How to Cite: Bayazitova, Z.E., Kurmanbayeva, A.S., Safronova, N.M., Zhaparova, S.B. (2026). Ecological and biological
assessment of the state of soils and vegetation cover of the closed municipal solid waste landfill in Kokshetau. Fundamental and
Experimental Biology, 31, 2 (122), 43-55. https://doi.org/10.31489/2026FEB3/43-55

Research Article
https://doi.org/10.31489/2026FEB3/43-55

UDC 504.054 Received: 16.02.2026 | Accepted: 8.06.2026 | Published online: 30.09.2026

Z.E. Bayazitova', A.S. Kurmanbayeva, N.M. Safronova, S.B. Zhaparova

Kokshetau University named after Sh. Ualikhanov, Kokshetau, Kazakhstan
“Corresponding author: z_bayazitova@mail.ru

Ecological and biological assessment of the state of soils and vegetation cover
of the closed municipal solid waste landfill in Kokshetau

The ecological state of a closed municipal solid waste (MSW) landfill in Kokshetau, operated from 1960 to
2017 and lacking engineered protective systems, was assessed with a focus on heavy metal contamination and
its effects on vegetation. Soil analysis revealed substantial exceedances of maximum permissible concentra-
tions (MPCs) and background concentrations. Maximum concentrations reached 4230 mg/kg for Zn,
870 mg/kg for Cu, 299 mg/kg for Pb, 58 mg/kg for As, and 145 mg/kg for Ni, exceeding MPCs by 42.3, 15.8,
9.3, 29.0, and 3.6 times, respectively. Compared with background concentrations, these values were 48.1, 8.5,
19.9, 4.1, and 3.2 times higher, respectively. A pronounced radial contamination gradient was identified, with
maximum concentrations in the central zone and a gradual decrease toward the periphery. However, even pe-
ripheral areas showed elevated concentrations relative to background levels, indicating persistent anthropo-
genic impact despite landfill closure. The geo-accumulation index (Igeo) classified the central soils as strong-
ly to extremely contaminated, particularly with respect to Zn and Pb, while the phytotoxicity index (FTI) in-
dicated a high level of phytotoxicity. Geobotanical analysis revealed substantial transformation of the vegeta-
tion, which was dominated by herbaceous and short-lived species, with annual species accounting for 49% of
the recorded flora. The prevalence of Asteraceae, Poaceae, Brassicaceae, and Chenopodiaceae is consistent
with adaptation to chemically stressed environments. The dominance of Bassia scoparia suggests its potential
as a bioindicator of technogenically disturbed soils. Overall, the landfill represents a long-term
anthropogenically transformed ecosystem requiring integrated environmental monitoring and reclamation
measures.

Keywords: landfill of solid household waste, soil contamination, phytotoxicity, anthropogenic impact, heavy
metals, ecosystem disturbance.

Introduction

Landfills of solid household waste (MSW), including closed and recultivated ones, remain long-term
sources of soil pollution with heavy metals due to the accumulated “technogenic legacy”, lack/insufficiency
of engineering protection (screens, filtrate collection) and the continued secondary intake of pollutants from
surface runoff and dust transport [1]. International studies emphasize that soil pollution around landfills often
persists for years and is accompanied by environmental risks to the soil and plant system, including the po-
tential entry of metals into the biota [2].

For Kazakhstan, the problem is particularly significant against the background of an increase in the vol-
ume of accumulated waste and the need for environmentally sound management of landfill stock. Modern
reviews and applied works on solid waste management in the Republic of Kazakhstan indicate the scale of
waste accumulation and the importance of assessing the environmental effects of existing and closed
facilities [3-4].

Kazakhstani studies demonstrate that landfills are capable of forming local anomalies in the content of
Zn, Cu, Pb, As, Ni and other elements in soils, as well as influencing adjacent environmental components
(including soils and groundwater) [5]. Thus, for the Karasai landfill (Almaty), soil pollution with heavy met-
als and its anthropogenic causes are shown. Similarly, earlier works on landfill sites emphasized the migra-
tion of heavy metals in the soil-water system, which makes an integrated approach to assessing the state of
anthropogenic territories relevant [6]. In recent years, studies have been published on landfills in Kazakhstan
(including in the Astana area), where excess of permissible levels of heavy metals and the need for environ-
mental hazard assessment are noted, which confirms the current practical relevance of such work [7].

The study of closed landfills is of particular relevance, since the cessation of operation does not mean
the cessation of exposure: pollutants can persist in soils and maintain a phytotoxic background, affecting the
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restoration of vegetation and the structure of phytocenoses [8]. In this regard, it is important not only to rec-
ord the concentrations of elements, but also to use integral indices (for example, Igeo) for a comparable as-
sessment of the degree of anthropogenic accumulation and the allocation of functionally the most dangerous
Zones.

