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ASSESSMENT OF POLLUTION OF FRAGILE FOREST ECOSYSTEMS BY
METALS AND PESTICIDES IN THE CONDITIONS OF EASTERN KAZAKHSTAN

Annotation. Forest ecosystems play an important role in maintaining biological diversity,
regulating climate, and conserving water resources. However, in recent decades they have been
exposed to significant anthropogenic impacts, including heavy metal and pesticide pollution.
East Kazakhstan is a region with a developed mining industry and intensive agriculture, which
leads to the accumulation of hazardous substances in soil, vegetation and water bodies. This
article discusses the problem of contamination of forest ecosystems with heavy metals (Pb, Cd,
Zn, Cu) and pesticide residues. The study was conducted at several sites with varying degrees of
anthropogenic stress. The sampling of soil, vegetation and water was carried out in accordance
with international standards. Heavy metals were analyzed by atomic absorption spectrometry,
and the pesticide content was determined by gas chromatography. The results showed a
significant excess of the maximum permissible concentrations (MPC) for a number of
pollutants, especially in areas adjacent to industrial enterprises and agricultural land. It has been
found that the accumulation of heavy metals leads to deterioration of the soil structure, a
decrease in its fertility and a change in the composition of the soil microflora. High
concentrations of pollutants have been recorded in vegetation, which can pose a threat to
animals and humans. In addition, the migration of pesticides into aquatic ecosystems indicates
the risk of further spread of pollutants. Based on the data analysis, recommendations are
proposed to reduce the negative impact on forest ecosystems. These include the introduction of
pollution monitoring systems, the use of bioremediation methods, and the development of
strategies for sustainable management of natural resources. This study confirms the need to
strengthen control over emissions of harmful substances and introduce environmental protection
measures to preserve the ecosystems of Eastern Kazakhstan.

Keywords: forest pollution; heavy metals; pesticides; East Kazakhstan; ecosystem
analysis; environmental monitoring.

Introduction

Forest ecosystems play a key role in the global circulation of substances, biological
diversity, and climate regulation. They provide a habitat for many species of plants and animals,
regulate the level of carbon dioxide in the atmosphere, participate in the formation of the water
balance, and prevent soil erosion (1, p. 15). The problem of the ecological state of forest
resources and increasing the resistance of forests to chemical pollution is extremely relevant in
the global and local policy of Kazakhstan. Forests include important ecosystem functions such
as maintaining biological diversity, regulating climate, and improving air quality (6, p. 47). The
impact of the international community, agricultural activities, and changes in the use of land
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resources lead to the degradation of forest ecosystems, a decrease in their biodiversity,
deterioration of soil composition, pollution of water sources, and a reduction in the ability of
forests to recover naturally (13, p. 320).

In recent decades, anthropogenic activity has led to a significant deterioration in the
condition of forests, especially in regions with developed industry and agriculture, such as
Eastern Kazakhstan. East Kazakhstan is one of the most important industrial and agricultural
regions of the country. Large metallurgical and mining enterprises are located here, contributing
to the release of heavy metals into the environment (7, p. 690). In addition, chemical treatment
of agricultural land is actively used in the region, leading to the accumulation of pesticides in
soil, water, and vegetation (18, p. 612). Together, these factors negatively impact ecosystems,
disrupting their natural balance and reducing the sustainability of biodiversity.

Fragile forest ecosystems, characterized by high sensitivity to environmental changes, are
particularly vulnerable to such impacts. Pollution by heavy metals such as lead (Pb), cadmium
(Cd), zinc (Zn), and copper (Cu) leads to soil quality deterioration, decreased biological activity,
and changes in vegetation composition (12, p. 205). Many of these metals have cumulative
properties, which enhances their toxic effects on organisms (3, p. 1709).

Pesticides used in agriculture also pose a serious threat to forest ecosystems. They can
migrate from fields to forest areas, polluting soil and water sources. Some chemical compounds
have a long decomposition period, contributing to their accumulation in biological chains (22, p.
5). Exposure to pesticides can lead to the death of beneficial microorganisms, changes in
microbiological processes in the soil, and a decrease in the number of insect pollinators,
negatively affecting ecosystem dynamics (5, p. 10).

