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This article focuses on assessing the content of heavy metals (HM) in the soils of agricultural lands in the
Kamysty district of the Kostanay region, Republic of Kazakhstan. The relevance of this study stems from the fact
that heavy metal contamination of arable land poses a long-term environmental threat due to their accumulation
in the soil. The primary objective of the agrochemical survey was to obtain reliable data on the content of priority
pollutants — Cd, Pb, As, Cr, Zn and Ni — in the soils of the agricultural lands adjacent to the Altynsarin village. The
study focused primarily on the dark chestnut soils of the district, characteristic of the steppe zone of Northern
Kazakhstan. Potential sources of heavy metal (HM) input included both anthropogenic factors — the systematic
application of fertilizers, which is one of the main sources of HM accumulation in the arable horizon — and natural-
technogenic factors: wind-borne transport of mine dust and weathering products from tailings ponds (in particular,
the Krasnooktyabrsky Mine) over distances of up to 20—70 km. Background soil samples were collected in the
area near the Altynsarin village. The results obtained can serve as a basis for developing measures to reduce
environmental risks and ensure the safety of agricultural products in the region.

Keywords: heavy metals, ICP-OES, soil contamination, Kostanay region, Kamysty district, agroche-
mical survey.

KAMbICTbIl AYOAHbIHbIH AYbIJT LWAPYALUbIbIFbl ANKAMNTAPbIHOAFbI AYbIP
METANOAPMEH NACTAHYbIH ICP-OES 81ICI APKblJ1bl BAFANAY

Paxumbaes b.C. — mexHuka fblribiMOapbiHbIH OOKmMopbl, Axmem balimypcbiHyribl ambiHOafsbl Kocma-
Hal eHipnik yHueepcumemi, KocmaHal K., KasakcmaH Pecrnybnukacsi.

Haybip3baes XK.K. — mexHuka fbiribiMOapbiHbiH Ma2ucmpi, fblabIMu-mexHOI02usiIbIK NapKmiH OUpPex-
mopsbl, KocmaHal k., KazakcmaH Pecrniybnukachi.

Hyprieucos A.A.* — mexHuKa fblibiMOapbiHbIH Maz2ucmpi, IHHo8auyusiiblK mexHonoausinap fblibiMu-
3epmmey UHCMumymbIHbIH FbifbIMU KbiamMemkepi, Kocmanal K., KazakcmaH Pecriybnukachl.

Hypceumosa ApyxaH Mazayusikbisbi — «7TM05201 [eoskonozusi xeHe maburammbi natidanaHyobl
b6ackapy» 6inim 6epy bardapnamacbiHbiH MasucmpaHmel, «Axmem balimypceiHynbl ambiHOarbl KocmaHal
eHipnik yHusepcumemi», Kocmanal K., KasakcmaH Pecriybrnukaceil.

byn makana KazakcmaH Pecrniybnukacel KocmaHaul o0b61ibicbl Kambicmbl ayOaHbIHbIH ayblil wapyaulbi-
TbIfbl XXeprepiHiH mornbiparbiHOarbl ayblp MemandapobiH (AM) menwepiH 6aranayra apHanraH. byn sepm-
meyOdiH e3ekminiei ezicmik xepnepdiH aybip MemandapMeH nnacmaHybl on1ap0biH MOorbipakma XuHarybiHa
batinaHbicmbl y3aKk Mep3iMOi 3K0102UsIbIK Kayin meHdipemiHOieiHe Heziz0ernzeH. AepoXuMUsisibIK 3epmmey-
OiH Hezidai MaKcambi — AJIMbIHCaPUH aybliibIHa ipaeriec opHanackKaH aybls Wwapyauwbisibifbl XXepepiHiH morbi-
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parbiHOarbl 6backbiM nacmaywsl 3ammapobiH (Cd, Pb, As, Cr, Zn xoHe Ni) menwepi myparnbi ceHimOi mMarni-
memmep any 6ondbi. 3epmmey HeaisiHeH Conmycmik KazakcmaHHbIH Oanarnbik aliMasbiHa moH OCbl aydaH-
HbIH KyH2ipm Kapa KOHbIp moribipakmapbiHa barsimmarnsaH. Aybip memandapoibiH (AM) mycyiHiH bikmumarn
Kke30epiHe aHmpomnozeHdik chakmopnap (KbipmbiiambeiH Kabamma AM xuHanyblHbiH Hezi3ai ke3depiHiH bipi
6onbin mabbinamsiH mbiHalimKbiwmapobl xyltesni mypde KondaHy) xeHe maburu-mexHoaeHdik chakmopiap
(keH waHbl MeH KandblK KoliManapbiHaH, amar alimkaHO0a KpacHookmsibpb keHiwiHeH 20-70 KM KalibIKmbIKKa
XXenmeH macbiMandaHameiH y2iHOi eHiMOepi) xxamadbl. ®OHObIK monbkipak ynainepi AnmbiHCapUH aybilbiHbIH
MaHbIHOaFbl ayMaKmaH XUHasnobl. AfbIHFaH HamMuXesiep 9Ko102usisibiKk mayekendepdi azalimy xoHe eHipoeai
aybli1 wapyaulblinbifbl 6HIMOepIHIH KayincizlieiH Kammamachi3 emy XeHiHOeai wapanapobl 83iprey YWiH Heai3
6osa anadel.

