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BILTUB OB’ €KTIB PEKPEALII TA TVPU3MY HA AKICTb IIOBEPXHEBUX BOJ] Y BACEHHI
PIYKW YOPHA THCA

Mema. OGrpyHTyBaTH Ta IPOAHAIIi3yBaTH BIUIUB 00’ €KTIB TypUCTHYHO-PEKpealliiiHol cdepn Ha HOPMyBaHHS IiJPOEKOTIOIIHHOTO CTaHY
noBepxHeBHX BoJ piuku YopHa Tuca B Mexax PaxiBcpkoro paifoHy 3akapmarchkoi o6acTi.

Memooura. MeTomONOTT4HOK0 OCHOBOIO L[BOTO JOCHIKCHHS € CUCTeMHHI MifXi[ 10 BUBYCHHS Ta aHAIi3y aHTPONOTeHHHX (aKTOpIB
BIUTMBY Ha TifpoeKoJoriunuii cran piuku Yopra Trca 3 MeTOI0 OnTHMI3allii IPUPOZOKOPUCTYBAHHS Ta MOKPAICHHS BOJOOXOPOHHOI AiSITBHOCTI.
VY nocnijkeHHI BUKOPHCTAHO 3arajbHOHAYKOBI METO/H (PETPOCIIEKTHBHHUMN, CHCTEMHO-CTPYKTYPHHUI) Ta CIelialbHi — MaTeMaTHKO-CTATUCTHYHAN
aHaJTi3, HAMIBCTALIIOHAPHI CIIOCTEPEIKESHHSL, KApTOrpaitHi JOCITIDKSHHS Ta iH.

Haykosa nosusna. JIocmimkeHo 3akOHOMIPHOCTI (hOpMyBaHH XiMIYHOTO CKJIa/y Ta FiAPOXiMIYHOTO PEXHMY IOBEPXHEBUX BOJ OaceiHy
piuku Yopna Tuca mix BIUIMBOM 00’€KTIB TypH3My Ta peKpeartii.

Pezynomamu. ChOTONHIIIHI TEMIH aHTPOMi3anil HABKOJHUIIHBOTO MPUPOAHOIO CEPEJOBHINA, IO B CBOIO Yepry MPH3BOAUTH i 10
TpaHchopmallii piukoBo-0aCEHHOBHX CHCTEM, 3yMOBITIOIOTh HEOOXiIHICTh YCEeOIYHOTO BUBYCHHS SKOJIOTIYHOTO CTaHy MOBEPXHEBHUX BOA. Bin Tak,
obuparoun 00’€KT JOCIIDKEHHS MH BPaxOBYBalH IPUPOJAHI YMOBH Ta Pi3HOMAHITHI aHTPOIOTCHHI YMHHHMKH BIUIMBY, Cepell SKHX i 00’€KTH
iHaycTpii roctuHHOCTI. [Ipy 1IbOMY MK HaMarajiHch IPOCIIAKOBYBATH BIUIMB Ha SAKICTh BOA B310BK Teuil piuku YopHa Tuca, 0OpaBIH [uist bOTO
[IBa MyHKTH MOHiTOpuHTY: Buiue cena Yopua Tuca (pedepenuiiini ymoBu) ta B cemi Kacu. Lle 103BOSMHIO BHSBHTH Ta OLIHWUTH AWHAMIKY
TiIPOXIMIYHHX MOKAa3HHUKIB SIKOCTI BOJ, 30KpeMa 3a BMICTOM po3dHMHeHoro kucHI0 (O,), OioximiuHe crioxuBaHHS KHCHIO 11'stHao60Be (BCKs),
ximiune cnoxkusanns kucHio (XCK), a Takox Minepanbhux cnoiyk a3oty: (N-NHy"), (N-NO,"), (N-NO3).

[pupoani ymoBH TepuTOpii Gaceiity piuku Yopra Tuca BIUTMHYIH Ha 1i TiIpONTOTIYHINA peXuM Ta chopMyBau Tipcbkuii Tur. [lopsin 3
MM Pi3HOMaHITTA TPUPOJOPECYPCHOTO TIOTEHIiaNly, a TAKOX iCTOPUKO-apXiTEeKTypHa CHaiIIiHAa (OPMYIOTh PO3TalyXeHy Mepexy 00’€eKTiB
iHyCTpil TOCTUHHOCTI B MEKax JIOCIiIKYBaHOI TEPUTOPIl.

