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TOURISM DEVELOPMENT AND WATER POLLUTION IN
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PERSPECTIVES

Abstract: Water resources are an important tourist value of national parks (NPs) in Ser-
bia. The richness and significance of hydrographic resources are not only represented in
the river network and its hydropower potential, but also in the recreational values and
rare natural features of these phenomena. As a particular user of natural resources, tour-
ism modifies water resources into something memorable, reachable to visitors, and most
often with elements of attractiveness and curiosity. This research offers insight into the
possibilities for the development of water tourism in selected NPs in Serbia from the per-
spective of the water quality of the most important hydrological resources. Based on the
use of the water pollution index (WPI), the pollution level of the Drina River (Tara NP)
and the Danube River (Djerdap NP) has been calculated. The results indicated different
degrees of pollution and mostly organic pollution, which is a limiting factor for a large
number of tourist and recreational activities. The findings of this study have important
implications for the future policies of NPs in the sphere of natural resource management
and therefore the development of water tourism.
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Introduction

A significant range of human activities have always been closely connected with water re-
sources: fishing, farming, industry, providing of water for drinking, and, more recently, lei-
sure and tourism (Moreira & dos Santos, 2010). Even though the utilization of water has
evolved over time, this element has always been interpreted as an economic and social as-
set. From the economic point of view, water was of crucial importance for the survival and
development of humans, which is why they have always tried to appropriate water re-
sources from nature. As a social asset, water has always been associated with health and
spirituality in the sense that it influenced the creation of collective customs aimed at im-
proving the psychophysical condition of the individual through socialization, leisure and
the beneficial effect of water on the body and mind (Costa et al, 2015).

In the context of importance for tourism, the concept of water is interpreted in two
ways: as a resource and as an attraction. Freshwater has become a significant tourist re-
source in the modern era upon which the attractiveness of a destination may depend. The
water and tourism issue is not just a matter of the water consumption of overnight hotel
stays and tourist facilities (Lootvoet & Roddier-Quefelec, 2009). Water, particularly when
it is clear and cool, is essential for the use of leisure and tourism services all over the world.
In addition to being a source of fascination for many people, it is often the primary motive
for choosing a particular destination (Moreira and dos Santos, 2010). The tourism sector
attributes great importance to this resource due to its potential for the revitalization, im-
provement and development of tourist destinations (Fernandes et al., 2020). The areas rich
in diverse water resources can offer a wide range of water-related products and experiences.
Some of these are new and recent, such as floating accommodation, which allows continu-
ous physical and visual interaction with this element. On the other hand, there are products
and experiences aimed at reviving the traditional ideas and practices related to water that
have continued to be present in societies from the beginning of history to the present day,
such as the thermal use of mineral waters (Folgado-Fernandez et al., 2018).

Diverse forms of tourism have been created around different types of water bodies:
river tourism, tourism of reservoirs, lakes, and natural pools, nautical tourism, beach tour-
ism, health and spa tourism, adventure tourism, etc. (Moreira and dos Santos, 2010). From
an environmental point of view, these types of tourism provide numerous chances for the
development of new sustainable models of water resources management, characterized by
a positive impact on environmental conservation and biodiversity (Folgado-Fernandez et
al., 2018). Consequently, through tourism, water can be used as a driver of regional devel-
opment and protection of unique ecosystems and water-based tourism initiatives have the
potential to turn this resource into a sustainable economic and social asset (Prideaux &
Cooper, 2009). Due to all the above, in many European countries, including Serbia, the
management of water resources has an important position in the wider discussion on the
sustainable development of tourism (Brankov, 2020).

On the other hand, it is important to emphasize that water resources are highly sensi-
tive to human intervention. Numerous ecosystems supported by water resources are ex-
posed to great stress caused by pollution, irrigation, construction of dams, and other forms
of human activity. The current problems associated with water pollution stand in need of
ecological classification and identification of the most significant parameters influencing
the variability of water quality. Also, the obtained results should be interpreted in a simple
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and objective way by combining an extensive data set of physical, chemical and biological
elements of quality (Milanovié Pesié et al, 2020). For this performance assessment, the wa-
ter pollution index (WPI), as a set of simple indicators of water pollution, is the most fre-
quently used by various authors. The methodology was first widely used to assess the qual-
ity of various water bodies (Lylko et al., 2001; Jabloniska, 2008; Milijasevi¢ et al., 2011;
Wang et al., 2015), and soon it began to be applied in the multidisciplinary research as well
(Milanovi¢ Pesié et al., 2020; Brankov et al., 2021).

National parks (NPs) represent the highest category of protected area systems in Ser-
bia and they are entirely accessible for visits, with the exception of sites with a special pur-
pose and specific restrictions in certain zones of protection. These areas were characterized
by the presence of tourism long before the declaration of NPs, which potentially threatened
the natural ecosystems in some parts of the parks. Regarding the natural values, hydro-
graphic resources are prominent phenomena of these territories, and in some NPs, they
also represent the primary tourist resources (Brankov, 2020). Consequently, the imple-
mentation of the WPI methodology for the assessment of water quality in their territories
and in other categories of protected areas represents a significant step toward their sustain-
able management and development (Milanovi¢ Pesi¢ et al, 2020). Regardless of the fre-
quent use of this index in research, almost no studies have been done dealing with the ap-
plication of this methodology to tourism development. In light of the above, this study aims
to offer insight into the possibilities for the development of water tourism in selected NPs
in Serbia from the perspective of the water quality of the most important hydrological re-
sources. Based on the use of the water pollution index (WPI), the pollution level of the Drina
River (Tara NP) and the Danube River (Djerdap NP) has been calculated.

Study Area

For the purpose of this study, two national parks were selected. The Djerdap National Park
is located in the northeastern part of Serbia, on the border with Romania (Fig. 1). It covers
the territory of three municipalities (Golubac, Majdanpek and Kladovo), i.e. a total area of
637.68 km2. The NP includes the narrow corridor of the Djerdap gorge, i.e. its right valley
slope side and the coastal sector of the Danube from Golubac to Karatas, reaching 100 km
in length. The area was declared a national park in 1974. The composite Djerdap gorge
comprises four gorges (Golubacka, Gospodjin Vir, Mali and Veliki Kazan and Sipska gorge)
and three basins (Ljupkovska, Donjomilanovacka and Orsavska), which alternate with each
other (Nikoli¢, 2006; Ministarstvo Zivotne sredine, rudarstva i prostornog planiranja, Re-
publicka agencija za prostorno planiranje, Institut za arhitekturu i urbanizam Srbije, 2013).

The specific geographical location, favourable climate and complex geological and ge-
omorphological characteristics made this territory a unique European Tertiary flora and
fauna reserve with a pronouncedly endemic and relic character. The area is represented by
1088 species of vascular flora, which accounts for more than a quarter of the total flora
species in Serbia (Milanovi¢ Pesic et al, 2015).
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Fig. 1. Location of the national parks and hydrological stations

The main hydrographic feature of the area is the Danube, with a basin area of about
580,000 km2 and with an average perennial discharge of about 5,500 m3/s. The Danube
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has a great hydropower potential and it is navigable throughout Serbia (UrosSev et al, 2017).
The river water is used for different economic purposes and as an important tourist re-
source. The Danube’s coastline in Serbia stands out for its richness of natural and cultural-
historical values, which are particularly numerous in the territory of the Djerdap gorge. The
most prominent feature of this gorge is the artificial Djerdap Lake, built during the con-
struction of the dam and the hydropower plant Djerdap I.

The wealth of hydrographic resources caused the development of numerous activities
on the water — cruising, bathing, aquatic sports, etc. The international river tours on the
Danube towards the Black Sea, which stop in the Djerdap gorge, as well as the local cruises
on the Lake organized by the tourist organizations of the municipalities on whose territory
the NP is located, are particularly noteworthy. A significant segment of the tourist offer of
sports and recreational tourism and a specific type of events are regattas - nautical and
sailing races on the water, which are held in the area of the Djerdap gorge during the sum-
mer (Brankov, 2015). Bathing tourism is represented in various settlements on the river
bank that have arranged beaches.

