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Abstract. The impact of heavy metals on plants near industrial facilities
requires comprehensive investigation due to increasing pollution risks in
adjacent agricultural areas. The aim of this study was to comparatively
assess the concentrations of heavy metals in plants and soils of
agricultural lands located near a flare installation and in more distant
agrocenoses. The heavy metal content in the above-ground parts of plants
from agrophytocenoses located 4 km from the flare installation was
analyzed and compared with that in cultivated plants from
uncontaminated sites. Soil and plant samples were analyzed for Cd, Cr,
Cu, Mn, Ni, Pb, and Zn using atomic absorption spectrophotometry.
Contamination of the root-inhabited soil layer with cadmium, zinc, and
copper was detected. Analysis of the vegetative parts of Panicum
miliaceum L. revealed Zn and Cr concentrations 1.32 and 1.1 times higher
than the baseline values, respectively, at Site No. 1. In Cicer arietinum L.,
Zn accumulation was 2.2 times higher than the baseline value at Site No.
1, located near the gas flaring site, and 1.4 times higher at Site No. 2,
located in the Orenburg Region. The accumulation of elements in the soil
facilitates their uptake by plants, while the heavy metal transformation
coefficients for Panicum miliaceum and Cicer arietinum exhibit a similar
sequence: Zn > Cu > Cd > Ni = Mn > Pb = Cr. The results demonstrate
the need for environmental monitoring of croplands to identify changes in
agroecosystems and to develop approaches for their restoration.

Keywords: plants; flare installation; heavy metals.

1. Introduction

Emissions from oil extraction and other industrial activities are major
sources of environmental pollutants, constituting a global concern. Gas
flaring systems pose a particular threat due to the combustion of associated
petroleum gas and the release of sulfur, nitrogen, and carbon oxides, as well
as heavy metals, into the atmosphere. Although industrial processes are
now automated and operations associated with significant anthropogenic
emissions have been cut down, heavy metals remain present in biological
environment and threaten human health (Mousavi et al., 2020; Al-Farraj &
Al-Wabel, 2007). Classified as trace elements, heavy metals exhibit high
bioaccumulation potential, environmental persistence, significant
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reactivity, and toxicity; consequently, their elevated concentrations in ecosystems drive global
environmental changes (Tang et al., 2022; Dambiec et al., 2022). The Orenburg region is a center for
active mineral extraction and processing - an area significantly altered by human activity (Ryabinina
Z.N. et al., 2019). All components of the natural environment - and plants in particular - are affected
by these elements. Agricultural soils and the crops growing on them are susceptible to anthropogenic
changes driven by various factors, including wastewater pollution, the use of chemical soil
amendments, and emissions from industry and transport (Shi et al., 2022). Distinguishing between
the total and mobile forms of elements in the soil makes it possible to assess the potential risk they
pose to living organisms (Li et al., 2021; Zhong et al., 2020). The aim of the study is a comparative
assessment of heavy metal content in plants and soils of agricultural lands located in close proximity
to a flare installation and in agroecosystems unaffected by its impact.

2. Materials and methods

The primary research was conducted in the Southern Cis-Urals between 2022 and 2025 at four
experimental sites consisting of agroecosystems with spring crops. Averaged data from several years
of study were used. The map was created in program «Surfer».
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Figure 1. Study areas of the Orenburg district of the Southern Urals

Study site (agrophytocenosis) No. 1 is located within 4 km of the gas flaring site. In terms of
landscape position, the plot is classified as an eluvial facies with a terrain slope of 1-2°. The site was
characterized by its proximity (up to 4 km) to the flare unit and exposure to pollutants resulting from
associated petroleum gas flaring.

No. 2 is located in the vicinity of the settlement of Lenina in the Orenburg Region. The study
area forms a unified geosystem of eluvial facies with a 1° slope; the groundwater depth ranges from
80 to 100 m.

No. 3 is situated in the vicinity of the Chebenki settlement in the Orenburg Region; it is located
on the flat summits of watershed areas, free from significant soil erosion, with a groundwater depth
ranging from 35 to 88 meters.

No.4 is located in the vicinity of the settlement of Prigorodny in the Orenburg Region. The site
is classified as an eluvial facies, with the groundwater table lying at a depth of 25 to 88 meters.

