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Every year the problem of wastewater treatment to provide drinking water to the urban network becomes more urgent. Pollution
of water resources because of wastewater discharges from various enterprises, agricultural and domestic emissions require
the development of an effective method of water purification and preparation for safe use.

The article discusses the various stages of the water treatment process: from mechanical purification to the use of chemical
and biological methods and assesses the impact of each stage on water quality and composition. The relevance of the topic is caused
by the need to improve existing water treatment systems to reduce the negative impact on the environment and ensure sustainable
development of urban infrastructure.

Wastewater is water that, after being used for domestic or industrial purposes, is discharged through a wastewater disposal system
(a set of sanitary and hygienic measures and technical devices that ensure the removal of wastewater outside the production area).
This process is carried out through drainage systems and industrial and domestic wastewater. Depending on their origin, wastewater is
divided into three main categories: domestic; industrial; and atmospheric.

Wastewater has very different compositions and properties. Understanding the composition and properties of impurities is an important
prerequisite for choosing the right treatment methods and developing an optimal technological plan for treatment facilities. Wastewater
is a complex system of dissolved, colloidal and insoluble organic and mineral pollutants. The composition of industrial wastewater is
very diverse and depends on the type of production and technical processes used. There are several methods of wastewater treatment:
mechanical, physical, chemical, and biological. Mechanical methods of wastewater treatment involve removing insoluble and partially
colloidal impurities from water. Chemical methods of wastewater treatment include neutralization, oxidation, and reduction. Biological
methods are considered the main way to treat wastewater from the oxidation of organic impurities. The physicochemical method
is based on the electrolysis of water on an insoluble electrode and the flotation effect. Key words: domestic wastewater, industrial
wastewater, atmospheric wastewater, chemical methods, physical methods, biological methods.

HoBiTHi HaWOIIBII €KOJIOTiYHI MeTOAU OYMINEHHSI BOIM 3 TOUKH 30py ii moxomxenHs. ®egenxo H0.M., Kyuenko A.O.,
Trauyk A.O.

3 KO)KHUM POKOM CTa€ OUTBII aKkTyanbHa MpoOiieMa OYMIIEHHS CTIYHHX BOA AJ 3a0e3MeueHHs MiChKOi MEpeXi MHUTHOIO BOJOIO.
3a0pyaHEHHST BOTHHUX PECYpCiB B Pe3yNbTaTi CKMIAHHS CTIYHHUX BOA 3 Pi3HUX MiINPHEMCTB, CUTBCHKOIOCHONAPCHKUX i MOOYTOBHX
BUKHJIIB ITOTpeOye po3poOiIeHHs eheKTHBHOTO METOY OUYMIIIEHHS Ta MiATOTOBKU BOIM JUTsl O€3IIEIHOTO BUKOPUCTAHHSI.

VY cTaTTi pO3MISANAOTECS Pi3HI €TAIU MPOLECY BOAOIMIITOTOBKH: BiJl MEXaHIYHOTO OYMIIIEHHS IO 3aCTOCYBaHHS XIMIYHHX 1 6i010-
TIYHUX METOAIB, @ TAKOXK OLIHIOETHCS BIUTHB KOXKHOTO €TaIly Ha SIKICTh Ta CKJIa] BOAU. AKTYalbHICTh TEMU BUKIMKaHA HEOOXiTHICTIO
MOKPALIEHHS ICHYIOYNX CHCTEM BOJOMIATOTOBKU 3 METOIO 3MEHIIECHHS HEraTHBHOTO BIUIMBY Ha CEPEOBHIIE Ta 3a0€3MEYEHHS CTaJIOro
PO3BUTKY MICBKOI iH(ppacTPyKTypH.