In this regard, it is necessary to conduct comprehensive studies aimed at determining the
level of pollution of forest ecosystems in Eastern Kazakhstan and its possible consequences.
The present study focuses on identifying concentrations of heavy metals and pesticides in soil,
vegetation, and water, as well as analyzing their effects on the composition and functioning of
ecosystem components. Assessing the sources of pollution and developing measures to reduce it
is also an important task.

Thus, the main purpose of this work is to monitor the pollution of forest ecosystems by
heavy metals and pesticides, identify their spatial distribution, and determine their potential
effects on biota. This will allow us to propose measures to reduce the environmental burden and
ensure the sustainable functioning of forest ecosystems in Eastern Kazakhstan.

To assess the level of pollution of the forest ecosystems of East Kazakhstan by heavy
metals and pesticides, identify the main sources of pollution, and develop recommendations for
their reduction.

Research objectives.Determine the content of heavy metals (Pb, Cd, Zn, Cu) and
pesticides in the components of forest ecosystems.Analyze the spatial distribution of
pollutants.Compare the results obtained with the established maximum permissible
concentrations (MPC).Evaluate the impact of pollutants on biota and soil processes.Develop
recommendations for reducing pollution and restoring forest ecosystems.

Materials and Methods

The study was conducted in the forests of Eastern Kazakhstan, including areas exposed to
industrial and agricultural impacts. Soil, vegetation, and water samples were taken to assess the
level of contamination. Samples were collected according to standard methods in control
(background area) and polluted areas located near sources of possible contamination (10, p.
208).Soil samples were taken from a depth of 0-20 cm in accordance with GOST 17.4.3.01-83
(14, p. 530). At least 500 g of soil was taken for analysis at each sampling point. The samples
were dried at room temperature, crushed, and sieved through a sieve (2 mm mesh size) before
chemical analysis (11, p. 198).
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The leaves and bark of the dominant tree species (birch, pine, aspen) were selected. The
samples were dried at 60°C to a constant weight and crushed in a laboratory mill (4, p.
234).Water samples were collected from forest reservoirs (springs, streams, lakes). Sampling
was carried out in pre-prepared plastic containers with a volume of 1 liter, after which the
samples were preserved with nitric acid (pH < 2) to prevent metal precipitation (16, p. 650).
Water samples were analyzed without prior preparation.The content of heavy metals (Pb, Cd,
Zn, Cu) was determined by atomic absorption spectrometry (AAC) using a PerkinElmer
AAnalyst 400 spectrometer (8, p. 1234). Before analysis, soil samples were subjected to acid
decomposition using a mixture of nitric acid and hydrochloric acid (wet ozonation method). Dry
ozonation at 450°C followed by extraction in nitric acid was used for plant samples (21, p. 400).

The determination of pesticide content in soil, vegetation, and water samples was carried
out by gas chromatography with an electronic capture detector (GC-ECD) using an Agilent
6890N instrument (19, p. 205). Sample preparation included extraction of pesticides with
organic solvents (hexane, acetone), purification of extracts by solid-phase extraction (SPE), and
concentration of extracts by rotary evaporation. The analysis was carried out according to the
methods regulated by GOST 30178-96, using calibration curves constructed according to
standard samples (9, p. 110). Organochlorine and organophosphate pesticides, as well as their
metabolites, were determined (17, p. 50).

The Student's t-test was used to assess the statistical significance of the differences
between the control and contaminated sites (2, p. 142). Correlation analysis (Pearson
coefficient) was used to identify relationships between metal concentrations and soil parameters
(23, p. 460). Regression analysis was used to predict the extent of accumulation of metals and
pesticides in soil and vegetation (20, p. 250). All calculations were performed in the Statistica
12.0 software environment (15, p. 540).

