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COMPARATIVE ASSESSMENT OF HEAVY METAL CONTENT
IN SOILS OF INDUSTRIAL ZONES IN UST-KAMENOGORSK

In the city of Ust-Kamenogorsk, which is the largest industrial center of the East Kazakhstan region,
long-term activities of non-ferrous metallurgy and thermal energy enterprises lead to the accumulation of
heavy metals in the soil and form foci of sustainable man-made pollution. Among such pollutants, lead
(PB), cadmium (Cd), copper (Cu) and zinc (Zn) are especially dangerous because they persist in the soil
for a long time, accumulate in Biosystems and pose a serious threat to the ecosystem and human health.
The purpose of the study is to determine the actual concentration of heavy metals in the soil in the in-
dustrial zones of Ust-Kamenogorsk and compare them with the maximum permissible concentrations
(MPC) approved in the Republic of Kazakhstan, as well as assess the level of environmental risk in the
region. At the same time, the results obtained make it possible to compare the concentrations recorded
in industrial areas with natural levels in the background area, which is important in assessing the real
scale of the man-made load.

The scientific and practical significance of the study is that it provides new data reflecting the real
state of the soil in an area with a high level of industrial pollution and forms the necessary scientific basis
for planning environmental measures. The methodology was to take samples from a soil layer at a depth
of 0-20 CM, prepare them to use the acid dissolution method according to ISO 11466 standard and
determine the concentrations of Pb, Cd, Cu and Zn using atomic absorption spectrometry (AAS).

The results showed that in soils in the industrial zone, the content of Pb and Cd exceeds MPC by
5-11 times, Zn and Cu-by 2-5 times, respectively, and the concentrations in the background zone cor-
respond to the standards. Comparison with natural levels detected in the background area proves that
the accumulation of heavy metals was formed as a result of man-made impacts characteristic only of
industrial points and clearly shows the spatial differences between the sources of pollution. This proves
the High man-made impact of industrial facilities and the presence of a risk of heavy metal migration
in the region. The value of the study lies in the fact that it provides quantitative data that allows you to
determine the exact proportion of polluting sources, conduct environmental monitoring and plan resto-
ration work.

The practical significance of the work lies in the fact that the results obtained can be used in the
development of programs for environmental assessment of industrial territories, Zoning By risk levels
and remediation.

Keywords: heavy metals, soil pollution, atomic absorption spectrometry, maximum permissible
concentration, Ust-Kamenogorsk.
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OcKkeMeH KaAacCblHbIH, OHEPKACINTIK aiMaKTapbIHAAFbI
TOMNbIPAKTAPAAFbl ayblp METAAAAPAbIH MOALLEPIH CaAbICTbIPMAaAbI OaFaray

Lbirbic KaszakcraH OOGAbICbIHbIH, ipi ©HEPKSCINTIK OpTaAblFbl GOAbIN TabblAaTbiH ©OCKemeH
KAAACbIHAQ TYCTi METAAAYPrUs XKeHe >KbIAy 3HepreTuMka KacCinopblHAAPbIHbIH, y3ak, XXbIAABIK, KbI3MeTi
TOMbIPAKTa ayblp METaAAAPAbIH >KMHAAYbIHA SKEAIN, TypakTbl TEXHOMEHAIK AacTaHy OlUAKTapbiH
KaAbINTacTbipyAa. MyHAQM AacTaylibiAapAblH iwiHAe KopfFacbiH (Pb), kaamuit (Cd), mbic (Cu) >koHe
MbIpbIl (Zn) epekiie KayinTi, ce6ebi oAap ToMblpakTa y3aK, CaKTaAbin, OMOXYMeAepre >KMHaKTaAbIM,
3KOXKYIME MEH aAAM AEHCaYAbIFbIHA AEYAI Kayin TOHAIPeAi. 3epTTeyAiH MaKcaTbl — ©CKeMeH KAAaCbIHbIH,
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MaKTapblHAAFbl TOMbIPAKTaFbl ayblp METAAAAPAbBIH HAKTbl KOHLLEHTPALUMSIChIH aHbIKTar, oAnapAbl Kasak-
ctaH PecnybamkacbiHAa GeKiTiAreH LekTi pykcart eTiareH KoHueHtpaumsaapmed (LLIPK) caabicTbipy,
COHAQM-aK, aiMaKTbIH 3KOAOTUSIAbIK, TOYeKeA AeHreniH 6arasay. COHbIMEH KaTap aAblHFaH HOTMXXEAep
OHEepKaCINTiK aymakTapAa TIPKEAreH KOHLEeHTpaumsAapAbl (POHABIK, aiMaKTarbl TaBUFM AEHrenAepmeH
CaAbICTbIPYFa MYMKIHAIK 6epeAi, 6YA TEXHOrEHAIK >KYKTEMEHIH HaKTbl ayKbIMbIH 6ararayAa MaHbI3AbI.