At the same time, an urgent task is not only to fix the level of pollution, but also to develop approaches
to restoring disturbed ecosystems. It is necessary to study the prospects of biorecultivation of landfills using
plant species resistant to stressful conditions, capable of functioning in conditions of increased heavy metal
content and transformed water-salt regime [9]. This highlights the need for a comprehensive analysis com-
bining chemical pollution indicators and a geobotanical assessment of the vegetation cover.

Geobotanical characteristics (the taxonomic structure of the flora, the proportion of short-lived life
forms, and the dominance of ruderal/stress-tolerant species) can act as bioindicative signs of ecosystem
transformation under the influence of metals, complementing the calculations of phytotoxicity (FTI) and
making it possible to substantiate the ecological consequences for vegetation cover [10].

Thus, the relevance of this study is determined by: (1) the ecological significance of closed landfills as
long-term sources of soil pollution with heavy metals [11]; (2) the lack of data on spatial heterogeneity of
pollution within the body of the landfill; (3) the need to integrate chemical indicators (exceeding standards,
Igeo, FTI) with the geobotanical assessment of vegetation cover transformation for scientifically based moni-
toring and selection of reclamation priorities in the conditions of Northern Kazakhstan.

Experimental

The study was performed at a closed solid waste landfill located in the eastern part of the city of
Kokshetau (Akmola region, Northern Kazakhstan), on the border of the southwestern edge of the West Sibe-
rian Plain and the northern slopes of the Kokshetau upland (53.320833°N, 69.478333° E). The territory be-
longs to a moderately arid forest-steppe zone characterized by a sharply continental climate, a large annual
temperature range, and insufficient precipitation.

The 36.5-hectare landfill was operated from 1960 to 2017. It is a multilayered waste body covered with
soil, without waterproofing liners or leachate collection systems. The height of the garbage dumps reaches
5-7 m. Despite the official closure, unauthorized waste storage remains in some areas, which increases the
anthropogenic burden on the ecosystem.

Soil sampling on the territory of a closed MSW landfill was carried out according to a radial gradient
scheme in order to assess the spatial distribution of heavy metals depending on the distance from the center
of the landfill. The zone of maximum capacity of a man-made body and the greatest accumulation of waste
was considered as a conditional center. Figure 1 shows the sampling points from the closed MSW landfill in
Kokshetau.

Ten sampling points were established within the landfill body and grouped into functional zones: the
core (points 1-3, up to 50 m from the center), the middle zone (points 4-6, 50-150 m), and the marginal
zone (points 7-10, 150-300 m). One control soil sample was collected outside the landfill’s impact zone
(5-10 km away) under comparable natural conditions and used as a background reference for pollution as-
sessment (Tab. 1).

At each sampling point, one composite sample representing the site was collected. In total, 11 samples
were analyzed (10 from the landfill and 1 background sample). The sampling design was aimed at assessing
spatial variability; therefore, no replicates were taken, and each point was treated as an independent observa-
tion unit.
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Figure 1. Map of the closed MSW landfill in Kokshetau (sampling points)

Table 1

The content of elements in soil samples of the closed MSW landfill in the city of Kokshetau

Samples Zn Cu Mn Sr Pb As Ni
MPC 100 55 1500 30 32.0 2.0 40
Point 1 4230 760 1790 306 248 50 123
Point 2 2410 710 1830 389 299 45 145
Point 3 1620 870 1210 323 292 58 103
Point 4 1640 610 960 264 208 46 141
Point 5 1660 566 1140 225 151 42 124
Point 6 1100 440 1010 261 104 29 106
Point 7 249 237 930 211 128 29 76
Point 8 510 184 690 161 90 26 103
Point 9 235 144 660 126 71 24 62
Point 10 700 234 500 153 64 21 52
BACKGROUND 88 102 450 89 15 14 46

The sampling depth varied depending on the morphological position of the site. In the central part of the
body of the landfill, samples were taken from a depth of 0-50 cm, which is due to the significant capacity of
the anthropogenic horizon and the vertical migration of pollutants. In the middle and marginal parts of the
body of the landfill, samples were taken from the upper soil layer (0—20 cm), which is most actively involved
in the processes of interaction with vegetation.

This approach made it possible to identify the spatial gradient of soil pollution and assess the decrease
in heavy metal concentrations as they moved away from the center of the landfill.

The total concentrations of heavy metals (Pb, Zn, Cu, Ni, As, Hg) in soil samples were determined us-
ing a portable X-ray fluorescence (XRF) analyzer, Olympus Vanta Pro series VCR, equipped with GeoChem
software.

The analytical method is based on the X-ray fluorescence effect: when a sample is irradiated with pri-
mary X-rays, the atoms become excited and emit secondary (fluorescent) radiation. The energy spectrum of
this radiation is characteristic of each chemical element, allowing both qualitative and quantitative determi-
nation.
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The Olympus Vanta Pro analyzer is equipped with a 4 W X-ray tube with a rhodium (Rh) anode and a
high-resolution large-area silicon drift detector (SDD, up to 50 mm?), ensuring high sensitivity and meas-
urement accuracy for elements starting from magnesium (Mg) and above in the periodic table.

