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CHELATION OF HEAVY METALS IN
CONTAMINATED SOILS OF MINING REGIONS
OF KAZAKHSTAN USING VERMICOMPOST

Abstract. This study examines soil contamination by heavy metals in mining regions and evaluates the effect of vermicompost on their immobilisation. The accumu-
lation of Pb, Cd, Cu, and Zn in Kazakhstan is associated with intensive mining and metallurgical activities, leading to soil degradation. Vermicompost produced with the
participation of Eisenia fetida contains humic substances that promote metal chelation. It was found that its application reduces the mobility of heavy metals and increases
the organic matter content in soil. The concentration of mobile Pb decreased from 120 to 40 mg/kg, with similar trends observed for Cd, Cu, and Zn. The effect is attributed
to the formation of stable organometallic complexes. Vermicompost is shown to be an effective and environmentally friendly method for soil remediation.
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Ka3aKCTaHHbl]—[ Tay-KE€H aﬁMaKTaprHIlaFl:l aybIp MeTaJI/IapMeH JaCTaHraH TONbIPAKTBIH BEPMHUKOMIIOCT KOJIAaHY

APKbLIbI XeJaTTaJybl

Aunorauus. by seprreyue Tay-KeH oHAIpYy alMaKTapbIHIAFbl TONBIPAKTBHIH aybIp METAJIApPMEH JIACTAHYbI KOHE 0JIap/bl HMMOOHIIN3ALMSIIAYIa BEPMUKOMITOCTTHIH
ocepi kapacteipbubl. Kazakcranna Pb, Cd, Cu xoHe Zn )UHAILYbl KAPKBIH/IbI Tay-KeH )KOHE METaJUTy PTHSIBIK KbI3METIICH OaiiilaHbICThI, OYJI TOIBIPAKTBIH JIerPalaliHsChl-
Ha oKenesi. Eisenia fetida KaTbICybIMEH aJlbIHFAH BEPMHUKOMIIOCT KYPaMbIH/Ia METAIIAP/IbI XENATTayFa bIKIAIl eTeTiH TyMYCThIK 3aTTap 0ap. OHBIH KOJIAHBLITYBI aybIp Me-
TaJIAAP/IbIH KBUDKBIMAIBUIBIFBIH TOMEHICTII, TOMBIPAKTAFBI OPTraHUKAJIBIK 3aTTapABIH MOJIIICPIH apTTHIPAThIHbI aHbIKTAIbL. JKbUDKbIMaIEl Pb koHICHTparmscs! 120-1an
40 mr/kr-ra neiiin Temenneni, ykcac esrepicrep Cd, Cu xxoHe Zn yuiiH e 6aifkanasl. by acep TypakThl MeTauT0OpraHuKaibIK KeMeHIePIiH Ty3UTyiMeH TyciHaipiiesni.
BepMHKOMITOCT TOMBIPAKTHI KAJIITbIHA KETIPY/IIH 3KOJIOTHSUIBIK KayIIICi3 )KOHE THIM/I 9/1ici OOJIbI TaObLIaIbL.

Tyitinoi cozdep: ayvip memanidap, monvipak iAdCmanybl, 6epMUKOMIOCH, XeAAMMALY, MONbIPAKMbl KAINbIHA KEIMIPY, May-KeH aiuMakmapol.

XenaTnpOBaHne THKEJIBIX METAJIJIOB B 3arPA3HEHHBIX IMMOYBaX I‘OpHO}JOﬁBIBalO].llI/lX peruoHoB Ka3axcrana ¢ ucmojn-

