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ABSTRACT

The aim of the article is to investigate the water quality in the Prut River, which tends to tourist destinations, and
to establish the interdependence of the water pollution index with the number of tourists visited in the Yaremche
Tourist Cluster. The article scientifically proves the indirect influence of tourist flow on water quality in the Prut
River. Water samples from the Prut River were taken, such as pH, temperature, nitrates and nitrites, phosphates,
ammonium and mineralization were analyzed. Using membrane tests Sensafe in water samples, we determined the
content of the following metals: Ni, Co, Zn, Cd, Hg, Fe. Based on the results, we calculated the water pollution
index, which is 0.52. It is established that the water is clean. IZV is determined at each point of water withdrawal in
the dynamics during 2016-2020, the interdependence of water quality of the Prut River with the number of visitors
to the tourist destination. The forecast of the index of water pollution and tourist flow for 2021-2025 is carried out
using the data received in the operating system Exel. It is proved that with the growth of tourists the water quality

deteriorates, although it fluctuates within the norm.

Keywords: Prut River, water quality, water pollution index, tourist flow, tourist destination.

INTRODUCTION

The main principle of the mountain tourist
destination of the Carpathian region is ecological
sustainability. The development of tourism should
be correlated with the support of basic ecologi-
cal processes, biological diversity and biological
resources. Rivers are the waterways of the state,
which form not only natural landscapes, their
biogeocenoses and entire ecosystems, but also di-
rectly affect human life. There is also a feedback:
the daily life of society, its production activities
inevitably affect the waterways, their cleanliness
or pollution, the ability to self-clean or, converse-
ly, can lead to complete degradation and destruc-
tion. Unauthorized discharge of pollutants, such
as heavy metals, slag, petroleum products and
other toxic chemicals, reduces the quality of wa-
ter in the river. In view of this, the development

of effective measures and recommendations for
solving these problems and scientific substan-
tiation of rational water use and water protection
of the largest tourist destination in Prykarpattia,
Yaremche in the upper reaches of the Prut River
basin is of great importance. Almost everywhere
there is a steady trend of significant pollution of
water bodies due to the disorderly discharge of
wastewater from settlements, businesses and es-
pecially tourist accommodation.

MATERIALS AND METHODS

The methodological basis of the study of
water bodies is their knowledge, which is based
on a system-structural approach [Bezuhla et al.,
2022], as well as the relevant categories and laws
[Hydrologic Modeling, 2021]. According to this
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approach, the object of study is considered as a
geosystem - a spatially ordered system formation
within the geographical shell [Mandryk et al.,
2020]. The system approach belongs to general
scientific research methods, it is used for system
analysis and system synthesis [Eigen and Schus-
ter, 2012]. The goal of system analysis is to
investigate the internal structure and organization
of the river system, as well as its structure.
[Arkhypova and Pernerovska, 2015]. Systemic
synthesis aims to study the properties of the
system of a water body as a whole, in particular
its functions [Kravchynskyi et al., 2021]. This
method distinguishes the following structural
sections (structures) in the water body system.:
territorial (elements and forms of location or
manifestation of problems observed in the basin
of this water body), functional (directions of
pollution effects), sectoral (pollution sources),
ingredient  (pollutants), organizational and
managerial (management system of water basin
development) [Kravchynskyi et al., 2021].