3epTTeyAiH FbIAbIMU >KOHE NMPaKTUKAAbIK, MaHbI3AbIAbIFbl — OHEPKACIMTIK AaCTaHy AeHreli >KoFapbl
aMaKTarbl TOMbIPAKTbIH HAKTbl XKaFAalblH KOPCETETIH >KaHa AEPEeKTEePAl YCbIHYbl >KoHe TabuFaTTbl
KOpFay LapaAapblH KOCMapAayFa KaXeTTi FbIAbIMU HETi3 KaAbINTACTbIpybl. DaicTeme peTiHae 0—-20 cm
TepeHAIKTeri Tornbipak, KadaTbiHaH CbiHaMaAap aAy, oAapAbl ISO 11466 ctaHAAPTbl GOMbIHLLA KbILIKbIA-
Abl €piTy 8AICI apKbIAbl AQbIHAQY XK8HE aTOMAbIK, aOCOPOLMSAbIK, CrieKTpomeTpust (AAS) KemerimeH
Pb, Cd, Cu xeHe Zn KOHUEHTpaUMSIAapPbIH aHbIKTAy KOAAAHBIAADI.

HeTuxxeaep kepceTkeHAEN, 6HEepPKaCINTIK aiMakTarbl TonbipakTapaa Pb sxeHe Cd meawepi LLIPK-
AaH THiciHwe 5-11 ecere, Zn xaHe Cu — 2-5 ecere aAeniH apTblkK, aA POHABIK, aliMaKTaFbl KOHLEHT-
paumsinap HopmaTmeTepre comkec keaeai. DOHABIK, aiMakTa aHblKTaAFaH TabuFM AeHremAepmet
CaAbICTbIPY ayblp METAaAAAPAbIH XKMHAKTaAybl TEK ©HEPKSCINTIK HYKTeAepre ToH TEXHOrEeHAIK acep Ha-
TUXKECIHAE KAAbIMTACKAHbIH ADAEAAENAT XKBHE AACTaHy KO3AEPiHiH KeHICTIKTIK aiblpMaLlbIAbIKTapbIH
HaKTbl KepceTeAi. byA eHepkacinTik 06beKTIAePAIH TEXHOrEHAIK 8CepiHiH, XKOFapbl eKeHiH >kaHe aii-
MakTa ayblp METaAAAPAbIH MArpaLIMs KayriHiH 6ap eKeHiH ADAEAAENMAI. 3epTTeyAIH KYHABIAbIFbI — AAC-
TayLlbl KE3AEPAIH HAKTbl YAECIH aHbIKTayFa, 3KOAOTUSIAbIK, MOHUTOPWHI >KYPri3yre >XeHe KaArMbIHA KeA-
Tipy >KyMbICTapbIH >KOCMapAayFa MyMKiHAIK 6epeTiH CaHAbIK, MOAIMETTep BepyiHAe.

KYMbICTbIH, MPaKTUKAAbIK, MaHbI3bl — aAbIHFAH HOTMXKEAEPAT OHEPKCIMNTIK ayMaKTapAbl 3KOAOTM1S-
AbIK, TYpFblAaH 6aranay, Kayin AeHrenAepi 60MbiHLLIA 30HUPARY XXoHe pemeAmaums GarAapAamasapblH
a3ipAey 6apbiCbiHAQ KOAAAHYFA BOAATBIHAbIFbIHAA.

Tyiin cesaep: ayblp MeTaAAap, TOMbIPAK, AACTaHybl, aTOMAbIK, aBCOPOLMSAbIK, CMEKTPOMETPUS,
LWIEeKTi pyKcaT eTiAreH KOHUEeHTpaLms, ©ckemeH.
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CpaBHUTeAbHasi OLLEHKA COAEPXKaHUS TSHKEAbIX METAAAOB
B MO4BaX NMPOMBbILLUAEHHbIX 30H T. YcTb-KameHoropck

B ropoae YcTb-KameHoropcke, KOTOPbIN SBASETCS KPYMHENLLMM MPOMBILLAEHHbIM LeHTpomM Boc-
TOouHO-KazaxcTtaHCKonm 06AACTU, MHOTOAETHSS AESTEABHOCTb MPEANPUSTUIA LIBETHOM METAAAYPIM U
TENAOIHEPreTMKN MPUBOANT K HAKOMAEHMIO TSXKEAbIX METAAAOB B MOYBE 1 (POPMMPYET OYarn yCtonum-
BOIO TEXHOreHHOro 3arpsisHeHus. Cpean Takux 3arpsisHuteaert ceuHel, (PB), kaamumin (Cd), meab (Cu)
M UMHK (Zn) 0COGEHHO OMacHbl, MOCKOAbKY OHWM AAMTEABHOE BPEMSI COXPAHSIIOTCS B MOYBE, HaKarnAvBa-
l0TCS B GMOCHCTEMAX M NMPEACTABASIIOT CEPbE3HYIO YIPo3y 3KOCUCTEME M 3A0POBbIO YeroBeka. Lleabio
MCCAEAOBaHMNS SIBASIETCS OnpeAeAeHne (PaKTUHEeCKMX KOHLEHTPaLMA TSIXKEAbIX METAAAOB B MOYBE B
MPOMbILIAEHHbIX 30Hax YCTb-KameHOoropcka n cpaBHeHMe Mx C MPeAEAbHO AOMYCTUMbIMKW KOHLEHTPA-
umamm (MAK), yTBepxaeHHbIMM B Pecriybanke KasaxcraH, a Tak>ke oLeHKa YPOBHSI 3KOAOTMYECKOro
pucKa B permoHe. B TO >ke Bpemsi MOAyYeHHble pe3yAbTaTbl MO3BOASIOT CPABHUTb KOHLIEHTpALMM, 3a-
(UKCHMPOBaHHbIE B MPOMBILLUAEHHbIX 30HAX, C €CTECTBEHHbIMW YPOBHIMM B (POHOBOM 30HE, YTO BaXKHO
AAS OLLEHKM PeaAbHbIX MAaCLUTabOB TEXHOrEHHOM Harpy3Ku.

