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Abstract. The prospects for using neutral anolytes ANK of Ukrainian producers for cleaning emitters and
pipelines of drip irrigation systems from contaminants of biological origin have been studied. The relaxation
characteristics of the neutral anolytes ANK were determined, changes in their main characteristics (TDS,
ppm, pH; ORP, mV) were established depending on the degree of dilution with water, and an assessment
of the market and production capacities of anolytes ANK in Ukraine was performed. The laboratory,
laboratory-analytical, field, and mathematical-statistical comparative research methods were applied to
determine the effectiveness of flushing the emitters and drip irrigation pipelines with environmentally safe
neutral anolytes ANK of Ukrainian manufacturers (“AQUA SALIS”, “Krystal”, and “Secobren”) and
environmentally hazardous 15 % sodium hypochlorite produced in the People’s Republic of China (PRC).
The presence of a biological component of contaminants was determined using the Biuret reaction. It has
been found that obtaining effective solutions for flushing emitters and pipelines of drip irrigation systems
from contamination of biological origin, with an ORP of not less than +750 mV, is possible by diluting the
anolytes ANK produced by “Aquasalis”, “Krystal”, and “Secobren” with irrigation water in a 1:40 ratio;
produced by “Sterilox”, “Vitalmix” and “Allsteril” —in a 1:20 ratio.

Visual and quantitative indicators of the quality of flushing the emitters and drip irrigation pipelines
from contaminants of biological origin were obtained. In laboratory, it was determined that the flow rate
of drip pipelines with 20 emitters clogged with biological contaminants after washing with hypochlorite
“AquaDoctor”, depending on the pressure, increased by 17.6...52.3 %, with anolyte “Krystal” — by
23.7...92.0 %. Field flushing of 136 m long drip irrigation pipelines with 340 emitters with anolytes ANK
resulted in an increase in the flow rate of one pipeline by 8 I/h, and the other — by 13 I/h.

1t has been found that neutral anolytes ANK produced in Ukraine are an effective and environmentally
safe alternative to chemicals (chlorine, 15% sodium hypochlorite, chlorine dioxide, and hydrogen
peroxide), which are currently used to flush emitters and drip irrigation pipelines from contaminants of
biological origin. It was determined that Ukrainian production capacities for anolytes ANK are capable of
meeting the needs of Ukrainian farmers for flushing emitters and drip irrigation pipelines.

Keywords: drip irrigation systems, drip water emitters, biological pollution, flushing, electrochemically
activated low-concentration salt solutions, anolyte, sodium hypochlorite

Relevance of the research. The problem
of biological contamination of pipelines that
transport water for various purposes is not
the new, but the need to solve it is becoming
increasingly urgent in different countries [1, 2].
For the drip irrigation systems, this issue has
become one of the main reasons for the decrease
in the reliability of their operation in recent years
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[3, 4]. It is associated, on the one hand, with the
use of emitters (drip water outlets), the diameters
of water supply pipelines (labyrinths) and holes
of which are from 0.5 to 1.4 mm (to ensure flows
from 0.5 to 8 1/h), and, on the other hand, with
the increasing intensity of reproduction and
growth of various microbiota in water supply
sources due to the increase in solar radiation
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and average daily air and soil temperatures
during the irrigation period as a result of climate
change. It should be noted that emitters of
drip irrigation systems, due to the very small
diameters of their labyrinths, are vulnerable
to contamination of mechanical and chemical
origin in addition to biological contamination
[5]. To prevent mechanical contamination, filter
stations with coarse and fine filters are placed at
the beginning of drip irrigation systems, which
prevents mechanical particles that are larger in
size than the diameters of the emitter labyrinths
(50...150 microns) from entering the system. As
a result, and while maintaining a turbulent water
flow regime in the emitters, the risk of mechanical
contamination is significantly minimized, but the
threat of chemical and biological contamination
remains high.

