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1t has been studied that the state of rivers, lakes and groundwater in Ukraine is deteriorating
every year. The reason for this is a number of problems: pollution of water bodies by emissions
from enterprises, excessive use of natural resources, silting and overgrowing of water bodies. The
country s water resources are one of the sources of drinking water for the population. A long-term
strategy for the development of water resources in Ukraine would allow Ukrainians to be better
provided with drinking water, and the state to save money on water purification. In addition, taking
into account the fact that its reserves are distributed unevenly across the territory of Ukraine
(the largest are in the west, the smallest are in the southern regions of Donetsk, Zaporizhia,
Kherson, Odessa regions), this requires rational use and protection from pollution. According
to statistics, the Volyn, Chernihiv, Sumy regions, as well as the northern territories of Kyiv and
Poltava regions, are best provided with drinking water. In the industrially developed regions of
Donbas and Dnieper, the quality of drinking water has recently deteriorated significantly. But
the saddest situation is in the steppe Crimea, where even before the annexation, groundwater
pollution was recorded on more than 30% of its entire area. In order to make the difference in
the amount of fresh water in different regions of Ukraine less noticeable, 1,103 reservoirs have
been built. The six largest are on the Dnieper, and another large reservoir is on the Dniester. In
addition, almost 50,000 ponds, 7 large canals, 10 water mains, etc. have been created. Currently,
despite the fact that Ukraine has significant total water resources, a large part of them cannot be
used. As a result, in terms of their renewable reserves per capita, our country is one of the least
well-off countries in Europe.

The article presents the results of research on the hydrological assessment of the water state of
the Southern Bug River, which flows within the city of Khmelnytskyi. Water sampling points were
analyzed, which exceeded the maximum permissible concentrations of the following indicators:
hydrogen pH, ammonium nitrogen, nitrites, nitrates, calcium content and chlorides in the zone
of intensive management — household plots, and in the zone of active operation of an industrial
facility — the «Ukrelektroaparaty production association.

Key words: river, pollution, ecological state, concentration, hydroecological indicators,
heavy metals.

Bpaoiii O.1., Anekcees 0.0., Kosxka H.C. Ouinka exonoziunozo cmany piuku Ilieoennuii
Byz 6 mexcax micma XmenvnuybKui

Jocniooiceno, wo wopoky cmawn pivok, ozep i nio3eMHux 600 8 Yxpaiui nociputyemucs.
Ipuuunoio yvo2o € pso npobrem: 3a0pyOHEeHHSE B00OUM BUKUOAMU 3 NIONPUEMCME, HAOMIDHE
BUKOPUCMAHHS NPUPOOHUX PeCypCi6, 3aMYIeH s, Ma 3apOCmantsi 600oum. Booui pecypcu xpa-
iHU — 00He 3 OdKcepen OMPUMAHHI NUMHOT 800U OJi HAcCeleHHs. [[0620CmpoKosa cmpamezis po3-
8UMKY 600HUX pecypcie Ykpainu dozeonuna O kpawe 3abe3neyyeamu yKpainyie nNUmHoio 60001,
a deporcagi ekoHoMumu Kowtmu Ha ovucmyi 600u. Kpim moeo, bepyuu 00 yeazu moii ghaxm, ujo
i1 3anacu poznodinaiomscs no mepumopii Ykpainu HepieHOMipHO (HaUuOinbwli 60HU HA 3aX00i,
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HalimeHwi — 6 ni0enHux pationax /Joneyvroi, 3anopizvroi, Xepconcwvkoi, Odecvkoi obnacmet),
ye 8UMA2ae payioHanIbHO20 GUKOPUCIANHS | OXOPOHU 80 3aOpYOHeHHs. 3a cmamucmuKoro, Haii-
Kpauje 3a6e3neueri numuor 6000w Bonuncoka, Yepriciscoka, Cymcoka obracmi, a maxkoic nig-
Hiuni mepumopii Kuiscvkoi ma Ilonmascokoi obnacmei. Y npomucioso po3euneHux oonacmsx
Hounbacy ma IIpudninpog’s akicmv Numuux 600 OCMAHHIM Y4ACOM 3HAYHO nocipwiuiacs. Are
Haubinbw cymHa cumyayis ckraoaemocsi y cmenosomy Kpumy, y saxomy i 0o auexcii 3a6pyo-
HeHHsl niozemuux 800 ghixcysanocs na 6invut Higie 30% ycici woco nnowi. /Jna mozo, wob pis-
HUYA y KLIbKOCMI NpicHOI 600U y pizHux oonacmsax Yxpainu 6yna menut 6iouymHoro, nobyooearo
1103 sodocxosuwa. Lllicme natibinbuiux 3Haxo0samvca Ha J[Hinpi, iwe 00He genuke 8000Cxo8UUle
Ha [nicmpi. Kpim mozo, cmeopeno matisce 50 mucsiy cmaskis, 7 genukux kananie, 10 6000600is,
mowo. Hapasi nonpu me, wjo Yxpaina mae sHauni cymapri 600Hi pecypcu, 8enuxa ix 4acmuHa He
Mooice bymu suxopucmana. Ak Hacriook, 3a ix NOHOGIIOBAHUMU 3ANACAMU HA OOHO20 JHCUMETS,
Hawia Kpaina € o0Hie0 3 HallMeHw 3a0e3neueHux Kpain y €eponi.

