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Abstract. As a result of Russian military aggression in the south-eastern region of Ukraine, water
supply pipes and structures of centralized water supply systems were destroyed, and therefore water
supply was practically stopped. The solution to the problem can be the use of mobile water treatment
stations which use local sources of water: canals, lakes, ponds, or underground water. A feature of water
treatment technologies in the field is the need to reliably ensure the process of water disinfection. Existing
water disinfection technologies have low efficiency, taking into account the growing number of chlorine-
resistant microorganisms, therefore, the implementation of alternative methods of disinfection during
water treatment is urgent. One of these methods is liquid disinfection by electric current discharge. The
results of the research on disinfection of different types of surface water in Kyiv and water contaminated
with E. coli (Escherichia coli (E. coli)) are described. The research was carried out on a laboratory setup
with a circulation pump and an ejector-type reactor with integrated electrodes where a water-air mixture
is formed through which an electric discharge passes. The discharges initiate the formation of various
highly reactive chemicals such as radicals (OHe, He, O¢) and molecules (H,0,, H,, O, O;). All physical
and chemical processes that occur during discharge ensure the formation and action of short-term radicals
and relatively long-term oxidants. The study of the influence of the concentration of microorganisms on the
speed and completeness of water disinfection was carried out on technical (tap) water with the addition of
washings from two tubes with test culture to the reaction tank, which provided the initial concentration of
E. coli equal to 3.4-10° CFU/cm’. Water treatment for 30 seconds reduced the number of microorganisms
to 5.4-10" CFU/cm?. After 1 minute of treatment this indicator decreased to 1.7-10° and after 3 minutes the
value of 5.2 CFU/cm?® was recorded in the samples, that is, the treated water had indicators of practically
pure water. Experiments have proven the effectiveness of plasma disinfection for liquids with high
concentration of microorganisms.

Key words: water, water supply, disinfection, bacteria, plasma, electric discharge

Relevance of the problem. As a result of
the military aggression of Russian Federation
in the south-eastern region of Ukraine, water
pipes and structures were destroyed, and, as
a result, water supply in Donbas, Zaporizhzhia,
Luhansk, Mykolaiv, and Kherson regions was
practically stopped. First of all, rural settlements
were affected to which water was transported
tens of kilometers by big group agricultural
water pipelines that include water intake and
treatment facilities, transfer pumping stations,
water discharge facilities. Such powerful objects,
due to their considerable dispersion, are prone
to damage and therefore to the cessation of
functioning.

An effective alternative solution for
restoring water supply can be mobile water
treatment stations which can use existing local
water sources: canals, lakes, rivers, ponds, or

underground (especially mineralized) water.
A specific feature of water treatment technologies
under war conditions is the need to reliably ensure
the process of effective water disinfection.
Analysis ofrecentresearch and publications.
In recent years, studies on the quality of tap
drinking water in Ukraine have revealed
a tendency towards an increase in the frequency
of deviations from hygienic requirements in
terms of sanitary-chemical and bacteriological
indicators [1-4]. The increase in the number of
samples that do not meet the regulatory sanitary
and chemical parameters is due to organochlorine
compounds (OCs). Trihalomethanes, the marker
of which is chloroform (CH), are considered
prioritized among OCs. The largest share of
tap drinking water samples (according to the
data of the laboratory of natural and drinking
water hygiene of the State Enterprise «Institute
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of Public Health named after O.M. Marzeev of
the National Academy of Medical Sciences of
Ukraine») [5; 6], the quality of which does not
meet the hygienic requirements according to
sanitary and toxicological indicators, belongs to
CH (36.6%).

The current sanitary-epidemic situation is
caused by a number of factors including the
decrease in the effectiveness of classic chlorine-
containing disinfectants. This is explained by
the mass spread of chlorine-resistant forms
of pathogenic microorganisms. The problem
is currently being solved by using new water
treatment technologies [5-7] as well as
increasingly expensive, toxic, but insufficiently
effective disinfectants [8—10]. Therefore, it is
necessary to develop new technological principles
that guarantee stable disinfection of a wide range
of microorganisms in natural waters.