TytiHdi ce3dep: aybip memandap, ICP-OES, monbipakmbiH nacmaHybl, KocmaHau obsbickl, Kambic-
mbl ayOaHbl, a2pOXUMUSIILIK 3epmmey.

OLIEHKA 3ATPA3HEHUA TAXENBIMU METAIJTIAMU CENbCKOXO3AWCTBEHHbIX MOJEN
B KAMMUCTUHCKOM PAMOHE C NMNOMOLLIbIO METO[A ICP-OES

Paxumbaes b.C. — 0okmop mexHu4eckux HaykK, KocmaHalckul peauoHanbHbIlU yHUgepcumem umeHu
Axmem BatimypceiHynbi, 2. KocmaHad, Pecriybniuka Kasaxcmar.

Haybip3baes )K.K. — Mazucmp mexHU4ecKUx HayK, pyKkosooOumesib Hay4YHO-MeXHOI02U4EeCK020 apkKa,
2. Kocmanal, Pecnybnuka Kazaxcmar.

Hyprieucos A.A.* — Maaucmp mexHUYEeCKUX HayK, Hay4YHbIl compydHuK, Hay4Ho-uccriedoeamernbckull
UHCMUMym UHHOB8aUUOHHbIX mexHonoaul, e. KocmaHal, Pecrnybrnuka KazaxcmaH.

Hypceumosa A.M. — mazucmpaHm obpa3zoeamersnbHol rnpozpammbl « 7M05201 — [eoskonozusi u
yrnpasneHue okpyxarowel cpedolin, KocmaHalickuli peeuoHarnbHbIl yHusepcumem uMeHU Axmem
BatmypcbiHynbl, 2. Kocmaxalt, Pecnybnuka Kazaxcmar.

Cmambsi nocesiuweHa oueHke codepxxaHusi mskénbix memarsinose (TM) e nodygax cenibckoxossticm-
8€HHbIX y2o0ul KambicmuHckoeo patioHa Kocmaratickou obnacmu Pecriybnuku KasaxcmaH. AKmyasibHOCMb
uccniedosaHusi obycriogrieHa mMeM, Ymo 3agpsi3HEHUE MaxomHbIX 3eMerlb MSKENbIMU Memarninamu rpeo-
cmaesisiem 00/120CPOYHYH 9KO/I02UYECKYI0 y2po3y 8criedcmaue Ux HakorieHus 8 no4yse. OCHOBHOU Uerbio
azpoxumuyeckozo o0bcredosaHusi 18/15710Ck Mosy4YeHUe 00Cmo8epHOU UHGopMayuu o0 codepxaHuu npuopu-
memHbIx 3agpsasHAwuUx eewecms — Cd, Pb, As, Cr, Zn u Ni — 8 no4ysax yeodud, ripuneaarowjux K ceny
AnmbiHcapuHo. O6bekmom uccriedosaHust MOCHYXUU MPeuMyu,ecCmeeHHO MEMHO-KawmaHo8ble 04eb!
patioHa, xapakmepHbie Orisi cmernHol 30Hbl CesepHo20 KazaxcmaHa. B kauecmee nomeHyuarbHbIX UCMOoY-
Hukoe nocmyrineHusi TM paccMompeHb! Kak aHmpPOono2eHHbIe ¢hakmopbl: cucmemMamu4yeckoe npuMeHeHue
y0obpeHul, A8saoujUXcsi OOHUM U3 OCHOBHbIM UCIMOYHUKOM HakorisieHusi TM e naxomHom 20pu3oHme, mak
U rIpupOOHO-MEXHO2EHHbIE: 8€mMpPo8oU NepeHOC pPyOHUYHOU Mbliiu U MPOOYKMO8 8bI8eMpU8aHUsi X80CMOXpa-
Hunuw (8 yacmHocmu, KpacHookmsibpbckoeo pydHuka) Ha paccmosiHus 0o 20-70 kM. @oHoeble obpasupbi
rnoysbl ombupanucb Ha meppumopuu 8bnu3u cena AnmbiHCapuHO. [lofly4YeHHble pe3yrnbmambl Mo2ym
CryXumb OcHOBOoU 05151 pa3pabomku Meponpusmuli 0 CHUXEHUK 3KOI02UHECKUX PUCKO8 U 0becreyeHuro
b6e3onacHocmu cerlbCKOX035UCmeeHHOU NPodyKyUU peauoHa.

