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In connection with the current situation in China: the rapid development of vari-
ous industries (metallurgical, oil refining, chemical), agriculture, transport infrastructure
and other types of anthropogenic activities, wastewater treatment is one of the leading
and actual problems of our time, so as the quality of water in natural reservoirs does
not meet regulatory requirements. The fight against sewage pollution in this respect is
particularly important since waste products of household fluids have a direct impact on
the hydrological system of the terrain. In connection with this, more effective means of
minimizing negative environmental impact processes are being developed.

Stationary and mobile natural and sewage treatment stations are increasingly be-
ing used in modern times to optimize the quality of water in natural and artificial water
bodies of various origins and purposes.

Due to the wide variety of soluble and insoluble contaminants in the waste water,
it is not possible to create a universal way of neutralizing and removing them. Therefore,
in modern times, a whole set of techniques are used, each of which is oriented to work
with a particular group of substances

Currently, all countries in the world, without exception, the most rational and
environmentally acceptable methods of purifying natural reservoirs are biological meth-
ods that are a complex of methods for purification of water, soils and the atmosphere
using the metabolic potential of biological objects - plants, microorganisms, insects,
worms and other organisms that have received the name of bioremediants. Equally ef-
fective and environmentally friendly are also complex purification methods, which are
a combination of biological and mechanical methods in which a biological component
can play both a basic and a subordinate role.

Keywords: Natural reservoir, ecological system, self-purification, self-healing,
biological balance, natural aging of the reservoir, organic matter accumulation, sewage,
bottom sludge, decomposition, dissolved oxygen, nitrogen, phosphorus compounds, vi-
olation of biological equilibrium, toxins, alkaloids, cleaning methods.

Foundation for Research. The global man-made load causes significant
pollution of the environment, which is associated with the expansion of the
scale of production, the imperfection of purification technologies that are used.
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Especially it concerns emissions in the hydrosphere. Especially this concept is
important for large and small reservoirs of Zhejiang Province, the pollution of
which is quite high.

One of the main polluters of natural reservoirs in Zhejiang province are
industrial, domestic and agricultural wastewater. As the population grows, the
consumption of fresh water for industrial, domestic and agricultural needs grows
and, accordingly, the amount of sewage increases. Industrial, domestic and agri-
cultural wastewater carrying a different component composition of pollutants
and, especially, increased concentrations of organic and biogenic elements, fall-
ing into natural water bodies provoke an outbreak of biomass growth of blue-
green algae, which adversely affects water quality and fauna of these reservoirs
in the warm period year, and in the cold just pollute them.

A natural body of water is a biologically balanced ecological system,
tuned to self-purification and self-healing. This natural state of the biological
balance can be disturbed both as a result of the natural aging of the reservoir,
the accumulation of natural organics in the pond: leaves, branches, feces, water-
fowl, dead aquatic plants, and as a result of intensive pollution of the reservoir
with organic substances and biogenic elements: garbage, storm sewage, depos-
its from fields and roads, poorly treated sewage, sewage, fertilizers, which are
abundantly delivered to the body of organic matter. Once in the pond, organic
substances partially dissolve in the water, partially descend to the bottom of
the reservoir, where they form the organic biomass of the bottom mud, which
is continuously decomposed by putrefactive bacteria and fungi. When decom-
posed, organic substances intensively take dissolved oxygen out of the water,
releasing into the water decomposition products — compounds of nitrogen, phos-
phorus. Excess in the body of organic substances and products of their decay
leads first to a violation of biological equilibrium and suppression of the natural
biological process of self-purification of the reservoir and then to a change in
the type of pond or lake ecosystem to eutrophic - i.e. prone to waterlogging.
Signs of intensive pollution include a high level of bottom sediment, high water
turbidity, especially in the warm period, a film on the surface of a water mirror,
an unpleasant odor, active gas formation, periodic fish and other aquatic animal
freezes, uncontrolled reproduction of phytoplankton: blue-green algae, mud,
duckweed. Outbreaks of reproduction of blue-green algae («flowering» of the
reservoir) alternate with frosts, the decomposition of the biomass of dying blue-
green algae takes the vital oxygen from the water and produces nutrients for a
new mass «flowering». especially in calm, nutrient-rich waters. Some species
of blue-green algae produce toxins that affect animals and humans. The most
frequent and serious health consequences occur when drinking water containing
toxins (cyanobacteria), or its entry into the body during recreational water use
(PHENOLS, DIOXIN).
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Toxins of cyanobacteria are classified by their effects on the human body.
Hepatotoxins (affecting the liver) are produced by some strains of cyanobacte-
ria Microcystis, Anabaena, Oscillatoria, Nodularia, Nostoc, Cylindrospermop-
sis and Umezakia. Neurotoxins (affecting the nervous system) are produced by
some strains of Aphanizomenon and Oscilatoria. Cyanobacteria of the species
Cylindroapermopsis raciborskii can also produce toxic ALKALOIDS that cause
gastroenterological symptoms or kidney disease in people.

