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ECOLOGICAL ASSESSMENT AND FORECASTING OF SURFACE WATER CONDITIONS
IN THE DNIPRO RIVER IN ZAPORIZHZHIA

Purpose. To provide a comprehensive environmental assessment and forecast of the condition of surface
waters of the Dnipro River within the Zaporizhzhia region, with a focus on the dynamics of key water quality
indicators during the period 2013-2024. Special attention is given to anthropogenic factors, particularly the con-
sequences of military actions and the destruction of the Kakhovka Hydroelectric Power Plant, which significantly
altered the hydrological regime and impacted the ecological balance of the river.

Methods. Systems analysis, statistical data processing methods, distribution analysis, and regression mod-
eling were employed to assess retrospective dynamics and predict future trends.

Results. Long-term monitoring data obtained from the Water Monitoring Laboratory of the Basin Water
Resources Department of the Azov Sea Rivers were used. The primary focus was on evaluating six key water
quality indicators: phosphates, ammonium, sulfate and chloride ions, biochemical oxygen demand over five days
(BOD:), and dissolved oxygen concentration, to assess the ecological state of the Dnipro River's surface waters in
the Zaporizhzhia region, particularly in the drinking water intake area (DVS No. 1) in the upper reservoir of the
Dnipro HPP. Phosphate and ammonium concentrations show periodic fluctuations driven by seasonal factors and
fertilizer usage. Sulfate levels exhibit high variability of both natural and anthropogenic origin, while chloride
concentrations remain relatively stable. Data on dissolved oxygen and BODs indicate seasonal dynamics, which
have been disrupted since 2023 due to the destruction of the Kakhovka Dam. The analysis confirmed the river's
capacity for partial self-recovery, particularly under reduced anthropogenic pressure during wartime. Regression
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models were developed for predictive assessment of pollution levels and environmental risks.

Conclusions. The study identified key ecological problems in the Dnipro River, including organic and
mineral pollution, disrupted hydrological regimes, and decreased oxygenation. The war-related destruction of hy-
drotechnical infrastructure exacerbated these issues. Despite this, the river demonstrated resilience through natural
self-purification processes, especially as phosphate and ammonium loads declined. Restoration of ecological bal-
ance will require systemic monitoring, rehabilitation of water infrastructure, and regulation of pollutant sources.
The developed models provide a basis for forecasting and managing surface water quality under both peacetime
and post-war recovery scenarios.

KEY WORDS: Dnipro River, war consequences, surface water, ecological monitoring, phosphate, am-
monium, sulfate, chloride, dissolved oxygen, BODs, anthropogenic impact, forecasting.
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Introduction

The issue of preserving water resources immediate solutions. As is known, the surface
in river basins, particularly their rational utiliza- waters of the Dnipro River are of key im-
tion, is extremely relevant under current condi- portance for water supply in Ukraine. At the
tions. Since the beginning of the war, Ukraine's same time, the Dnipro's aguatic ecosystem is
water resources have experienced additional an- under constant anthropogenic pressure, causing
thropogenic impact, thus necessitating continu- gradual and persistent deterioration of its eco-
ous monitoring of surface water conditions. logical state. To improve the quality of surface
Among the rivers affected by this additional im- waters in the Dnipro basin, it is necessary to im-
pact is the Dnipro. Therefore, there is a need to plement a reliable and effective model for fore-
conduct a comprehensive analysis of the eco- casting the state of the ecosystem, including ac-
logical state of the Dnipro River basin to iden- counting for the impact of war.

tify the most pressing problems requiring

Objects and Research Methods

To assess the impact of anthropogenic for Water Resources of Azov Rivers. Compara-
load, including war impact on the surface water tive analysis was carried out for the monitoring
conditions in the Dnipro River in Zaporizhzhia, station: Dnipro River, 328 km, Zaporizhzhia,
a study was conducted on the water quality of upper tailrace of the Dnipro HPP, drinking wa-
the Dnipro River using data from the Water ter intake of Zaporizhzhia (DWS No. 1)
Monitoring Laboratory of the Basin Department (47°81'80" N, 35°10'00" E) during 2015-2024.