The instrument is also fitted with an integrated GPS module and a digital camera, enabling
georeferencing of sampling locations and improving the accuracy of spatial analysis and contamination
mapping.

The level of soil contamination was assessed by comparing the measured concentrations with the max-
imum permissible concentrations (MPCs) of heavy metals established by current sanitary and hygienic
standards for soils. The background sample was used as a local geochemical reference for comparative as-
sessment and for calculating integrated pollution indices [12].

Geobotanical studies were carried out on the territory of the closed MSW landfill in Kokshetau in
August-October 2025. The vegetation survey was carried out by the route-site method with the laying of test
areas (10 x 10 m) within the functional zones of the polygon body (core, middle and marginal parts) (Fig. 2),
identified by the results of the analysis of the spatial distribution of heavy metals in soils.

Figure 2. Closed municipal solid waste landfill in Kokshetau (53.320833° N; 69.478333° E):
(a) central part of the landfill body; (b) middle zone; (c) marginal zone;
(d) collected soil samples stored in polyethylene bags for subsequent laboratory analysis

A complete description of the vegetation cover was carried out at each site, with registration of all types
of vascular plants. Taxonomic affiliation, life form, ecological group, and relative abundance were deter-
mined for each species; the projective coverage was assessed on the Brown-Blanke scale.

The interpretation of geobotanical data was carried out in comparison with concentrations of heavy
metals and integrated pollution indicators (lgeo, phytotoxic index), which made it possible to assess the im-
pact of anthropogenic soil pollution on the structure and composition of plant communities.

Statistical data processing included the calculation of descriptive indicators, analysis and
geoaccumulation indices. The geoaccumulation index (lgeo) was calculated using a background control
sample. The geoaccumulation index for each element was calculated using the formula:

S &

Igeo,i’ = 1032 (LE_CU_D“)IQQO,!' = 1032 (1-5'Ci,fun) (1)
where Ci is the concentration of the element in the soil, mg/kg; Ci,fon is the background concentration in the
control sample, mg/kg; the coefficient 1.5 takes into account the natural variability of background concentra-
tions.

46 Fundamental and Experimental Biology. 2026, 31, 3(123)



Ecological and biological assessment...

The phytotoxic index (FTI) was calculated as the average value of the multiplicities exceeding the max-
imum permissible concentration for Zn, Cu, Pb, As and Ni, after which the values obtained were averaged
over the functional zones of the landfill to assess the spatial variability of soil phytotoxicity.

Results and Discussion

The results of the analysis of soil samples showed pronounced anthropogenic contamination of the terri-
tory of the closed landfill with heavy metals (Tab. 2). The maximum concentrations of zinc reached
4230 mg/kg, which exceeds the maximum permissible concentration by 42.3 times and the background val-
ues by 48.1 times. Significant exceedances were also recorded for arsenic (up to 29 MPC), copper (up to
15.8 MPC) and lead (up to 9.3 MPC). Nickel was characterized by more moderate but steady exceedances of
standards (up to 3.6 MPC).

Table 2

Multiplicity of exceeding the maximum permissible concentration and background (maximum values)

Element max C, mg/kg C/MPC mg/kg C/background mg/kg
Zn 4230 42,3 48,1
Cu 870 15,8 8,5
Pb 299 9,3 19,9
As 58 29,0 4,1
Ni 145 3,6 3,2

The data indicate the dominant role of Zn and As in forming the phytotoxic background of the landfill,
due to their high biological activity and inhibitory effects on plant growth even at relatively low concentra-
tions [13]. Elevated background exceedances of Pb and Cu reflect their long-term accumulation during land-
fill operation [14].

The observed contamination levels are consistent with those reported for MSW landfills worldwide,
where elevated concentrations of Zn, Pb, Cu, and As and their accumulation in topsoil are commonly ob-
served. Similar exceedance ranges and radial contamination gradients have been documented in Europe,
China, and Central Asia [10, 11, 15], indicating the universal nature of heavy metal accumulation and migra-
tion in technogenically disturbed ecosystems.

Analysis of average metal concentrations across functional zones revealed a pronounced spatial
gradient (Tab. 3). The highest levels were recorded in the landfill core (Zn — 2753, Cu — 780,
Pb — 280 mg/kg), with decreasing concentrations toward the middle and marginal zones; however, even
peripheral areas remained above background levels.

Table 3
Average concentrations by functional zones, mg/kg
The zone Zn Cu Mn Sr Pb As Ni
Core (1-3) 2753 780 1610 339 280 51 124
Average (4-6) 1467 539 1037 250 154 39 124
Regional (7-10) 424 200 695 163 88 25 73

This pattern reflects the peculiarities of the landfill’s functioning as a source of long-term anthropogen-
ic impact: the central part is characterized by maximum accumulation of waste and filtrate, while partial dis-
persion of pollutants occurs as it moves away from it. Nevertheless, even the peripheral areas retain signs of
sustained anthropogenic pollution, which underlines the long-term nature of the landfill’s impact on the soil
cover (Tab. 4) [14].