Chemical contamination of emitters occurs
as a result of the formation of solid deposits
in the labyrinths or at the emitter outlet due
to the deposition of salts, metals, or mineral
compounds under the influence of changes in pH,
pressure, temperature, or mixing of fertilizers
with water. The main mechanisms of chemical
pollution are the contamination from carbonates
CaCOs, MgCO when using ‘“hard” water, as
well as phosphates and sulfates Cas(PO.). or
CaSO. when fertilizers are improperly mixed
during their application with irrigation water [6].
Another source of chemical (partially biological)
pollution is the presence of Fe* or Mn?*' ions
in water, which, upon contact with oxygen, are
oxidized to insoluble forms of Fe(OH)s; or MnOa.
These compounds form rusty-brown or black
deposits that settle in pipelines and emitters and
are often combined with biological deposits
(iron bacteria). The main methods for combating
chemical pollution are regular acid washing
of systems with nitric, phosphoric, sulfuric, or
citric acids [7]. Despite the fact that research is
constantly being conducted to improve the means
and methods of cleaning emitters of drip irrigation
systems from contamination of mechanical and
chemical origin, it can be considered that the
problem of combating them has been generally
solved today. But this cannot be said about the
issue of combating biological contamination of
emitters of drip irrigation systems.

Biological contamination of emitters of drip
irrigation systems is a complex biochemical
process, in which microorganisms create
a biofilm, and within it, redox and sedimentary
reactions occur, which lead to a decrease in the
permeability of the emitter labyrinths and, as
a result, a decrease in their flow rates and the
reliability of the systems. The main groups of

organisms involved in bio-fouling are bacteria
(Pseudomonas, Bacillus, Flavobacterium,
Leptothrix, Sphaerotilus — the most active
initiators of biofilm); micro-algae Chlorella,
Oscillatoria, and Anabaena that photosynthesize
and produce mucus enriching the system
with organic substances; fungi Aspergillus,
Penicillium, and Fusarium, whose mycelium
intertwines particles and enhances the mechanical
strength of the biofilm; iron and sulfur bacteria
(Gallionella, Thiobacillus), which oxidize
Fe* or S* creating additional solid deposits
(hydroxides, sulfates) [6]. The mentioned groups
of microorganisms in the form of embryos,
spores, and larvae practically freely pass through
all filters, only partially slowing down on their
working surfaces, penetrate with irrigation water
into the distribution and irrigation pipelines of
drip irrigation systems and emitter labyrinths,
and, attaching to the walls, develop to sizes that
subsequently significantly exceed the diameters
of the labyrinths. In addition, growing in the
housings and filter elements of the filters, they
completely disable them. In coarse sand and gravel
filters, algae and other microbiota form various
colonies weighing up to several kilograms. E.g.,
during our audit on October 8, 2025, sand and
gravel filters on the drip irrigation system of the
FG “GRASS AVENUE” of the Zhytomyr district
of the Zhytomyr region (near the village of
Zabilochchya) of Ukraine, a significant amount
of algae similar in appearance and consistency
to river’s Badyaga (Ephydatia fluviatilis) was
discovered (Fig. 1).

Analysis of recent research and
publications. Since the emergence of the
problem of biological fouling of drip irrigation
systems (late 1990s — early 2000s) and to this day,
methods for cleaning drip irrigation pipelines and
emitters from such contamination have followed
similar methods for cleaning drinking water
supply pipelines. The main method for a long
time was chlorination [8]. Chlorination is quite
effective in terms of destroying microbiota, but
extremely dangerous from an ecological point
of view. The disadvantages of chlorination of
drip irrigation systems are the formation of
toxic by-products: trihalomethanes, haloacetic
acids, and chloramines. These compounds are
toxic to plants, soil microbiota, and can pollute
the environment [9]. In addition, chlorine
causes corrosion of metal elements of the
system (fittings, valves, pumps; elements of
pressure control systems, etc.), and also leads to
degradation of polymers, gradually destroying
polyethylene and rubber parts (emitters, seals,
tubes). Further searches for an effective cleaner
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Fig. 1. Biological contamination of sand and gravel filters:

a — small particles of algae in water drained from the filter; b — large conglomerates of algae

