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ABSTRACT

Numerous harmful substances of anthropogenic origin that are released into the environment,
including petroleum products, are the result of the uncontrolled discharge of industrial
wastewater into natural water bodies. Operation of oil refining and petrochemical industry
enterprises, gaseous emissions and effluents of industrial enterprises, numerous oil and NP spills
as a result of accidents and fires at oil storage facilities and oil refineries lead to pollution of
water and soil with considerable amounts of crude oil and products of its processing and create a
serious threat to the ecology of regions of Kazakhstan. A cardinal solution to the problem of
protection of water bodies from pollution by wastewater polluted by oil and NP is to organize
such water management of enterprises, under which the system of recycling water supply is
developed as much as possible and the discharge of wastewater into water bodies is minimized.
Currently, the sorption method of water purification is the most environmentally safe and
expedient. When selecting a sorbent for sorption much attention is paid to its sorption
characteristics and the availability of raw materials. In addition, the choice of a sorbent depends
on such factors as the quality requirement for purification, the condition of pollutants, the stages
of purification and others. A wide range of natural sorption materials used in water treatment
and water treatment is known. Natural materials based on modified diatomites and zeolites from
Kazakhstan deposits are investigated in this work.

Keywords: oil, petroleum products; sorbents; chemical and thermal modifications; sorption
purification, wastewater.
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Introduction
changes in the physical, chemical and biological
Numerous harmful substances of  properties and characteristics of the natural habitat

anthropogenic origin that get into the environment,
including oil products, are the result of the
uncontrolled discharge of industrial wastewater
into natural water bodies.

The discharge of oil and its components into
the environment (air, water and soil) causes

and disrupts natural biochemical processes.

The significant ecological load, rendered by the
processes of oil refining on the condition of water
bodies, is evidenced by the data of Table 1, which
shows the typical rates of cooling water
consumption and discharged wastewater.
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Wastewater discharged into surface waters
contains gasoline, kerosene, fuel and lubricating
oils, benzene, toluene, xylol, fatty acids, phenols,
glycerides, steroids, pesticides and organometallic
compounds. The listed compounds make about 90
and more of the total amount of all organic
impurities polluting the environment [[1], [2], [3]].

The purpose of this work is to study the
possibility of the practical application of zeolite and
diatomite for wastewater treatment.

Experimental part

The technology of wastewater treatment from
oil pollution using sorbents of natural origin makes
it possible to get the maximum effect at the post-
treatment stage and provides an opportunity to
reverse water supply. It consists of the application
of the optimal combined method of wastewater
treatment based on a combination of traditional
reagent methods of treatment with sorption
methods. Modified natural sorbents such as
zeolites and diatomites are used as sorbents.

The purpose of this work was to select the
optimal method of modifying diatomaceous
powder and zeolite material and to reveal
possibilities of applying the obtained sorbents in
wastewater sorption treatment.

Significant excess of pollutants (pollutants)
concentration in discharged water leads to a
proportional increase in the concentration of these
substances in water bodies. Only at some
enterprises, there is a continuous analysis of the
composition of wastewater and by integral
indicators: the value of pH, by harmful impurities
(EP) pollutants (pollutants). Whereas the content of
organic compounds, oil, oil products, heavy metals

and toxic ions is often left without control.
Therefore, operational control over the content of
petroleum hydrocarbons in wastewater and natural
waters is a very important problem.

Standard methods have been developed to
control the content of NP in the air, water and soil.
They are based on chromatographic (gas and liquid
chromatography) or spectral methods (infrared and
fluorescence spectroscopy). Gas chromatography
makes it possible not only to determine the total
content of NP (like other methods), but also to
identify and quantify individual hydrocarbons that
are part of oil products. The latter circumstance
makes it possible to really assess the danger of oil
pollution, to detect its source (to determine the
type and brand of NP) and to take measures to
eliminate the consequences of pollution.

Chromatographic methods of analysis are
currently one of the most frequently used methods
for operational control over the content of
petroleum hydrocarbons in water.