With the death of algae in your pond, a large number of organic sub-
stances appear that settle on the bottom of the pond, where they decompose by
microorganisms, which leads to oxygen deficiency, and to the appearance of
new biogenic (nutrient) substances that are available for the next generation of
plants.

Pollution of the reservoir primarily affects the key element of biologi-
cal equilibrium and self-purification of the reservoir — the composition of the
beneficial microflora of the reservoir (biosensors). Number of beneficial micro-
organisms in 1 ml. contaminated water is sharply reduced, impoverished and
their species composition is changing, at the same time, potentially dangerous
microorganisms functioning at +30 — + 37°C are actively developing in dirty
water, which is observed in the region of research. Thus, microbial self-purifica-
tion and self-disinfection of the reservoir are suppressed by pollution. The res-
ervoirs with the disturbed microbiological self-purification are supersaturated
faster not by the oxidized organics and biogenic elements, which irreversibly
leads to eutrophication (swamping) of the reservoir-a change in the type of the
aquatic ecosystem of the pond or the lake into a marshy ecosystem. To save
and restore the reservoir, intensive purification of water and bottom sediments
from rotting organic matter and biogenic elements is needed, restoration of the
oxygen regime and mechanisms of biological self-purification of the reservoir.
The struggle against pollution of the reservoir with blue-green algae, mud,
duckweed is also not considered separately from the treatment of the reservoir
from organic and biogenic contamination, restoration of biological balance and
self-purification.

The status of research in the country and abroad. Development
trends. In connection with the current situation in China: the rapid develop-
ment of various industries (metallurgical, oil refining, chemical), agriculture,
transport infrastructure and other types of anthropogenic activities, wastewater
treatment is one of the leading and actual problems of our time, so as the quality
of water in natural reservoirs does not meet regulatory requirements. The fight
against sewage pollution in this respect is particularly important since waste
products of household fluids have a direct impact on the hydrological system of
the terrain. In connection with this, more effective means of minimizing nega-
tive environmental impact processes are being developed.
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Stationary and mobile natural and sewage treatment stations are increas-
ingly being used in modern times to optimize the quality of water in natural and
artificial water bodies of various origins and purposes.

General Technology. Due to the wide variety of soluble and insoluble
contaminants in the waste water, it is not possible to create a universal way of
neutralizing and removing them. Therefore, in modern times, a whole set of
techniques are used, each of which is oriented to work with a particular group
of substances.

Methods of water purification can be divided into 2 large groups: destruc-
tive and regenerative.

The destructive methods are based on the processes of destruction of pol-
lutants. The resulting decomposition products are removed from the water of
gases, precipitation or in water, but already in a neutralized form.

Regenerative methods are the purification of water and the utilization of
valuable substances that arise in waste.

Methods of water purification can be divided into: mechanical, chem-
ical, hydrochemical, electrochemical, physicochemical and biological. When
they are applied together, the water purification method is called combined. The
application of this or that method in each given case is determined by the nature
of the contamination and the degree of harmfulness of the impurities.

The essence of the mechanical method is that mechanical impurities are
removed from the sewage by sedimentation and filtration. Coarsely dispersed
particles, depending on the size, are captured by gratings, sieves, sand slicers,
septic tanks, manure catchers of various designs, and surface contamination by
oil traps, gas oil catchers, sedimentation tanks. Mechanical cleaning allows to
extract from domestic sewage up to 60-75% of insoluble impurities, and if from
industrial to 95%, many of which are valuable impurities, are used in production.

The chemical method is that various chemical reagents are added to the
water, which is reacted with pollutants and precipitated as insoluble precipitates.
Chemical purification achieves a reduction of insoluble impurities to 95% and
soluble up to 25%. At the same time, all aquatic organisms must be removed
from the reservoir beforehand.

Hydromechanical methods are used for extracting conditionally insoluble
coarse dispersed impurities of organic and inorganic substances from wastewa-
ter and water bodies by settling, filtering, filtering, centrifuging. To do this, he
uses various structural modifications of sieves, gratings, sand sands, sedimenta-
tion tanks, centrifuges and hydrocyclones.

Electrochemical methods for cleaning reservoirs from various solu-
ble and dispersed impurities include anodic oxidation and cathodic reduction,
electrocoagulation, electrodialysis. The processes that underlie these methods
are based on the processes occurring when an electric current passes through a

124



BodHi Giopecypcu ma akeakynomypa

flowing water. Under the influence of an electric field, positively charged ions
migrate to the cathode, and charged negatively to the anode. In the near-cathode
space, the processes of reduction take place, and in the pre-anodic space the
oxidation processes take place.

Physicochemical methods of water purification are most diverse. These
are coagulation, flotation, adsorptive purification, ion exchange, extraction,
reverse osmosis and ultraviolet. With the physicochemical method of treatment,
finely dispersed and dissolved inorganic impurities are removed from the water
and organic and poorly oxidized substances are destroyed.

