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ASSESSMENT OF PRODUCTION WASTEWATER CONDITION
AND MAIN METHODS OF TREATMENT REALIZATION

©HAIPICTIK AFbIHObI CYNAPObIH XXAWU-KYWIH XXOHE
ONAPAbI TASAPTYAbIH HETI3I SOICTEPIH BAFANAY

OLIEHKA COCTOAHUA NMPOU3BOACTBEHHbLIX CTOYHbLIX BOO
M OCHOBHbIX METOOOB X O4YNCTKU

Abstract. This article discusses the problem of assessing the condition of wastewater of production
plants and the main methods and ways of their treatment. The main pollutants in the wastewater of
production facilities and their impact on the environment are considered. The importance of wastewater
quality assessment for ensuring environmental safety of production and preserving the environment is
discussed. The main pollutants in the wastewater of production facilities and their impact on the
environment are considered. The article presents various wastewater treatment technologies, including
physico-chemical and biological methods. It also considers the impact of various pollutants on the state of
water resources and possible ways to reduce them. The issues of construction of local treatment facilities
at the production site are covered. The necessity of providing wastewater treatment before discharge into
water bodies is considered and various treatment technologies are discussed, along with the advantages
and disadvantages of each. Overall, the article provides an overview of current wastewater treatment
methods and technologies and the importance of utilizing them to improve the environment.

Keywords: industrial wastewater, treatment, filtration, pollutants, organic pollution, collection methods,
wastewater sample analysis, local treatment plants.

AHOamna. byn 6anma eHdipicmik kacinopbIHOapObiH capKbIHObI CynapbiHbIH xal-KyliH 6aranay npob-
nemacsl xaHe onapObi masapmyOdbiH Hezidei adicmepi MmeH macindepi Kapanadsl. byn 6anma eHdipicmik
KacinopbiHOapdbiH capKbiHObI CynapbiHbiH Xau-KyUiH 6aranayObiH MaHbi30bifbiFbl XoHe onapobl
ma3sapmyOdbiH Heai32i 8dicmepi Kapanaodbl. ©HOipicmik KacinopbiHOapOblH capKbIiHObI cynapbiHOarbl Heaisei
flacmaywbl 3ammap xoHe onaplOblH KopwaraH opmara acepi Kapandbl. ©OHOIpicmiH 3KO0mo2usisibiK
KayincizlieiH KamMmamachI3 emy XeHe KopwaraH OpmaHbl cakmay yWiH capKbiHObI cynapObiH canacbiH
baranaydblH MaHbI30bIbIFbI MarskbinaHyda. O©HOipicmik KacinopbiHOapObiH CapKbiHObI cynapbiHOaFbl
Heei3ai nacmaywbl 3ammap xoHe onapldblH KopwaraH opmara acepi Kapandbl. Qu3aukanbiK-XUMUSITbIK
XoHe buornoausnbik 8dicmepdi Koca anraHOa, arbiHObI CynapObl ma3apmydbliH spmyprii mexHonoausinapb!
ycbiHbinFaH. CoHdal-aK apmypri nacmaywbl 3ammapObiH Cy pecypcmapbiHbIH xal-KyUiHe xaHe onapobl
memeHOemyOdiH bIKmumarn xondapbiHa ocepi Kapandbl. ©OHOAipicmik anaHO0a xepeinikmi masapmy
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KYpbInFbliapbIHbIH Kypbinbicbl myparbi aumbindbl. CapKbiHObI cynapObl cy KoUMarnapbiHa afbi3y andbiHOa
ma3sapmy Kaxemminiei kapanadbl, masapmyOblH apmypsii mexHonozausnapbl, onapobiH 8pKalChICbIHbIH
apmbIKWhbIIbIKMapbl MeH KeMuwinikmepi markbiiaHadsl. Tymacmal anraHOa, Makanada CcapKbIHObI
cynapdbl ma3sapmyO0biH 3amaHayu adicmepi MeH mexHosioausnapbiHa Wory xoHe onaplbl KopuwaraH
opmaHbIH Xal-KyUiH xakcapmy ywiH natidanaHyOblH MaHbI30blfbifbl YCbIHbIIFaH.

TyliH ce3dep: eHepkacinmik arbIHObI Cynap, masapmy, Cy3y, acmaylwbsl 3ammap, opaaHuKarsbiK
nacmayuwsl 3ammap, XuHay adicmepi, afbiHObI cynapOblH CbiHamanapbiH manday, xepeinikmi masapmy
KOHOBbIpFbIIapbI.

