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Abstract: The main purpose of this study is to analyze the anthropogenic impact on the soil and
vegetation cover of the landscapes of the Turkistan region (southern part of Kazakhstan), and to
investigate the chemical composition of elements and pollutants. The current state of landscapes with
patterns of distribution of chemical elements and the influence of anthropogenic activity have been
revealed. Quantitative indicators of the content of chemical elements (carbon, oxygen, sodium,
magnesium, aluminum, silicon, potassium, calcium, titanium, iron, lead, arsenic, copper, zinc, nickel,
cobalt, vanadium, thallium, manganese, and strontium) were studied based on soil samples. The levels
of concentration of chemical elements of vegetation cover, aboveground and underground parts
(carbon, oxygen, sodium, magnesium, aluminum, silicon, phosphorus, sulphur, chlorine, potassium,
calcium, iron and copper) were assessed. The results of the chemical analysis of the soil cover revealed
an excess of the maximum permissible concentration of chemical elements (lead, copper, zinc, arsenic,
and chromium), while elevated levels of insoluble ash were observed in plants.
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1. Introduction

As a result of scientific and technological progress, evolving social relations, and human
impact on the environment at a global scale, landscapes have undergone structural changes
(Wolf et al, 2023). Landscape pollution refers to the excessive concentration of certain
substances or energy in the environment, surpassing permissible levels, and the infiltration
of toxic substances into the landscape due to both human activities and natural processes
(Kolluru et al., 2023; Panfilova et al,, 2019). Understanding the level of these substances in
soil and vegetation plays an important role in developing a strategy for the rational use of
the environment and improving the system of soil and geochemical monitoring (Komilova et
al,, 2021; Ozgeldinova et al., 2019; Raj et al., 2022).

Anthropogenic activities significantly impact soil and vegetation, altering their chemical
composition and introducing pollutants (Lyubchik et al., 2008; Tikhonova et al., 2008). Abera
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et al. (2023) highlighted how land cover and management changes in Southeastern Kenya
affect environmental conditions, which is relevant to the Turkistan region where similar
practices may influence soil and vegetation composition. Dagyeli (2023) discussed the long-
term effects of agro-pastoralist livelihoods in Central Asia, providing context for understanding
anthropogenic pressures in the Turkistan region and their impact on soil and vegetation. Wang
et al. (2023) demonstrated how land use changes in China's karst regions affect ecosystem
services, offering parallels for assessing the impact of similar processes in the Turkistan region
on chemical composition and contamination levels. These studies collectively emphasize the
need to understand and mitigate the environmental impacts of human activities.

According to Khodjimatov and Bajmurotov (2023), the study of the impact of
anthropogenic activities on the soil and vegetation cover in Turkistan region is an important
task from the standpoint of assessing the ecological state of the region. Currently, there is
an impact of human activity, including industry and agriculture, on the soil composition,
which is manifested in the introduction of a variety of chemicals into the soil. Problems of
soil pollution are associated with the appearance of heavy metals, pesticides, fertilizers, and
other chemical compounds in it. Following Alikulov et al. (2023) and Valeyev et al. (2023), a
qualitative study of the chemical composition of the soil will help to assess the level of
pollution and its effect on vegetation. Due to the increase in anthropogenic load, this study
focuses on the chemical composition of soils and vegetation of the Turkistan region and assesses
the impact of anthropogenic factors on ecosystems.

According to Zhumanov (2022), anthropogenic impacts such as deforestation, land
misuse, and construction can lead to increased soil erosion. However, it is necessary to
consider in more detail the fact that the study of the aspect of deforestation is key to fully
understand the long-term consequences of their impact on landscape sustainability.
Shamshiev et al. (2022) note that the study of the current state of landscapes includes the
analysis of patterns in the distribution of chemical elements and the impact of human
activity on the environment. It is important to note that a comprehensive investigation of the
landscape condition requires analyzing the chemical elements present in the soil. These
elements include heavy metals (e.g., lead, cadmium, mercury), minerals, and other chemical
compounds. High concentrations of heavy metals are very dangerous for living organisms,
as they accumulate inside the body and cause severe poisoning (Mukayev et al., 2019;
Ozgeldinova et al., 2015; Ozgeldinova et al., 2019).

The primary aim of this study is to analyze the impact of human activities on the soil and
vegetation cover in the Turkestan region. The specific objectives are as follows:

e to analyze the chemical composition of elements and pollutants in the soil and vegetation
cover of the region, while also assessing the heterogeneity of concentrations; and

e establishing a framework to devise efficient soil remediation techniques for minimizing
heavy metal contamination in the Turkistan area, focusing on specific locations in

Shymkent and Turkistan, to meet regulatory standards for enhancing soil quality.

2. Materials and methods

The research focuses on the Turkistan region, an administrative area in the southern part of
Kazakhstan. This region is located geographically in the middle latitudes of Central Eurasia,

encompassing the eastern part of the Turan Lowland and the western slopes of the Tien
Shan mountains. In the north, the territory is in contact with the Ulytau region, in the west it
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is bounded by the Kyzylorda region, in the east it borders with the Jambyl region, and in the
south, it adjoins Uzbekistan. The study area is characterized by a variety of topography and
landscapes formed by various geological and geomorphological processes. Turkistan region
is one of the regions where industry and agriculture are closely interconnected (Huang & Yu,
2023). The impact of anthropogenic activity, due to the dynamic development of the
economy, is continuously increasing from year to year. As a result of this action, various toxic
substances penetrate into the soil cover and vegetation, which leads to types of chemical
pollution (Guo et al., 2024).

At the stage of the preliminary study, nine key sites were identified for field work,
considering the possible impact of anthropogenic factors on the natural landscapes of the
main zones of Turkistan region. The high spatial resolution Landsat 9 satellite images for the
year 2023 were utilized to assess the state of the environment for the chosen locations (U.S.
Geological Survey, 2023). These satellite images provide detailed visual data, offering
insights into land use, vegetation cover, changes in landscape patterns, and potentially
identifying areas affected by anthropogenic activities (Table 1). Field studies of soil cover and
vegetation were conducted in July and August 2023.