One of the possible technological directions
is the use of high-energy water treatment during
electric discharge. The authors of the paper
proposed water purification technology when
using local water sources. The schematic diagram
of the water treatment station is shown in Fig. 1.
In this technological solution the question of the
efficiency of the generator of complex oxidizers
is insufficiently investigated.

The goal of the work is to experimentally
determine the effectiveness of the method
of inactivating microorganisms in water
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using the influence of cold plasma of pulsed
electric discharge in a heterogeneous water-air
environment.

Materials and methods. The research was
carried out on a laboratory setup (Fig. 2) at the
Institute of Environmental Geochemistry of the
National Academy of Sciences together with the
employees of the Institute of Water Problems and
Land Reclamation of NAAS [11; 12]. The setup
ensures a cyclic flow of water into the reactor
where the decontamination process takes place.
The decontamination reactor is served by an
ejector with inserted electrodes to which electric
current pulses are transmitted.

The electrodes are located in the vacuum
zone of the mixing chamber of the ejector.
Cavitation «boiling» of the treated water flow
occurs in the ejector ensuring the formation
of a water-air mixture in the ejector’s vacuum
zone. The water-air mixture formed in this way
makes it possible to significantly reduce the cost
of electricity for the generation and maintenance
of plasma compared to discharges in a purely
aqueous environment [2—4].

Discharges initiate a large spectrum of
different physicochemical phenomena, such
as a strong electric field, intense ultraviolet
radiation, shock waves of excess pressure, and,
especially, the formation of wvarious highly
active chemical compounds such as radicals
(OHe, He, Oe, HO,*) and molecules (H,O,,
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Fig. 1 Schematic diagram of a mobile water treatment station:
1 — power sources; 2 — line of input water supply; 3 — pump; 4 — lines of water supply for treatment;
5 — generator of complex oxidizers; 6 — microfiltration module; 7 — tank of clean water;
8 — pump of second lift; 9 — hydropneumatic accumulators; 10 — line of clean water supply;
11 — automated power supply cabinet with ARS, inventor, and stabilizer; 12 — line of power supply
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decontamination
reactor

Fig. 2 Scheme of the experimental electric discharge installation for water disinfection:
1 — tank of input water; 2 — circulation pump; 3 — power supply unit; 4— discharge chamber — ejector;
5 —electrodes; 6 — manometers; 7 — tap for sampling

H,, O,, O;) [3; 5; 7]. These physic-chemical
processes, which occur during the discharge
itself, determine the effect of disinfecting water
from microorganisms. Accordingly, there is an
assumption that the use of such processing will
ensure high efficiency in disinfecting water from
virtually all types and forms of microorganisms:
viruses, bacteria, fungi, algae, cysts, protozoa,
etc. The productivity of the experimental setup
was Q = 0.45 m’/h at the working pressure at
the ejector inlet equal to 0.3 MPa. The volume
of treated water was 5 liters. The total duration
of the output pulses of the current generator was
5+ 7 s, the frequency of the pulses was 15 kHz,
the amplitude of the pulses was about 5 kV.

The test object was the culture of E. Coli,
strain B-926, from the collection of the Institute
of Microbiology and Virology named after
D.K. Zabolotny National Academy of Sciences
of Ukraine.

Experiments were carried out on model
samples of tap water (here and further referred to
as «technical») with the sowing of E. coli culture
grown on meat peptone agar (MPA), as well as
on natural water: river water — the Dnipro River,
which was collected in mid-July in the coastal
zone of park named after Primakov, and from
lake Seredne, which is part of the cascade of
Holosiiv Lakes in Kyiv.

For tap water, cultures were washed in a sterile
vial and shaken thoroughly. After introducing the
bacterial culture, the content of the container was
mixed well and a sample was taken aseptically
to determine the initial concentration of the test
culture in the water. The initial concentration of
the microbial culture, as well as the content of
microorganisms after exposure to plasma in the

experiments was determined by the method of
water limit dilutions.

The effect of the concentration of microbial
contamination was studied on technical water
samples, where the washings from two test tubes
of E. coli B-926 culture on MPA were added.

