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Abstract: Understanding the granulometric composition of urban soil
is essential for assessing pollution levels and managing soil resources
effectively. The particle-size distribution of soil significantly affects
the movement and accumulation of pollutants, water infiltration,
chemical interactions, and biological processes, including microbial
activity and nutrient cycling. This study investigated the mechanical
composition of soils in Astana by collecting samples from 60 sites
across various administrative districts, including Esil, Baikonur,
Almaty, Saryarka, and Nura. The analysis showed that heavy loamy
soils dominate throughout the city. The average clay content in the soil
samples was 44.9% in Esil, 45.7% in Baikonur, 45.0% in Almaty,
42.6% in Saryarka, and 45.4% in Nura. These types of soils are
beneficial for agricultural and landscaping purposes because they
retain moisture and nutrients well. However, they also have limitations,
such as a higher susceptibility to erosion, anthropogenic
contamination, and reduced permeability under dry conditions, which
may affect vegetation growth. Given these challenges, proper
management strategies are needed to protect urban soils from
degradation and ensure long-term functionality. The results of this
research provide valuable data for environmental zoning and decision-
making. They can support sustainable land use planning, pollution
prevention, and long-term soil quality monitoring in Astana,
contributing to the city’s ecological safety, resilience, and green
infrastructure development.
Keywords: soil, granulometric soil
urbanisation, anthropogenic impact.
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1. Introduction

Intensification of urbanisation in the last decades is bringing new
environmental problems and challenges, as population growth
concentrates population, activities, and infrastructures in increasingly
large urban areas.
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Urban expansion and the activities associated have significant impacts on land use and soil
health: urban growth and infrastructures occupy and/or destroy fertile soils, which are also sealed
and/or compacted, submitted to pollution processes from industry and traffic, as well as from waste
disposal (Béchet et al., 2019). Since the middle of the 20th Century, the global urban population
has been rapidly increasing, from 751 million individuals in 1950 to an estimated 4.2 billion in
2018, which accounts for roughly 55% of the total global population (United Nations, 2018).

It has been estimated that whilst less than 0.5% of the total global land surface is covered in
built-up urban developments, this small percentage represented a total of 0.5 million km2 at the
turn of the last century (Goldewijk et al., 2010), although estimates vary (Potere and Schneider,
2007).

These urban ecosystems not only provide services to their inhabitants but are also often
hotspots for global change factors such as increased temperature (Arnfield, 2003), salinisation
(Equiza et al., 2017), and the presence of pollutants such as heavy metals (Plyaskina and Ladonin,
2009). Hence, urban soils can provide valuable information when it comes to understanding the
impacts of global change factors on soil ecosystems and their functioning, which might impact
human health (Brevik and Burgess, 2014).

In these systems, anthropogenic interference is commonplace; this can include the
management of soils (e.g. mowing and irrigation in urban parks), transportation of soils (e.g. due
to construction; Hooke, 2000), soil sealing, and the addition of waste and construction material,
such as building sand (Bridges, 1991). Urban landscapes have previously been associated with
generally high levels of compaction (Lehmann and Stahr, 2007), although this may only be true in
localised areas of high intensity usage (Edmondson et al., 2011).

Urban soils provide a range of important ecosystem services themselves, such as
hydrological control through infiltration, and as the substrate for plant growth (Morel et al., 2015).

Via this impact on local flora, they not only support food production but also the parks and
green spaces which have been demonstrated to support the wellbeing of urban residents (Tzoulas
et al., 2007; Diaz et al., 2018).

Inputs of fertilisers, elevated levels of N deposition and altered irrigation, as well as the
removal of organic matter, cause altered nutrient cycling compared to natural ecosystems (Lorenz
and Lal, 2009), with the new equilibrium varying across climatic regions, parent materials and
socioeconomic areas (Pickett et al., 2001).

The functioning of soil is closely related to its structure, which determines the availability
of air, water, nutrients, and pollutants to the microbial life that inhabits it. In addition, the
granulometric composition of soil is one of the key factors that directly influences both the level
of contamination by toxic substances and the soil’s self-purification capacity. Therefore, to
objectively assess the contamination status of soil, it is first necessary to determine its mechanical
composition. Based on this scientific rationale, a research study was conducted to determine the
granulometric composition of the soil in the city of Astana. To achieve the goal of the study, soil
structure analyses were carried out for each administrative district of the city, and zoning work
was implemented (Galos et al., 2007).