30BAaHUEM BC€PMHUKOMIIOCTA

AHHOTauus. B 1aHHOM HCCIIeIOBAHUH W3YYEHO 3arpsi3HEHHE TI0YB TSHKEIBIMUA META/UIaMU B TOPHOAOOBIBAIOIIMX PETHOHAX U OLICHCHO BIMSHUE BEPMHKOMITOCTA Ha
nx ummobunusanuio. Hakortenue Pb, Cd, Cu v Zn B Ka3axcrane CBsI3aHO ¢ HHTCGHCHUBHO#T 100BIUEH U METAILTYPrUeii, YTO IPUBOIKT K ACrpaJaliiy M04B. BepMUKOMIIOCT,
nonyueHnslii ¢ yaactuem Eisenia fetida, comepkuT rymMmycoBble BELIEeCTBa, CIIOCOOCTBYIOIINE XEIATHPOBAHUIO METAJUIOB. YCTAHOBIIEHO, YTO €r0 NMPHUMEHEHHE CHIKACT
MO/IBI’KHOCTB TSDKEIIBIX METAJUIOB M MOBBIIIACT COACPKaHUEe OpraHndecKkoro BemiecTsa. Konnentpanus noasmwkHoro Ph cansunack ¢ 120 1o 40 Mr/kr, aHaJOrUYHbIC H3-
meneHus ormeueHsl it Cd, Cu u Zn. DdhekT cBsizaH ¢ 00pa3oBaHHEM YCTOWYUBBIX METAIIOOPTAaHUIECKUX KOMILICKCOB. BepMukoMmoct 3 peKTuBeH Kak IKOJOTUUESCKU

6e30MacHbIi METO/ PEMEIHALNH TT0YB.

Kntouesvie cnosa: mssicenvie memainno, 3azpssHenue nous, 6epMuKomMnocm, xeiamuposanue, paueduauu;z nous, 20pH0006bl@alomM€ pecuonbl.

Introduction

Soil contamination with heavy metals is one of the most se-
rious environmental problems, particularly in regions with de-
veloped mining and metallurgical industries [1, 2]. During the
processes of extraction, processing, and waste storage, signifi-
cant amounts of toxic elements, including lead (Pb), cadmium
(Cd), copper (Cu), zinc (Zn), nickel (NVi), and chromium (Cr),
are released into the environment [3]. These elements are highly
persistent under natural conditions, do not undergo biological
decomposition, and can accumulate in soil ecosystems, nega-
tively affecting microorganisms, plants, and human health [4].

In Kazakhstan, anthropogenic soil contamination is a se-
rious environmental issue, most pronounced in regions with
developed mining industries, such as East Kazakhstan, Kara-
ganda, Pavlodar, and Turkestan [5]. Prolonged exploitation of
mineral deposits, metallurgical-enterprise activities, and ac-
cumulation of industrial waste lead to the formation of zones
with elevated heavy metal concentrations in soils [6]. Under
such conditions, the natural functioning of soil ecosystems is
disrupted, biological activity decreases, and the agrochemical
properties of soils deteriorate.

One of the most promising approaches for the ecological re-
mediation of contaminated soils is the use of organic amendments
[7]. Of particular interest is vermicompost — a product of biolog-
ical processing of organic waste by earthworms, characterised by
a high content of humic substances, enzymes, amino acids, and
biologically active compounds [8]. Due to its rich composition
of organic compounds, vermicompost can significantly alter the
physicochemical and biological properties of soil.
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An important mechanism for reducing the toxicity of heavy
metals when using organic amendments is chelation, in which
metal ions are bound by functional groups of organic substances
to form stable complex compounds [9]. Humic and fulvic acids
present in vermicompost contain carboxyl, phenolic, and hydrox-
yl groups capable of forming stable organometallic complexes
[10]. As a result of this process, metal mobility in the soil is re-
duced, along with their solubility and bioavailability to plants.

In addition, the application of vermicompost promotes an
increase in organic matter content, improvement of soil struc-
ture, and enhancement of microbiological activity and enzy-
matic processes [11]. These changes play an important role in
the restoration of degraded soil ecosystems and in reducing the
environmental risks associated with heavy metal contamination.

Despite the considerable number of studies on contaminat-
ed soil remediation, the effectiveness of vermicompost for im-
mobilising heavy metals under arid soil conditions in Kazakh-
stan remains insufficiently studied [12]. The experiment was
conducted on soils affected by anthropogenic impact in one
of the mining regions of Kazakhstan. The limited geographic
coverage of the study should be considered when interpreting
the results. The aim of this work is to investigate the chelation
processes of heavy metals in contaminated soils upon vermi-
compost application and to assess its effect on metal mobility
and soil property restoration.

Materials and Methods
The study was conducted on soils affected by anthropogen-
ic impact in one of the mining districts of the East Kazakhstan
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region, reflecting the local nature of the research. Soil samples
with elevated heavy metal content were used as the study ob-
jects [1].