Knowing the hydrocarbon composition of the
mixture of petroleum products, we can say to
which particular petroleum products (gasoline,
kerosene, diesel fuel, etc.) this pollution refers. And
this is a direct way to the source of pollution, which
is easy to identify on the basis of the results of
research of water polluted with quite a particular
type of fuel or mixture of various petroleum
products (gasoline and fuel oil, kerosene and
lubricating oils, diesel fuel, etc.) [[4], [5], [6], [7]].
Identification of  the oil hydrocarbons
corresponding to the peaks on the chromatogram
was performed by the "fingerprints" method,
comparing the desired chromatogram with the
chromatographic spectra of oil products of
different types.

Table 1 - Norms of cooling water consumption and waste water disposal for refineries

Factory Profile Water consumption, m/t Quantity of wastewater discharged into a
water body, m3/t
turnover fresh Losses Polluted Conditionall all
water y clean

Fuel profile with a 16.80 1.31 0.79 1.12 - 1.12
shallow refining scheme
oil refining
The same, with a deep 39.60 1.90 0.76 1.14 - 1.14
processing scheme
Fuel and oil profile with 41.20 2.71 1.10 1.22 0.39 1.61
a shallow oil refining
scheme
The same, with a deep 68.50 498 2.00 2.52 0.44 2.96
processing scheme
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Figure 1 - Chromatograms of model solutions a) before and b) after purification with sorbents based on
natural raw materials

Octane, 2,3,7-trimethyl (R=6,40); Dodecane, 2,6,10-trimethyl (R=7.337); Tetradecane (R=7,57); Heptadecane,
2,6,10,14-tetramethyl (R=8,06); Dodecane, 2,6,10-trimethyl (R=8.91); Hexadecane(R= 9.19); Pentadecane, 2,6,10-
trimethyl (R=9.53); Pentadecane, 2,6,10,14-tetramethyl (R=9.95); Hexadecane, 2,6,10,14-tetramethyl (R=10.69);
Hexadecane (R=11.33); Dibutyl phthalate (R=11.81); Eicosane (R=12.60); Docosane (R=13.19); Heptacosane (R=13.79);
Tetracosane (R=14.47); Heptasiloxane, hexaamethyl (R=14,83); Heptacosane (R=15,31).

By methods of GC and CHMS in the case of
relatively light fractions of oil and refinery (about to
C-12) can almost completely characterize the

individual composition of mixtures. In heavy
distillates, separate  chromatographic  peaks
correspond mainly to n-alkanes and some

isoalkanes. Other petroleum hydrocarbons are
determined in the form of a blurred peak formed
by the sum of undivided organic compounds. It has
been established that gasoline fractions cover the
range of n-paraffins Cs-Cy,, light kerosene — Cs-Cys,
diesel fuel — Cg-Cys (winter) and Co-Cy7 (summer);
the composition of various grades of mineral oils

and greases correspond to n-paraffins Ci6-Cao, Ci0-
C37 and Czs-Css, and fuel oils — C14-C33 etc.

The maximum losses of NP during their
definition in water are connected with a stage of
concentrating the extracts by evaporation.

The disadvantages of this technique are the
considerable changes in the hydrocarbon
composition of volatile NPs, which affects the
reliability of identification of individual petroleum
hydrocarbons. For intensively polluted waters it is
reasonable to use the method excluding a
concentrating stage (Table 2).
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Table 2 — Losses of petroleum products in the process of separation of petroleum products from water samples with

and without concentrating extracts

Petroleum product

Losses, %

Gasoline With Concentration Without Concentration
Kerosene 76.3 335
Diesel fuel 61.21 30.7
Fuel oil 47.5 254
4.5 27.3

Based on the work carried out, a method of
wastewater treatment was developed. The
proposed combined method of wastewater post-
treatment has several advantages over existing
ones:

- The possibility of regeneration of the sorbent,
which allows used adsorbents to reuse in the
treatment process or recycling;

- low cost of obtaining and using the sorbent as
natural mineral raw materials are used;

- environmental safety of the purification
process.