CriuHi BOaH — I1€ BOJH, SIKi IICJISI BAKOPUCTAHHS B IIOOYTOBHX 200 IPOMHUCIIOBUX LUISIX JIFOANHH CKUAIOTHCS Yepe3 CUCTEMY BOZO-
BiJIBeNICHHS (KOMIIEKC CaHITApPHO-TIrEHIYHMX 3aXOiB 1 TEXHIYHUX MPHUCTPOIB, IO 3a0€3MEUYIOTh BUAAICHHS CTIYHUX BOJ 38 MEXi
BupoOHuiTBa). Llei mporec 3aiCHIOETHCS 3a TOMOMOTOI0 IPSHAKHUX CUCTEM 1 IPOMHCIIOBUX 1 TOOYTOBHX CTIYHHX BOJ. 3aJI€XKHO BiJ
MOXO/PKEHHS CTIYHI BOIM TIOIISIOTHCS HA TPU OCHOBHI KaTeropii: rocronapchko-moOyToBi; BUpOOHUYI; aTMOChEepHi.

CriuHi BOIM MAaIOTh Iy)Xe Pi3HI CKIAaIW Ta BIACTHBOCTI. PO3yMIHHS CKIIaqy i BIQCTHBOCTEH JOMIIIOK € BaKIIMBOIO YMOBOIO TIpa-
BIJIBHOTO BUOOPY METO/IiB OUHILIEHHS Ta PO3POOKH ONTUMAIIFHOTO TEXHOJIOTTYHOTO IJIaHy OYMCHHX criopyn. CTiuHi BOIM — e CKITaHa
cUCTeMa PO3UMHEHHUX, KOJIOIHUX 1 HEPO3UYMHHUX OPraHIYHMX 1 MiHepanbHUX 3a0pyaHioBadiB. CKia] MIPOMHUCIOBUX CTIYHHUX BOJ JyXKe
PI3HOMaHITHHI 1 3aJI€XKUTH BiJl TUIy BUPOOHHUIITBA | BUKOPHUCTOBYBAHHX TEXHIYHUX HPOIECiB. ICHye IeKinbka METOIIB OYMILEHHS
CTIYHUX BOJ — 1€ MeXaHivHi, Ppi3u4Hi, XiMiuHi, Oi0N0TiuHI. MeXaHI9HI METOIM OYHUIIECHHS CTIYHUX BOJ MOJIATAIOThH y BUIATICHHI 3 BOIU
HEPO3UYMHHHUX 1 YaCTKOBO KOJIOIMHUX MOMIIIOK. [0 XIMIYHHX METO/IB OUUILEHHS CTIYHUX BOJ BITHOCSTH METOAM HEUTpai3alii, OKUC-
HEHHA Ta BiTHOBIEHHs. BioJOriyHi METOIM BBaXAIOTHCSI OCHOBHHM CIIOCOOOM OYHILECHHS CTIYHHUX BOJ BiJl OKHUCIICHHS OpPTaHIYHUX
nomimok. Mi3uko-XiMIYHHI METO/] 3aCHOBAaHHIA Ha eJIEKTPOJIi3i BOMU HA HEPOZUMHHOMY €JIEKTPOIi i edekTi utorartii. Kmouosi crnosa:
moOyTOBI CTi4HI BOJIH, IPOMHUCIIOBI CTiUHI BOIU, aTMOC(EpHI CTiYHI BOJM, XIMIUHI METO/H, Hi3WMIHI METOIH, OI0JIOTIYHI METOIH.

Introduction. Wastewater is water that, after being Depending on the origin, wastewater is divided into
used for domestic or industrial purposes, is discharged three main categories:
through a wastewater disposal system (a set of sanitary — domestic;
and hygienic measures and technical devices that ensure — industrial;
the removal of wastewater outside the production area). — atmospheric.
This process is carried out through drainage systems and Domestic wastewater is generated in residential
industrial and domestic wastewater [1-3]. buildings and service facilities such as showers and
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toilets. It is usually contaminated with detergents and
excrement. Most of the suspended solids are cellulose,
and other organic contaminants include fatty acids, car-
bohydrates, and proteins. The unpleasant odor of this
wastewater is caused by the breakdown of proteins
under anaerobic conditions. The composition of domes-
tic wastewater is relatively constant and contains mainly
organic pollutants in undissolved, colloidal and dissolved
states (approximately 60 %) and a variety of bacteria
and microorganisms, including pathogens. Industrial
wastewater is generated because of the use of water in
industrial processes and mining. They are discharged
through industrial or public drainage systems. The most
characteristic and dangerous pollutants in industrial
wastewater are organic substances with long decompo-
sition times, including extractive substances (mainly oil
products), phenols, synthetic surfactants, heavy metals,
and various pesticides. In addition, industrial wastewa-
ter may contain toxic substances (e.g., waste of electro-
plating plants) and pathogenic bacteria (e.g., waste from
tanneries meat processing plants, etc.) [4].

