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Purification of wastewater using domestic carbon adsorbents and
conducting physico-chemical analysis of water composition

Abstract. In the face of population growth around the world and increased demand for the
depletion of fresh water sources, various strategies are being implemented to improve the
efficiency of water use. Wastewater treatment and reuse are among the most effective strategies,
especially if the treated water can be reused. In countries that are heavily dependent on fresh
water sources, it is always important to ensure that water quality does not deteriorate due to
natural organic matter, which is formed by the decomposition of plant and animal substances.
Water scarcity is a growing global problem caused by a combination of factors such as population
growth, climate change, and unstable water management practices.

In this article, an accredited analytical laboratory of sewage treatment plants of the state
enterprise «Astana Su Arnasy» carried out wastewater treatment with domestic carbon-
containing adsorbents (Shubarkol, Shoptykol, humic acid, carbon molecular sieves, technical
carbon) and carried out a chemical analysis of the water content. The results of the study
revealed that samples obtained on the basis of carbon materials, in particular, can be used as
adsorbents for cleaning liquid media (from suspended solids, heavy metal salts, surfactants,
petroleum products, etc.).
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Introduction. Water is the fundamental principle of life, the basis of ecological systems, a
necessary condition for any social and economic processes. Issues of water as an environmental,
social and economic factor are identified as a priority in the “Concept of the transition of the
Republic of Kazakhstan to sustainable development for 2007-2024”, approved by Decree of the
President of the country No. 216 of November 14, 2006. Providing the population with drinking
water that meets the physiological needs of the human body is named in the Concept as the
most important tool for increasing the average life expectancy of the country’s population.
The conservation of the planet’s water resources is considered one of the main tasks in the
development of modern science, and the purification and efficient use of water resources is an
important stage in its solution.

According to the UN, over the past 50 years, the provision of water resources to the population
of Central Asian countries has decreased by almost 3.5 times and, according to calculations, by
2025 it may reach a critical level - 1.7 cubic meters per person per year. This situation makes us
think about being careful with water [1]. Currently, the availability of drinking water and, in
general, the characteristics of water supply systems in Kazakhstan remain unsatisfactory. The
value of drinking water in Kazakhstan is increasing due to limited water resources, the high
degree of their pollution, and the uneven distribution of their reserves throughout the country.
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In each hydrographic region of the country, enterprises of various types of industry
predominate, with significant water consumption and, accordingly, significant costs of
discharged wastewater. Such enterprises include primarily oil refining, metallurgical, pulp and
paper, chemical, coal (CHP, state district power plants, boiler houses), metalworking, machine-
building, ore mining, food enterprises (meat, milk, wool, leather processing), as well as light
industry enterprises, energy, agriculture (poultry farms, livestock complex).

There have been several new developments in water purification in recent years. Alternatives
have presented themselves for classical and conventional water purification systems [2]. Improved
wastewater treatment has become an area of global attention as individuals, communities,
industries and countries strive to ensure that essential resources are accessible and recyclable.
Advanced wastewater treatment technologies, coupled with a reduction in water recycling
initiatives, offer hope for slowing and possibly stopping the inevitable loss of useful water [3, 4].

Deep cleaning of industrial and domestic wastewater of various facilities is one of the
main environmental problems of modern society. Every year, the requirements for standards
for the maximum concentration of purified substances from wastewater are tightened, and the
anthropogenic and man-made pressure on the hydrosphere is steadily increasing. Industrial
wastewater is characterized by a different chemical composition of components that directly
depend on the production process. The most dangerous is tap water with high toxic organic
matter. Such a composition of wastewater is characteristic of the oil refining, petrochemical
and textile industries, where the surface of the waters is dominated by active substances,
phenols, aldehydes, petroleum products, etc. In turn, the maximum concentration of water
in these substances is about 100 mg and milligrams, and these indicators require purification
methods [5].

Around the world, water objects are suffering from toxic wastewater and are steadily
deteriorating in quality, as industrialization, along with urbanization, has caused excessive
wastewater discharge and led to serious environmental pollution. These toxic effluents damage
the water biota. Industrial wastewater pollutes surface water, but also pollutes underground
aquifers. Due to the bad smell, color, and turbidity of wastewater, most industrial processes use
fresh water instead of waste water. Increasing pressure on demand for fresh water has led to
severe pollution. Thus, wastewater treatment is recognized as an important problem worldwide,
and with the help of wastewater treatment, the problem of water scarcity can be solved [6].

