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Abstract

Today, almost all large cities have a landfill for municipal solid
waste, where solid waste is dumped, stored and partially disposed.
Storage and disposal of household waste (mainly by burning) can
negatively impact the structure, productivity indicators, and the
agroecological state of the soil cover common around the landfill.
Such high levels of heavy metals and metalloids in household waste
ash, inturn, lead to soil contamination around the landfill. The reason
is that the process of incineration and open storage of waste has a
very negative impact on the environment. It should be noted that the
level of heavy metal contamination of the soil around the domestic
landfill is low. However, failure to fully comply with the measures
for storage and disposal of waste can lead to contamination of soils
around the landfill with heavy metals since the content of heavy
metals in ashes is very high. Soil pollution with household waste
affects all processes occurring in it and has a detrimental effect on the
activity of living organisms living in the soil. In particular, soil
pollution with household waste changes the amount of organic
volatile compounds in the organic part of the soil. Studies have shown
that benzofuran organic volatile compounds not found in background
soils can be found in soils around municipal waste when exposed to
pollution. Some compounds, such as carbonic acid-10.99% and di-n-
desylsulfone-0.47%, which are noted in the background soils, were
not found in soil sample No. 1 taken at the landfill. These compounds
are removed from the soil as a result of waste incineration and other
processes.
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Introduction

All over the world, scientific research is being carried out to prevent and identify sources of pollution that
adversely affect soil fertility, eliminate the resulting consequences, and restore and increase soil fertility. In this
regard, attention is paid to the study of the activity of soil enzymes, microbiological, agrophysical and
agrochemical properties aimed at increasing soil fertility. As a result of the accumulation, processing and
incineration of waste, agricultural fields and fertile soils become unusable. As a result of waste incineration,
organic hydrocarbon compounds, such as naphthalene, tetraphene, chrysene, and fluorene, as well as low contents
of pyrene and pyrimidine, were found in the soil of the enclosing territories of solid household waste landfills
(Tsibart 2011; Tsibart et al., 2011). The average concentration of polycyclic aromatic hydrocarbons in peat soils
in northeastern Europe is 150-3700 ng/g (Pastukhov et al., 2017). An increase in the content of polycyclic aromatic
hydrocarbon compounds, such as benzanthracene, 3,4-benzo(a)pyrene, and 7,12-dimethylbenzanthracene
contained in gases, causes dangerous tumours in the human body. These compounds accumulate not only in the
air but also in soil and agricultural products and enter the human body, infecting it (Filatov et al., 2020; Denisova,
2009). Scientists believe that soils contaminated with volatile organic compounds can be cleaned up to 70.8%
using the oxidizing agent Fe2+, activated with calcium oxide (CaO2) and persulfate oxalate acid (S2082-) (Jian
Wang et al., 2021). When the scientists studied the soil of the household landfill, it was found that the content of
microelements, minerals (quartz and glauconite), humus substances, and calcium and gypsum substances in plant
remains changed. Soil is the main source of nutrition for plants, it acts as a natural medium that affects the condition
of ground and air - absorbs pollutants. Soil pollution with industrial and household waste is a factor that
fundamentally changes the composition of the soil and the life activity of organisms living in it and reduces soil
fertility, making it unsuitable for agricultural activities. Heavy metals and various organic and toxic substances
contained in these sources of pollution enter the soil under the influence of natural factors and damage it (Suaad
Hadi Hassan Al-Taai, 2021; Ryabchenko et al., 2017).

Household waste affected the activities of soil enzymes (phosphatase, urease, protease, deaminase and
sulfatase). A decrease in the activity of microorganisms showed a decrease in the amount of mobile nitrogen,
phosphorus and potassium minerals in the soil (Suleymanov et al., 2007), and as a result of a change in the activity
of enzymes, a decrease in the amount of S and N in the soil is observed. The number of parasitic organisms such
as Ascaris sp., Toxocara sp., T. leonina, N. vitulorum, Metastrongylus sp., Parascaris equorum, Nematoda
belonging to the group Nematoda increases (Romanova et al., 2017). Open storage and disposal of household
waste without separation and processing (Nidhi Kundariya et al., 2021; Holotova et al., 2020) causes an increase
in antibiotic-resistant bacteria in the waste. As a result, the number of bacteria increases and gets added to the
subsoil and wastewater, which has a negative effect on agricultural products and human health (Uttpal Anand et
al., 2021; Ginevicius, 2022).