Table 1. The main information related to key sites of the Turkistan region

No.  Coordinate Location Types of anthropogenic activities Sagﬁariléng
Urban industrial: production facilities in
the food industry include a meat
3.9 km south of the processing plant,‘a dgiry processing
. plant, and enterprises in the flour and
Arys city of Arys, the ) .
bakery industries.
1 42°3017.80"N  southern slope of the Mining ind ) li 07/21/2023
68°48'45.34"E Arys River, alluvial ining in usfcry. non-metallic ores
plain. (bentonite clay, limestone-shell deposit).
Agriculture: cattle breeding, grass
cutting; plant cultivation pastures
(pastures 426,643 ha).
Hilly relief formations ~ Urban industrial: food industry (beef
extend toward the processing plant, starch and citric acid
Zhetisa northeast from the production from maize); light industry
5 40"48’2‘8;/”N settlement of Zhetisay, (cotton processingi cotton cleaning 07/22/2023
PR on the left bank of the factories).
68°21'7.73"E . . .
Dostyk Canal, in the Agriculture: cattle breeding, grass
catchment area of the cutting; plant cultivation; pastures
Syr Darya River. (pastures 1,487 ha).
4 km south of the Communications and transport: oil
village of Zhuantobe, pipelines (outside the city).
Zhuantobe  south of the Shu River, Agriculture: cattle breeding, grass

3 44°42143°N there is a slightly cutting; plant cultivation (irrigated crops  07/23/2023
68°47'17.39"E  crossed flat plain with 442 ha); pastures (pastures 380,137 ha).
temporary riverbeds.
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Table 1. The main information related to key sites of the Turkistan region (continued)

No.  Coordinate Location Types of anthropogenic activities Sagﬁariléng
Located in the foothills
of the Tien Shan
Mountains, Shymkent . . .
citouiz Sall?; no{:k:eea)rs]t Urban industrial: food industry
ofyits center. Located (vegetable ails, flour, milk, pasta,
Shymkent on the wa"tershed confectionery); light industry (garment
4 42°255890°N  between the Sayram _|2cton: manufacturing company) -, 5 555
69°42'53.48°E  and Badam rivers. the construction industry (factory for the
’ city i re resenteéj b production of porcelain stoneware and
ar{d angerosive hiIIy ceramic plates); metalworking industry
forms, being at an (metallurgical plant).
altitude of 506 meters
above sea level.
59k b of th Urban industrial: food industry (instant
A”' mfnl?rt of the pasta, beverages, natural juice, milk
Vi agio azzgurt, on powder and butter); construction
Kazygurt the southern industry (enterprise for the production
5  41°48'44.70"N slope of Mount £ "Reinf d ducts” 07/31/2023
69°23'49.73"E  Kazygurt, on the right of "Reinforced concrete products”)
' bank o/f the Keles Agriculture: cattle breeding, grass
. . cutting; plant cultivation; pastures
River, b hills.
ver, bumpy s (pastures 133,460 ha).
Atadi 16k Urban industrial: food industry (mineral
ta hlsta;\ce ° ‘f hm water bottling, production of high-
SQUt ?2 west Oh t € quality wine products, wheat flour
city o ~>aryagash, in products); light industry (production of
Saryagash the basin of the Keles cotton fiben)
6 41°48'41.73"N and Kurkeles rivers, Recreational: recreat‘;on areas 08/01/2023
69°23'48.52"E  hilly areas rise high, L
t .
which represent an . (sanatoriums) .
area with nUMErous Agriculture: cattle breeding, grass
elevations cutting); plant cultivation; pastures
’ (pastures 294,579 ha).
At a distance of 5.8 km
to the southeast of the
Karabulak  village of Karabulak, the Agriculture: cattle breeding, grass
7 42°32'420"N alluvial and proluvial cutting; plant cultivation; pastures 08/02/2023
69°42'38.07"E plain stretches, (remote lands—38,234 ha).
bounded by the Aksu
and Arys rivers.
The alluvial and
proluvial plain, which is
a riverine area, is Transport infrastructure and
Shubarsu located on the Western communication system:
8 42°30'46.12"N  bank of the Shubarsu communications and transport 08/04/2023

69°22'28.03"E

River and is a tributary
of the Arys River, just 4
km northwest of the
village of Shubarsu.

(international transit corridor); roads,
pipes, gas pipeline (outside the city).
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Table 1. The main information related to key sites of the Turkistan region (continued)

Sampling

No.  Coordinate Location Types of anthropogenic activities date

8.9 km southeast of

. the city of Turkistan, . o . .
Turkistan outh of Mount Urban industrial: light industry (sewing

9 43°16'9.60"N workshop). Mining industry: non- 08/06/2023

s Y Karatau, there is an ) .
68°21'40.72"E alluvial and metallic ores (clay-gypsum deposit).

proluvial plain.
Note. Compiled by the author based on U.S. Geological Survey (USGS). (2023). Landsat 9 imagery, Scene
ID for the Turkistan region, Kazakhstan. Available at: https://earthexplorer.usgs.gov/

Measuring concentrations of chemical elements in soil sections involves collecting soil
samples at various depths to determine the content of different elements. This method
includes analyzing the presence of elements such as carbon (C), oxygen (O), sodium (Na),
magnesium (Mg), aluminum (Al), silicon (Si), potassium (K), calcium (Ca), titanium (Ti), iron
(Fe), lead (Pb), arsenic (As), copper (Cu), zinc (Zn), nickel (Ni), cobalt (Co), vanadium (V),
thallium (Tl), manganese (Mn), phosphorus (P) sulphur (S) chlorine (Cl), and strontium (Sr).
After collection, samples undergo processing in the lab, which includes drying, crushing, and
homogenizing to ensure uniformity and representativeness. Laboratory techniques such as
atomic absorption spectroscopy and inductively coupled plasma are employed to measure
element concentrations (Kolluru et al.,, 2023). The resulting data are interpreted to identify
patterns in element distribution across soil depths, aiding in understanding processes like
element migration and the impact of human activities or natural processes on soil chemistry.
Considering the impact of human activity in various typical natural areas of integrated
landscapes, soil sections were created. Samples were taken from these sections to analyze
the chemical composition of the soil cover and the dominant plants (aboveground and
underground parts) in accordance with the genetic horizons.

The received analytical test samples were investigated in the certified regional
engineering and testing laboratory in Shymkent. In addition, special research focus is
directed at two key sites, Shymkent and Turkistan, to evaluate contamination levels. Soil
samples were collected to a depth of 30 cm from several points within each study area to
account for spatial variability. Sampling points were located at a distance of 1to 5 m from
each other, depending on the terrain. Plant samples were collected for analysis of heavy
metals and other pollutants accumulated in plants, which are highly sensitive to pollution.
The number of chemical elements in soil and vegetation samples was measured based on
physicochemical methods by the Spectroscan MAX GF-2E X-ray spectroscope. The data
obtained during the study were statistically processed using the Microsoft Excel software
suite. Plant samples were collected from field conditions, washed with water, dried, ground into
powder, and analyzed for heavy metal concentration.