Y emammi npeocmasneni pesynomamu 0ocnioxcensb 2iopono2iunoi oyinKu cmamy 600U piuku
ITigoennuii Bye, wo npomikac 6 medxcax micma XmenvHuysvkutl. IIpoananizosani mouxku 6i06opy
npob 600U, AKi MAIOMb NEPEeBUIYEHHS NO SPAHUYHO OONYCIMUMUX KOHYEHMPAYIAX MAKUX NOKa3-
HUKIB: 800Hesull nokaswuk pH, amonitinuii azom, wimpumu, Himpamu, éMicm Kaibyilo ma Xio-
PUOU 8 30HI IHMEHCUBHO20 BeOEHHS 20CNO0APIOBAHHSA — NPUCAOUOHT OLNAHKU, MA 6 30HI AKMU6-
HO20 (PYHKYIOHYBAHHS NPOMUCT08020 00 '€Kma — 8upobHu1e 06 '€Onanns « Yxpenexmpoanapamy.

Knrwuosi cnosa: piuxa, 3a0pyOHeHHs, eKONOSIYHUI CINAH, KOHYEeHmpayis, 2i0poeoKkonrociyHi
HOKA3HUKL, BAJCKI MEMAnu.

Formulation of the problem. According to official statistics, about 300 million
cubic meters of untreated wastewater are discharged into Ukrainian water bodies every
year. Unofficial statistics show much worse results. That is why the state of the country’s
water resources cannot be called satisfactory [2].

In fact, in each of the water bodies, it is easy to record an excess of permissible pol-
lution standards. The average annual data of laboratory measurements conducted by the
bodies of the State Agency for Water Resources of Ukraine indicate an increased con-
tent of controlled concentrations of heavy and easily oxidizable pollutants in the water.
For example, in the Dniester River basin last year, a significant deterioration in water
quality was observed, but there are reasons for this. A trend towards a deterioration
in water quality according to organoleptic indicators (smell, color, transparency) was
noted. This phenomenon is primarily a consequence of the action of natural factors —
last year was low-water and hot [4].

In general, high temperatures in the summer period annually cause massive “bloom-
ing” of water and, as a result, a decrease in dissolved oxygen in the water to critical
values and an increase in indicators characterizing organic pollution. However, other
factors also affect it. For example, the water quality in the Danube River does not meet
the standards, where manganese and phenol were found last year. Similarly, 90% of
samples from the Dnieper recorded an excess of pollutants or indicators of the physico-
chemical state of surface waters. The main factors affecting the hydrochemical state of
the waters of the Dnieper basin are both natural factors (adverse weather conditions, a
significant, and even record, decrease in the water content of both the Dnieper itself and
its tributaries) and anthropogenic load [5].

What is the threat to rivers in Ukraine? It would be obvious to say — war. Because
war not only poses a physical threat through destruction and pollution, as happened
with the Irpin, Dnipro, Seim, Seversky Donets, Ingulets rivers, etc. The active phase
of hostilities and the concentration of almost all resources on the mobilization of the
army puts the issue of water quality far from being in the top 10. War creates a threat
of institutional imbalance and fragmentation of policy implementation. Climate change
and extensive urbanization are among the greatest threats to the existence of rivers.
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Pollution, development of banks, destruction of natural buffer zones, deforestation,
spread of invasive species, reduction of biodiversity — all these are components of
one cause-and-effect chain of the lack of water policy and institutional capacity for
nature-oriented management [1].