Research results
Based on the conducted studies, the following results were obtained on the assessment of
pollution of forest ecosystems by pesticides and heavy metals.
The concentration of heavy metals and pesticides in forest ecosystems shows the degree
of pollution of ecosystems in the forest areas of Eastern Kazakhstan (Figure 1).

Heavy Metal and Pesticide Concentration in Forest Ecosystems
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Figure 1 - Heavy Metal and Pesticide Concentration in Forest Ecosystems
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The data in Figure lhighlight the variations in heavy metal accumulation across different
ecosystem components, revealing distinct contamination patterns.Soil exhibits the highest levels
of contamination for all three heavy metals, with Zinc (150 mg/kg) showing the greatest
concentration, followed by Lead (30.0 mg/kg) and Cadmium (2.5 mg/kg).This suggests that
heavy metals primarily accumulate in soil due to industrial emissions, agricultural runoff, and
atmospheric deposition.Leaves and moss accumulate moderate amounts of heavy metals.Moss
contains higher levels of pollutants (Pb: 10.0 mg/kg, Cd: 1.2 mg/kg, Zn: 80 mg/kg) compared to
leaves (Pb: 5.0 mg/kg, Cd: 0.8 mg/kg, Zn: 50 mg/kg), indicating moss’s role as a bioindicator of
airborne contamination.

Water samples have the lowest concentrations of heavy metals, with Pb at 0.3 mg/L, Cd
at 0.05 mg/L, and Zn at 3 mg/L.This indicates that heavy metals are less likely to dissolve and
remain in water bodies, although persistent pollution can still pose risks to aquatic life.Litter,
composed of decomposing plant materials, holds Pb at 8.0 mg/kg, Cd at 0.9 mg/kg and Zn at 60
mg/kg, representing an intermediary stage of metal transfer from vegetation to soil.This
suggests that as plant material decomposes, accumulated pollutants return to the soil,
contributing to long-term contamination cycles.Zinc (Zn) has the highest concentrations across
all components, especially in soil (150 mg/kg), indicating its strong affinity for soil
retention.Lead (Pb) follows a similar trend, with soil showing the highest levels (30.0 mg/kg),
while other components retain lower concentrations.Cadmium (Cd) exhibits the lowest overall
values but is still significantly present in soil and moss, highlighting its mobility and potential
for bioaccumulation.In addition to arsenic, lead was the second most important pollutant of
heavy metals in agriculture.

Spatial Distribution of Lead (Pb) Contamination
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Figure 2 - Spatial Distribution of Lead (Pb) Contamination

The scatter plot visualizes the spatial distribution of Lead (Pb) contamination in different
monitoring sites. The color intensity represents higher lead concentrations. Site B and Site C
show the highest levels of lead contamination.Site A, Site D, and Site E have relatively lower
lead concentrations.The spatial pattern suggests possible contamination sources, such as
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industrial activities, runoff, or atmospheric deposition. The following is a comparison of these
pollution levels with the established permissible limits (Maximum permissible concentrations -
MPC) (Table 1).

Table 1 - Comparison of Pollution Levels with MACs

No Component Lead (Pb) Cadmium (Cd) Zinc (Zn)
1 | Soil 30.0 25 150

2 | Leaves 5.0 0.8 50

3 | Water 0.3 0.05 3

4 | Moss 10.0 1.2 80

5 | Litter 8.0 0.9 60

The bar chart displays the number of ecosystem components where pollutant levels
exceed Maximum Allowable Concentrations (MACs) (Figure 3).

Number of Exceedances of Maximum Allowable Concentrations (MACs)
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Figure 3—-Number of Exceedances of Maximum Allowable Concentrations (MACs)

Cadmium (Cd) and Zinc (Zn) exceed MACs in multiple components, particularly in
soil.Copper (Cu) levels surpass MACs in the soil component.Pesticides exceed MACs in
multiple components, including moss and litter.Lead (Pb) does not exceed the MAC in any
component.This highlights cadmium, zinc, and pesticides as the primary pollutants of concern,
requiring mitigation strategies.