There are several methods of ecological as-
sessment of river water quality. In particular, Hryb
V.Y [Hryb, 2003] developed the concept of ecolog-
ical classification of surface water quality. Based
on this classification, a method of comprehensive
assessment of the state of river basins from water
management positions was created. Boyarin M.V
[Boyarin, 2006] recommends calculating the water
quality index using a collection of key indicators
relevant to a certain sector of application (domes-
tic, drinking, fisheries, etc.). In the scientific litera-
ture we come across several proposals to assess
the water quality of small rivers using a graphical
method [Kukurudza, 2009; Chizhevskaya, 2002].
It is based on drawing up a model-map of pollu-
tion of a certain section of the river and deriving
the ecological coefficient of water quality. Very
close to these studies are the results published by
Khilchevskyi V.K., Zabokrytska M.R., Sherstyuk
N.P [Khilchevskyi et al., 2018], which provides a
detailed description of the water quality of several
rivers in the Western Bug basin. The Snizhko S.I
[Snizhko, 2001] monograph should be mentioned
among the substantial review works on the topic
of water quality evaluation and methodological
developments Jacyk A.V, Romanenko V.D [Jacyk
and Romanenko, 2008; Korchemlyuk et al., 2019],
describing in detail the algorithms for calculating
the numerical values of the relevant criteria. Some
of the methods are official documents in Ukraine,
so most environmental practitioners and scientists
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use them to describe and evaluate individual water
bodies [Kirilyuk, 2013]. Many researchers have
addressed this topic regarding the assessment of
water quality in the upper part of the Prut River.
Among their studies are [Klymchuk et al., 2022;
Korchemlyuk and Arkhypova, 2016; Odnorih et
al., 2020], which provide a detailed examination
of the ecological state in the Prut River and its ba-
sin as a whole. Having made a brief analysis of
monitoring observations of this region in previous
years, it can be stated that a network of hospitals
for the study of various natural components has
been established in the park. Among them, one of
the leading places is the control over the hydro-
chemical parameters of both the river itself and
related objects. A significant contribution to the
study of rivers of the Carpathian region was made
by Kravchinsky R.L, Khilchevsky V.K, Korchem-
lyuk M.V, Stefurak O.M. However, previous stud-
ies on the Prut River and individual ecosystems
on its banks conducted by relevant and related
organizations are quite fragmented, indicating the
need and relevance of further detailed study of
their condition to assess and predict the impact of
increasing tourist flows from year to year on the
state of surface natural waters [Kopei et al., 2020;
Gomelia et al., 2018; Mandryk et al., 2020].
Water is a complex and versatile component
that is involved in all biological and physicochemi-
cal interactions with the natural environment. In
our opinion, it is advisable to take into account
as many evaluation criteria as possible during the
study of water quality [Kneysler et al., 2020; Kom-
lev et al., 2021; Hryniuk and Arkhypova, 2018].
Only a comprehensive analysis of all influencing
factors allows us to analyze and develop recom-
mendations for improving quality characteristics.
The components of water quality cover such basic
quality parameters as physicochemical and biologi-
cal. Physico-chemical parameters are a comparison
of permissible concentrations of chemicals with
the corresponding limit values [Jacik, 2002]. MAC
is determined by the criterion that has the lowest
subthreshold and threshold concentrations relative
to certain established chemical parameters (norma-
tive indicators). However, the study of exclusively
chemical composition of water has certain limita-
tions on the adequate reflection of the qualitative
state of the aquatic ecosystem [Kolesnik et al.,
2017]. The method’s merits are in determining the
chemical composition of pollutants, while its dis-
advantages are in the expressiveness of the results
and material costs [Korchemlyuk and Arkhypova,
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2016]. In the modern surface water monitoring sys-
tem there is a trend of transition from exclusively
chemical to biological control, which is based on
the study of changes in the structure and function-
ing of groups of benthic aquatic organisms that re-
flect the overall effect of the environment on sur-
face water quality [Jacyk and Romanenko, 2008].
Field research was carried out in order to indepen-
dently analyze the impact of discharges from exist-
ing treatment facilities on the area of the Carpathian
NNP during the spring floods (Figure 1). Indicators
of the presence of wastewater in river waters were

adopted: BOCS (biochemical oxygen consumption
for five days); COD (chemical oxygen demand,
mainly dichromate method, other permanganate);
NH4 + (total ammonium); NO2- (nitrites); NO3 +
(nitrates); PO4 (phosphates). Indicators of electri-
cal conductivity, pH, dissolved oxygen and water
temperature were measured by special portable de-
vices. Laboratory study of hydrochemical param-
eters of selected water samples was performed in
accordance with generally accepted ND and meth-
ods, using measuring equipment (FTA), the list of
which is given in (Table 1).
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Figure 1. Scheme of the research area and location of observation points