Water bodies occupy just over 3% of Ukraine’s territory. Centralized water supply
covers about 70% of Ukraine’s population. At the same time, about 20% of Ukrainians
use groundwater for drinking, while the remaining 80% receive water from surface
sources, such as the Dnipro, Southern Bug, and Desna rivers. According to the WWF
Water Risk Filter, the state of freshwater ecosystem services in Ukraine has reached the
level of “high risk” and is approaching the “very high risk” experienced by residents
throughout the country [6]. Due to the existence of gaps in the legislative framework,
an imbalance in the distribution of water resources systematically occurs in Ukraine.
For example, almost every hot summer after the commissioning of a new unit of the
South Ukrainian NPP, there is a shortage of water volumes for the Southern Bug River
downstream. Studies have shown that an environmentally safe level of water abstraction
from the river is 10% of its volume. However, up to 40% of the water in the Seversky
Donets basin is being withdrawn, which may cause serious problems in the near future.
Today, the frontline regions are facing great difficulties in water supply, which are asso-
ciated not only with shared water resources with the occupied territories, but also with
the lack of opportunities to build a new water supply system [9]. In addition to the lack
of resources, the Donetsk region is threatened by destroyed and flooded mines, which
increases the pollution of underground water networks. Therefore, at the state level, it
is necessary to develop a scheme for improving water supply, prescribe a clear division
of responsibilities, and especially regulate land issues. The most important change that
must occur is the realization that water is not a free and infinite resource [12].

The problem of river water pollution in Ukraine has long been a national issue. Most
water bodies are approaching classes III and IV in terms of quality, which defines them
as polluted or heavily polluted. The most difficult situation is observed in the basins of
the Dnieper, Seversky Donets, the rivers of the Azov region, as well as in some tributar-
ies of the Dniester and Western Bug, where the water is classified as “heavily polluted”
(class V). The fall in groundwater levels and water levels in water bodies leads to a
decrease in the ability of freshwater ecosystems in Ukraine to meet the needs of humans
and surrounding ecosystems. For example, in Polissya over the past 100 years, more
than 1 million hectares of swamps have been drained, which is a catastrophic indicator.
In the last 5 years, under the influence of high temperatures, the rivers of Ukraine have
become green, and eutrophication has noticeably increased in cities. In addition to water
pollution, this is also due to the fragmentation of our rivers due to artificial obstacles,
such as dams and other hydraulic structures [8].

The country’s water resources are a source of drinking water for the population. And
taking into account the fact that their reserves are unevenly distributed across the terri-
tory of Ukraine, this requires their rational use and protection from pollution. Each type
of river needs its own natural protection strip, which is a buffer between the urbanized
area and nature [12].

Analysis of recent research and publications. Many scientists warn about the dis-
appearance of some rivers and other surface water bodies in Ukraine. The threat is quite
real. According to Mudrak O.V., Khaetsky G.S., Mudrak G.V. and Serebryakov V.V.
[13], about 10 thousand rivers have disappeared in Ukraine since Independence. The
State Agency for Water Resources admits that Ukrainian rivers are indeed drying up, but
does not confirm this figure. It is difficult to judge its reliability, because no one kept an
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accurate count in the early 90s. And also because no alternative statistics on this topic
can be found.

There is also no current official data on the total number of rivers in Ukraine. In
May 2017, the Cabinet of Ministers adopted a resolution approving the Procedure for
Maintaining the State Water Cadastre and the Regulations on the State Water Agency.
This made it possible to introduce an accounting of surface water bodies in Ukraine. It
really exists — but only in the form of an online map. Unofficial figures are different.
Schwebs G.I. and Igoshin M.I. [17] claim that the media write about 63 thousand rivers,
media says about more than 70 thousand, and the reference about Ukraine on Google
sites mentions the figure of 30 thousand.

In Europe, Ukrainian water resources are counted in their own way. Thus, on
world maps, Ukraine has long been marked as a water-scarce country according to
Vasenko O.G. [9]. Ukraine is in 32 place among 40 in terms of drinking water supply
in Europe and is included in the list of countries threatened by water shortages. And
according to the results of a study conducted in 2019 by order of the World Financial
Bank, in terms of the amount of drinking water per capita, Ukraine ranked 125 among
180 countries according to research by Zabokrytska M.R. and Khilchevsky V.K. [14].