Soil and plant samples were collected in triplicate using the envelope method (with side lengths
of 5 m and 10 m). Five soil samples were taken from points within the monitored elementary plot (or
each sampling site) (GOST 702229-2022). At least 0.5 kg of soil was collected at each point (GOST
R 58595-2019). Sampling of soil and plant material was carried out by the "envelope" method (the
length of the sides of which was 5 and 10 m) in triple repetition. Five soil samples were taken from
the points of the controlled elementary site (or each sampling site) (GOST 17.4.3.04-85, Vasilenko).
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At least 0.5 kg of soil was taken from each point (GOST 17.0.0.01-76; ST SEV 1364-78; Fedoseeva,
1994).

Each soil sample was collected from the arable horizon (the root-inhabited layer, 0-20 cm
depth). A composite sample was prepared from the five individual point samples, air-dried at 20—
25°C and 50-60% relative humidity, manually crumbled, and stored in a dark, dry location.
Subsequently, the sample was quartered, and one-quarter was sieved through a 2 mm mesh to obtain
the analytical subsample. In this manner, 12 soil samples were collected annually, resulting in the
analysis of 36 samples over a three-year period. To ensure analytical accuracy and internal laboratory
quality control, each soil sample was analyzed in triplicate over the three years.

Pollutant extraction from soil samples was performed as follows: 5 g of air-dried soil was placed
in a 100-mL flask, and 50 mL of ammonium acetate buffer (pH 4.6) was added. The mixture was
heated in a water bath at 90°C for 20 minutes, then filtered through folded filter paper (blue ribbon
grade). The extract was filtered through folded filter paper (blue ribbon grade). The initial portions
of the filtrate were discarded, and the subsequent filtrate samples were used for trace element
determination. Chemical elements in the soil and plant samples were determined using atomic
absorption spectrophotometry. Specific spectral lines were used for trace element detection: Zn
(213.8 nm), Cu (324.7 nm), Pb (283.3 nm), and Cd (228.8 nm). An air-acetylene flame was used for
atomization. Reference solutions for instrument calibration and standard curve construction were
prepared using acid solutions, with calibration standards supplied by the instrument manufacturer.

In this way, 12 soil samples were taken annually; that is, 36 samples were analyzed within 3
years. To adjust the analysis and internal control of the laboratory, each soil sample was analyzed
three times over the course of 3 years.

The process of extraction of pollutants in soil samples was carried out as follows. Air-dry soil
of 5 g was placed in a flask with a capacity of 100 ml, 50 ml of acetate-ammonium buffer solution
with pH = 4.6 was added. Then it was kept in a water bath at a temperature of 90°C for 20 minutes.
The extract was filtered through a pleated filter (blue tape). Determination of chemical elements in
soil and plant samples (atomic absorption spectrophotometry). To determine trace elements, light
filters with a bandwidth for Zn-213.8 nm, Cu-324.7 nm, Pb-283.3 nm, Cd-228.8 nm were used. An
air-acetylene flame was used to atomize the elements. Reference solutions were prepared for setting
up the device and building a graduated graph during the extrusion of heavy metals with acid solutions.
Colibrating reference solutions were prepared from the set for the device.

The agrocoenoses under study are characterized by the dominance of cultivated common millet
(*Panicum miliaceum* L.) and chickpea (*Cicer arietinum* L.). Samples of millet (cultivar
Orenburgskaya 27) and chickpea (cultivar Krasnokutsky) were collected from four plots at the end
of the growing season. The above-ground parts of the plants were cut at the level of the lowest leaves
to obtain a composite plant sample weighing 0.5-1 kg (fresh weight). The climate of the study area
is continental, with an average annual precipitation of approximately 330-550 mm. Although
atmospheric dust was actively deposited on the leaf surfaces, heavy precipitation washed it off,
resulting in minimal heavy metal absorption through the above-ground plant organs; therefore, a
preliminary washing procedure for the plant samples was not performed. A series of plant samples
was collected from the study plots. 24 plant samples were taken from the study sites.