Household waste contains a large amount of plastic products, which pollute the soil for many years after they
fall into the soil. These plastic products have a dangerous effect not only on the soil but also on plant, animal and
human organisms (Harmita Golwala et al., 2021). As a result of soil pollution with household waste, not only
chemical trends but also the amount of organic matter in the soil increase (Claudia Moeckel et al., 2020). Volatile
organic compounds produced in household waste are released into the air and slow down the formation of the
ozone layer (PakKattil et al., 2021). As a result of scientists' research, it was determined that the amount of diphenyl
ether in the soil of the household landfill increased from 6.81 to 33.67 mg/g dw (Sonam Paliya et al., 2022). Soils
contaminated with volatile organic compounds can be treated with calcium oxide (CaO2) and persulfate (S2082-
) oxalic acid-activated Fe2+ oxidizer with 70.8 % accuracy (Jian Wang et all 2021). Domestic waste is created as
aresult of human activity, and as a result of human activity, it spreads and pollutes the environment. The generation
of these wastes puts pressure on natural resources and seriously affects their sustainable development. At the same
time, it leads to deterioration of various properties of soils. The best way to prevent damage to soils and natural
resources is to use and control waste effectively (Shiv Shankar et al., 2021). Nowadays, soil contamination with
lead is widespread and considered one of the most ecologically dangerous types of pollution (Xin Sun et al., 2023).
The increase of lead in the soil over 80 mg/kg had a negative effect on the activity of microorganisms, reducing
their activity, and the activity of actinomycetes decreased by 20% (Yuanxin Liu et al., 2021). Lead heavy metal is
absorbed into the body of young children five times faster and easier than that of adults (Elvira Dzhumelia et al.,
2021). Deterioration of the agrochemical properties of the soil affects the changes in biological processes in the
soil, the quality, composition and productivity of agricultural products (Sipos et al., 2007; Smutka et al., 2015;
Naglova et al., 2017; Hornowski et al., 2020), and ultimately has a harmful effect on the health of humans and
living organisms (Ram Swaroop Meena et al., 2020).

It is well known that soil pollution with domestic waste also leads to pollution with a certain amount of heavy
metals. The amount of soil contamination with heavy metals varies depending on the location and distance from
the source. Heavy metals are abundant near the polluting source, and the amount of pollution decreases further
away (Vitalii Ishchenko et al., 2021). Due to the fact that soil pollution with household waste is increasing year by
year, the problem of cleaning and restoring the properties of contaminated soil is a problem that worries people all
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over the world. Currently, the use of methods such as anaerobic digestion, composting, hydrothermal
carbonization, and pyrolysis with the participation of anaerobic microorganisms (Renju Babu et al., 2021) has
been launched.

Material and Methods

Soil sampling and storage for studying the organic properties of soils contaminated with household waste was
carried out in accordance with the Interstate Standard (GOST: 17.4.4.02-84). The first sample was taken from a
household waste landfill in the Akhangaran district of the Tashkent region, and the second sample was taken at a
distance of 9 km (background) from the landfill from a depth of 0-20 cm. The total amount of organic matter in
the samples was determined according to GOST-26213-91 using a spectrophotocalorimeter, and the amount of
volatile compounds in soil organic matter using gas chromatography (Agilent 8890 GC da SIM, SCAN va Electron
Impact (EI), ionization mode method (Agilent 5977B Series GC/MSDc).

The Agilent 8890 GC is a state-of-the-art gas chromatograph that provides superior performance for all
applications. Key to its performance is the use of advanced electronic pneumatic control (EPC) modules and high-
performance GC oven temperature control, which lead to extremely precise retention time reproducibility, the
basis for all chromatographic measurements. The 8890 7-inch capacitive touchscreen interface provides real-time
access to instrument status, configuration, and flow path information. A signal plot confirms that analyses are
running as intended. Additional tabs provide quick access to key functions such as editing method parameters,
diagnostics, maintenance, logs, and help screens. The Browser Interface is the most extensive interface to the 8890
GC's intelligence and mobile access features. Optimized for a 10-inch tablet, the Browser Interface can be used on
tablets or a PC. Now, one can view setup information, troubleshoot problems, check for leaks (autonomous hands-
free), backflush columns, pause and start sample runs, and manage method development. GC performance can be
monitored by automatically evaluating blanks using advanced onboard analytical techniques.

Analysis through emotional maps.

