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ABSTRACT

As the main purpose of this article, the authors consider the level of soil pollution in the Aksu River basin as a
result of anthropogenic impact, in which factors of anthropogenic transformation of soils in different zones play an
important role, as well as processes occurring in soils as a result of their impact. This article highlights the research
of the main analyses carried out, which showed that the anthropogenic transformation of soils within the surveyed
territory is multifactorial and complex. As an assumed result, the validity of which is analyzed in this article, it can
be considered that the degree and forms of manifestation of anthropogenic transformation of foothill soils depend
on their use, as one criterion of which is considered the use of such soil for arable land, including irrigated arable
land, in which the degradation of mountain soils is mainly associated with pasture loads during a certain period.
As a research question, it remains to be considered whether this is really the case or whether the present territory
is subject to a different anthropological impact.

Keywords: soil pollution, heavy metals, Aksu river basin, universal-comparative-geographical method, pasture

degradation, phytotoxicity, soil-reclamation conditions, Clark concentrations.

INTRODUCTION

As an introduction to the research question,
it is worth noting that soils play a key role in
the mechanisms of maintaining the stability of
ecosystems, where they are the habitat for most
living organisms, determine the structure of bio-
cenoses and the level of biodiversity (Shamsutdi-
nova, 2011). That is why this study is extremely
relevant, the results of which can be important at
the national and international levels (Wenyong et
al., 2020). As the essence of the topic under study,
it can be indicated that the basins of the Karatal,
Aksu and Lepsy rivers are a unique region in
terms of natural-geological and hydrogeological
conditions (Wang et al., 2020) of the Republic
of Kazakhstan, united in a single geographical

system (Huan et al., 2020), which has a com-
mon paleogeographic, tectonic and geomorpho-
logical features, which implies an interconnected
symbiotic relationship of their influence on each
other, especially given the territorial community,
in which the length of the Aksu River today is
316 kilometers.

Narrowing down to the parameters of the
zone of direct research, it is worth noting that the
level of soil pollution of the Aksu River basin as a
result of anthropogenic impact should be studied
from the perspective of considering territories at
a certain time in the spring-summer period, due to
several factors (Huan at el, 2020), which include
the location, coordinates and potential sources of
pollution, as well as the level of variability of pre-
cipitation amounts (Bitemirov, 2019).
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Analyzing the objective reasonableness study
of this question, it should be noted that the basin
of Aksu river due to the singularity at the geolog-
ical-geomorphological and hydrogeological, soil-
Botanical conditions is of great interest due to the
prevailing complex environmental conditions of
lake Balkhash and Balkhash, in which parameters
of the river due to certain factors as one of the
main, which carry their waters into the lake, re-
main the center of attention of the scientific so-
ciety of the Republic of Kazakhstan, as well as
studies from other countries (Godall et al., 2020).

The area under study has long attracted the
attention of many outstanding researchers. It
was visited by geographers and naturalists: P.P.
Semenov (1859), P.S. Pallas, M. Sivers, G.S.
Karelin and N.G. Kirillov, botanist A.I. Shrenk
(1845), zoologist A.M. Nikolsky (1855), B.V.
Sapozhnikov (1905-1907), geologist V.A. Ob-
ruchev (1912), V.V. Dokuchaev and S.S. Neus-
truev (1907). Information about the processes
that took place in this territory is available in the
fundamental research of several leading scientists
and researchers of the Republic. The results of
studies regarding changes in the geosystems of
the South-Eastern part of Balkhash, which was
given to the environmental impact assessment
of anthropogenic impacts on biological resourc-
es Pribalic region was described in detail in the
thesis PhD, associate Professor T.A. Bazarbaeva
regarding the structural organization and dynam-
ics of geosystems of river basins of South-East-
ern TRANS-Balkhash area and Timakovoy J.T.
on environmental impact assessment of anthro-
pogenic influence on biological resources of the
Pribaltic region.