for drip irrigation systems follow similar ways to
overcome this problem in water supply: the use of
sodium hypochlorite (NaOCl), chlorine dioxide
(ClO2), and hydrogen peroxide (H:02) [10, 11,
12]. All of these substances are quite successful
in destroying biological contamination (biofilms,
bacteria, algae, fungi, etc.) also in drip irrigation
systems. However, sodium hypochlorite can cause
corrosion of system elements (which reduces
their service life) and form harmful by-products,
such as trichloromethanes. The use of chlorine
dioxide, compared to chlorination and the use
of sodium hypochlorite, reduces the risks of the
formation of some organochlorine by-products,
but does not guarantee their complete elimination,
and, in addition, it has higher cost and more
complex application technology. Hydrogen
peroxide does not leave a chlorine residue, but
it is quite corrosive and has a short life period,
which makes it practically impossible to flush
drip irrigation pipelines longer than 20...30 m.

The shortcomings of the existing methods for
cleaning drip irrigation systems from biological
contaminants necessitate the search for new,
more effective and environmentally friendly
methods for their cleaning. In the process of
such a search, the authors drew attention to
anolytes — electrochemically activated (ECA)
low-concentrated salt solutions with high
oxidation-reduction potential (ORP).

The history of the invention and development
of electrolyzed water is associated with the
Japanese company FUJIIRYOKI, which in
1931-1950 initiated scientific research into the
production of such water and the study of its
impact on the development of agricultural plants
[13]. In the territory of the former USSR, work
on the study of ECA water began in the 1970s in
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Uzbekistan by a group of scientists led by Ph.D.
in Technical Sciences V. Bahir. The influence of
the components of ECA water (catholyte and
anolyte) on the properties of drilling fluids was
studied, and high bactericidal properties of one
of these components — anolyte — were discovered
by chance. That was when the names “living
water” appeared — for the catholyte — the alkaline
component, and “dead water” — for the anolyte —
the acidic component of ECA water. Catholytes,
in addition to high alkalinity (pH 10 and above),
are characterized by a negative ORP: —400 mV.
The effect of catholytes on biological organisms,
both of plant and animal origin, is manifested in
their regenerative (antioxidant) and stimulating
effects: seed germination improves along with
plant growth and development; for humans and
animals, catholyte promotes cell regeneration,
but excessive or prolonged use can disrupt the
acid-base balance. At the same time, the effect of
catholytes on living organisms is less predictable
than the effect of anolytes.

Anolytes, unlike catholytes, have high acidity
(pH 5 and below) and high ORP values (+500
and above). The acceptor properties of anolytes
determine their high bactericidal activity against
almost all types of microorganisms. Anolytes
destroy bacteria, viruses, fungi, and spores by
destroying cell walls and membranes, oxidizing
enzymes and DNA, and in plants at low
concentrations they can stimulate germination,
growth, and disease resistance. Anolytes are safe
for animals and humans when properly diluted, but
highly concentrated solutions can irritate mucous
membranes. In general, catholyte and anolyte are
paradoxical liquids, since their properties cannot
be explained in terms of the normal physics and
chemistry of water solutions. Being highly active
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substances, they are environmentally safe, and the
ultra-low salt content in them (from 0.01 to 0.5 %)
cannot explain their high activity. With the time that
has passed since the discovery of the phenomenon
of ECA water, many studies have been conducted
on the influence of ECA water components on
the processes of development and vital activity
of plants and animals. Summarizing the research
results, including the results of the authors of
the paper [14], on the assessing the influence of
ECA water components on plant development,
we can state that irrigation with water solutions
of catholytes (or their mixtures with anolytes)
accelerates the germination and the development
of vegetable crops and increases their yield. At
the same time, it should be noted that this effect
is quite differentiated and significantly depends
on both the parameters of irrigation solutions (pH,
ORP), and on the type of plants and stages of their
development. In addition, one of the properties
of catholytes is their rapid relaxation — the loss
of Dbiologically stimulating properties within
a short time (several hours), which requires their
production directly in the field — near the pumping
stations of irrigation systems. All this significantly
complicates and reduces the potential effectiveness
of the use of catholytes in irrigated agriculture.