Table 1. List of methods and ND used for laboratory study of hydrochemical parameters of water samples from

the Prut River

N(.)' groups of Indicator Method of determination Normative document
indicators
1 Sampling, temperature Physical GOST 17.1.5.05-85
2 Color, transparency, smell Organoleptic Accordlpg to the instructions for the
respective devices
3 Hydrogen index, mineralization Potentiometric Accordlr\g to the instructions for the
respective devices
4 Gengral and carbonate hardness, Potentiometric With the help of special test strips
chloride content
5 Sulfate content Titrometric Accordlr\g to the instructions for the
respective devices
6 Content_ of nitrites, mtrate_s, Photometric With the help of special test strips
ammonium, phosphates, iron
7 BIA Titrometric KND 211.1.4.021 - 95
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RESULTS

The evacuation of sewage from small hotels
and rural estates in the Yaremche City Council re-
mains an issue, as there are no centralized drain-
age systems in the great majority of tourist loca-
tions [Kinash et al., 2017; Ivashkiv et al., 2020].
The growth of the tourism industry leads to a high
concentration of tourists and an increase in the
relevant infrastructure [Nesterchuk et al., 2021].
Characterizing (Table 2), it is clear that the tour-
ist flow increased rapidly until 2019 in 2020 de-
creased only due to the pandemic and quarantine
restrictions. This has led to a deterioration in the
development of the tourism business, a reduction
in tourism revenues, but has relieved tourist des-
tinations and reduced the negative impact on the
environment, including a reduction in runoff from
tourist estates and hotels.

It should also be noted that most industrial en-
terprises in the territory of Yaremche City Coun-
cil do not have their own treatment facilities and
discharge their untreated wastewater into the mu-
nicipal city system and are considered secondary
water users. This creates an additional burden on
treatment systems and pollutes the rivers to which
these effluents are discharged (Table 3).

After reviewing the scientific publications
and production reports of enterprises studying
the ecological status of water in the Prut River, it
was found that the quality of its water upstream is
significantly deteriorating. This fact is detrimen-
tal not only to the health of those who live on the

Table 2. Visiting KNNP by tourists

river’s banks and use water for domestic and in-
dustrial purposes, but it is also detrimental to the
maintenance of the natural state of the entire re-
gion of the Prut River’s upper reaches.In addition
to being a nature reserve of national importance,
this area is becoming an increasingly popular re-
sort and important recreational facility.

Wastewater treatment plants in all settlements
are point sources of pollution in the entire Prut
basin. Visits to sampling points were preceded
by analytical work to identify point sources of
pollution, which are wastewater discharges from
treatment plants in settlements and built treatment
plants in some tourist facilities. In most situa-
tions, sewage treatment plants have depleted their
resources and operate inefficiently. Their design
and technology do not allow to provide wastewa-
ter treatment with modern pollutants.

At each of these observation points, river wa-
ter samples were taken in accordance with cur-
rent regulations (CR). Water parameters such as
odor, temperature, acidity and mineralization (by
salt content) were measured at the sampling site.
The content of iron, nitrates, nitrites, and phos-
phates was also determined at the sampling site
using test strips. The total mineralization of the
samples was calculated later, after determining
the content of all components of the sample. To
determine the remaining indicators, the selected
water samples were preserved in accordance with
the established CR requirements, and delivered to
the research laboratory in Yaremche.

Year 2016 2017 2018 2019 2020
Number of 81099 69222 79840 93184 65404
tourists

Table 3. Information on discharges into the surface water bodies of pollutants in the composition return

(wastewater), for 2020

Return water The amount of pollutants discharged together with the return (wastewater)

Water | volume without -

user | standard clean Ammonium BSC5 Suspgnded Nitrates Nitrites Sulfates Dry residue | Phosphates

code (million cubic nitrogen solids

T T T T T kg
meters) T T

260469 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80
260574 0.002 0.00 0.00 0.00 0.00 0.00 0.10 0.00 1.60
260611 0.441 0.50 1.10 3.00 2.60 0.10 28.70 128.9 111.40
260759 0.017 0.20 0.20 0.50 0.00 0.00 1.10 5.50 34.70
260997 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.30 2.00
260999 0.002 0.00 0.00 0.00 0.00 0.00 0.10 0.60 5.00
261070 0.005 0.00 0.00 0.10 0.00 0.00 0.30 1.30 9.50
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The content of such heavy metals as: Cu, Ni,
Co, Zn, Cd, Hg, Fe in water samples was deter-
mined by visual membrane tests for Sensafe drink-
ing water [Klymchuk et al., 2022]. The following
portable devices and reagents were used for opera-
tional monitoring according to the instructions:

e Ph meter, conductometer, salt meter, oximeter
- AZ-86031;