Results and Discussion

The ecological state of the Dnipro River general. Under optimal concentration condi-
has long attracted attention, as it is the country's tions, they contribute to increased ecosystem
main waterway, but remains under constant an- productivity and influence the species composi-
thropogenic pressure [1-4]. Considering the tion of aquatic organisms. However, exceeding
changing situation, there is a need for continu- the maximum permissible limits of phosphates
ous monitoring of its surface water quality in the changes the trophic status of water bodies, stim-
context of main pollutants, which include phos- ulating the development of organisms that re-
phate and ammonium ions, sulfates and chlo- lease harmful metabolites, negatively affecting
rides, and others, as well as assessing the ratio other inhabitants of the water body and deterio-
of BOD:s to dissolved oxygen concentration. rating water quality. Phosphate levels in aquatic

Phosphates play a key role in the func- environments vary seasonally, related both to
tioning of biota and hydroecosystems in their sources (weathering and dissolution of
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rocks, application of phosphorus fertilizers and
detergents) and biological processes (life activ-
ities and death of organisms). The main sources
of anthropogenic phosphate pollution are con-
sidered to be agricultural runoff, wastewater
from treatment facilities, and industrial enter-
prises [5-7].

Ammonium ions are one form of nitrogen
naturally present in the environment. They are
primarily concentrated in the upper layers of the
hydrosphere, where intensive decomposition of
protein substances from aquatic organisms and
accumulation of their metabolic products occur.
In this context, ammonium acts as a natural ele-
ment of the aquatic environment, involved in
the nitrogen cycle in the biosphere. At the same
time, its concentration must remain within per-
missible levels, as excessive content can cause
serious ecological consequences. Specifically,
elevated NH4* levels in surface waters promote
the development of eutrophication [4, 9], which
harms biodiversity: this phenomenon stimulates
excessive growth of certain algae species,
which reduce dissolved oxygen content in the
water. As a result, the water bodies' ability to
self-purify is significantly impaired.

Sulfates are the most common anions
present in aquatic ecosystems. The main factors
for increasing their concentration in water bod-
ies are the processes of organism death, oxida-
tion of substances, and influx from groundwater
[10, 11]. Sulfate ions (SO4>") enter natural wa-
ters primarily through dissolution of sulfur-con-
taining minerals such as gypsum, as well as
through oxidation of sulfur and sulfides. Addi-
tionally, a significant portion consists of sulfur
released during the decomposition of plant and
animal remains, as well as from wastewater.

Chlorides enter surface waters from min-
eral fertilizers containing chlorine-containing
potassium compounds, as well as from domestic
and industrial effluents. Due to high solubility,
chlorides are poorly adsorbed by suspended
matter and are hardly assimilated by aquatic or-
ganisms. Their concentration plays an im-
portant role in forming non-carbonate water
hardness. Chloride ion (CI") also enters water
bodies through dissolution of chlorine-contain-
ing minerals. An additional source is atmos-
pheric transport from marine and oceanic areas
to continental water bodies. The significant in-
crease in chloride concentrations in recent years
is associated with increased impact of industrial
and municipal wastewater [11].

~50~

The biochemical oxygen demand (BOD)
indicator shows how much oxygen is required
for complete oxidation of organic substances in
a water body. During the oxidation and decom-
position of organic matter, BOD values de-
crease. Simultaneously with consumption, oxy-
gen enters surface waters from the atmosphere
and water saturation with dissolved oxygen oc-
curs. This diffusion compensates for oxygen
losses during decomposition of organic matter
in water. This relationship is described by the
well-known Streeter-Phelps model, which al-
lows evaluation of the balance between oxygen
consumption in water due to organic matter de-
composition and its recovery through atmos-
pheric diffusion. This, in turn, allows assess-
ment of water quality and its capacity for natu-
ral self-purification [12, 13].

When monitoring surface waters, it is im-
portant not only to determine the content of sub-
stances in them, but also to compare the ob-
tained data with maximum permissible concen-
trations, which are indicators of the safe level of
harmful substances per unit volume or mass in
the aquatic environment that has minimal im-
pact on human health [14, 15].

The research object was the surface water
condition of the Dnipro River within the moni-
toring station: Dnipro River, 328 km, Za-
porizhzhia, upper tailrace of the Dnipro HPP,
drinking water intake of Zaporizhzhia (DWS
No. 1) (47°81'80" N, 35°10'00" E). The study
covered the period 2013-2024 and was con-
ducted for the following parameters: phosphate
ions, ammonium ions, sulfate ions, chloride
ions, BODs, and dissolved oxygen.

Figure 1 presents the results of analysis
of phosphate and ammonium ion dynamics in
the surface waters of the Dnipro River in Za-
porizhzhia during 2017-2024.

Analysis of phosphate and ammonium
ion dynamics in the surface waters of the Dnipro
River in Zaporizhzhia during 2017-2024 re-
vealed clear changes that are both seasonal and
anthropogenically induced. During 2017-2020,
indicators for both ions demonstrated relative
stability with typical fluctuations caused by sur-
face runoff from agricultural lands and domes-
tic discharges.