Unlike catholytes, the results of using anolytes are
much more predictable and can be achieved much
more easily technologically. Acting as universal,
environmentally friendly and powerful antiseptics,
anolytes have been used in the agricultural sector
as environmentally safe disinfectants in the food
industry and livestock farming since the middle of
the first decade of this century [15, 16]. An important
advantage of anolytes over catholytes is also their
sufficiently long life period. These properties were
acquired by neutral anolytes ANK, which began
to be produced on advanced installations for the
generation of ECA water starting from the end
of the last — beginning of this century. Anolytes
ANK are characterized by pH 6.5...7.2 and ORP
+800...+900 mV with a guaranteed life period of at
least 1 year.

Aim of the research is to determine the main
characteristics of Ukrainian neutral anolytes ANK
and to substantiate the possibility of their use for
cleaning emitters and pipelines of drip irrigation
systems from contaminants of biological origin,
as well as the ability of Ukrainian manufacturers
of anolytes ANK to meet the needs of the users of
drip irrigation systems.

Research methods and materials. Analytical,
laboratory, field, mathematical-statistical, and
comparative research methods were used.
Analytical methods were used in planning and
summarizing laboratory and field research,

assessing the market for Ukrainian anolytes ANK,
etc. Laboratory, field, and comparative studies
were conducted to determine the effectiveness
of flushing emitters and drip irrigation pipelines
with environmentally safe neutral ANK anolytes
of Ukrainian manufacturers (“AQUA SALIS”,
“Krystal”, and “Secobren”) and environmentally
hazardous 15% sodium hypochlorite produced
in the PRC. Mathematical and statistical research
methods were used in processing the results
of laboratory and field studies. The presence of
abiological componentofpollutionwasdetermined
using the Biuret reaction. Laboratory studies of
the action of anolytes ANK on the cleaning of
drip water emitters of a drip tape manufactured
by “Metzer” (Ultra Lin W.T. — 0.15-5 F mil, with
a diameter of 16 mm and a number of emitters
of 20 pcs. with a distance between emitters
equal to 20 cm) from contamination by organic
compounds were carried out on a stand for testing
drip irrigation pipelines (Fig. 2) in the Laboratory
for Testing Irrigation and Drainage Means of the
Institute of Water Problems and Land Reclamation
of the National Academy of Agrarian Sciences
of Ukraine (IWP&LR of NAAS) (Certificate of
Measurement Capabilities No. PT-8/24 dated
01/11/2024). The flow rates of the emitters were
determined by the volumetric method using
25 ml measuring cups and a stopwatch. The
determination time at each pressure was 60 s.
The pressure was created by the test bench pump,
controlled by a manometer, and the pressure was
regulated by a valve. The studies were conducted
according to the microirrigation technical
equipment testing methodology developed at the
IWP&LR of NAAS [17].

Field research (tests) were conducted on drip
irrigation systems of POA “UKRAINE” of Boryspil
district, Kyiv region, Ukraine, and FG “GRASS
AVENUE” of Zhytomyr district, Zhytomyr region
(village Zabilochchya), Ukraine. The research was
conducted on drip irrigation pipelines manufactured
by the Spanish company AZUD, 136 m long and
with a nominal passage diameter of 16 mm,
equipped with adjustable (compensated) emitters
with a nominal flow rate of 1 /h and a distance
between emitters equal to 40 cm.

The testing procedure included:

» emptying the irrigation pipelines (in turn)
through the end taps followed by rinsing them
with irrigation water for 5 minutes;

* measurement of pipeline flow rates with
irrigation water supply at a nominal pressure of
0.17 MPa;

« filling pipelines with anolyte ANK flushing
solution diluted with irrigation water in a ratio
of 1:30;
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Fig. 2. Laboratory stand for testing water emitters and irrigation pipelines

* keeping the flushing solution in the
pipelines for 48 hours;

» draining the flushing solution through the
end taps and flushing the pipelines with irrigation
water during 5 minutes;

* measurement of pipeline flow rates after
flushing with irrigation water at a nominal
pressure of 0.17 MPa.

