Review

of the PhD dissertation abstract by Peng Yizhou,titled “Thresholds of purple soil contamination by
heavy metals Cd, Ph and As based on phytotesting (the Western Sichuan Basin, China) ".submitted for
the degree of Candidate of Geological and Mineralogical Sciences (PhD equivalent)in specialty 1.6.21
— Geoecology.

The dissertation addresses the ecological risk of Cd, Pb, and As contamination in purple soils of
the western Sichuan Basin. The central objective is to establish contamination thresholds based on
phytotesting and to interpret their dependence on soil genesis. mineralogical background. and exposure
conditions.

Two representative soil types differing in carbonate content and two agricultural crops (rapeseed
and sorghum) were used as model systems. Under standardized laboratory conditions. the author
examined dose-response relationships for Cd, Pb, and As under both single and combined exposure
scenarios, deriving threshold values applicable to environmental management. The research design is
methodologically consistent: regional background characterization of soils is followed by controlled
laboratory plant testing, nonlinear dose—effect modeling, and evaluation of metal interactions using
dimensionless toxic-unit indices. The logical framework—from regional context to threshold definition
and management implications—is coherent and complete.

The geological and geomorphological context is presented adequately. The author demonstrates
how parent-rock inheritance, carbonate background. and monsoonal processes determine the dual nature
of local purple soils—susceptibility to external inputs and specific geochemical behavior. The work
convincingly argues that unified background values and total concentration limits cannot reflect the
actual ecological risk to crops, and that regionally adjusted, plant-effect-based thresholds provide a more
realistic and operational framework.

The experimental design is systematic and balanced. Two soil types act as natural contrasts, while
interspecies and inter-organ comparisons reveal sensitivity patterns. For single-element exposure.
standard dose—effect models identify stimulation and inhibition ranges; for mixed contamination, the
toxic-unit approach distinguishes antagonistic, additive, and synergistic interaction domains. Relative
growth rate and observed plant parameters validate model outputs. ensuring analytical robustness. The
author correctly interprets thresholds as conditional, varying with soil type, crop, and organ, rather than

as fixed constants—an approach consistent with modern ecotoxicological methodology.



The key results are internally consistent. In carbonate-rich purple soils, effective toxicity of heavy
metals decreases, and threshold levels increase accordingly. Cadmium exhibits a biphasic response in
rapeseed—Ilow-dose stimulation and high-dose inhibition—while Pb and As show predominantly
inhibitory effects. with roots being more sensitive than shoots. Under combined exposure. interaction
types vary with concentration and combination, shifting between antagonism, additivity, and synergy.
depending on ion competition and soil chemical binding. These findings. supported by both experimental
and model data, explain the variation in metal activity under identical nominal concentrations across
soils of different genesis.

The study’s novelty lies in three points:

(1) thresholds are contextualized within the framework parent rock - mineral composition — ion activity
— plant response. providing geochemical justification for their variability:

(2) multimetal interactions are quantified through validated composite indices rather than theoretical
assumptions;

(3) threshold spectra are linked to crop and organ specificity, forming a practical tool for agroecological
assessment.

Reliability is ensured through transparent sampling, standardized laboratory protocols, and
statistically sound modeling. Results are consistent with the regional geological-mineralogical context
and mineral-chemical trends and have been verified through peer-reviewed publications and conference
presentations. The author maintains academic precision and avoids unsupported mechanistic
generalizations.

Minor improvements could include additional mechanistic characterization (e.g.. selective
extraction or quantitative mineralogy) to further link threshold values with metal speciation, and broader
validation across crop types and time scales to extend applicability. These comments are advisory and
do not affect the overall evaluation.

In conclusion, the dissertation is scientifically sound, methodologically rigorous, and contributes
significantly to the understanding of heavy-metal threshold behavior in purple soils. The work provides
a practical basis for differentiated ecological assessment and management strategies in regions with
contrasting carbonate backgrounds.