Biochemical methods of water purification. They are used for cleaning
domestic and industrial wastewater from organic and some inorganic (hydrogen
sulphide, sulfides, ammonia, nitrates and others.) Substances. The purification
process is based on the ability of microorganisms to use these substances for
nutrition, conversion to water, carbon dioxide, sulfate-phosphate ion and others.
and the amount of its biomass.

Biological method of water purification. Based on the use of the laws of
biochemical and physiological self-purification of natural reservoirs. The bio-
logical method of wastewater treatment is based on the ability of microorgan-
isms to use organic substances in wastewater as a source of food, resulting in
their oxidation of pollutants.

Also, the main methods of water treatment include the following methods:

Clarification — removal of suspended solids from water. It is realized
by filtration of water through porous filter elements (cartridges) or through
a layer of filter material. Clarification of water by precipitation of suspended
solids. This function is carried out by clarifiers, settling tanks and filters. In
clarifiers and settlers, water is at a slowed rate, as a result of which precipita-
tion of suspended particles occurs. In order to precipitate the smallest colloid
particles that can be suspended for an indefinitely long time, a coagulant solu-
tion (usually aluminum sulfate, vitriol or ferric chloride) is added to the water.
As aresult of the reaction of the coagulant with the salts of polyvalent metals,
which in the water, flakes are formed, entrainment of sediments and colloidal
substances.

Coagulation is the treatment of water by special chemical reagents for the
coarsening of particles of contaminants. It makes possible or intensifies purifica-
tion, discoloration, deferrization. Coagulation of water impurities is the process
of enlargement of the smallest colloidal and suspended particles, which occurs
due to their mutual adhesion under the influence of molecular attraction forces.

Oxidation is the treatment of water with air oxygen, sodium hypochlo-
rite, manganese potassium or ozone. Treatment of water with an oxidizer (or a
combination thereof) makes possible or intensifies discoloration, deodorization,
disinfection, deferrization, demanganation.
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Discoloration is the removal or modification of substances that give water
a color. It is realized by various methods, depending on the cause of chromatic-
ity. Discoloration of water, i.e., elimination or discoloration of various colored
colloids or completely dissolved substances can be achieved by coagulation,
using various oxidizing agents (chlorine and its derivatives, ozone, potassium
permanganate) and sorbents (active carbon, artificial resins).

Decontamination is the treatment of water by oxidants and / or UV radi-
ation to destroy microorganisms.

Currently, all countries in the world, without exception, the most rational
and environmentally acceptable methods of purifying natural reservoirs are
biological methods that are a complex of methods for purification of water,
soils and the atmosphere using the metabolic potential of biological objects -
plants, microorganisms, insects, worms and other organisms that have received
the name of bioremediants. Equally effective and environmentally friendly are
also complex purification methods, which are a combination of biological and
mechanical methods in which a biological component can play both a basic and
a subordinate role.

Engineering equipment develops in general directions, which are ori-
ented towards increasing ergonomics and reliability. Therefore, a modern sta-
tion for treating wastewater and natural water is multifunctional, efficient and
easy to manage. Both industrial and domestic drainage systems are equipped
with control panels with a wide range of settings. The treatment of wastewater
at some sites can also be combined with integrated management systems for
the engineering of a fishery farm or enterprise. And this is not speaking about
increasing the basic operational capabilities of cleaning equipment, which is
achieved through the use of high-tech materials and filtration and cleaning
methods with the further use of bioremediation for post-treatment of sewage
or natural waters.

In Russia, it is proposed to apply the hydro-wave method for water puri-
fication. The hydro wave method consists in the following: when a liquid
flow passes through a hydrodynamic heat generator, the flow around a «poorly
streamlined body» occurs. As a result, vacuum-containing voids are formed in
the liquid, within which the vaporization process takes place. And it goes at a
temperature well below 100°C (for example, at 30°C), which saves a considera-
ble amount of energy. Additional high-frequency action causes an effective ther-
mo-oxidative reaction, which leads to the destruction of molecules of pollutants,
including complex organic compounds and heavy metals.

In the United States, the so-called olio-sponges are used to purify natural
reservoirs from petroleum products. This technology works at the nano-level.
Atoms of oxidized metal with complex nanostructures penetrate the sponge
fibers, giving it the ability to effectively combine with oil in water, thereby
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separating these liquids. Olio-sponges can absorb oil products not only from
the surface of water, but also under water. In addition, the oil collected by this
method can be used for processing.

In Ukraine, innovative cleaning methods are associated with the work
of various research institutes. The methods developed at the Institute of Col-
loidal Chemistry and Water Chemistry of the National Academy of Sciences of
Ukraine are based on the use of bioconveyor technologies (fig. 1).