The supply of irrigation water to the pipelines,
as well as the preparation of flushing solutions,
was carried out withdrawing water from the
distribution pipeline of the pumping station. The
preparation of the flushing solution was carried
out in a mixing tank with a volume of 100 dm?

(Fig. 3a), from which it was then pumped into the
pipelines. Pressure was maintained using taps and
controlled by a manometer with a measurement
range of 0...0.6 MPa and a division value of 0.01
MPa of a portable measuring stand (Fig. 3b). The
flow rates were determined using a volumetric
water meter with a division value of 0.1 dm® as
part of the stand (Fig. 3¢) and a stopwatch.

Research results. Analysis of the Ukrainian
market of anolytes ANK revealed the presence of
6 varieties: “Aquasalis”, “Krystal”, “Secobren”,
“Sterilox”, “Vitalmix”, and “Allsteril” (Fig. 4).
The production capacity of these anolytes ranges
from 0.3 to 0.8 m*/h.

Fig. 3. Technical means of research:

a — container with a pump inside for preparing the flushing solution and a line for pumping the solution
into the pipeline; b — portable test stand with taps, a pressure gauge, and a water meter (also serves as
a line for pumping the working solution into the pipeline); ¢ — volumetric water meter
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Fig. 4. Neutral anolytes ANK of Ukrainian production:

a— “Aquasalis”; b — “Krystal”; ¢ — “Secobren”; d — “Sterilox”; e — “Vitalmix™; f — “Allsteril”
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Studies of the changes in the physicochemical
properties of anolytes produced in Ukraine at
different degrees of dilution with water allowed us to
conditionally divide them into two groups according
to the similarity of the main parameters (TDS, ppm,
pH and ORP, mV) both in the initial state and after
dilution with water in ratios from 1:5 to 1:50.

Table 1 shows changes in TDS, ppm, pH and
ORP, mV of anolytes “Aquasalis”, “Krystal”, and
“Secobren” (first group), Table 2 shows changes

in anolytes “Sterilox”, “Vitalmix”, and “Allsteril”
(second group).

As can be seen from the data presented in
Table 1, despite the significant difference in the
initial TDS values, the anolytes of this group
have a pH close to neutral and an ORP exceeding
+800 mV. It is especially important that even at
high dilution rates with water (1:40), their ORP
exceeds +750 mV, which will positively affect
the bactericidal activity of their solutions.

1. Change in TDS, pH and ORP parameters of anolytes “Aquasalis”, “Krystal”,
and “Secobren” depending on the degree of their dilution with water
(water characteristics: TDS, ppm =211 pH = 7.5; ORP, mV =256 mV; T. deg. C° =23.4)

Name “Aqua Salis” “Krystal” “Secobren”
Dilu- | TDS, | pH | ORP, TDS, pH ORP, TDS, pH ORP,
tion ppm mV ppm mV ppm mV
0 236 6,5 890 512 6,3 914 311 8,1 822
1:5 568 7,0 835 378 6,6 862 524 7,9 803
1:10 403 7,1 819 283 6,8 823 440 7,7 802
1:20 317 7,3 805 251 7,1 805 340 7,7 792
1:40 268 7,5 763 242 7,2 763 283 7,7 774
1:50 258 7,5 767 239 7,3 651 271 7,7 748
2. Change in TDS, pH and ORP parameters of anolytes “Sterilox”,
“Vitalmix”, and “Allsteril” depending on the degree of their dilution with water
(water characteristics: TDS, ppm =226 pH = 7.4; ORP, mV =251 mV; T. deg. C° = 24.5)
Name “Sterilox” “VITAMIX” “Allsteril”
Dilu- | TDS ORP. TDS ORP. TDS ORP.
tion ppm, pH mV’ ppm, pH mV’ ppm, pH mV,
0 446 6,2 892 492 6,3 850 211 6,0 845
1:5 270 6,6 856 969 7,2 772 512 6,4 763
1:10 239 7,0 801 632 7.4 732 365 7,3 679
1:20 228 7,2 770 443 7,5 618 296 7,4 553
1:40 225 7,2 691 342 7,6 520 260 7,5 472
1:50 223 7,2 482 312 7,6 480 231 7,5 428