Knro4deenie cnoea: msxénbie memarnnel, ICP-OES, 3agpsis3HeHue noys, KocmaHalickasi obracme,
KambicmuHckul palioH, azpoxumudeckoe obcriedogaHue.

Introduction

One of the major challenges facing modern agriculture is the impact of heavy metals on agricultural
land. Heavy metals enter the environment from both natural sources and human activities. Natural sources
include, among other things, the weathering of metal-bearing rocks by rainwater, as well as atmospheric
deposition. Anthropogenic sources include industrial waste, transportation, the unregulated use of fertilizers
containing heavy metals, and general urbanization processes. Unlike organic pollutants, heavy metals do not
undergo biodegradation, and if they are not absorbed by plants or leached from the soil, they can accumulate
and persist in it for a long time [1, c.2, 2, ¢.1810, 3, c.4, 4, c.3].

A significant portion of heavy metals released into the environment enters the lower troposphere via
industrial emissions, migrates through the air, and settles in the surface soil layers. Any type of industrial soil
contamination with heavy metals is assessed by the increase in metal concentration compared to its original
natural background level, to which plant and animal organisms have long been adapted [4, ¢.3, 5, ¢c.2, 6, c.3].

Soil contamination on agricultural lands, especially on cropland, poses a significant environmental
problem, as it is a factor in the long-term accumulation and sustained migration of pollutants through food
chains, with humans as the ultimate consumers. Heavy metals can accumulate in the soil and negatively affect
all living organisms, including humans [4, c.4, 7, ¢.368]. The U.S. Environmental Protection Agency (USEPA)
considers heavy metals such as Cd, Cr, As, Hg, Pb, Cu, Zn, and Ni to be priority pollutants [8, ¢.423]. Among
these, Cd, Pb, As, Hg, and Cr are highly toxic and harmful to plant health even at relatively low contamination
levels [4, c.4, 6, c.3,7,¢.369, 9, c4].
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Some elements are classified as essential mineral nutrients for plant growth and productivity. These
include Cu, Zn, Fe, Mn, Mo, Ni, Mg, Ca, and B. At relatively low concentrations, these elements contribute to
the normal functioning of plant cells, including the maintenance of ion homeostasis, pigment biosynthesis,
photosynthesis, respiration, enzyme activity, gene expression regulation, sugar metabolism, nitrogen fixation,
and others [4, c.4, 10, c.6, 11, c.3].

In the Kostanay region, the area of land under agricultural use totals 11.073 million hectares [12, ¢.190].
Of the agricultural land in the Kostanay region, 6.346 million hectares are arable land, and approximately 4.376
million hectares are used as pasture. The Kostanay region is one of the main agricultural regions of the
Republic of Kazakhstan; the total sown area in the Kostanay region accounts for 22.7% of all sown areas in
the Republic of Kazakhstan [13, ¢.270, 14, c.15]. In the agricultural sector of the Kostanay region, more than
54 million centners of grains and legumes and more than 4.8 million centners of oilseeds are harvested
annually. The main agricultural soils of the Kostanay region are represented by ordinary and southern
chernozems (Calcic Chernozems, IUSS WRB, 2022) and chestnut soils [15, ¢.102] (Gypsic Kastanozems,
IUSS WRB, 2022). In many areas, the soils are subject to salinization [16, ¢.50]. Grain farming (wheat, barley,
oilseeds, forage crops) predominates in the Kostanay region, so the fertilizer regime is typical of the northern
steppe regions of Kazakhstan.

Chemical fertilizers, especially inorganic ones, are the most important factor in the intensification of crop
production. Consequently, mineral fertilizers, including nitrogen (N), phosphorus (P), potassium (K), and
complex (mixed) fertilizers, are regularly applied to agricultural land to provide plants with the necessary
macronutrients. Nitrogen fertilizers are applied in the spring to increase the yield of grain crops. They are used
most often due to nitrogen deficiency in chernozems after many years of cultivation; these include: ammonium
nitrate (NH,NO3), urea (CO(NH),), and UAN (urea-ammonium nitrate mixture).