In the past few years, various physical, chemical, biological and combined wastewater
treatment processes have been studied and developed. Various studies have shown that the
traditional and non-traditional treatment processes adopted for the intake of wastewater cannot
sufficiently reduce the level of pollutants to the point that they can be reused and the pathogen
reduced. However, due in part to degradation and the destruction of pollutants, wastewater still
poses a serious threat to underground and surface water, from where it can enter the food chain
and affect humans as well as the river ecosystem [7,8].

The main methods of wastewater treatment are divided into three stages: primary treatment,
including sand removal, screening, grinding and settling; secondary treatment, which involves
the oxidation of dissolved organic matter using biologically active sludge, which is then filtered;
and tertiary treatment, which uses advanced biological methods for nitrogen removal and
chemical and physical methods such as granular filtration and activated carbon absorption, etc.
[9,10].

Physical-chemical methods of wastewater treatment include the processes of flocculation,
coagulation, deposition, filtration, ultrafiltration, reverse osmosis, etc. These methods are based
on the use of chemical reagents to change the physicochemical properties of wastewater, such
as pH, temperature, salt concentration. This allows the removal of various pollutants from
wastewater, such as heavy metals, petroleum products, organic and inorganic compounds [6].
Physicochemical methods for treating urban wastewater, taking into account technical and
economic indicators, are used very rarely. These methods are mainly used for the treatment of
industrial wastewater [9].
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Deep treatment of wastewater by the physical-chemical method, including the adsorption
method, is an effective and energy-saving method for removing pollution. The adsorption
method differs from other methods and has many advantages, today it is widely used when
reusing treated wastewater, as well as for the preparation of domestic and drinking water. There
are known works [11,12] of scientists from the USA, Japan, Great Britain, Germany and other
countries on the purification of industrial and wastewater.

At the same time, the complex use of natural mineral resources is an urgent problem of our
time. Kazakhstan is rich in coal deposits, which are an environmentally safe material for creating
a sorbent for cleaning water and air. But the sorbic properties of these materials are not very
high, so they must be chemically modified, processed. As a result of processing, much better
properties are obtained compared to the original sorbent.

Most traditional synthesis methods use expensive carbon precursors, which results in high
production costs and limits its industrial expansion and application. Replacing existing carbon
feedstocks with abundant, low-cost coal will bring significant benefits. Large-scale production
of carbon sorbents from coal is cost-effective compared to processes that use polymeric materials
and precursors and can make a significant contribution to wastewater treatment and enable the
commercialization of low-cost environmentally friendly products for global benefit.

The huge demand for high-quality brands of activated carbon that meet the requirements of
specific technological regulations is leading engineers and scientists to develop new methods for
producing sorbents, as well as finding the optimal raw material base [6].

Currently, the raw materials for the production of sorbents are wood and cellulose [13, 14],
peat [15], brown and hard coal [16], liquid and gaseous hydrocarbons [17], synthetic polymers
[18], plant waste [19] other raw materials.

Practical part. Sorbents from ores with rich natural reserves were used as primary
raw materials in Kazakhstan. These sorbents were obtained in the  «Laboratory of carbon
nanocomposite materials» of «Institute of coal chemistry and Technology» LLP (Astana).

Activated adsorbents were obtained by carbonization and activation in argon and water
vapor at 973 K, and the physicochemical characteristics and surface morphology of the samples
under study were studied.

Humic substances were obtained from oxidized brown coal, purified, and determined in
accordance with the recommendations of the International Humic Substances Society (IHSS).
Humic acids were prepared based on potassium humates by acidifying them with a 5% acid
solution to pH 2-2,5; as a result of the reaction, humic acids precipitated in the form of amorphous
brown sediments.

The moisture content, ash content and volatility of the samples were determined using a
Thermoster Eltra thermogravimetric analyzer (according to ASTM D7582-12). The total pore
volume, bulk density, pH of the aqueous extract, and adsorption activity for methyl orange
were determined in accordance with the methods of [6]. The adsorption characteristics of
sorbents (specific surface area) were studied by the Brunauer-Emmett-Teller (BET) method,
measurements were carried out on a KATAKON Sorbtometer M device. Determination of the
pH value of adsorbents in water. To do this, 5 gr of each sorbent was weighed and placed in a 50
ml flask, and distilled water was poured on top. Then it was boiled on the stove for 3 minutes,
then filtered with filter paper, and its value was checked on the pH meter.