AHHOmMayus. B d0aHHolU cmambe paccmampusaemcsi npobrema OUEHKU COCMOSIHUSI CMOYHLIX 800
pou3800CMEEHHbIX npPednpusmuli U OCHOBHbIe Memo0Obl U crocobbl ux o4yucmku. B daHHoU cmambe
paccmampueaemcsi 8aXXKHOCMb OUEHKU COCMOSIHUSI CMOYHbIX 800 rpou3800cmeeHHbIX npednpusmull u
OCHOBHbIE MEMOObI UX 04UCMKU. PaccMompeHb! OCHOBHbIE 3a2psi3HSIUUE 8eLiecmsa 8 CIMOYHbIX 800ax
npou3so0cmeeHHbIX npednpusmul U ux enusHuUe Ha OKpyxaruwyt cpedy. Obcyxdaemcsi 8axXxHOCMb
OUEHKU Kadecmea cmoYHbIX 800 Ornisi obecrieyeHusi 3Kosnoau4deckol 6e3zornacHocmu rnpouzgodcmea u
coxpaHeHusi okpyxarowel cpedbl. PaccMompeHbl OCHOBHblE 3asps3HSIOWUE seujecmea 8 CMOYHbIX
8o0ax Mpou3soO0CMEEHHbIX npednpusmull U ux enusHue Ha Okpyxatowyto cpedy. [lpedcmaesrieHsl
pasnuyHble MEXHOI02UU OYUCMKU CMOYHbIX 800, 6KMYas ¢huluko-xumuyeckue u buosioaudyeckue
mMemoOdbl. Takxe pacCMOMPEHO BIUSIHUE Pas3fiuUYHbIX 3a2PS3HSIOWUX 8eU/ecme Ha COCMOSIHUE 800HbIX
pecypcos U B03MOXHbIe Mymu ux CHuxeHus. OceeleHbl 80MPOChI CMpoumesibcmea JioKasbHbIX
OYUCMHBIX COOpYXeHuli Ha rfpou3godcmeeHHoU nnouwjadke. Paccmampusaemcs Heobxodumocmb
O4UCMKU CcMOY4YHbIX 800 reped cbpocom 8 8o0oemMbl, 0bCyx0atomcs pasfuyHble MEeXHOI02uuU O4YUCMKU,
npeumywecmea u Hedocmameku kaxool u3 Hux. B yenom e cmambe ripedcmassieH 0630p cO8peMEHHbIX
Memodoe U MmexHomoaull O4YUCMKU CMOYHbLIX 800 U 8aXHOCMb UX UCMONbL308aHUsI O yAydWeHUs
COCMOsIHUST OKpyXxatoweli cpedkbil.

Knroyeeble crioea: npoMbiliieHHbIE CMOYHble 600bl, O4uUCmKa, hurbmpauyus, 3aspssHsWUe
eeujecmea, opz2aHU4YecKue 3azpsi3HeHusi, MemoOlbl cbopa, aHaniu3 npPob CMOYHbIX 800, JIOKallbHbIE
OYUCMHbIE COOPYKEHUSI.

Introduction. Industrial wastewaters are one of the main sources of environmental pollution.
They contain various chemical substances, toxic compounds and microorganisms that can cause
serious harm to nature and human health. Therefore, it is important to assess the condition of
wastewater and develop methods of its treatment.

Assessment of production wastewater condition includes analysis of physico-chemical and
biological parameters of water. Concentrations of pollutants, acidity values, temperature, odor
and other characteristics are determined. These data make it possible to understand the degree of
water contamination and determine the necessary treatment measures.

To ensure effective treatment of industrial wastewater, it is also important to take into
account seasonal changes and fluctuations in contaminants. For example, during rains, the
amount of contaminants entering the wastewater may increase, requiring additional treatment
measures. In addition, it is necessary to pay attention to possible external sources of pollution,
which may affect the quality of wastewater and require additional treatment measures. It is also
necessary to take into account the specifics of the contaminants that are present in a particular
production process. For example, biological methods may be used to remove organic
contaminants, which are based on the activation of living organisms to decompose harmful
compounds. It is also important to consider possible toxic substances that require specialized
cleaning methods to prevent their release into the environment.

To improve the efficiency of wastewater treatment, it is also advisable to implement systems
for recycling and reuse of treated water in production processes. This will reduce the
consumption of water resources, reduce the load on treatment facilities and save money on fresh
water procurement. This approach helps to save resources and reduce the negative impact of
production on the environment, which is in line with the principles of sustainable development
and responsible business conduct.