From the analysis of the data given in Table
2 it is clear that, despite the similar initial TDS,
pH and ORP indicators when compared to the
anolytes of the first group, in the anolytes of
the second group, when diluted with water in
proportions higher than 1:20, the ORP decreases to
+770 mV in (“Sterilox”) and lower —to + 618 mV
in “VITAMIX”, and to + 553 mV in “Allsteril”,
which will negatively influence the bactericidal
properties of their solutions. Therefore, the
dilution of anolytes of the second group when
used for washing emitters and irrigation pipelines
of drip irrigation systems should not be more than
1:20, while for the anolytes of the first group, the
dilution can be carried out in a ratio of 1:40.

The study of changes in the main characteristics
(TDS, ppm, pH and ORP, mV) of the anolytes
ANK “Krystal”, “Sterilox”, and “Allsteril” over

time showed that they retain their properties for
a fairly long time (20 days) (Fig. 5). Fig. 5a shows
that with a significant difference in the total salt
content of the studied anolytes (from 200 to 1000
ppm), the nature of changes in this indicator
over time is almost unchanged. Changes in the
pH and ORP values for the anolytes (Fig. 5b, 5¢)
are more significant compared to the salt content,
but these changes not only do not worsen, but on
the contrary, due to the increase in ORP, improve
the bactericidal effect of the anolytes. This gives
reason to believe that it is possible to store
anolytes for a relatively long time and deliver
them to drip irrigation systems directly from
manufacturers, which significantly improves
the possibilities of using anolytes ANK to clean
emitters and pipelines of drip irrigation systems
from contaminants of biological origin.
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Fig. 5. Time-dependent changes in TDS, ppm (a); pH (b) and ORP, mV,
of the anolytes ANK “Krystal”, “Sterilox”, and “Allsteril”

The feasibility of using anolytes ANK to clean
emitters and pipelines of drip irrigation systems
from contaminants of biological origin was
substantiated based on the results of laboratory
and field studies conducted in 2024-2025.

Laboratory studies in 2024 included
a comparison of the effectiveness of flushing
drip tape emitters with sodium hypochlorite
“Akvador” (PRC) with an active chlorine content
of 15 %, and anolytes “Krystal” and “Secobren”.
Flushing was carried out in two stages: in the
first stage, the concentration of the solutions
was 1% at pressures from 0.025 to 0.1 MPa, in
the second stage, the concentration was 5% at
pressures from 0.15 to 0.3 MPa. Before flushing,
one of the samples was filled with “Akvador”,
the second one — with “Krystal”, and the third
one — with “Secobren”. All samples filled with
these substances were kept for 48 hours, after
which they were flushed with water at pressures
from 0.025 to 0.3 MPa. The results of laboratory
studies confirmed high flushing ability of
environmentally safe anolytes “Krystal” and
“Secobren”, which is not inferior to the washing
effect of environmentally dangerous hypochlorite
“Akvador” (Table 3) [19].

These results were confirmed by laboratory
studies conducted in 2025 on the pressure-flow
characteristics of pipelines with 20 emitters
“before” and “after” flushing with 15 % sodium
hypochlorite “AquaDoctor” (Fig. 6a) and
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anolyte “Krystal” (Fig. 6b). The flow rate of
the pipeline after flushing with hypochlorite
“AquaDoctor”, depending on the pressure,
increased by 17.6-52.3%, and with anolyte
“Krystal” — by 23.7-92.0%. In this case, the
pressure-flow characteristics of pipelines with 20
emitters before and after flushing in the pressure
range of 0.075—-0.2 MPa are approximated by the
dependencies shown in Fig. 6.

The results of field research conducted in 2024
in the POA “UKRAINE”, Boryspil district, Kyiv
region, Ukraine, on the quality of flushing the
pipelines of the subsurface drip irrigation system
with anolytes ANK “Krystal” and “Secobren”
and 15% hypochlorite “AquaDoctor” showed
comparable results of the quality of flushing with
all three tested substances. Visual analysis of the
condition of the inlet filters of the emitters of
the drip irrigation pipelines “before” and “after”
flushing showed a high degree of cleaning of the
emitters with anolytes (Fig. 7) [19].