Gioraa :
MpuHumn aii 6iokonseepa

AW ARA
’&‘ thinsTpaTopm

anaepobxun Diopeaxtop aepobuwih biopeaxtop 300peakTop ocag diTopeaxTop
#i- Hocii "BIA"

Fig. 1. Bio conveyor

The proposed new direct flow of water purification biotechnology — bio-
conveyors based on the sequential use of selected associations of anaerobic
and aerobic bacteria; forming close to natural hydrocenosis, which include a
wide range of aquatic organisms - from the simplest to shellfish, fish and higher
aquatic plants. The Institute created unparalleled technological qualities of
the fibrous carrier «VIA» for immobilizing microorganisms and other aquatic
trophic content in wastewater treatment plants that provide any desired degree
of purification of waste waters, or natural.

Conclusion. Idea, goals and objectives. The idea of the project is the
development of an innovative service for assessing the biological state of water
bodies used to grow aquaculture facilities and developing methods for the rapid
purification of organically contaminated reservoirs by mechanical, biological
and complex methods.

The aim of the project is the creation of innovative methods for the puri-
fication of organisms contaminated with organic matter, which can be used in
water bodies of various degrees of pollution, of different origin and purpose.

Tasks. 1. Isolation, selection and selection of strains of microorgan-
isms-destructors and their associations, which are distinguished by high met-
abolic activity; absence of toxic and pathogenic properties. Development of
a microbial preparation, creation of various preparative forms of microbial
preparations.
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2. Development of the technology of complex treatment of organically
contaminated reservoirs using mobile units that combine mechanical and bio-
logical methods of water treatment.

3. Development of a water treatment technology adapted to the provincial
conditions using biofilters.

4. Introduction of innovative methods of mechanical water treatment by
cavitation methods.

5. Development of water-purification technology adapted for provinces

using aquaponics.

TEXHOJIOTIT OMUCTKU BOAU PI3HOIO NOXOAMEHHA
TA LLIIJTOBOIO MPU3HAYEHHA B MPOBIHLIT YXKELI3AH
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V 3B’513Ky 3 HUHINIHBOIO CUTYyalli€elo B KuTai: HIBUIKIM PO3BUTKOM Pi3HUX rairy-
3ed MPOMUCIIOBOCTI (MeTamypriitHoi, HadTonepepoOHOi, XIMIYHOT), CITBCHKOTO TOCIIO-
JTapCTBa, TPAHCHIOPTHOI iHPACTPYKTYPH Ta iHIINX BHUAIB AaHTPOIIOTEHHOI MisIIBHOCTI,
OUUIICHHS CTIYHUX BOJ € OJHIECIO 3 MPOBIIHUX Ta aKTyaJbHHUX MPOOJIIEM CydacHOCTI,
OCKUIBKH SIKICTh BOJIM B IIPUPOJIHUX BOOKWMAX HE BiJNOBI/Ia€ HOPMAaTUBHUM BUMOTaM.
Bopotk0a i3 3a0pyIHEHHSM CTIYHUMH BOJJAMH B I[bOMY BIJTHOIIICHHI € 0COOJIMBO BaYKIIH-
BOIO, OCKUIBKH BIIXOH MOOYTOBHMX Ta TEXHIYHUX PIITUH MAIOTh Oe3IOCepe/Hii BIUIHB
HA TIIPOJOTIYHY CHCTEMY MiICIEBOCTI. Y 3B’S3KYy 3 IIM PO3POOISIIOTECS OimbIn edek-
THBHI 3aCO0H MiHIMIi3aIlil HETATUBHIX BIUTUBIB Ha HABKOJIHIITHE CEPETOBHIIE.

CratioHapHi Ta IepeCcyBHI CTaHINl OYHMIIEHHS TPUPOAHUX Ta CTIYHUX BOJ BCE
YacTille BUKOPUCTOBYIOTBCS JUIsl ONTUMI3allii SKOCTI BOJAM B IPUPOAHUX Ta MITYYHUX
BOJIOIIMaXx Pi3HOTO IMOXOPKEHHS Ta MPU3HAYCHHSI.

UYepes BEMUKY pi3HOMAHITHICT PO3YMHHHX Ta HEPO3ZYMHHUX 3a0pyJHEHb y CTi4-
HHUX BOJIaX HEMOXKIIMBO CTBOPHTH YHiBepcalbHHI CHOCIO 1X 3HENIKOMKEHHS Ta BHIA-
neHad. ToMy BUKOPHCTOBYETHCA IIUTHI Habip METONWK, KOXKEH 3 SIKUX OPi€HTOBAaHHUN HA
PoOOTY 3 EBHOIO IPYIOI0 PEYOBUH

VY Bcix 0e3 BUHATKY KpaiHaxX CBiTY HaiOUIbII palioOHAJIbHUMHU Ta €KOJOTTYHO
NPUAHATHUMH METOJIaMM OYMIIEHHS MPHUPOIHHUX BOIOWM € OloJNoriyHi MeTojaw, IIo
MIPE/ICTABISIIOTH COO0I0 KOMITJIEKC METO/IIB OUMIIEHHS BOAM, IPYHTIB Ta arMocdepH 3
BHKOPHCTAaHHIM METa0OTIYHOTO IMOTEHITiary O10JIOTIYHIX 00’ €KTIB — POCIHH, MIKpPOOP-
TaHi3MiB, KOMaX, Xp0o0OakiB Ta iHIIIi OpraHi3MiB, SIKi OTpUMaNd Ha3By OiopemernianTis. He
MEHII e()eKTUBHUMHU Ta €KOJOTIYHO YUCTUMHU € TAKOXK CKJIAIHI METOAU OYMIIECHHS, SIKI
€ TIOEAHAHHSIM O10JOTIYHMX Ta MEXaHIYHUX METOIB, B SIKUX Ol0JOTIYHHH KOMITOHEHT
MOJKE I'PaTH SIK OCHOBHY, TaK 1 M1JUIENITy POJib.