Soil and plant samples were analyzed for elemental content (Cd, Cr, Cu, Mn, Ni, Pb, and Zn)
using atomic absorption spectrophotometry with a Kvant-2AT instrument (KORTEK LLC, Russia).

The geoaccumulation index (Jgeo) is widely used to assess soil contamination; specifically, the
geoaccumulation index proposed by Muller (1981) was used to characterize the level of
contamination in sedimentary deposits, calculated using formula (1):

cn 1)
1.5H=Bn})
Cn - metal concentration in soil,
1.5 - a coefficient used to correct for possible background variations caused by lithogenic effects;
32
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Bn - the background value for the metal. The geoaccumulation index (lgeo) was calculated for bulk
and mobile soil forms at a depth of 0-20 cm.
The geo-accumulation index (Jgeo) was distinguished into seven classes by Muller (1969):
Jgeo < 0=uncontaminated
0 < Jgeo <1 = uncontaminated to moderate contamination
1 <Jgeo < 2 = moderate contamination
2 < Jgeo < 3 = moderate to heavy contamination
3 < Jgeo < 4 =heavy contamination
4 < Jgeo <5 = heavy to extreme contamination
5 < Jgeo <6 = extreme contamination
The results were evaluated against the "List of Maximum Permissible Concentrations (MPC)
and Tentative Permissible Concentrations (TPC) of Chemical Substances in Soil,” approved by
Deputy Chief State Sanitary Physician G.G. Onishchenko.
The translocation factor (TF) (Shi X et al., 2022) was calculated by dividing the heavy metal
concentration in the collected plant sample by the total heavy metal concentration in the soil, using
formula (2)

TF =P/, )

C plants - metal concentration in plant tissue;

C soils - metal concentration in dry soil.

In statistical and mathematical procedures, the significance level for hypotheses is defined as
the level ensuring an error probability of less than 5% (P < 0.05) or less than 1% (P < 0.01). Student's
t-test was used to calculate the p-value (significance).

Laboratory tests were conducted by an accredited organization.

No Al was used in writing the article.

3. Results

Heavy metals may originate from lithogenic or anthropogenic sources. Lithogenic elements
exhibit lower bioavailability because they are incorporated into mineral crystal lattices and remain
stable for extended periods. The mobile form of heavy metals is often anthropogenic in origin; it can
be introduced via dust, is found in surface soil layers, and exists predominantly in an ionic form (Han
et al., 2017). Table 1 presents the calculated Jgeo values for the root-zone soil layer. The tables
provide averaged annual pollutant data, including the calculated probable error (P).

Table 1. Geoaccumulation index (Jgeo) for the total content of heavy metals in soils of the study
areas

Element Study sites
Ne 1 Ne 2 Ne 3 No 4
Pb -0.48** -0.63* -0.48* -0.85**
cd 0.97** 0.01* 0.38* 1.25%
Zn -0.52* -0.64* -0.69** -0.97**
Mn 0.25* 0.25* 0.34* 0.16*
Ni 0.11* -0.007* 0.05* -0.007*
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Cr 0.57** 0.53** 0.43** 0.54**

cu -0.88** -0.97%* -1.06* -1.57*

Designations: P <0.05-*, P < 0.01 - **

Legend: Jgeo<0 uncontaminated soils, Jgeo = 0-1 slightly contaminated soils, Jgeo = 1-2
moderate soil contamination, Jgeo = 2—-3 moderate to strong soil contamination, Jgeo = 34 strong
soil contamination, Jgeo = 4-5 strong to extreme soil contamination, Jgeo > 5 extreme soil
contamination.

The geo-accumulation index was calculated to determine the level of pollutant contamination
in arable soils near the flare unit and to compare the results with those from study sites located in a
relatively favorable environmental setting. Analysis of Table 1 showed that at study sites Nos. 1, 3,
and 4, the Jgeo values for Cd content ranged from 0.01 to 1.25; according to Miiller’s scale (Muller
G., 1981), this indicates slight soil contamination at the first two sites and moderate contamination at
site 4.

Analysis of Jgeo values revealed slight contamination with mobile forms of Mn and Ni in the
soils near the flare unit, and moderate contamination with Cr (Table 2). Slight lead contamination
was observed in the arable soils of Site 1, with moderate contamination at Site 3. Regarding copper
content, the first three study sites exhibited contamination ranging from moderate to severe, while
zinc contamination across all four sites ranged from severe to extreme.

