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© Abstract. Hydrocarbon pollution remains an important and unresolved problem that has worsened during a full-
scale invasion, in particular due to the ingress of rocket debris with a significant amount of petroleum products into
surface waters. The aim of the work was to provide an assessment of the ecological state of a water body exposed to
hydrocarbon and other uncharacteristic pollutants. Field methods: 5 water samples were taken to determine the content
of petroleum products and the pH value, and 5 water samples were taken to determine the physical properties, main
ions, and heavy metal content. Laboratory and instrumental methods: titrimetric — used to determine the content of
chlorides, alkalinity, hardness. According to the results of studies, it was found that chloride ions were in the range of
264-274 mg/dm?’, alkalinity values — 3.6-5.5 mmol/dm®. As a result of the hardness study, it was found that the waters are
soft. The content of nitrites was determined by photocolometric method (their traces were recorded). Measurement: the
pH value was determined by the electrometric method. According to the results, the water was classified as neutral and
slightly alkaline. The content of petroleum products in the range of 0.19-16.36 mg/dm® was determined by fluorimetry
(exceeding the standard by 54.5 times). The content of cadmium, zinc, manganese, copper, chromium, and ferric iron
was determined by modulation polarisation spectrophotometry. The content of chromium, cadmium, copper was in the
range of 0.001 mg/dm’, manganese content — from 0.001 mg/dm? up to 0.004 mg/dm?, zinc content - from 0.004 mg/dm?
up to 0.008 mg/dm?, ferum content — from 0.004 mg/dm? up to 0.02 mg/dm?®. Using the Ruffel method, the total dilution
factor of wastewater in the reservoir was determined to be 125.24. According to the method of calculating the amount
of compensation for losses, the damage caused by hydrocarbon pollution was determined, which is 143 thousand UAH.
The practical value of the work lies in improving scientific and practical approaches to determining the strategy for
conducting a comprehensive environmental study of the state of multifunctional artificial water bodies

© Keywords: oil products; reservoir; environmental regulations; environmental condition; water dilution ratio;
economic losses

@ Introduction

Hydrocarbon pollution is one of the most common and  analysis, identification of factors, and research into self-pu-
dangerous pollutants in water bodies. Their ingress with  rification processes. The problem was exacerbated during
untreated wastewater and stormwater requires detailed the full-scale invasion due to drones hitting oil depots,
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Environmental assessment of the impact of hydrocarbon pollution...

spills and oil products entering water bodies, broken military
equipment in water bodies, wreckage of downed missiles
with a significant amount of unproduced fuel and oil prod-
ucts, and many other facts. The global scientific community
has been focusing its research on creating a management and
decision-making strategy in the context of sustainable devel-
opment in the field of oil pollution for a long time. According
to the latest global research, the main postulates of the im-
pact of oil products on surface waters have been identified.

The research of O. Kratko et al. (2023) found that var-
ious types of water pollution are observed during missile
launches. The discharge of biogenic compounds into water
bodies leads to blooms and eutrophication of water bod-
ies, a decrease in the level of oxygen saturation, an increase
in the content of biogenic and organic substances, an in-
crease in water turbidity, contamination with pathogenic
microorganisms, and as a result, a threatening effect on
aquatic life and human health. According to the research-
er V. Hryniuk (2021), the processes of self-purification of
natural watercourses from oil pollution depend on the flow
rate (which increases the rate of mixing of water masses)
and an increase in water temperature, which accelerates
biochemical processes in a natural watercourse. Scientists
R. Yang et al. (2023) concluded that rapid microbial de-
composition of oil components was observed in river water
during the day, and the rate of decomposition depends on
the presence and functioning of the components of bacteri-
al and fungal communities that utilise oil products.

Oil products are usually not found in natural waters. In
uncontaminated lake waters (reservoir waters), the content
of petroleum products is tenths or hundredths of a mil-
ligram per dm® (from 0.1 to 0.2 mg/dm’, sometimes up to
1.5 mg/dm?). Hydrochemical studies of the state of water
bodies analyse the hydrocarbon fraction, namely aliphatic,
aromatic and other hydrocarbons, which make up about
80% of the total of all substances that make up oil and oil
products. O. Biedunkova et al. (2024) concluded that a high
degree of self-purification was characteristic of chlorides,
ammonium nitrogen, and phosphorus phosphate; nitrite
nitrogen, nitrate nitrogen, BOD5, and COD had an average
degree of self-purification; the lowest degree of self-purifi-
cation of the river’s surface waters was found for suspended
solids, dissolved oxygen, and fluorides. As for heavy metals
(ferrous, copper, zinc, manganese), no evidence of self-puri-
fication of surface waters has been confirmed; scientists as-
sume that they are mostly of background origin. Researcher
T. Sadova (2022) proposed approaches to solving the prob-
lem of environmental protection during armed conflicts in
the legal field. The solution lies in the need to adopt the
Fifth Geneva Convention, the provisions of which should
address the protection of the environment during armed
conflict, should contain a description of the protected areas
and should specify the provisions that would apply to the
restoration and protection of the environment damaged
as a result of the conflict.