The analysis of the current state of geosys-
tems on the basis of an integrated approach in
the conditions of “high-water”” hydrological indi-
cators has not yet been carried out (Choel et al.,
2019). This is due to the fact that the hydrome-
teorological indicators obtained in the 60s were
not comparable due to the lack of analytical mate-
rial on other components created on the basis of a
single methodological approach. Thus, geobota-
nists and soil scientists did not take into account
the properties of the plastic bed (Bitemirov et al.,
2019), and geomorphologists conducted studies
of geomorphological processes without taking
into account paleogeographic features.

To verify the potential results of this study,
the authors put forward primary and secondary
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hypotheses. The primary hypothesis. When the
accurate determination of the levels of elements
in soil in accordance with the gradations in the
standards to determine the level of anthropo-
genic influence in the study area, which can be
described statistically as a high impact faux an-
thropogenic impact and how much impact natural
anthropogenic impact. The secondary hypothesis.
Regarding the transformation of soils in mountain
areas, it can be determined that when considering
the content of heavy metals in the studied soil, it
is possible to indicate the multiplicity of anthro-
pological influence.

Conducting a data study, a separate type of
study design was selected for each part of the
study. When considering statistical data of cross-
sectional design with elements of cohort stud-
ies with randomized sampling and dichotomous
coding (Li et al., 2020), it turned out to be the
most acceptable due to the large number of con-
founder factors, which turned out to be perfectly
correlated in linear progression with standard-
ized indicators.

The reflection of the results of this study of
the level of soil pollution in the Aksu River ba-
sin as a result of anthropogenic impact can be
determined both from a theoretical and practical
point of view (Wang et al., 2020), predicting the
expected reflection of that in the future, its level
of influence, the scale of influence, possible risks,
barriers, etc. As a theoretical reflection of the re-
sults of this study of the level of soil pollution in
the Aksu River basin as a result of anthropogenic
impact, we can suggest a possible alternative to
creating specialized disciplines for a separate uni-
fied study of the level of soil pollution as a result
of anthropogenic impact, as a result of which it
will be possible to clearly define detailed mech-
anisms of the impact of flexibility and methods
of prevention.

As an applied reflection of the results of this
study of the level of soil pollution in the Aksu
River basin as a result of anthropogenic impact,
it is possible to assume the creation of special-
ized author’s mechanisms aimed at identifying
the impact factors, the level of pollution and the
range of measures taken, to determine how cor-
rectly and timely these measures were carried out
(Bitemirov et al., 2019). This involves not only
the work of specialized environmental agencies of
the Republic of Kazakhstan, but also other struc-
tures that are closely interrelated with this issue.
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MATERIALS AND METHODS

For the present study, the field method is of
great importance, since it examines the factor
of the level of soil pollution in the Aksu River
basin as a result of anthropogenic impact, which
is directly observed in nature. With the help of
this method, it became possible for the authors to
establish a certain level of soil relationships de-
pending on several external and internal factors,
which helps to find out the overall picture of the
development and vital activity of bio and chemo
systems in the composition of this soil. To identify
the problem areas, the route method of ecological
research was selected based on the Result No. 1.
The universal-comparative-geographical method
of research also allowed to identify of changes in
soil properties in relation to the main natural fac-
tors of soil formation.

Determination of the TM content in the pre-
pared soil samples was carried out by atomic ab-
sorption method according to GOST-ST RK ISO
110472008 on MGA-915 and AS-1 devices in
the laboratory of Physical and chemical research
methods in Biology of the Faculty of Biology
and Biotechnology of Al-Farabi Kazakh National
University. The obtained values of the detected
metal concentrations are expressed in mg/kg.