It has been shown that cadmium (Cd) concentrations in soil steadily increase as a result of phosphorus
fertilizer application [17, c.496, 18, c.147, 19, c.7, 20, c.4, 21, c.6, 22, c.5]. Data from long-term field
experiments confirm that Cd accumulation in the arable horizon directly correlates with the history of
phosphorus fertilizer application and application rates [21, c.7, 22, c.6].

Wind transport must also be highlighted as one of the primary modes of heavy metal dispersion. Wind-
borne dust transport is one of the key mechanisms for the long-range transport of heavy metals [23, c.4, 24,
c.5]. The wind rose characteristic of Kazakhstan's steppe zone, with a predominance of northern,
northwestern, and western directions, facilitates the transport of mine dust and weathering products from
tailings ponds over distances ranging from 20 to 70 km.

Atmospheric transport comprises three main components: ore dust from blasting operations and
transportation; dust from the surfaces of tailings ponds and overburden dumps; and emissions into the
atmosphere during beneficiation processes. Fine particulate matter (PM,.s—PM;,) with high concentrations of
Cd, Cr, Cu, and Ni can be transported over significant distances and deposited in the soil cover of agricultural
lands [23, c.6, 24, c.8].

The main objective of the agrochemical survey was to obtain reliable and objective information on the
content of heavy metals in the soils of agricultural lands adjacent to the Altynsarin village.

Considering its spatial proximity (Figure 1), the Krasnooktyabrsky Mine may be regarded as a potential
source of heavy metals (HMs).

- —

V3
3|

Legend

A Mining Enterprise
- - - Dnstance from mining enterprise
Fields

Figure 1 — The Krasnooktyabrsky Mine, showing the distances to the sampling points
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Tasks: To determine the concentrations of mobile forms of heavy metals in the soils of the surveyed
agricultural lands; to assess the average concentrations of heavy metals for each study site; to conduct a
comparative analysis of heavy metal concentrations across different areas of the surveyed area; to evaluate
the degree of soil contamination by heavy metals based on a comparison of the obtained data with the
applicable regulatory standards.

The subject of the study is the soils of the Kamysty district. Most of the territory is covered by dark
chestnut normal, dark chestnut, carbonate, and in some places residual carbonate soils, as well as dark
chestnut solonetz and complexes of dark chestnut soils with solonetz; in the northwestern part, there are
phosphatic chernozems. In the extreme southern part, medium-chestnut-colored saline soils and complexes
of medium-chestnut-colored saline soils with solonets dominate. In the northern and southeastern parts,
isolated solonetz patches are found [16, ¢.64]. For the background area, soil samples were collected from the
area near the Altynsarin village.

Materials and Methods. The analysis included 340 soil samples collected from 22 fields. The fields are
located near the Altynsarin and Filipovka villages in the Kamysty district of the Kostanay region.

Sampling and sample preparation were performed in accordance with GOST 28168-89 this standard
applies to the sampling of arable lands, hayfields, pastures, and forest nurseries and establishes methods for
their sampling during agrochemical surveys.

The determination of mobile forms of macro- and microelements (As, Zn, Cd, Pb, Ni, Cr) was performed
using inductively coupled plasma optical emission spectrometry (ICP-OES) with a Thermo Fisher Scientific
iCAP Pro spectrometer. The determination of trace elements was performed in accordance with GOST I1SO
22036-2014 Determination of trace elements in soil extracts using inductively coupled plasma atomic emission
spectrometry (ICP-AES).

Extraction of mobile metal forms from samples was performed in accordance with PND F 16.1:2:2.2:2.
3.78-2013 method for measuring the mass fraction of mobile forms of metals: copper, zinc, lead, cadmium,
manganese, nickel, cobalt, and chromium in samples of soil, earth, bottom sediments, and wastewater sludge
using flame atomic absorption spectrometry

To extract mobile forms of heavy metals in soil, an acetate-ammonium buffer solution with a
concentration of 1 N (CH;COONHy,) with a pH range of 4.8-7.0, which ensured stable extraction conditions
and prevented the precipitation of metals as hydroxide forms. The resulting extracts were filtered and
subsequently analyzed in a multi-component mode, which allowed for the determination of macro- and
microelement concentrations in soil samples with high accuracy and productivity.

To determine maximum permissible concentrations (MPCs), Hygienic Standards GN 2.1.7.2041-06
(Maximum Permissible Concentrations (MPCs) of Chemical Substances in Soil) were applied.

Results and Discussion. An analysis of soils in the Kamysty district revealed that the heavy metal content
in the samples studied was within acceptable limits and did not exceed maximum permissible concentrations
(Table 1). Given the large sample size, consisting of 340 samples from 22 fields (an average of 15 samples per
field), the three most informative indicators were used for further statistical and comparative analysis.