GPS tracker - GPSmap 60Cx;

visual tests of nitrates and nitrites, phosphates
and ammonium - Ptero;

visual membrane tests to determine the con-
tent of heavy metals - Sensafe.

Based on the laboratory study of water sam-
ples from the Prut River, it was established that
the water is quite clean; exceedances of the maxi-
mum concentration limit are not observed. The
only exception may be a water sample within the
city of Yaremche, where elevated concentrations
of phosphates were detected (Table 4). There are
2 methods for assessing the quality of water re-
sources: physico-chemical and biological, we
used the first method [Boyarin, 2003]. There are
such advantages of physicochemical methods as
accurate assessment of water pollution of a par-
ticular pollutant; accounting for the combined
effects of pollutants; possibility of water quality
classification; relative simplicity of the method
compared to others. To assess water quality, we
used the method of WPI - water pollution index.
WPI is calculated by six indicators [Klymchyk
et al.,, 2022] (NH4 +, NO2 -, NP, phenols, dis-
solved 02, BSCS) according to the formula WPI

Table 4. The results of studies of the physico-chemical composition

= (1/6) 2 (Si / MACi), (1) where Si is the arith-
metic mean water quality indicator; MAC - maxi-
mum allowable concentration. In formula (1) for
02, the MAC is divided by the average value of
its concentration. Assessment of water quality is
performed according to the following classes: |
- very clean (WPI<0,3); II - pure (0.310). We cal-
culate the WPI for the Prut River (Table 5).

The value of the index of water pollution
WPI, the calculation of which is given in table
will be equal to: WPl =3.12 / 6 = 0.52. Wa-
ter with such WPI has class 2 (pure) (Figure
2). To determine the most polluted area of the
NNP, we need to determine the WPI for each
line in which water was taken for 5 years, for
this we use the data of 2016-2020 taken from
the laboratory of Yaremche KNNP (Table 6).
In order to determine the interdependence of
the number of tourists with the index of water

Table S. Calculation index of water pollution for the

river Prut
No. Indicator HDKi Si Si/HDKIi

1 |Dissolved 6.0 9.82 0.61
oxygen

2 |BSK 3.0 2.8 0.93

3 |Ammonium 0.5 0.25 0.50
on

4 |Nitrites 0.08 0.087 1.08

5 | Petroleum 0.05 0.00 0.00
products

6 |Phenols 0.001 0.00 0.00

- s - - 3.12

of river waters KNNP (Prut river basin)