For the experiment, vermicompost obtained from the pro-
cessing of organic waste by earthworms of the species Eisenia
fetida was used [8]. Vermicompost was applied to the soil at
various doses to assess its effect on soil chemical properties
and metal mobility.

The physicochemical properties of the soils were deter-
mined using standard agrochemical analysis methods. The pH,
organic matter content, and concentrations of heavy metals
in mobile forms were measured [3, 9]. Mechanisms of heavy
metal binding were evaluated based on changes in their solu-
bility and interactions with the organic functional groups of
humic substances.

Results

The application of vermicompost led to significant changes
in the chemical properties of contaminated soils. An increase
in organic matter and humic compounds was observed, along
with the stabilisation of the soil pH.

The humic components of vermicompost actively interact-
ed with heavy metal ions, forming stable complex compounds.
Carboxyl, phenolic, and hydroxyl groups of humic substances
act as ligands capable of binding metal ions through multiple
coordination bonds. As a result, chelate complexes with high
stability and low solubility were formed.

Long-term monitoring showed that these chelate complex-
es persist in the soil for several months after vermicompost
application, ensuring stable immobilisation of heavy metals.
This was accompanied by a reduction in metal mobility and
decreased availability to plants throughout the observation pe-
riod.

The concentration of mobile Pb decreased from 120 mg/kg
in untreated soil to 40 mg/kg at a vermicompost dose of 20 t/ha,
with a similar trend observed for Cd, Cu and Zn (Figures 1-4).
In addition, vermicompost application increased soil organic
matter content from 1.8% to 4.4%, which further contributed to
metal immobilisation (Figure 5).

Effect of Vermicompost on Lead Mobility in Soil
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Figure 1. Effect of vermicompost application on Pb
mobility in contaminated soil.
Cyper 1. JIacTanFaH TONbIPaKTaFrbl Pb KbLTKYybIHA
BEPMHKOMIIOCTTHI KOJJIAHYABIH dcepi.
Puc. 1. Binsinne BHeceHNs] BepMHKOMIIOCTA HA
NOABUKHOCTH Pb B 3arpsi3HeHHoii mouBe.

Effect of Vermicompoest on Cadmium Mobility in Soil
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Figure 2. Effect of vermicompost application on Cd
mobility in contaminated soil
Cyper 2. Jlactanran TonbipakTarbl Cd :KbLIKYbIHA
BEPMHUKOMIIOCTTHI KOJIIAHY/ABIH dcepi.
Puc. 2. Biausinue BHeceHHs] BEPMUKOMIIOCTA HA
noaBu:KHOCTH Cd B 3arpsi3HEHHOI MoYBe.

Effect of Vermicompost on Copper Mobility in Sail
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Figure 3. Effect of vermicompost application on Cu
mobility in contaminated soil.
Cyper 3. JlacranraH TonbIpakTarbl Cu KbLIKYbIHA
BEPMHKOMIIOCTTHI KOJIAHYABIH dcepi.
Puc. 3. BinsiHue BHeceHUs] BepMHUKOMIIOCTA HA
noaBM:KHOCTH Cu B 3arpsi3HEHHOI MoYBe.

Effect of Vermicompost on Zinc Mobility in Soil
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Figure 4. Effect of vermicompost application on Zn
mobility in contaminated soil
Cyper 4. JlacTanFaH TONBIPAKTAFbI Zn KbLLKYbIHA
BePMHKOMIIOCTTHI KOJJIAHYABIH dcepi.
Puc. 4. 1usiHue BHeCeHUs] BEpMUKOMIIOCTA HA
NMOABMKHOCTB Zn B 3arpsi3HEHHOI Mmo4Be.
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Increase of Soil Organic Matter After Vermicompost Application
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Figure 5. Increase in soil organic matter content after
vermicompost application
Cyper 5. TonbIpak KYpaMbIHIAFbl OPTaHUKAJIBIK
3aTTap/iblH BEPMHUKOMIIOCT KOCKAH Ke3/Ieri :KoFapbLIay
KepceTKilmTepi.
Puc. 5. YBesmuuenne cogep:kaHusi OPraHu4ecKoro
BelleCTBA B MI0YBeE 10C/I¢ BHECEHUS] BEPMHKOMIIOCTA.

