pHCKa
— ¢ 82 % 1o 97 % npu ucnoNBE30BaHHH OOHOBNIEHHBIX TOKCHKOJOTHYECKHX NapaMeTpoB
MBILIbAKA. JJOCTOBEPHOCTD pe3yJibTaTOB 000CHOBaHA 3KCNEPUMEHTAbHBIMH
HCCJIeI0BAHUAMH, FTEOXHMHYECKHM aHAIH30M H BEPOSTHOCTHBIM MOJETHPOBAHHEM.
B nenom anccepTallHOHHOE HCCIIEAOBAHHE NpeAcTaBnAeT co0oil 3aBepIIEHHYIO, HAYYHO
o0ocHoBaHHYIO paboTy, 00J1aNaloMyI0 aKTYaNbHOCTHIO H MPAKTHYECKOI 3HAYHMOCTBIO.
Cuuralo quccepraunonnoe ucceiaenosanne Ilepuebaena dakceouibika
Hayner6aeBnya 10CTOITHBIM PEKOMEHAALMH K 32UIHTE HA COHCKAHIIE CTeNeHN
nokropa ¢puaocopuu (PhD).
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