BOD5 measures the mass of molecular oxygen consumed by microorganisms for five days
in a liter of water at 20°C in the dark. There are several ways to measure BOD5. The most widely
used physical-chemical method uses a dissolved oxygen probe to measure the concentration of O,
in a representative sample, the operation is repeated after an incubation period of 5 days. BOD5
is the difference between the two dimensions. The results are expressed in mg/l. Sometimes it is
necessary to dilute the sample before measuring BODS5. In cases where the BOD is particularly
high, all dissolved O, can be used practically until the end of the 5-day period. The performance
of a wastewater treatment plant is measured using PE (population equivalents) based on BODS5.
COD or «chemical oxygen demand» measures the amount of oxygen needed to decompose by
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oxidizing all organic and inorganic substances. But let me remind you that BOD5 only measures
the oxygen consumption of microorganisms, that is, biodegradable pollution. Thus, KOK 5
which measures biodegradable and non-biodegradable pollution, is higher than BOD5. COD/
BOD?5 ratio measures wastewater biodegradability:

1) < 2: wastewater is easily biodegradable

2) 2 to 4: the wastewater is biodegradable on average

3) 4: wastewater is not biodegradable

4) the COD test can be done in two to three hours using chemical reagents such as potassium
dichromate. Then a clear picture of the performance of the water treatment plant can be obtained
relatively quickly. KOKS5 which is used by local authorities as a benchmark for water treatment, is
also used to calculate payments and set limits for dumping waste into the natural environment.

The obtained results and their discussion. At the same time, 9 different samples were taken
as adsorbents. Further research was carried out, studying the physical and chemical properties
of each of them.

A total of nine (9) adsorbents were selected: 1 — «Shubarkol, activated», granule; 2 —
«Shoptykol, corbonized», powder; 3 — «Shoptykol, activated» powder; 4 — «Shoptykol, activated»
granule; 5 — «Humic acid», washed; 6 — «Humic acid, carbonized; 7 — «Humic acid», unwashed;
8 — Carbon molecular sieve sorbents; 9 — Technical carbon.

The obtained sorbents were tested as adsorbents for the treatment of wastewater received
by «Astana Su Arnasy» (Astana). Sampling location: distribution chamber after preliminary
mechanical cleaning. In the accredited analytical laboratory of sewage treatment plants of the
state enterprise «Astana Su Arnasy», a chemical analysis was carried out before (control) and after
wastewater treatment with adsorbents under dynamic conditions, where the main indicators of
wastewater treatment were determined.

Samples were taken for physico-chemical analysis in sterilized plastic vials with a capacity
of 1000 ml. The collected samples were properly labeled, stored in the refrigerator to maintain
a constant temperature of 4°C, and immediately taken to the laboratory for further analysis.
Samples of adsorbents were analyzed by methods of quality control by standard methods with
compliance with the appropriate parameters.

Hydrochemical indicators of samples were determined by conventional methods and
carried out according to the following indicators (mg/dm?®: BOR, (CT RK ISO 5815-2- 2010),
COD (PND F 14.1:2:4.190-2003), suspended solids (CT RK 2015-2010), chlorides (GOST 26449.1-
85), sulfates (GOST 26449.1-85), phosphates (GOST 18309-2014), synthetic surfactants (CT RK
1983-2010), nitrates (GOST 33045-2014), nitrites (GOST 33045-2014), nitrogen ammonium (GOST
33045-2014), iron (CT RK ISO 6332-2008), 0il products (PND F 14.1:2:4.128-98).

Physicochemical characteristics of the samples are presented in Table 1.

Table 1 - Physical-chemical characteristics of samples

V. pH
No Sample W, % | A% | Vi, % | (water), r
oM/t

A A S

m iodine’ BET
aqueous mg/g mg/g mz/g

extract

1 «Shubarkol,
activated», 1.10 | 10.18 | 8.59 0.81 0.66 10,1 59.0 | 27.94 | 442.81
granule
2 «Shoptykol,
corbonized», | 3.88 | 23.00 | 10.86 0.50 0.57 6.60 19.0 | 35.72 | 100.58
powder
3 «Shoptykol,
activated» 0.56 | 25.00 | 17.96 0.53 0.45 9.51 575 | 36.51 | 348.99
powder
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4 «Shoptykol,
activated» 1.40 | 20.69 | 19.34 0.63 0.70 9.35 19.0 | 45.72 | 589.53

granule

5 |«Humicacid, | 453 | 2573 | 6225 - 095 | 4.09 | 280 | 0.42
washed

6 | «Humicacid, | 57 | 4gao | 3430 | 145 | 055 | 990 | 300 | ~ | 169
carbonized

7. |«Humicacidy | 4555 | 3570 | 52.20 - 098 | 201 | 250 | 0.62
unwashed

8 Carbon 753.89

molecular 231 | 61.55 | 7.66 0.69 0.86 7.56 28.0 -
sieve sorbents
9 Technical
carbon