The total microbial number of the initial
water samples and after exposing them to
plasma was calculated by the method of limiting
dilutions, i. e., in all conducted experiments,
tenfold dilutions were prepared from the selected
samples. Next, 0.1 cm? of water of each dilution
was sown on the appropriate medium (Endo
or MPA) with three repetitions. The cultures
were incubated for 24 hours at the temperature
of 37 °C. After incubation, the total number of
colonies was counted and the total microbial
number was calculated according to the formula:

x=-2, ()
C
where X is the total microbial number of
colony-forming units of viable microorganisms
(CFU)/cm?; 4 is the average colony count from
replicates; B is the sample dilution; C is the
amount of seed material, cm’.

Technical water was inoculated on E. coli-
selective Endo medium and natural water
samples were inoculated on MPA to determine
total microbial numbers, as well as on Endo
medium to record the presence of fresh faecal
contamination.

Samples were coded as follows: total
microbial number — ZM; D — a sample of river
water from the Dnipro river; O — sample from the
lake; T — technical water sample; content of E.
coli — Ecol.
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Results and discussion. The study
of the influence of the concentration
of microorganisms on the speed and
completeness of water disinfection was
carried out on technical (tap) water with
the addition of washings from two test-
culture tubes to the reaction tank. This
provided an initial E. Coli concentration
of 3.4-10° CFU/cm®. Water treatment for
30 seconds reduced the concentration
of microorganisms by two orders of
magnitude (down to 5.4:10%). After
1 minute of treatment, this indicator
decreased to 1.7-10> CFU/cm?, and after
3 minutes, the value of 5.2 CFU/cm? was
recorded in the samples, that is, the treated
water corresponded to the parameters of
practically pure water [13].

To find out the influence of the degree of
pollution on the nature of water disinfection,
an increased amount of test culture was
introduced into the technical water. This
provided an initial cell concentration of
810" CFU/cm?, which corresponds to
the characteristic of «heavily polluted
water» [14]. This led to a decrease in the
speed of water disinfection. The results of
the experiments are presented in the form
of graphs (Figs. 3, 4) of the dependence
of the change in the amount of CFU in the
studied samples on the time of exposure to
the electric discharge plasma.

Lake water samples were tested for total
microbial numbers. Analyzes showed that
the water sampled in the park zone far from
the sources of pollution was quite clean
according to microbiological indicators, the
CFU in the samples was not many orders of
magnitude higher than the requirements for
drinking water — 100 CFU/cm? [13].

Experiments have established that
7—-12 colonies of different species could
be observed on one cup when sowing fresh river
water. On Endo’s medium, Escherichia coli ceases
to germinate quite quickly; the growth of gram-
negative, oxidase-positive microorganisms was
observed, however, for a final conclusion about
the belonging of these bacteria to the intestinal
group additional studies must be conducted.

At the same time, water treated with plasma
and stored for 7 days in the laboratory without
sterile conditions showed a spike in insemination,
including E. coli. Sowing of this water on MPA
showed the value of 1.9-10°, on Endo medium —
4.1-10° CFU/cm’.

Conclusions. 1. A significant relationship
between the time of plasma treatment and the
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Fig. 4.
the process of water treatment by electric discharges
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Fig. 3. Change in the total microbial number of CFU in
the process of water treatment by electrical discharges
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Trends in changes in the CFU content of E.coli in

amount of CFU was confirmed, regardless of
the genesis of the sample, species and type of
microorganisms.

2. The water treatment time is influences not
only by the initial concentration of microorganisms,
but also by the presence of an additional organic
component. This can be explained by the fact
that significant part of the synthesized oxidants is
activated to oxidize the organic component.