3. Results

The geological structure of the area under study includes sedimentary rocks of different
ages, from Proterozoic to modern Quaternary deposits. The most common are Proterozoic
and Paleozoic deposits. The area encompasses excavation, landform modifications, and the
construction of artificial hills or reservoirs (Duan et al,, 2023). This study found that at a
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depth of 0.3 m from the ground surface, there were no significant changes in the chemical
composition of the soil. The number of elements associated with the distribution of chemical
elements in the soil, and variational and statistical indicators in soils relative to the
physicochemical properties were determined during the study (Table 2).

Table 2. Statistical indicators of the soil macro-component obtained from samples collected at nine key
sites in the Turkistan region

Parameters X+Sx lim p o cv mass
Humus 0.71£0.06 0.99—0.51 0.48 0.2 27.99 -
C 5.56+0.39 7.24—3.57 3.67 134 24.05 2
@) 52.43+0.22 53.66—51.37 2.29 0.76 1.45 55
Na 0.65+0.04 0.81—0.4 0.41 0.15 22.76 0.63
Mg 1.63+0.05 1.95—1.44 0.51 0.17 10.64 0.63
Al 5.9+0.23 7.42—5.25 217 0.8 13.55 713
Si 19.11£0.54 21.6—16.44 5.16 1.87 9.81 33
K 2.1+£0.08 2.55—1.89 0.66 0.28 13.54 136
Ca 7.85+0.63 10.61—4.81 5.8 217 27.72 137
Ti 0.36+0.01 0.39—0.31 0.08 0.03 9.72 0.46
Fe 43+0.18 5.45—3.8 1.65 0.61 14.22 3.8
P 0.03+0.02 02—0 0.2 0.08 244.95 0.08

Note. X+Sx (mg/kg except for humus in %)—mean value (X) + standard error of the mean (Sx); lim
(%)—range of values observed (maximum—minimum); p—the probability value, often indicating the
significance of differences or variations; o—standard deviation; CV (%)—coefficient of variation; mass
(%)—average chemical elemental composition of soils

The study found that the humus content in all soil samples does not exceed 1%, which is
considered a very low level. Soil fertility largely depends on the amount of organic matter,
particularly humus. The level of soil fertility increases with an increase in humus content.
Humic substances reduce soil wear, that is, they improve its water-physical, water-
temperature, physicochemical, and other properties (Li et al., 2023). Anthropogenic changes,
such as land development and landscape modification, are closely linked to low soil humus
content. When natural habitats such as forests, marshes, and coastal areas are destroyed, the
amount of organic material that accumulates in the soil in the form of humus decreases. The
loss of vegetation associated with these changes leads to a decrease in organic residues that
form humus. In addition, anthropogenic activities, including agriculture, can cause soil erosion,
which reduces the topsoil where humus typically accumulates. These changes can also affect the
chemical composition of the soil, which impairs humus formation. Thus, anthropogenic changes
directly and indirectly reduce the humus content of the soil (Wolf et al., 2023).

The content of heavy metals in the soil at key site 4, Shymkent, exceeds the norms set by the
On Approval of Hygienic Standards for the Safety of the Living Environment (2015), by more than
several times, according to chemical analysis of samples taken in areas with significant sources of
pollution and high population density. According to this Order, the maximum permissible
concentrations for heavy metals in soil are as follows: Pb—32 mg/kg, As—2 mg/kg, Cu—3
mg/kg, Zn—23 mg/kg, and Ni—4 mg/kg. In Kazakhstan, as in many countries, specific limits
and thresholds are set for various pollutants, including heavy metals like Pb, As, Cu, Zn, Ni, and
others.These limits are established to protect environmental quality and human health from the
adverseeffects of pollution. For instance, the permissible levels of these heavy metals in soil are
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defined based on scientific assessments of their toxicity and environmental impact. These
legislative normsin Kazakhstan might align with international standards, guidelines recommended
by organizations such as the World Health Organization, and/or environmental directives
from bodies like theEuropean Union. For site No. 4, the observed concentrations of several
heavy metals exceed permissible limits by several times, especially for Pb (Figure 1).

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

0% .
Pb As Cu Zn Ni Co \ Tl Mn Fe Sr

m Shymkent No. 4-4 |1288.00 | 276.59 | 344.13 7164.35| 36.15 | 280 | 63.01 | 037 [107.00 | 4.15 |273.30
m Shymkent No. 4-3 | 199.39 | 53.17 | 65.77 | 193.61 | 37.00 | 4.01 63.00 | 050 |764.39| 3.47 |[285.00
B Shymkent No. 4-2 | 462.00 | 96.00 | 63.00 |871.50 | 47.30 | 915 | 9347 | 0.65 [1084.00| 4.67 |250.00
B Shymkent No. 4-1 | 154.68 | 42.40 | 69.60 |233.00| 33.56 | 4.00 | 71.00 | 0.56 |[843.55| 3.38 |333.45

Figure 1. The concentration of heavy metal ions (mg/kg) at sampling locations of the key site No. 4 in Shymkent.

It has been proven that heavy metals are released into the air in particularly high
quantities and are contaminated with heavy metal salts (Zhang et al., 2023). The sizes of
variational and statistical indicators of chemical elements in the soils of the key site No. 4 in
Shymkent are given in Table 3.

Table 3. Statistical characteristics of the variation in the distribution of heavy metal ions in the soil at
thekey site No. 4 in Shymkent

Parameters X+5x lim p (o cv
Pb 526.02+151.78 1,288—154.68 113332 525.77 99.95
As 117.04£31.42 276.58—42.4 23418 108.85 93.01
Cu 135.62+40.13 34413—63 28113 139.03 102.51
Zn 2,115.62+975.76 7,164.35—193.61 6,970.74 3,380.13 159.77
Ni 38.5+1.75 47.3—33.56 13.74 6.05 15.7
Co 4.99+0.82 9.15—2.8 6.35 2.83 56.72
\Y 72.62+4.16 93.47—63 30.47 14.4 19.83
Tl 0.52+0.03 0.65—0.37 0.28 0.12 22.18
Mn 699.74+120.63 1,084—107 977 417.87 59.72
Fe 3.92+0.18 4.67—3.38 1.29 0.61 15.5
Sr 285.44+10.15 333.45—250 83.45 35.16 12.32

Note. X+Sx (mg/kg)—mean value + standard error of the mean; lim (%)—range of values observed
(maximum—minimum); p—the probability value, often indicating the significance of differences or
variations; 0 —standard deviation; CV (%)—coefficient of variation.
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In the average condition, the concentration of As in the soil varies from 0.3 to 12.9
mg/kg. It is carried in the soil to a depth of up to 60 cm and accumulates in the treated
layer. The average As content in the soil of the world is 5 mg/kg (U.S. Environmental
Protection Agency, 2005). The main sources of soil contamination with As are herbicides,
insecticides, and other pesticides used systematically in agriculture (Kumar et al., 2023). Road
construction and development can change water flows, affect the hydrological regime of
rivers and streams, and lead to a decrease in the area of natural reservoirs (Assede et al,
2023). In the studied soils, the average content of total As in the surface layer is 117.04+31.42
mg/kg. And in the soil samples taken from areas with a high concentration of population,
the size limits are lower (Abera et al., 2023; Huang & Yu, 2023; Vinogradov, 2020).