BuBueHHs 00’ €KTIB iHAYCTPii TOCTHHHOCTI SIK HOTEHIIHHUX JDKEPEIT BIUTUBY Ha SIKICTh TOBEPXHEBUX BO/I 3a JONIOMOT'00 BUOpaHOT rpynu
XIMIYHHX ITOKA3HHKIB JO3BOJIMIIO BHSBHTH HE3HAUHI CE30HHI KOJIMBaHHS 30KpeMa 3a BMicToM po3unHeHoro kucHio, XCK Ta Minepaiizamii Boz.

Ilpakmuuna 3Hauyywicms. Matepiani JOCHIDKEHHS MOXYTb OyTH BHUKOpUCTaHi mpu (OpPMYBaHHI 3aXO[iB 3MEHIIEHHS Ta
MOTIepeHKEHHS HACII/IKIB BIUIMBY Pi3HUX BHIIB aHTPOIIOTEHHOI JIsITLHOCTI Ha CTaH BOJHOI reocucteMu B OaceiiHi piuku Yopna Tuca.

Kniouosi cnoea: aHTPOTIOTEHHNH BIUIMB, SIKICTh TIOBEPXHEBHX BOJI, IHIYCTpisi TOCTHHHOCTI, Oaceiin piukn Yopra Tuca.
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THE INFLUENCE OF RECREATION AND TOURISM FACILITIES ON THE QUALITY OF SURFACE
WATER WITHIN THE BASIN OF THE BLACK TISZA RIVER

Objective. To substantiate and analyze the impact of tourist and recreational facilities on the formation of the
hydroecological state of the surface waters of the Black Tisza River within the Rakhiv district of the Transcarpathian
region.

Methods. The methodological basis of this study is a systematic approach to the study and analysis of
anthropogenic factors influencing the hydroecological state of the Black Tisza River in order to optimize nature
management and improve water protection activities. The study used general scientific methods (retrospective,
system-structural) and special methods - mathematical and statistical analysis, semi-stationary observations,
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cartographic studies, etc.

Scientific novelty. The regularities of formation of the chemical composition and hydrochemical regime of
surface waters of the Black Tisza River basin under the influence of tourism and recreation facilities were investigated.

Results. Today's pace of anthropization of the natural environment, which in turn leads to the transformation
of river basin systems, determine the need a of comprehensive study of the ecological state of surface waters.
Therefore, when choosing the object of research, we took into account natural conditions and various anthropogenic
factors of influence, including objects of the hospitality industry. At the same time, we tried to monitor the impact on
water quality along the Black Tisza river, choosing two monitoring points for this purpose: above the Black Tisza
village (reference conditions) and in the village of Kvasy. This made it possible to identify and evaluate the dynamics
of hydrochemical indicators of water quality, in particular by the content of dissolved oxygen (O.), five days
biochemical oxygen consumption (BODs), chemical oxygen consumption (COD), as well as mineral nitrogen
compounds: (N-NH4"), ( N-NO7"), (N-NOs-).

The study of the facilities of the hospitality industry as potential sources of influence on the quality of surface
water using a selected group of chemical indicators has revealed minor seasonal fluctuations, in particular, in the
content of dissolved oxygen, COD and water mineralization.

Practical significance. The research materials can be used in the development of measures to reduce and
prevent the effects of various types of anthropogenic activities on the state of the aquatic geosystem in the Black Tisza
River basin.

Keywords: anthropogenic impact, surface water quality, hospitality industry, Black Tisza river basin.