KnrowoBi cnoBa: mpupojgHa BOgoO¥Ma, €KOJIOTiYHAa CHCTEMa, CaMOOYMIIEHHS,
CaMOBITHOBJICHHsI, O10NTOTIYHUI OanaHC, IPUPOIHE CTapiHHSA BOAONMH, HAKOTTMYCHHS
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OpraHiYHUX PEUOBHH, CTIUHI BOIM, TOHHUH MyJ, pO3KJIaJaHHs, POZYHMHECHUI KUCCHB,
a30T, (ocdOpHi CHONYKH, MOPYIICHHS O10JIOTIYHOT PIBHOBArW, TOKCHHHU, aJIKATOIIH,
METO/IA OYHIICHHSI.
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B cBsa3u ¢ HEHemHeW cuTyarmeld B Kurtae: OBICTPBIM pa3BUTHEM pa3IHIHBIX
oTpaciel TPOMBIIUICHHOCTH (METaTypruidecKoi, HedTenepepabaTsIBalOMIeH, XH-
MHYECKOM), CETbCKOTO XO3SIMCTBA, TPAHCTIOPTHON MHOPACTPYKTYpPHI M APYTHX BUIOB
aHTpOHOFeHHOﬂ JACATCIIBPHOCTH, OYUCTKHU CTOYHBIX BOJ ABJISACTCA O}IHOﬂ 13 BEAYUIUX U
aKTyaJIbHBIX MPOOJIEM COBPEMEHHOCTH, TIOCKOJIBKY KadyeCTBO BOJBI B TMPHPOIHBIX BO-
JI0OEMax HE COOTBETCTBYCT HOPMAaTUBHBIM TpeOoBaHMUsIM. bopb0a ¢ 3arpsi3HeHneM cTou-
HBIMH BOJIaMH B 3TOM OTHOIICHHUH OCOOEHHO Ba)KHO, ITOCKOJBKY OTXOIbI OBITOBBIX H
TEXHUYECKHUX JKUAKOCTEH MMEIOT HEMOCPEACTBEHHOE BIMSHHE HA T'HMIPOIOTMYECKYIO
cHCTeMy MECTHOCTH. B cBsi3u ¢ aTUM pa3zpabarsiBatorcs Oosiee 3 GeKTHBHBIE CPeICTBa
MHUHHMMH3aLIM1 HETaTUBHBIX BO3ACHCTBUI Ha OKPYKAIOILYIO CPELY.

CrannoHapHbIe W ITEpe/IBIKHBIC CTAaHIIMU OYUCTKU MPUPOIHBIX M CTOYHBIX BOJ
BCE Yalle MCHOJIB3YIOTCS ISl ONTHMHU3AlMU KadecTBa BOABI B IMPUPOJHBIX U HCKYC-
CTBEHHBIX BOJIOEMAX Pa3HOTO IPOUCXOXK/ICHHS 1 Ha3HAUYCHHUSI.

UYepes GosnbIoe pasHooOpa3ne pacTBOPUMBIX U HEPACTBOPHMBIX 3arpsi3HCHU B
CTOYHBIX BOAAaX HCBO3MOXXHO CO31aTh yHI/IBepcaHBHI:Jﬁ Crocod ux 06CBBpe)KI/IBaHI/ISI n
ynanenus. [1oaTomy Ucrosnb3yercs Hesblit Ha00p METOUK, KaXK/Ibli N3 KOTOPBIX OPHEH-
THUPOBaH Ha PabOTy C ONPE/ICIICHHON TPYIITON BEIECTB

Bo Bcex 0e3 MCKITIOYEHUS CTpaHaX MUpa HanOoJee parrOHAIBHBIMH U 9KOJIO-
TMYECKH TPUEMIIEMBIMA METOAMH OYHCTKH IPHPOAHBIX BOZOEMOB SIBISIOTCS OMOIIO-
THYECKHE METO/IBI, IPECTABIAIOIINE COO0I KOMITJIEKC METOI0B OYHCTKH BOABI, TIOUB U
aTMoc(ephl ¢ UCIOIB30BAHHEM METa0O0IHUYECKOrO MMOTCHI[HAIA OHOJIOTHYCCKUX 00bEK-
TOB - PACTEHUH, MUKPOOPIaHU3MOB, HACEKOMBIX, YEPBEH U Jpyrue OpraHu3MoB, KOTO-
pBIe NONYYHIIN Ha3BaHKE OnopemMeauanTuB. He MeHee () (eKTUBHBIMU M SKOJIOTHYECKH
YHUCTBIMH TaK)KEe CIOKHBIE METOJBI OUHCTKH, KOTOPBIE SIBIISIIOTCS COUYETaHUEM OMoIo-
TMYECKUX M MEXaHWYECKHX METOJIOB, B KOTOPBHIX OMOIOTHYECKUA KOMIIOHEHT MOMKET
UTpaTh KaKk OCHOBHYIO, TaK M MOAYMHEHHYIO POIb.

