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ABSTRACT 
A technology for reducing soil toxicity by using biologically active humic substances (sulfohumate), 
obtained from coal mining was developed. The composition and properties of sulphohydrate were 
studied by elemental analysis, IR spectroscopy, potentiometry. It is shown that the resulting 
sulfohumate reduces the content of heavy metals in the soil, increasing the transfer of mobile forms of 
metal ions into bound ones. 
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INTRODUCTION 
Modern socio-cultural space is characterized by high dynamics and variability, complicating the 
process of purposeful management of education of adolescents and young people (Bardo, Fishbein, & 
Milich, 2014; Beker, & ,Isralowitz Singer, 2014). Exposure to negative external influences in this age 
amplifies by objective factors of development: internal difficulties of adolescence, since psycho-
hormonal processes and ending with the restructuring of I-concept; uncertainty of youth social 
position; contradictions caused by the restructuring of social control mechanisms when its old form, 
based on compliance with external rules and obedience are no longer valid (Mignon & Mignon, 
2014)and adult ways involving conscious discipline and self-control is not yet fully developed 
(Wodarski & Feit, 2014). 

All these factors make teenagers and adolescence the potential risk group prone to deviant behavior. 
There is no shortage of deviations criteria. They are exhaustively defined by E.V. Zmanovskaya, Ts.P. 
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Korolenko, T.A. Donskih, and V.T. Kondrashenko. A variety of criteria for determining the deviations 
resulted in numerous definitions of deviant behavior. Assuming that any deviation is established by 
comparison with some norm, then the most general seems the definition of it "as the actions of the 
system, deviating from the standard or implied norm, whether of mental health standards, law, culture 
or morality" (Kon, 2000; Todd & Bogart, 2003; Maisto, Galizio, & Connors, 2014; Norman & 
Among the types of deviations a particular danger to the physical and.(2014 ,Fordham University Staff 
in pa ,spiritual formation of the person provides dependence on psychoactive substances andrticular, 
on drugs (Leukefeld, Gullotta, & Staton-Tindall, 2014; Bodden, 2014; Scheier & Hansen, 2014; 
Hanrahan, Matters, & Conrad, 2014). 

The basic documents of the Republic of Kazakhstan ("The Constitution of the Republic of 
Kazakhstan", the Law of the Republic of Kazakhstan "On Education", "State Program "Health of 
People"", "The complex program of education in educational institutions of the Republic of 
Kazakhstan", "The complex program "Healthy Lifestyle"", "State Program "Education"", etc.) 
emphasize the need to intensify wide-scale activities to prevent drug abuse among the population. 
Today, one of the main activities of the social institutions of the society is to prevent drug abuse. 

The President Of The Republic Of Kazakhstan N.A. Nazarbayev has repeatedly noted the role of non-
governmental organizations (NGOs) in the development of social sphere and further democratization 
of society, as well as the importance of developing and strengthening the partnership of non-
governmental organizations and State structures (NGOs and the State: course of effective partnership. 
National report on the development of non-governmental organizations in the Republic of Kazakhstan, 
2007; Gledding, 1998). Currently, Kazakhstan has created the conditions under which it is right to 
speak of a new model of interaction between young people and society - the social partnership. The 
model of social partnership between the state and young people are the subjects of constructive 
interaction on the basis of coordination of the objectives, interests, and needs, in which NGOs act as 
an intermediary. NGOs is one of the institutions of the state youth policy, including the prevention of 
drug addiction. The main goal of the NGO is to solve socially significant problems of society through 
self-organization system, and the total main task is to study the social needs of the general population 
and to form projects, government contracts, aimed at their implementation. Implementation of joint 
social projects, including the prevention of the spread of drug addiction, is an effective mechanism of 
interaction between government and NGOs representing the interests of young people and society.  

It should be noted that dynamics maintains of the registration of young people diagnosed with drug 
addiction (Witte & Mosley-Howard, 2014; Corless & Pittman-Lindeman, 2014; Reynolds & Zontou, 
2014). The age limit of first use is alarmingly reduced (Schargel, 2014; Johnson, 2014; Stanhope & 
Lancaster, 2014): drugs have become part of youth culture and moreover, experts have to admit the 
formation of poly-drugs addiction among youth (DiPiro, Talbert, & Yee, 2014). 