Table 2. Geoaccumulation index (Jgeo) for the content of mobile forms of heavy metals in soils of
study areas

Element Study sites
Ne 1 Ne 2 Ne 3 Ne 4
Pb 0.85** -1.07* 1.10* -1.83*
Cd -3.25* -2.006* -2.05* -1.49*
Zn 5.47* 4.79* 4.44* 3.01*
Mn 0.19* -0.20* -0.40* -0.24*
Ni 0.29* -0.83* -1.05* -1.26*
Cr 1.47* -1.58* -2.28* -2.79*
Cu 3.89* 2.39* 2.16* -0.92*

Designations: P <0.05 - *, P < 0.01 — **

The geoaccumulation index for mobile forms of cadmium was negative in all experimental
variants.

In the next stage of the study, samples of the above-ground parts of cultivated plants were
analyzed for toxic metal content (Mushtaq et al., 2023). The results showed that *P. miliaceum* is
capable of accumulating zinc at concentrations slightly exceeding the sanitary limit, with a maximum
value of 66 mg/kg (Figure 1). *C. arietinum* accumulates zinc at levels more than double the
permissible limit (Figure 2), indicating contamination of the food product with this heavy metal.
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Figure 2. Pollutant content in the vegetative parts of P. miliaceum plants across the study sites

Analysis of *P. miliaceum™* revealed zinc levels 1.1 times the limit at Site No. 4 and nearly 1.32
times the limit at Site No. 1. Thus, zinc content in *P. miliaceum* and *C. arietinum* at all sites
equals or exceeds the maximum permissible concentration. Chromium accumulation in the above-
ground parts of *P. miliaceum™ at Site No. 1 exceeded sanitary-hygienic standards by a factor of 1.1,
a level that may affect redox processes and reduce chlorophyll formation (Ali S. et al., 2023).
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Figure 3. Content of pollutants in the vegetative part of C. arietinum plants

Research findings indicate that chickpea (*C. arietinum*) actively accumulates Zn in its above-
ground parts at the first two study sites. Zinc concentrations in the plant tissue exceeded sanitary-
hygienic standards by a factor of 2.0 at Site 1 and 1.36 at Site 2 (Figure 3). Manganese levels in the
above-ground biomass exceeded the standard at all study sites; some researchers attribute this to the
genetic characteristics of this legume species (Neugschwandtner et al., 2015).

The transformation coefficient is a parameter used to determine the transfer of trace elements
from soil to plants. The mean transformation coefficient values for *P. miliaceum* regarding Pb, Cd,
Zn, Mn, Ni, Cr, and Cu content were 0.012, 0.053, 1.215, 0.012, 0.015, 0.007, and 0.188, respectively
(Table 3).
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Table 3. Elemental transformation coefficient for P. miliaceum

Parameter Study sites Average data TF
Nel Ne 2 Ne 3 Ne 4
Pb 0.025* 0.001* 0.01* 0.009* 0.012*
Cd 0.027* 0.057* 0.05* 0.08* 0.053*
Zn 1.27* 1** 1.065* 1.526* 1.215*
Mn 0.015* 0.008* 0.010* 0.013* 0.012*
Ni 0.024* 0.007* 0.022* 0.008* 0.015*
Cr 0.014* 0.001* 0.005* 0.005* 0.007*
Cu 0.219* 0.024* 0.141* 0.366* 0.188*

Designations: P <0.05 - *, P < 0.01 — **

Calculating the average TF values made it possible to construct the following series: Zn > Cu
> Cd > Ni>Mn=Pb>Cr.

The mean values of this parameter for chickpeas were 0.004, 0.063, 1.197, 0.023, 0.011, 0.005,
and 0.114 for lead, cadmium, zinc, manganese, nickel, chromium, and copper, respectively (Table 4).
Based on the transformation factor (TF) value, the elements form the following sequence: Zn > Cu >
Cd > Mn > Ni > Cr > Pb. A higher TF value indicates greater accumulation of heavy metals in the
vegetative parts of the plants (Alama et al., 2020).