The samples taken from the main production facilities, park areas, and other points at
the key site No. 9 in Turkistan, found that the Al content in these samples exceeds the
maximum permissible norms by 3—4 times (Figure 2). The average Ni content in the soil of
the world is 40 mg/kg (Zhang et al., 2023). Toxic substances, entering the soil and water, can
penetrate into plants and animals. This leads to toxins entering the food chain, eventually
reaching human levels and affecting health (Kolluru et al,, 2023; Li et al., 2023).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% .
Mn Zn Al Ni Pb Ccd Cr Cu Fe

m Turkestan No. 9-4 | 652.35 | 66.85 [33194.02| 27.25 16.53 0.41 57.85 43.93 25.36
m Turkestan No. 9-3 | 426.30 | 36.04 [20670.62| 15.62 9.35 0.20 37.93 28.06 9.21

m Turkestan No. 9-2 | 486.32 | 46.38 [24368.28| 18.85 12.89 0.21 43.42 | 28.23 .92
M Turkestan No. 9-1 | 431.96 | 37.72 (1913849 15.81 1.47 0.12 3517 22.57 13.52

Figure 2. The concentration of heavy metal ions (mg/kg) at the sampling points of the key site No. 9 in Turkistan

The variational and statistical characteristics of the soils at the key site No. 9 are
presented in Table 4. Information on transformed species is needed to assess and characterize
the hazard of compounds ingested as plant products grown on contaminated soils. The more
mobile types of these elements are, the faster they move from soil to plants, that is, because of
this, their danger increases. Toxic substances can have harmful effects on animals and plants in
natural ecosystems, which can lead to a decrease in biodiversity and even to the extinction of
individual species (Abera et al., 2023; Du et al., 2023; Huang & Yu, 2023).
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Table 4. Characteristics of variations and distribution of heavy metals in the soil at the key site No. 9 in Turkistan

Parameters X+Sx lim p o) cv
Mn 499.23+30.49 652.35—426.3 226.05 105.6 2115
Zn 46.75+4.08 66.85—36.04 30.81 14.15 30.26
Al 24,342.85+1,817.47 33,194.02—19,138.49 14,055.53 6,295.88 25.86
Ni 19.38+19.38 27.25—15.62 11.63 5.45 28.12
Pb 12.56+0.87 16.53—9.35 7.18 3.02 24.04
Cd 0.24+0.04 0.41—0.12 0.29 0.12 52.52
Cr 43.59+2.92 57.85—35.17 22.68 10.1 23.18
Cu 30.7+2.66 43.93—22.57 21.36 9.21 29.99
Fe 15+2.06 25.36—9.21 16.15 713 47.53

Note. X+Sx (mg/kg)—mean value (X) + standard error of the mean (Xs); lim (%)—range of values
observed (maximum—minimum); p—the probability value, often indicating the significance of
differencesor variations; o—standard deviation; CV (%)—coefficient of variation.

The plants of the Turkistan region are represented by meadow and meadow steppe
associations. The soil cover in the flat part forms grey, saline, pale grey, and sandy soil.
Meadow, mountain brown soils are common in the foothills. Vegetation typical of the desert
belt is mainly formed (Zhou et al,, 2024). Saxaul, juzgun, wormwood, saltwort, cockspur
grass, cheegrass, camel’s-thorn, wheat grass; jujube, tamarisk, willow grow in the valleys of
the Syr Darya, Chu rivers; oatmeal and wormwood steppes grow in the foothills, fruit trees,
junipers, alpine meadows grow in the mountains (Wang et al., 2023). The intense impact of
human activity has a significant impact on the vegetation cover of the Turkistan region, leading
to negative changes in the species composition, structure, and productivity of ecosystems.

Plants act as a key indicator of pollution by industrial emissions into the environment, as
they are the first to respond to man-made pressure due to their increased sensitivity to
anthropogenic impact (Gorshkov, 1982). Toxic substances can accumulate in plant and
animal tissues, which can lead to long-term consequences for ecosystems and consumer
health (Wang et al., 2023). In an area with a high content of pollutants, plants accumulate
them in maximum (marginal) amounts in the middle of the growing season. Toxic
substances can cause various diseases and environmental problems (Sofi et al., 2023). Under
the influence of pollutants, the soil cover is transformed, and the composition of soil
microorganisms changes. These changes are manifested in a decrease in the diversity of
species affecting the biochemical activity of soils and an increase in the proportion of
microorganisms resistant to pollution. In the fight against landscape pollution, control and
monitoring measures are being taken, such as the collection of the data on air, water, and soil
quality and the introduction of technologies and practices to reduce emissions of harmful
substances (Dagyeli, 2023). A study of the vegetation cover in key sites of the Turkistan region
was conducted in order to ensure comparability of the indicator characteristics of plants
depending on the natural impact and the form of anthropogenic impact on them.

The dominant vegetation of the study area includes Psoralea, a shrub of the legume family
associated with high desertification, and is characterized by a desert natural zone consisting
predominantly of perennial herbaceous plant species. Psoralea is a shrub of the legume family,
whose plants are associated with high desertification of the relief of this natural ecosystem, and
belongs to a desert natural zone consisting of a predominance of perennial herbaceous plant
species (Wang et al., 2023). The vegetation cover of pastures is represented by camel’s-thorn
(Alhagi), a perennial plant association belonging to the legume family, as well as Austrian
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wormwood (Artemisia austriaca), a perennial shrub belonging to the genus wormwood of the
aster family, and wild carrot (Daucus), a genus of dicotyledonous, monocotyledonous or
perennial herbaceous plants of the celery family, and redshank (Persicaria maculosa) is an
annual herbaceous plant of the buckwheat family. Due to some anthropogenic actions, the
vegetation cover undergoes changes in the size of its normal shape, which indicates excessive
grazing on pasture lands (Aslam et al., 2024).

Fieldwork conducted in July 2023 showed that the humus content in the soil is sharply
decreasing from top to bottom. This indicates the spread of plants within 30 cm from the
base of the roots. The chemical composition of dominant plants (aboveground and
underground parts) was assessed based on the content of macro components and heavy
metals in conditions of contamination of vegetation cover in the area. The results did not
reveal an excess of the maximum permissible concentration of heavy metal ions in the
composition of plants. The number of elements related to the distribution of chemical
elements of the vegetation cover and the variational and statistical indicators of plants
relative to the physicochemical properties determined by the study are given in Table 5.