The dissertation meets the requirements of Lomonosov Moscow State University for awarding the
degree of Candidate of Geological and Mineralogical Sciences in specialty 1.6.21 — Geoecology. and

the author deserves the conferral of the degree.
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Ilepeeoo c anznuiickozo A3biKa Ha PYCCKUl A3bIK

OT3bIB
Ha aBropedepar auccepranuu [1oa Uuxkoy
«llopozosvie yposnu sazpasuerus maxcéroimu memariavu Cd, Pb u As kpacrnoyeemuolx
ZPYHMOE O OaHHBIM Pumomecmuposanus (3anaduas 4acme Cohiyyarsvckou 6nadunst, Kumaii)».
MPE/ICTABNICHHOM Ha COMCKaHHE y4EHOI CTENEeHN KaH/IH/IaTa Te0JIOr0-MHHEPATOTHIeCKHX HayK
1o crnennanbHocty 1.6.21.- I'eoskonorus

Hucceprauus mocBsAlIeHa OIEHKE 3KOJIOTHYECKOro pucka sarpsssenus kaamuem (Cd),
cBUHLOM (Pb) m Mbnubskom (As) KpacHOIBETHBIX TPYHTOB 3amajiHo#W dacTi ChI4yaHBCKOH
BnaguHel. LlenTpanbhas unens paGoTel — YCTAHOBHTH TIOPOTOBLIE YPOBHH 3arps3HeHus Ha
OCHOBe (DHTOTECTHPOBAHHMS M HMHTEPNPETHPOBATH HMX 3aBHCHMOCTL OT T€HE3MCa TI'PYHTOB,
MHHEPATOTHYECKOTO (hOHA M YCIOBUI BO3ICHCTBHSL.

B kauecTBe MOJIENTBHBIX CHCTEM HCIOJIb30BAHbBI ABA PENPE3CHTATHBHBIX THIIA I'PYHTOB.
Pa3IHYAOIIMXCS 110 COIEPKaHHIO KapOOHATOB, | JIBE CEIbCKOX03AHCTBEHHBIC KYJIBTYPHI (parc u
copro). B cranaaprusMpoBaHHBIX J1aGOpPATOPHBIX YCIOBHAX aBTOP HCCIEOBAI 3aBHCHMOCTH
«nosa—sddexr» s Cd, Pb u As Kak 1npu pasaeibHOM, TaK ¥ IPH COBMECTHOM BO3IEHCTBHH,
[OJIyYUB MOPOTOBBIE 3HAYEHHUS, NMPHUMEHMMbIC B IPAKTUKE 3KOJIOIHYECKOI0 PEryIHpPOBaHHMS.
UccnenoBarensckuit  u3aiffH METOJOJOTHYECKH  TIOC/IEOBATE/IEH:  XapaKTepuUCTHKA
PEernOHaIBHOrO (POHA IPYHTOB CMEHSETCS KOHTPOJIHPYEMBIMH JaboparopHbIMH (DHTOTECTAMH.
HETHHEHHBIM MOJIETHPOBAHUEM 1030-3((EKTHBIX 3aBUCUMOCTEH M OUEHKON B3aMMOJACHCTBHS
METAIOB C HCMONL30BaHWEM Oe3pasMepHbIX HMHICKCOB TOKCHYECKMX eauHul. Jloruueckas
CXeMa — OT PpErHOHaJbHOTO KOHTEKCTA K ONPEIC/IEHHK) TI0pOTOB M BhIBOAAM  JUIs
MPHPO/IONOB30BaAHMS — SBJISIETCS [TOCNIE/IOBATETHHOM W 3aBePIIEHHOI.

[eonornyeckuii M reoMopQoIOrHYecKHid KOHTEKCT MpEACTaBleH aJeKBaTHO. ABTOD
MOKa3bIBAET, KaK HAclIeJHe NO0pOoA-Marpull, KapOOHaTHBIM (JOH MW MYCCOHHBIE IIPOLIECCHI
OLpPEAE/ISIIOT  JIBOACTBEHHYI0 TPHPORY MECTHBIX KPACHOLBETHBIX IPYHTOB —  HX
BOCIIPUHMYHUBOCTE K  BHEIIHEMY MOCTYMIEHHIO 3arps3HUTENed ®  crenmguyeckoe
reoxMMu4eckoe noseneHue. Pabora yOeauTenbHO MOKashiBaeT, 4YTO YHHDHIHPOBAHHBIE
(GonoBEIE 3HAYEHHS W TPEACIbHO JAONYCTHMBIE CYMMApHBIE KOHLEHTPALMH HE OTPakKaloT
peajibHbIA IKOJIOTHYECKHH DPHCK JUTS CEMbCKOXO3SHCTBEHHBIX KYJIBTYP, M YTO PErHOHAIBHO
aanTHPOBAHHBIC [IOPOTOBBLIE YPOBHH, OCHOBaHHble Ha d(dexTe 18 pacteHuil. GopmupyoT
0oJjiee peaTHCTHYHYIO H IIPAKTHYECKH IIPUMEHHMYIO OCHOBY.