The Burshtyn Reservoir is a cooling pond for the Bur-
shtyn Thermal Power Plant and is also part of the Galician
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National Nature Park with the Ramsar site status of in-
ternational importance. In addition to the impact of oil
products and related lubricants that have entered the
aquatic environment of the Burshtyn Reservoir and cause
the above-mentioned environmental risks, there is anoth-
er threat: a 1,000-meter flood protection dam. The total
area of territories with significant flooding risks is about
2 thousand km?*. Ash dumps are located on the territory of
potential emergency flooding, and thus the risk indicators
for the environment increase dramatically. In the spring of
2024, the Burshtyn Reservoir was significantly impacted
by oil pollution as a result of a ballistic missile explosion.
Field studies were conducted with water sampling on the
same day. The purpose of the study was to assess the con-
tamination of the Burshtyn Reservoir as a result of rocket
explosions. The scientific novelty of the results obtained is
that: for the first time, comprehensive environmental stud-
ies were conducted for an artificial array of surface waters
that was subjected to an unusual type of pollution during
military operations; the hydrochemical composition was
analysed and the behaviour of individual chemical com-
pounds under conditions of unusual pollution was deter-
mined; an environmental assessment of the state of surface
waters under unusual pollution conditions was performed.

© Materials and Methods

Field studies were conducted to conduct an environmental
assessment of the impact of oil products on the state of the
Burshtyn cooling pond. The distribution of petroleum prod-
ucts and natural hydrocarbons vertically and along the water
body’s surface is quite complex. The most polluted areas are
the coastal zones, where oil slicks were observed over large
areas, so sampling was carried out in the surface layer of the
reservoir along the perimeter of the water body. Five water
samples were collected at representative sites where the con-
tent of oil products was visually observed DSTU ISO 5667-
4:2003 (2004). We also collected 5 water samples for physical
and chemical studies at these sites. The water quality was
monitored at the sites: No. 1 - the confluence of the Hnyla
Lypa River into the cooling pond; No. 2 - 400 m from the
river mouth (left bank of the pond); No. 3 - 2.75 km from the
river mouth (left bank of the pond, rural area); No. 4 - 2 km
from the river mouth (right bank of the pond, private devel-
opment area); No. 5 - the dam of the cooling pond (Fig. 1).
According to V. Khilchevskyi et al. (2021), the Burshtyn
Reservoir is classified as a medium, midsized and small
(MMS) reservoir in Ukraine (V full - 50 million m?). The
morphometric characteristics of the reservoir are as follows:
length 7.5 km, average width 2.5 km, total water surface area
12.6 km? (1,260 hectares), average depth 3.5 m (maximum
8 m). The average long-term runoff of water from the reser-
voir for 1 year is 82x106 m®/year. Measurement of the con-
tent of petroleum products and the acidity of the medium
(pH) was carried out on 12.04.2024 in Ivano-Frankivsk, Iva-
no-Frankivsk Region, Ukraine, in the laboratory control de-
partment of the Municipal Enterprise “Ivano-Frankivskvo-
doekotehprom” (Protocol No. 13/24-C of measurements of

Ecological Safety and Balanced Use of Resources, 2025, Vol. 16, No. 1



water composition and properties). The department is cer-
tified for the right to perform measurements (Certificate of
Technical Competence No. IF-402 dated 13.06.2022 issued
by the State Enterprise “Ivano-Frankivsk Center for Stand-
ardisation, Metrology and Certification”). Measurements
were carried out in accordance with the measurement
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procedures approved for use (appendix to the certificate of
attestation). The content of oil products was measured by a
fluorate-02-3M fluid analyser No. 5922, and the acidity of
the medium was determined using a pH/Cond3320 con-
ductometer. Measuring instruments are approved for use by
the relevant verification certificates.

S

Figure 1. Representative water sampling sites in the Burshtyn cooling pond
for physicochemical studies and determination of oil content (April, 2014)

Source: developed by the authors

Measurements of the content of heavy metals (HM)
(cadmium, manganese, zinc, copper, chromium, and iron),
nitrates, nitrites, chlorides, alkalinity, and hardness were
carried out on 14.04.2024 in Kharkiv, Kharkiv Region,
Ukraine, at the Educational and Research Laboratory of
Analytical Environmental Studies of V.N. Karazin Kharkiv
National University (Protocol No. 2006-2010 for the study
of surface water). The HM content was determined by mod-
ulation polarisation spectrophotometry using an MTA 915
MD spectrophotometer, manufacturer with a hollow lamp

for the corresponding metals. The chloride content, hard-
ness, and alkalinity were determined by titration. The nitrite
content was determined using a KFK-2 photocolorimeter,
and the nitrate content was determined using a portable ni-
trometer. All measuring instruments used are authorised for
use by verification certificates. The criteria for analysing the
obtained results of the content of petroleum products, the
chemical compounds and HM were Hygienic Water Quality
Standards of Water Bodies to Meet the Drinking, House-
hold and Other Needs of the Population (2022) (Table 1).