3. Under the studied conditions, the use of
high-energy water treatment proved its high
water disinfection efficiency and, therefore,
confirmed the hypothesis about the feasibility of
using this method of water disinfection in mobile
water purification plants in modern conditions.
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Anomauia. Buacniook eiilicbkosoi aepecii pgp y nisdenno-cxionomy pecioni Yxpainu 6io6ynocv pyiiny-
8aHH5L 800060018 I CNOPYO YEHMPALIZ08AHUX CUCHIEM B000NOCMAYANHS, d OMIICe NPAKMUYHO NPURUHEHO
sooonocmavanhs. Bupiwennam npobnemu moogice cmamu 3acmocy8anis MOOIIbHUX CIANYIL 8000Ni020-
MOBKU 3 BUKOPUCHIAHHAM MICYeUX 0dcepesl B000NOCMAYAHHA. KAHATIB, 03ep, CIABKI6 ab0 NiO3eMHUX 800.
Ocobnusicmio mexHonoz2iti 6000Ni020MoBKYU 8 NOALOBUX YMOBAX € HEOOXIOHICMb HAJIIHO20 3a0e3NeYeHHs
npoyecy sHezapadicents 6o0u. Icuyloui mexnono2ii 3uesapasicents 800U MaOmMv HU3bKY epekmusHicmy,
8PAX0BYIOUU 3POCMAIOYY KINbKICMb XA0PPE3UCHEHMHUX MIKPOOP2aAHI3Mie, omoice aKmyanibHUM € 6npo-
BAOHCEHHSL ANbMEPHAMUSHUX MEMOOI8 3HEe3APANCEHHs npu 6000niocomosyi. OOHuUM i3 maxux memoodis
€ 3He3apadicents piounu pospadom erekmpudnoeo cmpymy. Onucano pesyibmamu 00CiONHCeHb 3He3apa-
JHCeHHsT 800U PI3HUX MUNI6 i3 nosepxnHegux oxcepen m. Kueea ma 600u, 3apasicenoi KUMKOBOIO NATUUKOIO
(Escherichia coli (E. coli)). Jocrioscenns 30ilicHeni Ha 1a00pamopHiil YCMAaHO8Yi 3 YUPKYIAYIIHUM
HACOCOM | Peakmopom ediCeKmopHo20 Muny 3 iHmMe2posanumiu enekmpooamu, oe (Popmyemucs 6000-
nosimpaua cymiut, uepes AKy npoxooums eiekmpudrull po3psao. Pospaou iniyitoroms YMEopeHHs Pi3sHUuX
BUCOKOAKMUBHUX XIMIUHUX ped0osuH, makux aAx paouxaiu (OHe, He, O¢) ma monexyiu (H,0,, H, O,, O;).
Vei gpizuxo-ximiuni npoyecu, axi 8i00ysaromvbcs npomsicom pospaody, 3a6e3neuyoms YmeopeHHs ma oio
KOPOMKOMEPMIHOBUX PAOUKANIE | NOPIGHAHO 00820MPUBANUX OKUCTI08AYI8. Bueuenns eniugy KoHyem-
mpayii MIKpoOpeaHizmMieé Ha WEUOKICMb | NOBHONTY 3HE3APANCEHHS 800U NPOBOOULU HA MEXHIUHIU (8000-
npPOGIOHiLl) 800i i3 BHECEHHAM 00 PeaKyiliHoi EMHOCTI 3MUBY 3 080X NPOOIPOK MeCm-KYIbMypu, o 3aoe3-
neuuno nouamrosy konyenmpayiio E. coli 3,4 - 106 KYO/cm?. Obpobra 600u npomsizom 30 cekyHo 3nusuna
Kinbkicms mikpoopeanizmie 0o 5,4 - 104 KYO/cym®. Qepes 1 xeununy o6pobKu yeti NOKA3HUK 3HUZUBCS 00
1,7 - 102, a nicas saxinuennsn 3 xeunun y npobax peccmpysamu 5,2 KYO/cm?, mobmo obpobnena éooa
Mana NOKA3HUKU NPAKMUYHO 4ucmoi 6oou. Jlocniou dosenu eqhekmusHicCms 3He3apadCceHHs Naa3MO8UM
Memooom 05t PIOUH i3 BUCOKOIO KOHYEHMPAYIEK MIKDOOP2AHIZMIG.

Knrwouoei cnoea: 6ooa, 6ooonocmauanns, sne3apasjcents, baxmepii, niasma, ereKmpuiHuil po3psao
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