A person and a young man in particular is a being that wants, and therefore, of course, always depends 
on the needs. S. Gledding describes the abuse as improper use of things (Gledding, 1998). With regard 
to drug misuse (chemical dependency), P. Stevens-Smith considers it a major public health problem in 
modern society, which covers all sectors of society, regardless of gender, socio-economic level, 
religion, profession, geography. It affects all spheres of human existence (Todd & Bogart, 2003). 

The first sign of addictive behavior is the high resistance in an effort to change by a person his/her 
psychophysical condition. P. Kutter characterizes this as an uncontrollable longing, obsession, 
irresistible desire, lust (Feydimen & Freyger, 1995). For example, among the factors of physical 
dependence among American youth and adolescents, there is also an attempt to preserve and stabilize 
the situation in dysfunctional families. Drugs provide an opportunity to get away from the real 
dynamics and switch to predictable questionable actions (Bodden, 2014; Brook & Stimmel, 2014; 
Maruish, 2014). Often, drug use is a surrogate for sex and means of pseudo-individualization 
(Leukefeld & Clayton, 2014). Often the use of psychoactive substances is complicated and 
compounded by developing psychological dependence (Jameson & De Groot, 2015). Е. Kaufman and 
G. Morgan emphasize that the use of psychoactive substances is also a means to relieve stress, reduce 
anxiety and structure time (Kaufman & Kaufman, 1992) The industrial and economic activity of man, 
especially in recent decades, leads to progressive pollution and land degradation, destruction of the 
surface fertile soil layer, saturation of man-caused substances harmful to humans and, consequently, 
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deterioration of environmental conditions (Orlov, 1990; Orlov et al., 1995). According to specialists’ 
estimates, the share of such lands in need of rehabilitation in Kazakhstan today is very significant and 
it will take decades to restore it naturally. 

A large number of accumulated industrial waste in the region is explained by the reluctance of 
enterprises to invest in recycling and reclamation of production waste. 

Industrial waste, including toxic waste, is still stored and stored in various storage tanks, often without 
compliance with relevant environmental standards and requirements. As a result, soil, underground 
and surface waters of many regions are subject to intense pollution (Oguz, 2015; Mahar et al., 2016). 
The geographical position of the Karaganda region and the city of Karaganda determines the intensive 
development of industrial production, which leads to the appearance in the environment of a large 
number of chemical compounds, including heavy metals (HM). 

Preliminary studies of the content of heavy metals (Pb, Zn, Cu, Ni, Co, Fe, Mn, Cr, V, Ti, As, Sr) in the 
soils of the city of Karaganda showed a considerable variation of their concentration in different 
locations. Having examined the territory of the city, a great contrast was found in the distribution of 
heavy metals, especially lead, copper, nickel, cobalt in areas of the intense anthropogenic load. 

The purpose of this work was to develop methods for synthesizing sulfohumate based on oxidized 
coals and assessing the effectiveness of its use as a sorbent for detoxifying contaminated soils.  

Throughout the world, there is an increased interest in humic substances (HS). There is accumulating 
more and more data, which testify to the intensification of biotransformation of oil contamination on 
water under the influence of humic preparations. It has been established that humic substances are 
capable of reducing the toxicity of oil and oil products emulsions, acting as surface-active agents. 
Intensification of the elimination of petroleum hydrocarbons is closely related to the ability of humic 
substances to disperse and to solubilize hydrocarbon oil. Together with oil-oxidizing microorganisms, 
humic substances along with the listed properties can reduce the toxicity of aliphatic and aromatic 
hydrocarbons and stimulate the processes of microbiological oil destruction. 

The environmental situation in the industrial agglomerations requires the implementation of priority 
measures aimed at minimizing and preventing heavy metals contamination of environmental objects. 
A special place is occupied by soil contamination, the levels of which in some cases reach dangerous 
values. In the vicinity of large industrial enterprises, emitting a large number of harmful substances 
into the atmosphere, environmentally unfavorable zones with heavily soiled soils were formed 
(Akkulova, 2007). Soil, being a kind of biochemical filter, is able to delay and inactivate TM for a 
long time. However, with increasing contamination, the protective potential of the soil is exhausted 
and TM enters in excess quantities into natural waters, plants and further along the trophic chain into 
the organisms of animals and humans. 