Table 1. Hygienic water quality standards for water bodies
to meet drinking, household and other needs of the population

Name of the substance MPC or SDT Limiting sign of N.[PC or SDT Hazard class
harmfulness in mg/dm?

Nitrites, mg/dm’ (for NO,) MPC s.-t. 33 2
Nitrates, mg/d?, (for NO,) MPC s.-t. 45.0 3
Chlorides, mg/dm® MPC org. flavour 350.0 4
Iron, mg/dm® MPC org. colour 0.3 3
Zinc, mg/dm® MPC gen. 1.0 3
Copper, mg/dm’ MPC org. flavour 1.0 3
Manganese, mg/dm’ MPC org. colour 0.1 3
Cadmium, mg/dm?® MPC - 0.001 2
Chromium, mg/dm? (Cr ) MPC s.-t. 0.05 3
Heavy oil (mg/dm?) MPC org. film 0.3 4

Note: s.-t. — sanitary and toxicological, affects human health; org. flavour - organoleptic, gives water an oft-flavour; org. colour - or-
ganoleptic, affects the colour of water; g. — general sanitary, affects the processes of self-purification of water; org. film - organoleptic,

forms a film on the surface of water

Source: made by the authors based on Hygienic Water Quality Standards of Water Bodies to Meet the Drinking, Household and

Other Needs of the Population (2022)
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The criteria for the analysis of ammonia content and
organoleptic water quality indicators (odour, transparency

and turbidity), alkalinity and hardness were applied DSan-
PiN 2.2.4-171-10 (2010) (Table 2).

Table 2. Sanitary and chemical indicators of water safety and quality

Name of the indicator (substance)

Drinking water standards in accordance with the State
Sanitary and Epidemiological Norms 2.2.4-171-10

Ammonia 0.5 mg/l

Smell < 2 points
Transparency not less than 20 cm

Turbidity: quantitatively <1.0 mg/1

total alkalinity

<6.5, mmol/dm?

overall stiffness

<7.0, mmol/dm?®

Source: made by authors based on DSanPiN 2.2.4-171-10 (2010)

To determine the dilution factor of pollutants in the
cooling pond, the Ruffel method was used in the case of
their entry into the upper third of the pond and spreading
along the shore under the influence of wind disturbance.
Calculations were made using the formula:

__ q+0.0087H?
m T 3+0.000435H2

(1)

where n_ - initial dilution when pollutants are released far
from shore; g — waste water (pollutants) consumption; H -
the average depth of the object where pollutants are diluted,
in m. The main dilution depends on the place where the
wastewater is released. For a release located far from the
shore, the basic dilution is calculated using the formula:

no =1.85+ 232(L/Ax)041 + 0.0064(L/Ax), (2)

where n_basic dilution; L - distance from the release of pol-
luting water to the design alignment; Ax = 4.41H"'¥. The
Methodology for Calculating Compensation for damage
Caused to the state as a Result of Violation of Legislation on
Protection and Rational use of Water Resources (2009) was
used to calculate the damage caused as a result of oil prod-
ucts entering the water body. The calculations were based on
the results of studies of the content of oil products and other
pollutants in the Burshtyn Reservoir after the missile attack,
and the inflation index for 2023. Ministry of Finance (2023),
indexed specific economic damage from water pollution (y)
in 2023. Calculations were made using the formula:

Z:chKkmepxkzx (M, xY )+
+(M,x Y ) +..(M, x Y], 3)

where the coefficients take into account K_- damage to the
aquatic ecosystem; K, - water body category; K - short-
age of surface water resources; k, - damage to the aquatic
ecosystem. And the following indicators were also taken
into account: y — the amount of pollutants; M, - mass of
excess discharge of the pollutant; Y, - specific economic
damage from water pollution, determined by the formula:

Y=YxA, (4)

where the following economic losses were accounted for:
Y - indexed loss calculated based on the current year’s in-
dicators using the formula (5):

(12

Y=Y, xI+100, (5)

where Y - indexed loss calculated based on the indica-
tors of the previous year; I - inflation index; A - rela-
tive hazard indicator that was determined by the given
formula (6):