Monitoring of soil biological activity indicated positive
dynamics: microbial activity increased, contributing to the
restoration of biological balance and enhancing the trans-
formation of metals into stable organo-mineral forms. Thus,
vermicompost application not only stabilises the chemical
properties of the soil but also restores its bioactivity, pro-
viding comprehensive improvement of contaminated soil
quality.

Discussion

The results obtained showed that the application of vermi-
compost has a significant effect on reducing the mobility of
heavy metals in contaminated soils. With increasing doses of
vermicompost, a consistent decrease in the concentrations of
mobile forms of Pb, Cd, Cu and Zn was observed. The most
pronounced reduction was noted for lead: its content decreased
from 120 to 40 mg/kg at a vermicompost dose of 20 t/ha (Ta-
ble 1). A similar trend was observed for cadmium, copper, and
zine, confirming the effectiveness of using an organic ame-
liorant for stabilising toxic elements.

The reduction in heavy metal mobility is associated with
chelation processes due to the high content of humic substanc-
es in vermicompost. Humic and fulvic acids contain function-
al groups (-COOH, —OH, —C=0) capable of forming stable
complex compounds with metal ions. The formation of or-
ganometallic complexes decreases the solubility of metals and
limits their migration within the soil profile.

An additional factor in immobilisation is the increase in soil
organic matter content. The experiment showed that vermi-
compost application increased the organic matter content from
1.8 to 4.4%, which contributes to improved soil structure, en-

Table 1
Effect of vermicompost on the mobility of heavy metals in
contaminated soil
Kecme 1

Jlacmanean monvipaKkmazel ayvlp Memanoapovly
K032a12b1UlMbIZbIHA 6EPMUKOMNOCHMbLY, dCepi
Tabnuua 1
Bnuanue sepmuxomnocma Ha nOOBUNCHOCHb MAICETbIX
Mema’inoe 6 3azpA3HEHHOI nouge

\I/)e(ftl 1((1:(());2_ Pb Cd Cu Zn |Soil organic
(thay | (me/ke)|(mg/kg)|(mefkg)|(mg/kg)| matter (%)

0 120 6.5 85 210 1.8

5 95 5.1 72 180 24

10 70 3.8 60 150 3.1

15 52 2.9 49 130 3.8

20 40 2.2 41 110 4.4

hanced cation exchange capacity, and a greater ability to retain
heavy metal ions.

The increase in organic matter also promotes the activa-
tion of microbiological processes. Soil microorganisms par-
ticipate in metal transformation and the formation of stable
organo-mineral complexes, which helps restore the biological
activity of the soil ecosystem.

Thus, the application of vermicompost can be considered
an effective and environmentally safe method for remediating
contaminated soils, with promising potential for use in the
mining regions of Kazakhstan.

Conclusion

The results of the study confirm the effectiveness of vermi-
compost application in reducing the mobility of heavy metals in
contaminated soils. It was found that increasing the dose of ver-
micompost leads to a significant decrease in the concentrations of
mobile forms of Pb, Cd, Cu and Zn. The primary mechanism for
reducing metal mobility is chelation, resulting from the interac-
tion of metal ions with the functional groups of humic substances.

In addition, the application of vermicompost promotes an
increase in soil organic matter, improvement of its physico-
chemical properties, and enhancement of biological activity.
These changes play an important role in restoring the ecologi-
cal condition of degraded soils.

Thus, the use of vermicompost represents a promising and
environmentally safe technology for the remediation of con-
taminated soils in the mining regions of Kazakhstan. This ap-
proach helps reduce the bioavailability of heavy metals, limit
their migration within the soil-plant system, and enhance the
resilience of soil ecosystems.

REFERENCES
1. Ali H., Khan E., llahi I. (March 5, 2019). Environmental chemistry and ecotoxicology of hazardous heavy
metals: environmental persistence, toxicity, and bioaccumulation. Journal of Chemistry. https://doi.

org/10.1155/2019/6730305 (in English)

2. Heavy metals in agricultural soils of the European Union with implications for food safety / Toth G.
[et al.] // Environmental International. 2018. V. 88. 299-309 pp. (in English)

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026



[eoakomorns

75

10.