Since 2021, there has been a trend toward
decreased phosphate concentration, reaching a
minimum in mid-2022. Simultaneously, in July
2022, an abnormally high spike in ammonium
ion concentration was observed, exceeding 0.8
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Fig. 1 — Dynamics of phosphate and ammonium ion content in Dnipro River surface waters
in Zaporizhzhia during 2017-2024

mg/dm?. This may be a result of local discharges
or increased mineralization of organic matter
under conditions of reduced flow, high temper-
ature, and dissolved oxygen deficit.

In 2023-2024, ammonium content gradu-
ally decreases, indicating activation of nitrifica-
tion processes. In the presence of oxygen, ammo-
nium is oxidized to nitrites (by bacteria of the ge-
nus Nitrosomonas) and further to nitrates (Nitro-
bacter), indicating improved water body aeration
and stabilization of ecosystem processes. Phos-
phates during this period demonstrate gradual
growth with individual sharp peaks (September-
October 2024), likely related to mobilization of

phosphates from bottom sediments under anaer-
obic conditions or through the influence of or-
ganic matter decomposition (SPAR).

Overall, a complex interaction of chemi-
cal and biogeochemical processes is observed -
reduced anthropogenic load decreased phos-
phate and ammonium influx, while changes in
hydrodynamics, particularly through HPP dam-
age, affected flow, oxygen regime, and remobi-
lization of compounds from bottom sediments.

Figure 2 presents the results of analysis
of sulfate and chloride ion dynamics in the sur-
face waters of the Dnipro River in Zaporizhzhia
during 2017-2024.
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Fig. 2 — Dynamics of sulfate and chloride ion content in Dnipro River surface waters
in Zaporizhzhia during 2017-2024
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The graph demonstrates fluctuations in
sulfate and chloride ion concentrations in river
water, which are indicators of mineralization,
degree of anthropogenic load, and hydrochemi-
cal stability of the aquatic environment.

Throughout the entire period, sulfate con-
centrations (blue line) fluctuate within 30-90
mg/dm?, with notable peaks in certain months
(e.g., 05.2021, 10.2021, 09.2022, 11.2023,
11.2024). Such anomalous increases may be re-
lated to local wastewater discharges or active
oxidation of organic matter during changes in
hydrochemical regime. Increased sulfates may
also result from microbiological decomposition
of biota, particularly during periods of algae
death, or active sulfate reduction with subse-
guent release of sulfur-containing compound
oxidation products.

Characteristically, sulfate ions demon-
strate higher variability, which is typical for
ions that can actively come from anthropogenic
sources - industrial enterprises, storm and do-
mestic runoff. Particularly sensitive fluctuations
are observed in 2022-2023, which may reflect
the impact of military actions and disruption of
wastewater treatment facilities.

Unlike sulfates, chloride ions (green line)
have more stable concentration, maintained in
the range of 25-40 mg/dm?. This corresponds to
the nature of chlorides as conservative ions that
are not actively involved in biogeochemical
processes and have high solubility. However,
short-term decreases (e.g., in 07.2021 and
04.2022) may result from technical errors or

local water dilution, for example, after severe
floods or increased water exchange.

Overall, comparison of dynamics for
both ions indicates increased reactivity of sul-
fates in the river water system, while chlorides
remain a stable indicator of overall mineraliza-
tion level. Increased sulfates with unchanged
chloride levels may indicate activation of bio-
chemical processes - particularly, oxidation of
SPAR or hydrogen sulfide formation with sub-
sequent oxidation to SO+>~ under variable oxy-
gen regime conditions.

Figure 3 presents the results of analysis
of dissolved oxygen concentration dynamics
and biochemical oxygen demand over 5 days in
the surface waters of the Dnipro River in Za-
porizhzhia during 2017-2024.

The graph depicts the dynamics of two key
indicators of aquatic environment condition: dis-
solved oxygen concentration and biochemical ox-
ygen demand over 5 days (BODs). Both parame-
ters are closely related to the intensity of biochem-
ical processes and are primary markers of water
body self-purification and its ecological state.

During the period from 2017 to 2022,
typical seasonal dynamics are observed; in sum-
mer, dissolved oxygen levels decrease, which is
due to reduced solubility at elevated water tem-
peratures and activation of microbiological de-
composition of organic matter. During this
time, BODs values increase, as elevated temper-
ature and organic load stimulate metabolic ac-
tivity of aerobic bacteria, increasing oxygen
consumption. In autumn and winter, conversely,

Fig. 3 — Dynamics of dissolved oxygen concentration and biochemical oxygen demand over 5 days
in Dnipro River surface waters in Zaporizhzhia during 2017-2024
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there is an increase in dissolved oxygen concen-
tration and decrease in BODs - the result of
slowed biochemical processes and improved
oxygen solubility.