Very relevant for today are the searches for ways to reduce the negative impact of heavy metals on soil 
ecosystems. One of the effective ways to solve this problem is the detoxification of contaminated soils 
and territories - a set of techniques, methods that lead to a weakening or complete release from the 
toxic effect of TM, and the creation of favorable conditions for soil self-purification in soils. 

Activities to detoxify technologically contaminated soils are represented by the following methods: 
- physical - removal of contaminated soil ball and its disposal; 
- chemical - inactivation or reduction of the toxic effect of pollutants: due to ion exchange resins, 
organic substances forming chelate compounds; liming, application of organic substances and 
fertilizers, which sort pollutants or reduce their inflow to plants; introduction of mineral substances 
and fertilizers; 
- biological - the cultivation of crops that are resistant to pollution and capable of removing toxic 
substances from soils. 

A review of the literature and patent sources on the application of effective methods for detoxifying 
contaminated soils has shown that at present special emphasis is placed on methods based on the use 
of natural materials with sorption properties. 
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In foreign practice, a number of methods for the elimination of chemical soil contamination, including 
physicochemical, biological and mechanical, are known. However, most of the existing technologies 
are either highly expensive, or they do not meet environmental requirements. The development and 
implementation of new efficient and inexpensive ways to neutralize the soil from chemical 
contamination are one of the most important tasks in solving the problem of reducing the 
anthropogenic impact on the environment (Sheng et al., 2014). 

The use of mineral aluminosilicate adsorbents, which are characterized by high absorptive capacity, 
resistance to environmental influences, and can serve as excellent carriers for fixing various 
compounds on the surface, are becoming increasingly used in world practice. Special attention of 
scientists is attracted by zeolites, glauconites and various clay minerals. Their wide distribution in 
nature, low cost and simple technology of application along with sufficiently high sorption properties 
make promising the use of this natural raw material as sorbents for soil purification (Avvakumova, 
2009). 

In the soil, there are complex physicochemical, biological and other processes. So, under the influence 
of some microorganisms, although very slowly, carbon monoxide is oxidized, under the influence of 
others, persistent insecticides are destroyed, etc. Unlike other objects of the environment (air, water), 
where self-purification processes take place, the soil has this property to a small extent (Avvakumova 
et al., 2012). Moreover, for some substances, in particular for heavy metals, the soil is a capacious 
acceptor. Heavy metals are strongly sorbed and interact with soil humus, forming hardly soluble 
compounds. Thus, they accumulate in the soil. Along with this, in the soil, under the influence of 
various factors, there is a constant migration of substances falling into it and transferring them to long 
distances. 

Soils polluting the soil can pass into water (for example, alkali metals, which are contained in the soil 
in the form of highly soluble compounds), into plants and, consequently, into the organism of animals. 
These substances move with ground and rainwater, with the melting of snow. It is also impossible to 
exclude the transport by water and wind over long distances of fallen leaves containing heavy metals 
and other toxic substances. Finally, pollutants can also carry long-range harmful substances with dust 
from contaminated soil. The degree of harm caused to people by pollution depends on the ability of 
plants to absorb soil pollutants (Senesi, 1992; Van Oosten & Maggio, 2015). 

To the soil, harmful substances can fall in various ways: from the atmosphere in the form of coarsely 
dispersed fractions of aerosols that are part of the emissions of industrial enterprises, as well as with 
rain and snow (Orlov, 1997). With atmospheric precipitation, nitric and sulfuric acids, sulphates, 
nitrates, and other substances can fall out, resulting in soil acidification. Along with this, alkalization 
of soils around metallurgical enterprises is observed, especially around aluminum plants and TPPs at a 
distance of up to 10-12 km from emission sources. First of all, this is caused by the settling of coarsely 
dispersed fractions of aerosols. Pollutants can be introduced into the soil in the form of fertilizers, as 
well as when watering with contaminated water. At the same time, polluted silt, slag and sludge, 
containing harmful substances, in particular, heavy metals, are often transported with irrigation water 
(Puzireva & Demicheva, 2010). 