In order to achieve a deep degree of
purification of oil-contaminated wastewater it was
necessary to solve the following research tasks:

- study of wastewater treatment processes by
combined methods at the pretreatment stage;

- study of physical and chemical properties of
sorbent samples based on natural zeolite and
diatomite materials;

-determination of sorption characteristics of
sorbent samples in relation to oil and water.

Oil of Amangeldy gas and oil refinery "North
West Konys" was used in the research as a model
system. The main characteristics of oil are given in
table 3.

Table 3 - Physical and chemical parameters of North-
West Konys oil

Physico-chemical parameters Numerical values
Features Indicators

Density at 20°C, kg/m?3 845

Curing temperature, °C -3

Saturated vapor pressure, kPa 45

(mm Hg)

Mass sulfur content, % 0.37

Mass water content, % 3.04

Mass content of mechanical

impurities, % 0.07

Chemical modification by solutions of salts of
metals of various natural materials allows receiving

the sorbents having high sorption capacity on
organic and inorganic substances. Modified
sorbents with a surface nature and porous
structure different from the original mineral,
combine the useful properties of the original
material and modified sorbents [[7], [8]].

Improved systems of wastewater treatment
from petroleum products and suspended
substances by filtration have been developed.
Filters with granular loading, where modified
zeolites and diatomite are wused as sorbing
materials, are the most effective for reducing
pollution of the natural environment.

The mentioned natural materials are quite
active in the natural state, but it is found to be
advisable to activate them additionally by chemical
or thermal method to increase and regulate the
porous structure, change the chemical nature of
the surface [[9], [10], [11], [12]].

To study the adsorption characteristics of the
samples under study, a laboratory unit of flow-
through type was used. The investigated filter
powder was loaded into an adsorption column with
a diameter of 10 mm. The height of a layer of the
powder was 12 mm; investigated material was a
powder with a density about of 0.5 g/cm?
Filtration was carried out at a pressure of 0.5-1
atm, the filtration speed was measured by changing
the liquid level above the sorbent. Before filtration
of a model wastewater system, distilled water was
passed through the sorbent. The solution passed
through the column was analyzed for the content
of petroleum products. In accordance with the
results of the analysis, the degree of purification =
(Sis - Skonen)100 %/Sis, where Sis - the initial
concentration of NPs in the studied water, mgl ;
Skon - the final concentration of NPs in purified
water, mgl 1), total sorption dynamic capacity.

While studying different methods of
thermochemical modification of diatomite and
zeolite powders it has been experimentally

determined that the treatment of initial powder
with aluminum sulfate solution results in a material
with maximum sorption capacity in relation to oil
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Table 4 - Sorption properties of powders when treated with Al;(SO4)s solution of various concentrations

Mass fraction of Dynamic hydrocarbon capacity of the Hydrocarbon recovery from water, %
aluminum sulfate in powder, mg/g
solution, %
0.1 185 92
0.3 175 93
0.5 250 91
0.7 250 91
1.0 145 93
2.0 130 90

and oil products. The initial powder sorbents were
modified by the aluminum sulfate solution in the
following way: a solution of industrial aluminum
sulfate was added to the powder suspension, then
stirred for 15 minutes and the pH was adjusted to
the necessary value by the ammonia solution. An
excess of water from the suspension was separated
on a centrifuge (600 rpm), then powders were
heat-treated at 150 — 600 °C for 2 - 2.5 h.

While studying the degree of purification of CB
and the sorption dynamic capacity for oil products
at different concentrations of aluminum sulfate
solution we came to the conclusion that its
optimum quantity in the treated solution should be
0.03-0.08 g of aluminum per 1 g of powder. Such
content of aluminum salt provides an optimum
filtration rate of 0.15 mm/min (table 4).

The maximum degree of purification from oil
products has been achieved in the temperature
range of 300 - 450°C when optimizing the powder's
processing temperature.

Optimal conditions of chemical modification of
the initial diatomite and zeolite powders are
achieved by treatment of the source material with
0.1% aluminum sulfate solution, precipitation of
aluminum hydroxide at pH=7-8 and thermal
treatment at 200°C for 2 hours.