A,=1+MPC, (6)

where MPC, is the MPC, of the pollutant under study. The
weight of petroleum products is calculated using the fol-
lowing formula (7):

M=M -M, (7)
1 oy

where M_ - the weight of the film was calculated using the
given formula (8):

M =M xSx10°, (8)

where M - specific gravity of oil per 1 m* M_ - the mass
of dissolved and emulsified oil that was calculated using
the formula (9):

Mpzthx(Cq-Cq))xlO‘, 9)

where h — thickness of the water layer contaminated with
oil, m; § - area of oil contamination of a water body, m?
C, - average concentration of dissolved and emulsified oil
in the contaminated volume of water under the oil slick,
g/m? C - background concentration of dissolved and
emulsified oil in the water of this water body, g/m~. The
amount of damage caused to the Burshtyn Reservoir as a
result of oil spills was calculated according to the Method-
ology for Calculating Compensation for Damages Caused
to the State as a Result of Violation of Legislation on Protec-
tion and Rational Use of Water Resources (2009).

© Results and Discussion

The results of studies of hydrogen ion activity in the
upper part of the water body showed that the highest
acidity values were recorded at two study sites: near the
flood control dam (pH =7.51+0.1 pH units) and at the
confluence of the Hnyla Lypa River into the reservoir
(pH =7.42 £ 0.1 pH units). In general, during the study
period, conditions of neutral and acid-base balance of the
environment were observed (Table 3).

Ecological Safety and Balanced Use of Resources, 2025, Vol. 16, No. 1
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Table 3. Results of testing water samples from the Burshtyn cooling pond for hydrogen reaction and oil content

Measurement results andmeasurement error §, P=0.95

Information about measurement methods

Water
samples  Hydrogen reaction (pH), pH units Petroleum products, mg/dm? Cipher
MBB

+ i + 2
! 7.42%0.1 pH units 16.36£6.5 mg/dm 081/12-0317-16 PH determination
2 7.17+0.1 pH units 0.61+0.24 mg/dm? ST
3 6.96+0.1 pH unit 0.84+0.34 dm?

P un% > mg/ ni 081/12-0230-05 measurement
4 7.10+0.1 pH units 1.74+0.6 mg/dm’
- of petroleum products

5 7.51£0.1 pH units 0.19+0.07 mg/dm’

Source: developed by the authors

The analysis of the selected water samples showed that
the concentration values of petroleum products were in the
range from 0.19 + 0.07 mg/dm® up to 16.36 + 6.5 mg/dm°.
The pollutant levels exceeded the environmental standards
by 54.5 times (respectively, at the MPC of 0.3 mg/dm’). Sig-
nificant exceedances of the environmental standard were
recorded: in the waters of the first channel = 3 times, the
second = 54 times, the third =~ 6 times, the fourth chan-
nel =2 times, and no exceedances were observed in the wa-
ters of the fifth channel (Fig. 1-2). Field surveys and visual
observations were complicated by the fact that, as a result of
wind disturbances, oil spills moved across the surface of the
water bodyand alongits perimeter during the day. The coast-
al part of the reservoir and a significant coastal part of the
water mirror area were covered with a film of oil products.

16.36 m Oil products, mg/dm3

Environmental standard, mg/dm3

0.86 1.74 0.61 0.19
03 03 w03 03 03
1 2 3 4 5

Figure 2. Comparison of oil products in the upper water
layer at designated sites with their environmental standards
Source: developed by the authors

A specific feature was identified: the highest degree
of acidity was characteristic of the water column with the
lowest oil content. The main role in the ability of a water

body to self-purify is played by the dilution rate of water
with pollutants. Water dilution is a process that reduces the
concentration of pollutants in water bodies by mixing con-
taminated water with the surrounding water environment.
The conditions for mixing polluting waters with reservoir
waters differ from those in rivers. In reservoirs, the wind
factor plays an important role because the currents created
by the slope of the water surface are very small.

The oil products that got into the reservoir clogged a sig-
nificant visible area of the water mirror. All visible oil slicks
were examined for the content of oil products that had spread
around the perimeter of the reservoir as a result of wind dis-
turbance. For one of them, with the highest concentration of
oil on the water surface with an area of up to 0.5 km? of oil
film, and its emulsified state in the water column, the dilu-
tion coeflicients for internal water exchange were calculated.
Internal water exchange is characterised by the intensity of
water mass transfer, turbulence, and convective processes re-
lated to the size of the reservoir. For a reservoir, the main in-
dicators for calculating dilution are the initial (np) and basic
(n) dilution (formulas 1-3). In the initial mixing zone, the
concentrations of impurities are significantly reduced. How-
ever, complete mixing occurs at much greater distances from
the point where pollutants enter the water body. When these
substances enter a body of water at a certain distance from
the shore, the initial dilution is faster. The calculated dilution
ratio of contaminated water is 125.2 (n, =120.4 n,= 1.04) (Ry-
chak & Arkhypova, 2024a). In addition to petroleum prod-
ucts, the workstations analysed the content of heavy metals
and individual physical and chemical parameters (Table 4).