17.24 | 8.97 | 39.30 1.96 0.33 8.0 37.50 | 27.62 | 207.15

The results of the physicochemical, adsorption properties of the samples showed that the
best performance corresponds to samples Ne 1, 3, 4, 8, 9, where the specific surface area are
(m?/g) 442.81, 348.99, 589.53, 753.89, and 207.15 accordingly.

Different adsorbents had different cleaning capacities of other components. The good
sorption capacity of these obtained sorbents has been studied and proven in the «Astana Su
arnasy» (Astana).

The results of the pH values of adsorbent samples are presented in Table 2.

Table 2 - pH values of samples

a SYolem o — o~ (<o) <t To) Ne) D~ [c'e) CQ
Nameof |5 <2 |2 = = 2 = 2 2 2 2 =
indicators, | = & § | = Z i 2 2 2 2 < 2
’ "1 E =& Q, <% Q, Q, <% Q, o [=% [y o
units EZ8E |E g g g g g g g £ £
s =} © © © © © o] © < ] (})ﬁ
Z S a |n wn wn n wn n n n N
pH
S 5O 69 722+ | 7.58 7.66 | 738 | 7.21 2.82 7.43 2.61 |7.76+|7.55+
1(?512{5 21013 0.02 | +0.02 | +0.02 |+0.02| +0.02 | +0.02 [ +0.02 | +0.02 | 0.02 | 0.02

Note: NoO- raw waste water

pH aqueous extract showed the neutral or slightly alkaline pH level (between 7.21 and 7.76)
of all wastewater samples. This indicates that the process of cleaning the samples was completed
without significant changes in the acidity and alkalinity of the tap water. Only adsorbents
based on «humic acid» (Samples No5, No7) have an acidic environment. This is explained by the
exchange of acid groups in the composition of the sorbent into water.

The samples were also examined for biochemical oxygen requirements, as we know,
biochemical oxygen demand (BOD) is the amount of oxygen consumed for aerobic biochemical
oxidation under the influence of microorganisms and the decomposition of unstable organic
compounds contained in the water under study. BOD is one of the most important criteria for
the level of pollution of a reservoir with organic substances; it determines the amount of easily
oxidized organic pollutants in water. The results of the study are shown in Table 3.
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Table 3 — Indicators of biochemical oxygen requirements of adsorbents

05

Name of
indicators,
units

(after biolog.
purification)
Sample Ne 0
Sample No 1
Sample Ne 2
Sample Ne 3
Sample No 4
Sample No 6
Sample No 7

Norms for RD
Sample

Sample No 8
Sample No 9

BORS, mg/ 15.23 55.0 22.0 | 42.0 70.0 8.0 50.0 | 42.0 188.0 6.0 5.0
dm? +25 | £1.0 | £19 | +32 | £03 | £23 | £1.9 +8.7 +03 | +£0.2

As the results showed, BOD decreased in Samples Ne 4, 8, 9, which indicates the effectiveness
of these samples in purifying steadfast organic pollutants by 85.45-90.91%. In Sample Nol the
indicator decreased by almost 2 times.

Table 4 presents the results of the analysis, where for comparison the degrees of purification
and norms according to RD (regulatory documents) corresponding to wastewater after biological
treatment are given.