Like the rest of the planet, Ukraine is already feeling the effects of climate change.
The climate in Ukraine is becoming warmer and drier, which negatively affects the
state of water bodies. Water reserves in the rivers of Ukraine are replenished mainly
due to precipitation. According to the Ministry of Environmental Protection and Nat-
ural Resources of Ukraine, if we compare the periods 1961-1990 and 1991-2020, the
average annual precipitation rate (578 mm) has not decreased. At the same time, the
tendency towards uneven distribution of moisture throughout the year and geograph-
ically is increasing, according to Vradii O. [1]. In particular, in 10 regions of Ukraine
from 2018 to 2022, precipitation fell by 7-12% less than the norm. The area of territories
with insufficient rainfall (less than 400 mm) in the warm period is increasing. Rivers
in these regions suffer the most from low water levels, according to Zabokrytska M.R.,
Khilchevsky V.K. and Manchenko A.P. According to Mudrak G. [16], another impact
of climate change associated with increasing temperatures has been studied. Firstly, the
evaporation coefficient from the surface of water bodies is increasing. To put it simply,
rivers dry up faster due to abnormal heat. Secondly, at temperatures above 30 degrees,
the root system of plants cannot compensate for evaporation losses, so plants need addi-
tional moisture — accordingly, during droughts, water intake for irrigation increases,
according to Shvebs G.I. and Igoshin M.1.

According to the State Water Agency of Ukraine Mudrak O.V., Khaetskoy G.S.,
Mudrak G.V. and Serebryakova V.V. [13], during 2021, 48.5 thousand tons of harmful
substances of the second and third hazard classes (highly hazardous and moderately haz-
ardous) were discharged into surface waters in Ukraine. According to officials, the largest
polluters are municipal enterprises, which discharge more than 60% of the total volume
of contaminated wastewater. The negative impact of housing and communal services
should not be denied, but the real situation looks a little different. Official statistics do not
take into account how negatively the agricultural sector affects the water environment.
Official data that agriculture in Ukraine consumes only 20% of water resources does not
coincide with the indicators of other countries. In the EU, about 40% of water is used for
these needs, and in the world in general up to 70%, according to Mudrak O.V., Khaet-
sky G.S., Mudrak G.V. and Serebryakov V. V. [16]. As stated by Alieksieiev O.0O. and Vra-
dii O.I. [3], most of the pollution and water use by farmers is not recorded, because the
pollution here is scattered over a large area and there is no conventional pipe where one
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farm could measure how much emissions are made. At the same time, the real impact of
agriculture can be seen from the results of monitoring the quality of water in rivers. Thus,
the Ministry of Environmental Protection and Natural Resources of Ukraine in Febru-
ary showed the results of screening the Dnieper basin. It revealed an excess of nitrates,
phosphates and pesticides in water bodies, and even agricultural chemicals banned back
in the 60s of the twentieth century. Studies conducted by Ryzhov K.I. [11] prove that
monitoring is carried out only on large rivers. The ecological situation of small rivers,
which are the most vulnerable to all threats, is simply not officially taken into account.
According to Bedunkov O.0., Stetsyuk L.M. and Yefymchuk O.B. [7] the agricultural
sector affects the state of rivers in various ways. In particular, nitrate pollution occurs as
a result of excessive exploitation of black soil and irrational use of fertilizers. Over the
past 20 years, the use of nitrogen fertilizers has increased 7.5 times, and mineral fertiliz-
ers — 4 times. Thus, land owners are trying to increase productivity — to compensate for
soil depletion with fertilizers, causing serious damage to both land and water resources.
In addition to the above examples, the causes of river degradation and disappearance can
be considered coastal development, plowing of meadows, sand and peat extraction, the
establishment of illegal floodplains, excessive water intake for agricultural and industrial
needs. All these barbaric actions fall under the definition of «improper management.
The situation with rivers will improve if these processes are stopped, order is restored on
the banks of the rivers, control and responsibility for violations are increased, in a word,
“incorrect” management is made correct, as stated by Alieksieieva O.0. and Vradii O.1.
[4]. According to Vasenko O.G., Vernychenko-Tsvetkova D.Yu., Kovalenko M.S., Kova-
leva O.M. and Poddashkina O.V. [9], for industrial polluters, in addition to increasing
responsibility for violations, it is necessary to establish incentives to reduce emissions
and install modern treatment equipment. From the point of view of Zabokrytska M.R.,
Khilchevsky V.K. and Manchen A.P. [14], modern eco-standards and environmental
supervision must be established in the agricultural sector. Also, invest in the neces-
sary infrastructure for the safe handling of livestock waste and agrochemicals. Make
the implementation of environmental standards at agricultural enterprises a mandatory
condition for receiving state support. Timchenko V.M. and Oksiyuk O.P. believe that all
these things should be done by the Ukrainian authorities today, maintaining a dialogue
with entrepreneurs. Other states have already faced similar problems and successfully
solved them. So there are enough established methods and schemes here — it’s easier with
this. But as for climate factors, everything depends, in particular, on each of us. While
governments, together with corporations, will solve global problems, each individual can
start with the simplest thing — save water, do not litter the coast, support initiatives aimed
at restoring and saving water bodies.