The modified adsorbents provide the degree of
wastewater treatment from oil products equal to
99,4%, which allows reducing the concentration of
oil products in wastewater from 50 to 0.5 - 1 mg/I.
The resulting powder has an adsorption capacity of
250 mg/g powder on petroleum products.

Since the oil refining industry is quite water-
intensive, water use and sewage systems are
constantly being improved in this industry to
reduce water consumption and water disposal as
much as possible. Water serves as an indispensable
resource in organizing the production cycles of a
refinery. It is used as:

- cooling agent for the end product;

- cooler of technological units and equipment;

- solvent for the preparation of reagent
solutions;

- a source of steam;

- a source of condensate.

Wastewaters of refineries differ from each
other in composition and degree of contamination.
The indicators of effluents also depend on the
quality of refined oil and the range of products
produced. Normally, the effluents of a refinery
contain or may contain the following substances:
oil and oil products, gasoline and fuel oil, kerosene
and lubricating oils, paraffin, sulfates, fatty acids,
surfactants, phenol, carbamide, cyclic organic
hydrocarbons, ammonium ions, etc.

A set of methods for continuous ecological
monitoring of natural waters, as well as express
methods, allow for timely determination of control
parameters in the processes of
wastewater treatment. Compared with the existing
ones, it gives a more accurate and
assessment of the danger of oil pollution and,
accordingly, the adoption of measures to eliminate
the consequences of pollution. Table 5 shows
normative values of general properties of waste
water and permissible concentrations of pollutants
in wastewater.

When controlling water
chemical and environmental analyses), only those

industrial

realistic

quality (sanitary-
methods of determination that are included in the
State Register of methods of chemical analysis of
the Republic of Kazakhstan are mandatory.

As a
technological schemes of wastewater treatment

result of the research, innovative
using modified natural minerals (zeolite, diatomite)

were proposed. (Figures 2 and 3).
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Table 5 - Normative indicators of general properties of wastewater and permissible concentrations of pollutants in

wastewater

Normative indicators

Maximum permissible value of the indicator in the
wastewater sample

pH 6.0-9.0
QOil Products 10 mg/I
Temperature 40°C
Mineralization (dense residue) 3000 mg/I
Fats (dissolved and emulsified) 50 mg/I
Sulfides 1.5 mg/I
Nitrogen 50 mg/I
Posphore 12 mg/I
Suspended matter 300 mg/I

Wastewater

Modified zeohte
Sorption
purification
Sedimentation gr
filtration

Used sorbent

For regeneration and
reuse

In rotation or to be

Figure 2— Schematic diagram of one-stage water treatment

One-stage treatment (figure 2) can be used
when the degree of purification of the wastewater
achieved in this case is sufficient and a deeper
treatment is not required. In the case where the
required degree of purification cannot be achieved
in one stage, a two-stage treatment s
recommended (figure 3).

In this case, the sorption process in the unit
with countercurrent introduction of the sorbent is
carried out under static conditions in two stages. By
intensive mixing of treated wastewater in the main
tank, with a given mass of sorbent (modified

diatomites and zeolites) for a certain time, and the
subsequent separation of sorbent from water in the
settling tank for 24 hours the first stage of
purification is carried out. Then in the second stage
of cleaning fresh sorbent is added to the tank with
partially cleaned water, reaching the lowest
concentration of contaminants followed by
sedimentation of the sorbent. The unused sorbent
is fed to the first stage of purification, with its
subsequent regeneration or use for other purposes

[[5], (6], [71].
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Modified Sorbent

Industrial
wastewater

Sorption purification

1 stage ‘

Used sorbent ‘ ¢ Filterino ‘ Fresh sorbent
Sorption purification '
2 stage
— Filtering ‘
Regenerationand |
reuse
‘ m ‘ ‘ Purified water ‘

Figure 3 - Technological scheme of two-stage wastewater treatment

Conclusions
Approaches and methods of testing the
proposed technologies of oil-contaminated

wastewater treatment in the conditions of a real oil
refinery (Taraz branch of Amangeldy GPP), with a
view to further improvement, as they were mainly
worked out on simulation models in laboratory
conditions. We proposed new modified sorbents
based on available and environmentally safe
domestic natural raw materials: zeolites and
diatomites [[8], [9]].