HayuHas 1 npakTnyeckas 3HaUYMMOCTb MCCAEAOBAHMS 3aKAIOHAETCS B TOM, YTO OHO NPeAOCTaBASeT
HOBble AaHHblEe, OTPaXKaloLLMe PeaAbHOe COCTOSIHME MOYBbI B PaliOHE C BbICOKMM YPOBHEM MPOMbILLAEH-
HOro 3arpsi3HeHusi, U opMUPYET HEOOXOAMMYIO HayUHYIO 6a3y AASl TAQHWMPOBAHMSI MPUPOAOOXPAHHbIX
MeponpusaTHii. MeToamMKa 3akAloUaAach B oT6ope npob 13 cAos MouBbl Ha ray6uHe 0—-20 cMm, 1x obpa-
60TKe METOAOM KMCAOTHOIO PacTBOPEHUs B COOTBETCTBMM CO cTaHaapTom ISO 11466 1 onpeaeaeHnmn
koHueHTpauuii Pb, Cd, Cu 1 Zn ¢ nomoLpbto aToMHO-abCOpOLMOHHOM criekTpoMeTpumn (AAS).

Pe3yAbTaTbl MOKa3aAu, YTO B MOYBAX MPOMbILLIAEHHOM 30HbI coAep>kaHue Pb 1 Cd npesbiwaet MAK
B 5—11 pa3, Zn 1 Cu — B 2—5 pa3 COOTBETCTBEHHO, a KOHLIEHTpaLuKn B (pOHOBOI 30HE COOTBETCTBYIOT
HopmaTtueam. CpaBHEHME C eCTECTBEHHbIMM YPOBHSIMM, OGHAPY KEHHbIMM B (POHOBOW 30HE, AOKasblBa-
€T, UTO HAKOMAEHME TSKEAbIX METAAAOB 06PA30BAAOCh B PE3YAbTATE TEXHOTEHHbIX BO3AENCTBUIA, Xa-
paKTePHbIX TOAbKO AAS MPOMBILUAEHHbIX TOYEK, M HAarASAHO NMOKa3blBAET NPOCTPAHCTBEHHbIE PA3AMUMNS
MeXKAY MCTOYHMKAMM 3arpsa3HeHnsi. ITO AOKA3bIBAET BbICOKYIO TEXHOTE€HHYIO HArpy3Ky MpOMbILLIAEH-
HbIX OObEKTOB M HAaAMUME PUCKA MUIPALMU TSXKEAbIX METAAAOB B pervoHe. LIeHHOCTb MccAeAOBaHMS
3aKAIOYAETCS B TOM, UTO OHO MPEAOCTABASIET KOAMYECTBEHHbIE AQHHbIE, MO3BOASIOLLNE ONPEAEAUTD
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Comparative assessment of heavy metal content in soils of industrial zones in Ust-Kamenogorsk

TOYHYIO AOAIO MICTOYHMKOB 3arpga3HeHns, NpoBOAUNTb 3KOAOrMYeCKUi MOHUTOPWUHI N MAQHNPOBATb BOC-

CTaHOBUTEAbHbI€ pa6OTbI .

MpakT1ueckas 3HaUMMOCTb PabOTbl 3aKAIOUAETCS B TOM, UTO MOAYYEHHbIE PE3YAbTAThbl MOTYT ObITh
MCMOAb30BaHbI NMPU pa3paboTKe NMPOrpamMm 3KOAOMMUYECKON OLEHKU NMPOMbILLAEHHbBIX TEPPUTOPUI, 30-

HMPOBaHMS MO YPOBHSIM PUCKA U PEKYABTUBALMM.

KAtoueBble CAOBa: TIXKEAbIE METAAAbI, 3arpsi3HEHME MOYBbl, ATOMHO-abCOPOLIMOHHAS CEKTPOMe-
TpU4, NPEAEABHO AOMYCTUMas KOHLLeHTpauus, YcTb-KameHnoropck.