Sample Place of samplina| Altitude n.r.m.. aeoar Temp., H Ammonium |Nitrite ion, |Nitrate ion, [Phosphates, [Mineralization,| A mixture E:isogﬁd Cu, BSK5,
number ping . geogr. C P ion, mg/dm?| mg/dm® | mg/dm® | mg/dm? mg/dm?® | of metals nzgo mg/dm? | mg/dm?
Prut River, 447 m.r.m. N48028'28.5”
1 adj. Dora E024035'12.8" 340 | 8.30 0.15 0.100 0.60 0.000 162.00 100.00 9.60 0.02 240
Zhonka River, 521 m.rm. N48026'43.0"
2 Yaremche E02403213.7" 430 | 850 0.25 0.100 15.90 0.000 46.00 100.00 | 10.00 0.03 2.86
Prut River, 514 m.r.m.N48026'30.3"
3 Suv. Market E024032'55.3" 340 | 8.14 0.00 0.150 15.90 0.020 108.00 20.00 10.80 0.03 3.82
Prut River, 607 m.r.m. N48028'19.5”
4 Jorotishehi E02403510.9" 330 | 7.60 0.05 0.080 12.50 0.150 125.00 20.00 10.60 0.02 275
5  [Prut River, Tatariv 680 m.r.m. 330 | 7.26 0.25 0.080 12.80 0.020 106.00 50.00 9.40 0.02 2.1
6 Prutets ) 686 m.r.m.N48020'21.0"| 3.20 | 7.59 0.25 0.150 9.40 0.050 147.00 50.00 10.40 0.04 3.30
‘ablunytskyi,
Kamyanytsia River|687 m.rm. N48019'39.8”
7 (Tatariv village) E024034 513" 3.00 | 7.76 0.25 0.050 8.60 0.020 68.00 20.00 9.40 0.02 2.50
Prut River, 722 m.r.m.N48017'52.5"
8 (Vorokhta town) E024034'08.3" 3.00 | 7.44 0.25 0.080 0.80 0.020 155.00 10.00 9.30 0.02 3.49
Prutets River
584 m.r.m. N48024'16"
9 (Mykulychyn E024036'58" 3.00 | 7.55 0.25 0.80 1.9 0.020 97.00 20 10.00 0.02 2.14
illage)
Prut River e gn
10 ((Hoverlyanske 1300m.r.m.Nz't809“52.4 280 | 7.90 0 0 0.3 0.05 43.00 10 8.79 0.02 2.19
PONDV) E024032'10.8
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pollution, we calculated the IPR for each year
during 2016-2020, using the data of KNNP
(Table 7). A trend line was also constructed us-
ing the Exel operating system and the acquired
data, indicating that as the number of tourists
increases, so does water pollution (Figure 3,
4). Using pre-calculated data and the Excel

operating system, we made a forecast of the
interdependence of the water pollution index
and the volume of tourist flow for 2021-2025
(Table 8). The prognosis shows that as tourism
grows, so does the index of water pollution
(Figure 5), necessitating the establishment of a
maximum permitted recreational load.

16
14 ,3(1.45
12 A123
11 ;
= 08 . —e— Water pollution index at each study
% 06 __W{n_m ' o8 5 point for 5 years
04 .
02
0 — .
¢ @ & & O S
SR I SV S S & & & &
& & &L *6‘ & 6‘ 8% «,b'b\\ 6*.40“.

o @*

Place of water withdrawal

Figure 2. Index of water pollution in KNNP for 5 years

Table 6. Calculation of WPI in each water collection point for 5 years

:SQSIG? Place of selection WPI Water class
1 Prut River, Dora 0.53 Clean
2 Zhonka River, Yaremche 0.64 Clean
3 Prut River, near Suv. market 1.02 Moderately polluted
4 Prut River, "Vorotishche” 1.46 Moderately polluted
5 Prut river, Tatariv village 0.75 Clean
6 Prutets Yablunytskyi, village 1.01 Moderately polluted
7 Kamyanytsia River, Tatariv village 0.83 Clean
8 Prut River, Vorokhta 1.23 Moderately polluted
9 Prutets Chemyhivskyi, Mykulychyn village 0.94 Clean
10 Prut River (Hoverlyanske PONDYV, above the farm “Zaroslyak”) 0.59 Clean
Table 7. Index of water pollution for 2016-2020
Year 2016 2017 2018 2019 2020
N;‘Omuzstrsd 81099 69222 79840 93184 65404
WPI 0.96 0.48 0.64 0.79 0.58
100000 -\.//_‘\. 15
50000 T . e .
\-—-—-* < - 0.5
0 0
2016 2017 2013 2019 2020
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Figure 3. Graph of the relationship of the WPI with the number of tourists
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Figure 5. Graph-forecast of the connection of WPI with the number of tourists in 2021-2025

Table 8. Forecast of the interdependence of WPI and
the volume of tourist flow in 2021-2025

Year Forecast WPI Tourist flow forecast
2021 0.67 75521
2022 0.79 85943
2023 0.63 69567
2024 0.81 79623
2025 0.74 72546

CONCLUSIONS

Thus, we evaluated the water quality in the
Prut River, which flows through Yaremche, a
popular tourist site, and established the interde-
pendence of the WPI with the number of tourists
visited in the largest tourist destination in the Car-
pathians. Based on the selected water samples in
the Prut River, the water pollution index in 2021
(spring flood period) was calculated and the water
was determined to be clean.