The purpose of the study is to investigate the ecological state of the water of the
Southern Bug River within the city of Khmelnytskyi.

Materials and methods of research. The experimental part of the study involved
the sampling of water from the Southern Bug River within the city of Khmelnytskyi
in three designated locations from a depth of 0-20 cm from the water surface: 1 km
upstream in the forest plantation zone (background), which allows establishing the
background level of hydrochemical indicators of river water; 1 km downstream in the
zone of intensive management, household plots, which allows determining the mag-
nitude of the anthropogenic impact of the economic and household activities of the
population of the settlement on the ecological state of the water and another 1 km away,
where an industrial facility is actively operating — the «Ukrelektroaparaty production
association. The following indicators were investigated here (Table 1).
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Table 1
Scheme of research of hydrochemical parameters of the Southern Bug River
within the city of Khmelnytskyi

Factor A — sampling location Factor B

1 — 1 km upstream — forest plantation zone Hydrogen pH
(background)
2 — 1 km downstream — zone of intensive Ammonium nitrogen
management, household plots Nitrites

Nitrates

Calcium

Chlorides

Overall hardness (stiffness)
3 — 1 km downstream, where the «Ukrelectroaparaty | Mineralization (dry residue)
production association operates

The obtained indicators were compared with the standards — maximum permissible
concentrations of pollutants in water. Laboratory studies were conducted in the certified
and accredited Scientific Measuring Agrochemical Laboratory of the Educational and
Scientific Institute of Agrotechnologies and Environmental Management of Vinnytsia
National Agrarian University. Based on the results obtained, conclusions were drawn
regarding the reasons for changes in the indicators of the hydrochemical state of the
Southern Bug River water within the city of Khmelnytskyi and environmental protec-
tion measures were developed to reduce river pollution.

Presentation of the main research material. The Southern Bug is the main water-
way of the city of Khmelnytskyi. It belongs to the large rivers of Ukraine. Its length
within the city is 7.1 km. The area of the water mirror of the Khmelnytskyi reservoir,
located on the riverbed, is 140.4 hectares, the greatest depth is 7.1 m, the average depth
is 3.6 m (Fig. 1).
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Fig. 1. The Southern Bug River within the city of Khmelnytskyi
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The main factors determining the quantitative and qualitative indicators of the
Southern Bug River within the city of Khmelnytskyi are the city’s domestic wastewa-
ter and water intake, which belong to different quality categories. In structural terms,
the largest polluter of the reservoir is the city’s industry (58% of the total volume of
discharges), the housing and communal services of the city of Khmelnytskyi (32%),
and agriculture (10%).

We conducted an assessment of the hydrochemical indicators of the Southern Bug
River within the city of Khmelnytskyi at three water sampling points: 1 km upstream
in the forest plantation zone (background), which allows us to establish the background
level of the hydrochemical indicators of the river water; 1 km downstream in the zone
of intensive farming, household plots, which allows us to determine the magnitude of
the anthropogenic impact of domestic activities; 1 km downstream from the zone of
intensive agricultural activity — near the production association of the UK «Ukrelek-
troaparat». The first sampling site of the Southern Bug River within the city of Khmel-
nytskyi allows you to establish the background level of river water quality indicators.
The second sampling site shows the results of the economic and household impact of the
city’s population on the state of the river, and the third — the state of its pollution from
industrial activity. The results of laboratory studies are presented in Tables 2, 3 and 4.

Tables 2
Hydrochemical composition of the water of the Southern Bug River
in the forest plantation zone (background)

Hydrochemical indicator megzlrte(r)rfen ¢ Actual content Max:;lnllcl:nlt)::tl::;mble
Hydrogen pH pH units 6.3 6.5-8.5
Ammonium nitrogen mg/1 0.1 0.5
Nitrites mg/l 1.4 33
Nitrates mg/l 22.7 45.0
Calcium mg/l 56.0 180
Chlorides mg/l 112.1 350
Overall hardness (stiffness) mg-eq./1 1.1 -
Mineralization (dry residue) mg/l 23.0 -