During field research in 2025 on the
subsurface drip irrigation system of the “GRASS
AVENUE” FG, Zhytomyr district, Zhytomyr
region, Ukraine, the flushing effect of anolyte
ANK diluted with irrigation water in a ratio of
1:30 was determined by the changes in the flow
rate of two pipelines at a nominal pressure of
0.017 MPa “before” and “after” flushing. The
flow rate of both pipelines before flushing was
382 I/h. After flushing the pipelines with anolyte,
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under the influence of different types of detergents
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Fig. 6. Pressure-flow characteristics of pipelines with 20 emitters before and after flushing with
sodium hypochlorite “AquaDoctor” (a) and anolyte ANK “Krystal” (b)
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Fig. 7. The emitters from the side of the inlet filter:
a — before washing; b, ¢ — after washing
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the flow rate of one of the pipelines increased to
390 I/h (an increase by 2 %), of the other one — to
395 1/h (by 3.5 %). At the same time, as in 2024,
a high degree of cleaning of the inlet filters of
the drip water emitters was visually observed
(Fig. 8a), as well as a significant increase in the
contamination of the drained water “before” and
“after” flushing with anolyte (Fig. 8b, 8c).

As a result of the research, an assessment
was made on the ability of Ukrainian producers
of anolytes ANK to meet the needs for cleaning
emitters and pipelines of drip irrigation systems
in Ukraine from pollution of biological origin.
The following initial data were adopted in the

E

calculations: the total area of drip irrigation systems
in the country is 50 thousand hectares; the required
volume of anolyte to fill irrigation pipelines on an
area of 1 hectare, depending on their diameters
and provided that the anolyte is diluted with
irrigation water in a ratio of 1:30 — 0.45...0.7 m’.
Accordingly, for a single flush (provided that 50 %
of drip irrigation systems need to be flushed) about
11.250...17.500 m* of anolyte ANK is required
per year. The existing total capacity of Ukrainian
production of anolytes ANK per day can reach
60 m®, which significantly exceeds the annual need
for them for the purposes of cleaning drip irrigation
systems from contaminants of biological origin.

.')&(
v Fe @
g

b

Fig. 8. a— view of the emitters at the heads of both pipelines; b — drained water before flushing with
anolyte; ¢ — drained water after flushing with anolyte

Conclusions. It has been proven that
neutral anolytes ANK of Ukrainian production
are an environmentally safe and effective
alternative to the chemicals — chlorine, 15%
sodium hypochlorite, chlorine dioxide, and
hydrogen peroxide, which are currently used
to flush emitters and drip irrigation pipelines
from contamination of biological origin. It has
been established that from the point of view of
maintaining bactericidal activity and economic