However, beginning in 2023, this clear
seasonal rhythm is disrupted. The graph shows
a significant decrease in dissolved oxygen dur-
ing the summer and autumn period of 2023,
while BODs values remain relatively stable,
without corresponding growth. This may indi-
cate oxygen deficit caused by hydrological re-
gime disruption due to destruction of the
Kakhovka HPP (06.2023) and reduced flow ve-
locity, limiting water mixing and oxygen satu-
ration from the atmosphere.

Continued organic matter decomposition
under conditions of limited oxygen access in
2023-early 2024 explains the low DO level with
relatively unchanged BOD:s - available organic
substances decompose with slowing, and oxygen
access is limited. During the summer period of
2024, increased DO indicates partial restoration
of aeration, possibly through improved weather
conditions or reduced anthropogenic load (par-
ticularly organic matter), which is also evidenced
by stability or even slight decrease in BOD:s.

Overall, the graph confirms the effect of
"biochemical paradox": when high dissolved
oxygen levels correspond to low BODs (ecosys-
tem capable of self-purification), and its de-
crease without accompanying BODs growth
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indicates disruption of natural organic matter
oxidation due to reduced flow and decreased at-
mospheric diffusion. Such changes demonstrate
reduced adaptive potential of the aquatic eco-
system under the influence of hydrotechnical
and climatic factors.

For overall assessment of anthropogenic
load levels from pollutants and their impact on
BOD:s levels and dissolved oxygen concentra-
tion, distribution histograms were constructed
for the period 2015-2024.

Figure 4 presents a histogram of phos-
phate ion concentration distribution in the sur-
face waters of the Dnipro River in Zaporizhzhia
during 2017-2024.

The distribution histogram of phosphate
ion concentrations in Dnipro River water
demonstrates an asymmetric (right-skewed)
character with a modal interval of 0.36-0.44
mg/dm?, indicating predominance of moderate
phosphate loading levels. Approximately 80%
of values are concentrated within 0.22-0.50
mg/dm? - typical for water bodies with regular
impact from wastewater and agricultural runoff.
Such concentrations can support increased
aquatic ecosystem productivity but promote
phytoplankton biomass accumulation, espe-
cially during summer periods, increasing the
risk of eutrophication development. Individual
high values (>0.65 mg/dm?) are likely related to
local unauthorized discharges or episodic ferti-
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Fig. 4 — Distribution histogram of phosphate ion concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024
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lizer washout, and indicate disruption of the wa-
ter body's buffer capacity. This distribution pro-
file indicates the need for systematic monitoring
and ecological control of phosphate loading
sources.

Figure 5 presents a histogram of ammo-

surface waters of the Dnipro River in Za-
porizhzhia during 2017-2024.

The histogram demonstrates frequency
distribution of ammonium ion concentrations,
which has a pronounced right-skewed distribu-
tion with a maximum in the 0.31-0.39 mg/dm?

nium ion concentration distribution in the range. The main portion of values (over 80%) is
35 120,00%
30 -8 —a—=8 | 100,00%
25 )
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Fig. 5 — Distribution histogram of ammonium ion concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024

concentrated within 0.24-0.53 mg/dm?, indicat-
ing the presence of a persistent ammonium pol-
lution source, likely of domestic or agricultural
origin. The cumulative curve (integral %) con-
firms predominance of average values, character-
istic of aquatic systems with regular anthropo-
genic load but still capable of self-purification.
Ammonium is an intermediate product of organic
matter mineralization and an important indicator
of oxygen regime. With sufficient dissolved oxy-
gen levels, NH4+" undergoes nitrification to nitrites
and further to nitrates, so this distribution form in-
dicates relatively aerobic conditions.

At the same time, individual emissions
with concentrations above 0.60 mg/dm? (outli-
ers on the right) indicate episodic overloads or
reduced aeration - likely due to local discharges
or flow reduction due to hydrotechnical changes
(e.g., dam destruction or seasonal low water).
This distribution profile is typical for waterways
affected by anthropogenic factors but still main-
taining buffer capacity for self-purification. At
the same time, the presence of even occasional
high concentrations requires enhanced control,
as NH." is toxic to aquatic biota under high pH

~54 ~

and temperature conditions characteristic of
summer periods.

Figure 6 presents a histogram of sulfate
ion concentration distribution in the surface wa-
ters of the Dnipro River in Zaporizhzhia during
2017-2024.

The distribution of sulfate concentrations
has a normal distribution character with a max-
imum within 56-66 mg/dm?, corresponding to
the natural mineralization level for large river
systems with moderate technogenic load. The
main mass of values (over 80%) is concentrated
in the 46-75 mg/dm? range, confirmed by the
smooth cumulative curve. This indicates a sta-
ble source of sulfate influx - particularly from
natural minerals (gypsum, sulfides), as well as
from domestic and industrial wastewater.