Table 1 — Heavy metal content in soil, mg/kg of soil

Sample | Indicator As Zn Cd Pb Ni Cr

Name S 189 nm 206 nm 214 nm 220 nm 231 nm 267 nm
MPC

2 23 0,5 6 4 6
average 0,189744 1,028063 0,046599 0,159 1,114649 0,807613
max 0,237411 1,612354 0,051923 0,207247 1,52741 1,098281
Field 1 min 0,144324 0,66156 0,038017 0,118822 0,738978 0,504722
average 0,180227 0,935436 0,050427 0,304399 1,823104 0,940256
max 0,24012 1,279738 0,056278 0,367013 2,36937 1,154386
Field 2 min 0,140818 0,636156 0,045248 0,225838 1,525296 0,716272
average 0,152069 1,13862 0,044324 0,194258 1,232814 0,979549
max 0,18025 1,410503 0,052759 0,225667 1,444393 1,164276
Field 3 min 0,130432 0,750999 0,039894 0,161173 0,884524 0,672718
average 0,166746 0,906633 0,047829 0,193467 1,19741 0,966167
max 0,221256 1,612392 0,057135 0,221405 1,43135 1,165682
Field 4 min 0,119135 0,554054 0,039831 0,153218 0,837401 0,585486
average 0,161205 0,731207 0,048541 0,177058 0,942448 0,76693
max 0,18058 1,132364 0,053264 0,197481 1,147485 0,976064
Field 5 min 0,12742 0,496815 0,044938 0,138368 0,858897 0,676731
average 0,16003 1,74502 0,058517 0,191528 1,089372 0,872869
max 0,215574 2,259654 0,066161 0,203141 1,156937 1,06572
Field 6 min 0,09453 1,343901 0,051473 0,15711 0,990222 0,747852
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Table 1 continued

average 0,20888 0,803067 0,059484 0,264336 1,278716 0,758074
max 0,253936 1,339555 0,064948 0,346101 1,474154 0,98622
Field 7 min 0,168536 0,4528 0,048283 0,143061 0,980934 0,622319
average 0,169988 1,064944 0,055281 0,278346 1,491602 1,092347
max 0,228201 1,403575 0,064117 0,318757 1,889209 1,47062
Field 8 min 0,125365 0,614526 0,048487 0,22237 1,131272 0,689532
average 0,195031 0,705796 0,041267 0,189608 3,159906 0,320578
max 0,225756 1,342308 0,050443 0,348299 3,715437 0,978859
Field 9 min 0,151408 0,449606 0,024064 0,132656 2,943959 0,1493
average 0,158353 0,77603 0,046051 0,189432 0,956861 0,703933
Field 10 max 0,221355 1,320927 0,050871 0,321138 1,546157 1,176829
min 0,102977 0,404875 0,031653 0,112854 0,776701 0,526937
average 0,170087 0,642103 0,040719 0,168095 0,886901 0,717414
Field 11 max 0,200877 0,800064 0,049465 0,220644 1,43903 1,222555
min 0,141501 0,513636 0,024074 0,101939 0,637301 0,509494
average 0,163786 1,54157 0,056287 0,234326 1,01526 0,809183
Field 12 max 0,205567 1,896614 0,063369 0,431534 1,183461 0,960693
min 0,120423 1,200209 0,04024 0,120656 0,762037 0,535321
average 0,207983 1,004911 0,057937 0,250149 1,044282 0,793808
Field 13 max 0,250459 1,94619 0,082866 0,559447 1,301304 1,047201
min 0,156476 0,438523 0,049408 0,164241 0,872512 0,643481
average 0,244748 0,653236 0,043829 0,221597 3,549133 0,68447
max 0,310444 1,252597 0,05728 0,312332 4,003149 1,094456
Field 14 min 0,168386 0,444709 0,026594 0,092985 3,02407 0,214749
average 0,281411 0,628904 0,04283 0,209061 3,234539 0,368332
Field 15 max 0,322401 0,792642 0,055006 0,291989 3,470209 0,615323
min 0,224372 0,479101 0,024033 0,159777 3,107331 0,2286
average 0,235337 0,881695 0,03931 0,204007 3,316736 0,403149
max 0,284859 1,229383 0,046195 0,26163 3,566244 0,70134
Field 16 min 0,178747 0,491351 0,033068 0,147831 3,055202 0,102278
average 0,206003 0,594784 0,05513 0,270725 1,248157 0,834966
Field 17 max 0,234173 0,933666 0,060708 0,473489 2,003274 1,10217
min 0,178307 0,385385 0,048618 0,199867 0,993121 0,607034
average 0,191262 0,697132 0,053185 0,233444 1,253217 0,912793
Field 18 max 0,220517 1,433047 0,060831 0,282289 1,837596 1,469979
min 0,150209 0,3313 0,046914 0,20775 0,690442 0,323346
average 0,149473 0,883269 0,048027 0,224577 1,403117 1,014703
Field 19 max 0,186358 1,790246 0,055661 0,379001 1,97187 1,491856
min 0,107761 0,586812 0,034158 0,150275 0,99836 0,644212
average 0,135782 0,997903 0,043366 0,20987 1,299811 0,875907
Field 20 max 0,196443 1,258263 0,054548 0,305384 2,069499 1,217584
min 0,085013 0,704897 0,016066 0,162851 0,934627 0,581062
average 0,206643 0,866818 0,051018 0,248742 1,099277 0,827345
Field 21 max 0,243002 1,859512 0,05825 0,331778 1,506365 1,245074
min 0,16484 0,365577 0,043597 0,169346 0,657407 0,515383
Field 22 | average 0,199545 0,892916 0,060381 0,296695 1,675802 1,130884
max 0,234303 1,258019 0,065421 0,34476 2,063379 1,899174
min 0,16221 0,732243 0,057101 0,190452 1,35638 0,809693