Tashkent region is geographically located in the northeastern part of our republic, between the Syr Darya and
the Western Tianshan mountains. The northwestern part corresponds to the borders of Qorjontov and Ugom
between Kazakhstan and Uzbekistan. The border with Kyrgyzstan in the eastern part passes through Talas Olatov
Piskom and Chatkal mountains. The Kurama ridge separates it from the Fergana valley. The southwestern border
includes the Syr Darya River, part of the Western Tianshan Mountains and the Chirchik and Ohangaron valleys,
as well as the Dalvarzin desert. The solid waste landfill of Tashkent is located in the Akhangaran district of the
Tashkent region. The study area is represented by foothills, plains, hills and river valleys. The region’s continental
climate is characterized by dry and hot summers and cold winters. The average annual temperature is +15.0°C,
with average temperatures of -3.0°C in January and +26.0 °C in July. Absolute minimum -28°C, maximum +50
°C. 220-280 mm is the average amount of precipitation per year, most of which falls in autumn and spring. The
growing season lasts 180 days. Typical irrigated grey soils are spread around the landfill of solid waste of Tashkent
and used in agriculture for growing vegetables. This landfill has been operating since 1968. In 2012, another
30 hectares were added to the landfill in accordance with the Cabinet of Ministers of the Republic of Uzbekistan's
decision.

Fig. 1. Space image of the investigated area.
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Soil samples for research were selected according to the following coordinates (Fig. 1): (41°05'32.5"N /
69°28'48.8"E, 41°05'31.9"N / 69°28'48.0"E, 41°05'26.7"N / 69°28'45.8"E, 41°05'20.7"N / 69°28'45.4"E,
41°05'19.0"N / 69°28'31.8"E, 41°05'32,5"N / 69°28'48,8"E, 41°05'32,5"'N / 69°28'48,8"E, 41°08'15.0"N /
69°26'35.0"E, 41°10'13.6"N /69°24'49.0"E.).

In the territory of Tashkent region, the following major geomorphological regions are distinguished: high
mountains, medium mountains and low mountains, mountain and sub-mountain plains, and lower and upper
terraces of rivers. The diverse structure of the Earth's surface has led to significant changes in climate, affecting
plant species and genetic types of soils. The hydrogeological conditions of the area result from geomorphological-
lithological and relief conditions. Groundwater is mainly formed as a result of underground transit water flowing
in mountain and sub-mountain plains; it is non-saline, fresh and less mineralized.

I-section was taken by ash layers, which formed after burning waste inside the landfill. It contains a variety
of refractory glass, slate, brick fragments, and various large and small stone fragments. The nearby lands of the
area are used for farming purposes. In the 0-30 cm layer from which the cross-section was taken, ash particles and
ash residues formed from the burning of waste can be found. Therefore, the physical properties of the soil have
also changed, and the density, moisture level, and structural condition of the soil have changed due to very severe
pollution.

X-section was taken from the southeastern part of the area, 10,000 meters away from the research object (for
background). Typical grey soils with light, medium, and heavy sand are distributed in the lower part of the delta
area of the mountainous region of Tashkent.

The research area is the flora

Found in the study area: Artemisia dracunculus, Urtica dioica, Ddracocephalum nutans, Chamerion
angustifolium, Distamnus angustifolius, Rosa canina, Hippophea rhamnoides, Ziziphora pedicellat, Thalictrum
minus, Heracleum lehmannianum, Rheum maximoviczii, Origanum tutthanthum, Nepeta cataria, Achillea
millefolium, Peganum harmala, Prunella vulgaris, Tussilago farfara, Lamium album, Agrimonia asiatica,
Hyupericum perforatum, Capparis herbacea, Orthurus kokanicus, Helichrysum maracandicum, Rosa
maracandica, Korolkovia Severtzovii, Robinia pseudacacia, Alhogi pseudoalhagi, Salvia sclarea, Thermopsis
alterniflora, Amugdalus spinosissima, Achillea filipendulina, Leanurus turkestanicus, Crataegus turkestanica,
Rhodiola heterodonta, Betula tianschanica, Rumex tianchanicus, Inula macrophyla, Pyrola rotundifolia, Mediasia
macrophylla, Dracocephalum integrifolium, Prangos pabularia, Lycopus europeus, Tanacetum psedoachillea,
Juglans regia, Artemisia tenuisecta, Juniperus zeravchanicus, Lagochilus sevarchanicus, Hypericum elongatum,
Glaucium fimbrilligerum plant species such as.

Results and Discussion

The fertility of the soil is directly related to its physicochemical properties, the humus cover, the organic and
mineral substances contained in it, and especially the number of various beneficial microorganisms in it and their
biological activity. In addition, a targeted selection of crops is required, depending on the location of agricultural
areas in different geographic latitudes, the characteristics of development, and the creation of modern harmless
biotechnologies. The impact of soil pollutants on nitrogen bacteria is very small, and an increase in their number
leads to a decrease in soil contamination.