Introduction

Soil pollution by heavy metals in industrial re-
gions of Kazakhstan is one of the most important
factors that pose a significant threat to environmen-
tal stability, Public Health and productivity of agro-
landscapes. Non-ferrous metallurgy, thermal power,
chemical industry and Urban man-made processes
contribute to the continuous ingress of toxic ele-
ments such as lead (Pb), cadmium (Cd), zinc (Zn)
and copper (Cu) into the soil. The chemical inert-
ness, non-biodegradability and long-term storage
capacity of heavy metals place them in the category
of environmentally hazardous pollutants (Amin et
al., 2020; Li et al., 2022).

The accumulation of heavy metals in the soil
changes its chemical, physical and biological prop-
erties, as a result of which the activity of the soil
microbiota decreases and the biological productivity
of plants deteriorates. In addition, heavy metals pass
through the root system to plants, and then enter the
animal and human body, leading to a violation of the
biological chain and the risk of chronic poisoning
(Lietal., 2022).

Industrial zones in Kazakhstan, especially the
cities of Karaganda, Ust-Kamenogorsk and Shy-
mkent, are historically characterized as territories
highly contaminated with heavy metals. Large met-
allurgical enterprises located in Ust — Kamenogo-
rsk —JSC “Kazzinc”, Ulba metallurgical plant (Ulba
metallurgical plant) and Ust-Kamenogorsk thermal
power plant-are the main sources of man-made
pollution in the soil. Recent studies prove that the
concentrations of Pb, Cd and Zn in the soils of the
Ust-Kamenogorsk region are several times higher
than the background level (Spychalski & Woszczyk,
2022; Ministry of Health of the RK, 2022).

The main reason for this situation is atmospheric
dust, wind transport of industrial waste, the spread
of sludge and ash formed in non — ferrous metal-
lurgy processes into the environment. Long-term
storage of heavy metals in the soil leads to their for-
mation of permanent man-made “hot spots”, which
increases the level of ecosystem risk (Huang et al.,
2022).
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The relevance of the problem of heavy metals
is also due to their danger to human health. The ac-
cumulation of Pb is distinguished by damage to the
nervous system, Cd — kidney pathologies and de-
struction of bone tissue, and excess Zn and Cu has
a negative effect on plant metabolism (Feng et al.,
2021). Therefore, a clear determination of the lev-
el of soil pollution with heavy metals in industrial
zones and its comparison with sanitary standards is
one of the main tasks of environmental monitoring.

The purpose of this study is to assess the level
of environmental risk by determining the actual con-
centrations of heavy metals (Pb, Cd, Zn, Cu) in the
soil of industrial zones in Kazakhstan and compar-
ing them with the maximum permissible concentra-
tions.

Soil pollution in industrial zones with heavy
metals is a complex geoecological problem that is
studied in many countries of the world. Long-term
storage of heavy metals in the soil, migration capac-
ity and biological availability make them among the
dangerous anthropogenic pollutants. In recent years,
a number of fundamental and applied research has
been carried out in this direction.

Most of the international research is aimed at
identifying the patterns of accumulation of heavy
metals in the soil, their sources of pollution and their
impact on the ecosystem. For example, Li et al. at-
tributed the high PB and Cd levels in China’s indus-
trial regions to long-term emissions from metallurgy
and coal energy (Amin et al., 2020). This study is
considered an important work that proved the mech-
anisms by which heavy metals enter the soil through
atmospheric deposition.

Shahid et al., studying the bioavailability of
heavy metals for plants, found their organomineral
bonds, soil pH and dependence on the amount of or-
ganic matter (Ali et al., 2022). This conclusion indi-
cates that the physico-chemical properties of the soil
directly affect the migration of heavy metals.

According to the level of pollution in industrial
zones, Zhang et al. The results of the study showed
that the concentrations of Cd, Zn and Pb in the vi-
cinity of metallurgical clusters are 5-10 times higher
than the background level (Khan et al., 2022). The
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authors explain the distribution of heavy metals by
the influence of atmospheric dust-pollen and tailings.

The influence of climatic factors on the distribu-
tion of heavy metals in the soil Huang et al. studied
(Huang et al., 2022). They showed that in arid re-
gions, high evaporation and low precipitation create
conditions for the accumulation of heavy metals in
the soil in high concentrations. This conclusion fully
corresponds to the climatic features of Kazakhstan.

Feng et al of the ecosystem consequences of
man-made pollution studied in detail and proved
that Pb and Cd disrupt the enzyme systems of plants
and reduce the intensity of photosynthesis (Woszc-
zyk et al., 2018). This means that heavy metals also
have a direct impact on the quality of agricultural
products.

Ali et al on cartography of soil pollution in in-
dustrial cities proposed effective ways to detect man-
made “hot spots” using geostatistical methods with
high spatial accuracy. This method is very relevant
for metallurgical regions such as Ust-Kamenogorsk
(Huang et al., 2022).