11.

12.

Remediation of heavy metal contaminated soils by using Solanum nigrum: A review / Rehman M.Z.U.
[et al.] // Ecotoxicology and environmental safety. 2017. V. 143. 236248 pp. (in English)
Chapterl — Uptake and translocation mechanisms of metals/metalloids in plants through soil and water
/ Ulhassan Z. [et al.] // Metals Metalloids Soil Plant Water Systems: Phytophysiology and Remediation
Techniques. 2022. 1-28 pp. (in English)
Faurat A., Azhayev G., Shupshibayev K., Akhmetov K., Boribay E., Abylkhassanov T. (July 30, 2024).
Assessment of Heavy Metal Contamination and Health Risks in «Snow Cover — Soil Cover — Vegetation
System» of Urban and Rural Gardens of an Industrial City in Kazakhstan. International Journal of
Environmental Research and Public Health. https://doi.org/10.3390/ijerph21081002 (in English)
Soil contamination with heavy metals as a potential and real risk to the environment / Motuzova G.V.
[et al.] // Journal of Geochemical Exploration. 2014. V. 144 (B). 241-246 pp. (in English)
Beesley L., Moreno-Jiménez E., Gomez-Eyles J.L. Effects of biochar and greenwaste compost amendments
on mobility, bioavailability and toxicity of inorganic and organic contaminants in a multi-element polluted
soil // Environmental Pollution. 2010. V. 15 8(6). 2282-2287 (in English)
The use of vermicompost in organic farming.: overview, effects on soil and economics / Lim S. L. [et al.] //
Journal of the science of food and agriculture. 2015. V. 95 (6). 1143—1156 pp. (in English)
Remediation of heavy metal(loid)s contaminated soils--to mobilize or to immobilize? / Bolan N. [et al.] //
Journal of hazardous materials. 2014. V. 266. 141-166 pp. (in English)
Foliar heavy metal uptake, toxicity and detoxification in plants: A comparison of foliar and root
metal uptake / Shahid M. [et al.] // Journal of Hazardous Materials. 2017. V. 325. 3658 pp.
(in English)
Agegnehu G., Srivastava A.K., Bird M.1. The role of biochar and biochar-compost in improving soil
quality and crop performance: A review // Applied Soil Ecology. 2017. V. 119. 156—170 pp. (in English)
Selecting chemical and ecotoxicological test batteries for risk assessment of trace element-contaminated
soils (phyto)managed by gentle remediation options (GRO) / Kumpiene J. [et al.] // Science of The Total
Environment. 2014. V. 496. 510-522 pp. (in English)