Table 4. Results of physical and chemical studies of water samples of the Burshtyn cooling reservoir (April, 2024)

Unit 1 Unit 2 Unit 3
Name of the substance, (confluence of the . . . e Unit 4 (Burshtyn, Unit 5 (flood
. . private buildings, (private buildings, ) i
units of measurement Hnyla Lypa River . . recreational area) protection dam)
into the reservoir) agricultural land) agricultural land)
Ammonia, mg/dm’ 0.08 0.08 0.08 0.08 0.08
Smell 0 0 0 0 0
Transparency, cm 25 25 25 25 25
Turbidity, EMF 2.0 2.0 2.0 1.5 1.5
Nitrites, mg/dm® 0.002 0.002 0.004 0.004 0.002
Nitrates, mg/dm’ 0 0 0 0 17
Chlorides, mg/dm’ 264 264 272 256 264
Alkalinity, mmol/dm® 3.6 4.0 52 55 4.2
Hardness, mmol/dm?® 7.0 7.6 7.8 9.0 7.8
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Table 4. Continued

Unit1 Unit 2 Unit 3
Name of the substance,  (confluence of the . 1 . - Unit 4 (Burshtyn, Unit 5 (flood
. . private buildings, (private buildings, . .
units of measurement Hnyla Lypa River . . recreational area) protection dam)
into the reservoir) agricultural land) agricultural land)
Iron, mg/dm® 0.0204 0.0346 0.0289 0.00421 0.02506
Zinc, mg/dm’® 0.006 0.006 0.006 0.008 0.004
Copper, mg/dm’ 0 0.001 0 0 0
Manganese, mg/dm’ 0.004 0.002 0.004 0.001 0
Cadmium, mg/dm’ 0.001 0.001 0.001 0.001 0.001
Chromium, mg/dm?® 0 0.001 0 0.001 0

Source: developed by the authors

A summarising analysis of surface water hardness and
alkalinity showed that the water was within the permissible
limits of environmental standards. In the water area used
for recreational activities, the quantitative indicators of al-
kalinity and hardness differed slightly. Increased hardness
(9.0 mmol/dm?) and alkalinity (5.5 mmol/dm?). The lowest
indicators characterised the water at the confluence of the
Hnyla Lypa River into the Burshtyn Reservoir: hardness was
7.0 mmol/dm?, alkalinity 3.6 mmol/dm’. This is due to the
introduction of natural river water into the reservoir, which
is characterised by lower hardness and lower alkalinity.

The content of heavy metals in the upper layer of water
was investigated: ferrous, zinc, copper, manganese, cadmi-
um, and chromium. The content of chromium and cop-
per was not recorded in 60% to 80% of water samples. At
well No. 2 (400 meters from the confluence of the Hnyla
Lypa River, left bank, impacts from private development
and agricultural land cultivation), the copper content was
0.0001 mg/dm?, which is one hundredth of a percent of the
environmental standard (1.0 mg/dm?). In the waters sam-
pled at the first site (the water area was under the influence
of coastal recreational load), the chromium content was
found to be 0.001 mg/dm?, which is 0.2% of the environ-
mental standard (0.5 mg/dm®).

The content of manganese and zinc was detected in the
waters at all study sites. However, their content, like the previ-
ous metals, was quite low. The manganese content was about
1% of the standard content (0.13 mg/dm?). The highest zinc
content was recorded in the water area of recreational impact
of the reservoir and amounted to about 1% of the environ-
mental standard (1 mg/dm?). The presence of cadmium and
iron was recorded in water samples at all study sites (Fig. 3).

m Ferrum, mg/dm3
Environmental standard, mg/dm3

0.3 0.3 0.3 0.3 0.3

0.0204 0.0346 0.0289 0.00421 0.025

1 2 3 4 5

Figure 3. Ferrum content compared to the environmental
standard in the surface water of the cooling pond
Source: developed by the authors

The highest content of iron was recorded in the well,
where the largest oil slick was located and the highest con-
centration of oil products was recorded. In all other reser-
voirs, the content of iron was low compared to the environ-
mental standard (about 8% of the environmental standard).
The cadmium content in surface waters at the four study sites
was 0.001 mg/dm?® (Fig. 4). This concentration of the pollut-
ant is 77% of its environmental standard. This is the highest
value obtained when studying the content of heavy metals
in surface waters after hydrocarbons enter the reservoir.

m Cadmium, mg/dm?
Environmental standard, mg/dm?
0.0013 0.0013 0.0013 0.0013 0.0013
0.001 0.001 0.001 0.001
1 2 3 4 5