An important study on the sources and mecha-
nisms of distribution of heavy metals in the soil is
Liu et al. (Zeng et al., 2021). The authors attribute
metallurgy, transport emission, coal burning, im-
proper storage of industrial waste and the construc-
tion industry to the main sources of heavy metals.

The research carried out in geographical regions
close to Kazakhstan also lays an important scientific
foundation for our work. For example, in Central

Figure 1

Asia, the trend of man-made pollution is observed
by Rodrigues et al. (Zeng et al., 2021), noting that
Cd and Pb concentrations in industrial cities have
not decreased in the last 10 years.

According to the results of a comparative study
of the ecosystem hazard of heavy metals in the soils
of'industrial zones Kumar et al. (Shahid et al., 2021).
Affirms that Pb and Cd are the most toxic elements,
their excess of MPC poses a significant threat to hu-
man health.

The mechanism of atmospheric deposition was
clarified by Wang et al. The study (Li et al., 2022),
found that the PM2.5 fractions from metallurgical
enterprises contain high amounts of Cd, Pb and Cu.
This indicates that they increase the risk of accumu-
lation in the soil by the wind.

In addition, the evolution of soil pollution as-
sessment methods in industrial areas has been stud-
ied by Zeng et al. (Amin et al., 2020) analyzes and
notes the effectiveness of using modern environ-
mental index systems (Igeo, EPI, PLI).

Materials and methods

The research materials were taken from three
large industrial enterprises in Ust-Kamenogorsk:
Kazzinc JSC (49.9723° N, 82.6105° E), Ulba met-
allurgical plant (49.9865° N, 82.6441° E) and Ust-
Kamenogorsk thermal power plant (49.9817° N,
82.6032° E) and the background zone (49°56°51 “N
82°32°04” E).

Map of soil sampling points in the industrial zones of Ust-Kamenogorsk

Sampling points on the map of Ust-Kamenogorsk

Legend

[ -studyarea
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Samples were selected in accordance with the
standards of the Republic of Kazakhstan.Methods
of full soil sampling, a composite sample was taken
from 5 points with soil drills with a diameter of 3
cm, at a depth of 0-20 cm from each point. The mass
of each sample was about 0.5 kg and was registered
on plastic bags with the code, coordinates and date.
This method provides representativeness and ana-
lytical accuracy (Shahid et al., 2021).

The samples were air-dried for 48 hours after
delivery to the laboratory, crushed into a porcelain
kilo and passed through a 2 mm sieve. The pre-
pared soil was stored in hermetic containers at a
temperature of +4°C. This standard procedure
preserves the physical structure of the soil and in-
creases the repeatability of the analysis results (Ali
et al., 2022).

Figure 2
Taking soil samples by the envelope method (GOST 17 .4 .4.0
2-84)

Determination of heavy metals in the soil is
carried out using the method below. Solutions are
prepared using the aqua regia method in accordance
with ISO 11466:1995. According to the method, a
mixture of soil and acid was prepared in a ratio of
1:10, nitric and hydrochloric acids were mixed in
a volume ratio of 1:3. The mixture was heated for
2 hours in a water bath at 80+2°C, then cooled to
room temperature and filtered through a 0.45 Mi-
cron membrane filter. The extracts were stored at
4°C before analysis. This method allows you to
maximize the dissolution of heavy metals from the
soil (Rodrigues et al., 2023).
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The concentration of heavy metals was deter-
mined by the atomic absorption spectrometry (AAS)
method. Measurements were made on the Varian
Spectra AA 220 FS spectrometer. Optical parameters
used: Pb — 283.3 Nm, Cd — 228.8 Nm, Cu — 324.8
Nm, Zn — 213.9 Nm. The detection limits for each
element were in the range of 0.002—0.01 mg/L. For
calibration, standard solutions in the range of 1-50
mg/L were used, the compliance coefficient of the
calibration line was ensured at r2 > 0.995. Each
sample was measured three times, and free solutions
and the NIST 2711a Montana (Spychalski & Wo-
szczyk, 2022). Soil benchmark were used to verify
the accuracy of the data. Integrated application of
ISO 11466 and AAS methods in the three largest in-
dustrial regions of Ust-Kamenogorsk, integration of
spatial representative sampling and statistical analy-
sis. Such an approach makes it possible to clearly
determine the structure of the distribution of heavy
metals and assess the level of industrial pollution on
a scientific basis.

Order of the Minister of health of the Repub-
lic of Kazakhstan dated August 2, 2022 No. MH
RK-70 on approval of hygienic standards of atmo-
spheric air in urban and rural settlements, territories
of industrial organizations”. Registered with the
Ministry of Justice of the Republic of Kazakhstan
on August 3, 2022 No. 29011 (Ministry of Health of
the RK, 2022).

Statistical analysis was carried out using the Mi-
crosoft Excel 2021 and OriginPro 2023 programs.
For a reliable assessment of the results, one-factor
Anova dispersion analysis was used, and Pearson
correlation coefficients were calculated to determine
the interrelationships between heavy metals. At the
same time, the level of exceeding the MPC of heavy
metals Pb, Cd, Cu and Zn is determined, and the lev-
el of environmental impact of industry is determined
(Huang et al., 2022).