Significant exceedances of the WPI were not
detected at each sampling point during 2016—
2020, but at points located in Yaremche and Ta-
tariv, the water is significantly contaminated.
With the help of the Exel operating system, we
forecast the water pollution index and the tour-
ist flow for 2021-2025, which allowed us to see
that as the number of tourists increases, the wa-
ter quality deteriorates, though it swings within
the mean. The study’s findings imply that the

maximum permitted recreational load in the
Yaremche tourist attraction should be established
and the necessity for wastewater discharge man-
agement by owners of tourist estates and hotels,
as well as the feasibility of modifying sewerage
and drainage systems in private areas.

REFERENCES

1. Bezuhla L., KoshkaldaI., Perevozoval., Kasian S.,
Hrechanyk N. 2022. Marketing Management of the
Regional Ecotourism Infrastructure, 33(1), 1-11.

2. Hydrologic Modeling. Part of the Water Science and
Technology Library book series (WSTL, volume
81): [Web-site]. URL: https://link.springer.com/bo
0k/10.1007%2F978-981-10-5801-1.

3. Mandryk O., Moskalchuk N., Arkhypova L.,
Pryhodko M., Pobigun O. 2020. Research
quantitative indicators of the potential of solar
energy in the Carpathian region of Ukraine. IOP
Conf. Series: Materials Science and Engineering,
749, 1-9. DOI: 10.1088/1757-899X/749/1/012033

4. Eigen M., Schuster P. 2012. The hypercycle: a prin-
ciple of natural self-organization. Springer Science
& Business Media, 11(1977).

5. Arkhypova L., Pernerovska S. 2015. Forecasting
water bodies hydrological parameters using singular
spectrum analysis. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, 2(146), 45-50.

6. Kravchynskyi R., Korchemlyuk M., Khilchevskyi
V., Arkhypova L., Mykhailyuk 1., Mykhailyuk
J. 2021. Spatial-factorial analysis of background

113



Ecological Engineering & Environmental Technology 2022, 23(4), 107-114

status of the Danube River basin state on the north-
eastern slops of the Ukrainian Carpathians. Journal
of Physics: Conference Series, 1781(1), 11-12.

7. Kravchynskyi R., Khilchevskyi V., Korchemluk M.,
Arkhypova L., Plichko L. 2021. Criteria for identifi-
cation of landslides in the upper Prut river basin on
satellite images Geoinformatics 2021. European As-
sociation of Geoscientists Camp; Engineers, 2021,
1-6. DOI: 10.3997/2214-4609.20215521003

8. HrybY.2003. On the frequency of characteristics in
the ecological classification of surface water quality.
Hydrobiological journal, 3, 38—43.

9. Boyarin M. 2006. Integrated Ecological Index of
the Western Bug River Basin Ecosystem. Scientific
Bulletin of VSU Lesya Ukrainka Series: Geogra-
pher science, 2, 171-175.

10. Kukurudza S. 2009. Hydroecological problems of
land. Lviv.

11. Chizhevskaya L. 2002. Ecological problems of sur-
face waters of Volyn region. Lutsk.

12. Khilchevskyi V., Zabokrytska M., Sherstyuk N.
2018. Hidrografy and hydrochemistry of trans-
boundary river Western Bug on the territory of
Ukraine. Journal of Geology, Geography and Geo-
ecology, 27(2), 232-243.

13. Snizhko S. 2001. Assessment and forecasting of
natural water quality. Nika-Center.

14. Jacyk A., Romanenko V. 2008. Methodology for as-
sessing surface water quality according to relevant
criteria. Svit.

15. Korchemlyuk M., Arkhypova L., Kravchynskyi R.,
Mykhailyuk J. 2019. Anthropogenic influence from
point and diffuse sources of pollution in the Upper
Prut River basin. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, 1(169), 125-131.