DKCNIepUMEHTANbHbBIH JIM3aiiH SB/ISICTCS CHCTEMHBIM M cOajaHcupoBaHHbIM. JIBa THNA
TPYHTOB BBICTYNAKOT B POJIM E€CTECTBEHHBIX KOHTPACTOB, & MEKBHJOBBIC H MEXOPIraHHbIE
CPaBHEHHs [03BOJISIOT BBIIBUTL 3aKOHOMEPHOCTH YyBCTBHTENbHOCTH. [lpw BO3meiicTBHM
OTJENBHBIX JJIEMEHTOB CTaHAApTHbIE [1030-3QQeKTHbie MOJIEIH BBUIEISIOT IHATA30HbI
CTHMY/ISIIMM M MHTHOMPOBAHHA: MPH CMEIIAHHOM 3arps3HCHHH [MOXO0J TOKCHYCCKHX €IMHMIL
MO3BOJISICT  pasnuyarb o0JacTH AHTArOHUCTHYECKHX, aTNTHBHBIX M CHHEPreTHYECKHUX
B3auMoaeHcTBH. OTHOCHTENbHAs CKOPOCTh POCTa W HabMOTaeMble MapaMeTphl PacTeHHH
HCTIONB3YIOTCS JUIs Ba/lMAauMy MOJE/IBHBIX pe3y/bTaTOB, 4TO O0ECTeuHBaeT aHATHTHYECKYIO
HaACKHOCTE BBIBOJIOB. ABTOP CIPAaBEUIMBO TPAKTYET [OPOrOBBIC YPOBHH KAK YCJIOBHBIE
BEITHYMHbI, H3MCHSIOIIMECS B 3aBUCHMOCTH OT THNA IPYHTA, KYJILTYPEI H OpraHa pacteHus, a He
Kak (UKCHPOBaHHBIC KOHCTAHTHI, YTO COOTBETCTBYET COBPEMEHHOH HKOTOKCHKOJOTHUECKOH
METOOJIOTHH.

Kmouesble  pesyiabrarsl  BHYTpEHHE COMIacoBanbl. B kapOoHar — coepkaiux
KPaCHOIBETHBIX TPYHTax 3((EKTHBHAS TOKCHYHOCTb THKENBIX METAIUIOB CHHKAETCA., M



COOTBETCTBYIOIIHE MOPOTOBLIE YPOBHYU Bo3pactatoT. Kaamuii nposeiuser aByxdazHeii 3¢dext B
OTHOLUCHHH palca — CTUMYJIALMS NMPH HU3KUX 032X W WHIHOMPOBAHKE IPH BBICOKHUX, TOIAA
kak Pb u As 0KasbIBalOT MPEHMYIIECTBEHHO MOJABIAIONIEE JCHCTBHE, NPH TOM KOpHM Oonee
HYBCTBHTEJIbHBI, Y€M POCTKH. [IpH COBMECTHOM BO3/IEHCTBHH THI B3aMMOJEHCTRUS M3MEHSETCH
B 3aBHCUMOCTH OT YPOBHS H COYETaHHMS KOHLIEHTPALMH, CMELIAACh MEXIy aHTarOHH3MOM,
AJAJUTHBHOCTLIO W CHHEPTH3MOM B 3aBUCHMOCTH OT KOHKYPEHLUHH HOHOB H HX XHMHYECKOI'O
CBsi3bIBaHHA B rpyHTe. [lonmyueHHble pe3ynsrarsl, NOATBEPKIEHHbBIE KAK IKCIIEPUMEHTAIBHBIMU
JaHHBIMH, TaK H MOJAECJIbHBIMU Pacy€TaMH, OOBACHAIOT pa3iuyMs B aKTHBHOCTH METATIOB MpH
OZIMHAKOBBIX HOMHUHATBHBIX KOHUEHTPALUIX B IPYHTAX Pa3iivyHOrO reHe3uca.