The Tara National Park is located in the west part of Serbia and covers the largest part
of the mountainous region of Tara, on the border with Bosnia and Herzegovina (Figure 1).
The NP Tara was declared in 1981 and represents a unique geographic entity with a set of
mountain elevations and plateaus, intersected with river valleys. It extends over the terri-
tory of the municipality of Bajina Basta, reaching about 45 km in length and up to 18 km in
width; with an average elevation of 1200 m a.s.l. (Nikoli¢, 2006).

The complex relief of the territory, diverse geological substrate and unique climate
characteristics, as well as the isolated position of the mountain, have caused the devel-
opment of a variety of flora and fauna, with a significant percentage of surviving en-
demic and relic species. The forest ecosystems represent one of the main features of
the protected territory, covering more than 78.8% of the total area of the mountain
(Ministarstvo gradevinarstva, saobraéaja i infrastrukture, Sektor za prostorno plani-
ranje i urbanizam, 2018).

The main hydrographic feature of the wider area is the Drina River, which surrounds
Tara Mountain from the northwestern and northern sides, running along its foothill from
the confluence of the Derventa River into Lake Perué¢ac. The most important part of the
stream and the most prominent tourist attraction of the area is the river canyon com-
posed of limestone rocks reaching up to 1000 m in height. Boat cruises through the Drina
canyon are organized, as well as the various activities of bathing tourism on Lake Perucac.
This Lake is formed by damming the river in the village of the same name in 1962 (more
than 50 km long, 80-500 m wide and 85 m deep) (Nikoli¢, 2006). The natural terrain is
unusable for beach recreation due to the cliffy character of the valley, owing to which the
coastline is shifted when water levels are changing. For this reason, there are pontoon
beaches on the Lake, used for recreation (Brankov, 2015). Numerous cultural, tourist and
sports events are organized on the Drina River. In honour of the long tradition of rafting
on the Drina River, a specific type of event is organized, for which the region is known —
the regattas (Brankov et al, 2021).
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Materials and methods

Within the framework of the research on sustainable water management, some studies
relying on various statistical and mathematical methods, address the quality and pollu-
tion of watercourses. Recently, the WPI (water pollution index) has been used for this
purpose in Serbia in several studies. Different research have analysed the water pollution
index (WPI) of the Danube since the most developed area of the country is located along
its banks. The analyses included the water quality of the channel network in Vojvodina
(Milanovi¢ et al. 2011), as well as the water quality and pollution level of the Danube in
Serbia (Taki¢ et al. 2017). The most polluted tributaries of this river — Timok (Brankov et
al. 2012) and Borska Reka (Milijasevic et al. 2011) have also been analysed. This meth-
odology was also applied in the national parks in Serbia, in order to draw attention to the
quality of important natural resources and to explore if the real (measured) quality of
river water is in agreement with the opinion of different segments of the population (Mi-
lanovi¢ Pesi¢ et al, 2020; Brankov et al, 2021).

The Water Pollution Index (WPI) includes physical, chemical and microbiological
quality elements for water quality assessment. It ensures a clear explanation of the main
pollution elements and enables a simple comparison of the water quality data for different
water bodies. The WPI index represents the sum of the ratios between the measured annual
average value parameters (Ci) and the prescribed maximum values of the water quality
Class I in Serbia. It is calculated based on the following formula (Lyulko et al. 2001):

n
WPI=% Ci x 1 (1)
= SFQS n
where Ci is the mean annual concentration of the analysed parameters, obtained on

the basis of sampling the river water quality data once a month on average. SFQS indicates
the standard values of the I water quality class, whereas n represents the number of the
parameters taken into account in the research. Classification of the water into different
classes is done on the basis of the obtained WPI values (Table 1) (Lyulko et al. 2001).

Tab. 1. Water quality classes based on the WPI values

Class WPI value Description
I <0.3 very pure
II 0.3-1.0 pure
111 1.0-2.0 moderately polluted
v 2.0-4.0 polluted
\Y 4.0-6.0 impure
VI >6 heavily impure

The standard threshold values for all parameters for the given classes of ecological
status are established at the national level in Serbia by the following legal documents:
the Regulation on Parameters of the Ecological and Chemical Status of Surface Waters,
and the Parameters of the Chemical and Quantitative Status of Ground Waters
(Sluzbeni glasnik Republike Srbije br. 74/2011 (2011)), the Regulation on Emission
Limit Values for Pollutants in Surface and Ground Waters and Sediments and the
Deadlines for Their Reaching (Sluzbeni glasnik Republike Srbije br. 50/2012 (2012))
and the Regulation on the Limit Values of Priority Substances and Priority Hazardous
Substances Polluting Surface Waters and the Deadlines for Their Reaching (Sluzbeni
glasnik Republike Srbije br. 24/2014 (2014)).
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In order to analyze the WPI, the data of 18 physical, chemical and biological parame-
ters were taken into account. The parameters involved: dissolved oxygen (DO), oxygen sat-
uration (OS), pH value, suspended solids (SS), biochemical oxygen demand (BOD5), chem-
ical oxygen demand (CODMn), saprobic index (S), nitrite (NO22-), ammonium (NHg4),
metals (Fe, Mn, Ni, Hg, Cu, Cd), sulfate (SO42-), orthophosphate (PO43-) and coliform
bacteria (CB). The values of the parameters were taken from the Yearbook III of the Repub-
lic Hydrometeorological Service of Serbia for the fifteen-year period (2006—2020).

Based on this methodological approach, the obtained results enabled the author to de-
termine the water quality classes of the main hydrological and tourist resources in two na-
tional parks in Serbia — Djerdap NP (Danube River) and Tara NP (Drina River). In Djerdap
NP, the research included three hydrological stations on the Danube, two of which are lo-
cated outside the park (Banatska Palanka — upstream, and Brza Palanka — downstream),
and one within the protected territory (Tekija). In Tara NP, the pollution level of the Drina
River was analyzed at the Bajina Basta hydrological station, located in the closest vicinity
of the NP (Figure 1).

After determining the river water classes, they were interpreted from the aspect of use
in tourism. For this purpose, the so-called acceptable range of this indicator has been used.
In its range, one can talk about the possible sustainability of the given indicator in the fu-
ture, with a certain improvement in the situation. The values are interpreted as sustainable
(if they are outside the acceptable range in a positive sense), or unacceptable (if they are
outside in a negative sense). In the case of the WPI index methodology, the acceptable range
takes into account categories that allow swimming and performing recreational activities
and is identified for classes III — IV (Brankov, 2015).

Results and Discussion

According to previous research, the water quality of the Danube River in Serbia could be
mostly characterized as moderately polluted, with some tributaries and its lower course
having a lower level of pollution (Voza et al. 2015; Taki¢ et al. 2017). Based on a fifteen-
year analysis of the data obtained at three hydrological stations (Table 2), it was con-
cluded that water mostly belonged to class III (moderately polluted). According to Table
2, the lowest pollution at Tekija and Brza Palanka stations was recorded in the 2011—2012
period (class II), while at the Banatska Palanka profile, the lowest WPI values were rec-
orded in 2017 and 2020 (class III). At all analyzed profiles, the highest pollution was
recorded in 2019 at the profile of Tekija, with a maximum WPI of 5.77 (class V — impure).
From the tourist point of view, the values are mostly within the acceptable range, except
for one case (Tekija in 2019). At the Brza Palanka station, class II values were recorded,
which can be interpreted as sustainable.