The values of HM concentrations in the
samples were compared with the MPC (UEC) of
chemicals in the soil (GN 2.1.7.2041-06, 2006;
GN 2.1.7.2511-09, 2009). The assessment of
changes was carried out on the basis of data from
analyses of the following physical and chemical
properties of soils: humus, according to I. V. Ty-
urin; total nitrogen according to GOST 26107-84
L. G. by the method of Kjeldahl, CO, of carbon-
ates by volumetric method, pH GOST 26423-85
potentiometric method, exchangeable cations Ca,
Mg titrimetric method in the modification Gru-
berova, Na, K according to the method Karatayev
and Mametova in the modification Gruberova,
agile (hydrolysis) nitrogen by the method of
Tjurin and Kononova, movable phosphorus and
potassium according to GOST 26205-91 for Ma-
chine; granulometric composition of Kaczynski;
the composition of the salts.

Determination of the content of heavy metals.
The instrument was calibrated using a calibration
form and five series of working standard solu-
tions of each metal for analysis. The concentra-
tions of heavy metals (Fe, Zn Mn, Cu, Co, Ni, Cd,

and Pb) were determined for the split samples us-
ing a flame atomic absorption spectrophotometer
(FAAS, model: AA-320N, Shanghai, China).

The probability level p <0.05 was considered
statistically significant. The Pearson correlation
coefficient was used to determine the relation-
ship between heavy metals. All statistical analy-
ses were performed using SPSS software version
16.0 (IBM Corp., USA) for Windows (Uwabh,
Gimba, Gwaski, 2012).

RESULTS

The main results of this study were obtained
in the spring-summer period, since this period is
one of the most favorable for studying the state
of soils in the study area in 2019, due to the con-
venience of conducting field studies and system-
atization of data on elements in the soil of their
changes under a particular impact. In accordance
with the above, three results were identified, clas-
sified in order from A to C. At the same time, the
first result “A” concerns the general characteriza-
tion of soil sampling samples on a regional basis,
the second result “B” concerns the transformation
of soils in mountain areas, and the third result
“C” considers the soil cover of the Aksu River
ecosystem.

Result A, concerning the general character-
ization of soil sampling samples on a regional
basis. In this result, 3 soil sampling points were
identified, which are located in different rural dis-
tricts of the study area: in the rural area of Taras
2, 2.5 km. from the highway — No. 1; in the rural
area of Abay, 50 m from the highway — No. 2; in
the rural area of Abay, a field of soy culture, 100 m
from the highway — No. 3. The general character-
istics of the location of selected soil samples in
the city are presented in Table 1.

In addition to the above table, it is also nec-
essary to consider potential sources of pollution
separately in the specified region. This will allow
us to analyze which factor is the most influential
on the level of soil pollution in the Aksu River ba-
sin. The biological factor cannot be excluded due
to the need for comparison in order to identify
whether the anthropogenic impact is really a key
factor in soil pollution in the Aksu River basin. At
the same time, the results of heavy metal waste,
the results of pulp and paper waste in the form of
dumped, discarded and/or accumulated garbage,
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Figure 1. The geographic location of the Aksu River Basin, hydrological
stations (blue squares) and meteorological stations (black dots)

plastic in the garbage, components of burnt rubber
that have settled into the soil (Aslam et al., 2020),
which often occurs in vulcanization, excessive
use of fertilizers, proximity to transport and road,
in which the exhaust gases of internal combustion
engines also settle on the soil, are highlighted as
an anthropogenic factor.

When studying the factors of anthropogen-
ic impact on soils, it is necessary to know their
impact throughout the study area. Therefore, to
identify changes in soil properties in relation to
the main natural factors of soil formation, a uni-
versal-comparative-geographical research meth-
od was used, in which soil samples (according to

Table 1. General characteristics of soil samples

Nos. 1-3) (Bitemirov et al., 2019) were selected
according to the standard method. Preparation of
soil samples for the determination of metals was
performed using standard laboratory procedures.