The degree of contamination of soils by harmful substances, their distribution and transport over a 
distance depend, on the one hand, on the capacity, characteristics and duration of operation of 
enterprises, on traffic intensity, on the other hand, on landscape-morphological conditions (on soil 
sorption capacity, water movement on the horizon, pH values, etc.). The main sources of soil pollution 
in industrially developed cities are mainly enterprises of ferrous and non-ferrous metallurgy, chemical, 
petrochemical, and energy industries. 

Soils can be a good sorbent of many chemicals. Heavy metals, falling with the emissions of 
enterprises, are firmly linked already in the upper layer. Their migration along the profile and 
penetration into the groundwater is possible under the washing regime and acid reaction of the filtered 
solutions (Perminova, 2003; Popov, 2004). 
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The study of soil contamination should be preceded by a study of the technological process of 
production, the composition of the ores, fuel used, and the characteristics of the dust and gas treatment 
facilities. This allows us to determine the group of substances entering the environment. For example, 
non-ferrous metallurgy enterprises can be sources of contamination of soils Cd, Pb, Ni, Zn, Hg, Cu, 
Fe, Mo, Sn, benzapyrene and other substances. Emissions from the iron and steel industry pollute the 
soil Ni, Mn, Cr, Cd, Co, Cu, Mo, Sn, Pb, Zn. Near the enterprises of the petrochemical industry, soil 
contamination with benzapyrene is possible. High concentrations of benzapyrene and other polycyclic 
aromatic hydrocarbons are contained in emissions of thermal power plants (Buchwalter, Linder, & 
Curtis, 1996; Danchenko, 1997; Avvakumova et al., 2010). 

Over the past 30 years, a significant increase in the number of cases of congenital malformations, 
severe allergic and oncological diseases have been observed in all countries of the world. This is 
indisputably due to the fact that the anthropogenic factors in the biogeochemical cycle of many 
substances toxic to humans have become comparable with, and sometimes exceed, natural. An urgent 
task is the organization and implementation of ecological and analytical monitoring of 
superecotoxicants. 

Among xenobiotics, polycyclic aromatic hydrocarbons (PAHs) with a high biological activity (in 
particular, carcinogenic and mutagenic) make up a significant proportion. These hydrocarbons, the 
main element of the structure is a benzene ring. The molecules of various PAHs contain a different 
number of conjugated benzene rings, as well as a variety of functional groups in the ring or side chain. 
To date, there are more than 200 types of PAHs. Let's enumerate only some of them: naphthalene, 
acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 
triphenylene, tetraphene, chrysene, benzapyrene, benzperylene. One of the main causes of PAH 
toxicity is their carcinogenicity. Of the above set of aromatic unsubstituted hydrocarbons contained in 
air and other natural environments, benzopyrene is the most carcinogenic (Khalid, 2017). Benzapyrene 
is almost always found where other PAHs are present. It has relative stability in the environment and is 
relatively easy to define analytically. All this makes it possible to take benzapyrene as an indicator 
characterizing the total contamination of the studied media with polyaromatic hydrocarbons. 

Benzapyrene, like all PAHs, is formed mainly as a result of pyrolysis, especially incomplete 
combustion of organic materials, as well as in natural processes (carbonization). The main 
anthropogenic sources of benzapyrene in take into the environment are combustion of hydrocarbon 
raw materials, debris, organic substances, chemical and technological processes, as well as emissions 
of motor vehicles (Kayugin, Raspopova, & Kremleva, 2008). As for motor vehicles, it is known that 
the release of benzapyrene is determined not so much by the type of internal combustion engine of a 
motor vehicle as by the temperature conditions of fuel combustion, especially when starting and 
stopping the engine (Kayugin, Hritohin, & Panichev, 2009). The use of open flames or braziers, for 
which charcoal is used, can cause contamination of this toxicant not only by air but also by food. 

The source of contamination of environmental objects with fluorine is the enterprises for processing 
fluorine-containing raw materials (superphosphate and brick plants, enterprises for the production of 
fluorides, etc.), as well as enterprises using fluorine compounds (ferrous metallurgy enterprises, glass 
plants, aluminum smelters and etc.). Emissions from industrial enterprises contain gaseous fluorine 
compounds (HF, SiF4) and solid (NaF, KF, Na2AlF6, Na2SiF6, CaF2). Fluoride enters the soil and 
migrates to plants, so fluoride contamination spreads on areas significantly exceeding the zones of 
influence of emissions of enterprises on the soil. The latter, apparently, is explained by the fact that the 
plants are affected by gas-bearing fluorides contained in the air. Finely dispersed and gaseous fluorine 
compounds are usually transported with air masses not more than 50 km. In atmospheric deposition 
around aluminum plants, in addition to fluorine, a significant content of aluminum and alkali metals, 
especially sodium, as well as heavy metals - lead, manganese, copper, and zinc are found. In acidic 
and neutral soils in the vicinity of aluminum plants, other properties due to the action of sodium 
fluoride can also change: the pH shift to the alkaline region can reach 1.5-1.8 units. 