At the Banatska Palanka station, upstream from the Djerdap NP, WPI values were
in the 1.03—2.30 range, which corresponded to classes III and IV. There are various
causes of pollution, such as the town’s communal water, but also the wastewater of
industrial plants discharged into the Danube upstream from this point (inorganic and
basic organic chemistry in different cities along the river bank (Novi Sad, Belgrade and
Pancevo), black metallurgy in Smederevo, exploitation of lignite and a thermal power
plant in Kostolac (Milanovi¢ et al., 2010).
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At the Tekija station, located in the NP Djerdap, the WPI values were in the 0.77 — 5.77
range, i.e., from class II (pure water) to class V (impure water). The pollution of the Danube
River in the Djerdap region differs from the pollution of other river sectors due to different
reasons, such as small discharge, relief and a small number of tributaries. Also, the fact that
the Danube reaches the NP contaminated with pollution from the upper sector of the river
basin from large industrial centres must not be ignored (Milanovié et al. 2010). Another
important factor in this situation is the unsatisfactorily developed and regulated utility in-
frastructure in the NP Djerdap. None of the accommodation and catering capacities of NP
Djerdap had their own wastewater treatment systems. The sewage network of the munici-
palities on whose territory the NP extends (Golubac, Majdanpek, Kladovo) discharge mu-
nicipal and industrial wastewaters, including water from the hotels, restaurants and other
accommodation and catering facilities, directly into recipients, without purification sys-
tems (Milanovié PeSi¢ et al., 2020).

Tab. 2. The value of the WPI index and water classes of the Danube River in the 2006—2020 period

Banatska Palanka Tekija Brza Palanka
Year WPI Class WPI Class WPI Class
2006 1.43 111 1.15 111 0.96 111
2007 1.61 I 2.19 v 1.05 I
2008 1.77 I 1.25 111 2.22 v
2009 1.96 111 2.17 v 1.51 111
2010 2.21 v 1.86 111 1.56 il
2011 1.52 111 0.84 11 0.77 I
2012 1.26 111 0.77 11 0.72 I
2013 1.25 I 1.27 111 0.91 I
2014 2.30 I\Y% 2.79 I\Y% 1.03 il
2015 1.18 111 1.18 11 1.29 11
2016 1.51 111 1.53 11 0.83 I
2017 1.03 I 0.99 - 1.77 I
2018 1.25 I 1.76 I 1.05 1
2019 1.24 I 5.77 \4 1.54 I
2020 1.13 111 0.96 11 0.96 11

Regarding the third analyzed station — Brza Palanka, which is located downstream
from the territory of the NP and the Djerdap dam, the WPI values were in the 0.72—
2.22 range. It is visible that classes II (pure water) and III (moderately polluted water)
dominated in the fifteen-year period, while class IV was recorded only once. The expla-
nation for the lower degree of pollution at this point could be the role of the dam of the
Djerdap Hydro Power Plant, which became an artificial barrier accumulating various
pollutants (Milanovi¢ et al. 2010).

Along with mean annual WPI values, which indicate the pollution degree of the Danube
in the wider territory of the Djerdap NP, it is significant to analyze the impact of various
parameters on this pollution level. Certain parameters (pH, sulfates, suspended solids, am-
monium, certain metals, etc.) are mostly within the prescribed values for class I and have
no significant influence on pollution. On the contrary, the increased values of several
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elements that indicate organic pollution (coliform bacteria, nitrite, orthophosphate) and
some metals (Fe, Cd, Hg) have been recorded.

The increased number of coliform bacteria (CB) indicates significant pollution coming
from municipal waters and originating from households in the settlements along the Dan-
ube. On the Banatska Palanka profile in 2014, the measured value of this parameter was
more than 20 times higher than the prescribed standard for class I, and on the Tekija profile
in 2019, it was even 9o times higher (Figure 2). The sources of pollution are great in num-
ber and the most important ones involve unregulated sewage systems and deficiency of
wastewater treatment plants in the municipalities of the Danube sector. The direct conse-
quence of this is the disposal of municipal and industrial wastewater into rivers and con-
tamination with faecal bacteria, especially during the summer period.
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Fig. 2. CB values in 2006—2020 at analysed stations on the Danube River

At all three analysed stations, increased values of orthophosphate (2—4 times higher
than the prescribed values for class I) and nitrites (up to 3 times higher than the prescribed
standards for class I) were observed. They reach the Danube through sewage and industrial
flow, but also from agricultural land and pastures. Milanovi¢ Pesi¢ et al (2020) emphasize
the importance of these elements for the formation of nutrient loads in rivers, especially
when their values are too high because it results in eutrophication, water quality deteriora-
tion, changes in the biotic population structure, etc.

As for the heavy metals, at the observed profiles, the values of iron (Fe) were up to 4
times higher than the prescribed standards for class I. Also, the increased values of manga-
nese (Mn) were observed at the Banatska Palanka profile in 2010 and the 2018-2019 period.
The values of cadmium (Cd) were slightly increased at two profiles — Banatska Palanka in
2006-2009 period and Tekija in 2007. At all analyzed profiles, increased mercury (Hg) val-
ues up to 4 times were registered in the period 2006—2016, after which the values of this
element were within normal limits.

Regarding the Tara NP, the results of the study covering the 2006—2020 period show
a low-to-moderate degree of water pollution in the Drina River (Table 3). The WPI values
recorded at the Bajina Basta station were in the 0.55—1.92 range, corresponding to classes
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IT (pure water) or III (moderately polluted water). From the tourist point of view, the rec-
orded values can mostly be interpreted as sustainable (class II), while certain trends of
quality deterioration occur, when the water passes into class III.

Out of the 18 parameters used to calculate the WPI, the values of eight (OS, pH, SS,
COD, Ni, Cu, Cd, SO4) were always within the permissible values for class I. Certain param-
eters (DO, S) mainly belonged to class I, with occasional minor deviations. The values of
heavy metals (except Fe in 2007 and 2008 and Mn in 2013 and 2018) were generally within
the permissible limits and their impact on pollution was not significant.

Tab. 3. The value of the WPI index and water classes of Drina River in the 2006—2020 period

Year WPI Class
2006 0.73 11
2007 0.78 II
2008 1.13 111
2009 1.23 111
2010 0.73 II
2011 0.68 II
2012 0.84 II
2013 0.74 II
2014 0.55 II
2015 0.96 II
2016 0.92 II
2017 0.85 II
2018 0.97 II
2019 1.92 111
2020 1.56 111

Similar to the case of the Danube River, indicators of organic pollution (BOD5, NO2,
NH4 and CB) had a large influence on increased WPI values. This is especially pronounced
for coliform bacteria, the values of which were up to 20 times higher than the prescribed
standards for class I in 2019 and 2020. The observed values of Hg were mostly about 0.1,
which is considered a permissible value for class, I according to the previous regulation.
However, the new regulation reduced this value to 0.07, so it can be stated that the values
of this parameter are increased.

The sources of pollution in the wider area of the NP are different. The poorly regulated
utility infrastructure in the wider area of the NP Tara, specifically in the municipality of
Bajina Basta, is reflected in the discharge of wastewater directly into the watercourses with-
out prior purification, through a partially regulated sewage system (Brankov et al, 2021).
The presence of numerous pollutants in the upper sector of the Drina is the cause of the
pollution of Peru¢ac Lake, which is reflected in the presence of the large amounts of floating
waste in the water (Ministarstvo gradevinarstva, saobracaja i infrastrukture, Sektor za pro-
storno planiranje i urbanizam, 2018; JP ,Nacionalni park Tara”, 2018). The pollution from
the tourism sector is significantly lower if compared to other types of pollutants, but it is
not negligible. Accommodation and catering facilities on the territory of the Tara NP do not
have their own wastewater treatment systems, with the exception of the hotels owned by
the Tara Military Institution on Kaluderske Bare, where wastewater has been purified
through a biodiversity system since 2004. (Brankov et al, 2021).

In general, and from the perspective of tourism development, it can be stated that
the quality of river water is mostly within the acceptable ranges in both analyzed NPs,
with better condition registered in Tara NP. However, all of the listed causes of water
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pollution strongly affect the possibilities of tourist use and it is necessary to improve
the situation in the future.