The results of the granulometric analysis indicated a predominance of heavy loamy soils
throughout Astana’s territory. Such soils typically contain a high proportion of fine particles (silt
and clay), which enhance their water retention capacity and nutrient-holding properties. While
these characteristics make them favourable for certain types of land use, such as green landscaping
and limited urban agriculture, they also present specific management challenges. For instance,
heavy loamy soils are more susceptible to waterlogging and compaction, particularly in areas with
high foot or vehicle traffic, which can impede root development and diminish soil aeration
(Hiemstra et al., 2003).

Additionally, these soils are more likely to accumulate pollutants, including heavy metals,
hydrocarbons, and excess salts, especially in areas adjacent to roads, industrial zones, or poorly
managed waste disposal sites. This accumulation arises from their smaller pore spaces and lower
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permeability, which slows the movement of contaminants and facilitates their binding to soil
particles. Therefore, regular monitoring of chemical contamination in such areas is essential to
prevent long-term degradation and protect urban biodiversity and human health (Li, X. et al.,
2018).

Understanding the granulometric composition also plays a crucial role in urban planning and
environmental zoning. By identifying soil types and their vulnerabilities, urban developers and
municipal authorities can make informed decisions regarding infrastructure placement, green
space allocation, and pollution mitigation strategies. For example, areas with fine-textured soils
may require specific engineering approaches to reduce runoff and increase infiltration or may be
prioritised for green infrastructure development such as bioswales or rain gardens (Zhu, Y et al.,
2019).

Moreover, this data can serve as a baseline for future environmental assessments, providing
a scientific reference point to evaluate changes over time due to urban expansion, climate change,
or remediation efforts. In this context, the integration of soil studies into broader urban
sustainability frameworks becomes vital. Ultimately, the research conducted in Astana
underscores the importance of incorporating detailed soil analysis into city planning processes to
foster resilient, healthy, and ecologically sustainable urban environments.

2. Materials and Methods

The city of Astana is situated in the northern region of Kazakhstan, along the Ishim River.
Its geographical coordinates are 51°11' N latitude and 71°25" E longitude. The climate is sharply
continental. Winters are cold and last for 5 to 5.5 months, with snow cover typically present from
mid-November for approximately 130-140 days. The average temperature in January is - 17°C,
while the average temperature in July ranges from 20°C to 24°C. Summers are hot and dry,
accompanied by occasional dust-laden winds. Maximum temperatures can reach 35°C. The
average wind speed in Astana is 5 m/s, and the average annual precipitation is 200-300 mm.

The city of Astana is divided into several administrative districts (Figure 1). Each district is
distinguished by its own infrastructure and social status. Almaty District was founded on May 6,
1998. The land area is 154.71 km?. The number of inhabitants is 402,547. Saryarka district was
established on May 6, 1998. 67.76 km?. The number of inhabitants is 351,118. Baikonur district
was established on February 26, 26.02.2018. The area is 181.29 km?. The population is 228,378.
Esil district - Esil district was established on August 5, 2008. The area is 200.22 km?. The number
of inhabitants is 287,035. Nura district - the district was established in 2022. The area is 181.29
km?. The population is 233,024.
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Figure 1. Administrative districts of Astana (as of 2023)

According to the geographical zoning of soils, the territory of Astana city belongs to the type
of dark chestnut soils (Redkov, 1961; Uspanov, 1967). The soil cover of Astana city consists of
the following types: dark chestnut soils and their varieties, meadow-chestnut soils and their
varieties, solonetz soils, and urban soils (urbanozems). The majority of the city's soil cover has
undergone technogenic changes under the influence of anthropogenic pressures. This situation can
be associated with intensive construction and the impact of industrial enterprises. Additionally,
long-term snow cover and deep soil freezing also affect the soil formation process.

According to studies conducted on the soil cover of Astana city (Development plan of Astana
city until 2035), it was determined that urbanised soils occupy 40-50% of the city's soils. The
mentioned urbanised soil cover was divided into two types. Completely transformed soils (typical
urbanozems) mainly cover the central part of the city. They are heavily compacted, mixed with
crushed stone, various wastes, and covered with asphalt, concrete, and special pavements. Partially
transformed soils (with transitional differences) are found in the peripheral areas of the city and
on new construction sites. These soils consist of a mixture of natural soil with construction,
household, and plant waste during the construction process (see Figure 3).

The soil cover of Astana city to a depth of 50 cm, characteristic of the urbanisation process,
contains about 5% anthropogenic inclusions (construction and household waste, industrial
residues). Additionally, technogenic deposits and dusty atmospheric sediments accumulate in the
surface layer of the soil cover. This phenomenon is mainly typical for industrial zones, major
highways, and district heating plant areas. Meanwhile, soils that have preserved their natural state
are found in areas adjacent to forests, parks, riverbanks, and reserve categories of land.