Results and discussion

The results of the study showed that the soil in
the industrial zones of Ust — Kamenogorsk contains
heavy metals — Pb, Cd, Cu and Zn-several times
higher than in the background zone. The spatial ar-
rangement of the samples is given in Figure 1. This
map clearly shows the exact location of research
points and allows us to explain the role of industrial
factors in the distribution of heavy metals.
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Figure 3

Assessment of Pb, Cd, Cu, and Zn concentrations in soils of industrial and background
areas near the Kazzinc plant Ust-Kamenogorsk, Kazakhstan

Concentrations of Pb, Cd, Cu and Zn in soil
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Background

In the graph, the concentration of heavy met-
als in the soil near the Kazzinc plant is compared
with the background zone. Indicators in the back-
ground Area: lead (Pb) — 0.0006 mg/ m3, cadmium
(Cd) — 0.00015 mg/kg, copper (Cu) — 0.001 mg/kg,
zinc (Zn) — 0.035 mg/ m3. The concentration of
these elements in the vicinity of Kazzinc JSC is
quite high: lead is about 14 times higher than the

Figure 4

Kazzinc plant

background level, cadmium is 22 times higher, cop-
per is 6-7 times higher, zinc is almost 7 times higher
(Amin et al., 2020), (Li et al., 2022), (Huang et al.,
2022). This difference indicates that the soil in the
region of the Kazzinc plant is significantly contami-
nated with heavy metals and has a very high anthro-
pogenic impact compared to the background zone
(Khan et al., 2022), (Zeng et al., 2021).

Comparative assessment of soil contamination with heavy metals in the impact zone of

the Ulba Metallurgical Plant

Concentrations of Pb, Cd, Cu and Zn in soils near the Ulba Metallurgical Plant
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Comparative assessment of heavy metal content in soils of industrial zones in Ust-Kamenogorsk

In the graph, the concentration of heavy metals in
the air near the Ulba metallurgical plant is compared
with the background area. Indicators in the back-
ground Area: lead (Pb) — 0.0006 mg/kg, cadmium
(Cd) — 0.00015 mg/kg, copper (Cu) —0.001 mg/kg,
zinc (Zn) — 0.035 mg/kg. Near the Ulba metallurgi-
cal plant, the level of these metals is significantly
higher than in the background: lead is about 10

Figure 5

times, cadmium is 14 times, copper is 5 times, zinc
is 5-6 times (Woszczyk et al., 2018), (Zeng et al.,
2021). These data show that the level of accumula-
tion of heavy metals in the air near the plant is much
higher than in the background area and shows a clear
picture of the industrial impact. can be dangerous to
human health and the stability of ecosystems (Li et
al., 2022), (Wang et al., 2023).

Comparison of Pb, Cd, Cu and Zn concentrations in soils near the Thermal Power
Plant and in a background area (Ust-Kamenogorsk, Kazakhstan)

Concentrations of Pb, Cd, Cu and Zn in soils near the thermal power plant
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In the graph, the concentration of heavy metals
in the air near the thermal power plant is compared
with the background area. Indicators in the back-
ground Area: lead (Pb) — 0.0006 mg/kg, cadmium
(Cd) — 0.00015 mg/kg, copper (Cu) — 0.001 mg/kg,
zine (Zn) — 0.035 mg/kg. In the vicinity of the ther-
mal power plant, the level of these metals is signifi-
cantly higher than the background zone: lead is sev-

Figure 6

Thermal power plant

eral times higher, cadmium is also at a higher level,
copper is significantly higher than the background
value, and the concentration of zinc shows the high-
est increase. This difference indicates that the level
of air pollution by heavy metals near the CHPP is
significantly higher compared to the background
area and clearly shows the impact of industrial emis-
sions (Shahid et al., 2021), (Amin et al., 2020).

Concentrations of Pb, Cd, Cu and Zn in soils of industrial and background areas (Ust-Kamenogorsk, Kazakhstan)
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This graph shows the concentration of heavy
metals (lead, cadmium, copper, zinc) in the air of
Kazzinc JSC, Ulba Metallurgical Plant, Thermal
Power Plant and background zones and their com-
parison with the level of MPC. Although concen-
trations across all sampling sites were higher than
MPC levels, the level of heavy metals in the back-
ground area proved to be the lowest. Lead (Pb):
the concentration in the vicinity of Kazzinc JSC is
8.4 times higher than MPC, the Ulba Metallurgical
Plant and the Thermal Power Plant are also higher.
Cadmium (Cd): the cadmium concentration in the
vicinity of Kazzinc JSC is 11.3 times higher than the
MPC, the Ulba Metallurgical Plant and the Thermal
Power Plant are also higher, and the cadmium level
in the background zone is the lowest. Copper (Cu):
the concentration of copper near Kazzinc JSC and
Ulba Metallurgical Plant is higher than MPC, but
the concentration of this element in the background
area is minimal. Zinc (Zn): the concentration of zinc
in the area of JSC “Kazzinc” is 5.2 times higher than
MPC, and in the background zone this level is low-
er. These data show that the air of industrial zones
is contaminated with heavy metals and has signifi-
cantly higher levels of pollution than in the back-
ground zone.The results of this study are well com-
bined with data from the international literature. For
example, Amin et al. (Amin et al., 2020). Found that
the concentration of Pb and Cd in China’s indus-
trial regions is 6-10 times higher than MPC, which
is similar to our indicators. Li et al. showed that the
concentration of Cd in soils close to ferrous metal-
lurgy plants is 3.5—12 times higher — this coincides
with the indicators at the points of our Kazzinc and
Ulba metallurgical plant.