Table 4 — Adsorbent’s ability to purify waste water from chemical toxic elements

Norms
for RD |5 o S o S o = S = 2
Name of f = Z Z Z Z Z Z Z Z “
o s after ) ) ) ) ) ) ) ) 9] ]
No | indicators, b(iolo <, <, =, =, - - <, - <, a.
units %8 | g g g g g g g g g é
purifi- |3 B B B B B B B B )
cation)
1 2 3 4 5 6 7 8 9 10 11 12 13
1 COD, mg/ 118.67 251.0 | 114.0 | 152.0 | 220.0 | 73.2 |1125.0| 159.0 | 3300.0 | 87.2 86.0
dm?® ’ +35.0 | £16.0 | £+21.0 | £31.0 | £10.2 [+157.0| £22.0 | £462.0 | +12.2 | £12.0
Suspen-
5 ded 9 65 247.0 | 76.0 48.0 70.0 44.0 33.0 66.0 337.0 48.5 36.5
solids, ’ +56.0 | +17.0 | +11.0 | +16.0 | £10.0| £7.0 | £15.0 +77.0 | £11.2 | 8.4
mg/dm3
1 2 3 4 5 6 7 8 9 10 11 12 13
Chlori- 203 | 293 | 293 | 203 | 288 | 532 | 297 | 5072 | 273 | 302
3 des, mg/ 350.0
dm? £9 £9 9 £9 +8 £17 £9 £152 +8 £9
Sulfates,
4 mg/ dm? 500.0 | 207+6 | 243+7 | 234+7 | 23747 | 28648 | 242+7 | 23847 | 365+11 | 272+8 | 30249
Phosp- 1323 | 826 | 11.85 | 1024 | 11.13 | 2.99 | 1227 | 329 | 12.15 | 9.40
5 |hates, mg/ 3.5
dm? +1.67 | £1.27 | £1.56 | +1.43 | +1.50 | +0.85 | +1.59 +0.87 | £1.58 | +1.36
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Synthetic
6 surfac- 0.83 1.71 0.60 | 0.62 0.81 0.14 | 1.93 1.36 3.28 0.12 0.12
tan(tis, ISHg/ ’ +0.41 | #0.14 | #0.15 | #0.19 | #0.03 | +0.46 | *0.33 | +0.79 | #0.03 | +0.03
m
- | Nitrates, 45.0 070 | 066 | 092 | 0.82 | 053 | 1.47 | 0.65 13.00 | 0.80 | 1.00
mg/dm? ' +0.35 | +0.33 | +0.46 | +0.41 | £0.27 | +0.74 | 2033 | +6.50 | +0.40 | +0.50
8 Nitrites, 33 0.01 0.03 | 0.01 0.02 0.02 | 0.04 0.02 0.23 0.03 0.02
mg/dm® ' +0.01 | #0.01 | #0.01 | #0.01 | +0.01 | +0.02 | #0.01 | #0.11 | =0.01 | +0.01
Nitrogen
9 ammo- 16.93 7744 | 5795 | 65.13 | 69.23 | 66.67 |272.84 | 64.11 | 255.40 | 62.57 | 66.67
nium, ' +10.84 | #8.11 | £9.12 | +9.69 | £9.33 | +38.19 | +8.97 | +35.76 | +8.76 | +9.33
n’]g/ClIIl3
0.44
10 Iron, 03 1.81 1.78 1.28 1.28 0.62 7.81 0.95 59.71 0.53 +0.06
mg/dm® ' +0.25 | 0.25 | +0.18 | +0.18 | +0.09 | +1.09 | #0.13 | +8.36 | +0.07 | ~
Oil 0.87 016 | 0.63 0.93 0.13 | 0.13 0.41 0.32 0.07 0.27
11 | products, 0.35
mg/dm’ +0.22 | #0.04 | #0.16 | £0.23 | £0.03 | +0.03 | #0.10 | +0.08 | +0.02 | +0.07

Chemical oxygen demand (COD) is used to assess the level of organic pollution in natural
and waste waters. Currently, COD is considered one of the most informative indicators of
anthropogenic water pollution, and data obtained in laboratories provide the necessary
information about the concentrations of pollutants and their nature. The results of the COD
study showed that Samples Ne 1, 4, 8, 9 also showed the best performance in purifying organic
substances in water.

NO

The concentration of nitrates ( 2 ) in Samples Nel, 4, 6, 8, 9 are within the normal range

for drinking water. The concentration of nitrites (NO3) is also low and amounts to only 0.014 -
0.026 mg/dm?, which is also within the permissible values for drinking water, except for Sample

+
Ne7 in which the nitrite content increased several times. The concentration of ammonium (jIIIIF H 4
) and iron in samples except No 5 and 7 also does not exceed the maximum permissible values.
Thus, we can conclude that the quality of water Sample Ne 1, 4, 8, 9 are suitable for domestic
needs. In Sample No9, low concentrations of nitrites and ammonium are also observed, but
it should be noted that the concentration of nitrates in this sample is slightly higher than the
original sample and is 1.0 mg/dm?.