The master plan for Astana city until 2035 includes the following measures aimed at
preserving the natural condition of the soil cover, eliminating pollution, and restoring the soil:

e Allocating undamaged sites (“cores™) unaffected by anthropogenic activities that can
be used for creating landscapes with natural soil and vegetation;

e Land reclamation;

e Design and exploratory works: soil research and other field studies, laboratory
analysis, and cartography;
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e During construction, removing, transporting, and preserving the fertile soil layer;
placing potentially fertile rocks and layers in restoration areas; maintaining and
replenishing fertility annually through the application of mineral fertilisers;

e Monitoring land pollution and developing protective measures;

e Creating suitable planting sites with new soil for trees and lawns;

e Controlling pollutant emissions and preventing soil contamination.

Soil samples for granulometric composition analysis were taken from a depth of 0-30 cm,
based on clause 4.4 of the standard 1SO 12536-2014.

To determine the granulometric composition, the soil sample undergoes a dispersion
procedure that fully separates soil particles from aggregates and allows for the identification of
their true mechanical composition. The dispersion process involves mechanical (physical) and
chemical methods.

Using this method, the mechanical composition of the soil (sand, silt, clay) is identified,
which helps describe its agronomic properties. The procedure must be performed in accordance
with the 1SO 12536-2014 standard.

The sizes of mechanical elements in the soil vary depending on the soil formation process.
Soil particles of various sizes define specific soil properties. These properties are distinct and
sharply variable, which led to their classification into groups or fractions. This classification is
called mechanical fractionation. Currently, N.A. Kachinsky’s classification is widely used in
science (see Table 1).

There are several classifications based on the volume of soil fractions.

The first classification is simple: particles larger than 1 mm are called the soil skeleton, and
particles smaller than 1 mm are called fine soil.

The second classification is more significant and classifies the soil by granulometric
composition: particles larger than 0.1 mm are physical sand, particles smaller than 0.01 mm are
physical clay.

Clay and clayey soils are better supplied with nutrients and humus and are better connected
than sandy soils, with higher moisture capacity. That is, the reserves of moisture and nutrients in
clay and heavy clay soils better support plant productivity. However, these soils require more
energy and cost for cultivation and special care. Such soils are prone to water erosion and can lose
fertility if neglected.

3. Results

Soil samples were collected in 2023 from 60 different locations across the territory of Astana
city to analyse the granulometric composition of the soil.

To determine the mechanical and agrochemical composition of Astana city’s soil, a total of
60 soil samples were taken. The sampling points covered all residential districts of the city,
including Almaty, Saryarka, Esil, Baikonur, and Nura (see Figure 2).
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Figure 2. Sampling locations in Astana city for determining the granulometric and agrochemical
composition of the soil

Clay content analysis of soil samples from 12 points within the Esil district yielded the
following results (Table 1, Figure 3). In this district, the average clay percentage in the soil was
44.9%, indicating heavy clay soil. The lowest value was recorded at point 2 (N 51.185385, E
71.405608) with 29.3%, which corresponds to light clay soil. The highest value was observed at
point 11 with 49.9%, indicating heavy clay soil.

Table 1. Granulometric composition (%) of soil in the Esil district (2023) (mg/kg)

. Less
Coordinates 0.5- 0.25- 0.01- 0.002-
Ne N E 1-0.5 0.25 01 0.1-0.05 | 0.05-0.01 0.002 0.001 than
0.001
N 51.131297,
1 E 71.504347 | 0.7408 | 2.2242 | 2.8729 | 27.1425 15.8744 18.9149 7.0185 25.2118
N 51.156562,
2 E 71.413823 | 0.8545 | 2.3687 | 2.7946 | 47.7272 16.9474 8.4752 6.6467 14.1857
N 51.156188,
3 E 71.421675 | 0.9802 | 2.1475 | 2.2364 | 33.4184 16.4494 12.7483 6.3149 25.7049
N 51.151601,
4 E 71415371 | 0.8611 | 2.1054 | 2.9748 | 31.2691 16.6145 16.5734 7.7833 21.8184
N 51.147582,
5 E 71.421822 | 0.8478 | 2.941 2.2874 | 42.2679 13.0282 11.1471 6.7495 20.7311
N 51.146995,
6 E 71.415454 | 0.8129 | 1.8527 | 2.4311 | 33.1242 17.1648 15.1218 7.5181 21.9744
N 51.144376,
7 E 71419896 | 0.8821 | 2.7487 | 2.6487 | 33.4902 16.9712 16.1724 6.8127 20.274