Introduction. Human economic activity within the basin systems of small rivers is an important
factor influencing the hydrochemical regime of waters, in particular, the mineralization and runoff of
organic and biogenic substances. The increase in anthropogenic load on surface water bodies can lead to
changes in the river system with its subsequent transformation from natural to natural-economic, which
generally has a negative impact on the ecological state of the basin geosystem. Considering this, there is a
need to identify structural and functional changes, seasonal fluctuations of hydrochemical indicators,
determine the dynamics of hydro-ecological conditions and their forecast in order to develop ways to
optimize the water management complex and solve the specific problems of water quality in rivers. One of
the main anthropogenic factors influencing surface water quality is the hospitality industry (Leta et. al.,
2019).

In this context, the Transcarpathian region, where enterprises are specializing in providing a wide
range of recreational, medical, and entertainment services, becomes a very interesting object of research.
The mountainous part of the Transcarpathian region, in particular the sources of the Tisza River, is an
interesting territory for guests of the region, due to a convenient geographical location, the proximity of the
border with Romania (a member state of the EU), aesthetic appeal and the availability of infrastructure,
including hotel enterprises, certain aspects the functioning of which is analyzed in the study (Slava &
Chyniak, 2021).

Materials and research methods. The data of the Transcarpathian Regional Center for
Hydrometeorology hydrological monitoring and hydrochemical monitoring of the waters of the Black Tisza
River, carried out by the Tisza Water Basin Administration for the period 2020-2022, serve as research
materials. The basis is the results of monitoring at points above the village of Black Tisza and in the village
of Kvasy, which allows us to separately analyze the quality of water in two bodies of surface water, for one
of which reference conditions have been established. The preliminary analysis and assessment of water
quality was made on the basis of field research during 2015-2018 and the results of laboratory analyzes of
water samples of the Black Tisza River selected by us in the villages of Bilyn, Kvasy, Black Tisza and the
village of Yasinya of Rakhiv district in the period from autumn 2016 to spring 2018 p.

Results. Hydrological characteristics of the Black Tisza River.

The basin of the Black Tisza River is located within the southwestern part of the Ukrainian
Carpathians. The area of the basin is 567 km?, about 30% of the area of Rakhiv district. The outflow of the
Black Tisza is at an altitude of 1242 m above sea level (Mount Bratkivska), and this causes the steep drop
of the river bed. The river valley is V-shaped, and its width varies from 50 to 300 m downstream, the
floodplain is narrow, and there are no towns at all. The riverbed has a width of up to 10 m, the current speed
is from 1-1.5 m/s during the summer-autumn border to 4-4.5 m/s - during the flood. The average depth of
the river is up to 1 m, and the height of the banks is 10 m, the slope is 19 m/km. When entering the Yasinyan
basin, the Black Tisza valley becomes trapezoidal and widens, the slope of the river decreases, and the
speed of the current slows down a bit.

Characteristics of the hospitality industry. The development and functioning of the hospitality
industry in the Rakhiv district is conditioned by the significant natural resource potential of the industry,
which is unevenly distributed within individual subbasins of the Tisza River. Thus, within the Black Tisza

50



Teozpagpis. ma mypusm

basin, the presence of mineral water outlets ("burkut") and tourist infrastructure in the villages of Bilyn,
Kvasy and the village of Yasinya causes a decrease in the share of recreational land upstream towards the
Chornohora mountain massif. An exception is the basin of Lazeshchyna - the left tributary of the Black
Tisza, within which the anthropogenic load is increasing due to the Kozmeschyk tourist shelter and the
presence of popular hiking routes to the peaks of Petros and Hoverla.

The sphere of recreation and tourism within the basin of the Black Tisza River is represented by a
great variety of natural and historical and architectural resources. Among the main attractions we can
highlight: Chornohirskyi and Svydovetsky massifs of the Carpathian Mountains, mountain lakes Dogyaska,
Apshinetske, Vorozheske and others, Trufanets waterfall (height 36 m), rock ledges of Gendarma near
Blyznytsia mountain, beech forests, Church of the Ascension of the Lord (Strukivska church) in the village
of Yasinya and a number of other objects.

About 150 recreational and tourist facilities operate within the Rakhiv district, which include hotels,
hostels, recreation centers, sanatoriums, estates and private residences, of which almost 130 are located in
the Black Tisza basin. Leaders in this field are the Carpathian Biosphere Reserve, Dragobrat LL.C, Hirska
Tisza sanatorium, etc.