Table 4
Phytotoxic index (FTI) by zone

The zone FTI Evaluation
The core 15.81 Very high phytotoxicity
The middle part 10.38 High
The edge part 4.99 Moderate
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The calculation of the geoaccumulation index made it possible to quantify the degree of soil contamina-
tion by individual elements (Tab. 5). For zinc, Igeo values in the central part of the landfill reached 5.0,
which correspond to the class of extremely polluted soils. For lead, lIgeo values at points 1-4 were in the
range of 3.21-3.73, which also indicates severe and extreme contamination. Copper was characterized by
Igeo values ranging from moderate to severe contamination, while arsenic corresponded to a moderate level
of contamination at most points.

Table 5

Geoaccumulation Index (Igeo) for key elements

Point Zn Cu Pb As
1.0 5.0 2.31 3.46 1.25
2.0 4.19 2.21 3.73 1.1
3.0 3.62 251 3.7 1.47
4.0 3.64 2.0 3.21 1.13
5.0 3.65 1.89 2.75 1.0
6.0 3.06 1.52 2.21 0.47
7.0 0.92 0.63 251 0.47
8.0 1.95 0.27 2.0 0.31
9.0 0.83 -0.09 1.66 0.19
10.0 241 0.61 1.51 0.0

Igeo values decreased in the marginal zone of the polygon body, however, levels corresponding to
moderate and severe pollution remained for a number of elements (Zn and Pb). This indicates that the an-
thropogenic impact of the landfill extends beyond its central part and forms a sustainably disturbed anthro-
pogenic territory.

Such geoaccumulation index values are typical of areas with long-term waste accumulation and the ab-
sence of engineered barriers, which is confirmed by similar studies on closed landfills, where Igeo values for
Zn and Pb often reach categories of strong to extreme contamination [11, 14].

An analysis of the spatial profile of the distribution of concentrations of heavy metals (Zn, Cu, Pb and
As), shown in Figure 3, revealed a pronounced gradient of soil pollution from the central part of the closed
landfill to its periphery. The maximum concentrations of all the studied elements were recorded in the central
zone of the landfill body, reflecting the long-term accumulation of pollutants in the zone of maximum waste
deposition [15].

Spatial distribution of heavy metals in landfill soils
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Figure 3. Spatial profile of the distribution of concentrations of heavy metals (Zn, Cu, Pb, As)
from the center of the landfill to the periphery

The sharpest contrast is observed for zinc, whose concentrations in the central points exceed the values
in the marginal zone by several times. A similar, though less pronounced, trend is observed for copper and
lead, indicating similar mechanisms governing their input and migration within the landfill body. For arsenic,
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concentrations also decrease with distance from the center, but its distribution profile is more smoothed,
which may indicate increased mobility of this element and its redistribution with the filtrate [15].

The revealed pattern of distribution of heavy metals confirms that the central part of the landfill is the
main zone of phytotoxic background formation. As they move away from the center, metal concentrations
decrease, but even in the peripheral zone their levels remain above the background values, which indicates a
stable anthropogenic impact and long-term persistence of pollution in the soil cover after the closure of the
landfill [13].

The spatial distribution of heavy metals within the landfill is controlled by a combination of interrelated
migration processes in a technogenically disturbed environment. A key mechanism is the infiltration of at-
mospheric precipitation through the landfill body: in the absence of impermeable liners and leachate collec-
tion systems, contaminated leachate is formed, promoting the vertical migration of dissolved and suspended
metal forms, particularly in the central zone with maximum waste accumulation [16].

Surface runoff also plays a significant role by transporting fine contaminated material to lower relief ar-
eas and peripheral zones, explaining the persistence of elevated concentrations even at a distance from the
landfill center [14]. Under conditions of sparse vegetation and a continental climate, aeolian transport further
contributes to the dispersal of contaminated dust and secondary pollution of surrounding areas [15].

Microrelief additionally influences spatial differentiation: depressions act as accumulation zones for
moisture, leachate, and fine particles, enhancing local metal concentrations and mobility, especially for
arsenic [16].

Thus, the radial gradient of contamination results from the combined effects of infiltration, surface run-
off, aeolian transport, and local accumulation, ensuring both vertical and horizontal migration of metals and
their long-term persistence after landfill closure [10, 11].

The distribution of Zn, Cu, Pb, and As concentrations across the functional zones of the landfill body,
shown in Figure 4, reflects significant differences in the environmental conditions of vegetation cover for-
mation.
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Figure 4. Boxplot of the distribution of Zn, Cu, Pb, and As concentrations by functional zones of the polygon body

The core of the landfill is characterized by the highest median values and significant variability in
heavy metal concentrations, which indicates the formation of a pronounced phytotoxic background. Under
these conditions, the development of zonal steppe phytocenoses is significantly limited, and the vegetation
cover is mainly represented by ruderal and stress-tolerant species with a short life cycle [14].