260



.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. eozpagus. Dxoroeus cepuscol, 2025, 151(2)

40

30

10 -

N 51135886,

8 | E71.437816 | 0.782 | 2.4197 | 2.3714 | 31.2811 | 17.0847 | 11.1456 | 6.1149 | 28.8006
N 51.129057,

9 | E71.431707 |0.8215 | 2.4141 | 2.2784 | 28.6149 | 16.9042 | 13.1907 | 6.1746 | 29.6016
N 51.126125,

10 | E 71414594 | 0.8384 | 2.1149 | 3.8497 | 295173 | 14.6474 | 12.7946 | 6.849 | 29.3887
N 51130670,

11 | E71.408821 | 08134 | 22115 | 2.8049 | 327219 | 11481 | 14.3249 | 6.0918 | 29.5506
N 51131117,

12 | E71.404956 | 0.6193 | 2.9147 | 2.6131 | 33.4217 | 12.482 | 12.8921 | 6.7132 | 28.3439

607

50 -

0

E

e Vv ] ™ 9 © A ® © O N

YV

k3

<
V& X
“©

Figure 3. Clay content (%) in the soil of the Esil district

Soil samples taken from 12 locations in the Baykonur district revealed that the average clay
content was 45.7%, which corresponds to heavy clay according to N.A. Kachinsky’s classification.
The lowest clay content was recorded at point 9 (N 51.165812, E 51.408003) with 36.2%,
indicating medium clay. The highest clay content was found at point 11 (N 51.158153, E
51.405402) with 51.7%, characteristic of light clay soil (Table 2, Figure 4). Additionally, point 7
(N 51.174650, E 51.412181) also showed characteristics typical of light clay soil.

Table 2. Granulometric composition (%) of soil in the Baykonur district (2023) (mg/kg)

Physical clay content, %
Coordinates Less
Ne 0.5- 0.1- 0.01- 0.002-
N, E 1-0.5 0.25 0.25-0.1 0.05 0.05-0.01 0.002 0.001 than
0.001
N 51.190381,
1 E 71.451860 | 0.9311 | 1.4051 1.0744 | 43.1338 | 15.4061 | 18.0854 | 4.4025 | 15.5615
N 51.190286,
2 E51.401785 | 0.8316 | 1.2875 1.9781 | 33.2794 | 18.645 16.2784 | 6.2481 | 21.4516
N 51.176048,
3 E 71.400771 | 0.7892 | 2.2491 2.0312 | 29.2581 | 16.2894 | 12.8416 | 8.2319 | 28.3095
N 51.175604,
4 E 71.405662 | 0.8215 | 1.9481 3.1284 | 27.8561 | 18.3492 | 11.4219 | 9.1576 | 27.3172
N 51.175125,
5 E 71.410764 | 0.8384 | 2.4819 | 4.8497 | 30.4653 | 19.7564 | 12.7946 | 7.8419 | 20.9718
N 51.174416,
6 E 71.410961 | 0.7134 | 2.9215 2.0809 | 32.3719 | 12.4814 | 15.3829 | 7.0918 | 26.9582
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N 51.174650,
7 E 71.412181 | 0.5149 | 1.9917 2.0631 | 31.4972 | 13.0742 | 14.1126 | 6.8872 | 29.8591
N 51.165788,
8 E 71.415026 | 0.7785 | 2.5314 1.7519 | 36.2711 | 11.0492 5.0121 8.6716 | 33.9342
N 51.165812,
9 E 71.408003 | 0.8215 | 1.7315 2.7287 | 44.2067 | 14.2405 | 14.1716 | 6.0571 | 16.0424
N 51.158699,
10 E 71.402973 | 0.8201 | 1.8942 2.5516 | 37.0945 | 12.7403 | 14.9902 | 6.1875 | 23.7216
N 51.158153,
11 E 71.405402 | 0.8106 | 2.1054 2.0781 | 33.2691 | 15.0645 | 13.2134 6.748 26.7109
N 51.157965,
12 E 71.407898 | 0.6802 | 2.3471 2.8376 | 27.2144 | 15.2094 | 11.9418 | 7.3345 32.435
y
60
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40

30

20

10
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|

1 2 3 4 5 6 7 8 9 10 11 12

average X

Figure 4. Clay content (%) in the soil of the Baykonur district

The average clay percentage in the granulometric structure of the soil in the Almaty district

was found to be 45%, indicating heavy clay soil (Table 3, Figure 5). Medium clay structure was
observed at two points (points 2 and 7), while light clay structure was identified at points 3 and 6.