Considering the load of the recreation industry on the Tisa river basin system within the Rakhiv
district, we will also consider the area of land allocated for recreational activities in the context of
administrative units (village, town and city councils). In terms of land use, recreational land in Rakhiv
district occupies a small area, but we can observe a differentiation in the share of such land due to the
significant natural resource potential of the industry, unevenly distributed within the basin systems of the
Black Tisza, White Tisza, Shopurka and Kosivska. The largest share of land allocated for recreation is
within the Kobyletsko-Polyansky settlement council (1.2%) and Chornotysynsky village council (0.9%),
which correspond to the upper reaches of the Shopurka and Chorna Tysa river basins, which in turn are
confined to the Svydovets mountain range. The recreational load on the Chornohora ridge will be
considered within the basins of the White Tisza, Black Tisza, and separately Lazeshchyna. The share of
recreational land by village councils increases upstream of the White Tisza from 0.4% to 0.8%. The state
of recreational land use in the Black Tisza basin is somewhat different, where the presence of mineral waters
(locally known as burkut) and the development of tourist infrastructure in the villages of Bilyn, Kvasy and
Yasinya causes a decrease in the share of recreational land upstream towards the Chornohora mountain
range from 0.8% in the village of Bilyn to 0.4% in Yasinya. In the Lazeshchyna basin, the recreational land
use rate is slightly higher and reaches 0.8%, due to the presence of the Kozmeschyk base and proximity to
hiking routes to the peaks of Petros and Hoverla.

During the pre-crisis and crisis periods, the dynamics of the number of visitors/tourists has
significant differences. The beginning of the crisis period took place from the end of 2019, and arose as a
result of the spread of the COVID-19 disease and the introduction of a number of measures to contain the
spread of this viral disease, which acquired the status of a global pandemic. In 2019, the number of visitors
increased and reached its peak in 87.5% of enterprises, only 12.5% of hotels reported a decrease in the
number of tourists (Chyniak & Salyuk, 2022).

Instead, in 2020, all hotel properties without exception reported a significant decrease in the number
of customers due to the quarantine restrictions around the world with adjustments for regional and local
features of the spread and mutations of the SARS-CoV-2 virus. Businesses has lost from 53 to 76% of the
tourist flow, on average, the percentage of the decrease in visits compared to the previous year, 2019, was
69.2%.

According to the number of tourists, the trends regarding the load of the room stock also showed
typical dynamics: in almost all hotels, the highest occupancy of rooms was in 2019, in 2020 this indicator
fell (Chyniak & Salyuk, 2022). The most significant decline was observed in the spring of 2020, when strict
quarantine restrictions and unforeseen means of personal and collective protection were introduced. The
best situation in the field of hospitality developed in the summer - thanks to the seasonal decrease in
infection rates and the implementation of various protective measures.

Characteristics of the chemical composition of water. In order to study the potential impact of the
facilities of the hospitality industry on the quality of the surface water of the Black Tisza River, we analyzed
a group of chemical indicators, the most important from an ecological approach: hydrogen index (pH) and
the content of dissolved oxygen (O.), five days biochemical oxygen consumption (BODs), chemical oxygen
consumption (COD), as well as mineral nitrogen compounds: ammonium (N-NH4"), nitrites (N-NOy"),
nitrates (N-NO;3").

The content of dissolved oxygen in the waters of the Black Tisza has a clear seasonal character, and
the average annual values are within the normal range. During 2020-2022, fluctuations in the absolute
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values of the dissolved oxygen content were recorded in the range of 8,6-14,4 mgQ,/dm™ for the body of
surface water of the Black Tisza River above the village of Black Tisza and 7,6-15,4 mgQ,/dm™ — for the
Black Tisza River within the boundaries of the village of Kvasy.

Hydrogen indicator of pH is important for assessing the habitat of hydrobionts. Fluctuations of the
indicators during the studied period, and even the average annual values did not exceed the norms and were
at the level of 6,6-8,5 units pH (Ministry of Health of Ukraine, 2022).