Sulfates are indicators of the water body's
oxidative regime, and high values may indicate
active organic matter decomposition processes
or influx of sulfur-containing compounds. Indi-
vidual cases of concentrations above 84 mg/dm?
may result from local pollution, desorption pro-
cesses from bottom sediments, or atmospheric
runoff impact.
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Fig. 6 — Distribution histogram of sulfate ion concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024

This distribution profile is typical for river
systems experiencing seasonal changes and hav-
ing both natural and anthropogenic sources of
SO+ influx. High concentrations at low oxygen
levels can also serve as a substrate for sulfate re-
duction with hydrogen sulfide (H2S) formation,
which is potentially toxic to aquatic biota.

Figure 7 presents a histogram of chloride
ion concentration distribution in the surface wa-
ters of the Dnipro River in Zaporizhzhia during
2017-2024. The chloride ion distribution histo-
gram is characterized by left-skewed asym-
metry with a modal class in the 36.2-40.3

mg/dm® range, indicating predominance of
moderate mineralization levels. Over 80% of
observations are concentrated within 28-44
mg/dm?®, typical for freshwater river systems
with background hydrogeochemical regime and
minimal anthropogenic load.

Chlorides, as inert conservative ions, do
not participate in the biogeochemical cycle and
are not adsorbed by bottom sediments, so their
distribution serves as a marker of hydrochemi-
cal background stability. The absence of pro-
nounced extreme values in the right tail of the
distribution indicates minimal influence of point
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Fig. 7 — Distribution histogram of chloride ion concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024
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pollution sources - particularly domestic or in-
dustrial effluents characteristic of urbanized ter-
ritories.

The presence of individual low values in
the left part of the histogram (below 12 mg/dm?)
may result from water dilution by flood or atmos-
pheric precipitation or seasonal reduction in min-
eralization.

Thus, CI- distribution reflects hydrochemi-
cal stability and can be used as an indicator of

background conditions when assessing changes in
more reactive aquatic environment components.
Figure 8 presents a histogram of BOD:s
value distribution in the surface waters of the
Dnipro River in Zaporizhzhia during 2017-2024.
The distribution of BODs values has an
asymmetric form with a maximum in the 2.7-3.1
mg0O-/dm?® range, indicating predominance of
moderate organic pollution. Most values (=80%)
are within 2.3-3.8 mgO./dm?®, corresponding to
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Fig. 8 — Distribution histogram of BODs values in Dnipro River surface waters in Zaporizhzhia
during 2017-2024

the level of weak to moderate anthropogenic load
according to water quality ecological assessment
classification. This profile is typical for water
bodies with biodegradable organic matter of do-
mestic and agricultural origin. The BOD:s indica-
tor is an integral biochemical indicator character-
izing the oxygen requirement of aerobic micro-
organisms for oxidation of dissolved organic
matter. Stable peak position in the medium range
indicates conditions for natural self-purification
and relatively aerobic environment. The pres-
ence of individual high values (>3.8 mg/dm?) in-
dicates periodic local organic matter influx,
likely from effluents without proper treatment.
The cumulative percentage distribution curve
(integral %) confirms uniform transition from
background to elevated values, indicating ab-
sence of sharp anthropogenic emissions.

Figure 9 presents a histogram of dissolved
oxygen concentration distribution in the surface
waters of the Dnipro River in Zaporizhzhia dur-
ing 2017-2024. The distribution of dissolved

~b56 ~

oxygen concentrations has a clearly defined
modal interval of 9.7-10.4 mgO./dm3, where the
largest number of observations are concentrated.
Over 80% of all values are within 8.2-11.2
mgQ./dm?, indicating the aerobic nature of the
environment, favorable for aquatic biota func-
tioning. This level of oxygen saturation corre-
sponds to good ecological conditions, character-
istic of water bodies with moderate organic load-
ing and active oxygen diffusion from the atmos-
phere. It also indicates effective self-purification
through aerobic oxidation of organic matter. The
presence of a small number of values above 12
mgO-/dm?® may be related to intensive photosyn-
thetic activity of algae during daytime, especially
in summer. At the same time, the absence of a
significant number of low values (<7 mg/dm?)
indicates stable oxygen regime and absence of
critical phenomena related to oxygen deficit (hy-
poxia), usually observed in reservoirs with re-
duced flow or excessive eutrophication.
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Fig. 9 — Distribution histogram of dissolved oxygen concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024