Table 3. Granulometric composition (%) of soil in the Almaty district (2023) (mg/kg)

Physical clay content, %
Coordinates Less
N, E 105 | oo | % 90 oos001| 0010002 | 99 | than
Ne ' ' ' ' 0.001
N 51.158374,
1 E 71.410329 | 0.6999 | 1.5415 | 2.4581 | 45.4485 | 0.9039 2.4025 0.4460 46.0994
N 51.147887,
2 E 71.486624 | 0.5245 | 1.2654 | 2.2478 | 61.2950 0.8034 1.2149 0.1715 32.4775
N 51.145361,
3 E 71.494109 | 0.8425 | 2.1701 | 2.3121 | 31.1011 | 12.0149 14.3716 6.1875 31.0002
N 51.143864,
4 E 71.489106 | 0.8764 | 2.8942 | 3.7416 | 34.4975 | 14.3491 13.4972 8.1875 21.9565

262




.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. eozpagus. Dxoroeus cepuscol, 2025, 151(2)

N 51.132936,
5 E 71.456477 | 0.8213 | 2.3802 | 1.9851 | 31.3612 | 14.3341 14.0211 5.9892 29.1078
N 51.129879,
6 E 71.452480 | 0.8288 | 2.3709 | 1.9114 | 29.2944 | 12.9871 16.7467 6.9709 28.8898
N 51.122063,
7 E 71.465574 | 0.8391 | 1.3717 2.467 | 33.4902 | 15.5712 16.264 6.1827 23.8141
N 51.121332,
8 E 71.451997 | 0.8755 | 2.1367 | 2.0719 | 37.7121 | 17.2094 8.1112 6.1667 25.7165
N 51.121918,
9 E 71.480924 | 0.8248 | 1.7194 | 2.1128 | 40.2706 | 12.5402 12.6711 6.1705 23.6906
N 51.118808,
10 E 71479771 | 0.8129 | 1.8527 | 2.4311 | 33.1242 | 17.1648 15.1218 7.5181 21.9744
N 51.154358,
11 E 71.465045 | 0.7512 | 2.8642 | 2.0946 | 25.0842 | 22.5317 15.4072 6.1892 25.0777
N 51.134981,
12 E 71477349 | 0.8413 | 2.1852 | 2.0816 | 32.9713 | 17.8146 14.9329 6.8019 22.3712
607
50
40 -
30 -
20 -
10 -
0 - : : : : : : : : : : :
1 2 3 4 5 6 7 8 9 10 11 12 average X

Figure 5. Clay content (%) in the soil of the Almaty district

The clay content in the soil structure from 11 sampling points in the Saryarka district

averaged 42.6%, indicating heavy clay soil. Medium and light clay soil structures were observed
at five points within the district, specifically points 3, 4, 5, 6, and 7. Light clay soil structure was
found at points 8 to 11 (Table 4, Figure 6). Thus, in the Saryarka district, three types of
granulometric soil composition - light clay, medium clay, and heavy clay - were all identified.

Table 4. Granulometric composition (%) of soil in the Saryarka district (2023) (mg/kg)

Coordinates 0.5- 0.25- 0.1- 0.05- 0.01- 0.002- Less than

Ne N, E 1-0.5 0.25 0.1 0.05 0.01 0.002 0.001 0.001
N 51.185664,

1 E 71.405463 | 0.8912 | 1.527 | 1.1134 | 38.2412 | 12.4681 | 13.2811 3.1851 29.2929
N 51.185385,

2 E 71.405608 | 0.7215 | 2.2648 | 1.964 | 23.4802 | 21.5713 | 18.2047 5.8219 25.9716
N 51.185471,

3 E 71.406088 | 0.6134 | 1.8215 | 2.1806 | 42.3719 | 16.4816 | 18.3029 4.0918 14,1363
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N 51.182337,