KitroueBbie cioBa: eCTeCTBEHHbII BOJIOEM, IKOJIOTHYECKasi CUCTEMa, CAMOOYHCT-
Ka, CAMOBOCCTAHOBJICHHsI, OMOJIOTMYECKUI OajlaHC, ECTECTBEHHOE CTapeHHe BOJOEMa,
HaKOIJICHUE OPraHUYECKMX BEIIECTB, CTOYHBIC BOJBI, JOHHBIH WJI, pa3JIOkKEHHs, pac-
TBOPEHHBII KHCIIOPOJ, a30T, (GochopHbIE COSTUHEHHS, HApyIIEHHE OMOJIOTNYECKOro
paBHOBeCHS!, TOKCHHBI, AJIKAJIONIbI, METO/IBI OYHCTKH.

129



BodHi 6iopecypcu ma akeakynoemypa

10.

11.

12.

13.

14.

15.

BIBLIOGRAPHY
Kpusomeunn J[.A., Kykun ILIL., JTanun B.JI. MuxeHepHast 3aniuTa noBepx-
HOCTHBIX BOJl OT NMPOMBIIUIEHHBIX CTOKOB: y4e0. mocobue. M.: Bricmas
mkoia, 2003. 344 c.
Byneikuna T.A., EmensstHoB C.I. IIporiecch! u anmaparsl 3auThl THAPOC-
(epbl: yued. mocobue yist CTy/I. BbICIL npod. oopa3oBanus. M.: M3narens-
ckuif meHTp «Axagemusi», 2010. 288 c.
Sxosnes C.B., Boponos KO.B. BomooTrBenenrne u 09MCTKA CTOYHBIX BOJ:
yueOHUK 1715 By30B: M.: ACB, 2004. 704 c.
Pomnonos A.U., Kysuenos HO.II., ComoBees I.C. 3ammra Ouochepsr ot
MIPOMBIIIICHHBIX BBIOPOCOB. OCHOBBI MPOESKTUPOBAHUS TEXHOIOTHMUYECKUX
nporeccoB. M.: Xumus, Konoc C, 2005. 392 c.
Kawamura, Susumu. Integrated Design and Operation of Water Treatment
Facilities. JohnWiley&Sons, 2000, pp. 74-75.
Sxosnes C.B., Bonkos JI.C., Boponos 10.B., Bonkos B.JI. O6pabdoTka u
YTHIA3AINS 0CATKOB MPON3BOACTBEHHBIX CTOUYHBIX BoA. M.: Xumwst, 1999.
448 c.
U.S. Environmental Protection Agency (U.S. EPA) (1990). Technologies for
Upgrading Existing or Designing New Drinking Water Treatment Facilities.
Washington, DC, EPA/625/4-89/023 (NTIS PB99149072).
Typosckuii U.C. O6pabotka ocankoB cTouHbIx Boi. M.: Ctpoiinzmar, 2009.
256 c.
Xenue M., Apmosc I1., JIs-Kyp-Sucen M., Apsan D. OuncTka CTOYHBIX
Box: Ilep. ¢ aamt. M.: Mup,2006. 480 c.
Kysnemnor A.E., I'pagoBa H.b. Hayunbsie 0CHOBBI 9KOOMOTEXHOIOTHH (TSI
JTAHHOTO Kypca MPEACTABIISIOT HHTEPEC pas3aeibl « IKOCHUCTEMBI IIPUPOTHBIX
Cpen W COOPYKCHHH OMOJOTHYECKONW OYHUCTKH», «AHTPOIIOTCHHBIE (haK-
TOPHI 3arpsi3HEHUSY, «buorpanchopmanmsi COSTMHEHUH a30Ta U CEPhI»):
yueb moco6. M.: Mup, 2006. 504 c.
I'etmannes C.B., Hewaes U.A., 'aanypura JI.B. OgucTka mpon3BOACTBEH-
HBIX CTOYHBIX BOJ| KOaryJisHTaMu W (uokyiasHTamu. HaydHoe wu3maHue.
Uznarensctso ACB. M., 2008. 272 c.
AnexceeB E.B. ®usnko-xuMudeckasi OUMCTKA CTOUYHBIX BOJ: YIeOHOE ITOCO-
oue. M. : 3narenscTBO ACCOIHAIINN CTPOUTEIHHBIX By30B, 2007. 248 c.
Sxosnes C.B., Kapemnn f.A., JlackoB FO.M., Boponos HO.B. BogootBomsi-
M€ CHCTEMbI MPOMBINIUIEHHBIX Tpennpustuid. M.: Ctpoinzaar, 1990. 511 c.
[TyraueB E.A. IIpouecchl u anmaparsl 00pabOTKH OCAJKOB CTOYHBIX BOJI.
Mocksa : MI'CY : M3a-Bo accort. ctpout. By3os. 2010. 208 c.
CepmokpsutoB H.C., Bunbecon E.B., I'etmannes C.B., Mapoukunu A.A.
DKOJIOTHSI OYMCTKH CTOYHBIX BOA (PU3MKO-XUMHYECKHMMH MeTojamu. M.:

ACB, 2009. 262 c.

130



BodHi Giopecypcu ma akeakynomypa

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Aeration and gas stripping. Archived from the original (PDF) on July 12,
2014. Retrieved 29th June 2017.

Jlanmmmkas MLIL., 3yesa JI.U., bamaeckyn H.M., Kynemosa JI.B. Ounctka
CTOYHBIX BOJ (TPHMEpPbI pacyeToB): yueO. AJs By30B M CPEIHEro CIell.
oOpa3oB. (cnem. «BopocHaOkeHue M KaHanu3anms»). MuHCK, Beicmias
mkoiaa, 2007. 256 c.

Beromkun A.T". [Tporeccs 1 anmaparsl 3aiuThl THAPOCchEps: yueo. mocoo.
ITenza: 1U3za-so Ilewns. roc. yn-ta, 2004. 188 c.

Androposa A.A., Heuae O.I1. 3aMKHEHI cHCTEMH BOAHOTO TOCIIOAPCTBA
MIPOMHUCIIOBUX IiIPUEMCTB, KOMILIEKCIB 1 paifoHiB. M.: Ctpoiinzaar, 1984.
l'aBuu U. K. MeTtonu oxopoHU BHYTPILIHIX BOJ BiJ 3a0pyIHEHHS 1 BHCHA-
*keHHs. M.: Arponpomusnart, 1985.

Kyxos A.U. Mownraiit U.JI., Ponzunnep U.JI. MeTonbl O4MCTKH TPOU3BO/I-
CTBEHHBIX CTOYHBIX BoMl. M.: Ctpoituzaat, 1977.

CoxomnoB O.K. OxopoHa BUpOOHHYMX CTIYHI BOJM 1 yTHIIi3allis onaaiB. M.:
Crpoituzgar, 1992.

Neemann, J., Hulsey, R., Rexing, D., Wert, E. (2004). Controlling Bromate
Formation During Ozonation with Chlorine and Ammonia. Journal
American Water Works Association, 96 (2), 26-29.

Backer, Howard (2002). Water Disinfection for International and Wilderness
Travelers. Clin Infect Dis, 34 (3): 355-364. doi:10.1086/324747PMID
11774083.

Savage, Nora; Mamadou S. Diallo (May 2005). Nanomaterials and Water
Purification: Opportunities and Challenges. J. Nanopart. Res., 7 (4-5), 331-
342. doi:10.1007/s11051-005-7523-5. Retrieved 24 May 2011.

Osegovic, John P. et al. (2009) Hydrates for Gypsum Stack Water
Purification. AIChE Annual Convention.

Van Trump, James lan, Coates, John D. (2008-12-18). Thermodynamic
targeting of microbial perchlorate reduction by selective electron donors.
The ISME Journal. 3 (4): 466—476. doi:10.1038/ismej.2008.119.

REFERENCES
Krivoshein D.A., Kukin P.P., Lapin V.L. (2003). Inzhenernaja zashhita
poverhnostnyh vod ot promyshlennyh stokov [Engineering protection of
surface waters from industrial effluents. Moscow: Vysshaja shkola. [in
Russian].
Budykina T.A., Emel’janov S.G. (2010). Processy i apparaty zashhity
gidrosfery [Processes and devices for the protection of the hydrosphere].
Moscow: Izdatel’skij centr «Akademijay». [in Russian].
Jakovlev S.V., Voronov Ju.V. (2004). Vodootvedenie i ochistka stochnyh vod
[Sewage and wastewater treatment]. Moscow: ASV. [in Russian].

131



BodHi 6iopecypcu ma akeakynoemypa

10.

I1.

12.

13.

14.

15.

16.

17.

Rodionov A.L., Kuznecov Ju.P., Solov’ev G.S. (2005). Zashhita biosfery
ot promyshlennyh vybrosov. Osnovy proektirovanija tehnologicheskih
processov. [Protection of the biosphere from industrial emissions. Basics
of the design of technological processes]. Moscow: Himija, Kolos S. [in
Russian].

Kawamura, Susumu. Integrated Design and Operation of Water Treatment
Facilities. JohnWiley&Sons, pp. 74-75.