The obtained distribution is an indicator of emissions were used in their construction (i.e.,
stable hydrobiological state, allowing mainte- seasonality of pollution was leveled).
nance of natural self-purification mechanisms Figure 10 presents the dynamics of phos-
and providing conditions for aerobic transfor- phate and ammonium ion concentration changes
mation of organic and inorganic pollutants. in water during 2013-2024 and corresponding
To determine dynamics of anthropogenic approximating curves.
load level changes on Dnipro River surface wa- Regression equation of the identified de-
ters (DWS-1 station) and subsequent forecasting pendence for phosphate ions:
in the context of individual pollutants, corre- y=5%107%x°—6 x 107*x> + 2.7458x* — 6.8999x
sponding regression equations were constructed. x 103%x* + 1 x 107x* -7 x 10°x + 2 x 102,
Annual average values of harmful substance approximation reliability — R? = 0.8047.
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Fig. 10 — Dynamics of phosphate and ammonium ion concentration changes in water during 2013-2024
and corresponding approximating curves
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The identified dependencies indicate that
phosphate ion content reduction in water occurs
periodically, namely being minimal in 2014 and
in 2022.

Regression equation of the identified de-
pendence for ammonium ions:

y=-2x10°x°+1.96 x 102x>—98.819x* +
2.66114%x x 10°x3 -4 x 108%x>+ 3 x 10'x — 1 %
1014’

approximation reliability — R? = 0.9002.

The identified dependencies indicate that
ammonium ion content reduction in water also
occurs periodically, being at low levels during
2013-2015, and then in 2019, 2021, and in 2023.

This provides grounds to confirm the as-
sumption regarding the main impact factor -

fertilizer application, as reduction in application of
some fertilizers is compensated by others. Addi-
tionally, from 2016 to 2021, general situation de-
terioration was observed, as average content of
phosphate and ammonium ions in water in-
creased. After situation improvement during
2022-2023 (due to reduced fertilizer application),
in 2024 there was a return to previous trends.

Figure 11 presents the dynamics of sulfate
and chloride ion concentration changes in water
during 2013-2024 and corresponding approximat-
ing curves.

Regression equation of the identified de-
pendence for sulfate ions:
y =3 x 10%x°—3.0774x° + 1.5511 x 10*x* -4
x 107x3+ 6 x 10%%x2 — 5 x 103x + 2 x 10'¢,

approximation reliability — R? = 0.7549.

roximating curve (suliate) Ap

Fig. 11 — Dynamics of sulfate and chloride ion concentration changes in water during 2013-2024
and corresponding approximating curves

11,0000 A 3,4000
y = 6E-05%3- 0,3616x2 + 734,24x - 496900 I
l’\],r)l][l) R:! — 0()‘158 ///4;\\ 2,W
—a \ 3,0000
10,0000 N / \\
A& - oo $ 28000
9,5000 v o
/j \»-‘,-\7_8(/ ~— /@/ 2,6000
9,0000 [~trray
/ | _ 2,4000
e, y/=0,0002x1 - 1,1741x2 + 2341, 7x - 26406
e R? = 0,6095 2,2000
8,0000 2,0000
N N N J N N ~ N N N N N
Q o) o o o =) o o o o o) o
=1 [y —_— — —_— — — N N N N N
w & (9.} o ~ o« to) o - N w S
dissolved oxygen, mg02/dm3

~—@— BODS, mg02/dm3

Fig. 12 — Dynamics of BOD:s and dissolved oxygen concentration changes in water during 2013-2024
and corresponding approximating curves
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Regression equation of the identified de-
pendence for chloride ions:

y =5 % 107k — 6.2407x°> + 3.1467x* — 8 X
107x3+ + 1 x 10"x2— 1 x 10x + 3 x 10,

approximation reliability — R> = 0.794
The identified dependencies indicate that chlo-
ride ion content changes in water are also insig-
nificant. As can be seen, sulfate and chloride ion
content during 2013-2016 increased, while in
subsequent years it fluctuates around a certain
average level.

Figure 12 presents the dynamics of BODs
and dissolved oxygen concentration changes
during 2013-2024 and corresponding approxi-
mating curves.

Regression equation of the identified de-
pendence for BODs:

y =6 x 107°x% — 0.3616x% + 7.3424 x 10?x —
4.969 x 10%,

approximation reliability — R? = 0.6458.

The identified dependencies indicate that
maximum indicator levels were in 2017-2018
and in 2023 (significant increase) with practi-
cally unchanged level in other years.

Regression equation of the identified de-
pendence for dissolved oxygen:
y=2x10"-1.1741x*+2.3417 x 10®>x —2 x 108,

approximation reliability — R = 0.6095.

The identified dependencies indicate that
minimum indicator levels were in 2016-2019
and in 2024, with maxima observed in 2014 and
during 2021-2022.