In addition to contamination with chlordiox-
ins, soil contamination with heavy metals should
also be taken into account, including zinc, cop-
per, lead, cadmium, nickel, cobalt and manganese
(Schikowski et al., 2020). The present data were
examined in accordance with Table 3 (Clark con-
centrations), which indicated the content of each
of them in accordance with the depth of the exca-
vation. In accordance with the present, the main
results can be observed in the table below.

No. ‘ Location ‘ Coordinates Possible sources of solutions
Aksu district
1 |Inrural Taras 2, 2.5 km from highway 45026,27,, N In accordance with Table 2 and Scheme 1
79°47'56" E
Sarkantsky district

. . 45°26°'07” N .

2 | In the village of Abay, 50 m from highway 80°04’ 40" E In accordance with Table 2 and Scheme 2
In the village of Abay, soy field, 100 m 45°29'15” N .

3 from the highway 80°04'44" E In accordance with Table 2 and Scheme 3
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Table 2. Gradations of soil pollution level

Aksu district

rural Taras 2, 2.5 km
from the highway

Territory

Sarkandskiy district

in Abai village, 50 m in the village of Abai, soybean
from the road field, 100 m from highway

45°26'27" N
79°47'56” E
Biological pollutant (natural)

Pathogens of infectious

diseases
Aa1

Insects AA4
AA4
AA4

AA4

Aa1

A4 A5

AAS5
AA5
AA5
AA5

Aa1 AA4 AA5
-

AA5

- I8

45°26°07” N
80°04'40” E

Aa1
Aa1
Aa1
Aa1
Aa1

AAS5
AA5
AA5
AA5
AAS5

Aa1 AA5

- I8

Aa1
Aa1
Aa1l
Aal
Aa1

Aa1

45°29'15” N
80°04'44” E

Chemical pollutant (anthropogenic)

Aa1
Aa2
Aa3
AA4
AA5
Aa1

Aa1

Heavy metal

Aa2

Copper

Lead Aa1
Cadmium Aa1
Nickel Aa1
Cobalt Aa1

Manganese
Chlordioxide

Aa2 Aa3
Rubber Aa2 Aa3

Plastics

223
224
225

Fertilizer Aa2

Exhaust

Result B, concerning the transformation
of soils in mountainous areas

Sources of toxic substances entering the litho-
sphere, especially in its upper layer-the soil, can be
divided into two groups: natural and man-made.
From natural sources, the greatest contribution is

Table 3. Clark concentrations

Aa1l Aa2

Aa2 Aa3

Aa1
Aa1
Aa1

Aa2 Aa3 AA4 Aa2 Aa3

Aa2 Aa3 AA4

made by: weathering of rocks and minerals, ero-
sion, volcanic activity, dust, fog, gases of volca-
nic origin (Meléndez-Jiménez, 2020).

The main factor of degradation of the soil and
vegetation cover of mountain territories is pasture
degression. Overgrazing manifests itself, first of
all, in the violation of vegetation cover, in some

Sections Depth, cm | Zn Cu Pb | Cd (0.5) | Ni (4.0) | Co (5.0) | Mn (1500)

R-1, rural area, Taras village 2, 2.5 m from the 0-10cm | 1.2 | 0.7 | 1.3 3.6 0.5 0.5 0.5

highway, mg/kg 1-29cm | 14 | 04 | 1.4 3.1 0.5 0.7 0.7

R-2, Abaya village, 50 m from the high way, mg/kg | 0-40cm | 1.5 | 09 | 1.3 6.2 0.5 0.7 0.7

] ] 0-7 cm 14 | 1.0 | 2.0 4.6 0.4 0.6 0.7

R-Z, Abaya village, soybean field, 100 m from the 7-17em | 13 10 | 13 46 0.4 07 07
highway, mg/kg

17-28cm | 1.2 | 09 | 1.6 5.1 0.3 0.8 0.7

229



Journal of Ecological Engineering 2021, 22(10), 225-234

places to its complete destruction, accompanied
by over-compaction and destruction of surface
soil horizons (Feng et al., 2020). This leads to
long-term preservation of soil mobility on slopes,
burial under clastic material of soils, changes in
their temperature and water regimes. A sharp in-
crease in liquid and solid surface runoff causes the
formation of landslides and scree, the exposure of
underlying rocks, and sometimes even causes de-
structive storm surges (Zheng, 2020).