Atmospheric runoff is formed by rain and snowmelt
in residential areas of villages and areas of villages and
on the territory of industrial enterprises. In modern cit-
ies atmospheric runoff contains not only sand and debris
washed off the roads, but also organic substances. These
substances can be classified as domestic wastewater, as
they are often slightly contaminated by their composi-
tion. Pollution of the of an industrial enterprise leads to
the appearance of impurities that are specific to a par-
ticular product. Rainwater drainage is characterized by
ephemeral nature and strong heterogeneity of flow rate
and concentration of pollutants. Depending on the sew-
age system domestic wastewater, industrial wastewater,
or household wastewater, industrial wastewater and
atmospheric wastewater enter the municipal sewer sys-
tem and form municipal wastewater. The composition
of wastewater is mainly characterized by the content
of organic pollutants in undissolved, colloidal and dis-
solved states. Organic pollutants come from a variety of
sources, including vegetable origin (fruits, vegetables,
plant residues, paper, etc.) and animal origin (physio-
logical human and animal excretions, organic acids, tis-
sue residues of organisms, pathogenic bacteria, yeast).
and mold). fungi — the so-called bacterial and biolog-
ical pollution). Domestic wastewater contains approx-
imately 40 % of mineral pollutants and 60 % organic
pollutants [5-8].

Atmospheric wastewater contains mainly mineral
pollutants and to a lesser extent organic pollutants. The
composition and concentration of industrial wastewater
varies widely, as it depends on the type of production,
manufactured products, and the specifics of the techno-
logical of the technological process. Industrial wastewa-
ter is divided into two main categories: polluted waste-
water and uncontaminated (conditionally clean) [9].

Contaminated industrial wastewater contains various
impurities and is divided into three groups [10].

Mostly contaminated with mineral impurities (met-
allurgical machine-building, ore and coal enterprises,
plants producing mineral fertilizers, acids, construction
products and materials, etc.)

Mostly polluted by organic impurities (meat, fish,
dairy, pulp and paper, chemical, microbial, plastics, rub-
ber, etc. industries) [11-13].

Pollution by mineral and organic impurities (oil
production, oil refining, petrochemicals, textile and
light industry, pharmaceutical industry, factories pro-
ducing canned food, sugar, organic synthetics, paper,
vitamins, etc.)

Atmospheric runoff is formed by rain and snow-
melt in residential areas of villages and on the territory
of industrial enterprises. In modern cities, atmospheric
runoff contains not only sand and debris washed off the
roads, but also organic substances. These substances
can be classified as domestic wastewater, as they are
often slightly contaminated by their composition.
Contamination of the territory of an industrial enterprise
leads to the appearance of impurities specific to certain
products. Rainwater drainage is characterized by its
ephemeral nature and strong heterogeneity in flow rate
and pollutant concentration. Depending on the sewage
system, domestic wastewater, industrial wastewater or
domestic wastewater, industrial wastewater and atmos-
pheric wastewater enter the urban sewer network and
form urban wastewater. Due to the different degree of
wastewater pollution and its sources, when designing
drainage systems, the possibility of extracting different
types of wastewaters together or separately, as well as
their treatment together or separately, is considered. The
main characteristics of wastewater include the amount of
water measured in 1/s, m%/s, m*h, m*/shift, m*/day, etc.
Type of pollutant and its concentration (measured in mg/1
or g/m®). An important characteristic of wastewater is
the degree of uniformity of its generation and discharge
into the drainage system, which is usually determined by
the heterogeneity of the wastewater flow throughout the
day during the year. These characteristics are considered
when planning a drainage system [14, 15].