Table 4. Elemental transformation coefficient for C. arietinum

Parameter Study sites Average data TF
Nel Ne 2 Ne 3 Neo 4
Pb 0.007* 0.002* 0.004* 0.006* 0.004*
Cd 0.035* 0.146* 0.043* 0.027* 0.063*
7Zn 2.038* 1.417* 0.826** 0.505** 1.197*
Mn 0.032* 0.019* 0.013* 0.026* 0.023*
Ni 0.013* 0.013* 0.007* 0.012* 0.011*
Cr 0.009* 0.005* 0.002* 0.005* 0.005*
Cu 0.180* 0.178* 0.071* 0.028* 0.114*

Designations: P <0.05 - *, P < 0.01 — **

Our study demonstrated an accumulation of total manganese, chromium, and cadmium, as well
as mobile forms of chromium, zinc, and copper, in the soil adjacent to the flare installation. The active
accumulation of these elements in the above-ground parts of plants near the pollution source was
most pronounced in chickpeas; this underscores the need for a more rigorous analysis of crop produce
to ensure compliance with sanitary standards in areas of intense industrial activity.
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4. Discussion

This study examines the impact of an oil and gas production facility on the accumulation of
total and mobile pollutant forms in soils and cultivated plants. An analytical review (Flared Gas
Utilization Strategy, 2004) by the World Bank states that 'the flaring of associated petroleum gas -
particularly when optimal combustion conditions are not maintained - results in the release of various
pollutants into the atmosphere. Studies have identified the following among these emissions: over
250 hazardous chemical compounds, including carcinogenic 3,4-benzopyrene, benzene, carbon
disulfide, phosgene, and toluene; heavy metals such as mercury, arsenic, and chromium; and nitrogen
and sulfur oxides, as well as hydrogen sulfide.” These substances cause pollution of the atmosphere,
surface water bodies, and soil. Furthermore, the natural environment and the local population may be
subjected to other adverse impacts resulting from associated petroleum gas flaring (Kadafa, 2012).
According to the State Report 'On the State and Protection of the Environment in the Orenburg
Region," flare emissions impact an area at least three to four times larger than the site itself.

Tyumen scientists reported that after anthropogenic soil disturbance, total heavy metal
concentrations did not exceed maximum permissible limits, except for Zn and Pb (Getman et al.,
2016). Our study indicates low levels of anthropogenic contamination regarding total soil
concentrations of manganese, chromium, and cadmium (with the exception of Site 4, where cadmium
contamination was moderate; we hypothesize that this is unrelated to the impact of the flare
installation). Such cadmium levels in arable soils may stem from long-term agricultural activity in
the area. Indeed, several authors (Shabanov et al., 2025; Mousavi et al., 2020; Ashinov et al., 2020)
have noted the significant input of cadmium into arable soils via mineral fertilizers, particularly
phosphate-based ones. Researchers in the Republic of Belarus found that soil in agricultural zones
showed only a slight exceedance of the maximum permissible concentration (MPC) for cadmium -
specifically 1.04-1.16 times the MPC (Matveeva et al., 2010). Our research demonstrated that
proximity to infrastructure (construction sites, roads, power lines, etc.) also increases the
concentration of mobile cadmium forms in the soil (Mousavi et al., 2020). The moderate manganese
and chromium contamination observed across all study sites is likely attributable to similar factors.
Geo-accumulation indices for copper, lead, and zinc were negative, indicating an absence of
anomalously high total concentrations of these elements at the study sites; this may be due to the
neutral soil solution reaction characteristic of chernozems, as well as exchange and non-exchange
sorption processes that reduce metal ion mobility by converting them into forms unavailable to plants.