An analysis of the experimental data presented in Table 3 indicates that the mobile forms of heavy
metals (HM) in the topsoil of the studied agricultural lands do not, in most cases, exceed the maximum
permissible concentrations (MPCs) as regulated by current sanitary and hygienic standards. The slight exce-
edance of regulatory limits observed in individual fields is localized and, in all likelihood, is due to the influence
of local geochemical factors or localized anthropogenic impacts not associated with systematic contamination.

For a more detailed and clear interpretation of the results, the average HM concentrations across 22
fields were systematized and presented in Chart -1.

A comparative analysis of the average TM concentrations across the study fields generally shows that
the values are similar for most elements, indicating a relatively uniform geochemical background within the
study area.
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The exception is nickel (Ni): according to Chart — 2, in fields Nos. 9, 14, 15, and 16, its average content
in the mobile form is twice that of the other fields. It is characteristic that the anomaly covers precisely a group

of adjacent fields, which rules out a random nature of the deviation and points to a localized anthropogenic or
agrogenic source.
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Ni indicators
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A more detailed examination of the nickel results presented in Chart — 2 allows us to go beyond an
analysis of average values and conduct a comprehensive assessment of the entire range of recorded values-
from the minimum to the maximum values for each field. This approach makes it possible to more objectively
assess the extent of the geochemical anomaly and its potential environmental significance.

It is noteworthy that in fields No. 9, 14, 15, and 16, not only the average but also the minimum recorded
values of nickel content in mobile form exceed the corresponding minimum values of the other surveyed fields
by 2-3 times. This circumstance is of fundamental importance from an analytical standpoint: if we were dealing
only with point sources of emissions or local inclusions, the elevated concentrations would be reflected exclu-
sively in the maximum values, whereas the upward shift of the entire range-including the minimum threshold-
indicates a systematic and uniform accumulation of nickel across the entire area of the specified fields. This
significantly strengthens the argument in favor of an anthropogenic, rather than natural, origin of the anomaly.

The results for Field No. 14 deserve special attention, where the maximum recorded nickel content
reached 4.003 mg/kg, which corresponds to the lower threshold for exceeding the maximum permissible
concentration of this element in soil. In fact, this field is very close to the regulatory threshold beyond which soil
contamination with nickel is officially classified as a problem and requires the implementation of agroecological
measures. A similar trend is observed in Field No. 9, where the maximum value was 3.7 mg/kg, which also
indicates a significant approach to the MPC threshold and creates a zone of heightened environmental risk.

The combination of identified patterns — a sustained upward shift across the entire range of values,
spatial clustering of anomalies within four fields, and the approach of maximum values toward regulatory limits-
indicates that the process of nickel accumulation in these areas is progressive in nature. If current
agrochemical practices continue without adjustments to the doses and types of fertilizers applied, there is a
real likelihood that MPCs will be exceeded in the medium term, which will require restrictions on the use of
these lands for food production.

As indicators
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An analysis of the data in Figure 3, which shows the distribution of mobile forms of arsenic (As) in the
soils of the studied fields, indicates a consistently low concentration of this element throughout the entire
surveyed area. The maximum recorded arsenic concentration was 0.32 mg/kg, which is 6.25 times lower than
the established maximum permissible concentration (MPC) for this element in soil, which is 2.0 mg/kg. Such
a significant gap between the actual values and the regulatory threshold precludes any grounds for classifying
the soils of the study area as contaminated with respect to this indicator.