The chloride content increases significantly for Sample 7 (humic acid-unwashed) from 293
to 5072 mg/1 (about 15 times). This can be explained by the fact that hydrochloric acid was used
to obtain humic acid from potassium humate, which explains the leaching of chloride ions from
sorbents when interacting with wastewater. If we compare humic acid after washing (Sample 5),
the content of chloride ions is almost 10 times lower than in sample 7.

Sample No6 carbonized humic acid also showed good results for iron and petroleum
products, where the content decreased almost 2 times. Although the specific surface area of the
sample is low, humic acids form complex compounds with metals. Oxygen-containing functional
groups (-COOH, phenolic and alcohol -OH, as well as >C=0) included in the composition of HS
can form stable complexes with metal ions. Amine (-NH,), amide (CO-NH,) and imine (>C=NH)
groups also participate in the formation of organometallic complexes [20].

The content of synthetic surfactants increases after purification for sample No7 (humic acid-
unwashed), this can be explained by the fact that humic acids, as colloidal systems, have all the
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basic properties of surfactants (surfactants), this is due to hydrophilic and hydrophobic regions
in their molecules. The amphiphilicity (or diphilicity) of HA molecules promotes the formation
of structured (colloidal) micelles. Colloidal HS micelles are capable of solubilizing hydrophobic
compounds, including oil and petroleum products, within themselves. Solubilization is colloidal
dissolution, 20 more precisely, the spontaneous and reversible penetration of a solubilizate
(any hydrophobic substance) into colloidal micelles [21]. According to Yu.G. Frolova (1988),
the properties and surface area of disperse systems depend on the nature of the molecules
of surfactants, their concentration, as well as the shape and size of the micelles. The surface-
active properties of humic acids are explained by the fact that some sections of HA molecules
can be hydrophobic, while others can be hydrophilic. Organic substances of amphiphilic
(otherwise amphiphilic) nature are capable of adsorbing at the interface between two phases,
and a monomolecular layer is formed (Frolov, 1988). Because of this feature of GV N.L
Laktionov (1978) classified HA as a surfactant. An important property of colloidal surfactants
is the hydrophilic-lipophilic balance. The hydrophilic-lipophilic balance (HLB) depends on the
structure of surfactants, as well as on their composition. Each structural unit takes part in the
GLB. Hydrophilic groups include, for example, - COOH, -COONa and —-COOK, and lipophilic
(otherwise hydrophobic) are: =CH-, -CH,-, -CH, and =C= (Frolov, 1988) [22].

The content of iron cations increases significantly after water purification for Sample
No7 (humic acid-unwashed), analyzes showed the iron content in HA from 1.5% to 5%; when
interacting with chloride ions, etc., they form soluble salts that can go into wastewater. We used
this sample for comparison with Sample No5 where humic acid was partially washed. These
studies have shown the importance of washing humic acid to a neutral state before using it to
purify aqueous media.

It has been shown that after wastewater treatment, the values of almost all chemical indicators
for all adsorbents decrease significantly, especially such indicators as suspended solids, BOR,
COR, phosphates, ammonium nitrogen, iron, surfactants and petroleum products. However,
sulfate, nitrite amounts for all sorbent, and nitrate amounts for some sorbents (N22,3,5,7,8,9)
there is a slight increase in the number of samples used compared to the original Sample N0,
which is explained by the presence of these ions in the composition of the sorbent used. The
sulfate content after purification increases for all samples, this can be explained by the fact that
sulfates can be washed out of it, which can be formed during carbonization and activation of
coal with water vapor where sulfur is present, analyzes showed that the sulfur content in the
resulting adsorbents after carbonization and activation ranged from 0.09% to 0.45%. Water-
soluble sulfate ions easily go into solution, and therefore, for further research, we will pre-wash
carbon-containing sorbents before using them for cleaning, so as not to additionally contaminate
them with these ions.

Conclusion. Summing up, we can say that the study of deep wastewater treatment by the
physical-chemical method is of great relevance, since the optimal composition of adsorbents
and the operating modes of treatment systems play a decisive role in achieving the
maximum efficiency of the treatment process, as well as the development of recommendations
for optimizing the process of wastewater treatment using sorbents and black soot carbon through
a carbon molecular sieve.

Studying the influence of various factors such as temperature, pH (ST RK ISO 10523-2013),
contact time, pollutant concentration (ST RK 2015-2010) on the treatment process, as well as
evaluating the effectiveness of the treatment process and comparing it with other wastewater
treatment methods, allows you to accurately determine the level of wastewater treatment by
comparing it with other wastewater treatment methods. An analysis of the table of indicators of
wastewater treatment in Kazakhstan shows the need for such research and development in this
area in order to improve the ecological situation of the country and ensure the preservation of
natural resources for future generations.