Figure 4. Cadmium content compared to the environmen-
tal standard in surface waters of the cooling pond
Source: developed by the authors

As a result of calculations, in the most polluted water
area of the reservoir (the concentration of petroleum prod-
ucts was 16.36 mg/dm?®) on an area of 0.5 km? (according
to formulas 4-9) the amount of losses was 27,267.87 UAH.
During the field surveys, four more, smaller in terms of con-
centration and area, were found to be contaminated with
oil products. The amount of damage to four other areas of
pollution was about 68 thousand UAH. In total, one mis-
sile attack and hydrocarbon contamination in the cooling
pond caused economic losses of about 95 thousand UAH.

Burshtyn Reservoir is part of the Galician National Na-
ture Park. In 2019, the reservoir received the conservation
status of a Ramsar site of international importance. The
reservoir is home to up to a hundred different species of
birds, 19 of which are listed in the Red Book of Ukraine.
During the spring migration, taking into account the ther-
mal peculiarity of the drainage canal and the cooling pond,
up to 22.3 thousand individuals can be in the coastal zone.
Methodology for Calculating Compensation for damage
Caused to the state as a Result of Violation of Legislation
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on Protection and Rational Use of Water Resources (2009)
when recognising the special environmental value of an
ecosystem that has suffered damage as a result of pollution,
the losses received increase by 1.5 times. Summarising the
calculations, the total damage from hydrocarbon pollution
was determined to be 143 thousand UAH.

The release of hydrocarbons into the aquatic ecosystem
is an environmental disaster (Venesjarvi et al., 2023), affects
the state of mineralisation, specific electrical conductivity
(Aluwong et al., 2024), changes in water pH directly affect the
survival, growth, and reproduction of fish species (Sahu et
al., 2024), because the suitable pH level for the growth and
reproduction of fish species ranges from 6.0 to 9.0 (Mar-
iu et al., 2023). The behaviour of oil products in the aquatic
environment is regulated by the processes of evaporation,
sorption, spreading, biochemical and chemical oxidation,
dissolution, biodegradation, dispersion, and sedimenta-
tion. Weak preparedness for natural disasters and regulatory
mechanisms are also recorded, leading to serious hydrocar-
bon spills and their impact on the aquatic environment. In
this context, in order to ensure a rapid and effective response
to incidents of hydrocarbon spills in a particular area, the
trajectories of their spills should be investigated, and the
treatment should be carefully planned by decision support
tools to eliminate emergency oil spills (Yang et al., 2021).

A film on the surface of the water formed from oil resi-
dues or other lubricants and fuels prevents heat, water, and
gas exchange between the water body and the atmosphere.
This leads to carbon dioxide absorption, oxygen produc-
tion, and the creation of primary products as a result of
phytoplankton photosynthesis. The organic fraction in the
pond rots when there is no oxygen, and this leads to a pesti-
lence of fish. If the rotting organic fraction is not collected,
a bacteriological threat arises. The oxidation of oil prod-
ucts in their natural state is very slow and requires a lot
of oxygen, and they also pollute the entire water column
at all horizons - on the surface as a film, in the thickness
as a solution, and at the bottom as a heavy sediment. As
for the surface contamination in the form of a film, studies
conducted at the Burshtyn Reservoir, where the concentra-
tion of oil products exceeding environmental standards by
54 times was recorded, confirm the negative effects of hos-
tilities that caused the destruction of the Kakhovka HPP
dam in 2023 and the draining of the reservoir, discharges of
pollutants with a concentration of 1.1-51.8 MPC and pollu-
tion of the estuary with an area of 6,800 km? of the system
and the Black Sea, according to V. Pichura et al. (2024) .

According to the research of V. Khilchevskyi et
al. (2023), the content of petroleum products in the wa-
ters of the Dniester River is insignificant with a tendency
to decrease average concentrations from spring flood to
summer-autumn low water and to a minimum in winter
low water. In the Hnyla Lypa River, where the Burshtyn
Reservoir was created, and in other left-bank tributaries
of the Dniester, the concentration of oil products during
spring floods is 0.007 mg/dm’ (with a range of 0.004 to
0.015 mg/dm® in different rivers), and in summer low

Rychak & Arkhypova

water 0.005 mg/dm?* (with a range of 0.002 mg/dm® to
0.007 mg/dm?). In all the rivers and left-bank tributaries
of the Dniester that were studied, the absence of oil prod-
ucts in the water was recorded in different years. Zero val-
ues of petroleum products were recorded in 75-80% of the
water samples analysed.