Diatomite, not treated thermally, which has
high adsorption rates and low permeability values,
can be used as an adsorbent for fine wastewater
treatment in steady-state, in water treatment
processes. The use of diatomite as an adsorbent for
the fine treatment of wastewater, in contrast to the
activated sludge usually used for this purpose. The
advantage of using diatomite for fine purification of
wastewater from contaminants is the ability to
restore the adsorption properties of diatomite after
calcination at 200-500 OC. Diatomite used for fine
purification of wastewater from heavy metal
cations can be regenerated or utilized.

Hardened diatomite, which has a relatively high
permeability at a fairly low value of adsorption, can
be used as a filtering material for coarse water

purification. It is possible to use diatomite as a
filtering material for water purification in the form
of granules of fractions 0.5-1.0, 0.8-2.0, 1.0-4.0, 2.5-
5.0 mm.

It is established that after diatomite is calcined
at temperatures from 200 to 900 OC the number of
reactive centers on its surface increases. It is
recommended to use diatomite, which has high
indices of adsorption and low values of
permeability, not treated thermally as an adsorbent
for fine purification of sewage in settling tanks, not
as a replacement for activated sludge. It is
recommended to use calcined diatomite, which has
a relatively high permeability at a sufficiently low
value of adsorption as a filtering material for rough
treatment of water used in swimming pools,
aquariums, dolphinariums. To increase the
permeability, calcined diatomite can be used in the
form of granules.

The developed complex of ecological express-
analyses for research of sewage water, their
approbation makes it possible to make a real-time
assessment of sewage water. Approbation of the
used methods of analysis of oil-contaminated
wastewater in the conditions of the Central plant
laboratory of Taraz branch of Amangeldy gas
processing plant was carried out. [[13], [14], [15],
[16], [17]].
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The possibilities of combining different
methods of treatment were investigated and the
original scheme of wastewater treatment with
sequential application of sorption, which allows
purification of up to 92% on average, was
proposed. This technology will reduce discharges
of pollutants: oil products not more than 0.5 mg/I;

not more than 20 mg/l; chlorides (by CI) not more
than 600 mg/l; sulfates (by SO4*) not more than
450 mg/l; surfactants not more than 0.4 mg/l. The
proposed technology will reduce discharges of
pollutants: oil products not more than 0.2 mg/l;

more than 20 mg/l; chlorides (by CI’) not more than
600 mg/l; sulfates (by SO4*) not more than 450
mg/|; surfactants not more than 0.4 mg/I.

The developed high-efficiency, energy-saving
technology of wastewater treatment has been
successfully implemented.

The developed highly efficient energy-saving
technology of wastewater treatment by the above-
mentioned sorbents allows obtaining maximum
effect at the post-treatment stage which ensures
the recycling water supply. Raw materials for
obtaining sorbents are modified diatomite and
zeolite  materials of Kazakhstan  deposits.

phenol not more than 0.09; suspended solids not

Cite this article as: Myrzalieva SK, Bagasharova JT, Akilbekova ShK. Study of the possibility of using zeolite and diatomite
in the treatment of oil-contaminated wastewater. Kompleksnoe Ispol’zovanie Mineral'nogo Syr'a = Complex Use of
Mineral Resources. 2022;3(322):33-42. https://doi.org/10.31643/2022/6445.26

MyHalMmeH nacTaHfaH afblHAbI CyNapAbl Ta3apTyAa LLeoIuT NeH
AMNATOMUTTI NanaanaHy MYMKiIHALIKTepiH 3epTTey

Mboip3anuesa C.K., barawaposa X.T., Akunbbekosa LL.K.