The soil is an effective absorber of many chemical substances. They are usually retained in a 
superficial, fertile layer. Among such substances, pesticides take a special place. Pesticides can be 
found almost everywhere in the environment, including in areas where they have never been used. 
They are carried by wind, water, they get there with food and fodder. The stability of pesticides 
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depends to a large extent on the type of soil. Heavy clay soils hold them longer than light sandy soils. 
Meanwhile, they all have very toxic properties, and monitoring their content in the soil is of great 
importance for health protection (Orlov, 1992). 

Geochemical and hygienic studies have established quantitative relationships between the content of 
metals (mercury, lead, copper, etc.) in the atmospheric air and their deposition in the cities (snow and 
snow). This makes it possible, based on the results of studying the soils and snow cover, to conduct an 
indicative hygienic assessment of air pollution (Kulik & Gorovaya, 1980). 

Over a long period, the associated remains of anthropogenic chemicals in the soil during the 
microbiological decomposition and long-term conversion of humic materials can again be released in 
small amounts and thereby become biologically active with respect to plants, they require constant 
monitoring. Until they become mineralized or otherwise enter into the carbon metabolism, they should 
be considered as extraneous substances to the environment (Aiken & Gillam, 1989; Akkulova et al., 
2012). 

The most characteristic artifacts in extraction toxic substances from the soil (extractants - water or 
organic solvents) are the introduction into the sample of impurities from the solvent or uneven 
extraction from the soil of compounds of different classes. In the case when this "unevenness" reaches 
50-60% or more, not only the results of the quantitative determination of the impurities are distorted, 
but also (and this is the main) poorly extracted impurities can "get lost" against the background of 
significantly higher concentrations of other components that will lead to a significant distortion of the 
identification of soil pollutants. 

Humicacids 
With these properties, humic acids perform a whole set of important biospheric functions. These 
include the structuring of the soil, the accumulation of nutrients and trace elements in a form 
accessible to plants, the regulation of geochemical flows of metals in water and soil ecosystems. By 
the end of the twentieth century, one of the main problems of which is the chemical pollution of the 
environment added a protective function. Under the protective action of humic acids is meant their 
ability to bind both metal ions and organic ecotoxicants into durable complexes in contaminated water 
and soil environments. 

An important role in the structural organization of mineral matter belongs to the active part of soil 
humus - humus acids. In this case, the effect of the two main groups of humic acids - fulvic and 
humic, - having a similar solubility, is significantly different. 

Metal ions sorbed on the surface of soil particles can form complex compounds with fulvic acids and 
in this form can be converted to the solution. 

Water-insoluble humic acids are even more actively combined with heavy metals and lead them out of 
solution into the solid phase of the soil. In turn, humic acids are sorbed by highly disperse mineral 
particles, and heavy metals are fixed in their films and clots. Such films adhere separate chunks to 
form micro aggregates (Prado & Miranda, 2004). 

In transparent sections prepared from the soil without disturbing its structure, it is clearly seen that 
yellow-brown films and clumps impregnate the mineral substance. They are often taken for 
hydroxides of iron. But using the immersion method under a microscope it is easy to establish that the 
index of refraction of brown films is much lower than that of iron hydroxides and corresponds to the 
refractive index of humic acids. At the same time, due to the high content of iron in the soil, its 
concentration in humic films is incomparably greater than that of other metals. 

Humic acids with different molecular weights and solubility are distinguished by their interaction with 
soil minerals. Their structural relationships with highly dispersed mineral particles are complex and 
insufficiently studied (Grekhova, 2017). One of the models of the connection of a molecule of humic 
acid with a disulfic mineral with a crystalline structure and a colloidal particle is shown in the figure. 
Migration forms of metals formed by different groups (fractions) of humic acids also differ in 
properties, which is reflected in the formation of migration flows. In particular, soil particles sorbedby 
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low molecular weight humic acids, are faster disaggregated and more easily converted into highly 
dispersed river suspensions (Garrels & Krajst, 1968). 