Table 5. Statistical indicators of the macro-component composition of aboveground and underground
vegetation cover in the Turkistan region

Parameters X+Sx lim p 2 cv
Ash 9.12+0.54 11.26—6.51 475 1.86 20.41
C 13.39+0.51 15.16—11.36 3.8 1.78 13.31
@) 43.27+0.93 48.84—40.96 7.88 3.23 7.46
Na 1.58+0.54 3.74—0.26 3.48 1.89 119.36
Mg 3.83+0.66 6.65—1.34 53 2.27 59.38
Al 1.49+0.2 2.05—0.52 1.53 0.7 47.66
Si 3.93£0.79 6.96—0.58 6.38 2.75 69.94

2.75+0.71 6.96—1.07 5.89 2.47 89.93

1.82+0.36 3.43—0.51 2.92 1.23 67.87
cl 1.33+0.34 2.99—0.18 2.81 119 89.79
K 16.46+1.78 27.27—1.73 15.97 6.18 37.52
Ca 13.60+1.64 22.45—8.19 10.72 5.69 41.86
Fe 1.26+0.17 1.74—0.45 1.29 0.59 47.07
Mn 0.11+£0.07 0.56—0 0.56 0.25 223.61
Cu 0.07+0.05 0.37—0 0.37 0.17 223.61

Note. X+Sx (mg/kg)—mean value + standard error of the mean; lim (%)—range of values observed
(maximum—minimum); p—the probability value, often indicating the significance of differences or
variations; c—standard deviation; CV (%)—coefficient of variation.

According to the data obtained, Mg and Cu concentrations were below the detection level.
It was also revealed that plants in key sites No. 1in Arys and No. 4 in Shymkent exhibit high
"dustiness”. Thus, chemical monitoring studies of the plants revealed that the concentrations of
pollutants in the vegetation cover do not exceed the permissible maximum levels (following
the same norms as for soil).

4. Discussion

This study highlighted that in areas heavily populated and near major pollution sources,
including emissions from a metallurgical enterprise in Shymkent, soil heavy metal ion
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concentrations exceed established standards by more than 2.5 times on average. Pb content,
in particular, surpasses standard values by several times. Figure 2 illustrates the concentration
of heavy metal ions at sampling points at key site No. 4 in Shymkent, depicting the extent of
contamination. There is a metal mining and processing enterprise ("Yuzhpolymetal”) in this
area that is involved in the extraction and processing of metal ores, which can result in
significant emissions of heavy metals and toxic gases into the environment. This is the primary
source of heavy metal and toxic gas emissions into the local environment. Analysis revealed
that Pb ion content, the most toxic element among those studied, exceeds standards by nearly
five times. This underscores the profound impact of industrial emissions on soil quality in the
region. Soil contamination with heavy metals like Pb carries severe consequences for
ecosystems and human health. Pb, known for its extreme toxicity, especially affects children
and can lead to various metabolic disorders. Its high mobility in soils allows for accumulation in
plants, potentially entering the food chain and thereby affecting the health of those who
consume contaminated plants (Guo et al., 2024).

Measuring the concentration of chemical elements in vegetation, including aboveground
and underground parts, is an important aspect of ecosystem research (Glibovytska & Shkitsa,
2020; Fedoniuk et al, 2024; Semak & Mylenka, 2024). The choice of specific plant species
depends on the research objectives. Different plants may have different levels of adaptation to
soil and climatic conditions, which affects their chemical composition. Plant samples are
collected in various parts of the ecosystem, including aboveground parts (leaves, stems, flowers)
and underground parts (roots, tubers, bulbs) (lllienko et al,, 2023; Shaforost et al, 2024). This
may also include collecting samples from different areas of the soil around the plants.

The results of the studies conducted by Zhou et al. (2024) and Franco-Rozo et al. (2024)
demonstrate a common emphasis on the use of atomic absorption for the analysis of elements
in soil and plants, but they focus on different aspects of this approach. Zhou et al. (2024) note
the method's high sensitivity and accuracy, which make it ideal for detecting even low
concentrations of elements. They emphasize the importance of these characteristics to ensure
effective environmental pollution monitoring.

On the other hand, the study by Franco-Rozo et al. (2024) focuses on the use of standards
with known elemental concentrations as a key element in calibration and ensuring the
accuracy of analytical results. They point out the importance of using certified reference
materials to ensure the reproducibility and reliability of analyses, which is critical in ensuring
that elemental concentrations in real soil samples are correctly determined. Both studies
demonstrate the importance of using modern analytical methods and standards in studying
the impact of human activity on the environment. The use of the atomic absorption method in
conjunction with certified standards is a critical step toward improving the quality and reliability
of scientific research in the field of natural resource protection.

Ahmad et al. (2024) determined that increased concentrations of Pb in the soil may be
associated with industrial emissions, transport pollution, or the use of lead compounds in
agriculture. This metal can accumulate in the soil cover and pose a danger to plants,
animals, and humans. Elevated levels of Cu and Zn may be associated with the use of
fertilizers, pesticides and other chemicals. Furthermore, according to this study, insufficient
attention is paid to the importance of maintaining balance and stability in the soil ecosystem.
Cu and Zn, inexcessive amounts, can also have toxic effects on plants and microorganisms in
the soil. The significance of information regarding the increase of As levels in the soil is often
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overstated. Thisincrease may be due to natural processes such as mineral weathering, as well
as human activities such as industrial emissions and the use of As compounds in agriculture.

Aslam et al. (2024) note that manufacturing enterprises, especially those engaged in
metallurgy, mining, or other processes related to the use of Zn, can release significant amounts
of Zn into the atmosphere in the form of aerosols or gases. These emissions can settle on the
soil surface near enterprises and lead to an increase in the Zn content in the soil. The use of
fertilizers, pesticides, and herbicides containing zinc in agriculture can become a source of its
accumulation in the soil.

As noted by Guo et al. (2024), the high-temperature combustion process can be used
forvarious purposes, such as analyzing the composition of a sample, evaluating its mineral
composition, or determining the content of insoluble residues. Insoluble ash includes minerals,
metal oxides, and other inorganic compounds that remain after the burning of organic
components. Determination of insoluble ash content in a sample is an important parameter in
various fields, such as the analysis of soils, fuels, mineral materials, and industrial waste.

All previously mentioned confirm the importance and necessity of monitoring and managing
soil quality in regions with a high degree of anthropogenic impact. The obtained results of the
analysis of the chemical composition of soils in the Turkistan region, where the maximum
permissible levels of heavy metals were found to be exceeded, indicate environmental pollution
problems. The findings can provide information about the mineral composition and overall purity
of the sample, and can also be practically applied to monitor production processes and ensure
the quality of various materials. Exceeding the maximum permissible concentrations of the above
chemical elements may indicate potential problems of soil contamination in the area under study.