Assessment of their impact on biota and soil processes (Figure 4).
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Impact of Pollutants on Biota and Soil Processes

50F Soil Microbial Activity Reduction
B Plant Growth Reduction
EEE Soil Organic Matter Decrease

40+
|
20
0 o I Q N &
N\ (0\(/ 0@’ ‘\(’ oo

Q
N
N ,“/\(\ Qe’ e‘:}’
e & ® <

o

Impact (%)

o

Pollutants

Figure 4—Impact of Pollutants on Biota and Soil Processes

The bar chart illustrates the negative impact of pollutants on biological activity and soil
health.Pesticides have the most severe impact, causing 40% reduction in microbial activity, 50%
decline in plant growth, and 30% decrease in soil organic matter.Cadmium (Cd) is also highly
detrimental, reducing soil microbial activity by 35%, plant growth by 45% and organic matter
by 25%.Zinc (Zn) and Copper (Cu) show moderate effects, while Lead (Pb) has the least impact
on biota and soil properties. These findings highlight the need for mitigation strategies.

Recommendations for Pollution Reduction and Ecosystem Restoration (Table 2).

Table 2 - Impact of Pollutants on Biota and Soil Processes

Ne Strategy Effectiveness Level
1 | Phytoremediation (Using plants to absorb .
High
heavy metals)
2 | Soil amendments (Adding biochar, lime, or .
. Medium
organic matter)
3 | Bioremediation (Using microbes to degrade .
High
pollutants)

The table presents strategies for pollution reduction and ecosystem restoration, ranked by
effectiveness.Phytoremediation (High) — Using plants to absorb heavy metals from soil and
water.Bioremediation (High) — Leveraging microbial activity to break down contaminants.Soil
amendments (Medium) — Applying biochar, lime, and organic matter to neutralize toxins.Water
filtration & buffer zones (Medium) — Preventing pollutants from entering water bodies.Pesticide
reduction & eco-friendly alternatives (High) — Minimizing chemical pollution.Regular
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monitoring (High) — Detecting contamination early for proactive intervention.Reforestation &
afforestation (Medium) — Restoring ecological balance.Legislation & incentives (High) —
Enforcing environmental regulations and supporting sustainable practices.These strategies can
help mitigate pollution risks and enhance forest ecosystem resilience.

Discussion of Results

The findings of this study provide significant insights into the contamination levels of
heavy metals (Pb, Cd, Zn, Cu) and pesticides in forest ecosystems. The results indicate that soil
serves as the primary reservoir for pollutants, with particularly high concentrations of Zinc (150
mg/kg) and Lead (30 mg/kg). While the contamination levels in leaves and moss are lower, they
still demonstrate the bioaccumulative potential of these pollutants. Water samples exhibited the
lowest contamination, except for pesticides, which were present in trace amounts.

The spatial distribution analysis revealed that contamination is not uniform across all
monitoring sites. Sites B and C exhibited significantly higher Lead (Pb) levels, suggesting
potential point sources of pollution, possibly from industrial activities, atmospheric deposition,
or agricultural runoff. Cadmium and Zinc levels were found to exceed Maximum Allowable
Concentrations (MACs) in multiple ecosystem components, raising concerns about their
potential toxic effects.

The comparison with MAC thresholds revealed that.Cadmium (Cd) exceeded safe limits
in both soil and moss, indicating a risk of soil degradation and plant toxicity.Zinc (Zn)
surpassed MACs in soil and litter, potentially impacting plant growth and microbial
communities.Copper (Cu) levels exceeded permissible limits in soil, which could interfere with
enzymatic activities in microorganisms.Pesticides exceeded safe limits in moss and litter,
raising concerns about their persistence and potential bioaccumulation.

The biological impact assessment further confirmed that pesticides and cadmium have the
most severe effects on microbial activity, plant growth, and soil organic matter composition. A
reduction of up to 50% in plant growth and 40% in microbial activity was observed in highly
contaminated areas. These findings suggest that soil degradation and ecosystem instability could
result from prolonged exposure to these pollutants.