Another group of microorganisms in the soil is very sensitive to pollution from household waste, the function
of which is to maintain and restore soil fertility. In addition, soil organic composition is also one of the important
soil indicators. An increase and decrease in organic matter content also negatively affects plants and the activity
of microorganisms living in the soil. When studying organic soil pollutants in the study area, it was found that soil
waste contains alkane hydrocarbons, various essential substances and acids (Fig. 2).

The results of the analysis showed that the soils located around the territory of the municipal waste landfill
contained o-xylene, oxalic acid, alkanes, oleamide, pyridine, carboxylic, carbonic acid, etc. The study showed that
almost all organic compounds in the contaminated soils were higher than in the background soil sample (Tables 1
and 2).

As a result of the accumulation and incineration of household waste at the household waste landfill, the
organic substances contained in them enter the soil, accumulate and pollute it. Oleamide and Di-n-Desylsulfone,
the carbonate acid in the background sample, accumulate due to the release of these substances into the atmosphere
during waste incineration. In addition, pentafluoropropionic acid 9.71% and benzofuran 14.1% were found in the
composition of soil samples taken near the landfill, which are practically not present in the background soil sample.

Also, the analysis results showed the absence of other volatile organic compounds in the background soil
sample, which were found in soil samples contaminated with household waste (Table 1 and Table 2).

538


http://abacus.bates.edu/~ganderso/biology/resources/writing/HTWsections.html#results
http://abacus.bates.edu/~ganderso/biology/resources/writing/HTWsections.html#discussion

Tokhtasin ABDRAKHMANOV et al. / Acta Montanistica Slovaca, Volume 28 (2023), Number 3, 535-542

30,00
25,00 P
20,00
15,00
10,00
5,00 k&/‘\;
0,00 = T = 9
- J X S D ) 2
5,00 @\@Q .QQ’Q\ < & @QQ P X Oz}q’,&
- N AN Q )
Q OA’? QO*S NS Qo&o
S S
S
&

=@=="1. Polluted soil

2. Background soil

Fig. 2. The amount of volatile organic compounds in soils contaminated with household waste and background.

Tab. 1. The amount of volatile compounds of organic substances in contaminated soils with household waste (landfill soil).

Neo Name of substances % Formula

1 1-cyclohexene 1,83% C8H10

2 Dean 2,74% C10H22

3 1-hexanol 5-methyl-2(1-methylethyl) 1,52% C10H220

4 Oxalate Acid 1,60% C15P2604

5 2-ethylhexine isoether of acid oxalate sining 3,10% C16H3004

6 lonol (hydroxytoluene butyl acetate) 6,82% C15H240

7 2-ethyl hexanol 7.91% C8H160

8 Nonyl tetradesyl ether 3,16% C23H420

9 5,5-dimethyl-3-oxo-1-pyrroline, 1-9 oxide 1,67% CI2H15NO

10 Modified 2,3-epoxydan 2,54% C10H200

1 1,2-nonylpropyl ether of carbonate acid 2,00% C14H2503

12 Carbonate acid tridesyl ether 1,44% C22H4403

13 6-ethyl oct-3-1i ethyl ether of oxalic acid 1,05% C14H2603

14 2H-pyran, 2-tetrahydro 3-ethylinoxy ether 0,52% C9H1402

15 Z,7-6,28-Heptotriactontadiene-2,1 1,55% C37H700

16 3-heptene, 7-chloro 2,78% C7H11CI

17 4-cyclopentene-1,3-diol 1,79% C5H802

18 8-oxabitcyclo 5-1-0 octane 9,79% C7H120

19 2-butylthio pyridine 0,90% Synthetics

Tab. 2. Amount of volatile compounds of organic matter in the soils of the study area (background soil)
Ne Name of substances % Ne Name of substances %
1,3-Cyclopentadiene, o
1 5-(1-methylet hylidene) 0,88 16 trans-2,3-Epoxydecane 0,52
1-Hexanol, 5-methyl-2- i .
2 (1-methylethyl) 0,20 17 N-Hexadecylpyridinium bromide 0,72
3 Bicyclo[3.2.1Joct-2-ene, 3-methyl-4- 078 | 18 Citronellol epoxide (R or S) 0,85
methylene-
4 1,4-Cyclohexadiene, 3-ethenyl-1,2-dimethyl 1,19 19 2-Octyn-1-ol 0,16
5 Oxalic acid, 6-ethyloct-3-yl ethyl ester 1,16 20 2-Butyl-3-methylcyclopent-2-en-1-one 0,7
6 Decane, 3-methyl 1,18 21 3-Heptyne, 7-chloro- 0,49
L Bicyclo[10.1.0]trideca-4,8-diene-1, 3-
7 Oxalic acid, cyclobutyl tetradecyl ester 2,15 22 carboxamide, N-(4-fluorophenyl) 0,35
Aspidofractinine-3-methanol,