5. Conclusion

The obtained conclusions indicate that the chemical study of the soil cover in the considered
key sites demonstrates an excess of the maximum permissible concentrations of chemical
elements such as Pb, Ni, Cu, and Zn. The industrial and livestock operations have resulted in
elevated levels of insoluble ash in plants. In two key sites, No. 4 and No. 9 (Shymkent and
Turkistan), significant contamination of heavy metal ions was found in the observed soil
samples: the concentration of Ni exceeds the maximum permissible level by 3-4 times, Cu
by 7-14 times, Zn by 1.5-3 times, and Cr by 5-9 times. The Pb concentrations in Shymkent
exceed the national legislation norm by over ten times.

The limitations of the present study include a restricted sample size and geographic scope,
which may not fully capture the variability of soil and vegetation contamination across the entire
region. In the course of the conducted research, the set goals were successfully achieved,
including the analysis of methods, the study of the impact of anthropogenic activities on the soil
and vegetation cover of the landscapes of the Turkistan region, and the analysis of the chemical
composition. All these actions are aimed at increasing the potential, competitiveness, and quality
of services provided under the influence of pollutants. In the future, scientific research will focus
on the development and implementation of innovative mechanisms for accurately measuring the
concentration levels of chemical elements in vegetation in order to advance the field of ecology.

Acknowledgements

The author would like to acknowledge the Structural and Biochemical Materials Testing
Laboratory in Shymkent for conducting the study.

12



Akhmetova, D.: Anthropogenic Impact on Soil and Vegetation in Turkistan Region . . .
J. Geogr. Inst. Cvijic. 2025, 75(1), pp. 1-15

References

Abera, T., Heiskanen, J., Maeda, E., Odongo, V., & Pellikka, P. (2023). Impacts of land cover and
management change on top-of-canopy and below-canopy temperatures in Southeastern Kenya.
Science of The Total Environment, 874, Article 162560. https://doi.org/10.1016/j.scitotenv.2023.
162560

Ahmad, W. S., Kaloop, M. R, Jamal, S., Taqgi, M., Hu, J. W., & El-Hamid, A. H. (2024). An analysis of LULC
changes for understanding the impact of anthropogenic activities on food security: A case study of
Dudhganga watershed, India. Environmental Monitoring and Assessment, 196, Article 105.
https://doi.org/10.1007/s10661-023-12264-9

Alikulov, S. M., Baymetov, K. I, & Abdullaev, F. Kh. (2023). Ekspeditsionnyye obsledovaniya po sboru
rastitelnykh resursov Respublik Tsentralnoy Azii [Expeditionary surveys on collection of plant resources
of Central Asian Republics]. Central Asian Journal of Medical and Natural Science, 4(4), 68-81.
https://cajmns.centralasianstudies.org/index.php/CAJMNS/article/view/1665

Aslam, R. W., Shu, H., Javid, K., Pervaiz, S., Mustafa, F., Raza, D., Bilal Ahmed, B., Quddoos, A., Al-Ahmadi,
S.. & Hatamleh, W. A. (2024). Wetland identification through remote sensing: Insights into wetness,
greenness, turbidity, temperature, and changing landscapes. Big Data Research, 35, Article 100416.
https://doi.org/10.1016/j.bdr.2023.100416

Assede, E. S., Orou, H., Biaou, S. S. H., Geldenhuys, C. J.,, Ahononga, F. C, & Chirwa, P. W. (2023).
Understanding drivers of land use and land cover change in Africa: A review. Current Landscape
Ecology Reports, 8, 62-72. https://doi.org/10.1007/s40823-023-00087-w

Dagyeli, J. (2023). Lasting legacies in Central Asia’s agro-pastoralist livelihoods. In F. de la Croix & M.
Reeves (Eds.), The Central Asian World (pp. 39-52). New-York: Routledge. http://surl.li/pukdy

Du, L, Dong, C., Kang, X., Qian, X., & Gu, L. (2023). Spatiotemporal evolution of land cover changes and
landscape ecological risk assessment in the Yellow River Basin, 2015-2020. Journal of Environmental
Management, 332, Article 117149. https://doi.org/10.1016/jjenvman.2022.117149

Duan, X., Chen, Y., Wang, L., Zheng, G, & Liang, T. (2023). The impact of land use and land cover
changes on the landscape pattern and ecosystem service value in Sanjiangyuan region of the
Qinghai-Tibet Plateau. Journal of Environmental Management, 325(Part B), Article 116539.
https://doi.org/10.1016/jjenvman.2022.116539

Fedoniuk, T. P, Pyvovar, P. V., Skydan, O. V., Melnychuk, T. V., & Topolnytskyi, P. P. (2024). Spatial structure
of natural landscapes within the Chornoby!l Exclusion Zone. Journal of Water and Land Development,
60, 79-90. https://doi.org/10.24425/jwld.2024.149110

Franco-Rozo, M. C,, Blanco-Torres, A, Gomez-Valencia, B., & Etter, A. (2024). Biodiversity responses to
landscape transformations caused by open-pit coal mining: An assessment on bats and dung
beetles in a Colombian tropical dry forest. Environmental and Sustainability Indicators, 21, Article
100335. https://doi.org/10.1016/j.indic.2024.100335

Glibovytska, N., & Shkitsa, L. (2020). Assessment methodology of green plantations vitality in the
conditions of technogenically transformed ecosystems. Ecological Safety and Balanced Use of
Resources, 11(2), 19-24. https://doi.org/10.31471/2415-3184-2020-2(22)

Gorshkov, S. P. (1982). Ekzodinamicheskiye protsessy osvoyennykh territoriy [Exodynamic processes of
developed areas]. Nedra Publishers. https://www.geokniga.org/bookfiles/geokniga-ekzodinamicheskie-
processy-osvoennyh-territoriy.pdf

Guo, Y., Ren, Z, Wang, C., Zhang, P, Ma, Z, Hong, S., Hong, W., & He, X. (2024). Spatiotemporal
patterns of urban forest carbon sequestration capacity: Implications for urban CO, emission
mitigation during China’s rapid urbanization. Science of the Total Environment, 912, Article 168781.
https://doi.org/10.1016/j.scitotenv.2023.168781

Huang, Z., & Yu, F. (2023). InSAR-derived surface deformation of Chaoshan Plain, China: Exploring the
role of human activities in the evolution of coastal landscapes. Geomorphology, 426, Article 108606.
https://doi.org/10.1016/j.geomorph.2023.108606