HAIZI[AJIAHI)IJ[FAH OJEBUETTEP TI3IMI
Anu X., Xan E., Unaxu U. (2019 sceineer 5 nayporz). Kayinmi ayvlp memandapovly KOpuaean opmaoazvl
XUMUSLCHL JCIHE IKOMOKCUKOIOSUACHL: KOPULARAH OpMA0d MYPAKMbLIbIK, YblMMbLIbIK e OuoKopiany //
Journal of Chemistry. https://doi.org/10.1155/2019/6730305 (agvtiwvin mininoe)
Eyponanvix O0axmoeiy ayvli wapyauiblivlebl MONbIpAKMApblHOARbL AYblp Memaiodp Hcane a3vlK-myiiK
gayincizoieine acepi / Tom I. [scone m. 6.] // Environmental International. 2018. T. 88. 5. 299-309
(azbiiutoln mininoe)
Solanum nigrum natidaranvin ayvlp MmemaimeHr 1dCMAH2AH MONbIPAKMbl KALNbIHA KeAmipy: wony /
Pexman M.3.V. [scone m. 6.] // Ecotoxicology and Environmental Safety. 2017. T. 143. B. 236248
(azbinutoln mininoe)
bonim 1 — Ocimoikxmepde memanoap/memanrioudmepoiy monvipax HCaHe Cy APKblibl HCYMBLLY HCIHE
macvimanroany mexanuzmoepi / Ynoxaccan 3. [ocone m. 6.] // Metals Metalloids Soil Plant Water Systems:
Phytophysiology and Remediation Techniques. 2022. 5. 1-28 (agvtiwvin mininoe)
@oapam A., Axwcaes I., llynwubaes K., Axmemos K., Bopubaii E., Abvinixaccanos T. (2024 xcvinzer 30
winde). Kazaxcmanodager undycmpuanovl Karadagsl Kaia dtcamne ayvli oaxuiaiapvinviy « Kap scabvin —
Tonvipax Kkabamel — Ocimoikmep awcyvecin 6OUbIHWA AYbIP MEMANLOAPMEH JIACNAHY HCIHE 0EeHCAVIbIK
gayinmepin 6aeanay. International Journal of Environmental Research and Public Health. https://doi.
org/10.3390/ijerph21081002 (agvrtiwvin mininoe)
Ayvip memanoapmen monvipakmoly 1aCMAHybl KOPUAEAH Opmaga aieyemmi Jdcone naKmol Kayin /
Momysoea I''B. [scone m. 6.] // Journal of Geochemical Exploration. 2014. T. 144 (B). b. 241-246
(azbiiutoln mininoe)
busznu JI., Mopeno-Xumenec E., Fomes-Duac [Hoc.Jl. Buouap sxncane xncacvli KaioblKk KOMNOCMMAPbIH KOCY
MONBIPAKMAbl dPMYPAL TACMAHEAH 3AMMAPObLY KO32ANbIULIMBIELL, OUOKOLOAHBLILYbL JHCIHE Vbl MM bLIbIEbIHA
acepi // Environmental Pollution. 2010. T. 158 (6). b. 2282-2287 (azeiiubin mininoe)
OpeaHuKaivlk ayvli wapyaublivleblHOad KYMbIpCKAKYPM KOMROCMbIH NAUOANARY. WOLY, MONbIPAKKA
acepi ocone skonomuranolk muimoiniei / Jlum C.JI. [acone m. 6.] // Journal of the Science of Food and
Agriculture. 2015. T. 95 (6). 5. 1143—1156 (azvinwoin mininoe)

T'opnotit scypnan Kazaxcmana Ne3’ 2026



76
[eoakomorus

9. Ayvip memanoapmen (Memanriouomapmen) 1aCman2an MonvlpaKmsl KAjinblHa KeImipy — KO3eaimy nemece
mypakmanowslpy kepek ne? / Boran H. [acone m. 6.] // Journal of Hazardous Materials. 2014. T. 266.

b. 141-166 (azvinuwbin mininoe)

10. Ocimoikmepoe dcanvipak apKvlivl Ayblp MemaiddpObiy HCYMbLIYbl, YolMMbLIbIEbL HCIHE OCMOKCUKAYUICHL!
AHCANBIPAK JHCIHE MAMBLD APKLLIGL ACYMbLLYObl carvicmoulpy / Hlaxuo M. [scone m. 6.] // Journal of
Hazardous Materials. 2017. T. 325. B. 36—58 (azvinwoin mininoe)

11. Aeenexy I, Cpuscmasa A.K., bepo M.U. Buouap men 6uoyap-xomnocmmosiy monviparx candacuvli JcaHe
ecicmik oHimMOLNIciH Hcakcapmyoazsl peai: wony // Applied Soil Ecology. 2017. T. 119. 5. 156—170
(agvLiuivli mininoe)

12. Kanovikmapowel scymcar Kainvina keamipy adicmepimen (GRO) 6ackapoviiamoln i3 d1emMeHmmepmen
NACMAHAH MONBIPAKMApPOblY Kayinminiein 6aganiay yulin XUMUusiblK HCIHEe IKOMOKCUKOIOSUSIbLE MeCm
orcuvtumolkmapuin manoay / Kymnuene XK. [scone m. 6.] // Science of The Total Environment. 2014. T. 496.
b. 510-522 (azvinuwbin mininoe)

CIITUCOK UCITOJB3OBAHHBIX HCTOYHUKOB

1. Anu X., Xan E., Hnaxu U. (5 mapma 2019 2.). Dxkonoeuuecxkas Xumus u 9KOMOKCUKONLO2USL ONACHBLX
MAANCENBIX MEMANL08: YCMOUYUBOCMb 68 OKpYdIcalowell cpede, MmOKCUYHoCcms u buoakkymyasayus. Journal of
Chemistry. https://doi.org/10.1155/2019/6730305 (ha anenuiickom s3vike)