A study by Chinese scientists (Li et al., 2025) investigated mobile forms of heavy metals in
soils under anthropogenic influence. The results indicate that all eight pollutants studied (As, Cr, Ni,
Cu, Zn, Cd, Pb, and Hg) in the study area exhibit varying degrees of cumulative contamination, with
the highest levels observed for Cd. Our research demonstrated that the geo-accumulation index for
mobile forms of cadmium was negative across all experimental variants; slight soil contamination by
Mn and Ni was observed at the flare installation site, along with moderate contamination by Cr. Slight
lead contamination was found in the arable soil of Site 1, while moderate contamination was observed
at Site 3. Regarding copper content, the first three study sites showed contamination ranging from
moderate to severe, whereas zinc contamination ranged from severe to extreme across all four sites.
Elevated levels of mobile Zn were observed at all four sites; the excess of mobile zinc in the local
soils is likely attributable to geochemical soil factors and anthropogenic agricultural activity,
particularly the use of fertilizers. Compared to other chemical elements, Zn is the most soluble
element in the soil, and its concentration depends on soil reaction (pH). The low availability of Zn to
plants in the soils of the Orenburg region - which are often calcareous - is largely due to their neutral
or slightly alkaline reaction [5]; mobile Zn levels increase under acidic soil conditions, a state that
can arise from intensive fertilizer use.

Throughout the entire observation period, sporadic exceedances of the maximum permissible
concentrations (MPCs) for metals were recorded in the total and mobile soil fractions; overall, these
did not follow a consistent pattern. An increased content of mobile forms of Zn is observed at all 4
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sites; it is possible that in this area the excess of mobile forms of zinc in soils is associated with
geochemical factors of soils and anthropogenic agricultural activities, in particular, the use of
fertilizers. Compared with other chemical elements, Zn is the most dissolved element in soil; its
concentration depends on soil-environment reactions. The small amount of Zn available to plants in
Orenburg, often carbonate, soils is largely due to their neutral or slightly alkaline reaction (Blokhin,
1997); with an acidic reaction of soils, the amount of mobile Zn increases. This is possible with
intensive use of fertilizers.

Throughout the observation period, sporadic exceedances of maximum permissible
concentrations (MPCs) for metals were recorded in the total and mobile soil fractions; however, these
did not follow a consistent pattern.

The impact of flares on the lower vegetation strata manifests as a depletion of species
composition (Lugansky, 2000; Khaustov & Redin, 2006; Yudakhin et al., 2002). The radius of direct
thermal damage extends up to 50 m for low-capacity flares and up to 200 m for high-capacity ones;
effects of vegetation suppression caused solely by thermal radiation are observed up to 4 km away.
In the impact zone extending from 4 to 10 km, the penetration and accumulation of combustion
product residues are observed (Yashchenko et al., 2014). Our studies of agrocenoses within 4 km of
the flare installation demonstrated that manganese levels in *P. miliaceum™* and *C. arietinum* across
all sites were either within the maximum permissible concentration (MPC) limits or showed only
slight exceedances. Zinc accumulated in *C. arietinum* at concentrations exceeding sanitary-
hygienic standards by a factor of 2.0 at Site No. 1 and by a factor of 1.36 at Site No. 2.

5. Conclusion

1. The geo-accumulation index for total copper, lead, zinc, and nickel in soils across all study
sites yielded negative values. Low-level soil contamination with manganese, chromium, and
cadmium was observed at all study sites (with the exception of Site 4, where cadmium contamination
was moderate); this is likely attributable to the long-term agricultural use of these areas.

2. Analysis of Jgeo values revealed slight contamination with mobile forms of Mn and Ni in
the soils near the flare unit, and moderate contamination with Cr. Slight lead contamination was
observed in the arable soils of Site 1, with moderate contamination at Site 3. Regarding copper
content, the first three study sites exhibited contamination ranging from moderate to severe, while
zinc contamination across all four sites ranged from severe to extreme.

3. Heavy metal analysis in common millet and chickpeas revealed zinc levels exceeding
sanitary-hygienic standards and slight manganese exceedances of the maximum permissible
concentration (MPC).

4. The heavy metal transfer factor values for Panicum miliaceum L. follow the sequence Zn >
Cu > Cd > Ni > Mn = Pb > Cr, while those for Cicer arietinum L. form the series Zn > Cu > Cd >
Mn > Ni > Cr > Pb.