In the case of the Danube, the obtained values confirmed that the river water quality
ranged from class II to class V (with class IIT dominating), which significantly degraded its
tourist values. These results are consistent with the previous studies researching this area
and the wider zone. Taki¢ and associates pointed out the moderate pollution of the Danube
(class IIT according to the calculated WPI), based on the data obtained from 10 hydrological
stations in Serbia (Takic et al, 2017). Also, the analysis of water quality in the Djerdap Gorge
for a ten-year period (2007-2016) confirmed the dominance of class III. (Milanovié Pesié¢
et al, 2020). These authors also determined that the perceptions of the visitors regarding
the water quality in the Danube River were not in full agreement with the real water quality.
In spite of the fact that the values of harmful elements in the Danube water still allow vari-
ous sports and recreation activities, it is understandable that any additional pollution would
result in the emergence of new problems regarding the ecological stability of river systems.
Various authors have pointed out the negative human impacts on the water quality of the
rivers, which caused certain types of water tourism to almost completely disappear (pri-
marily bathing tourism) and the endangerment of river ecosystems in Europe and beyond
(Erfurt-Cooper, 2009, Arlt & Gequin, 2009).

Bathing tourism (beaches in Golubac, Donji Milanovac, Tekija, Kladovo, etc.) and sport
and recreational tourism (various events and sport and recreational activities on the water)
are important segment of the tourist offer that directly depends on the quality of river water
(Brankov, 2015). The aesthetic attributes of Danube water are particularly important for
nautical tourism and cruising through the Djerdap gorge, which includes various interna-
tional river routes whose final destination is the Black Sea. For the river tourism, the
Djerdap gorge and Djerdap NP are significant as a stopover to the spectacular wetlands of
the Danube Delta, said to be unique in the world and an increasingly one of Europe’s fa-
voured tourist destinations (Erfurt-Cooper, 2009).

The main causes of Danube water pollution are unregulated sewage systems and defi-
ciency of wastewater treatment plants in the municipalities of the Danube sector. When it
comes to the territory of NP, in some of the municipalities the wastewater treatment plant
was constructed in the past, but it was not put into operation (Kladovo). In others, the con-
struction of a purification system had been undertaken and stopped due to the lack of fi-
nancial resources (Majdanpek) (Milanovi¢ Pesi¢ et al., 2020, Naucno-istrazivacki centar,
Ekonomski fakultet, 2007). Of particular importance is the problem of domestic
wastewater in the village of Boljetin, in the strict protection zone of the Djerdap NP, where
a large percentage of households do not have cesspits, and wastewater flow s directly into
the Boljetinska River, the Danube tributary (Brankov, 2015). Numerous uncontrolled land-
fills and the large quantities of dumped waste (wild landfills) in the neighbourhood of urban
and rural settlements must not be ignored, as well. In this regard, it is required to provide
adequate management of the Danube basin at the international level.

The water quality of the Drina River in the wider zone of the Tara NP was generally
satisfactory, which is a good basis for the development of specific types of water tourism.
The results confirmed that the water quality ranged from class II to class III, which indi-
cates low or moderate water pollution of the river. This point out that the aquatic ecosys-
tems are not seriously threatened and that the aesthetic value of the river water is pre-
served, which intensifies the visitors' experience, especially during the trans-border tourist
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cruises on the route Peruéac (Serbia) — Visegrad (Bosnia and Herzegovina). The bathing
season at Perucac Lake lasts from July to August, with the maximum water temperature of
the lake around 22°C (Nikoli¢, 2006). The results of this study are consistent with previous
research which confirmed that the Drina River is characterized by a water-rich basin, un-
damaged landscape and a high level of biodiversity (United Nations Economic Commission
for Europe, 2017; Pecelj et al., 2019).

However, there are numerous causes of pollution of the Drina basin, such as the dis-
charge of solid waste into the Drina river basin and reservoirs in its basin (Uvac, Lim, Pe-
rucac), a large number of illegal landfills in river valleys, large amounts of liquid waste
mixed with river water upstream (in Sjenica and Nova Varosa) due to the uncontrolled dis-
charge of untreated wastewaters, etc. In the wider territory of the Tara NP, in addition to
underdeveloped communal infrastructure and the pollution of Peru¢ac Lake with munici-
pal waste, there is also groundwater pollution, which is a consequence of the inadequate
use of agrochemicals and procedural waters from landfills. This phenomenon is partly
caused by the unplanned development of the weekend settlements (Kaluderske Bare,
Oslus$a, Mitrovac, Krnja Jela, etc.), without appropriate infrastructure, which is especially
pronounced on the shores of Peruc¢ac Lake (Brankov et al, 2021). In recent years, the legal-
ization of these facilities has begun, but modern research has confirmed that there are
large-scale disagreements between the NP and the community on this topic (Brankov et al,
2022). In this regard, Tara NP, in cooperation with the Municipality of Bajina Basta and
Hydro Power Plant “Bajina Basta”, will begin the implementation of the Plan for Detailed
Regulation of the Shores of Perucac Lake, in the area from the dam in Peruéac to the con-
fluence of the Derventa and the Drina Rivers. Also, the upgrading of the communal infra-
structure by constructing sewage systems and sewage treatment plants is necessary. Indus-
trial plants built in the cities in the Drina River basin, together with the tourist facilities
within the national park needs to be supplied by water purification devices. In this way,
certain problems that directly threaten water tourism will be resolved.

Conclusion

Tourism's need for water-based attractions (rivers, lakes, waterfalls, hot water springs, sea-
side, etc.) is well known and can be affected when this attraction is reduced due to the poor
quality of the water. Therefore, tourism can offer a good reason for keeping water quality
high in order to promote various activities (bathing, fishing, etc). Recently, local authorities
and different organizations responsible for water management have started to consider the
impact that water quality can create on tourism (Lootvoet & Roddier-Quefelec, 2009).

The obtained results are useful for the future management of protected areas. The pres-
sure on nature in national parks is continuously increasing as they become attractive for
various economic activities over time. As a result, there is a growing degradation of hydro-
graphic resources, which represent important, and sometimes fundamental, tourist values.
This especially applies to the Danube, because its polluted water in the Djerdap sector sig-
nificantly affects its use in the tourism industry. Since poor water quality can threaten a
wide range of tourism activities, sustainable planning and management of these resources
need to reconcile different uses and interests of various interest groups. Consequently, wa-
ter protection, as an essential part of environmental management, becomes crucial in
providing that both local residents and visitors can take pleasure in the water-based
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environment even with the common environmental problems found in human settlements
(Nakagami and Nwe, 2009).

The crucial factor at the bottom of water issues is management. The lack of proper
management of water as a vital and irreplaceable resource has the reduction of water re-
sources worldwide, both in terms of quality and quantity. There is a growing consensus that
water crises can be directly associated with issues of governance (Fellizar Jr., 2009). De-
spite the appropriate legislation, scarce try has been made to protect waters in national
parks in Serbia and to provide effective management. The main reasons for this are the
neglect of the rivers and light penalties for breaking the regulations (Milanovié et al. 2011).
It is important to mention the Law on Waters that was adopted in 2010 and became a cer-
tain stimulus for resolving numerous issues regarding water resources pollution. Also, the
EU Strategy for the Danube Region, adopted in 2011, is of particular importance for the
further management, protection and use of the Danube River. Special emphasis in this doc-
ument is placed on environmental protection and the prevention of natural crises.

In general, it is important to emphasize that the measures of sustainable use and pro-
tection of natural resources in national parks (including the hydrological resources) should
be defined for each national park individually because the parks are morphologically dif-
ferent. This would enable future tourist activities to be organized in accordance with the
principles of sustainable development.

Conflicts of Interest: The author declares no conflict of interest.

Publisher’s Note: Serbian Geographical Society stays neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

© 2023 Serbian Geographical Society, Belgrade, Serbia.

This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Serbia.

References

Arlt, W.G., & Gequin, G. (2009). The Yangzi River Tourism Zone. In B. Prideaux & M. Cooper
(Eds.), River Tourism (pp. 117—130). CABIL.