The peculiarities of the formation of the soil
cover of mountain territories allow us to assess
mountains as a special type of natural environ-
ment, where the dynamics of exogenous process-
es cause a high vulnerability of ecosystems under
anthropogenic influence.

Result C, concerning the soil cover
of the Aksu River ecosystem

The object of the study is the soil cover of
the Aksu River ecosystem, located in the South-
East of the Balkhash basin. To study the physical
and chemical properties of soils, the procedure of
digging soybean fields in 2.5 km from the village
of Taras was carried out, the results of which are
described in detail in Table 4.

The mechanical and granulometric composi-
tion, physical and chemical properties of foothill

1,20% 1,30%
l . l
Zinc Copper Lead

light chestnut and gray soils located on the foot-
hills of the Dzungarian Alatau were studied. Sero-
zems are distributed in different ways. Sagebrush-
oatmeal vegetation, projective design 65-75%.
Plant height 30—45 cm. Based on this, we propose
that the mobile form of nickel be included in the
list of priority elements for the array that are sub-
ject to constant monitoring.

It should be noted that despite the great diver-
sity of the soil cover of the irrigated massifs of
the republic, the problem of establishing regional
background levels of heavy metals in irrigated
soils remains unresolved (Liu, 2020). In the con-
text of ever-increasing technogenic pressure on
the environment, including on the soil cover, the
study and systematization of data on the back-
ground content of heavy metals in irrigated soils
at the regional level is very relevant and neces-
sary for assessing the stability and stability of ir-
rigated ecosystems to global and regional anthro-
pogenic impacts.

Based on the analysis of the content and dis-
tribution of heavy metals in the background areas,
it is possible to identify the features of the for-
mation of the regional level of the background of
heavy metals and classify the range of concentra-
tions of the studied metals (Jin, 2020).

In this regard, the establishment of reliable
background levels of heavy metals in soils is one

3,60%

0,50% 0,50%

Cadmium Nickel Cobalt

Figure 2. Element content at a depth of 0—-10 cm, mg/kg. Section 1, rural area; 2, 2.5 m from the highway

1,40%

1,40%

0,40%

Zinc Copper Lead

Cadmium

0,70%

- .

Nickel Cobalt Manganese

Figure 3. The content of elements at a depth of 11-29 cm, mg/kg. Section 1, rural area; 2, 2.5 m
from the highway
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Figure 4. The content of elements at a depth of 040 cm, mg/kg. Section 2, Abay village, 50 m from the highway

of the urgent tasks that have both scientific and
applied significance (Ta Long, 2020).

When studying the features of the content and
spatial variation of soil properties or the aver-
age content of certain elements in certain types
of soils or in their totality, the use of statistical
data analysis methods is of great importance to
increase the reliability of the obtained data and
conclusions on them. In addition, the use of sta-
tistical analysis also increases the interpretative
capabilities of the data. It should be recognized
that all conclusions on the absolute values of soil
properties made for one or more typical sections
without statistical processing can often be unreli-
able and can lead to incorrect interpretation of the
data obtained.

Among the constants that characterize the
distribution of certain elements in soils, a special
place is occupied by the arithmetic mean, which
characterizes the average level of their content
and, in fact, the study of characteristics, the es-
tablishment of the true value of the average, i.e.
the true background content, is the main goal of
most works.

Based on this, we subjected the obtained ana-
lytical data on the content of heavy metals in the
soils of the object of study to variational and sta-
tistical processing (Zhou, 2020). As can be seen

from the obtained data, the calculated values of
the Student’s t-test for all the studied soils at 95%
significance level are significantly higher than the
t-test. (table 5). Analysis of the degree of vari-
ability of heavy metals content in soils object
of research shows that the established average
values of metal contents in the soils are statisti-
cally stable, as evidenced by the size of their co-
efficients of variation, which on a scale gradation
corresponds to the limit from small to medium.