5. The results highlight the need for thorough crop product analysis to ensure sanitary standard
compliance and for environmental monitoring of the region's agroecosystems to timely detect
anthropogenic changes and develop restoration strategies. Monitoring pollutants in crop production
is essential for assessing year-to-year variations in the chemical composition of soils and plants;
statistical analysis enables the assessment of potential risks associated with the transfer of metals into
the food chain.
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MyHaii-ra3 OHIIPy HBICAHAAPBIHBIH TONBIPAK IeH OCIMAIKTepAe JAcCTaylIbl
3aTTapAbIH )KMHAKTAJIYbIHA dcepi

Mapus BacuiabeBa, Taresina BacuiibeBa

Angatna. OnrycTik Opangarbl ©HEpKOCINTIK HBICAHJIAD MAaHBIHAAFBl  OCIMJIKTEpre ayblp
METaJIap/blH ~ ocepl JKaKplH MaHJaFbl aybll LIapyallbUIBIFBl  AJKANTApbIHBIH  JacTaHy
Mpo0JIeMachIHbIH apTyblHa OalIaHBICTBI MYKHUST 3€pTTEYAl Tanan erefl. 3epTTeyliH MakcaTbl -
(aken bl KOHIBIPFBIIAH a3 KAIIBIKTHIKTa OPHAJIACKAH aybUI IIAapYaIlbUTBIFbI )KEPIIEPiHiH )KOHE OHBIH
ocepiHe YIbIpaMaraH arpoleHO3JapAblH OCIMIIKTepi MEH TOIBIPAFbIHIAFbl ayblp MeTalIapAblH
JICHTeiiH calbICThIpy O0Jiapl. MyHali-Ta3 KOHJCHCAThI KelleHIHIH (aKkeIabl KOHIBIPFBICBIHAH 4 KM
KAIIBIKTBIKTa OpHAJIACKaH arpo(HUTONEHO03/1apAarbl ©CIMIIKTEPAIH Kep YCTI OeiKTepiHAeri ayblp
METaJIap/IblH MeJIIIepl TalJIaHbIl, Ta3a aiiMaKTap/ia eceTiH MOJCHHM OCIMIIKTEPMEH CaJbICTBIPY
Kyprizuiai. TombIpak MeH ecIMAIK YIruIepl aToMapiblK-aOCOpOIUSIIBIK CIEKTPOPOTOMETpUS
onicimen Cd, Cr, Cu, Mn, Ni, Pb sxone Zn menmiepine Tanganpl. 3epTrey aliMakTapbIiHIa TaMBIPIIBI
afMaKTBIH KaJMHUHAMEH, MBIPHIIINEH OHE MBICIICH JIACTaHYbl aHbIKTAIA6l. Panicum miliaceum L.
BeretaTHBTI OenikTepin Tanaay Nel yuackene Zn (Hopmanan 1,32 ece sxorapbl) xkoHe Cr (HopMaaax
1,1 ece >xorapsl) JaeHreinepinin apTkaHsiH kepcerti. Cicer arietinum L. ra3 skary aiimarbIHIa
opHanackad Nel yuackene caHUTApIIBIK-TUTHEHANIBIK HOpMasapaaH 2,2 ece, an OHTycTik Opannarbl
JleHuH aybUIBIHBIH JKaHbIHAA OopHasacKaH Ne2 yyackene HopMazaaH 1,4 ece »korapbl ZN JKUHAKTAIBL.
DNeMEeHTTEp/IIH TOIBIpaKTa XHHAKTAIYbl OJApAbIH ©CIMAIKTEp/AE >KUHAIYbIHA BIKHAI €Tei, ai
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Panicum miliaceum sxone Cicer arietinum yumriH ayslp MeTajamapblH TpaHCPOpMaIHsIaHy
koddunmentrepi ykcac kKarap Ttysemi: Zn>Cu>Cd>Ni=Mn>Pb=Cr. 3eprrey MomimMerTepi
arpodKOXKYyiie mapamMeTpiepiHiH O3repicTepiH Aep Ke3iH/Ie aHbIKTay KOHE OJIapbl KalMblHA KENTIpy
TOCUIZEPIH d31pJiey YIIH OHIpAEri aybUl IIApYaIlbLIBIFbI KEpJIepiHE SKOJIOTHSIIBIK MOHUTOPUHT
KYPrizy KaKeTTUIITH KepceTei.

Tyiiin ce3nep: ecimaikrep; Gpakenaik KOHIBIPFBI; aybIp MeTaIaap.