It is noteworthy that not only the average but also the maximum arsenic concentrations across all 22
surveyed fields show no tendency to approach the regulatory limit. The absence of fields with abnormally high
concentrations, as well as the uniformly low distribution of values, indicate that sources of anthropogenic
arsenic input into the soil cover of this territory are either absent or their contribution is negligible against the
background of the natural geochemical background.

Based on the data obtained, it can be concluded that arsenic is present in the soils of the studied fields
in trace amounts, without having a negative impact on the state of the soil ecosystem. The recorded
concentrations do not pose a threat to soil biota, do not create a risk of the element accumulating in plant
products above permissible limits, and do not pose a potential health hazard to the population consuming
products grown on these lands. Thus, based on arsenic content, the soils in the Altynsarin village area are
characterized as environmentally safe and compliant with all applicable sanitary and hygiene standards.

An analysis of Figure 4, which shows the distribution of mobile forms of zinc (Zn) in the soils of the study
fields, indicates an extremely low concentration of this element throughout the entire surveyed area. The
maximum concentration of mobile zinc was recorded in Field No. 6 and amounted to 2.3 mg/kg, which is more
than 10 times lower than the established MPC standard for the mobile form of this element in soil, equal to 23
mg/kg. Such a significant gap between the actual indicators and the regulatory threshold clearly indicates the
absence of zinc contamination in the soil cover of the study area.
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Based on the data obtained, the soils of the studied fields are characterized as environmentally safe in
terms of the content of mobile forms of zinc. The recorded concentrations do not pose a threat to soil biota, do
not create conditions for excessive zinc accumulation in plant products, and do not carry a risk of negative
impact on the ecosystem as a whole. This element, therefore, is not a limiting factor for the ecological condition
of soils in the study area.
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The results of the study on the content of mobile forms of cadmium (Cd) in the soils of the surveyed
fields, presented in Figure 5, indicate extremely low concentrations of this element throughout the entire
surveyed area. The maximum value of mobile cadmium was recorded in Field No. 13 and amounted to 0.082
mg/kg, which is more than six times lower than the established MPC standard for mobile forms of this element
(0.5 mg/kg). Such a significant gap between the actual values and the regulatory threshold unequivocally rules
out the possibility of classifying the soils of the surveyed area as cadmium-contaminated.

A detailed examination of the data in Figure 5 for plot No. 13 reveals a fundamentally important analytical
pattern: the average and minimum cadmium concentrations at this site are virtually identical. From a
geochemical perspective, this fact has significant diagnostic value. The coincidence of the minimum and
average values indicates that the vast majority of the samples collected are characterized by similar cadmium
concentration values, which form a stable low-background level across the entire field area.
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An analysis of Figure 6, which shows the distribution of mobile forms of lead (Pb) in the soils of the
studied fields, indicates a consistently low concentration of this element throughout the entire surveyed area.
The maximum recorded concentration of mobile lead was 0.55 mg/kg, which is more than 10 times lower than
the established MPC standard for this element, which is 6.0 mg/kg. Such a significant margin below the
regulatory threshold clearly indicates the absence of lead contamination in the soil cover of the surveyed area.

A detailed examination of the range of values for Field No. 13, where the highest reading was recorded,
reveals a fundamentally important pattern. The average and minimum lead concentrations in this area are at
least two times lower than the recorded maximum, indicating that the value of 0.55 mg/kg represents an
isolated local anomaly that does not reflect the overall geochemical characteristics of the field. The vast
majority of samples collected in this area show significantly lower lead concentrations, forming a stable low-
background level comparable to the values of the other surveyed fields.

Thus, the maximum value for Field No. 13 cannot be considered a representative indicator of the
geochemical condition of this site as a whole.
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Data on the content of mobile forms of chromium in the studied soils show generally low concentrations,
although there are several areas with relatively elevated levels. The highest value was recorded in Field No.
22 at 1.9 mg/kg, which is more than three times lower than the maximum permissible concentration (MPC) for
mobile chromium (6.0 mg/kg).

In fields No. 8, 18, and 19, concentrations ranging from 1.46 to 1.5 mg/kg were detected, exceeding the
average background level of the other fields but remaining within regulatory limits. The similarity of absolute
values at these three sites may indicate the presence of a common source of chromium, the nature of which
requires further investigation. The most likely factors under consideration are the use of phosphorus-containing
fertilizers and the lithological characteristics of the soil-forming rocks.

Based on the aggregate data obtained, all fields under study meet regulatory requirements for mobile
chromium content and are characterized as environmentally safe.