In a sample of water taken from the Southern Bug River within the city of Khmel-
nytskyi 1 km upstream in the forest plantation zone, the pH value was 6.3 with an opti-
mal value of 6.5-8.5 pH. Thus, the water reaction is favorable for aquatic organisms.
The ammonium nitrogen content was 0.3 mg/l with a maximum permissible concentra-
tion of 0.1 mg/1, which is a safe level and 5.0 times lower than the maximum permissible
concentration. The nitrite concentration in the water of the Southern Bug River within
the city of Khmelnytskyi 1 km upstream in the forest plantation zone was 1.4 mg/l with
a maximum permissible concentration of 3.3 mg/l, which is 2.35 times lower than the
maximum permissible concentration and is safe. The nitrate content in the water was
22.7 mg/l at the MPC of 45.0 mg/l, which is 1.98 times lower and, accordingly, safe.
Also, no excess of calcium content was observed in the water of the Southern Bug River
within the city of Khmelnytskyi — 56.0 mg/l at the MPC of 180 mg/l and chlorides —
112.1 mg/1 at the MPC of 350 mg/l. Thus, the calcium and chloride content was lower
than the MPC by 3.21 and 3.12 times, respectively.
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The total hardness of the water was 1.1 mg-eq./l, and the mineralization was
23.0 mg/l. However, these indicators are not standardized and do not affect the ecologi-
cal state of the water in the river. Thus, the content of all studied pollutants in the water
of the Southern Bug River within the city of Khmelnytsky 1 km upstream in the forest
plantation zone was lower than the maximum permissible concentrations, no pollutants
were detected there.

In the sample of water taken from the Southern Bug River within the city of Khmel-
nytsky 1 km downstream in the zone of intensive farming, household plots, it was sub-
jected to organic pollution and had much higher indicators than in the forest plantation
zone. In particular, the hydrogen pH was 8.6 with a norm of 6.5-8.5 pH and was higher
than the norm (Table 3). The content of ammonium nitrogen was 0.9 mg/l and was
1.8 times higher than the maximum permissible concentration. The concentration of
nitrites was 4.4 mg/l and was 1.3 times higher than the MPC.

Tables 3
Hydrochemical composition of the Southern Bug River water in the zone
of intensive management

Hydrochemical indicator me;illllrte(:rfen ¢ Actual content Max;zllil;lnl:::g::;ﬂble
Hydrogen pH pH units 8.6 6.5-8.5
Ammonium nitrogen mg/1 0.9 0.5
Nitrites mg/1 4.4 33
Nitrates mg/1 81.0 45.0
Calcium mg/1 120.4 180
Chlorides mg/1 191.5 350
Overall hardness (stiffness) mg-eq./1 34 -
Mineralization (dry residue) mg/1 88.8 -

The concentration of nitrates in the water of the Southern Bug River was 81.0 mg/I,
which was 1.8 times higher than the maximum permissible concentration. The calcium
content in the water was 120.4 mg/1, which is 1.49 times lower than the maximum per-
missible concentration. The same applies to chlorides: 191.5 mg/l — 1.82 times lower
than the maximum permissible concentration.

In a sample of water taken from the Southern Bug River within the city of Khmel-
nytskyi 1 km downstream in the area of the industrial facility of the UK “Ukrelek-
troaparat”, it was subjected to even higher organic pollution and had the highest indica-
tors among the 2 previous samples taken. In particular, the hydrogen pH was 10.8 with
a norm of 6.5-8.5 pH and was higher than the normal limits (Table 4).

The ammonium nitrogen content was 1.56 mg/l and was 3.12 times higher than the
maximum permissible concentration. The nitrite concentration was 6.8 mg/l and was
2.06 times higher than the maximum permissible concentration. The nitrate concentra-
tion in the water of the Southern Bug River was 96.5 mg/l and was 2.15 times higher
than the maximum permissible concentration.

The calcium content in the water was 176.2 mg/l, which is 1.02 times lower than
the MPC. The same applies to chlorides: 321.4 mg/l — 1.08 times lower than the MPC.

A comparison of the water quality indicators of the Southern Bug River in the
background and in the pollution zone showed that the ammonium nitrogen content
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increased from 0.1 mg/l to 1.56 mg/l and exceeded the maximum permissible concen-
tration (Fig. 2).