8 2,4,6,8-Tetramethyl-1-undecene 1,12 23 pha.,3.beta. 5.alpha.) 8,89
9 4-Allyloxyimino-2-carene 4,37 24 7-Octenal, 3,7-dimethyl 14,26
10 Oxalic acid, allyl undecy! ester 1,81 25 Carbonic acid, but-3-yn-1-yl undecyl ester 24
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11 1,2-dibromo-Dodecane 4,53 26 Tricyclo[6.3.3.0]tetradec-4-ene, 10, 13-dioxo 0,94
12 Carbonic acid, but-3-yn-1-yl dodecy! ester 1,06 27 cis-9,10-Epoxyoctadecan-1-ol 1,04
13 8-Methyl-6-nonenoic acid 1,33 28 Oxirane, (7-octenyl) 1,05
14 Sulfurous acid, octadecyl 2-propyl ester 0,89 29 1H-3a,7-Methanoazulene, octahydro-1,4,9,9- 0,62
tetramethyl
15 1-(Cyclopropyl-nitro-methyl)-cyclo 091
pentanol

Various organic compounds, polycyclic aromatic hydrocarbon compounds, and free hydrocarbon gases are
found in large quantities in soils that are common around landfills and various industrial zones. In the soils of
zones remote from industrial enterprises, these compounds decrease (Gennadiev et al., 2016; Agapkina et al.,
2007). Accumulation of household waste on agricultural land and their incineration leads to the accumulation of
various organic pollutants in the soil, resulting in agricultural land becoming unusable (Maksimova et al., 2013).
n-tridecane, hexane and xylene have toxic properties, disrupt the soil's structure after entering it, and negatively
affect its biological activity. Soil contamination with these substances leads to phytotoxic effects on plant growth
and biomass; the application of ammonia fertilizers to the soil and the accumulation of waste also leads to more
severe soil contamination with the above substances (Denisova 2009). Polycyclic aromatic hydrocarbons - these
highly mobile organic compounds of the benzene series, capable of dispersing in the biosphere, are formed as a
result of natural and technogenic pollution (Abakumov et al., 2015). A study of Moscow urban soils revealed a six
times increase in the amount of benzo(a)pyrene, which in the background soils is 10-740 pg/kg. In the soils of
Europe, this figure is 2-6 times higher (Belonskaya et al., 2015).

Household waste accumulated at landfills releases various volatile organic compounds into the atmosphere.
When the activity of bacteria in soils contaminated with household waste is high, it reduces the emission of COg,
CHya, phenolic compounds, aromatic hydrocarbons, and alkanes emitted into the air by assimilating organic volatile
compounds released from the waste (Randazzo 2020). Due to various organic volatile compounds and water waste
generated during the decomposition of household waste, a favourable environment is created for the development
of various harmful insects, rodents, vectors of infectious diseases and pathogens. This poses a serious threat to
human health (Zomarev, 2010). Volatile organic compounds generated in landfills where household waste
accumulates slow down the formation of the ozone layer as a result of their release into the air (Pakkattil et al.,
2021). Polycyclic aromatic hydrocarbons in soils are closely related to agricultural, residential, transport, and
industrial activities (Jomolca Parra et al., 2020).

Conclusions

It was concluded that these organic compounds are mainly composed of alkanes, esters, and polycyclic
aromatic hydrocarbons, which have been formed as a result of the incineration of household waste for many years.
In addition, the presence of various volatile organic compounds was found in the background soils: cyclohexane
1.82%, decane 2.74%, bulyt acetate 6.82%, various carboxylic acid esters 3.44%. The presence of these volatile
organic compounds in the background soil sample is justified by their release into the atmosphere during the
incineration of household waste.

In conclusion, we can say that the amount of volatile organic compounds in the soils located around the
household waste landfill has increased as a result of the accumulation and incineration of waste over the years. In
soil samples contaminated with household waste, increased contents of organic compounds, such as alkanes,
ethers, various organic acids, benzene, amides and polyamides, dangerous to human life, are found, which are
practically not present in the background soil sample taken at a distance from the landfill of household waste. The
increase in the content of these organic compounds in the soil complicates the biological, chemical, physical and
agrochemical processes occurring in the soil, which leads to a decrease in soil fertility.
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