4 | E71.412008 | 0.8124 | 24917 | 2.631 | 51.4972 | 11.5742 | 19.0826 5.1872 6.7237
N 51.182546,

5 | E71.412972 | 0.6218 | 1.3285 | 2.3849 | 48.2134 | 10.5481 | 15.4219 6.1804 15.301
N 51.182879,

6 | E71.413128 | 0.5008 | 2.6482 | 2.9784 | 51.5403 | 15.6417 | 5.6794 7.8118 13.1994
N 51.188998,

7 | E71.421163 | 0.6781 | 2.1306 | 1.8219 | 46.2781 | 10.492 8.9127 7.6231 22.0635
N 51.188015,

8 | E71.421426 | 0.8215 | 2.0315 | 1.9127 | 34.067 | 10.2415 | 12.1716 6.1875 32.5667
N 51.187327,

9 | E71.421392 | 0.7294 | 1.8942 | 1.7416 | 31.4975 | 15.3491 | 16.4972 6.1875 26.1035
N 51.187618,

10 | E71.448427 | 0.8213 | 1.1892 | 1.1875 | 34.1628 | 12.3749 | 13.2719 3.1852 33.8072
N 51.193255,

11 | E71.442090 | 0.5218 | 2.2791 | 2.2164 | 31.2908 | 10.2846 | 18.2461 6.2719 28.8893

eoy
50
40 -
30 -
20 -
10
1 2 3 4 5 6 7 8 9 10 11  average X

Figure 6. Clay content (%) in the soil of the Saryarka district

Soil samples were taken from 13 points to determine the granulometric composition of the
soil in the Nura district. The average clay content of the district’s soil was 45.4%, indicating heavy
clay. Out of the 13 studies conducted on the soil in the Nura district, 11 showed a heavy clay
structure.

Table 5. Granulometric composition (%) of soil in the Nura district (2023) (mg/kg)

Coordinates Physical clay content, %
N, E 0.5- 0.25- 0.1- 0.05- 0.01- 0.002- Less than
Ne 1-0.5 0.25 0.1 0.05 0.01 0.002 0.001 0.001
N 51.118287,
1 E 71.426843 | 0.875 | 2.3414 | 2.7191 | 34.2711 | 18.0492 7.121 7.0716 27.5516
N 51.109091,
2 E 71.413948 | 0.7215 | 2.7171 | 2.1821 | 33.1471 | 13.4179 | 14.6749 6.8775 26.2619
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N 51.108296,

3 E 71.419763 | 0.8614 | 2.924 | 2.1476 | 30.9175 | 12.9171 | 12.7942 6.8975 30.5407
N 51.103654,

4 E 71.412174 | 0.8953 | 2.8216 | 2.5146 | 32.1472 | 13.4481 | 12.9711 6.9752 28.2269
N 51.102852,

5 E 71.418495 | 0.8198 | 2.0819 | 2.1814 | 33.2934 | 12.8571 | 17.4167 6.7259 24.6238
N 51.092000,

6 E 71.417887 | 0.7108 | 2.9432 | 2.7814 | 37.5374 | 12.6237 8.941 6.1718 28.2907
N 51.084276,

7 E 71.413921 | 0.7821 | 2.3426 | 2.2579 | 34.7281 | 12.4912 8.978 8.6491 29.771
N 51.076977,

8 E 71.422716 | 0.8548 | 2.9217 | 2.5173 | 33.8267 | 13.4954 | 14.7316 6.1875 25.465
N 51.105531,

9 E 71.452591 | 0.9414 | 3.1927 | 2.196 | 32.4514 | 16.4913 | 15.9172 6.1594 22.6506
N 51.142460,

10 | E71.372600 | 0.8146 | 2.5474 | 2.8761 | 34.6813 | 15.1745 | 17.7134 7.1723 19.0204
N 51.132627,

11 | E71.363884 | 0.9718 | 2.7462 | 2.8445 | 35.6476 | 14.2482 | 12.4576 6.7542 24.3299
N 51.071519,

12 | E71.407713 | 0.8279 | 2.8277 | 2.4143 | 34.4256 | 15.4488 | 17.8467 7.1181 19.0909
N 51.076626,

13 | E71.385169 | 0.9824 | 2.7837 | 2.8437 | 31.0246 | 17.1372 | 14.9172 6.8746 23.4366

60

Figure 7. Clay content (%) in the soil of the Nura district

4. Discussion

The results of the 2023 study on the granulometric composition of soils across Astana city
showed a high clay content in all districts. The soil samples taken from 60 points during the
research confirmed that the majority of the soils have a heavy clay texture.

In the Esil district, the average clay content is 44.9%. The soil in this district predominantly
has a heavy clay structure. Variations from light clay (29.3%) to heavy clay (49.9%) were observed
at individual points within the district, reflecting the influence of microclimate and anthropogenic
factors.
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In the Baykonur district, the average clay content was 45.7%, with the highest recorded
value. Some areas within this district also exhibited a light loam structure, indicating
heterogeneous soil texture likely influenced by various construction, transportation, or industrial
impacts.

The soil in the Almaty district has an average clay content of 45%. Although some points
showed light loam structures, the overall soil texture is dominated by heavy clay.

In the Saryarka district, the average clay content is 42.6%, the lowest among the studied
districts. Nevertheless, this value still classifies the soil as heavy clay. This district exhibited a
diversity of granulometric compositions, including heavy, medium, and light clay textures.