Conclusion. The results of the study showed that the concentration of mobile forms of heavy metals in
the soils of the surveyed fields does not exceed the established maximum permissible concentrations. This
allows the soils in the area around the Altynsarin village to be classified as clean with regard to the elements
studied. It was established that the average values of most heavy metals across the fields are similar, indicating
a relatively homogeneous soil cover. At the same time, fields No. 9, 14, 15, and 16 showed higher nickel
concentrations compared to the average values for the other plots, which may be related to specific agroche-
mical practices. The maximum concentrations of arsenic, zinc, cadmium, lead, and chromium remainned signi-
ficantly below regulatory limits. The data obtained indicate the absence of hazardous soil contamination by
mobile forms of heavy metals and can serve as a basis for further environmental monitoring of agricultural lands.
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Mex0yHapoOHbIM ces3sM, «3anadHo-KazaxcmaHcKull UHHO8aUUOHHO-MEXHOI02UYeCcKUl yHU8epcumemsy,
2. Ypansck, Pecrniybrniuka Kasaxcman.

B cmamebe npedcmasneHs pesyrnbmambl U3yYeHUsl 8IUsSHUSI HelmpasibHO-0emepaeHmHOU Kremyamku
8 palyuoHax CyxOCMOUHbIX KOPO8 Ha (bu3uo/io2u4ecKoe COCMOsIHUE U Mpogbunakmuky memabonuyeckux
HapyweHul 8 mpaH3umHbit nepuod, m.e. 3a 3 Hedenu 0o u 3 nocne oména. ViccnedogaHusi npoeedeHsl Ha
Kopogax 20/IUMUHCKOU nopo0lbl 8 yCrio8UsIX MPOMbIWIIEHHO20 MOJI0OYHO20 Xxo3silicmea Ce8epHO20 peauoHa
KasaxcmaHa (TOO «Omxa-Caddyukoeckoe», KocmaHalickasi 061.). AHanu3 KOpMO8 6bIrOsHsNCS Memooom
demepaeHmMHo20 aHanu3a ro cucmeme Van Soest ¢ ucrnonib3oeaHuem aHanuszamopa ANKOM e coomeem-
cmeuu ¢ mpebosaHusmu AOAC, ISO u IF'OCT. bbinu paspabomaHbl payuoHb! Onsi paHHe20 U No30He20 cyxo-
cmosi ¢ KoHmposnupyembiM yposHem HOK u cbanaHcupogaHHbIM 3Hep20rnpomeuHosbiM obecrniedeHueM. Ouye-
Hueanu cmpykmypy payuoHos, rnompebreHue numamesibHbIX 8eU,eCM8, KOCBEHHbIE r1okaszameru pybuoeozo
memabosnusma, MuHepasbHbil banaHc U HEKOMOPble 300MeXHUYEeCKUe napamempbl. YCmaHOB8/1eHO, 4mo
u3bbimoyHoe codepxxaHUe CmpyKmMypHOU Kriemyamku 8 mpaduyUOHHbIX payuoHax CHUXaem KOHUEeHmMpauuto
0bMeHHOU 3Hepeuu, Hapywaem Kanbyul-ghochopHOe COOMHOWEHUE, 08bILUAem KamuOHHO-aHUOHHYO
pasHocmb (DCAD) u ysenu4ueaem puck memabosnudeckux paccmpoticms. Onmumusayusi yposHs HIK cro-
cobcmeosarna cmabunusayuu MUKpogiopbi pybua, yriy4dweHuro noedaemMocmu KOpMo8, CHUXEHUH KOPMOB020
cmpecca U rosbiweHur ¢huduoio2udeckol adanmayuu Kopog K omény u Havarly nakmauyuu.

Knroyeebie cnoea: onmumu3ayusi payuoHos, nompebreHue cmpyKmypHbIX y2r1es8o0o8, hpakuyuu rnu-
wiesol Knemyamku, pybuosbsili Memabonusm, 3HepaonpomeuHosbIl banaHc, kanbyul-gocghopHoe COOMHo-
WweHue, Kopmoegol cmpecc.

CYANY KE3EHAET CUbIPJIAPAbIH A3bIK PALULMOHAOAPLIHOAFbI
BEUTAPATMM-XYFbIL XXAC¥HbIK AEHFEUIHIH ®U3NONOIUANbIK KYUT'E
XXOHE METABOJIUTTIK B¥3blJIbICTAPAbIH AlAbIH AJTYFA ©CEPI
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napk Oupekmopsl, «bambic KazakcmaH UHHO8aUUSIbIK-MEXHOI02ussblK yHuUeepcumemi», Opan K., Kasak-
cmaH Pecnybnukacsil.
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