13


https://doi.org/10.1016/j.scitotenv.2023.162560
https://doi.org/10.1016/j.scitotenv.2023.162560
https://doi.org/10.1007/s10661-023-12264-9
https://cajmns.centralasianstudies.org/index.php/CAJMNS/article/view/1665
https://doi.org/10.1016/j.bdr.2023.100416
https://doi.org/10.1007/s40823-023-00087-w
http://surl.li/pukdy
https://doi.org/10.1016/j.jenvman.2022.117149
https://doi.org/10.1016/j.jenvman.2022.116539
https://doi.org/10.24425/jwld.2024.149110
https://doi.org/10.1016/j.indic.2024.100335
https://doi.org/10.31471/2415-3184-2020-2(22)
https://www.geokniga.org/bookfiles/geokniga-ekzodinamicheskie-processy-osvoennyh-territoriy.pdf
https://www.geokniga.org/bookfiles/geokniga-ekzodinamicheskie-processy-osvoennyh-territoriy.pdf
https://doi.org/10.1016/j.scitotenv.2023.168781
https://doi.org/10.1016/j.geomorph.2023.108606

Akhmetova, D.: Anthropogenic Impact on Soil and Vegetation in Turkistan Region . . .
J. Geogr. Inst. Cvijic. 2025, 75(1), pp. 1-15

lllienko, V. V., Volkogon, I. V., Bordyug, O. A, Klepko, A. V., Lazarev, M. M., & Gudkov, I. M. (2023).
Tselyulozoruynuyucha aktyvnist gruntovoyi mikroflory za vplyvu riznykh rivniv radionuklidnoho
zabrudnennya [Cellulose destructive activity of soil microflora at the influence of different radionuclide
contamination levels]. Scientific Reports of the National University of Life and Environmental Sciences of
Ukraine, 3(103). http://dx.doi.org/10.31548/dopovidi3(103).2023.004

Khodjimatov, A. N., & Baimurotov, S. M. (2023). Prognozno-informativnyye cherty abioticheskikh
komponentov aridnykh zon Uzbekistana [Prediction and informational features of abiotic
components in arid zones of Uzbekistan]. Applied Sciences in the Modern World: Theory and
Practice, 1(1), 108-113. https://wordlyknowledge.uz/index.php/PPSM/article/view/1175

Kolluru, V., John, R, Saraf, S., Chen, J., Hankerson, B., Robinson, S., Kussainova, M., & Jain, K. (2023).
Gridded livestock density database and spatial trends for Kazakhstan. Scientific Data, 10, Article 839.
https://doi.org/10.1038/s41597-023-02736-5

Komilova, N. K, Ermatova, N. N. Rakhimova, T. Karshibaeva, L. K, Hamroyev, M. O. (2021).
Urboekological situation and regional analysis of population health in Uzbekistan. International
Journal of Agricultural Extension, 9, 65-69. https://doi.org//10.33687/ijae.009.00.3722

Kumar, S., Singh, V., & Saroha, J. (2023). Interpretation of land use/land cover dynamics with the
application of geospatial techniques in Sarbari Khad watershed of Himachal Pradesh, India.
GeoJournal, Article 88, 2623-2633. https://doi.org/10.1007/s10708-022-10769-3

Li, C, Fang, S., Geng, X, Yuan, Y., Zheng, X, Zhang, D., Li, R, Sun, W., & Wang, X. (2023). Coastal ecosystem
service in response to past and future land use and land cover change dynamics in the Yangtze River
estuary. Journal of Cleaner Production, 385, Article 135601. https://doi.org/10.1016/j,jclepro.2022.135601

Lyubchik, S. B., Lyubchik, A. I, Lygina, E. S., Lyubchik, S. I, Makarova, T. L., Vital, J., Rego, A. M. B., &
Fonseca, I. M. (2008). Simultaneous removal of 3d transition metals from multi-component solutions
by activated carbons from co-mingled wastes. Separation and Purification Technology, 60(3), 264-
271. https://doi.org/10.1016/j.seppur.2007.08.020

Mukayev, Z. T., Ozgeldinova, Z. O., Sibirkina, A. R, Asylbekov, K. M., Alagudzhaeva, M. A., & Ospan, G. T.
(2019). Content of manganese in soils of the Alakol hollow. News of the Academy of Sciences of the
Republic of Kazakhstan, 2(434), 114-119. http://www.geolog-technical.kz/images/pdf/g20192/114-
119.pdf

On Approval of Hygienic Standards for the Safety of the Living Environment, No. 452. Ministry of National
Economy of the Republic of Kazakhstan. (2015), June 25 https://adilet.zan.kz/rus/docs/V1500011844

Ozgeldinova, Z. O, Janaleyeva, K. M., Auyezova, Z. T., Mukayev, Z. T., & Ramazanova, N. (2015). The present-
day geoecologic situation of Kenghir River basin geosystem. Biosciences Biotechnology Research Asia,
12(3), 3041-3051. https://pdfs.semanticscholar.org/ec60/b3147612e6fc30975687e75e16588ea8591c.pdf

Ozgeldinova, Z. O., Janaleyeva, K. M., Auyezova, Z. T., Mukayev, Z. T., Saipov, A. A, Ospan, G. T, &
Kaygusuz, M. (2019). Assessment of human impacts on geosystems of Sarysu River Basin. Fresenius
Environmental Bulletin, 28(8), 6019-6026. https://www.scopus.com/record/display.uri?eid=2-s2.0-
85071683041&origin=inward&txGid=526ec9670d096cd435b4c02a6a419cd9

Panfilova, A., Korkhova, M., Gamayunova, V., Fedorchuk, M., Drobitko, A., Nikonchuk, N., & Kovalenko,

0. (2019). Formation of photosynthetic and grain yield of spring barley (Hordeum vulgare L.)
depend on varietal characteristics and plant growth regulators. Agronomy Research, 17(2), 608—
620. https://doi.org/10.15159/AR.19.099

Raj, P., Padiyath, N., Semioshkina, N., Foulon, F., Alkaabi, A. K., Voigt, G., & Addad, Y. (2022). Transfer of
natural radionuclides from soil to Abu Dhabi date palms. Sustainability, 14(18), Article 11327.
https://doi.org/10.3390/su141811327

Semak, U., & Mylenka, M. (2024). Mulching as a restoration method of revegetation at ash and slag
dumps of Burshtyn TPP. Scientific Horizons, 27(3), 73-83. https://doi.org/10.48077/scihor3.2024.73
Shaforost, Y., Pogrebniak, O. Lut, O, Litvin, V., & Shevchenko, O. (2024). Chemical military-
technogenic load on the soils of military training grounds. Plant and Soil Science, 15(2), 67-79.
https://doi.org/10.31548/plant2.2024.67