The soil of the Nura district is characterized by an average clay content of 45.4%, also falling
into the heavy clay category. Out of 13 samples taken, 11 showed the same structural
characteristics, indicating uniformity in the soil cover of this district.

Overall, the analysis shows that the granulometric composition of Astana’s soils is relatively
consistent - clay content is high in all districts, with heavy clay texture predominant. These soils
are agronomically favourable due to their good moisture and nutrient retention capacity. However,
heavy clay soils are prone to water erosion, require more complex management, and demand
special care.

The study results also indicate that urbanisation in Astana has significantly affected the soil
structure. Especially in the city centre, urban soils (urbanozems) contain anthropogenic inclusions,
construction debris, and dust sediments. These factors can disrupt the natural soil structure, which
calls for enhanced monitoring and restoration efforts to preserve the ecological condition of the
soils.

The obtained data are consistent with the results found in Berlin, where clayey and heavy
loamy soils prevail, increasing their ability to accumulate pollutants (Lehmann & Stahr, 2007;
Miiller et al., 2021).

5. Conclusion

The majority of the granulometric composition of Astana city’s soil is heavy clay. The
average clay content in the soils of Astana’s districts is as follows: Esil district — 44.9%, Baykonur
district — 45.7%, Almaty district — 45%, Saryarka district — 42.6%, and Nura district — 45.4%.
Across the districts of Astana, the average clay percentage ranges between 42.6% and 45.7%, all
falling within the heavy clay category. The highest clay content was recorded in Baykonur district
(45.7%), while the lowest was in Saryarka district (42.6%). Overall, the granulometric
composition of soils in all districts exhibits similar characteristics.

Clay soils are rich in various nutrients, have high water and air permeability, and are easy to
cultivate. Such soils are suitable for gardening and growing green spaces. The research results
concluded that there is no need to improve the clay soils of this structure, only to maintain their
fertility. However, it is recommended to protect the soil from negative factors that can adversely
affect it. These factors include drought, soil erosion, natural disasters, industrial emissions, exhaust
gases, agricultural chemicals, and other anthropogenic impacts.

This research expands theoretical understanding of urban soil granulometric patterns under
anthropogenic pressure. The findings provide practical implications for urban soil management,
ecological zoning, and city planning. Identifying the dominance of heavy clay soils enables
targeted interventions to enhance green infrastructure, reduce erosion, and mitigate pollution risks
in Astana.
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AcTaHa KaJ1achl TONBIPAFbIHBIH I'PAHYJIOMETPUSIIBIK KYPbLIBIMbI
Typryr Ty3yn Onaii, AManoex 3anabi0aii, Aiigana KelabipoBa

Anpatna. Kama  TomblparblHBIH — JlacTaHy  karjgaiibiHa Oara  Oepylne  TONBIPAKTBIH
IPaHyJIOMETPUSUIIBIK KYPBUIBIMBIH aHBIKTAYIbIH MaHbI3bI ©T€ 30p. ATam aiftap 600JcaK TONBIPaKTa
JacTaymibl 3aTTapAblH Tapaly, Cy OTKI3TIITIN, XUMHSUIBIK peakUUsIapIblH KYpyl MeH
OMONOTUSIIBIK O€ICeHAIrT TONMBIPAKTHIH IPaHyIOMETPHUSIIBIK KYPhIIIbIMbIHA TiKeNeH OaliIaHbICThI.
byn 3eprTey *yMbIchIHIAa ACTaHa Kajlachl TOIBIPAFBIHBIH IPAHYIOMETPUSIBIK (MEXAHUKAJIBIK)
KypaMmbl 3epJelieHIN, opTYpJi OKIMIIUTIK ayJaHnap ayMarblHaH >Kaiurbl caHbl 60 HyKTeleH
TONBIPAK YJTiIEPl albIHABL. 3epTTEY HOTHXKEIepi OONbIHIIA OapIbIK aylaHapaa ayblp ca3JaKkThl
TOTMBIPAK Typi OachlM €KEHI aHBIKTAIAbl. ATam ailTKaHda, TONBIPAK KypaMbIHIAFbl ca3
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dpakusceiHbIH opTama mesmepi Ecin aynansiana — 44,9%, baiikorsipna — 45,7%, Anmateiaa —
45,0%, Capslapkana —42,6%, an Hypa aynaneiana —45,4% Kypaasl. AybIp ca31aKThl TOIBIPAKTAP
BIJIFAJI MEH KOPEKTIK 3aTTap/ibl CaKTay KaOijeTiHiH XKorapbl 00TybIHA OailIaHbICThI KOTaJIAHIBIPY
JKOHE aybUl NIapyallbUIBIFBI MakKcaTTapblHa THIMI1 Oosibln TaObUIanbl. Auaiiga, MyH#aan
TOTIBIPAKTAp APO3USUIBIK MPOLIECTEPre, aHTPOIOTEH/IK JIAaCTaHyFa JKOHE BUIFall TAIIbUIbIFbIHA
ymipipayra Oeitim. COHIBIKTaH Oy TONBIpAaK TypJiepiH THIMAI makjganaHy OapbIChIHA
HKOJIOTHSUIBIK KayINTep/i €CKepill, KOPFaHBIII HIapajlapblH 1CKE achIpy KaXKeTTUIIT1 TybIHIANIbI.
3epTTey HOTHXKeNepl KaJlaHbIH TOMBIPAK PECYPCTApPBIH Oaranayzaa, oJap/ bl SKOJIOTUSIIBIK TYPFbIIA
TYpaKThI Nai1aIany ’KoOHEe MOHUTOPHHT XKYPTIi3y OarbIThIHAA FHUIBIMH HET13 KaJBIITACTHIPAIbI.