Brankov, J. (2015). OdrZivi Turizam u Nacionalnim Parkovima Srbije [Doktorska disertacija,
Geografski fakultet, Univerzitet u Beogradu].

Brankov, J. (2020). Water Resource Management in National Parks in Serbia — Towards an
Integrated Protection and Sustainable Tourism Use. In A. Milanovié¢ Pesi¢ & D. Ja-
kovljevi¢ (Eds.), Water Resources Management: Methods, Applications and Challenges
(pp- 195—230). Nova Science Publishers.

Brankov, J., Mici¢, J., Cali¢, J., Kovadevi¢-Majki¢, J., Milanovi¢, R., & Telbisz, T. (2022).
Stakeholders’ Attitudes toward Protected Areas: The Case of Tara National Park (Serbia).
Land, 11(4), 468. https://doi.org/10.3390/1and11040468

Brankov, J., Milijasevi¢, D., & Milanovié, A. (2012). The assessment of the surface water qual-
ity using the Water Pollution Index: A case study of the Timok River (the Danube River
basin), Serbia. = Archive of Environmental Protection, 38, 49-61.
http://dx.doi.org/10.2478/v10265-012-0004-x

339


https://creativecommons.org/licenses/by-nc-nd/4.0/

Brankov, J., Pesi¢ Milanovié, A., Milijasevi¢ Joksimovi¢, D., Radovanovié, M. M., & Petrovié,
M. D. (2021). Water Quality Estimation and Population’s Attitudes: A Multi-Disciplinary
Perspective of Environmental Implications in Tara National Park (Serbia). Sustainabil-
ity, Special Issue “Intention and Tourism/Hospitality Development” 13(1), 241.
https://doi.org/10.3390/su13010241

Costa, C., Quintela, J., & Mendes, J. (2015). Health and Wellness Tourism: A Strategic Plan
for Tourism and Thermalism Valorization of Sdo Pedro do Sul. In M. Peris-Ortiz & J.
Alvarez-Garcia (Eds.), Health and Wellness Tourism (pp. 21—31). Springer.

Erfurt-Cooper, P. (2009). European Waterways as a Source of Leisure and Recreation. In B.
Prideaux & M. Cooper (Eds.), River Tourism (pp. 95—116). CABL

Fellizar, F. P. (2009). Basin-based Governance for Integrated Water Resources Management:
Prospects and Challenges. In B. Prideaux & M. Cooper (Eds.), River Tourism (pp. 197—
216). CABI.

Fernandez, G., De Castro, E., & Gomez, H. (2020). Water Resources and Tourism Develop-
ment in Estrela Geopark Territory: Meaning and Contributions of Fluvial Beaches to Val-
orise the Destination. European Countryside, 12(4), 551—567.
https://doi.org/10.2478/euco-2020-0029

Folgado-Fernandez, J. A., Di-Clemente, E., Herndndez-Mogollon, J. M., & Campdn-Cerro, A.
M. (2019). Water Tourism: A New Strategy for the Sustainable Management of Water-
Based Ecosystems and Landscapes in Extremadura (Spain). Land, 8(1), 2.
https://doi.org/10.3390/land8010002

Institut za arhitekturu i urbanizam Srbije. (2013). Prostorni plan podrucja posebne namene
Nacionalnog parka Perdap. Ministarstvo gradevinarstva, saobraéaja i infrastrukture.
https://www.pravno-informacioni-sistem.rs/SlGlasnikPor-
tal/eli/rep/sgrs/vlada/uredba/2013/43/1

Institut za arhitekturu i urbanizam Srbije. (2018). Prostorni plan podruc¢ja posebne namene
Nacionalnog parka Tara. Ministarstvo gradevinarstva, saobraéaja i infrastrukture.
https://www.mgsi.gov.rs/sites/default/files/PPPPN%20NP%20TARA%20-
%20tekst.pdf

Jablonska, B. (2008). Estimating the water pollution in Potok Gotawiecki Poland, based on
selected water quality indicators. Archives of Environmental Protection, 34(1), 3—13.

Lootvoet, M., & Roddier-Quefelec, C. (2009). Medstat II: 'Water and Tourism' pilot study.
Eurostat. https://ec.europa.eu/eurostat/documents/3888793/5844489/KS-78-09-
699-EN.PDF/04c9002a4-6243-42e0-969f-fco4f184a8b6

Lyulko, 1., Ambalova, T., & Vasiljeva, T. (2001). To integrated water quality assessment in
Latvia. In International Workshop on Information for Sustainable Water Management,
MTM (Monitoring Tailor- Made) III (pp 449—452). Netherlands.

Milanovi¢ Pesi¢, A. (Ed.). (2015). Leksitkon Nacionalnog parka Perdap [Lexicon of the
Djerdap National Park]. Geografski institut ,,Jovan Cviji¢” SANU.

Milanovié Pesi¢, A., Kovacevic-Majkié, J., & Milivojevi¢, M. (2010). Water quality analisys of
Danube river in Serbia—pollution and protection problems. Bulletin of the Serbian Geo-
graphical Society, 90(2), 47-68. http://dx.doi.org/10.2298/GSGD1002047M

Milanovi¢ Pesi¢, A., Brankov, J., & Milijasevi¢ Joksimovi¢, D. (2020). Water quality assess-
ment and populations’ perceptions in the National park Djerdap (Serbia): key factors af-
fecting the environment. Environment, Development and Sustainability, 22, 2365—
2383. https://doi.org/10.1007/s10668-018-0295-8

Milanovié, A., Milijasevi¢, D., & Brankov, J. (2011). Assessment of polluting effects and sur-
face water quality using water pollution index: A case study of Hydro-system Danube-

340



Tisa-Danube, Serbia. Carpathian Journal of Earth and Environmental Sciences, 6(2),
269—277.

Milijasevi¢, D., Milanovi¢ Pesi¢, A., Brankov, J., & Radovanovi¢, M. (2011). Water quality as-
sessment of the Borska river using the WPI (Water Pollution Index) method. Archives of
Biological Sciences, 63(3), 819—824. https://doi.org/10.2298/ABS1103819M

Ministarstvo zastite Zivotne sredine. (2011). Pravilnik o parametrima ekoloskog i hemijskog
statusa povrsinskih voda i parametrima hemijskog i kvantitativnog statusa podzemnih
voda. Sluzbeni glasnik Republike Srbije, 74/2011. https://www.paragraf.rs/pro-
pisi/pravilnik-o-parametrima-ekoloskog-i-hemijskog-statusa-povrsinskih-voda-pod-
zemnih-voda.html

Ministarstvo zastite Zivotne sredine. (2012). Uredba o grani¢nim vrednostima zagadujuéih
materija u povrsinskim i podzemnim vodama i sedimentu i rokovima za njihovo dosti-
zanje. Sluzbeni glasnik Republike Srbije, 50/2012. https://www.paragraf.rs/pro-
pisi/uredba-granicnim-vrednostima-zagadjujucih-materija-vodama.html

Ministarstvo zastite Zivotne sredine. (2014). Uredba o grani¢nim vrednostima prioritetnih i
prioritetnih hazardnih supstanci koje zagaduju povrsinske vode i rokovima za njihovo
dostizanje. Sluzbeni glasnik Republike Srbije, 24/2014. https://www.paragraf.rs/pro-
pisi/uredba-o-granicnim-vrednostima-prioritetnih-i-prioritetnih-hazardnih-supstanci-
koje-zagadjuju-228869.html

Moreira, C. O., & Dos Santos, N. P. (2010). New Opportunities for Water Environments. River
Tourism and Water Leisure Activities. In E. Brito-Henriques, J. Sarmento & M. A.
Lousada (Eds.), Water and Tourism. Resources management, planning and sustaina-
bility (pp. 147-168). Centro de Estudos geograficos, Universidade de Lisboa.