Compliance with regulatory requirements and water quality standards is also an important



Ne 3, 2024 233 «IKTY XABAPIIBICBI»

aspect in selecting wastewater treatment methods. Violation of these requirements can lead to
fines and sanctions from regulatory authorities, as well as possible risks to human health and the
environment. Therefore, it is necessary to strictly comply with all norms and standards when
designing and operating wastewater treatment plants.

The main methods of realization of wastewater treatment include physical-chemical,
biological and complex methods. Physico-chemical methods include filtration, coagulation,
sedimentation and other processes aimed at removing pollutants from water. Biological methods
are based on the use of living organisms (bacteria, algae) to purify water from organic matter.
Complex methods involve the combination of several treatment techniques to achieve optimal
results.

In addition, the selection of wastewater treatment methods must take into account the
economic component. Some treatment methods may be more costly than others, so it is
important to conduct a cost analysis and select the optimal combination of methods that will
provide effective treatment at the lowest possible cost. Continuous improvement of treatment
technologies and the search for new innovative solutions are also key environmental challenges.

Finally, special attention should be paid to controlling the treatment processes and
monitoring the quality of treated water. Regular analyses and inspections will allow timely
identification of possible deviations and problems in the operation of treatment facilities, which
will allow promptly taking measures to eliminate them and prevent possible emergencies. Thus,
an integrated approach to the assessment and treatment of production wastewater is a key
element in ensuring environmental safety and sustainable development of industry.

Assessment of industrial wastewater and application of appropriate treatment methods play
an important role in preserving environmental safety and human health. It is necessary to
continuously improve treatment and waste management technologies to minimize negative
environmental impact and ensure sustainable industrial development.

Methods and Materials. Methods for collecting and analyzing wastewater samples include:

Spot samples (Figure 1): used to analyze the main pollutants and compare them to maximum
allowable concentrations.

Periodic sampling: divided into time-dependent, flow-dependent and volume-dependent
samples. Time-dependent samples are taken in a certain volume with time fixation, flow-
dependent samples are taken at a constant flow rate, and volume-dependent samples are taken in
a certain sample volume without taking time into account (Desmidt, Ghyselbrecht, ZHang,
Pinoy, Bruggen, Verstraete, Rabaey, Meesschaert, 2015).

Continuous sampling: divided into two types - constant and non-continuous water flow. The
constant flow allows to obtain data on water quality composition, while the non-permanent flow
allows to determine the indicators of large volumes of water and is a more accurate method.

Serial sampling: samples are taken at different locations and depths or at the same depth but
at different locations.

Composite Sample: consists of several samples obtained by one of the continuous methods.

Before applying a particular type of wastewater collection and analysis, it is necessary to
categorize wastewater according to the main types of contaminants 1-4.

Industrial wastewater is divided into mineral content, organic matter and mixed
contaminants (Vasilenko, Nikiforov, Lobukhina, 2019). For some wastewaters it is necessary to
determine their epidemiological hazard, which may consist in the fact that their composition
may include not only helminths and E. coli bacteria, but also pathogens of such serious and
dangerous diseases as anthrax, sappe and others. Such wastewater can include wastewater from
slaughterhouses, leather factories, and agricultural complexes.
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Figure 1. Sampling and sample preparation scheme
Note — compiled by the authors based on «Water supply and sanitary engineering» (Kevbrina, 2019)

In addition, wastewater has different pH reactions of the aquatic environment, which also
affects the preparation, sampling of wastewater and selection of the approved methodology for
the determination of its main polluting components. At the same time, wastewaters are
subdivided into slightly acidic, with pH in the range from 6 to 6.5; slightly alkaline, for which
these values lie in the range from 8 to 9 and neutral, which are in between 6-7.

There are strongly acidic and strongly alkaline effluents, the pH range of which lies beyond
slightly acidic and slightly alkaline. The concentration of contaminants in wastewater is also
significant in sampling, as different analytical methods can be used to determine the
contaminants. Wastewater is subdivided by the degree of contamination into high, medium and
low concentration wastewater.

In production technologies of one and the same enterprise can be formed wastewater with
completely different characteristics, including radically different in the concentration of
pollutants, the reaction of the medium, as well as the phase composition and nature of
pollutants.