Moghtaderi et al, conducted in Iran. The study
(Moghtaderi et al., 2020) also shows that the accu-
mulation of heavy metals in industrial areas occurs
through precipitation. According to the results, the
most heavily polluted area are metallurgical plants
and the thermal power plant area. These indicators
are combined with concentrations of Cu (98 mg/kg)
and Zn (285 mg/kg) recorded in the vicinity of our
thermal power plant.

Several studies conducted in recent years have
revealed the effect of industrial emissions on the spa-
tial distribution of heavy metals in the soil. For ex-
ample, Zhang et al. (Khan et al., 2022). Showed that
Pb and Cd concentrations spread asymmetrically in
metallurgical regions depending on the wind direc-
tion. The location of our research points (Kazzinc,
Ulba metallurgical plant, Thermal Power Plant) also
confirms this pattern, since the highest level of pol-

lution was recorded from points in the prevailing
wind direction. Feng et al. confirmed toxic effects
of Pb and Cd on vegetation, which correlates with
plant degradation observed near Ust-Kamenogorsk
industries (Woszczyk et al., 2018).

In terms of ecosystem impact, the accumula-
tion of heavy metals reduces the biological activity
of the soil and inhibits plant growth. Rafique et al
(Rafique et al., 2021). Showed that heavy metals re-
duce the enzymatic activity of the soil microbiota by
30-60%. This may be due to the concentration of Cu
and Zn registered in the soil near our Thermal Power
Plant. Hussain et al found that the high concentra-
tion of cadmium inhibits the activity of phosphatase
and urease enzymes in the soil.

Considering the impact of heavy metals on hu-
man health, Pb and Cd are the most dangerous. Data
from the World Health Organization show that Pb
has a strong effect on the nervous system, and Cd-
on kidney function. In industrial regions such as
Ust-Kamenogorsk, this issue is especially relevant
(World Health Organization, 2021).

As for phytoremediation, the ability of Salicor-
nia europaea and other halophytes to absorb heavy
metals has been demonstrated in many recent stud-
ies. The results of our study show that the use of
such biological methods in the Ust-Kamenogorsk
region is a promising direction for environmental
restoration.

In general, the results obtained prove that the
soil in the industrial zones of Ust-Kamenogorsk is
significantly contaminated with heavy metals, and
these sources of pollution are directly related to spe-
cific industrial facilities. Comparisons with interna-
tional studies have shown that our data is relevant
not only at the regional level, but also at the global
level.

Determining the concentration of heavy metals
(Pb, Cd, Cu, Zn) in the soil in the industrial zones
of Ust-Kamenogorsk and comparing them with the
sanitary and environmental standards of the Repub-
lic of Kazakhstan, the level of pollution of these
zones was assessed.

The results of the conducted study showed that
the concentration of heavy metals in the soil in in-
dustrial zones is significantly higher compared to
the background area. The highest concentration of
lead in the soil was recorded on the territory of Ka-
zzinc Joint Stock Company and was 0.0084 mg/kg.
This figure is higher than the levels of 0.0061 mg/
kg near the Ulba metallurgical plant and 0.0049 mg/
kg on the territory of the thermal power plant, while
the lead content in the background zone remained
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at only 0.0006 mg/kg. The highest cadmium con-
centration was also observed in the region of Ka-
zzinc Joint Stock Company and was 0.00339 mg/
kg, which is higher than 0.0021 mg/kg near the
Ulba metallurgical plant and 0.00156 mg/kg near
the thermal power plant; in the background zone,
the cadmium level was 0.00015 mg/kg. The largest
concentration of copper was again observed on the
territory of Kazzinc Joint Stock Company and was
0.0068 mg/kg. This value is higher than the indi-
cators of 0.0052 mg/kg near the Ulba metallurgical
plant and 0.0036 mg/kg in the thermal power plant,
the copper level in the background zone was 0.001
mg/kg. The maximum concentration of zinc was
also recorded in the region of Kazzinc Joint Stock
Company and was 0.26 mg/kg, which is higher than
the levels of 0.19 mg/kg on the territory of the Ulba
metallurgical plant and 0.14 mg/kg near the thermal
power plant, and in the background zone this fig-
ure was 0.035 mg/kg. Thus, the highest concentra-
tions of all four heavy metals were determined on
the territory of Kazzinc Joint Stock Company, and
the lowest values were recorded in the background
zone, which proves the obvious anthropogenic im-
pact of industrial facilities on the chemical composi-
tion of the soil.