In the middle part of the landfill, a decrease in pollution levels is accompanied by a partial increase in
floral diversity, but persistent elevated concentrations of heavy metals continue to exert selective pressure on
vegetation. In the marginal zone, where the median concentrations are minimal, there are signs of restoration
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of zonal vegetation elements, but their sustainable development is hindered by residual soil pollution. Thus,
the spatial differentiation of the heavy metal content is directly reflected in the structure and composition of
the flora and determines the formation of specific anthropogenic phytocenoses on the territory of a closed
landfill (Fig. 5).

The revealed high concentrations of heavy metals in the soils of a closed landfill have a decisive effect
on the formation and spatial structure of vegetation cover. The recorded dominance of individual taxonomic
groups and plant life forms reflects the adaptation of the flora to conditions of sustained anthropogenic and
phytotoxic effects.

Annual

Biennial

Perennial
I Annual B Perennial Il Biennial

Figure 5. Distribution of plant life forms at the closed MSW landfill in Kokshetau

The found predominance of representatives of the Asteraceae (more than 25% of species), Poaceae,
Brassicaceae, and Chenopodiaceae families is characteristic of anthropogenic disturbed ecosystems and is
consistent with an increased content of Zn, Cu, Pb, and As in soils (Fig. 6). Many species of these families
have high ecological plasticity, a short life cycle, and the ability to tolerate chemical stress, including heavy
metal pollution. This is confirmed by the high participation of annual species (49%), while the share of per-
ennials and biennials is 38% and 13%, respectively, which is typical for disturbed and technogenically trans-
formed territories [12].
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Figure 6. Floristic spectrum of plant species at the closed MSW landfill in Kokshetau (% of total species)

50 Fundamental and Experimental Biology. 2026, 31, 3(123)



Ecological and biological assessment...

The low representation of woody plants and the predominance of herbaceous vegetation indicate unfa-
vorable edaphic conditions for the formation of stable multi-tiered phytocenoses. Heavy metals, accumulat-
ing in the upper technogenically transformed horizon, limit the development of the deep root system and
prevent the consolidation of tree species, which explains their sporadic presence in the form of single
seedlings [13].

Geobotanical analysis showed that a substantial part of the flora is represented by meadow-steppe spe-
cies typical of the regional vegetation. However, classical turf-grass steppes of the Festuco-Brometea class
are largely degraded or only fragmentarily preserved. Their replacement by ruderal and stress-tolerant spe-
cies indicates a profound transformation of natural phytocenoses under prolonged soil contamination.

The vegetation includes numerous ruderal and stress-tolerant species such as Bassia scoparia, Atriplex
patula, Chenopodium album, Artemisia spp., and Plantago major, which are characteristic of
technogenically disturbed environments. These species exhibit high tolerance to salinity, moisture deficit,
and elevated heavy metal concentrations, forming the basis of secondary plant communities.

Particular importance is attached to wetland and halophytic species (Phragmites australis, Suaeda
prostrata, Atriplex patula, Persicaria hydropiper) associated with moist areas and leachate accumulation
zones. These habitats are characterized by altered hydrological conditions and increased metal mobility, en-
hancing selective pressure on vegetation and promoting the formation of specific local phytocenoses [16].

Several species can be considered ecological indicators. In particular, Bassia scoparia, Atriplex patula,
and Suaeda prostrata indicate saline and technogenically disturbed soils, while Phragmites australis reflects
zones of increased moisture and leachate accumulation. Their distribution highlights spatial heterogeneity
and the degree of ecosystem transformation.

No widespread occurrence of aggressive invasive species was recorded; however, the presence of
synanthropic plants indicates a high level of anthropogenic transformation of the vegetation cover.

The dominance of Bassia scoparia (average coverage 21.92%, frequency 50%) with high average pro-
jective coverage and frequency of occurrence is indicative from a geobotanical point of view. This species is
known as a typical ruderal and halophytic element, resistant to salinity, moisture deficiency, and elevated
concentrations of heavy metals. Its wide distribution and the formation of dense thickets in the most polluted
areas of the landfill allow us to consider Bassia scoparia as a bioindicator of technogenically disturbed and
phytotoxic substrates [17, 18].

Thus, the spatial structure of vegetation and its taxonomic composition in a closed landfill directly re-
flect the level and nature of soil contamination with heavy metals. The formed plant communities are stable
anthropogenic phytocenoses dominated by species adapted to chemical stress and disturbed water-soil re-
gime, which confirms the long-term and persistent impact of the landfill on the ecosystem.

Conclusion

The closed municipal solid waste landfill in Kokshetau is characterized by a high level of technogenic
soil contamination with heavy metals, formed as a result of the long-term operation of the facility
(1960-2017) and the lack of engineering protection systems. The maximum concentrations of zinc, copper,
lead and arsenic are many times higher than the maximum permissible and background values, which indi-
cates the persistent nature of soil contamination.