Hayunast HoBH3HA paboThI 3aKIH04ACTCS B TPEX I10JI0KEHHSIX:

(1) mnoporoBele  ypOBHH  pacCMarpuBalOTCS B paMKAaX  [10CIEI0BATe/ILHOCTH
«TIOpOJa-Marpulia — MHHEPAIbHBI COCTaB — HMOHHAS AKTUBHOCTH — OTBET PACTEHHS». YTO
obecrieunBaeT reoxumMuueckoe 060CHOBAHHE HX H3MEHYHBOCTH;

(2) MHOTOKOMIIOHGHTHbIC B3aMMOJCHCTBHS METAUIOB KOJHYECTBEHHO OIEHHBAIOTCH C
MOMOIIBIO  anpOOMPOBAHHBIX KOMIUIEKCHBIX MHJIEKCOB, 4 He Ha OCHOBE TeOPeTHYECKHX
JIOIYLICHHMH;

(3) CreKTpEI IOPOTOBBLIX 3HAYEHHH YBA3aHBI CO CTIEIHPUUHOCTHIO CEIIBCKOXO3AHCTREHHBIX
KYJIBTYpP W OPraHOB pacTeHHH, 4To GOpPMHUpPYeT MPaKTHUeCKHil HHCTPYMEHT arpodKoJIOTHYeCKO
OLIEHKH.

Hajné€xHocTh momyueHHBIX pe3yibTaroB 00eCleuMBAcTCs NPO3padHoil cxemoii orGopa
1po0, CTaHAapTU3UPOBAHHBIMH JabOPaTOPHBIMH MPOTOKOJAMHM M CTATHCTUYECKHM KOPPEKTHBIM
MOJeTHpOBaHUeM. PesynbTarhl COMIacyioTcss ¢ pPEerHOHANBHBIM T€0JIOrO-MUHEPATOTHYECKHM
KOHTEKCTOM H MHHEPAIOro-XMMHYECKUMH TeHACHLMAMHA M NOATBEPIK/ISHLI MYyOIHKALMAMH B
PELCH3UPYEMbIX H3JaHHAX M J0KJIaJaMW Ha Hay4dHbIX KOH(QEpEeHUHAX. ABTOp BLLACDKHBACT
BBICOKYIO aKa[IeMHYECKYIO TOYHOCTh ¥ H30eraeT HHYEM HE MOAKPEIUIEHHBIX MEXAHUCTHYCCKHX
000011IeHUHH.

B kauecTBe BO3MOJKHOTO HalpaBieHHs Ui YTOYHEHHS PE3yJbLTATOB MOKHO OTMETHTh
OoJiee IETAIH3UPOBAHHYIO MEXaHHCTHYECKYH) XapakKTEPUCTHKY (HAIPHUMEp, ¢ MCIIONb30BaHUEM
CCJICKTUBHOIO H3BJICUEHHsI HJIM KOJTMYECTBEHHOH MHHepaloruu) Ui Gosiee TECHOH NpHBS3KA
MOPOroBhIX 3HAYECHMH K (JOpMaM HAXOXKICHHS METALIOB, a TaKke 0oliee IMHUPOKYIO BaIK/aIHI0
Ha pasHbIX BHJAX CETbCKOXO3SMCTBEHHBIX KYJIBTYP H BPEMEHHBIX Maciutalbax /Uil pacilidpeHus
o0nacTd  NPUMEHHMOCTH  TONYYEHHBIX  BBIBOAOB.  YKa3aHHBIC  3aMEUaHMs  HOCAT
PEKOMEHAATE/IbHBIH XapaKTep H He BIUSIOT Ha OOIIYIO OEHKY PaboThl.

B 3akmouenue crenyer OTMETHTB, YTO AMCCEPTALUS SBJISETCS HAyYHO OBOCHOBAHHOM,
MCTOLOJIOTHYECKH CTPOTOM MW BHOCHT CYLICCTBCHHBIH BKJIaJ B [OHMMaHHE MOPOTrOBOIo
NOBEACHUS TsOKEIIBIX METAIIOB B KpaCHONIBETHBIX TpyHTax. [Ipeacrainernas pabora popmupyer
MPAKTHYECKYID OCHOBY Ui AH((EpeHIMPOBAHHONW IKOIOTHYECKOH OINEeHKH W pa3paboTku
CTpaTeruil ymnpapieHHs B OOMacTH IIPHPOJONOIB30BAHMS M ArpOKOJIOIHH B DErHOHAX €
KOHTPACTHLIM KapOoHaTHBIM (hOHOM.

Pabora coorseTcTBYeT TpeGOBaHHSM, YCTAHOBICHHBIM MOCKOBCKMM I'OCYIAPCTBEHHBIM
yauBepcutetom uMeru M.B.JloMoHOcOBa, a €€ aBTOp 3aciay)KHBAeT TPHCYXIEHHS Y4EHOM
CTEIICHH KaH/IMaTa reoioro-MHHEPAIOrM4eCKUX HayK 1o cneuraibHocTi 1.6.21. Teoakosorus.
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