As aresult of research by S. Hughes et al. (2023) found
that seasonality factors and morphological characteristics
(shallow water, estuaries, bays) of the water body where the
oil spill occurred are extremely important. The strength and
direction of the wind has a significant impact on the spread
of oil products on the water surface. During the visual as-
sessment of the movement of oil products in the Burshtyn
Reservoir, it was noted that shallow water and small bays
(rugged coastline) significantly contribute to the presence
and stagnation of oil products, the formation of oil slicks
and their persistence in shallow water and inshore bays for
a certain period of time. Regulatory processes for oil spills
have a different impact on the scale of the disaster. The con-
centration of petroleum products and their derivatives in
surface waters can significantly decrease and their chemical
composition can change. An important indicator is the lo-
cation of the pollutant source, mixing of water masses, and
the quality of the natural water state. Changes in the types
and nature of pollutants entering the reservoir change over
time, which may be the reason for the increase in water pH
observed in this study (from 6.5 pH to 7.5 pH), confirming
the results of studies conducted in the Hirakud reservoir
(Hussain et al., 2020). Water environment factors, such as
hardness, pH, salinity and alkalinity, affect the toxicity of
heavy metals, zinc toxicity to aquatic organisms decreases
with increasing water hardness (Li et al., 2021), so the study
of physicochemical properties of water, concentration of
heavy metals is important for further research on water
toxicity and its hydrochemical characteristics (Rychak &
Arkhypova, 2024b). Prior to the hydrocarbon pollution, in
the fall of 2023, a slightly polluted water quality class was
observed at the accident site, where the concentration of oil
products exceeded the MPC by up to 2 times, and where
the water quality class was clean water, the concentration of
oil products exceeded the MPC by 6 to 54 times.

The vulnerability of aquatic and terrestrial ecosystems
to hydrocarbon pollution was calculated in monetary,
quantitative, spatial, and high-resolution detail by assessing
physical, biological, and socioeconomic indicators (Feng et
al., 2021). To ensure a fast and effective response to oil spill
incidents in a particular area, the trajectory of the oil spill
needs to be predicted and the clean-up needs to be carefully
planned in advance. According to J. Neafie et al. (2024), sci-
entists focus exclusively on physical sensitivity when stud-
ying the vulnerability of the coast and aquatic ecosystem to
oil spills, thus neglecting socioeconomic factors. One ex-
planation is that assessing the socio-economic impact of oil
pollution is difficult due to the lack of proper reporting and
monitoring. The proposed methods for calculating damag-
es take into account the hazardousness of the pollutant, its
concentration on the surface of the water body, in the water
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column, location relative to the coastline, and the depth of
the water body at the point of pollutant ingress. However,
the methodology does not take into account socio-eco-
nomic indicators, which are precisely the basis for the pro-
vision of ecosystem services (fisheries, tourism, cultural
heritage). Studies by R. Venesjarvi et al. (2023) have shown
that accidental oil pollution poses an additional threat to
water systems, primarily in terms of oil-related losses and
recovery potential. Aquatic and coastal ecosystems are
regions of high biological productivity and accessibility,
they have become centres of human activity, and provide
important ecosystem services such as recreation, fisheries,
and nutrient cycling. These ecosystems should be protect-
ed based on their conservation value, restoration potential
and protection effectiveness. Vulnerability of aquatic and
coastal ecosystems to oil spills is a measure of the level of
sensitivity, impact and resilience of these areas in terms of
biological, geological and socio-economic resources affect-
ed. Therefore, the determination of economic losses made
it possible to estimate the losses caused by oil products.

© Conclusions

Military aggression has a very negative impact on the state
of the water body. As a result of a single missile strike, rock-
et debris and fuel entered the Burshtyn Reservoir, which
is part of the power plant’s technological cycle and has
the environmental status of a Ramsar site of internation-
al importance. It was found that a single missile strike led
to the release of hydrocarbons into the reservoir, which
exceeded the environmental standard by 54.5 times; the
surface spread of oil products depends on the strength and
direction of the wind and the ruggedness of the coastline.
The combination of these factors indicates the maximum
accumulation and increase in the concentration of hydro-
carbon pollution. It was found that the water was within
the permissible limits of environmental standards in terms
of hardness and alkalinity. But with a water hardness of
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7.6-7.8 mmol/dm’ there is a significant concentration of
petroleum products, exceeding the maximum permissible
concentration by 54 times, with a hardness of 9.0 mmol/
dm?, the excess of petroleum products was up to 2 MPC.