An analysis of the spatial distribution of pollutants revealed a pronounced radial-gradient nature of pol-
lution: the highest levels of concentrations and multiplicity of excess standards were recorded in the central
part of the landfill body, while as they move away to the periphery, their consistent decrease is noted. At the
same time, concentrations of heavy metals exceeding the background values remain even in the marginal
zone, which indicates a long-term preservation of anthropogenic impact after the closure of the landfill.

The calculation of the geoaccumulation index (Igeo) showed that the soils of the central part of the
landfill belong to the categories of highly and extremely polluted, primarily by Zn and Pb. Igeo values de-
crease in the middle and marginal parts, however, levels corresponding to moderate and severe pollution re-
main for individual elements, which confirms the functional heterogeneity of the polygon body.

The values of the phytotoxic index (FTI) by functional zones indicate the formation of a pronounced
phytotoxic background in the central and middle parts of the landfill. The decrease in FTI to the periphery
reflects a decrease in chemical stress, but its levels remain sufficient to limit the development of zonal plant
communities and maintain conditions of selective pressure on the flora.

Geobotanical studies have shown that soil pollution with heavy metals has a decisive effect on the
structure and composition of vegetation cover. The flora of the landfill is mainly represented by herbaceous
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and short-lived species, while the proportion of annual plants reaches 49%, which is typical for ecosystems
with unstable and phytotoxic edaphic conditions.

The taxonomic structure of vegetation is characterized by the dominance of the Asteraceae, Poaceae,
Brassicaceae and Chenopodiaceae families, typical of anthropogenic disturbed areas and resistant to chemi-
cal stress. The low representation of tree species indicates unfavorable soil conditions for the formation of
stable multi-tiered phytocenoses.

The spatial distribution of plant communities is consistent with the soil pollution gradient: ruderal and
stress-tolerant phytocenoses are formed in the central zones, while only partially preserved elements of zonal
meadow-steppe vegetation are noted in the marginal part. The dominance of Bassia scoparia in the most pol-
luted areas allows us to consider this species as a potential bioindicator of technogenically disturbed and
phytotoxic substrates.

Considering the identified level of contamination and its spatial heterogeneity, a key priority for future
work is the establishment of a systematic environmental monitoring program. Monitoring should include
regular assessment of heavy metal concentrations in soils and vegetation, evaluation of phytotoxicity dynam-
ics, and the use of geobotanical and bicindication methods to track ecosystem recovery processes.

A promising and environmentally sound approach to reclamation is phytoremediation, based on the use
of pollution-tolerant plant species. Species selection should account for their ability to withstand high con-
centrations of heavy metals, accumulate them in biomass, stabilize the soil cover, and reduce contaminant
mobility. The establishment of a stable vegetation cover will not only limit metal migration but also enhance
the ecological resilience of the territory.

In general, a closed MSW landfill should be considered as a sustainably transformed anthropogenic
ecosystem in which soil contamination with heavy metals continues to determine environmental conditions
and biological processes even after the facility is discontinued. The results obtained emphasize the need to
take into account accumulated anthropogenic pollution when assessing the ecological status and developing
measures for the reclamation of such territories.
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3.E. baszurosa, A.C. Kypman6aesa, H.M. Cadponosa, C.b. Kanaposa

Kekmeray KajJlachbIHAaFbl KATThI TYPMBICTBIK KAJIBIKTAP
’Ka0bIK MOJUTOHBIHBIH TONBIPAK MeH 6CIMAIK KaMbLIFbICHIHbIH
JKarIaiibIH YKOJIOTHAJIBIK sKOHE OMOJIOTUsIIBIK OaraJiay