Tables 4
Hydrochemical composition of the water of the Southern Bug River in the area
of the industrial facility of the UK «Ukrelektroaparat»

Hydrochemical indicator Unit of Actual content Maximum perrfnss1ble
measurement concentration
Hydrogen pH pH units 10.8 6.5-8.5
Ammonium nitrogen mg/l 1.56 0.5
Nitrites mg/l 6.8 33
Nitrates mg/l 96.9 45.0
Calcium mg/l 176.2 180
Chlorides mg/l 3214 350
Overall hardness (stiffness) mg-eq./1 5.7 -
Mmerahzatlon (dry mg/l 94.7 )
residue)
1,8
1,6
1,4
1,2
1
0,8
0,6
0,4
0,2
0 4
1 km upstream 1 km downstream 1 km downstream MPC
mg/ (background) (pollution zone) (pollution zone
industrial facility)

Fig. 2. Dynamics of ammonium nitrogen concentration in the water of the Southern Bug
River within the city of Khmelnytskyi

The nitrite content also increased along the stream from 1 km upstream in the forest
plantation zone to 2 km downstream in the pollution zone — from 1.4 mg/I to 6.8 mg/1
and exceeded the maximum permissible concentration (Fig. 3).

The concentration of nitrates during the specified period of the river flow increased:
from 22.7 mg/l to 96.9 mg/l and exceeded the maximum permissible concentration
(Fig. 4).

Thus, it was established that the impact of economic and domestic activities and
industry of the city of Khmelnytsky pollutes the Southern Bug River within its borders
and is determined by the inflow of nitrogenous substances, which lead to an increase in
the concentration of ammonium nitrogen, nitrites and nitrates. The source of nitrogen
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inflow to the river water is the washout of surface runoff and the development of soil
erosion processes from adjacent shorelines used for homestead farming and industry.
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Fig. 3. Dynamics of nitrite concentration in the water of the Southern Bug River
within the city of Khmelnytskyi
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Fig. 4. Dynamics of nitrate concentration in the water of the Southern Bug River
within the city of Khmelnytskyi

Conclusions and suggestions. The city of Khmelnytsky is a powerful industrial
city, which is also engaged in agro-industrial production, including those that are poten-
tial sources of pollution of the Southern Bug River, which flows within its borders. The
content of all studied pollutants in the water of the Southern Bug River within the city
of Khmelnytsky 1 km upstream in the forest plantation zone was lower than the maxi-
mum permissible concentrations; no pollutants were detected there. In a sample of water
taken from the Southern Bug River within the city of Khmelnytsky 1 km downstream
in the zone of intensive farming, household plots, it was subjected to organic pollution
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and had much higher indicators than in the forest plantation zone. But the water samples
taken at the third point have extremely high excesses in all indicators, which proves that
the operation of the industrial facility of the UK «Ukrelektroaparaty is dangerous for
the hydrological state of the Southern Bug River within the city of Khmelnytskyi. The
main proposals for reducing the anthropogenic impact on the hydrological ecosystem of
the Southern Bug River, which flows within the city of Khmelnytskyi, are: improving
and modernizing municipal and industrial wastewater treatment technologies, as well as
reducing the level of chemicalization of agricultural production.

REFERENCES:

1. Vradii O. Hydro-ecological assessment of pond water quality. Tasgpiticoxuii
naykosutl gichux. Cepia: Cinbcvkococnooapcoki nayku. 2024. Bun. 137. C. 482-488.
https://doi.org/10.32782/2226-0099.2024.137.57

2. Razanov S.F.,Husak O.B., Tkalich Y.I., Vradii O.1., Aleksieiev O.O., Verhelis V.1,
Razanova A.M. Influence of soil moisture level on the translocation of plumbum and
cadmium in the grains of winter cereals. Agrology. 2022.Vol. 5(4). P. 122-125.

3. Alieksieiev O.0., Vradii O.I. Hydrological and hydrochemical assessment of
water status of the Southern Bug river within the boundaries of Vinnichchina. Bicrux
Cymcokoeo HayioHanvbHo20 azpaphozo yHieepcumemy. (Aeponomisa i 6ionoeis). 2024.
Bum. 1 (55). C. 3-10. https://doi.org/10.32782/agrobio.2024.1.1

4. Cramyxk B.A. Ekonoro-eKoHOMI4HI OCHOBH 0ace{HOBOTO YIPaBIiHHS BOTHUMHU
pecypcamu. JHinponerposcbk: 3ops, 2006. 480 c.

5. Bacenxo O.I', Bepnuiuenko I"A. KommiekcHe miiaHyBaHHS Ta YIpPaBIiHHSA BOA-
HUMH pecypcamu: MoHorpadis. Kuis: InctutyT reorpadii HAH Vipainm, 2001. 367 c.

6. Timuenko B.M., Oxkcitok O.I1. MeTtoau4Hi 3acaau yIpaBiiHHSI CTAHOM €KOCHC-
TEM Ta SKICTIO BOJM 3apeTyIbOBaHUX JIUISHOK PivoK. [ i0ponoeis, eiopoximis i 2iopoexo-
noeis. 2001. C. 66-75.