Therefore, opposite trends exist for BODs
and dissolved oxygen, as should be expected.
The obtained results provide grounds to confirm
the assumption about the existence of self-puri-
fication capacity despite existing anthropogenic
influences.

Conclusions

The study covered the period 2013-2024
and was conducted in the context of the follow-
ing indicators: phosphate ions, ammonium ions,
sulfate ions, chloride ions, BODs, and dissolved
oxygen.

It was established that the main anthropo-
genic load is created by industry, agriculture,
and municipal enterprises. The consequences of
war were also assessed, namely the destruction
of the Kakhovka HPP dam (destruction of the
Kakhovka Reservoir) and cessation of Dnipro
HPP operations. Considering that indicators of
surface water ecological state are BODs and dis-
solved oxygen level, special attention was given
to these indicators.

It was established that during 2017-2022,
typical seasonal dynamics of indicators were
observed. Since 2023, the clear seasonal rhythm
changed due to disruption of hydrological

regime through destruction of the Kakhovka
HPP (06.2023) and reduced flow velocity, lim-
iting water mixing and oxygen saturation from
the atmosphere. Nevertheless, reduced pollu-
tion levels by phosphate and ammonium ions
since the beginning of war has provided the pos-
sibility for self-purification of Dnipro River sur-
face waters.

For overall assessment of anthropogenic
load levels from pollutants and their impact on
BOD:s levels and dissolved oxygen concentra-
tion in Dnipro River surface waters, distribution
histograms were constructed for the period
2015-2024.

Forecasting of anthropogenic load levels
for main pollutants was carried out using regres-
sion equations, and predicted levels of BOD:s
and dissolved oxygen concentration in Dnipro
River surface waters were determined.
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EKOJIOI'TYHA OIIHKA TA ITPOI'HO3YBAHHSA CTAHY ITIOBEPXHEBUX BO/{
PIYKHU JHIITPO Y 3AIOPI/KIKI

Meta. Hagati KOMIUIEKCHY €KOJIOTIYHY OI[IHKY Ta IPOrHO3yBaHHS CTaHy IIOBEPXHEBHUX BOJ piukH J{HINpo
B Me)kax 3amopi3pKkoi 00JacTi 3 aKIeHTOM Ha JWHAMiKy OCHOBHUX IMOKa3HHKIB sikocTi Boan y 2013-2024 pokax.
Oco0s1Ba yBara NpUIUISETHCSI aHTPONIOIEHHUM (akTopaM, 30KpeMa HaclliikaM BiHCBKOBHX Jiiil 1 pyHHyBaHHS
KaxoBcEKOI riipoeeKTpocTaHIlii, 0 CYTTEBO 3MIHIIIH TiIPOJIOTIYHAN PEXXUM 1 BIUIMHYIH HA €KOJIOTIYHY PiBHO-
Bary piuxm.

Metomn. CHCTeMHHUH aHATi3, METOIU CTATUCTUIHOT 00OpOOKH, aHaTI3 PO3MOILTY Ta perpeciiiHe MoIeIo-
BaHHs JUIA OLIHKHM AMHAMIKH Y PETPOCHEKTHUBI Ta MPOTHO3yBaHH MaifOyTHIX TEHCHIIIH.

Pe3yasTaTH. Bukopucrano 6aratopivyHi JaHi MOHITOPUHTY, OTpuMaHuX 3 JJabopaTopii MOHITOPHHTY BOJ
BaceitHoBOTO ynpaBiiHHA BOZHUX pecypciB pidok Ilpna3os’s. OCHOBHa yBara IpUAUISAIACS OIIHII IIECTH KITIO-
YOBUX ITIOKa3HMKIB SIKOCTI Boju: (hocatTiB, aMOHINHMX, CyJIb(GAaTHUX 1 XJOPUAHUX 10HIB, 61I0XIMIYHOTO CHOXKH-
BaHHs KucHIO poTsirom 11’ situ 116 (BCKs) Ta koHIEHTpatii po3dYMHEHOT0 KUCHIO JJIS OI[IHKHU €KOJIOTI9HOTO CTaHy
MIOBEPXHEBHX BOJ piuky J{HINpo B Mexax 3anopi3pkoi odiacti, 30kpema y paiioHi Bojgozabopy nmutaoi Boau (ABC
Nel) y Bepxubomy 6'edpi JJuinposcokoi 'EC. KonnenTpaii ¢ocdariB i aMOHII0 1eMOHCTPYIOTH NEPioIHYHI KO-
JIMBAHHSA, 3yMOBJICHI CE30HHHMH YNHHUKAaMH Ta BUKOPHCTaHHSIM T0OpHB. PiBeHb cynb(aTiB BiI3HAYA€THCS BUCO-
KO0 MIHJIMBICTIO SIK NIPUPOIHOTO, TaK 1 TEXHOTEHHOTO IOXO/PKEHHS, TOJI SIK KOHLIEHTpALil XJIOPUIiB 3aJIUIIa-
IOTBCS MTOPIBHIHO cTabinmpHUMU. JlaHi ipo po3unHeHuit kuceHsb i BCKs cBimuaTh Mpo CE30HHY AMHAMIKY, SIKa I10-
pymyerbes 3 2023 poky BHaciIOK pyiHyBaHHsI KaxoBchKoi 1aMOu. AHaui3 HMiATBEpAMB 34aTHICTh PIYKH JI0 Yac-
TKOBOT'O CaMOBIJTHOBJIEHHSI, OCOOJIMBO 32 YMOB 3HI)KEHOT'O aHTPOIIOTEHHOTO HaBaHTAXKEHHS B Nepion BiltHu. [l
MPOTHO3HOI OLIIHKY PiBHIB 3a0pyJHEHHS Ta EKOJOTIYHNX PU3UKIB OyJI0 po3po0IIeHO perpeciiiHi Mojedi.