Kexkmieray kamaceinaarel 1960-2017 s>xpuiapsl maiiianaHbUIFaH, WHXKSHEPIIK KOPFAHBIC JKyHelepiMeH
*Kab/IbIKTaIMaraH Ka0ObIK KaTThl TYpMBICTHIK Kaaasikrap (KTK) MOMHrOHBIHBIH 3KOJOTHSIIBIK JKafqaiibl aybip
MeTalapMEeH JIaCTaHy JKOHE OHBIH ©CIMIIK jKaMbUIFBICBIHA 9CEPi TYPFHICBIHAH OaranaH[pl. TombIpak Tanzia-
ye1 Zn, Cu, Pb sxone AS arnemenTTepi GOMBIHINA MIEKTI PYKCAT ETUITeH oHe (DOHIBIK KOHIIEHTPAIMsITIAPIBIH
GipHelie ece apTKaHbIH KepceTTi. MakcuManapl KOHIEHTpausuiap kenecimeir 6ommsr: Zn — 4230 wmr/xr,
Cu — 870 mr/kr, Pb — 299 mr/kr, As — 58 mr/kr xone Ni — 145 mr/xr, Gyt mekTi pykcar eTiireH KOHIeH-
Tpanusuiapaan tuicinme 42,3; 15,8; 9,3; 29,0 xone 3,6 ece sxorapbl. POHIBIK MOHIACPMEH CaJBICTBIPFaHIa
aneMeHTTepaid Meumepi Zn ywin 48,1 ece, Cu ymin 8,5 ece, Pb ymin 19,9 ece, As ymin 4,1 ece xone
Ni yuiin 3,2 ece aptkaH. JlacTaHybIH afiKbIH paJHall/ibl-IPaIUCHTTIK CHIATHI aHBIKTAI/IBI; €H OFapbl KOH-
LEHTpALHsIap MEH HOPMAaTHBTIK KOPCETKIIITEPIiH apTybl MOJIUTOHHBIH OPTaJbIK OOJiriHAe TipKeill, MeTKi
aiimMakrapra Kapaii OipTiHIen TOMEeHIETeH. Allaiia MIeTKi yJacKelepAiH o3iHae (GOHIBIK JCHIeHIeH KOFaphl
KOHIICHTpALMsIap CaKTAJBII, IOJMIOH XaObUIFAaHHAH KEWiH Je aHTPONOTeHMAIK OCep/iH TYPaKThl eKEeHiH
kepcerTi. ['eoakkymyisinust uHaekci (Igeo0) GoiibIHIa OpTaNbIK aliMaK TOMBIpaKTapsl, ocipece ZNn xoue Ph
3JIEMEHTTEpi TYPFBICBIHAH, KYILITi JKOHE aca KYIITi JIaCTAHFaH CaHAaTKa JXaTKbI3bUIAbL. DUTOYBITTBUIBIK
unzekci (FTI) opranbik jxoHE OpTaHFBI aiiMakTapaa alKpiH (GUTOYBITTEl GOHHBIH KAJIBINTACKAHBIH PACTa/Ibl.
I'eoboTaHUKANBIK 3epTTeyiep OCIMIIK KaybIMIACTBIKTAphIHBIH eJeysi TpaHcopMalusra yIIblparaHblH
kopcerTi. Dropa HeriziHeH [IONTECiH JXKOHE KbICKA OMipyli TypliepMeH CHIATTagajbl, Oip)KbUIABIK
ocimuikrepain yiaeci 49 %-mpr  kypaiael. TakcoHOMMsUTBIK — KypbUIbIMBIHAA —Asteraceae, Poaceae,
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Brassicaceae arcone Chenopodiaceae tyksiMaactapsl 6acsiM, OYJ1 aHTPOIIOTCH/IK OY3bUIFaH )KOHE XUMHSUIBIK
cTpecc karaaiinapeina ToH. JKorapsl ICHrelie lacTanral ydackenepze Bassia scoparia typinid 6achIMABIFbI
OHBI TEXHOTEHMIK OY3bUIFaH CyOCTpaTTapIblH oJeyeTTi OMOMHAMKATOPHI PeTiHAE KapacThIpyFa MYMKIHIIK
6epeni. XKanner anranza, xadbik KTK HOMHIOHBL ayblp METalIap/IbIH KUHAKTAIFAH JTaCTaHYbI SKOJIOTHSIBIK
Kargailk  MeH ~ OWONIOTHSUIBIK  yHepicTepAi  alKpIHIAyAbl  JKAIFACTBIPBI  OTBIPFAH  TYPaKThI
TpaHcopMaLysIIaHFaH aHTPOIOICHIIK dKOXKyiie. By karmail KemeHaAi MOHUTOPHHT TIEH PEeKyJIbTHBALHS
CTpaTeTHsIIaphIH 93ipIIey/IiH KQKSTTUIITiH KepceTe .

Kinm ce30ep: KarThl TYPMBICTBIK KAaJIABIKTap IOJUIOHBI, TOIBIPAKTHIH JIACTaHYBI, (DUTOYBITTBUIBIK,
AQHTPOIOTCHIIK cep, ayblp MeTalAap, IKOKYHEeHIH OY3bUTyBL.

3.E. baszuroBa, A.C. Kypmanbaesa, H.M Cadponona, C.b. XKamaposa

IK0JI0T0 - OMOJIOTHYECKAS OIleHKA COCTOSIHNS MOYB U PACTUTEJIBLHOI0 MOKPOBA
3aKPBHITOrO0 MOJUIOHA TBEPABIX OBITOBBIX 0TX010B B I'. Kokmeray