In order to understand the regular migration of heavy metals in the biosphere, it is necessary to carry 
out a comparative study of water-insoluble migratory forms of heavy metals in the soils of the main 
natural zones of the world. 

METHODOLOGY 
The following materials were used in the work: oxidized coal of the Shubarkol field (Central 
Kazakhstan), oxidation with sulfuric acid with further extraction of sulfohumate by alkaline extraction 
according to the method developed earlier, and soils artificially contaminated with heavy metals 
(Karaganda, Kazakhstan). 

Sulfurization was carried out with sulfuric acid of various concentrations (25, 52 and 96%). Control of 
the sulfonation reaction is carried out by changing the acid composition of the products and elemental 
analysis for sulfur. The total number of acid groups (the sum of acidic and sulfonic groups) is 
determined by the conductometric method using the laboratory conductometer Anion 4100 (Russia). 
To a sample of sulfohumate weighing 0.1 g, 10 ml of sodium hydroxide with a concentration of 0.1 n 
and 20 ml of a sodium chloride solution at a concentration of 3 n were added. After establishing the 
equilibrium, titration was performed resulting slurry with a solution of hydrochloric acid (0.1 n) and 
was plotted conductivity of acid volume added in differential form. The number of carboxyl groups 
was calculated from the equivalence point and the corresponding volumes. The content of sulfo groups 
is determined by the difference in the sum of the acid groups in the sulfoproduct and the initial coal. 
The yield of sulphohydrate is 80%. The content of sulfo groups is 1.06 meq/g, sulfur is 2%. The 
composition of the sulfohumate is confirmed by elemental analysis and IR spectroscopy. 

To evaluate the efficiency of binding heavy metal sulfohumate conducted with soil artificially 
contaminated with heavy metal salts. To soil contamination, 0.05 n aqueous solutions of lead nitrate, 
copper sulfate, and nickel chloride were used. Samples were held for sorption for a day, after which 
they were filtered off, washed with water. Then, the equilibrium concentration of metal ions was 
determined in the filtrate. As a detoxifier of the soil, sulfohumate (C-1), obtained by sulfonation of 
oxidized coal with 96% sulfuric acid, is taken. Detoxification was carried out under static conditions. 
To determine the detoxification capacity of sulfohumate (C-1), aqueous extracts were prepared. The 
residual content of mobile forms of metal ions in aqueous extract was determined by atomic-emission 
spectrometry with inductively coupled plasma. Bound forms were determined by the difference 
between the COE and mobile forms. Tests on cleaning the soil after detoxification were carried out in 
a certified laboratory of LLP “EkoNus”. 

FINDINGS 
Huge resources of humus-containing materials, which include oxidized coal, the utilization of which is 
an actual problem for the Republicof Kazakhstan, determine the practical use of products of coal 
processing prospectively mining as a sorbent. The reserves of such little-used coal in Kazakhstan are 
hundreds of tons. For them, methods have been developed for transferring them to humates by using 
various oxidation methods. 

Humates are similar in structure and properties to humus soil, the percentage of which largely 
determines the yield potential of the soil, its fertility. Experimental and literary data show that the use 
of humates and their derivatives leads to environmental sanitation and detoxification of contaminated 
lands and territories. They are able to bind radionuclides in the soil, toxic substances, and heavy 
metals to insoluble and non-digestible compounds. Due to their use, further soil degradation is 
prevented, gradual accumulation and restoration of humus in the soil are ensured and fertility of 
depleted lands is restored. They also have a beneficial effect on the physical and chemical properties 
of soils. The introduction of humus preparations into the soil allows not only to carry out its 
reclamation but also to substantially increase the fertility of the soil. 

The technological scheme for obtaining a composition for detoxifying soils from heavy metals 
consists of modifying the coal raw materials of Central Kazakhstan, filling it with functional groups 
active against inorganic and organic toxicants. The possibility of using such coals as a basis for 
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obtaining sorbents is due to the presence in their composition of acidic groups of various nature. To 
improve the sorption and performance characteristics of the selected coal, its chemical modification 
has been carried out. 