Nakagami, K., & Nwe, K. M. (2009). Sustainable Water Resources and Water Security. In B.
Prideaux & M. Cooper (Eds.), River Tourism (pp. 217—238). CABL

Naucno-istrazivacki centar Ekonomski fakultet. (2007). Master plan turisti¢ke destinacije
“Donje Podunavlje” [Master Plan for Tourist Destination “Donje Podunavlje”].
https://mtt.gov.rs/extfile/sr/32864/MasterplanDonjePodunavlje.pdf

Nikoli¢, S. (2006). Turizam u zastiéenim prirodnim dobrima Srbije [Tourism in Protected
Natural Areas of Serbia]. Zavod za zastitu prirode Srbije.

Pecelj, M., Vagi¢, N., Risti¢, D., Susnjar, S., & Bogdanovi¢, U. (2019). Assessment of natural
environment for the purposes of recreational tourism-example on Drina River flow (Ser-
bia). European Journal of Geography, 10(3), 85—96.

Prideaux, B., Timothy, D. J., & Cooper, M. (2009). Introducing River Tourism: Physical, Eco-
logical and Human Aspects. In B. Prideaux & M. Cooper (Eds.), River Tourism (pp. 1—
22). CABI.

Republic Hydrometeorological Service of Serbia. (n.d.). Yearbook III - Water Quality (2006—
2020). Republic Hydrometeorological Service of Serbia.

Takic, Lj., Mladenovi¢-Ranisavljevic, 1., Vasovié, D., & Pordevi¢, 1j. (2017). The assessment
of the Danube river water pollution in Serbia. Water, Air, & Soil pollution, 228(10), 1—9.
https://doi.org/10.1007/511270-017-3551-X

United Nations Economic Commission for Europe. (2017). Assessment of the Water-Food-
Energy-Ecosystems Nexus and Benefits of Transboundary Cooperation in the Drina
River Basin. Technical Report, UNECE.

UroSev, M., Kovadevié—Majki¢, J., Strbac, J., Milanovié¢ Pesié, A., Milijasevié, D., Jakovljevié,
D., & Petrovi¢, A. (2017). Vode Srbije [Waters in Serbia]. In M. Radovanovié¢ (Ed.), Geo-
grafija Srbije. Geografski institut ,,Jovan Cviji¢” SANU.

341



Voza, D., Vukovié, M., Takié, Lj., Nikoli¢, ., & Mladenovi¢-Ranisavljevié, I. (2015). Applica-
tion of multivariate statistical techniques in the water quality assessment of Danube
river, Serbia. Archives of Environmental Protection, 41(4), 96—103.
http://dx.doi.org/10.1515/aep-2015-0044

Wang, Q., Wu, X., Zhao, B., Qin, J., & Peng, T. (2015). Combined multivariate statistical tech-
niques, water pollution index (WPI) and Daniel trend test methods to evaluate temporal
and spatial variations and trends of water quality at Shanchong river in the northwest
basin of Lake Fuxian, China. PLoS ONE, 10(4), Article eo0118590.
http://dx.doi.org/10.1371/journal.pone.0118590

Zavod za zastitu prirode Srbije. (2018). Plan upravljanja Nacionalnim parkom Tara za pe-
riod 2018—2027. godina [National Park Tara Management Plan for the Period 2018—
2027]. Javno Preduzeée ,Nacionalni park Tara.” https://nptara.rs/images/down-
load/Plan%20upravljanja%20Nacionalnog%2oparka%20Tara%20za%20pe-
ri0d%202018-2027%20godine.pdf

342



[/TACHUK Cpnckor reorpadckor gpywtsa  103(1) 327-354
BULLETIN oF THE SERBIAN GEOGRAPHICAL SOCIETY 2023

OpWruHa/HU Hay4HU pag, UDC 338.48:628.19(497.11)
https://doi.org/10.2298/GSGD2301327B

Mpum/beHo: 23. pebpyapa 2023.

Mcrnpas/beHo: 19. MapTa 2023.

MpuxsaheHo: 24. mapTa 2023.

Josana bpankos!"

* I'eoepagcku unemumym ,Josan Ieujuh”, Cpneka Akademuja Hayxa u Ymemuocmu, Beoepad, Cpbuja
** South Ural State University, Institute of Sports, Tourism and Service, Chelyabinsk, Russia

PA3BOJ TYP3MA 1 SATABEIHE BOJJA Y HAITMOHA/THUM
ITAPKOBUMA'Y CPbNJU1: MEBYCOBHHM OJTHOCH U ITEP-
CIIEKTUBE

Arnicrpakt: BopHu pecypcu IIpeicTaBsbajy 3HaYajHy TYPUCTHUKY BPEJHOCT HAIIMOHAIHIX [ap-
xoBa y Cp6uju. BorarcTBo 1 3Ha4aj xuaporpadckux pecypcea He OIVIEia Ce CAMO Y PEYHOj Mpe-
KU M Bb€HOM XU/IPOEHEPTeTCKOM [OTEHIHjasTy, Beh U y peKpeaTHBHUM BPETHOCTHMA 1 PETKUM
MIPUPOHUM OZUTHKaMa OBHX IojaBa. Kao mocebaH KOPHCHHK IPUPOAHUX PECypCa, TypuU3am
MonudUKyje BOAHE pecypce y HEIITO He3abOpaBHO M JIOCTYIHO IIOCETHOIMA, y3 Hajuernhe
MIPUCYCTBO eJIEMEHATa aTPAKTUBHOCTU U Kypuosutera. OBO HCTPasKUBAIbe HyAU YBUZ Y MOryh-
HOCTU pa3Boja Typu3Ma Ha BOJU y ofiabpaHMM HAalMOHAJHUM HapkoBuMma y Cpbuju u3 mep-
CIIEKTHBE KBJIWTETA BOZA HAjBXKHUJUX XHZIPOJIOMIKMX pecypca. Ha ocHoBy kopumrhema
uHzekca 3arahiera Boga (WPI), uspauyHar je HuBo 3arahiera peka puue (HII Tapa) u IyHaBa
(HIT Bepparm). Pesysiratu cy ykazaau Ha pa3ndyuTe CTelleHe 3araljerba BOAHUX Pecypca, y3
mpeosuialjyjyhe opraucko 3araljerse, 1To je orpanryaBajyhu hakTop 3a BeJIMKU Opoj TypHUCTHY-
KO-PEKpeaTUBHUX akTHBHOCTH. Hatasu oBe cTyzuje nMajy BaskKHe UMILUTHKAIMje 3a Oyzayhe mo-
JINTHIKE HAIIMOHAIHIX IapKOBa y chepy yIpaBbarba IPUPOAHIM PECYPCUMA, & CAMUM THM K
32 Pa3BOj BOIEHOT TypH3Ma.

KibyuHe peun: BOZIEHU Typru3aM, XUIPOJIOLIKU pecypcH, WPI, HanmoHaHu napkosy, Cpouja

tj.brankov@gi.sanu.ac.rs (ayTop 3a KOpeCIOHAEHIH]Y)
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YBog,

3HauajaH CIeKTap JbYACKUX aKTUBHOCTH — PUOOJIOB, IOJbOIPUBPE/IA, HH/IYCTPHja, CHAO-
JleBarbe BOJIOM 3a Irhe, a y HOBHje BpeMe U OZIMOP U TypU3aM, OZyBeK je OO yCKO MoBe-
3aH ca BoguuM pecypcuma (Moreira & dos Santos, 2010). Mako je kopuiithemwe Bozie €BO-
JIyHpaJIO TOKOM BPEMEHA, OBaj €JIEMEHT Ce OZ[yBEK TyMaurno Ka0 eKOHOMCKO U JIPYIITBEHO
J106po. Ca eKOHOMCKOT CTAaHOBHIIITA, BOJIA je OMJIa Of IpecyAHOT 3Havaja 3a OICTaHAK U
Pa3BOj YoBeKa, 300T yera cy Jby/Ii OAYBEK MOKYIIABAJIU Jla MPUCBOje BOHE Pecypce W3
npupoze. Kao apymreeHo /100po, Boia ce OyBEK MOBE3WBAJa Ca 3[[PABJ/HEM H JyXOB-
Homrhy y CMHCITY Ja je yTHIIasIa Ha CTBapame KOJEKTUBHUX 00nJaja ycMepeHHX Ha mo6o-
Jblllarbe TICUXO(U3UUKOT CTarba IMOjeAUHIIa KPO3 COIHjayn3alidjy, pasoHoAy U 6Jaro-
TBOPHO /1ejcTBO Ha Tesio u AyX (Costa et al, 2015).