Based on the analysis of the obtained statisti-
cal constants, it can be concluded that the calcu-
lated values of the average correctly reflect the
statistically significant true values of the average
content of the studied metals in the soils of the up-
per part of the irrigation massif. Based on this, we
propose to take the average values of heavy met-
als in soils given in Table 5 as their background
content in the soils of the ancient alluvial terraced
upper part of the irrigation massif.

Further, using the obtained average back-
ground data, the contribution of each metal to the
total “metallic” background of the soils of the ob-
ject of study was calculated (Figure 5).

It turned out that the compositions of mobile
and gross forms of heavy metals in the soils of
the object of study differ significantly (Chen et
al., 2020). Among the gross forms of the studied

Table 4. The breakdown of the soil No. 1. Results of digging up owl beans in 2.5 km from the village of Taras

A plowed Plowed soil layer, the color of the soil is light gray, loose and granular, there is a large number of roots, dusty
0-10 cm structure, gradually passing into the next layer, the transition layer is unclear.
11-29 cm The lower part of the plowed layer is light gray, the color of the soil is light gray, loose, sandy; in places: plant
roots, metal oxides.
The color of the soil is yellowish-brown, moist, the top layer is compacted, rare plant roots. The transition to the
30-50 cm . S - e . .
next layer is unclear. The color of the soil is light yellowish, moist, finely grained, sandy, slightly compacted.
68-80 cm | Light yellowish, sandy, moist, slightly compacted.
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Table 5. The breakdown of the soil No. 2. Samples were taken at a distance of 50 m from the Abay village

In the upper layer of the soil, the association of mixed plants is concentrated. The color of the soil is
0-30 cm . : .

gray-brown. Mechanical granulometric composition of stone-heavy clay, compacted.
30-55 cm The color is brown, crumbly, clear transition to the next layer.
below 55 cm It consists of rocks and hard stones.

metals, the largest share (48.0%) is occupied by
zinc, followed by nickel (28.0%). And copper
and lead occupy 15.3% and 7.5%, respectively.
The share of cadmium accounted for only 1.2%.
And among the mobile forms of the studied met-
als, nickel occupies the largest share (43.1%),
followed by lead (20.0%) and zinc (20.0%). And
copper and cadmium occupy 10.0% and 6.9%,
respectively.

Consequently, the process of irrigation of the
soils of the massif as a whole leads to an increase
in the proportion of mobile forms of cadmium,
lead and especially nickel, and the proportion
of mobile forms of copper and zinc, on the con-
trary, decreases.

DISCUSSION

The process of redistribution of heavy metals
in the Earth’s crust is a direct result of the pro-
cess of soil formation, which in turn depends on
the characteristics of the bioclimatological con-
ditions of natural zones. The mobility of heavy
metals in soils, their accumulation or removal
and availability to plants are influenced by the
physical and chemical properties of the soil, tem-
perature, humidity, agricultural conditions, etc. In
addition, the availability to plants and the migra-
tion ability of heavy metals depends on their form
of presence in the soil. It is known that the more
their mobile forms, the higher the migration abil-
ity and availability to plants (Li, 2020).

Heavy metals can accumulate in certain soil
horizons, thus creating a kind of “reservoir” of
elements toxic to soil fertility. The mobility and
availability of heavy metals for plants depends on

their level of phytotoxicity for certain crops. In
this regard, the results of earlier studies conducted
by scientists of the Uspanov Institute of Soil Sci-
ence showed an increased content of heavy metals
in the soils of irrigated massifs of the republic, in
particular lead, nickel and copper (Rehman et al.,
2020). Deterioration of soil-reclamation and eco-
logical conditions of irrigated massifs also leads
to a decrease in the protective capabilities of soils
in relation to heavy metals. The waters of irriga-
tion rivers are becoming increasingly polluted
due to the ever-increasing anthropogenic pressure
on the environment. These factors, along with a
decrease in the level of technological discipline,
the general culture of agriculture, the degree of
cultivation of soils, lead to a deterioration in the
quality of the products obtained.