Overview of the features of wastewater treatment
of various origins

Before being discharged into a water body, waste-
water must be treated at a wastewater treatment plant.
To do this, we need to know the composition and qual-
ity of these waters. Pollution is classified by source as
follows [16]:
mineral;

— organic;
— biological;
bacterial.

Mineral contaminants include sand, clay particles,
slag, solutions of mineral salts, acids and alkalis, min-
eral oils, etc.

Organic pollution is of plant or animal origin.
Vegetable pollution includes residues of vegetables,
fruits, cereals, paper, etc. The main chemical element
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in this type of pollution is carbon. Animal pollutants
include human and animal physiological waste, ani-
mal muscle and fatty tissue residues, and adhesive sub-
stances containing large amounts of nitrogen. Organic
pollutants can be classified into nitrogen-free pollutants,
pollutants containing carbon, hydrogen and oxygen, and
pollutants containing nitrogen. The main organic pol-
lutants in domestic wastewater are carbohydrates and
fats. Such water contains many monosaccharides, such
as glucose and lactose (milk sugar), and disaccharides,
such as sucrose. Polysaccharides such as cellulose and
starch are also components of domestic wastewater and
are not soluble in water but are in suspension and often
form an important part of the solid phase. The pollutants
contained in domestic wastewater can be in undissolved,
dissolved, or colloidal states. Undissolved contami-
nants that remain on paper filters are often called sus-
pended solids. Organic contaminants pose the greatest
health risk. The content of dissolved organic pollutants
is estimated using the values of biochemical oxygen
demand (BOD) and chemical oxygen demand (COD).
Domestic wastewater typically has a BOD value of 100
to 400 mg/l and COD value of 150 to 600 mg/l, indi-
cating a high level of pollution. Such water can deteri-
orate within 12—24 hours when stored at 20 °C. Organic
pollutants make up a significant portion of municipal
wastewater, approximately 45-58 %. Mineral and other
impurities make up 42-55 % each. Organic pollution of
wastewater promotes the development of various micro-
organisms and bacteria, which leads to biological and
bacterial contamination, increasing the risk of infectious
diseases [17-19].

Wastewater treatment methods are divided into
mechanical, chemical, physicochemical, and biological,
and when these methods are used together, they are called
combined methods. The choice of approach depends on
the type of pollution and its harmfulness. Methods for the
treatment of polluted industrial water can be divided into
several groups: mechanical, physical, physical-mechan-
ical, chemical, physical-chemical, biological and inte-
grated methods [20]. Mechanical methods of wastewa-
ter treatment consist in removing insoluble and partially
colloidal impurities from water. The waste contained in
wastewater (paper, rags, bones, various industrial wastes,
etc.) is collected in preliminary screens. Mechanical
treatment can remove up to 60-75 % of insoluble con-
taminants from domestic wastewater and up to 95 %
from industrial wastewater. Many of them are valuable
pollutants used in production [21].

Grids and nets are used for filtration, and coarse dirt
(bags, rags, plastic, large items and objects) is also fil-
tered. The cleaning device works on the principle of
installing a special mesh that traps large particles of dirt.
Then the purified water enters the fine mesh, and small
particles of dirt are trapped in it. Finally, a microfilter
removes particles and insoluble substances [22].

Chemical methods of wastewater treatment include
neutralization, oxidation, and reduction. Chemical treat-
ment can be used as a preliminary stage of biological
treatment or as a subsequent treatment method. Both
chemical and physicochemical treatment are used only
in industrial environments and require preliminary
mechanical treatment. Chemical treatment reduces the
number of insoluble pollutants by up to 95 % and solu-
ble pollutants by up to 25 % [23].