BucHoBku. Bi3HaueHO OCHOBHI €KOJIOTiUHI mpobiemu piuku JHINpo, 30KpeMa opraHiuyHe i MiHepalbHe
3a0pyAHEHHs, TOPYLIEHHS T'JIPOJIOTIYHOTO PEXUMY Ta 3HW)KEHHS PiBHS KUCHIO. PyiiHyBaHHS TiJpOTEXHIYHOI iH-
(dbpacTpykTypH, TIOB'sI3aHe 3 BiifHOIO, 3arocTpuiio 11i mpodiemu. [Tonpu 1e, piuka 1eMOHCTPYE 3AaTHICTD 10 MPH-
POZHOTO CaMOBIJHOBJIEHHS, 0COOIMBO 3aBISIKM 3MEHIICHHIO HaBaHTaKeHHs (ocdaramu Ta aMoOHieM. BinHOB-
JICHHS €KOJIOTIYHOTO OalaHCy MOTpeOyBaTHME CHCTEMHOT0 MOHITOPHHTY, PEKOHCTPYKIIiT BOIOTOCTIONAPCHKOT 1H-
(pacTpyKTypH Ta KOHTPOJIO 3a JUKepeiamH 3a0pyaHeHHs. Po3pobieHi Moaeni MOXyTh OyTH BUKOPHCTaHI JUIs
MIPOTHO3YBAHHS Ta YIIPABIIHHSA SIKICTIO IIOBEPXHEBHUX BOJ SIK Y MUPHHUM Yac, Tak i B MepioJi MIOBOEHHOTO BiTHOB-
JICHHSL.
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KJIFOUYOBI CJIOBA: piuka /[ninpo, Hacrioxku 6itiHu, n08epxHesi 600U, eKONOSIMHUN MOHIMOPUHE, Goc-
Gamu, amoniu, cyrvpamu, xaopuou, posuunenui kucensb, bCKs, anmponozennuii 6naus, npocHo3y8anHsi.

Kondghnixm inmepecie

JocnimkenHs mpoBommiocs B paMkax npoekry 0124U004208 «Exomoro-ekoHOMIYHA ONITUMI3AIlis JIOTiC-
TUYHOI iHQPACTPYKTYPH MiJ 4ac BilfHH Ta MOBOEHHOI BiIOyAOBH YKpaiHI», IO PEeali3ye€ThCs B paMKax IPOrpaMu
HayKOBHUX pOOIT, HAYKOBO-TEXHIYHUX Ta iIHPPACTPYKTypHUX IPOECKTIB, 0 (hiHAHCYIOTHCS 32 PaXyHOK KOIITIB CIIe-
mianbHOTO (POHAY, OTPUMAHUX BiJl iIHCTPYMEHTY 30BHIIIHBOI IormoMoru €Bponeirickkoro Coro3y Ui BUKOHAHHS
3000B's13aHb YKpainu B PamkoBii mporpami €Bporeficbkoro Coro3y 3 TociikeHb Ta iHHoBanii « opu3oHT 2020%.

ABTOpH 3asBISIIOTH NP0 BiZICYTHICTH KOHQIIIKTY iHTEpeciB miono myoiikanii nporo pykonucy. Kpim toro,
ABTOPH ITOBHICTIO IOTPUMYBAJIHCS ETHYHUX HOPM, BKIIFOYAl0UN YHUKHEHHS Iu1ariaty, paiabpcudikanii JaHux ta ay-
OnroBaHHS MyOJTiKaITii.
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