V KOHTEKCTY 3Hauaja 3a Typu3aMm, [10jaM BOJIE CE MO3KE TYMAUHTH Ha /IBa HAUMHA: KA0
pecypc u kao arpaknuja. CaTka Bojja je mocTasia 3HadajaH TyPUCTHUKHU Pecype Y MOJiep-
HOJj €pH OJ] KOra MOKE 3aBHCHTH aTPaKTHBHOCT JleCTHHANuje. [lurame BOJE U TypuU3Ma
HUj€e caMo MUTambe MOTPOIIELE BOJIE ¥ XOTEJICKUM U TypucTuukuM objektrma (Lootvoet &
Roddier-Quefelec, 2009). Boza, moce6HO kaza je 6GucTpa U XJajHa, HEOMXOAHA je 3a KO-
purrherse yciyra Be3aHux 3a CJI000ZIHO BpEME M Pas3Boj TypuaMma Iupom cBera. Ilopes
TOra WITO je u3BOp ¢acuUHAIHje 32 MHOTE JbY/IE, YECTO j€ NMPUMAPHU MOTHUB 32 Ofa0bup
onpehene necrunaruje (Moreira and dos Santos, 2010). CeKTop TypusMa OBOM PeCypCy
MpHiaje BeJIMKKU 3Hauaj 300T EeroBOr MOTEHIMjaia 3a PEBUTAIU3ANN]Y, yHanpeheme u
pas3Boj Typuctnukux gectuHanuja (Fernandes et al., 2020). IToapydja 6orata pazHOBp-
CHUM BOJHHMM PECypCHMa MOTY IOHYAUTH IIUPOK CIEKTAD MOHYZE W TYPUCTHUKUX 10-
JKMBJbaja BE3aHUX 32 BoAy. HeKu o7 lbUX Cy HACTaJIU Y HOBHjHU BPEME, Kao IITO Cy IUIyTa-
jyhu xorenu, xoju omoryhaBajy KOHTHHyHUpaHy GU3UUYKYy W BU3YeJTHY MHTEPAKIH]y ca
oBuM esniemenToM. C zipyre crpaHe, IOCTOje OOJIMIM IIOHYZIE U MCKYCTBA YCMEPEHHU Ha
O’KUBJbABaIbe TPANUIMOHAJIHUX Hl€ja W MPAKCU BE3aHUX 32 BOLY, KOj€ Cy IPUCYTHE Y
JIPYLITBUMA O] IIOYETKA UCTOPUjE JI0 IAHAC, KAO IIITO je TEpMaJIHA YIIOTpebAa MUHEPAITHUX
Boza (Folgado-Fernandez et al., 2018).

PaszimunTyl TUIIOBH XuAporpadCcKux objexaTa MOCTYXKUIU ¢y Kao 6asza 3a pa3Boj pas-
HOBPCHHX O0JIMKA Typu3Ma, Kao IITO Cy: PeYHU TypH3aM, TYpH3aM IPUPOJHUX U BeIll-
TAYKUX je3epa, HAyTUUKU TYpU3aM, KYHJIUIIHU TypU3aM, 3[PABCTBEHU U OarbCKU TypH-
3aM, aBaHTypUCTHUKHU Typusam uta. (Moreira and dos Santos, 2010). Ca ekoJioliike Tauke
[JIEAINIITA, OBU BHUJIOBU TYpU3Ma Ipy»Kajy GpojHe IaHce 3a pasBoj HOBUX OPKUBUX MO-
JleJia yIpaB/bakba BOAHUM PECYPCHUMA, KOje KapaKTEPHIIE IIO3UTUBAH YTHUIIA] HAa OYyBakbe
skuBOTHe cpeanHe u 6uommusepauter (Folgado-Fernandez et al., 2018). CxomHo ToMe,
KpO3 Typu3aM, BOJIa Ce MOKE KOPUCTUTH Ka0 MOKPETaY PErMOHAIHOT Pa3Boja U 3aIlTUTE
JEAMHCTBEHUX EKOCHCTEMA, 4 MHUIUjATUBE 33 TyPU3aM 3aCHOBAHE Ha BOAU MMajy IOTEH-
[UjaJj 1a OBaj Pecypc MPETBOPE Y OAPIKUBO EKOHOMCKO U ApyIITBEHO /100po (Prideaux &
Cooper, 2009). 360r cBera HaBeAEHOT, Y MHOTMM €BPOIICKUM 3eMJbaMa, YKJbydyjyhu u
CpOujy, ynpassbarbe BOAHUM PECYPCHMa UMa BaXKHO MECTO Y IIMPO]j PACIIPABHU O OJ[PKU-
BOM pasBojy Typusama (Brankov, 2020).

C npyre cTpaHe, BaXKHO je HAIJIACUTH /A Cy BOZHHU PECypCU BEOMa OCET/bUBU Ha Ou-
JIO KOju OOJIMK JbY/ICKEe UHTEPBEHIMje. BPOjHU eKoCUCTeMH MOAPIKAHU BOJHUM DPeCcyp-
CUMa H3JIOKEHH Cy BEJINKOM CTPecy y3POKOBaHOM 3araljereM, HaBOJHaBambeM,
U3rpafmpoM OpaHa W APYyrUM OOIHIIMMA JbY/CKE aKTUBHOCTU. MICTO TaKo, aKTYeJHH
npobGyieMu y Be3H ca 3araljerseM Bo/ia 3axXTeBajy eKOJIOIIKY KiIacudUKanujy u UAeHTH-
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¢ukanujy Haj3HAYAjHUjUX MTapaMeTapa KOju YTU4YY Ha BapujabMIHOCT KBAJIUTETA BOJIE,
npu 4yeMy 00ujeHe pesyaTtaTe Tpeba TyMAauWTH Ha jeTHOCTaBAaH U OOjEKTHMBAaH HAYMH
KOMOHMHOBameM OOMMHOT CKyIla ojiaTaka GU3UIKUX, XEMHIjCKUX U OHOJIOIIKIX eyleMe-
Hata kBanureta (Milanovié PeSi¢ et al., 2020). 3a 0By HpoIlleHy YYHUHKA, Pa3TUYUTH
ayropu Hajuenrhe kopucre uHjaekc 3aralhema Bose (WPI), kao cKyn jeJHOCTaBHUX
WHJUKaTOpa 3araljerma Boje. MeTOM0IOTHja je IPBEHCTBEHO KOPHUIINeHa 3a IPOIeHy
KBasuTera pasanunTux Boguux tesa (Lylko et al., 2001; Jabloniska, 2008; Milijasevi¢ et
al., 2011; Wang et al., 2015), na 6u yop30 moyesa /ia ce MpUMebyje U Y MYJITHAUCITU-
IMHApHUM ucTpaskuBambuMa (Milanovié Pesié et al., 2020; Brankov et al., 2021).