Jakovlev S.V., Volkov L.S., Voronov Ju.V., Volkov V.L. (1999). Obrabotka i
utilizacija osadkov proizvodstvennyh stochnyh vod [ Treatment and disposal
of industrial wastewater sludge]. Moscow: Himija. [in Russian].

U.S. Environmental Protection Agency (U.S. EPA) (1990). Technologies for
Upgrading Existing or Designing New Drinking Water Treatment Facilities.
Washington, DC, EPA/625/4-89/023 (NTIS PB99149072).

Turovskij L1.S. (2009). Obrabotka osadkov stochnyh vod [Sewage sludge
treatment]. Moscow: Strojizdat. [in Russian].

Hence M., Armojes P., Lja-Kur-Jansen J., Arvan Je. (2006). Ochistka
stochnyh vod [Sewage treatment]. Moscow: Mir. [in Russian].

Kuznecov A.E., Gradova N.B. (2006). Nauchnye osnovy jekobiotehnologii
[Scientific basis of ecobiotechnology]. Moscow: Mir. [in Russian].
Getmancev S.V.,, Nechaev [A., Gandurina L.V. (2008). Ochistka
proizvodstvennyh stochnyh vod koaguljantami i flokuljantami [Industrial
wastewater treatment with coagulants and flocculants]. Moscow: ASV. [in
Russian].

Alekseev E.V. (2007). Fiziko-himicheskaja ochistka stochnyh vod [Physico-
chemical wastewater treatment]. Moscow : Izd-vo associacii stroitel’nyh
vuzov. [in Russian].

Jakovlev S.V., Karelin Ja.A., Laskov Ju.M., Voronov Ju.V. (1990).
Vodootvodjashhie sistemy promyshlennyh predprijatij [ Drainage systems of
industrial enterprises]. Moscow: Strojizdat. [in Russian].

Pugachev E.A. (2010). Processy i apparaty obrabotki osadkov stochnyh
vod [Processes and apparatus for the treatment of sewage sludge]. Moscow :
Izd-vo associacii stroitel’nyh vuzov. [in Russian].

Serpokrylov N.S., Vil’'son E.V., Getmancev S.V., Marochkini A.A.
Jekologija ochistki stochnyh vod fiziko-himicheskimi metodami [Ecology
of wastewater treatment by physicochemical methods]. Moscow: ASV. [in
Russian].

Aeration and gas stripping. Archived from the original (PDF) on July 12,
2014. Retrieved 29th June 2017.

Lapickaja M.P., Zueva L.I., Balaeskul N.M., Kuleshova L.V. (2007).
Ochistka stochnyh vod (primery raschetov) [Wastewater treatment
(calculation examples)]. Minsk, Vysshaja shkola. [in Russian].

132



BodHi Giopecypcu ma akeakynomypa

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Vetoshkin A.G. (2004). Processy i apparaty zashhity gidrosfery [Processes
and devices for the protection of the hydrosphere]. Penza: [zd-vo Penz. gos.
un-ta. [in Russian].

Alf’orova A.A., Nechajev O.P. (1984). Zamkneni systemy vodnogo
gospodarstva promyslovyh pidpryjemstyv, kompleksiv i rajoniv [Closed
water systems of industrial enterprises, complexes and districts]. Moscow:
Strojyzdat. [in Ukrainian].

Gavych Y.K. (1985). Metody ohorony vnutrishnih vod vid zabrudnennja
i vysnazhennja [Methods for protecting inland waters from pollution and
exhaustion]. Moscow: Agropromyzdat. [in Ukrainian].

Zhukov A.I. Mongajt 1.L., Rodziller 1.D. (1977). Metody ochistki
proizvodstvennyh stochnyh vod [Industrial Wastewater Treatment Methods].
Moscow: Strojizdat. [in Russian].

Sokolov O.K. (1992). Ohorona vyrobnychyh stichni vody i utylizacija opadiv
[Protection of industrial sewage and waste disposal]. Moscow: Strojyzdat.
[in Ukrainian].

Neemann, J., Hulsey, R., Rexing, D., Wert, E. (2004). Controlling Bromate
Formation During Ozonation with Chlorine and Ammonia. Journal
American Water Works Association, 96 (2), 26-29.

Backer, Howard (2002). Water Disinfection for International and Wilderness
Travelers. Clin Infect Dis, 34 (3): 355-364. doi:10.1086/324747PMID
11774083.

Savage, Nora; Mamadou S. Diallo (May 2005). Nanomaterials and Water
Purification: Opportunities and Challenges. J. Nanopart. Res., 7 (4-5), 331-
342. doi:10.1007/s11051-005-7523-5. Retrieved 24 May 2011.

Osegovic, John P. et al. (2009) Hydrates for Gypsum Stack Water
Purification. AIChE Annual Convention.

Van Trump, James lan, Coates, John D. (2008-12-18). Thermodynamic
targeting of microbial perchlorate reduction by selective electron donors.
The ISME Journal. 3 (4): 466—476. doi:10.1038/ismej.2008.119.

133