14


http://dx.doi.org/10.31548/dopovidi3(103).2023.004
https://wordlyknowledge.uz/index.php/PPSM/article/view/1175
https://doi.org/10.1038/s41597-023-02736-5
https://doi.org/10.33687/ijae.009.00.3722
https://doi.org/10.1007/s10708-022-10769-3
https://doi.org/10.1016/j.jclepro.2022.135601
https://doi.org/10.1016/j.seppur.2007.08.020
http://www.geolog-technical.kz/images/pdf/g20192/114-119.pdf
http://www.geolog-technical.kz/images/pdf/g20192/114-119.pdf
http://www.geolog-technical.kz/images/pdf/g20192/114-119.pdf
https://adilet.zan.kz/rus/docs/V1500011844
https://pdfs.semanticscholar.org/ec60/b3147612e6fc30975687e75e16588ea8591c.pdf
https://pdfs.semanticscholar.org/ec60/b3147612e6fc30975687e75e16588ea8591c.pdf
https://www.scopus.com/record/display.uri?eid=2-s2.0-85071683041&origin=inward&txGid=526ec9670d096cd435b4c02a6a419cd9
https://www.scopus.com/record/display.uri?eid=2-s2.0-85071683041&origin=inward&txGid=526ec9670d096cd435b4c02a6a419cd9
https://doi.org/10.15159/AR.19.099
https://doi.org/10.3390/su141811327
https://doi.org/10.48077/scihor3.2024.73
https://doi.org/10.31548/plant2.2024.67

Akhmetova, D.: Anthropogenic Impact on Soil and Vegetation in Turkistan Region . . .
J. Geogr. Inst. Cvijic. 2025, 75(1), pp. 1-15

Shamshiev, B. N., Ibraev, E. B., Zhumabaev, M. S., & Borombayev, A. (2022). Resheniya ekologicheskikh
problem v zakaznikakh yuga Kyrgyzskoy Respubliki [Solutions to environmental problems in nature
reserves of the south of the Kyrgyz Republic]. News of Osh Technological University, 2, 148-162.
http://surl.li/puhvk

Sofi, I. I, Shah, M. A, & Ganie, A. H. (2023). Integrating human footprint with ensemble modelling
identifies priority habitats for conservation: A case study in the distributional range of Arnebia
euchroma, a vulnerable species. Environmental Monitoring and Assessment, 195, Article 914.
https://doi.org/10.1007/510661-023-11528-8

Tikhonova, L. P, Goba, V. E,, Kovtun, M. F., Tarasenko, Y. A., Khavryuchenko, V. D., Lyubchik, S. B., &
Boiko, A. N. (2008). Sorption of metal ions from multicomponent aqueous solutions by activated
carbons produced from waste. Russian Journal of Applied Chemistry, 81(8), 1348-1355.
https://doi.org/10.1134/51070427208080065

U.S. Environmental Protection Agency. (2005). Ecological soil screening levels for arsenic.
https://www.epa.gov/sites/default/files/2015-09/documents/eco-ssl_arsenic.pdf

U.S. Geological Survey (USGS). (2023). Landsat 9 imagery, Scene ID for the Turkistan region, Kazakhstan.
Available at: https://earthexplorer.usgs.gov/

Valeyev, A. G, Zinabdin, N. B., Sharapkhanova, Zh. M., & Abitbayeva, A. D. (2023). Sovremennoye
relyefoobrazovaniye severnogo priaralya v usloviyakh regressii morya [Modern relief formation of the
Northern Aral region under the conditions of the sea regression]. Bulletin of Al-Farabi Kazakh National
University, 68(1), 4-20. https://bulletin-geography.kaznu.kz/index.php/1-geo/article/view/1263

Vinogradov, A. P. (2020). Khimicheskiy elementarnyy sostav organizmov morya [The chemical elementary
composition of marine organisms]. Russian Academy of Sciences. https://www.geokniga.org/bookfiles/
geokniga-tomhimicheskiyelementarnyysostavorganizmovmorya.pdf

Wang, Q. Xiong, K., Zhou, J.,, Xiao, H., & Song, S. (2023). Impact of land use and land cover change on
the landscape pattern and service value of the village ecosystem in the karst desertification control.
Frontiers in Environmental Science, 71, Article 1020331. https://doi.org/10.3389/fenvs.2023.1020331

Wolf, I. D., Sobhani, P., & Esmaeilzadeh, H. (2023). Assessing changes in land use/land cover and
ecological risk to conserve protected areas in urban-rural contexts. Land, 12(1), Article 231.
https://doi.org/10.3390/1and 12010231

Zhang, X., Gao, S., Wu, Q, Li, F., Wu, P, Wang, Z, Wu, J., & Zeng, J. (2023). Buffer zone-based trace
elements indicating the impact of human activities on karst urban groundwater. Environmental
Research, 220, Article 115235. https://doi.org/10.1016/j.envres.2023.115235

Zhovu, Y., Batelaan, O., Guan, H,, Liu, T., Duan, L, Wang, Y., & Li, X. (2024). Assessing long-term trends in
vegetation cover change in the Xilin River Basin: Potential for monitoring grassland degradation and
restoration. Journal of Environmental Management, 349, Article 119579. https://doi.org/10.1016/
jjenvman.2023.119579

Zhumanov, M. A. (2022, June 28-30). K ekologii orla-mogilnika Aquila heliaca v Karakalpakstane [On
ecology of the eagle Aquila heliaca in Karakalpakstan]. International Scientific and Practical
Conference "Ecological monitoring of the Aral Sea catastrophe consequences for human health and
conservation of the biosphere”. Nukus, Uzbekistan. http://surl.li/puhvd

15


http://surl.li/puhvk
https://doi.org/10.1007/s10661-023-11528-8
https://doi.org/10.1134/S1070427208080065
https://www.epa.gov/sites/default/files/2015-09/documents/eco-ssl_arsenic.pdf
https://earthexplorer.usgs.gov/
https://bulletin-geography.kaznu.kz/index.php/1-geo/article/view/1263
https://www.geokniga.org/bookfiles/geokniga-tom1himicheskiyelementarnyysostavorganizmovmorya.pdf
https://www.geokniga.org/bookfiles/geokniga-tom1himicheskiyelementarnyysostavorganizmovmorya.pdf
https://doi.org/10.3389/fenvs.2023.1020331
https://doi.org/10.3390/land12010231
https://doi.org/10.1016/j.envres.2023.115235
https://doi.org/10.1016/j.jenvman.2023.119579
https://doi.org/10.1016/j.jenvman.2023.119579
https://doi.org/10.1016/j.jenvman.2023.119579
http://surl.li/puhvd