KaszakcmaH Pecryb6auKaceiHbiK MUHepanoblk WuKizammel KeweHoi Kalima eHoey #eHiHoezi yaimmoiK opmaneifel; an-dapabu
amoiHOarsl Kazak ¥ammelK YHusepcumemi, Aamamel, KazakcmaH

TYWIHAEME
KopluaFaH opTafa TYCeTiH KenTereH 3uaHAbl 3aTTap, COHbIH, ilWiHAEe MyHal eHimAaepi eHepKacinTiK
afblHAbI cynapabl Tabusn cy obbekTinepiHe 6aKblnaycbi3 aFbi3yablH HITUXKeC 6obin Tabblnaabl.
MyHali eHAey KoaHe MyHal-XMMWUA ©HepKacibi KacinopbiHAAPbIHbIH, KYMbICbl, ©HepKacin
KCiNOPbIHAAPbIHbIH, a3 ToPi34i WhiFapbiHAbINAPbI MeH akaba cynapbl, MyHallt Koimanapbl MeH
MyHail aiigay 3ayblTTapblHAAFbl aBapuanap MeH epTTep HITUXKECIHAE MyHaWablH KoHe T.6.
KenTereH Terinyi cy MeH TOMbIPaKTbIH, WWKI MyHai MeH OHbl KaliTa eHAey eHiMAepiHiH, eneyni
Makana kengi: 08 aknaH 2022 MeJilepiMmeH NnacTaHyblHa dKen cofagpl. KasakcTaH eHip/iepiHiH, 3KonorMAcbiHa eneyni Katep
CapantamagaH eTTi: 25 aknaH 2022 TeHajipeai. Cy KolmanapblH MyHallMeH nacTaHfaH afblHAbl CyNlapMeH nacTaHyAaH Kopfay
Kabblnganabl: 16 Haypeiz 2022 MaceneciH Tybereini wewy KaCiNOPbIHAAPABIH, OCbIHAAN Cy LWAPYaLWbINbIFbIH YIbIMAACTbIPY
6osbin Tabbinagpl. OHAa ailHanManbl cymeH KabablkTay Kyiheci 6apblHWwa gambin, cy
KoViManapblHa cynapgabl asaiTtapbl.Kasipri yakbiTTa cyabl TasapTyablH

COpBLMANBIK BAICI IKONOMUANBIK ¥KafblHAH €H, KAYinci3 sKaHe Ke3dereH makcatka cait 6onbin

akaba afbl3yabl
Tabblnagbl. CopbumsaHbl TaHAaFaHAA OHbIH, COPOUMANBIK CMNaTTaManapbiHa, WWKi3aT 6a3acbiHbiH,
6osybiHa Ken KeHin 6eniHeai. CoHbIMeH KaTap, con Hemece 6acka copbeHTTi TaHaay Kesneci
dakTopnapra 6aiNaHbICTbI: Ta3apTy CanacbliHa KOMbIIATbIH TasanTap, acTayLbl 3aTTapablH, Kyii,
TasapTy caTblnapbl XaHe T.6. Cyapl Ta3apTyaa KaHe CyAbl Ta3apTyfa Aaapnayaa KoN4aHbINaTbiH
Tabusn copbumAnbIK MaTepuangapablH, KeH, aykbiMmbl 6ap. Byn »KymbicTa KasakcTaH KeH
OpblHAAPbIHAAFbl MOoAMDUKALMANGHFAH OMATOMUTTEP MEH LeoAuTTep HerisiHaeri Tabusn
maTepuangap seprrengi.

TyiiH ce3pep: MyHal, MyHai eHiMAEpi; COPOEHTTEP; XUMUADBIK KIHE TEPMUANBIK TYPAEHAIPY;
copbumaAnbIK Ta3apTy, CapKbiHAbI cynap.
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XUMUS FblnbiMAapbiHbiH, AoKmopsl, npogeccop, KasakcmaHn Pecrny6auKacbiHbIH MUHepanobiK
wukizammel KeweHOi Kalima eHOey xeHiHOe2i ¥ammblK opmanbiFbiHbIH FblAbIMU MAMAaHAGp
dasapnay 6enimiHiH meHzepywici. ORCID ID: https.//orcid.org/0000-0003-2997-0716; Email:
saulekerchaiz@mail.ru