Biausinne 00LeKTOB He(l)TeI‘aIiO)IOﬁbl‘ll/I Ha HAKOIIJICHUE 3aIrpASHAIOINUX BEIIECTB
B ITOYB€ M PaCTCHUAX

Mapus BacuibeBa, Tarbsina BacuabeBa

AHHoOTauus. BiusHue TSHKENBIX METAJUIOB HAa PACTCHUS y MPOMBIIUICHHBIX 00bekTOB Ha FOkHOM
VYpasie TpeOyeT TIATeIbHOTO H3Y4YEHHS B CBSI3U C PACTYIICH MPOOIEMOii 3arpsi3HEHUS OIH3IIEKAIINX
CEJIbCKOXO35MCTBEHHBIX Yroauii. Llenbro ncenenoBanus ABISIETCS CPABHEHUE YPOBHEH 3arpsi3HEHHUS
TSDKEJIBIMA METaJUIAaMH PAaCTEHHH M TOYB CEIbCKOXO3SHCTBEHHBIX YTOJUH, PAclONIOKECHHBIX Ha
HE3HAYUTEIFHOM YIAJICHUU OT (PaKeTbHOH YCTAaHOBKM, W arpoleHO030B, HE IOJBEPKEHHBIX €e
Bo3/eiicTBUIO. [IpoaHamM3upoBaH COCTaB TKEIBIX METAUIOB B HAA3EMHBIX YacTAX pPACTEHHM
arpoUTOLEHO30B, PACIIONOKEHHBIX B 4 KM OT (paKeJbHOM yCTaHOBKM He(TEra3oKOHJEHCATHOI'O
KOMILIEKCa, ¥ IPOBEJICHO CPABHEHHE C MTOKA3aTENISIMU KYJIbTYPHBIX PACTEHUH, IPOU3pACTAIOIINX Ha
YUCTBIX TeppuTopusx. OOpa3ibl MOYB U PACTCHUI NMpoaHaIu3upoBaHbl Ha coaepxkanue Cd, Cr, Cu,
Mn, Ni, Pb u Zn mertomom aromHO-abCOpOIMOHHON crekTpodoromeTpun. Ha wmccrmemyeMbix
yYacTKaX BBISIBJICHO 3arpsi3HeHHe KopHeoOuTaemoi 30HbI Cd, Zn u Cu. AHanu3 BereTaTHMBHBIX
opranoB Panicum miliaceum L. BeisiBun Ha yuyactke Nel moBblmieHHbIH ypoBerb Zn (B 1,32 pasa
Boiie Hopmbl) u Cr (B 1,1 pasa Beimie Hopmbi). Cicer arietinum L. Hakommi Zn B KOJUYECTBaX,
MPEBBIAIOIINX CAHUTAPHO-TUTHEHUYECKHE HOPMBI B 2,2 pa3a Ha ydacTke Nel, pacronokxeHHOM B
30HE CXKUTaHud rasa, u B 1,4 pasa Bbliie HOpMbI Ha yyacTke N2, pacnoio)keHHOM BOJIM3U MOCEKa
Jlenun Ha FOxHOM VYpane. HakoruieHue 371eMEHTOB B MOYBaX CIIOCOOCTBYET MX aKKyMYJSLUU B
pacTeHusX, a KO3 GHUIMEHTH TpaHCHOPMAITUH THKEIBIX MeTaioB s Panicum miliaceum u Cicer
arietinum oOpasyroT ananorumunbsie psasl: Zn>Cu>Cd>Ni=Mn>Pb=Cr. JlanHble HuCCIEIOBaHUS
JIOKa3bIBAIOT HEOOXOMMOCTh MPOBEACHHUS KOJOTMYECKOT0 MOHUTOPHHTA CEbCKOX03IHCTBEHHBIX
YyroJIuil peruoHa Jyis CBOEBPEMEHHOIO BBISBICHMS H3MEHEHUH MapaMeTpoB arpo3KOCHCTEM U
pa3pabOTKX MOJXO/I0B K HX BOCCTAHOBJICHUIO.

KiroueBblie cjioBa: pacteHus; (akenbHas yCTAaHOBKA; TSHKEIIbIE METAJLIIBI.

42