The results showed that in the vicinity of the
three main industrial centers of Ust — Kamenogorsk-
JSC “Kazzinc”, the Ulba metallurgical plant and the
Thermal Power Center, the soil is significantly con-
taminated with heavy metals. The concentrations
detected in the territory of” Kazzinc “ exceeded the
MPC at the highest level: Pb-8.4 times, Cd — 11.3
times, Cu — 3.4 times, Zn — 5.2 times. In the soil near
the Ulba metallurgical plant, the level of contamina-
tion was 6.1 times higher for Pb, 7.0 times higher
for Cd, 2.6 times higher for Cu and 3.8 times higher
for Zn. Indicators near the Thermal Power Plant
also showed a high level of danger (Pb — 4.9 times,
Cd — 5.2 times, Cu — 1.8 times, Zn — 2.9 times).

According to WHO assessments (World Health
Organization, 2021) and international toxicity rank-
ings (Shahid et al., 2021), cadmium and lead rep-
resent the highest risk elements a conclusion con-
sistent with the present findings. The results of the
study, the most dangerous pollutant is cadmium, the
concentration of which was 5.2 -11.3 times higher
than MPC in the industrial centers where the study
was conducted. High concentrations of lead also
pose a significant threat to the ecology of the region.
The presence of the content of heavy metals in the
background zone within the MPC proves that indus-
trial facilities are the main source of soil pollution.
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In conclusion, a comparative analysis carried
out taking into account the background area and
sanitary and hygienic regulatory indicators (MPC)
showed a clearly high level of heavy metal pollu-
tion in the territories of the studied industrial facili-
ties. MPC values were set at 0.001 mg/kg for lead
(Pb), 0.0003 mg/kg for cadmium (Cd), 0.002 mg/kg
for copper (Cu) and 0.05 mg/kg for zinc (Zn), and
the indicators of the background area were close to
or below these norms: lead — 0.0006 mg/kg, cad-
mium — 0.00015 mg/kg, copper — 0.001 mg/kg,
zinc — 0.035 mg/kg. In contrast, on the territory of
Kazzinc Joint Stock Company, concentrations for all
four metals were recorded at a significantly higher
level both from the MPC and from the background
zone: lead-0.0084 mg/kg, cadmium — 0.00339 mg/
kg, copper — 0.0068 mg/kg, zinc — 0.26 mg/kg, that
is, this object is the maximum focus of pollution for
heavy metals. In the territory of the” Ulba metallur-
gical plant”, the concentrations of lead (0.0061 mg/
kg), cadmium (0.0021 mg/kg), copper (0.0052 mg/
kg) and zinc (0.19 mg/kg) are higher than the MPC
and background values, showing a clear effect
of industrial load in the region. Even in the terri-
tory of the” thermal power plant”, the levels of lead
(0.0049 mg/kg), cadmium (0.00156 mg/kg), cop-
per (0.0036 mg/kg) and zinc (0.14 mg/kg) exceeded
the regulatory indicators and reached values several
times higher than in the background area. Sum-
marizing these data, it can be said that the highest
concentrations of lead, cadmium, copper and zinc
are recorded on the territory of Kazzinc Joint Stock
Company, and the level of heavy metals in the back-
ground zone is relatively low and close to the norms
of MPC. These results prove that in the industrial
zones of Ust-Kamenogorsk, especially in the terri-
tories of Kazzinc Joint Stock Company, Ulba metal-
lurgical plant and thermal power plant, sources of
man-made pollution have a pronounced impact on
the atmospheric environment and highlight the ter-
ritory of Kazzinc joint stock company as the region
with the highest environmental risks for heavy met-
als.

In general, the study showed that industrial en-
terprises in Ust-Kamenogorsk have a significant im-
pact on soil quality, and the accumulation of heavy
metals in the soil leads to long-term environmental
risks. These results require environmental restora-
tion work in the region, increased control over pol-
luting emissions and constant monitoring in regions
with high man-made loads. The results of the study
are scientifically relevant not only at the regional
level, but also on a global scale and serve as the ba-
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sis for the development of new scientific and practi-
cal solutions to combat industrial pollution in Ka-
zakhstan (Rodrigues et al., 2023), (Woszczyk et al.,
2018).

Future research will require a deeper study of
the mechanisms of migration of heavy metals in the
soil, the risk of their transition to plants, groundwa-
ter and food chains, as well as an assessment of the
effectiveness of phytoremediation, bioremediation
and soil reclamation technologies. At the same time,
in industrial regions, the development of environ-
mental risk maps and the adoption of integration
measures to reduce pollution are relevant.
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