2. Taoxcenvie memannvl 6 cenibckoxossticmeennvlx nousax Esponeiickoeo Cowsa u ux 3navenue 0s
beszonacnocmu npodykmoe numanus / Tom I'. [u op.] // Environmental International. 2018. T. 88. C. 299—
309 (na anenuiickom sa3viKe)

3. Pemeduayus nous, 3aepA3HEeHHbIX MANCENbIMU MEMANIAMU, C UCNOAb308aHUeM Solanum nigrum: 0630p
/ Pexman M.3.V. [u op.] // Ecotoxicology and Environmental Safety. 2017. T. 143. C. 236-248 (na
aHenulcKkom s3vlKe)

4. Tnasa 1 — Mexanuzmol noeiouenus u mpaHcnopma mMemanios/Memaiioudos 6 pacmeHusx yepes nougy
u 600y / Yuvxaccan 3. [u op.] // Metals Metalloids Soil Plant Water Systems: Phytophysiology and
Remediation Techniques. 2022. C. 1-28 (na anenuiickom szvike)

5. @oapam A., Axcaes I'., Ulynwubaes K., Axmemos K., bopubau E., Abowvinxaccanos T. (30 utonn 2024
2.). Oyenka 3azpasmuenuss MANCEAbIMU MEMALIAMU U PUCKOB 0151 300p06bsi 6 cucmeme « ChedcHblll
nokpog — Ilousennwviii nokpoe — PacmumenvHocmovy» 20poOCKUX U CELbCKUX CA008 NPOMbLULLEHHO20
eopooa Kazaxcmana. International Journal of Environmental Research and Public Health. https://doi.
org/10.3390/ijerph21081002 (na anenutickom s3vixe)

6. 3acpsazneHnue Nou8 MANCEAbIMU MEMALIAMU KAK NOMEHYUALbHAS U PedalbHas yepo3a 01s OKpydcaoujel
cpeowt / Momysoea I'.B. [u op.] // Journal of Geochemical Exploration. 2014. T. 144 (B). C. 241-246
(na anenutickom sa3vixe)

7. bBusau JI., Mopeno-Xumenec E., F'omes-Dunc Hoc. JI. Brusnue énecenus 6uowapa u KOMNOCmMa u3 3ejl1eHblx
0mxX0006 HA NOOBUNCHOCMb, OUODOCMYNHOCMY U MOKCUYHOCHb HEOP2AHUYECKUX U OPSAHUYECKUX
3aepszHumenell 8 MHO2OKOMNOHEHMHO 3azpsasHennol nouee // Environmental Pollution. 2010. T. 158 (6).
C. 2282-2287 (na anenuiickom sa3vike)

8. Hcnonvzosanue 6epmMukoMnocma 6 opeanuieckom 3emiedeiuu: 0030p, lusHue Ha NO48Y U IKOHOMUKA /
Jlum CJL. [u op.] // Journal of the Science of Food and Agriculture. 2015. T. 95 (6). C. 1143—1156 (na
aHenulicKkom s3viKe)

9. Pemeduayus noug, 3a2pA3HEeHHbIX MANCENbIMU MEMANIAMU (MEMALIoUd08) — MOOUIUZ06AMb ULU
ummoobunuzosams? / bonan H. [u op.] // Journal of Hazardous Materials. 2014. T. 266. C. 141-166 (na
aHenulcKkom s3vlKe)

10. Hoenowenue masicenvlx Memaiio8 IUCMbIMU, MOKCUYHOCMb U 0eMOKCUKAYUSL pACMEHUN: CpABHeHUe
AUCM06020 u KopHeo2o noziowenus / Llaxuo M. [u op.] // Journal of Hazardous Materials. 2017. T. 325.
C. 3658 (na anenuiickom sa3vike)

11. Aeenexy I'., Cpuscmasa A.K., bepo M.U. Ponv 6buouapa u 6uouap-komMnocma 6 yayuuleHuu Kavecmea no4sol
U NPOOYKMUBHOCMU CELbCKOXO3AUCMEEeHHbIX Kyabmyp: 0630p // Applied Soil Ecology. 2017. T. 119. C. 156—
170 (na aneautickom a3vixe)