16. Kirilyuk O. 2013. Assessment of the hydrochemical
status of the waters of small rivers of the Upper Prut
basin (on the example of the rivers Gukiv, Dereluy
and Vyzhenka). Hydrology, hydrochemistry and
hydroecology: a scientific collection, 4(31), 62-67.

17. Klymchuk I., Matiyiv K., Arkhypova L., Korchem-
lyuk M. 2022. Mountain Tourist Destination — The
Quality of Groundwater Sources. Ecological Engi-
neering & Environmental Technology, 23(3), 208—
214. DOI: 10.12912/27197050/147764

18. Korchemlyuk M., Arkhypova L. 2016. Environ-
mental audit of Ukrainian basin ecosystem of the
Prut river. Naukovyi Visnyk Natsionalnoho Hirny-
choho Universytetu, 5(155), 98—-106.

19. Odnorih Z., Manko R., Malovanyy M., Soloviy K.
2020. Results of Surface Water Quality Monitoring
of the Western Bug River Basin in Lviv Region.
Journal of Ecological Engineering, 21(3), 18-26.

20. Kopei V., Onysko O., Panchuk V. 2020. Principles
of development of product lifecycle management

114

system for threaded connections based on the
Python programming language. J. Phys.: Conf.
Ser. 1426, 12-33.

21. Gomelia N., Trokhymenko G., Hlushko O., Sha-
bliy T. 2018. Electroextraction of heavy metals
from wastewater for the protection of natural water
bodies from pollution. Eastern-European Journal of
Enterprise Technologies, 3, 12—17.

22. Mandryk O., Moskalchuk N., Arkhypova L., Pryk-
hodko M., Pobigun O. 2020. Prospects of environ-
mentally safe use of renewable energy sources in the
sustainable tourism development of the Carpathian
region of Ukraine. E3S Web Conference, 7.

23. Kneysler O., Andrusiv U., Spasiv N., Marynchak L.,
Kryvytska O. 2020. Construction of economic mod-
els of ensuring Ukraine’s energy resources econ-
omy. 10th International Conference on Advanced
Computer Information Technologies, 651-656.

24.Komlev O., Bortnik S., Kovtonyuk O., Lavruk T.,
Pogorilchuk N., Filonenko Yu. 2021. The impor-
tance of an integrated approach in solving scientif-
ic and practical issues of geology, geomorphology,
paleogeography of the Left Bank of the Middle
Dnieper. Geoinformatics, European Association of
Geoscientists & Engineers, 1-6.

25.Hryniuk V., Arkhypova L. 2018. Regularity of
effects of climatic changes on quality indicators
of surface water of the Dniester basin. Naukovyi
Visnyk Natsionalnoho Hirnychoho Universytetu,
3(165), 125-133.

26. Jacik A. 2002. Water resources of Ukraine as a basis
for sustainable development of the state. Bulletin
of Ukr. state University of Water Management and
Nature Management, 164—175.

27.Kolesnik V., Borysovs’ka O., Pavlychenko A., Shi-
rinA. 2017. Determination of trends and regularities
of occurrence of emergency situations of techno-
genic and natural character in Ukraine. Naukovyi
Visnyk Natsionalnoho Hirnychoho Universytetu,
6(162), 124-131.

28.Kinash I., Shtogryn H., Sakal O., Zapukhliak I.
2019. The ecologization of housing and communal
services of Ukraine in the context of sustainable de-
velopment. Journal of Eastern European and Central
Asian Research, 6(1), 113—130.

29. Ivashkiv 1., Kupalova H., Goncharenko N., Andrusiv
U., Streimikis J., Lyashenko O., Yakubiv V., Lyzun
M., Lishchynskyi 1., Saukh I. 2020. Environmental
responsibility as a prerequisite for sustainable de-
velopment of agricultural enterprises. Management
Science Letters, 10(13), 2973-2984.

30. Nesterchuk I., Osipchuk A., Bondarenko E., Trusij
0., Ivanenko V., Chyzhevska L. 2021. Reloading
of gastronomy tours in the conditions of using the
right-bank polissia gastronomy potential. GeoJour-
nal of Tourism and Geosites, 34(1), 170-176.