Table 1
Chemical parameters of the water quality of the Black Tisza River (2020-2022), mg-dm’
-d§ ON “ Q +<r len e
iver - poi = g a T e} e}
River - point Year % g EQ 8 8 z zZ zZ
&% a z |z | =z
2020 11,5 7,8 1,31 12,7 | 0,12 | 0,29 | 0,003
Black Tisza River - above
village of Black Tisza 2021 11 8 1,45 10,9 | 0,08 | 0,45 | 0,004
2022 10,7 8,02 2,05 8,7 0,1 0,39 | 0,006
2020 11,6 7,7 1,26 15,7 | 0,19 | 0,33 | 0,01
Black Tisza River - Kvasy 2021 10,9 7.9 1,44 | 16,9 | 0,13 | 0,43 | 0,007
2022 10,6 84 | 1,33 | 129 | 0,15 | 0,35 | 0,009

Indicators of biochemical oxygen consumption during 5 days and chemical oxygen consumption
(BODs, COD) reflect the dynamics of self-purification of watercourses due to the reactions of oxygen
consumption to the oxidation of trace elements and organic substances. Therefore, the analysis of these
indicators makes it possible to identify potential sources of chemical and organic water pollution, including
due to the activities of recreation and tourism facilities located within the Black Tisza river basin.
Fluctuations of BODs indicators in the range of 0,5-4 mg-dm™, and COD 5-28 mg-dm-3 for the headwaters
of the Black Tisza River and 6-60 mg- dm™ for the massif of surface waters from the village of Kvasy to
Yasinya village upstream. A sharp increase in COD indicators, in particular in the summer-autumn period,
from the village of Black Tisza to the village of Kvasy gives reason to talk about organic pollution of the
waters of the Black Tisza River.
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Figure 1 Average long-term values of water mineralization of the Black Tisza River

The presence of organic nitrogen-containing compounds in surface waters is associated with the
discharge of wastewater by communal enterprises, as well as by private households, including private
estates, hotels, hostels, in particular in the village of Yasinya and the village of Kvasy. Normative values
for nitrogen-containing compounds are as follows: N-NH4" 2.0 mg-dm, N-NO,™ 1 mg-dm™ Ta 45 mg-dm"
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3 by content NO;~ (Ministry of Health of Ukraine, 2022). As can be seen from Table 1, the content of
biogenic substances in the waters of the Black Tisza River did not exceed the average annual values in any
of the analyzed points, which allows us to talk about a safe ecological environment for the existence of
aquatic organisms from the standpoint of organic pollution of the river waters, in particular by tourist and
recreational facilities.

Intra-annual fluctuations in the water mineralization values of the Black Tisza River during the
study period are related to the hydrological regime - the minimum values were recorded during the spring
flood, the maximum values - during the summer-autumn and winter low tide. Along with this, during 2020-
2022, we record a constant excess of mineralization values downstream of the Black Tisza River, which
may be related to the influence of wastewater, in particular, the sanatorium "Hirska Tisza", located in the
village of Kvasy.

Conclusions. The basin of the Black Tisza River is located in the northern part of the Rakhiv district
of the Zakarpattia region and includes territories with the Svydivets and Chornohora mountain ranges. As
a result, the river flows in a narrow valley with steep banks and has a clearly defined mountain type with a
characteristic steep slope and fast current.

The hospitality industry is widely represented within the Black Tisza river basin, which is due to
both the natural resource potential and the historical and architectural resources of the region. Thus, a rather
extensive network of tourist and recreational facilities within the studied territory includes 80% of all
facilities within the Rakhiv district. As a result, surface waters in the basin of the Black Tisza River are
under greater pressure than the waters of the White Tisza, Shopurka, and Kosivska - the largest tributaries
of the Tisza River within the district.

The group of hydrochemical indicators of water quality chosen by us for analysis allows for a
superficial assessment of the potential impact of hospitality industry facilities on surface waters in the Black
Tisza river basin. The non-systematic construction of recreation and tourism facilities along with the
mountainous nature of the river cause minor fluctuations within the normal limits of almost all selected
hydrochemical parameters, with the exception of COD during the summer-autumn period.
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