It has been determined that among the six heavy met-
als contained in military missile fuels and lubricants, after
hydrocarbon contamination, a significant cadmium con-
tent and a slightly lower iron content were found in the
upper layers of surface waters. Other metals (zinc, man-
ganese, copper, chromium) were at their lowest levels. The
study determined that the dilution factor of contaminated
water is 125.2. The amount of damages caused by violation
of the legislation on the protection and rational use of water
resources was calculated. In total, one missile attack caused
economic losses of about 143 thousand UAH. It is neces-
sary to continue researching water toxicity, conducting fur-
ther studies of the state of the reservoir bottom sediments
and microbiological studies, and research on the state of
aquatic life to assess the full extent of missile aggression
on artificial surface water bodies and to develop effective
measures to minimise the negative effects. When calculat-
ing economic damages, take into account socio-economic
factors that are the basis of ecosystem services not only for
the aquatic ecosystem but also for the coastal ecosystem.
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© AHoTauif. ByrieBonHese 3a6pyiHEHHS 3a/IMIIAETHCA BKIMBOI Ta HEBUPIIIEHOK TPOOIEMOI0, IO 3arOCTPUIACH
i 4ac ITOBHOMACIITAaOHOrO BTOPTHEHHA, 30KpeMa dYepe3 IMOTPAIUIAHHA YIaMKIB pakeT 31 3HAUHOIO KiIbKicTIO
HaTONPOAYKTiB y MOBepXHeBi BOfU. MeToo po6oTm 6ymo HajjaTu OIiHKY €KOJIOTiYHOTO CTaHY BOJHOTO OO €KTY,
[0 3a3HAB BYIJIEBOJHEBOIO Ta iHIIMX HexapakTepHux 3abpypuens. IToapoBi meropm: 6yno BifibpaHo 5 mpob Bof
1L BU3Ha4YeHH: BMicTy HadTompopykTis Ta Beruyay pH Ta 5 mpo6 Bop 1A BU3HaYeHHA (QisVYHNX BIACTUBOCTE,
FOJIOBHMX iOHIB Ta BMICTy BaxXKux MetaniB. JIabOpaTOpHO-IHCTPyMEHTA/IbHI: TUTPUMETPUYHUIL — 3aCTOCOBAHO
I/ BU3HAUYEHHS BMICTY XIOPMAiB, Ty>KHOCTI, TBepflOCTi. 3a pe3ynbTaTaMu JOCTIIKeHb BCTAHOB/IEHO, IO XIOPUAHI
iOHUM 3HAXOAWINCH Y MeXax 264-274 Mr/pM°, MOKa3HUKM JIYXKHOCTI — 3,6-5,5 MMoIb/fM’. ¥V pe3ynbrati BOCTIIKeHHA
TBEPAOCTI BCTAHOBJIEHO, 110 BOAY M’ SKI. DOTOKOIOMETPUYHIM METOZIOM BU3HA4YaBCs BMICT HITPUTIB (3a(1)iKCOBaH0 ix
cmipy). BumiproBaHHA: eIeKTpOMeTPUYHIM MeTOIOM BI3HaueHO BermuuHy pH. 3a pesynbraTaMy Boja BITHOCUTBCA O
HeTpaJIbHUX Ta CIab0MyXKHUX BoA. MeTtonoMm ¢ryopuMeTpii Bu3HaueHO BMicT HadrompopykTiB y Mexax 0,19-16,36
Mmr/pM® ([epeBUIeHHA €KOHOPMATUBY B 54,5 pasu). MeTogoM MORy/IALINHOI mongpusaniiiHoi cnekrpodoromerpii
BU3HAYEHO BMICT KafjMilo, IIMHKY, MaHTaHy, KylIpymy, Xpomy, depymy. Bmict xpomy, Kagmito, Kynpymy 3HaXOAUBCA ¥
Mmexax 0,001 mr/pm’, BmicT manrany - Big 0,001 Mr/mm? go 0,004 mr/pv?, BMicT umHKY - Big 0,004 mr/am?® mo 0,008 mr/mm’,
BMicT depymy - Big 0,004 mr/mm*® mo 0,02 mr/mm’. 3a gonomoroio Metony Pyddensa BusHadeHO 3arajbHy KpaTHICTb
PO3BeIeHH CTiYHOI BOAM HA BOJOCXOBMIIN, IO CTAHOBUTD 125,24, 3a METOAMKOIO PpO3paxyHKy po3MipiB BilIKOJyBaHHA
30UTKIB OyB BU3HaUeHUIl 30MTOK Bif BYI/IEBOSHEBOTrO 3a0pyHHEHH:, KMl CTaHOBUTH 143 tuc. rpu. Ilpaktmuna
LiHHICTh pOOOTH IOIATAE Y BIOCKOHA/ICH] HAYKOBUX Ta IPaKTUYHMX ITiIXOIB LIIO/{0 BU3HAYCHHA CTPAaTeTil IpOBefieHHA
KOMIUIEKCHOTO €KOJIOT{YHOr0 JOCI/PKeHHA CTaHy 6araTopyHKIIOHaIbHIX IITYYHNX BOLHUX 00 €KTIB
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