We have developed different types of modified coals and humus acids. All of them exhibit high ion-
exchange activity and can be used for detoxification of technogenic soils contaminated with heavy 
metals. In this article, the oxidized Shubarkol coal was used as the raw material. Oxidized Shubarkol 
coals are characterized by data of technical and elemental analysis, the chemical composition of ash, 
the content of acid groups, the yield of humus acids on dry organic mass (daf). The results of the 
studies are shown in Table 1. Next, the oxidized coal was oxidized with sulfuric acid of various 
concentrations (25, 52 and 96%) with further extraction of the sulfohumate by alkaline extraction. 
Control of the sulfonation reaction is carried out by changing the acid composition of the products and 
elemental analysis for sulfur. The total number of acid groups (the sum of acidic and sulfonic groups) 
is determined by the conduct metric method using a laboratory conductivity meter (Table 2). From the 
data of the study, it follows that the processes of sulfonation of oxidized coals depend on the acid 
concentration and the duration of the process. When using 96% sulfuric acid, the sulfur content of the 
sulfonated product does not exceed 2%. The IR spectra of the sulfohumate have the following peaks 
characteristic of carboxyl (1720 cm-1), ether (1210 cm-1), aliphatic CH2 and CH3 (2850 and 2920 
cm-1), sulfo groups (1000 cm-1) groups, and for the vibration of the benzene ring (1610 cm-1). 

Accumulating in the soil in large quantities, heavy metals are able to change many of its properties. 
First of all, the changes affect the biological properties of the soil: the total number of microorganisms 
is reduced, their species composition (diversity) is narrowing, the structure of microbiocenoses is 
changing, the intensity of the basic microbiological processes and the activity of soil enzymes 
decrease, etc. Strong contamination with heavy metals leads to a change in more conservative features 
soil, such as humus, structure, pH of the environment, etc. The result is partial and, in some cases, 
complete loss of soil fertility. 

Soils are a storehouse of toxic substances and, at the same time, the starting link in their movement 
into adjacent environments: air and water, and also along food chains. Soil contamination requires 
measures for detoxifying soils, reducing the risk of toxicants to human health. 

At present one of the very dangerous substances contained in the soil is lead. Lead is number one 
among the causes of industrial poisoning. This is due to its wide application in various industries. 
Pollution of lead by atmospheric air, soil, and water, as well as the vicinity of major roads, creates a 
threat of lead damage to the population living in these areas, and especially children who are more 
sensitive to the effects of heavy metals. Lead is accumulated in the body, in bones, and in superficial 
tissues. Lead affects the kidneys, liver, nervous system and organs of blood. Elderly and children are 
particularly sensitive even to low doses of lead. The most harmful effect of lead on the children's 
body: the physical and mental development of children is reduced, blood diseases occur (Kuppusamy 
et al., 2017). 

Most of the benzapyrene is in the lower layers of the atmosphere in an adsorbed form on aerosol 
particles. In this form, it can be carried over long distances by air currents. With atmospheric 
precipitation, as well as sedimentation of solid particles, benzapyrene, which is in the air, enters the 
soil. The maximum content of it due to high sorption capacity is observed in the surface (humus) layer. 
From the soil, benzpyrene can pass into plants, animal feed and then into human food. In general, this 
toxicant enters the plants when deposited from the atmosphere, and not from the soil. There is 
evidence that only at a concentration of benzapyrene in the soil of the order of 100-200 µg/kg is 
possible its accumulation in plant organisms. Small amounts of benzapyrene in the soil (0.1-10 mg/kg) 
can stimulate nitrification processes and the activity of cellulose-destroying microflora (Dobrovolsky, 
2004). 

With food, water, and also with inhaled air, benzapyrene enters the human body. It is characterized by 
hydrophobic properties along with good solubility in oils, fats, human blood plasma. Getting into a 
living cell, benzapyrene can cause irreversible changes in it, up to the formation of malignant tumors 
and the appearance of mutations. In addition, under the influence of ultraviolet radiation, benzapyrene 
reacts with nitrogen oxides in atmospheric air, resulting in the formation of a new toxic product 
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contained in smog. It is also dangerous, as it has a harmful effect on living organisms, leading to an 
increase in pulmonary and bronchial diseases. At present, in our country, the maximum permissible 
concentration (MPC) for benzapyrene in water of drinking-water and cultural-domestic purposes (5 
ng/dm3), in dry soil (20 µg/kg) and daily average atmospheric air in populated areas (1ng/m3). 