Phytoremediation and bioremediation were identified as the most effective methods for
heavy metal detoxification, while buffer zones and filtration systems could help reduce pesticide
contamination in water bodies. Additionally, reducing the use of synthetic pesticides and
implementing regular environmental monitoring programs are crucial for long-term pollution
control and ecosystem sustainability.

Conclusion

The research findings highlight the significant presence of heavy metals (Pb, Cd, Zn, Cu)
and pesticides in forest ecosystems, with soil acting as the primary contamination reservoir.
Zinc (150 mg/kg) and Lead (30 mg/kg) were found at the highest concentrations in soil, while
leaves and moss demonstrated bioaccumulative tendencies. Water exhibited the lowest
contamination levels, except for pesticides, which were present in trace amounts.

Spatial analysis revealed non-uniform distribution patterns, with Sites B and C showing
the highest Lead (Pb) concentrations, suggesting potential point sources of pollution such as
industrial activities, atmospheric deposition, or agricultural runoff. The comparison with
Maximum Allowable Concentrations (MACSs) showed that Cadmium (Cd) exceeded safe limits
in soil and moss, posing risks to soil health and plant growth. Zinc (Zn) and Copper (Cu) also
surpassed permissible levels in soil and litter, affecting microbial communities and enzymatic
processes.

The impact assessment indicated that pesticides and Cadmium (Cd) have the most severe
effects on biota and soil health, with microbial activity reduced by 40% and plant growth by
50% in highly contaminated areas. Prolonged exposure to these pollutants could lead to soil
degradation and ecosystem instability.

533



L M/ BKY Xa6apuubicbl
TVERSYYY BecTHuk 3KY i 2(98) - 2025

To mitigate contamination risks and promote ecosystem restoration, phytoremediation
and bioremediation emerged as the most effective strategies for heavy metal detoxification,
while buffer zones and filtration systems were recommended to prevent pesticide pollution in
water bodies. Reducing the use of synthetic pesticides and implementing regular environmental
monitoring programs are crucial for long-term pollution control and sustainability of forest
ecosystems.
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Baiirazakosa /K.M., Myxamer:kanoa O.T., Bykataesa K. T., Ep:kankbi3sl M.,
Apaakan O.