In general, based on the study, we can conclude that the quality of Samples Nel «Shubarkol,
activated» granule, Ne3 «Shoptykol, activated» powder, No4 «Shoptykol, activated» granule, No8
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«Carbon molecular sieve sorbents», No9 “Carbon molecular sieve sorbents” meets the standards
and is suitable for household and commercial use. However, there is a significant excess of the
norm for some indicators such as sulfates, nitrites and nitrates after the use of sorbents, but the
data does not exceed the norm after biological treatment. If necessary, additional purification
measures can be taken to ensure water quality in this area, since samples were taken for the
study after the first stage of purification, that is, mechanical purification. As is known, in the
Astana Su-Arnasy municipal wastewater treatment plant, after mechanical treatment, water is
supplied for biological treatment, chemical treatment and ultraviolet disinfection. It should be
noted that the physicochemical and adsorption properties (specific surface area) of the above
samples also showed the best results.

The results of this study indicate that samples obtained on the basis of carbon materials can
be considered promising, in particular, in the use of liquid media (from suspended solids, heavy
metal salts, surfactants, petroleum products, etc.) as adsorbents for purification.
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A. Koanex’, M.K. Kazankanosa? A. Ilepaexanosa’
! Espasuiickuii HAUUOHAAbHYIIL YHusepcumem umenu A.H. [ymuresa,
Acmana, Kasaxcman
TOO «Mucmumym xumuu yeAs u mexrorozuu», Acmana, Kasaxcman

OuncTKka CTOYHBIX BOJ OT€4IeCTBEeHHbIMI yIri1epOAHbIMI aacopﬁeHTaMm n imposegeHne
(l)I/ISI/IKO-XI/IMI/I‘{eCKOI‘O aHaAV3a COCTaBa BOJbI

AnHOTanms. B ycaoBusAx pocra HaceaeHNUs BO BCeM MUpe M yBeAMdeHUs CIIpoca Ha JCTOIeHIe
JICTOUHVKOB IIPECHOJ BOABl peaAu3yIOTCs pa3ANdHble CTpaTeruy IO IIOBBIIEHUIO D(PPEKTUBHOCTU
JICITOAB30BaHMs1 BOABI. O4MCTKa 1 IIOBTOPHOE MCII0Ab30BaHIe CTOUYHBIX BO/, ABASIOTCS OAHIUMM 13 Hanbo.aee
9(PeKTUBHBIX CTpaTernii, 0COOEHHO ecAU OUNUIEHHYIO BOAY MOYKHO MCII0AB30BaTh IIOBTOPHO. B cTpaHax,
KOTOpPBI€ CUABHO 3aBMCAT OT MCTOYHMKOB IIPECHOI BOABI, BCerda Ba’KHO CAeAUTDb 3a TeM, YTOOBI KauyecTBO
BOABI HE yXYyAIlaa0Ch 13-3a €CTeCTBEHHOTO OPraHMYecKoIO BelllecTBa, KOTOpoe 00pas3yeTcs B pe3yabTaTe
Pa3A0>KeHNs pacTUTEeABHBIX M SKIUBOTHBIX BelecTs. JedumuT BOABI - 9TO pacTyiias raobaabHast Ipodaema,
BBI3BAHHAsl COYeTaHMeM TaKMX (paKTOpOB, KaK pOCT HaceAeHN:s], M3MeHeHIe KAuMara U HecTaOMAbHas
IIpaKTHKa yIIpaBAeHs BOAHBIMI PecypcaMI.

B aannoI1 cTraThe npeaocTaBAeHbI Pe3yAbTaThl MCCA€AOBaHNU B aKKpeAUTOBaHHON aHaAUTUYEeCKON
AabopaTtopun ounctHbIX coopy>xennii ITIK «Acrana Cy ApHacel», r4e IpoBejeHa OUMCTKa CTOUYHBIX BOJ,
OTeUeCTBEHHBIMU yTraepogocogepkammmu agcopberramn («Ilybapkoa», «IIIonTekoA», IyMMHOBas
KIC/AOTa, YIAepOAHbIe MOAEKYAsSIpHbIEe CITa, TEXHMYECKII yraepod) 1 ObLa IIPOBeAeH XMMIIEeCKIIT aHaAU3
BOABI. PeayabTaThl 4aHHOTO MCCAeJ0BaHNS ITOKa3aAl, YTO 0Opaslibl, II0/ydYeHHbIe Ha OCHOBE YIAepOAHBIX
MarepnaloB, MOIYT OBITh MCIIOAB30BaHBI B KauecTBe aACOPOEHTOB AAs OUYMCTKM SKMAKUX cpes (OT
B3BEIIIEHHBIX BEIIeCTB, COAell TsKeabIX MeTaaa0B, [TAB, HeprempoaykTos 1 Ap.).