Mbip3anueea Cayne KepuauzosHa

Bbarawaposea MeHicayn TeamaHoeHa MexHUKa  FblabiMOapbiHbl — KaHOudamel, KasakcmaH — Pecrly6auKacbiHelH — MUuHepanobiK
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wuKizammel KeweHOi Kalima eHoey eHiHoe2i yaimmbiK opmansiFeiHOarel MamaHoap daspaay
besnimiHiH, — aFa folabiMu Kbiamemekepi,an-®apabu ameiHOarel Ka3YY — KagedpacsiHbiH afa
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AHHOTAUMA

MHOroumcaeHHble BpeAHble BELLeCTBa aHTPOMNOreHHOro NPOUCXOMKAEHMA, KOTOPbIE NONagalT B
OKpY)KaloWylo cpeay B TOM uucne HedTenpoayKTbl ABAAIOTCA pe3ynbTaToM 6eCKOHTPO/bHOTO
cbpoca  NPOMBIWAEHHbIX  CTOYHbIX BOA B  NpUpOAHble  Bogoembl.  [peanpuatus
HedTenepepabatbiatowent U HebTEXMMMUYECKON NPOMBILLIEHHOCTU, ra3006pasHble BbIGPOCHI U
CTOYHbIE BOAbl MPOMBIW/IEHHbIX MPEANPUATAN, MHOFOYMC/IEHHbIE Pas3uMBbl  HepTU K
HedTENpPOAYKTOB B pesy/ibTaTe aBapuil Ha HedTexpaHWMWax U HedTeneperoHHHbIX 3aBoAax
NPUBOAAT K 3arpsA3HEHUIO BOAbI  3HAYUTENbHBLIMM KOIMYECTBAaMM CbiPO HeGTU M NPOAYKTOB ee
nepepaboTKM M CO3LAIOT CEPbE3HYI0 Yrpo3y 3Kosoruu pervoHos KasaxctaHa. KapAuHasibHbIM
peweHnem npobsembl OXpaHbl BOLOEMOB OT 3arpsASHEHUA CTOYHbIMM BOAAMM, 3arPA3HEHHbLIMU
HedTbio M HedTenpoAyKTaMm, ABAAETCA OPraHM3aLUMA TaKoro BOAHOIO X03AMCTBa NPeanpUATUR,
NPy KOTOPOM MaKCMMa/bHO pa3BMBaeTCA cucTema 06OPOTHOrO BOAOCHABXEHMA M CBOAMTCA K
MUHUMYMY COPOC CTOYHBIX BOZA B BOLOEMbI. B HacTosee BpeMa COPOLMOHHbIA METOA OYUCTKM
BOAbl ABAAETCA Hambosiee 3Ko/MOrMYecku 6esonacHbiM M LenecoobpasHbim. MNpu BbiGOpE
matepuana ans copbumm 6osbluoe BHUMaHWE yAENAETCA ero COPOLMOHHBIM XapaKTepPUCTUKaM,
M OOCTYMHOCTY CbipbeBol 6a3bl. Kpome Toro , BbIGOP TOrO MM MHOTO COp6EHTa 3aBUCUT OT TaKMX
baKTOPOB KaK: TpeBOBaHMA K KadeCTBY OYMCTKM, COCTOAHMIO 3arpA3HAIOWMX BELLeCTs, 3Tanos
OYMCTKM W ApyruX. WM3BecTeH WMPOKUIA CNEKTP MPUPOAHLIX COPBUMOHHLIX MaTepuanos,
MCMONb3YeMbIX B BOAOOYMUCTKE WM BOAOMOATOTOBKE. B paboTe ucciefoBaHbl NPUPOAHble
maTtepuasbl Ha OCHOBE MOAMQULMPOBAHHbLIX AMATOMWUTOB W LEOAUTOB KasaxCTaHCKMX
MECTOPOXKAEHUM.

KnioueBble cnoBa: HedpTb, HedTenpoAyKTbl; COPBEHTbI; XMMUYecKoe N Tepmuyeckue
MoandUUMpOBaHUe; COPBLMOHHAA OUMCTKA, CTOUHbIE BOADI.
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