IIBIFBIC KASAKCTAH KAFTAUBIH]IA 9JICI3 OPMAH
IKOXKYMEJIEPIHIH METAJIIAP )KOHE MECTUILIAATEPMEH JACTAHYbIH
BAFAJIAY

Angarna. OpMmaH dKOXKYiHenepi OHONIOTHSUIBIK SPTYPJIUIIKTI CakTay, KIMMAaTThl PETTEy
KOHE Cy PEeCypCTapblH KOpFaylla MaHbI3Ibl pejl aTkapalbl. AJaiila COHFbl OHXKBUIABIKTapAA
olap ayblp MeTalgap MEH MEeCTUIHATEPMEH JIACTaHy CHSKTHl alTapibIKTail aHTPOMOTCHIIK
ocepre ymmipayna. IIerreic Kazakctan — Tay-KeH eOHIIpici MeH KapKBIHABI  aybLl
LIapyallblIbIFbl aMBbIFaH ©Hip, OyJl TOIBIPaKTa, ©CIMAIKTEpIE >KOHE Cy Ke3IepiHne KayinTi
3aTTap/IblH KMHAITybIHA oKejeni.byn makama opmaH akoxyienepiniy ayblp merangapmer (Pb,
Cd, Zn, Cu) %oHe NeCTUIHUATEPAIH KaJABIKTapbIMEH JIACTAHy MACEJIECiH KapacThIpasl. 3epTTey
AHTPOTIOTCH/IK JKYKTEMEHIH opTYpJii JopexeciHmeri OipHelne ydackenepae >KYpri3uimi.
Tormeipak, eCiMIIKTEp KOHE Cy YITUISPiH aly XalbIKapalblK CTaHAapTTapFa ColKec KYPri3imi.
Ayblp MeTangapAblH Kypambl aTOMABIK-a0COpOLMSIIBIK — CHEKTPOMETPHUSl  OMiCIMEH, ai
MIECTUIHUATEPAIH KYpaMbl Ta3fplK xpoMmaTorpadus oficiMeH aHBIKTAIIBL.3epTTey HOTHXKemepi
OipHemle nacTaylibl 3aTTap OOWBIHILA €H XKOFapbl PYKcaT eTuIreH KoHueHTpauusinapasiH (MPK)
adTapiBIKTAl achIll KETKCHIH KOPCEeTTI, ocipece OHIIPICTIK KOCIMOPBIHIAD MEH aybll
[IapyallblIbIFbl aKANTapblHa JKaKbIH ayAdaHgapAa. Ayblp MeTalAaplblH XKHHAIybl TOMBIPAK
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KYPBUIBIMBIHBIH ~HallapilayblHa, OHBIH KYHApJbUIBIFBIHBIH TOMEHICYiHE JKOHE TOIbIpaK
MHKPO]IIOpACKIHBIH KYPAMBIHBIH ©3TepyiHe oKeJeTiHI aHbIKTamapl. CoHmal-ak eCiMIIKTepIe
JacTaylibl 3aTTapAblH KOFapbl KOHIEHTPAIMACH TipKenmi, Oy jkaHyapjiap MEH agaMaapra
Kayin TeHaipyi MyMkiH. COHbIMEH Karap, IECTUIIHATEP/IH CYy dKOXYHeNnepiHe Koyl J1acTayIibl
3aTTap/IblH OJ]aH opi Tapally KaymiH KepceTeni.AJNbIHFaH JepeKTepi Tajnay Heri3iHae opMaH
IKOXKYHeNepiHe Tepic acepi azaiTyra OarbITTalFaH YChIHBICTAp )acaiuabl. OnapablH KaTapblHa
JacTaHyAbl OaKplIay XKYWeNepiH eHrizy, OumopemMenuarysi 9IICTEpiH KOJJaHy >KoHE TaOWFu
pecypcTapabl  TYpakThl Oackapy cTparerusiiapeiH o3ipiey kipemi. byn 3eprrey IlbiFbic
Kazakcran skoxy#enepiH cakray YIIiH 3HSHIBI 3aTTapiAblH MIBIFAPBIHABLIAPEIH OaKbLIAYIbI
KYLICHTY >KoHE IKOJIOTHAJIBIK KOpFay LIapajapblH €HI13y KaKETTUIITiH pacTaiabl.

Kint ce3mep: opmaH nacTtaHybl; ayelp MeTanmap; nectumuarep; Lereic Kazakcran;
9KOXKYHEJIK Talaay; SKOJOTHSUTBIK MOHUTOPHHT.

Baiirazakosa ’K.M., Myxamer:kanoBa O.T., Bykaoaesa K. T., Ep:kankbizsl M.,
Apaakan O.
OLEHKA 3ATPA3ZHEHUA YSA3BUMBbIX JIECHBIX DOKOCUCTEM