7. bemynkosa O.0., Cremrok JLM., €pumuyk O.b. Ananiz ocobmuBocteir dop-
MYBaHHS SKOCTI BoaH pivok 3axigHoro [lomices. Bichux HYBITI. 2009. Bum. 1 (45).
C.3-9.

8. Bacenko O.I, Bepnuiuenko I'.A., Bepauuenko-IIgetkoB /1.10., Kosanenko M.C.
PostmpeHHs nepetiKy MOKa3HUKIB eKOIOT1uHOT Kiaacuikamii SKOCTi MOBEPXHEBUX BOJ
VYkpainu. [lpobremu 0XOpOHU HABKOTUUIHBO20 NPUPOOHO20 Cepedosuiyd ma eKonoiy-
Hoi besnexu: 30. nayk np. YkpHAIEIL 2010. Bun. XXXIII. C. 33-47.

9. Bacenxko O.I., Bepuuuenko-I[petkoB /I.10., KoBanenko M.C., KoBansosa O.M.,
Honnmamkin O.B. ExonorivuHa oIfiHka cTaHy HOBSPXHEBUX BOJ YKpAIHH 3 YpaxyBaHHIM
pETioOHATLHUX TiAPOXIMIYHAX 0COOMUBOCTEH. [Ipobiemu 0XOpOoHU HABKOIUUHLO2O NPU-
POOHO20 cepedosuwja ma exorociunoi besnexu: 30. nayk np. YxkpH/[IEII. 2010. Bum.
XXXII. C. 36-54.

10. Toruap O.M. OmiHka TiAPOXIMIYHOTO PEKHUMY Ta SKOCTI HOBEPXHEBUX BOJ
Oaceiiny JlHicTpa Ha TepuTopii Ykpainm: aBroped. muc. kaua. reorp. Hayk: 11.00.07 /
YepniBenpkuii Hall. YH-T iM. }0. @eaproBuda. Yepnirni, 2012. 20 c.

11. Pmwxoa K.I. Exonoriyna 6e3mneka BOZTHUX pecypciB YKpaiHH B KOHTEKCTI MiXk-
IepKaBHUX BITHOCHH. BicHux HayionanvHozo yHisepcumenty 800HO20 20CNo0apcmed
ma npupoooxopucmysanns. 2006. Bur. 4 (36). U. 2. C. 138-144.

12. Birep H.I. Anauni3 crany Boau piuxu IliBgennuit byr. Cinocore cocnodapcmeo
ma nicisnuymeo. 2017. Ne 6 T. 1. C. 158-165.

13. Myapak O.B., Xaeupkuii I.C., Mynpax I'.B., Cepebpsaxos B.B. Ouinka exosno-
TIYHOTO CTaHy Maiux pidok CximgHoro [Tomimisi B KOHTEKCTI CTaIOr0 pO3BUTKY PETIOHY.
Exonociuni nayxu. 2022. Ne 6 (45). C. 132-138.

14. 3a6okpunibka M.P., XinsueBchkuii B.K., Manuenko A.Il. T'impoexosoriunuii
ctaH Oaceitny 3aximHoro byry Ha Teputopii Ykpainu. Kuis: Hika-Llentp, 2006. 184 c.




Taspiticbknit HaykoBui BicHUK Ne 142. Yactuna 1

302 I

15. Mynpak I. Exonoro-reorpagiunuii aHamiz craHy Mamux pidok CepemaHporo
IIpunuictpoB’s. Hayxogi sanucku BinHuybko2o 0epicasno2o nedazo2iunoeo yHieepcu-
memy imeni Muxaiina Koyrobuncokoeo. Cepis: I'eoepagis. 2005. Bum. 10. C. 105-111.

16. Mynpak O.B., Xaenpkuii I.C., Mynpak I'.B., Cepebpsxor B.B. Ominka exoso-
ri4HOTrO cTaHy Manux pivok CximHoro [Toaisuis B KOHTEKCTI CTajIoro pO3BUTKY PErioHY.
Exonociuni nayxu. 2022. Ne 6 (45). C. 132-138. http://ecoj.dea.kiev.ua/6-45- 2022

17. HIse6c¢ I'1., Irommu M.I. Karanor pidok i Bomoiim Ykpainu. HapyansHO-10Bi-
koBuii ociOHUK. Oneca: BumaBaunreo Actpornpust, 2003. 392 c.