12. Bvibop xumuueckux u 9KOMOKCUKOIO2UYECKUX MeCMO8 Ol OYEeHKU PUCKA NOY8, 3A2PAZHEHHBIX
MUKDOIIeMEeHMAaMU, YRpasisemvlx maexumu memooamu pemeouayuu (GRO) / Kymnuene XK. [u Op.] //
Science of The Total Environment. 2014. T. 496. C. 510-522 (ha anenutickom s3vike)

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026



77
[eoakomorus

Information about the authors:

Sunakbaeva D.K., candidate of technical sciences, Khoja Akhmet Yassawi International Kazakh-Turkish University (Turkestan, Kazakhstan),
dilara.sunakbayeva@ayu.edu.kz; https://orcid.org/0009-0006-3727-4891

Yuldashbek D.Kh., Master of Chemistry, Senior Researcher of the Research Institute «Ecology», Khoja Akhmet Yassawi International
Kazakh-Turkish University (Turkestan, Kazakhstan), daviat.yuldashbek@ayu.edu.kz; https://orcid.org/0000-0001-9342-7502

Aitekova K.U., candidate of technical sciences, assistant professor, Sherkhan Murtaza International Taraz University (Taraz, Kazakhstan),
Aytekoval972@mail.ru; https://orcid.org/0000-0001-8439-944X

Kenzhaliyev D.D., master of agricultural sciences, assistant, Sherkhan Murtaza International Taraz University (Taraz, Kazakhstan),
kenzhalievd@mail.ru; https://orcid.org/0000-0003-1455-9385

ABTOpJIap TypaJibl MaJTiMeTTep:

Cynaxoaesa /I.K., 1.¥.x., Kooka Axmer Slcayn aTteiHnarbl XanblKapalblk Kazak-Typik yauBepcureTi (TypkicTan K., Kazakcran)

FOnoawoex /1.X., xumus maructpi, «xonorusi» F31-HbIH ara FeutbIME KbI3MeTKepi, Koka AxmeT Slcayn aThIHAAFbl XalbIKapablK Ka3ak-
Typik yauBepcureti (Typkicran k., Kazakcran)

Aitmexosa K. Y., T.¥.x., npodeccopnsin accuctenri, [llepxan Myprasa arbiagarsl Xansikapaibslk Tapa3 yausepcureri (Tapas k., Kazakcran)
Kenscanuee /1./1., aypln mapyambUIbIFbl FEUTBIMAAPBIHBIH MarucTpi, accuctent, Lllepxan MypTasa arbiHaarsl Xanslkapaiblk Tapas yHUBEp-
cureri (Tapa3 k., Kasakcran)

Caeienusi 00 aBTOpax:

Cynaxoaesa /I.K., x.1.H., MexXIyHapOIHBINH Ka3aXCKO-TYpELKUI yHUBepcUTeT UM. Xomku Axmena Scasu (1. Typkecran, Kazaxcran)
FOnoawoex /I.X., MarucTp XUMUH, CTapiuid Hay4Hblid coTpynHuk HUW «Dxomorus», MexayHapOmHBIH Ka3aXCKO-TypEIKHIA YHUBEPCHTET
nM. Xomku Axmena Scasu (T. Typkectan, Kazaxcran)

Aiitmexosa K.Y., x.1.H., accucteHnT npodeccopa, Mexxaynaponusiii Tapasckuiil ynusepcutet um. llepxana Myptassl (. Tapa3, Kazaxcran)

Kencanuee /I./1., Maructp ceabCcKOTO XO3SHCTBA, aCCUCTEHT, MexxayHapoaHslid Tapasckuii yHuBepcureT uM. Lllepxana Myprassr (1. Tapas,
Kazaxcran)

4

CNT@PAHb|

WWW.CRANE-EXPO.RU

17-19 niona 2026

r. Mocksa, BJHX,
57 naBWNbOH

MEXOYHAPOOHASA CNELINATTN3NPOBAHHAA BbICTABKA

CITTOKPARDI

CMNEUTEXHUKA W NOOBEMHO-TPAHCMOPTHOE OBOPYOBAHNE

DKCITO PNZRINALS!

BLICTABOYHAA KOMMAHMWA