For example, neutralization is a method of treating
contaminated water that can be returned to a normal pH
(6.5-8.5). This process neutralizes acids and alkalis and
turns them into safe substances. When treating waste-
water from industrial plants, it is necessary to deal with
such contaminants. Even if acidic wastewater is mixed
with alkaline wastewater, it can be neutralized simply
by mixing. To neutralize acidic water, alkaline waste,
caustic soda, soda, chalk, and limestone are used. To
achieve this method, companies install filters and vari-
ous devices [24].

The main methods of neutralization include:

— mixing acid and alkaline liquids;

— introduction of reagents;

— filtering of acidic wastewater with the use of neu-
tralizing substances;

— alkaline dissolution of gases;
introduction of an ammonia solution into acidic
wastewater [25].

So, wastewater is a complex system of dissolved,
colloidal and insoluble organic and mineral pollutants.
The composition of industrial wastewater is very diverse
and depends on the type of production and technical pro-
cesses used. There are several methods of wastewater
treatment: mechanical, physical, chemical, and biolog-
ical. Mechanical wastewater treatment methods involve
removing insoluble and partially colloidal impurities
from water. Chemical methods of wastewater treat-
ment include neutralization, oxidation, and reduction.
Biological methods are considered the main way to treat
wastewater from the oxidation of organic impurities. The
physicochemical method is based on the electrolysis of
water on an insoluble electrode and the flotation effect.

References
1. Kehoe P. Scaling up onsite water recycling systems in the US. Water Security. 2023. Vol. 20. P. 100153. DOI: 10.1016/j.

wasec.2023.100153.

2. WuN.,, Zhang J., Gao X. Distribution and drivers for blue water dependence in crop production in China, 1999-2018. Agricultural
Water Management. 2023. Vol. 290. P. 108593. DOI: 10.1016/j.agwat.2023.108593.

3. Yan A., Chen Y. Monitoring and control of algal growth in the Shuangxikou Reservoir and drinking water source for possible
management measures. Desalination and Water Treatment. 2023. Vol. 315. P. 627-636. DOI: 10.5004/dwt.2023.30046.

233



Exosoriumi mayku N© 1(58) H HAYKOBO-TIPAKTUYHUI KYPHAA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Zhang W. Calculation model and management system of WRCC based on grey water footprint calculation. Desalination and Water
Treatment. 2023. Vol. 313. P. 266-278. DOI: 10.5004/dwt.2023.30026.

Yinglan A., Wang J., Zeng Q. Optimization of wetland water replenishment process based on the response of waterbirds in a semi-
arid and cold region. Ecological Indicators. 2023. Vol. 156. P. 111142. DOI: 10.1016/j.ecolind.2023.111142.

Wang B., Zhang J. Assessing the impact of changing environment on coal mining water use in China. Water-Energy Nexus. 2023.
Vol. 6. P. 177-186. DOI: 10.1016/j.wen.2023.10.005.

Du W., Wang J., Zhao X. Algal or bacterial community: Who can be an effective indicator of the impact of reclaimed water recharge
in an urban river. Water Research. 2023. Vol. 247. P. 120821. DOI: 10.1016/j.watres.2023.120821.

Wang J., Gao X. Evaluation of vegetation—water mutual suitability in Helong Region of the Loess Plateau. Agricultural Water
Management. 2023. Vol. 290. P. 108603. DOI: 10.1016/j.agwat.2023.108603.

Safavi N., Soltani J. Modifying physical supply and use tables (PSUTs) in the system of environmental-economic accounting
(SEEA) for off-farm irrigation water management. Computers and Electronics in Agriculture. 2023. Vol. 215. P. 108430. DOI:
10.1016/j.compag.2023.108430.

Wang Y., Xiao Y. Assessment of water quality ions in brackish water on drip irrigation system performance applied in saline areas.
Agricultural Water Management. 2023. Vol. 289. P. 108544. DOI: 10.1016/j.agwat.2023.108544.