KaiouesBble caoBa: cCcTO4YHBIE BOABI, aACOpPOeHT, KapOOHM3aLNs, TyMMHOBas KICAOTA,
aKTUBMPOBaHHEIN YTOAb, YTOAD.

A. Koanex', M.K. Kazarnkanosa? A. Ilepaexasnosa’

»A.H. I'ymures amuirdazpt Egﬁasuﬂ Ammuix yHueepcumemi» KeAK,
Acmnta, Kasaxcman

Z»Komip xumuscor xare mexrorozusicors XKIIC, Acmana, Kasaxcman

ArbIHABI CyAapAbI OTaHABIK KOMipTeK KypaMabl ajcopOeHTTepMeH Ta3apTy XXoHe Cy
KypaMmbIHa PpU3UKA-XMMUSIABIK Taaaay Xyprisy

Angartma. bykia saemae XaAblK CaHBIHBIH ©CYi JKaHe TYIIBI Cy KO34epiHiH TayCchlAybIHAa CYPaHBICTBIH
apTybl >KaFjaliblHAa CyAbl IIaildadaHy THUIMAIAITNIH apTTHIPY YIIH opTypAai cTpaTermsadap >Kysere
aceIppIayAa. AFBIHABL CyAapAbl Ta3apTy KoHe KaiiTa NalijadaHy eH TMiMAi cTpaTernsaapAbiy Oipi 00AbI
TaOblaa/bl, acipece TaszapThlAFaH CyAbl KaliTa MaiijadaHyra 00aaTeiH Ooaca. TyIsr cy KesjepiHe KaTThl
Toyeal eaaepae Cy callachIHBIH ©CIMAIKTEp MeH >KaHyapAapAblH bIABIpayhl HoTIKeciHAe Maiija 00AaThIH
TaOUFM OPTaHMKAABIK 3aTTapAbIH aCcepiHeH HalllapAall KeTIleyiH KaMTaMackl3 eTy apKallaH MaHbe3Abl. Cy
TaIIIBIABIFEI — OyA XaAbIK CaHBIHBIH ©Cyi, KAMMATTBIH ©3repyi >KoHe cyabl OacKapyAblH TYpakKChl3
ToxxipuOeci CcuAKTH (PpaKTOpAapABIH KUBIHTRIFBIHAH TybIHAAQFaH OCIIT KeAe XaTKaH XahaHAbK mpobaeMa.
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byamakaaaga «Acrana Cy Apnacer» MKKK-HBIHKopizaik TazapTy KYphLABICTapBIHBIH aKKpeAUTTeATeH
aHaAUTUKAABIK 3epTXaHachblHAA aFBIHABI CyJdapAbl OTaHABIK KOMipTeK KypaMAbl alcopOeHTTepMeH
(ITybapkea, MlenTikea, ryMIUH KBIIITKBLABL, KOMipTeKTi MOAeKyAaAbIK — eAeyillTep, TeXHMKaAbIK KOMipTeK)
arbIHABI CyABI Ta3apTy >KYMBICTAapPBIH JKYPTi3ill, CyAbIH KypaMblHa XMMUAABIK Taajay XKy prisiaai. 3eprrey
HoTIKeAepi KoMipTeKTi MaTepHraajap HeTi3iHAe aAbIHFaH YATidepai, atan aliTkaHAa, CYMBIK OpTaslapAbl
(cycrieHsusiaaHFaH KaTTHI 3aTTapaaH, ayblp MeTaAad Ty3japblHaH, OeTTik OeaceHAi 3aTTapAaH, MyHaii
eHiMJepiHeH >XoHe T.0.) Ta3apTy¥a apHaAFraH aJCOpOeHTTep peTiHjAe KOAdaHyFa 0OAaTBIHBI aHBIKTaAALI.

Tyitis ce3aep: AFBIHABI CY, )Kep, TYMUH KBIIIKBIABI KOMipTeKTi MaTepuaajap.
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