METAJUIAMHU U MTECTUOUJAMMU B YCJIOBUAX BOCTOYHOI'O KA3AXCTAHA

AnHoTamus. JlecHble OKOCHCTEMBI WTpAlOT BAXKHYK pOJIb B  COXPaHEHUH
OMOJIOTHUECKOT'O Pa3HOOOpa3usl, PeryIupOBaHUN KIMMaTa W MOJEPKAHUU BOJHBIX PECYPCOB.
OnHako B TOCIEAHHWE ACCATUIICTHS OHH TIOJBEPTarOTCS 3HAYMUTENFHOMY aHTPOIOTEHHOMY
BO3JCUCTBUIO, BKJIIOYAS 3arps3HEHHE TSDKEIBIMA METaUIaMU M IecTuuuaamMu. BocTouHbii
Kazaxctan sBISIETCSI PETMOHOM C PAa3BUTOH TOPHOMOOBIBAIONMICH IPOMBINUICHHOCTHIO U
WHTEHCUBHBIM CEJICKUM XO3SICTBOM, YTO MPUBOAUT K HAKOIUICHUIO OIMACHBIX BEIIECTB B
MOYBE, PACTUTENFHOCTH H BojoeMax.B maHHOW craThe paccmarpuBaeTcs mpobieMa
3arps3HEHHs JIECHBIX SKocucteM TshkensiMu Metamiamu (Pb, Cd, Zn, Cu) m ocratkamu
necTuuua0B. MccnenoBanrue MPOBOJMIOCH Ha HECKOJBKHUX YYAacTKax C Pa3jIMYHOU CTENEHBIO
AHTPOTIOTeHHOTO Bo3AelcTBUSA. OTOOp MPoO MOYBHI, PACTUTEIHHOCTH M BOJIBI OCYIIECTBIISICS B
COOTBCTCTBUU € MCKAYHAPOAHBIMHU  CTaHAApTaMU. Coz:epxcaHHe TSAXKECIIBIX  MCTAJLJIOB
OTIpE/IEeTISITA METOJJOM aTOMHO-a0COPOIIMOHHON CIIEKTPOMETPHH, a COJIEp)KaHUe MEeCTHIIUIOB —
METOJIOM Ta30BOH Xpomarorpaduu.Pe3ynbraTel IMOKa3alu 3HAYUTEIBHOE IPEBBIIICHUC
peaensHO HomycTuMbIX KoHneHTparui ([1JK) mo psay 3arps3HAONMX BEmecTB, 0OCOOCHHO B
palioHax, NPUIECTAIOMIUX K MPOMBIIUICHHBIM MPEANPUATUIM U  CEJIbCKOXO3IMCTBEHHBIM
YToabsiM. YCTaHOBJIeHO, YTO HAKOIUICHUEC TsXKCEJIBIX MCTAJUIOB INPHUBOJUT K YXYAUICHHUIO
CTPYKTYpPBl TIOYBBI, CHIDKEHUIO €€ IUIOJAOPOJUS W W3MEHEHHMIO COCTaBa IOYBEHHOU
MUKpOGIIOphl. BBICOKHE KOHICHTpallMH 3arpsi3HSIONIMX — BEIIECTB  3a)UKCHUPOBAHBI B
PACTHTENBHOCTH, YTO MOKET MPEJCTABIATh YTPO3y MJS KUBOTHBIX W denoBeka. Kpome Toro,
Murpanyd nOeCTUIHUAOB B  BOAHBIC O3KOCHCTEMBI YKAa3bIBA€CT Ha PUCK I[EUH:HCfIHIGI‘O
pacnpocTpaHeHus 3arps3HuTeneil. Ha ocHoBe aHanmm3a MaHHBIX MPEAJIOKEHBI PEKOMEHIAIINH 110
CHH)XXCHHUIO HCIraTHuBHOI'O BO3ILCI\/'ICTBI/IH Ha JECHBIC JKOCUCTEMBI. CpCI[I/I HUX — BHCAPCHUC
CHCTEM MOHHTOpPHHTA 3arpsi3HEHHs, MCIOJIh30BAaHHE METONIOB OMOpeMenuanuu M pa3paboTka
CTpaTeruil yCTOMYMBOTO YyNpaBiICHUS MPUPOAHBIMU pecypcamu. lIpoBeneHHOE uccieqoBaHUE
MMOATBEPIKAACT HGO6XOJII/IMOCTI) YCUIICHUA KOHTPOJIA 3a BBI6pocaMI/I BPE€AHBIX BEIIECTB U
BHEJIPEHUS IPUPOJAOOXPAHHBIX MEpP AJIsl COXpaHeHus skocucteM Bocrounoro Kazaxcrana.

KaroueBble cjioBa: 3arps3HEHUE JIECOB; TSDKEINbIE METalUlbl; NMECTULH]IBI, BOCTOUYHBIN
Kazaxcran; aHanm3 5KOCHUCTEM; DKOJIOTHIECKHIT MOHHTOPHHT .
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