Tyiiin ce3mep: TONbIpaK, IPaHYIOMETPUSIIBIK KYpaM, TONBIPAK KYHAPJbUIBIFBI, YpOaHU3alus,
AHTPONOTEHIIK acep.

I'panyinoMerpudeckasi CTPYKTypa MHOYBbI FOPOAa ACTaHbI
Typryrt Ty3yn Onaii, AMantexk 3anapi0ai, Aiinana KeiipipoBa

AnHoTanus. OnpeeneHre rpaHyJIoMeTPUYECKOro COCTaBa MOYBbl UMEET BaKHOE 3HAUYCHUE TIPU
OIICHKE 3arps3HEHUs TOPOJCKOM IMOYBBl. B YacTHOCTH, pacHpOCTpaHEHHE 3arpsI3HAIOIIMX
BEIIIECTB, BOJIOIIPOHHUIIAEMOCTb, TPOTCKAaHNE XUMUYECKHX PEAKIIUi M OMOJIOrHYecKasi akTHBHOCTh
HANPSIMYIO 3aBUCAT OT TPaHYJIOMETPUYECCKOW CTPYKTYpHI MOYBBL. B JaHHOM HCCIEIOBaHUU
M3YYEH TpaHyJIOMETPUYECKHIl (MEXaHMYECKUW) COCTaB MOYB ropoAa ACTaHbI, JJIs 4ero ObLIN
0oTOOpaHbl 00pasmbl MOYBBI B 60 TOYKaX, PACIOJIOKCHHBIX B Pa3HBIX aIMHHHCTPATHBHBIX
paifoHax. Pe3ynbTaThl mMoka3and, 4TO BO BCeX paiioHaX NpeoOIafaroT TSKEIOCYTTTHHUCTHIC
nouBsl. CpeHee cojliepKaHue TIIHMHUCTOW (pakiuu cocTaBwio: B paiione Ecunb - 44,9%, B
baiikonype - 45,7%, B Anmartel - 45,0%, B Capslapke - 42,6%, B Hype - 45,4%. bnaronaps
BBICOKOHM CIIOCOOHOCTH YJEp)KMBaTh BJary W TUTATEIbHBIE BEIIECTBA, TKEIOCYTJIMHHUCTHIC
MOYBHI CYUTAIOTCA OJArONMPUSTHBIMHE JIJIS1 03€JICHEHUS U CENTbCKOX035IICTBEHHOT O UCITOJIb30BaHUS.
OnHaKo Takue MOYBHI MOJIBEPIKCHBI DPO3HUH, aHTPOIIOTEHHOMY 3arpsi3HEHUIO U JIe(UIIUTY BIary.
[ToaToMy mpU MX HCIONB30BAHUHM HEOOXOIMMO YUYHMTHIBATH SKOJOTHYECKUE PUCKU U BHEAPATH
Mepsl 1o 3amuTe. [lomydeHHbIe pe3yabTaThl CIyKaT HAyYHOW OCHOBOM ISl OIIEHKH MTOYBEHHBIX
PECYPCOB TOpoJia, UX SKOJOTHYECKH YCTOMYMBOTO UCTIONB30BAHUS M OPraHU3allMd MOHUTOPHUHTA.

KiroueBble cjioBa: MouBa, IPaHYJIOMETPUUYECKUN COCTaB, IUIOAOPOJIUE TOYBHI, ypOaHU3AIIUS,
AHTPONIOT€HHOE BO3/ICHCTBHUE.
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