If the technological process used at the enterprise involves the formation of such local
effluents, radically different in their physical and chemical characteristics, it is necessary to
focus on sampling before they enter the general sewer (Koganovskiy, Klimenko, 2013).

Some industrial effluents have elevated concentrations of substances in the colloidal solution
state, in the form of finely suspended, or emulsified phase. The main problem in almost all
operating wastewater treatment plants is the slowing down of the wastewater flow to be treated,
which is usually caused by poor distribution of inflow and discharge.
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When analyzing the operation of existing wastewater treatment facilities, it is necessary to
assess the possibilities of treatment of the main wastewater flow with their help (Belov,
Kevbrina, Aseyeva, Gavrilin, Gazizova, Potentsial, 2012). If a large hydraulic load on the
hydraulic separation of solid and liquid phase is detected, the possibility of installing additional
equipment should be considered, as well as averaging the volume of incoming industrial
wastewater.

Industrial enterprises discharge wastewater into water bodies only after its treatment in
treatment facilities. The section of the reservoir from the place of effluent discharge is
conditionally divided into zones: 1) initial dilution, in which the effluent flow velocity (v, ) is
significantly higher than the water flow velocity (v, ); 2) basic dilution, in which the effluent
mixing is due to turbulent diffusion; 3) self-cleaning zone, which is not taken into account in the
calculations.

Total effluent dilution is defined as the product of the multiples of the initial and main
dilutions (n, and n, ) resulting from mixing of effluent in zones 1 and 2.

The value of ny is determined by the formula:

_0.248 1-m

ny =2 d?( [m? + 8.1(—) —m) (1)

where: d — is the ratio of the calculated jet diameter to the outlet diameter; m is a dimensionless
coefficient, the value of which is found by the formula:

_ [P v
m = Pc+v§ 2)

where: P, and P, — are the densities of water and SW fluxes, respectively, usually equal to one.
The value of n, is considered as the inverse of the mixing coefficient y determined by the

formula;
3
L
y=—"— (3)
14 %min \/7

Qmax

where: (s — is the distance from the NE outlet to the water use site along the fairway, m.

It should be noted that for biological treatment facilities for industrial wastewater are very
significant factors (Kozlov, Bogomolov, Kevbrina, Nikolayev, Kolbasov, 2014):

— variability in the flow rate of wastewater,

— high, or on the contrary, too low content of organic matter in the effluent,

— dissolved oxygen concentration,

— mixing conditions that determine the degree of contact between wastewater contaminants
and activated sludge microorganisms,

— content of biogenic elements, primarily nitrogen and phosphorus,

— the content of toxic substances present in the effluent,

— strong changes in the composition of the wastewater,

— the temperature and reaction of the medium,

— development of harmful microorganisms that contribute to the swelling of activated sludge
and suppression of beneficial bacteria, which include filamentous bacteria and fungi.

Causes of ineffective wastewater treatment include:

— inadequate aeration,

— residence time of the effluent at the biological treatment stage,

— or incorrect selection of equipment at the stage of solid phase separation of pollutants.

Other factors limiting the quality of wastewater treatment include the appearance of
stagnation in the processes of biochemical oxidation of succulent water, leading to the formation
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of non-deposited solid phase of pollutants, as well as the release of gases that have a
pronounced odor and cause deposits that prevent the normal operation of equipment (Hammer,
2017).

Figure 2 shows the schematic diagram of technological wastewater treatment.

1) RD-600 type crusher grates

2) Tangential sand trap

3) Radial settling tank with thin layer blocks

4) Radial flotator (pressure)

5) Contact chamber

6) Double-layer filter

6 reagents

— <
o

1) RD-600 type crusher grates

2) Tangential sand trap

3) Radial settling tank with thin layer blocks
4) Radial flotator (pressure)

5) Contact chamber

6) Double-laver filter

Figure 2. Scheme of technological wastewater treatment

Note — compiled by the authors based on “Efficiency of microfiltration on disk filters for detention of
suspended solids of biologically treated wastewater”( Kozlov, 2014)

Local wastewater treatment plants: the key to sustainable development.

Local wastewater treatment plants play an important role in the water management system,
providing wastewater treatment at the local level (Zhukov, 2018). These facilities can be either
part of individual residential buildings or an element of infrastructure of small settlements or
enterprises.