In recent years, lead emissions from industrial sources have decreased by 60% due to a reduction in 
production and the closure of many enterprises. A sharp decline in industrial emissions is not 
accompanied by a decrease in emissions of motor vehicles. The average lead concentrations decreased 
by only 41%. The difference in the degree of reduction in emissions and concentrations of lead can be 
explained by the incomplete consideration of emissions from cars in previous years. At the present 
time, the number of cars and the intensity of their traffic have increased. With the onset of the 
automobile era, the lead compound – tetraethyl lead – began to be used as an antiknock in internal 
combustion engines. When burning 1 liter of gasoline into the air, 20-40 mg of lead gets into the air, 
and within a year one car emits about 1 kg of this metal. The maximum permissible concentration of 
lead for soils in our country is 32 mg/kg. 

We conducted a study to assess the effectiveness of humus substances as a sorbent for detoxifying 
contaminated land. As a detoxifier of the soil, sulfohumate (C-1), obtained by sulfonation of oxidized 
coal with 96% sulfuric acid, is taken. To soil contamination, 0.05 n aqueous solutions of lead nitrate, 
copper sulfate, and nickel chloride were used. Samples were held for sorption for a day, after which 
they were filtered off. Detoxification was carried out under static conditions. To determine the 
detoxification capacity of sulfohumate (C-1), aqueous extracts were prepared in which the content of 
mobile forms of metal ions was determined by atomic-emission spectrometry with inductively coupled 
plasma. The bound forms were determined by the difference between the COE and the mobile forms. 
The results of the study of the influence of sulfohumate on the level of soil cleaning with heavy metals 
Pb2+, Cu2+, Ni2+ are given in table 3.  

The results of the study show that most of the metal ions are converted into a non-toxic bound form by 
sulfohumate. The content of mobile forms of metals, which determine the toxicity of the soil, 
decreases in the presence of sulphohydrate for all metal ions studied. So the degree of binding of 
mobile forms of lead ions is 98%, copper ions 99.5%, nickel ions 96.5%. Irreversible sorption can be 
caused by the interaction of sulfohumate with heavy metals localized in the soil as separate phases. 
The reaction proceeds inside the sorbent phase (sulfohumate) to form various complexes, including 
the biligand type Me-sulfohumate. There is a “cross-linking” of the sorbent matrix involving donor-
acceptor or ionic bonds. At the initial moments of the interaction of the soil with the solution on the 
surface of the solid phase, a large number of various vacant adsorption centers of various nature are 
present. As the contact time of phases increases, the number of these positions gradually decreases as 
they are bound by metal ions. 

Thus, on the basis of the tests carried out and data obtained by the method of atomic emission 
spectrometry. It can be concluded that an improvement in the soil structure and a reduction in toxicity 
can be achieved by treating the soil with sulphohumate, while reducing the content of heavy metals in 
the soil, increasing the transfer of mobile forms of metal ions into bound. 

CONCLUSION 
1. Sulfohumate was obtained on the basis of oxidized coal of the Shubarkol deposit (Central 
Kazakhstan), by oxidation with sulfuric acid with further extraction by alkaline extraction. 
2. The structure and composition of sulphate of humus are proved by the methods of elemental 
analysis, IR spectroscopy, and potentiometry. 
3. A study was conducted to evaluate the effectiveness of the product obtained as a sorbent for 
detoxifying contaminated land. The results of the sorption experiments showed that the obtained 
sample appears to be a promising sorbent for reducing the content of heavy metals in the soil, 
increasing the transfer of mobile forms of metal ions into bound.  
4. Obtained from the waste of coal mining sulfohumate, can be recommended as a detoxifier for 
technogenic contaminated soils. 
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Table 1. Technical and Elemental Analysis of Oxidized Coals 

Table 2. Sulfurization of Oxidized Coal of the Shubarkol Field 

Table 3. Cleaning of Soils Contaminated with Metal Ions by Sulphate of humus (С-1) 
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