TIpoBexneHa oreHKa SKOJIOTUUECKOTO COCTOSHUS 3aKPBITOTO HOJUTOHa TBEPBIX OBITOBBIX 0TX010B (THO) B T.
Koxkmeray, skcrutyaruposapuierocst B 1960-2017 1r. 1 He 0CHalIEHHOTO WH)KEHEPHBIMH 3allIUTHBIMU CHCTE-
MaMH, C aKI[EHTOM Ha 3arpsi3HEHHE TSDKENBIMU METaJIaMH U €T0 BIIMSHUE Ha PACTHTEIILHBIN IIOKPOB. AHAIN3
MOYB BBISIBUJI MHOTOKPATHBIC TIPEBBILICHUS TPEICIBHO JOIYCTUMBIX 1 (POHOBBIX KOHIEeHTpaumii Zn, Cu, Pb
1 As. MakcuMmaibHble KOHICHTpalMu coctaBmwin: Zn — 4230 mr/kr, Cu — 870 mr/kr, Pb — 299 wmr/kr,
As — 58 mr/kr u Ni — 145 Mr/Kr, 4TO NMpEBBIIAET NPEIETBHO A0MYCTHMBIC KOHIIEHTPAI[MH COOTBETCTBEHHO
B 42,3; 15,8; 9,3; 29,0 u 3,6 pa3za. I[lo cpaBHEeHHIO ¢ (OHOBBIMHU 3HAUCHHUSMH COACPIKAHUE HJIECMEHTOB yBEJIH-
yeHo B 48,1 pasa miust Zn, B 8,5 pasza i Cu, B 19,9 pasa s Pb, B 4,1 pasa s As u B 3,2 pasa mis Ni. Y-
TaHOBJICH BBIPAXCHHBIH paJMaIbHO-TPAAUCHTHBIH XapaKTep 3arps3HEHHs: MaKCHMaJbHbIC KOHLEHTPAUN U
KPaTHOCTh INPEBBILICHNS] HOPMAaTHBOB 3a()MIKCUPOBAHEI B LIEHTPAIBHOW YacTH Teja IOJIMIoHa ¢ MOCIeayo-
UM MTOCTENICHHBIM CHIDKeHUEM K neprudeprn. OIHAKO Jake B KPaeBBIX 30HAX OTMEYAIOTCS 3HAUCHHUS BBILIE
(hOHOBBIX YPOBHEH, UTO CBHICTENBCTBYET O COXPAHEHHH YCTOMYMBOTO aHTPOIIOTCHHOTO BO3ACHCTBHUS IMOCTE
3aKphITHS 00beKkTa. Pacuér mHaekca reoakkymysinun (1ge0) mokasai, 4ToO MOYBHI IEHTPATBHOM 9acTH OTHO-
CATCS K KATETOPHHU CUIIBHO U KCTPEMAIIBHO 3arpsI3HEHHBIX, IpexkIe Beero mo Zn u Pb. 3nauenus durorox-
cuueckoro uHaekca (FTI) moarBepammu ¢gopmupoBaHHe BHIPAKEHHOTO (UTOTOKCHYECKOTO (pOHA B IICH-
TpaJbHOM M cpeAHell 30Hax noauroHa. I'eo0oTaHMYECKUE UCCIENIOBAHUS BBIABUIM CYIIECTBEHHYIO TpaHC-
(dopmManuio pacTUTeNbHBIX coobuiecTB. dopa mpencTaBiieHa MPEUMMYIIECTBEHHO TPaBSIHUCTBIMH M KOPOT-
KOXKHMBYIIIMMHU BHJIaMU; JIOJISl OAHOJICTHUX pacTeHuil coctasisieT 49 %. TakcoHoMHUeCcKasi CTPYKTypa Xapak-
Tepu3yeTcs IOMUHHpOBaHHeM cemeiicTB Asteraceae, Poaceae, Brassicaceae u Chenopodiaceae, tunnunbix
JUTSL HAPYILICHHBIX M XMMHUYECKH CTPECCHPOBAHHBIX Mectooburanuii. [Ipeobnananue Bassia scoparia B Hau-
Oostee 3arpsA3HEHHBIX yYaCcTKaX MO3BOJSIET PACCMATPUBATh JaHHBIN BUJ KaK MOTCHIUAIBHBI OMOWHANKATOD
TEXHOTEHHO HapyIIeHHBIX cyOcTpaToB. B memom 3akpriTeiil momuron THO mpeacrapnser coboit ycroiunBo
TpaHC(POPMUPOBAHHYIO AaHTPOTIOTEHHYIO S9KOCHCTEMY, B KOTOPOI HAKOIUICHHOE 3arpsi3HEHUE TSKETBIMU Me-
TaJUTaMHU TIPOJIOIDKAET OTPENEINATh YKOJIOTHIECKHE YCIOBUSA W OMOJIOTHYECKHE MPOIIECCHI, YTO MOTIEPKUBACT
HE00XOJMMOCTh KOMITJIEKCHOIO MOHHTOPUHTA U Pa3pabOTKU Mep PeKyJIbTUBALIIH.

Knrouesvle cnosa: nomuron TBépI[I:IX OBITOBBIX OTXOJ0B, 3arpsA3HEHUC I10YB, (I)PITOTOKCI/I'-IHOCTL, AHTPOIIOTCH-
HOC B03ﬂeﬁCTBHe, TSKETBIC METaJUIbl, HAPYIICHUE SKOCUCTEMBI.
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