Tang M., Li Y., Wang W. Risk assessment method of level-induced water scarcity in the city located along rivers: Application in
Nanchang, China. Ecological Indicators. 2023. Vol. 157. P. 111256. DOI: 10.1016/j.ecolind.2023.111256.

Zheng C. Chen Y. Water transfer mechanisms and vapor flow effects in seasonally frozen soils. Journal of Hydrology. 2023.
Vol. 627. P. 130401. DOI: 10.1016/j.jhydrol.2023.130401.

Chaukura N., Moyo W., Kajau T.A. Low-cost ceramic filtration for point-of-use water treatment in low-income countries. Water
Security. 2023. Vol. 20. P. 100145. DOI: 10.1016/j.wasec.2023.100145.

Chen H., He H. A study on urban household water consumption behavior under drought conditions. Journal of Environmental
Management. 2023. Vol. 346. P. 118963. DOI: 10.1016/j.jenvman.2023.118963.

Huang H., Zhuo L., Wang W. Resilience assessment of blue and green water resources for staple crop production in China.
Agricultural Water Management. 2023. Vol. 288. P. 108485. DOI: 10.1016/j.agwat.2023.108485.

Wang J., Zhou W., Zhao M. Water quality assessment and pollution evaluation of surface water sources: The case of Weishan
and Luoma Lakes, Xuzhou, Jiangsu Province, China. Environmental Technology & Innovation. 2023. Vol. 32. P. 103397. DOI:
10.1016/j.et1.2023.103397.

Cao K., Liu X. Dynamic and harmonious allocation of irrigation water resources under climate change: A SWAT-based multi-
objective nonlinear framework. Science of The Total Environment.2023. Vol. 905. P. 167221. DOI: 10.1016/j.scitotenv.2023.167221.
Chen X., Xing H. Changes induced by multi-stage water stress on maize growth, water and nitrogen utilization and hormone signaling
under different nitrogen supplies. Agricultural Water Management. 2023. Vol. 290. P. 108570. DOI: 10.1016/j.agwat.2023.108570.
Zhang S., Wen X., Zhang R. An optimal allocation model based on the regional ecological water requirements and multi-water
supply characteristics: A case study of Shandong Province, China. Journal of Hydrology: Regional Studies. 2023. Vol. 49. P. 101513.
DOI: 10.1016/j.ejrh.2023.101513.

Zhu J., Stuetz R.M., Hamilton L. Odour management in drinking water systems fed by mixed water supplies. Journal of Water
Process Engineering. 2023. Vol. 56. P. 104329. DOI: 10.1016/j.jwpe.2023.104329.

Schreiner-McGraw A.P., Baffaut C. Quantifying links between topsoil depth, plant water use, and yield in a rainfed maize field in
the U. S. Midwest. Agricultural Water Management. 2023. Vol. 290. P. 108569. DOI: 10.1016/j.agwat.2023.108569.

Gao H., Yang L., Song X. Sources and hydrogeochemical processes of groundwater under multiple water source recharge condition.
Science of The Total Environment. 2023. Vol. 903. P. 166660. DOI: 10.1016/].scitotenv.2023.166660.

Willis T., Siu Y.L., Taylor A. An integrated climate and water resource climate service prototype for long term water allocation in
the Upper Yellow River region of China. Climate Services. 2024. Vol. 33. P. 100445. DOI: 10.1016/j.cliser.2023.100445.

Song Y., Yan D. The suitability of isotopic methods in identifying water sources of a shallow-rooted herbaceous plant in a desert
steppe. Science of The Total Environment. 2023. Vol. 902. P. 166072. DOI: 0.1016/j.scitotenv.2023.166072.

Bo L., Guan H., Mao X. Diagnosing crop water status based on canopy temperature as a function of film mulching and deficit
irrigation. Field Crops Research. 2023. Vol. 304. P. 109154. DOI: 10.1016/j.fcr.2023.109154.

234