In this regard, the study of migration and ac-
cumulation of heavy metals in irrigated soils is
relevant and has scientific and practical signifi-
cance (Uwah, 2012).

Under the influence of metal-rich emissions,
areas of landscape pollution are formed mainly
at the regional and local levels. The impact of
energy companies on environmental pollution is
not due to the concentration of metals in waste,
but their huge amount. The mass of waste, for
example, in industrial centers, exceeds their total
amount coming from all other sources of pollu-
tion. With the exhaust gases of cars, a significant
amount of Pb is released into the environment,
which exceeds its intake with the waste of met-
allurgical enterprises. Arable soils are contami-
nated with elements such as Hg, As, Pb, Cu,
Sn, Bi, which enter the soil as part of pesticides,
biocides, plant growth stimulants, and structure-
forming agents. Non-traditional fertilizers made

Table 6. The breakdown of the soil No. 3. Samples were taken in the Abay village, 100 meters from the road.

The vegetation cover consists of alfalfa and various weeds

0-7cm .
next layer is clear.

The plowed layer. The color of the soil is light grayish. Plant roots are common, loose, dry. The transition to the

7-17 cm

Light brown. Dense, moist, there are plant roots, compared with the upper layer of medium compacted, there are
metal oxides. The transition to the next layer is not clear.

17 -28 cm | Light brown Compacted, moist, there are plant roots, high metal oxides. The transition to the next layer is not clear.

28-39 cm | The color is light yellow-brown, compacted, sparse plant roots, the transition to the next layer is unclear.

39-50 cm | Yellowish-brown, loose-porous, medium-dense.
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Figure 5. Production—life—ecology spatial function zoning of Aksu city

from various wastes often contain a large set of
pollutants with high concentrations. From tradi-
tional mineral fertilizers, phosphorous fertilizers
contain impurities of Mn, Zn, Ni, Cr, Pb, Cu, Cd
(Juvelikyan et al., 2009).

CONCLUSIONS

The highest level of soil contamination with
metals was registered in 2—3 rural areas of Abay. In
these samples, the highest values of gross concen-
trations in the city were noted for more than half
of the detected metals (Ni, Co, Zn, Cd) (Table 2).
Near sampling point No. 3, there is a soybean
field where organic fertilizers are used. Sampling
point No. 2 is located near the highway, where it
can notice the influence of motor vehicles, which
can act as an additional source of soil pollution. It
is noted that when burning various types of fuel
by boiler plants, near boiler stations in the soils
there are increased concentrations of cobalt, lead,
zinc, nickel, copper, to lesser extent manganese.
The total contribution in soil contamination as a
result of the activities of the TPP is estimated at
27%. In addition, enterprises of the real sector (in
particular, mechanical engineering, chemical and
construction industries) work in the district, and
motor transport is developed, which can act as an
additional source of soil contamination with TM.
The contribution to soil pollution from the con-
struction industry and transport is estimated at 8
and 13%, respectively. A high level of soil con-
tamination with metals was observed in samples
from sampling points Nos. 2-3, near the highway.
Of the 7 identified metals in soil samples, four
metals (Ni, Co, Zn, Cd) have the maximum val-
ues of gross concentrations. The source of soil

pollution here is motor transport and soybean
crops. TM is released into the environment dur-
ing the operation of the vehicle itself, as well as a
result of tire wear, abrasion of road surfaces or the
use of asphalt concrete. The source of cadmium
can be lubricating and diesel oils, some engine
parts, chassis, etc. The product of deterioration of
the coverings of the body is nickel.
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