efficiency, the rational proportion of dilution
with irrigation water of anolytes “Aquasalis”,
“Krystal”, and “Secobren” is 1:40, of anolytes
“Sterilox”, “Vitalmix” and “Allsteril” — 1:20.
It has been determined that the capacities of
Ukrainian producers of anolytes ANK are able
to satisfy the needs of farmers in the country
for carrying out measures to flush emitters and
drip irrigation pipelines from contamination of
biological origin.
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Anomayia. Jlocniodceno nepcnekmueu UKOPUCIAHHS GIMYUSHAHUX HeumpanvHux anonimie AHK 0ns
ouuuenHs emimepie i mpyoonposoodie cucmem KpaniuHHOZO 3POUIEHHS IO 3a0pPYOHEHb OI0N02IUH020
noxo0dicenHs. Busnaueno penaxcayivmi xapaxmepucmuxu imuusHAHUX HeumpanivHux anonimie AHK,
8CMAHOBNIEHO 3MIHU iX ocHoeHux xapaxmepucmux (TDS, ppm; pH; ORP, mV) 3anexcno 6i0 cmynemio
PO36€0eHHs. 800010, BUKOHAHO OYIHKY PUHKY MA NOMYHCHOCMEl BIMYUSHAHO20 SUPOOHUYMBA AHONIMIE
AHK. 3acmocosano nabopamophi, 1a60pamopHO-aHARimu4ti, NOIbOGI Ma MamemMamuro-cmamuc-
MUYHI NOPIGHATbHI MemMOoOU OOCIIONCEHb 3 BUSHAYEHHS e(heKMUBHOCME NPOMUBKU eMimepie I mpybonpo-
600i8 KpaniuHHO20 3pOUleHHsl eKonociuno be3neunumu Hetimpanvuumu anorimamvu AHK eimuusnanux
supoonuxie (“AQUA SALIS”, «Kpucmany ma «Cekobpeny) i exonociuno nedesneunum 15 % einoxno-
pumom Hampiio eupoonuymea KHP. Hasgnicms 6ionociuHoi KoMnoHenmu 3a0pyOHeHb 3 AC08y8anach 3a
oonomoezor Biypemoesoi peakyii. Bcmanosneno, wjo ompumantsa eqeKmusHux po3uuHie 0.5 NPoMUSKu
emimepis i mpybonpoeoois cucmem KpaniuHHO20 3POULeHH s 810 3a0pYyOHeHb OIONOSITUHO20 NOXOOICEHHS,
3 OBII ne menwum, nisie +750 MB , MOXMCIUBO 30 PO36EOEHHS NOTUBHOW 600010 GIMYUSHIHUX AHONIMIG
AHK “Aquasalis”, «Kpucmany i « Cexobpeny ¢ nponopyii 1:40; “Sterilox”, “Vitalmix” ma «Allsteril” —
6 nponopyii 1:20.

Ompumaro 6i3yanvHi i KiNbKICHI NOKAZHUKU SAKOCMI NPOMUBKU emimepie i mpyoonposoodie Kpaniuu-
HO20 3pOouieHHs 8i0 3aOpyOHeHb 0i0N02IUH020 NOX00XHCEeHHs. B 1abopamopHux ymoeax 6U3HAUeHO, U0
sumMpama KpaniunHux mpyoonposodie 3 20-ma emimepamu, 3aCMiMeHUX OLOAOIYHUMU 3AOPYOHEHHIMU,
nicns npomusku cinoxnopumom “‘AquaDoctor”, 3anexcno 6i0 mucky, 3pocia Ha 17,6...52,3 %, anorimom
«Kpucmany — na 23,7...92,0 %. [Ipomuska 8 nonvogux ymogax mpybonpogooie KpaniuHHo20 3pOueHHs
00862cunot0 136 m 3 340 emimepamu anorimamu AHK npuzeena 0o 30invuentsn sumpam 00H020 mpyoonpo-
600y Ha 8 /200, iHwoeo — Ha 13 1/200.

Bcmanosneno, wo netimpanvui anonimu AHK ¢imuususano2o supobHuymea € eqpekmueHor i eKoio2iuHo
Oe3neunor atbmepHamueor Ximivnum pevosunam (xaopy, 15 % einoxnopumy nampiio, diokcudy xiopy
i nepokcudy 800H10), SIKI CbO2OOHT BUKOPUCTIOBYIOMbCA OISl NPOMUBKU emimepis i mpybonpoeodis Kpan-
JUHHO20 3POULEHHSL 810 3A0PYOHEHb OI0NI02IUH020 NOXOONCEHHS. BusHaueno, wo 8imuusHaHi NOMYNCHOCMI
supoornuymea anonimie AHK cnpomooichi 3abe3newumu nompedu YKpaincbKux azpapiié 01s npomMusKu
emimepis i mpybonpo6odie KpaniunHo20 3POULeHHS.

Knruosi cnosa: cucmemu KpaniunHo20 3pOwieHHs, KpanauHHi 60008UNYCKU, 3a0pYOHeHHs OI0N02IYH020
NOX00JICEeHHsl, NPOMUBKY, eNeKMPOXIMIYHO AKMUBOBAHI HU3LKOKOHYEHMPOBAHI CONbOGI PO3UUHU, AHOIN,
2INOXa0pum Hampiio
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