Local wastewater treatment plants usually include several stages of treatment:

1. Mechanical cleaning: removal of coarse solids and sludge.

2. Biological treatment: the use of microorganisms to decompose organic pollutants.

3. Chemical cleaning: neutralization of harmful chemicals.

The advantages of localized wastewater treatment plants are:

— Resource savings: less need for centralized treatment plants and wastewater transportation;

— Flexibility: adaptability to specific conditions and needs;

— sustainability: reducing dependence on centralized systems and increasing water use
efficiency.
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Results. The article considers in detail the issue of installation of industrial wastewater
treatment plant, or otherwise - local treatment plant, at production facilities in order to remove
contaminants and the possibility of discharging water from technological processes without
harming the environment (Evilovich, 2011). The treatment processes are fully automated and
require minimal maintenance (Fig. 3). The implementation of treatment facilities, recycled
water supply, which allows enterprises to save significant funds, as well as the use of membrane
bioreactors has been studied. The use of membrane bioreactors significantly reduces the area of
treatment facilities, and the high degree of automation of processes makes the treatment
facilities easy to operate (Paramonova, 2015). This kind of treatment facilities have high
efficiency due to the full development of technological solutions and accurate selection of the
necessary equipment.

PNP Submersible feed pump SN Sludge storage

NGF Floor horizontal MS. | Flow meters meters

C saturator MB Mixer high cleaner

K compressor MN Mixer

CNR Centrifugal pump DDC | Dispersed colloidal reagents
M Mixer DKF | compressor flocculator
KNS Pumping station DCC | compressor

NAP Submersible aftertreatment pump NDR | Dispenser pump

NPF sand filter NDF | Pump-dosing flocculator
NSF Floor sorption filter NDC | Dispenser pump

BU Bacteriological plant

Figure 3. Technological scheme of wastewater treatment facilities
Note — compiled by the authors based on “Efficiency of microfiltration on disk filters for detention of suspended
solids of biologically treated wastewater”(Kozlov, 2014)

Values of estimated concentrations of pollutants after treatment facilities are given in Table
below and meet the requirements for water of fishery water bodies (Order of the Minister of
Ecology and Natural Resources of the Republic of Kazakhstan "Water quality standards and
maximum permissible concentrations of harmful substances in the waters of water bodies of
fishery importance”, SanPiN 2.1.5.980-00 "Hygienic requirements for the protection of surface
waters").
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Table 1. Concentrations of pollutants at the outlet of the treatment plant

Name of indicators Units of measurement Quantity, not more
BOD full. mgO /L, 3
Suspended solids mg/l 3
Ammonium nitrogen (N-NH), mg/l 0,39
Nitrate nitrogen (N-NO)3 mg/I 91
Nitrate nitrogen (N-NO) mg/I 0,02
SPAV mg/l 0,1
Phosphates (by P) mg/l 0,2
Fats mg/l -
pH - 6,5-8,5
Note — compiled by the authors based on “Water supply and sanitary engineering”
(Kevbrina, 2019)

The introduction of local treatment facilities at industrial enterprises is necessary from the
point of view of compliance with the norms of legislation in the field of wastewater disposal,
according to which enterprises are obliged to have and properly operate local treatment facilities
and provide preliminary treatment of wastewater discharged into the centralized wastewater
disposal system. The greatest effect is achieved at enterprises whose production effluents
contain environmentally hazardous substances (Gudkov, 2013). Implementation of complete
treatment plants of block-modular type is especially appropriate in severe climate conditions
and in the absence of the possibility of capital construction directly on the site.

The following effect is achieved from the introduction of local treatment facilities at
industrial enterprises:

— fulfillment of legislative norms in the field of wastewater disposal;

— reduction of payments for wastewater discharge, sludge removal, etc;

— increasing the economic and technological independence of enterprises.

Conclusion. High standards of water quality, both in industrial and natural water bodies, are
essential to ensure human health and well-being, biodiversity and ecosystem stability.
Therefore, it is necessary not only to improve existing wastewater treatment methods, but also
to invest in the development of new technologies that can effectively combat pollution and
ensure sustainable use of water resources.

Local wastewater treatment plants are an important tool for achieving sustainable water
management. They contribute to preserving the ecological balance, improving water quality and
enhancing the quality of life of the population. The development and implementation of new
technologies in this field offers great prospects for improving the environmental situation and
economic development of regions.

Effective assessment of wastewater condition and implementation of wastewater treatment
methods are an integral part of sustainable production development. Only by joint efforts of the
state, enterprises and population can we preserve water resources of our planet for future
generations. Therefore, it is important to continue research and implement new technologies to
ensure clean water and a healthy environment.
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