Hanuonanuu napkosu (HII) mpezcraB/bajy HajBUILY KaTETOPHjy CHCTEMa 3aIlTH-
henux moapydja y Cpbuju ¥ y HOTIIYHOCTH Cy MPUCTYIIAYHU 3a MOCETY, Ca U3Y3ETKOM
JIOKayuTeTa nocebHe HaMeHe U cruenudUYHUX OTPAaHNYeka Y O/[peljeHnM 30HaMa 3aii-
TUTE. Y OKBHUPY OBHUX IPCTOpA TypHU3aM je OO MpHCyTaH MHOTO Ipe nporamema HII,
IITO je MOTEHI[UjaJITHO YTULIAJIO HAa YTPOKABak€e MPUPOJHUX €KOCHCTEMA Y IOjeUHUM
JleJIOBMMA IapKoBa. Y IOIVIefy NPUPOAHUX BPEJHOCTH, XUJApOorpadcKu pecypcy YuHe
HucTakHyTe (eHOMeHe OBUX IIPOCTOPA, AOK Yy HEKUM HAIIMOHAJIHUM ITapKOBHMA IIpeJi-
cTaBJ/bajy U MpUMapHe Typuctuuke pecypee (Brankov, 2020). CxogHo ToMe, IpUMeHA
WPI MmeTo/i0/10THj€ 3a NMPOLIEHY KBAJIUTETA BOJIa Y OKBUPY OBHX TEPUTOPHUja, &Ik U y
JPYTHUM KaTeropvjama 3amITHheHUX MOZpyYja, MpeACTaB/ha 3HaUajaH KOpPaK Ka IbHUXO-
BOM OJIPKHBOM yIIpaBjbaiby u pasBojy (Milanovi¢ Pesi¢ et al, 2020). Be3 o63upa Ha
yecTy ynotpeOy OBOT HH/IEKCA Y HCTPAKUBAabUMa, HEJOCTAjy OHA Koja Ou /lasia OCBpPT HA
NIpUMeEHY OBE METOJOJIOTHje Y KOHTEKCTY TYPHCTHUYKOT pasBoja. Y CBETJIy HaBeJ€HOT,
OBaj paji ©Ma 3a LWb [1a IPYKU YBUZ Yy MOryhHOCTH pa3Boja Typu3Ma Ha BOAH y Ofa-
6paHUM HAIMOHAIHUM MapkoBuMa y CpOHju U3 MePCIeKTUBE KBAJIUTETA BOJI€ (b UXOBUX
HajBOKHUJUX XUAPOJIOMKUX pecypca. Ha ocHoBy kopuithema unaekca 3araljera Boga
(WPI), uspauyHar je uuBo 3araljema peke JIpune y HII Tapa u Jlynasa y HII Bepaar.

IIpocrop npoyuyaBama

3a noTpebe oBe cTyauje ogabpaHa cy Ba HalMoHaIHA Tapka. Hanmonanuu napk hepaamn
ce HaJIa3u y ceBepOUCTOUHOM aeiy Cpbuje, Ha rpanuru ca Pymynujom (Ciuka 1). IIpo-
Texxe ce Ha Tepuropuju Tpu ommruHe (Tomyban, Majaannek u Kinazoso), ca yKynmHOM
TMOBPIIMHOM 07 637,68 km2 u obyxBaTa ycku kopuzop bhepmancke kiucype, 0lHOCHO
BeHy JIeCHy JIOJIMHCKY cTpaHy U npuobannu geo JyHasa oz Iomynna o Kaparama, y
IykuHM o 100 km. IToxpydje je mporsiameHO HAUMOHAJIHUM INAapKOM 1974. TOIMHE.
KomnosutHy Bepparcky kincypy uvHe detnpu kiucype (Iomybauka, Tocnohun Bup,
Manu u Beniuku Kazan u Curcka kiucypa) u Tpu kotiauHe (JbymkoBcka, JlOlBOMIIaHO-
Bauka u Opiuascka), koje ce MehycobHo cMmemyjy (Nikoli¢, 2006; Ministarstvo Zivotne
sredine, rudarstva i prostornog planiranja, Republicka agencija za prostorno planiranje,
Institut za arhitekturu i urbanizam Srbije, (2013).

Crenndryan reorpadcku 1M0JI0Kaj, TOBO/bHA KJIUMA U CJIOJKEHE TEOJIOIIKE U Teo-
MOpGOJIOIIKE KAPAKTEPUCTUKE, YUYUHIUIE CYy OBO MOJPYYje jeAMHCTBEHUM EBPOICKHM
TepuyjapHIM pe3epBaToM (itope U dayHe, ca U3PA3UTO E€HIEMCKUM U PEJIMKTHUM Ka-
pakrepom. Ha oBoM mpocropy 3actymbeno 1088 Bpcera BackysapHe GJiope, [ITO YHHH
BuiIle 071 4ueTBpTHHE yKymHe diiope Cpbuje (Milanovié Pesié et al, 2015).

Ca. 1. JIokayuje HAQYUOHAAHUX NAPKO8A U XUOPOAOWKUX cmaHuya (cmp. 330)
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I'naBHO xupporpadceko obenexje 3amruhene Tepuropuje je peka JlyHas, ca IOBPIIH-
HOM CJIMBa OJf OKO 580.000 km2 u ca IpoceuHUM BHUIIETOJUIIBUM IPOTUIAjEM Of OKO
5.500 m3/s. JlyHaB UMa BeJIMKU XUAPOEHepPreTCKU IIOTeHIMjasl U IUIOBAH je Ay:K LeJor
ToKa Kpo3 Cpbujy (Urosev et al., 2017), Ipu uemMy ce peyHa BOJa KOPUCTH Y Pa3IHMUKUTE
NIpUBpe/IHE CBPXe U Kao BaXKaH TypUCTUUYKH pecypc. Obana Jlynasa y Cpbuju uctuue ce
60raTCTBOM NMPUPOAHUX U KYJITYPHO-HCTOPHjCKUX BPETHOCTH, KOje cy 1moceOHO O6pojHe Ha
Tepuropuju Beppancke kiaucype. HajucrakHyTuje obesnekje oBe KIIHUCYPE je BEIITAYKO
Bepaarcko jesepo, usrpal)erHo Tokom usrpazise 6pare u XE Bepaarm 1.

BoraTctBo xumporpadcKux pecypca ycJIoBIIIO je pa3Boj M OpraHu3anujy 6pojHUX akK-
THBHOCTU Ha BOJU — KPCTapema, Kyllamka, BOJIEHUX CropToBa utH. [loceOHO ce uziBajajy
mehyHapozue peure type JyHaBom Ka L[pHOM MOpY Koje ce 3aycraBibajy y hepaarnckoj
KJINCYPH, Ka0 U JIOKAJIHA KPCTapeha je3epOM Y OPraHU3aIiji TYPUCTUIKUX OpraHHu3aIu-
ja OIIIITHHA HA YHjoj TepUTOPHjU ce Haazu HII. 3HauajaH CErMEHT TypUCTHUYKE MOHY/IE
CIIOPTCKO-PEKPEATUBHOT Typu3Ma U crienuduyaH Buj MaHudecTanuja cy perate — Hay-
THYKE U jeJIpUINYapCcKe TPKe Ha BOJIH, KOje Ce TOKOM JIeTa O/Ip:KaBajy Ha mozipyyjy bep-
nmarncke kaucype (Brankov, 2015). Kynmanuiiau Typusam je 3acTyIUb€H Yy Pa3TAYUTHM
HacespbMMa Ha obasu JlyHaBa Koja ©Majy ypeleHe miaxe.

Hanuonanuu napk Tapa ce Haya3u y 3amagHom ety Cpouje u mokpusa Hajsehu seo
IUTaHUHCKOT pernoHa Tape, Ha rpanunu ca bocaom u Xepuerosunom (Cuka 1). HIT Tapa
je mporviaiieH 1981. TOUHE U IPEACTAB/bA jeZMHCTBEHY reorpadCcKy LeIHHY ca CKYIOM
[JIAHUHCKUX y3BHUILIEHA ¥ BUCOPABHH, UCIPECENaHUX PeYHUM JojuHama. [Ipocrupe ce
Ha TepuTopHju ommtuHe Bajuna Bamra, goctwkyhu oko 45 km y myxuny u 10 18 km y
[IHPHUHY; ca IIPOCEYHOM HAZIMOPCKOM BHCHHOM 071 1200 m H.B. (Nikoli¢, 2006).

CitokeH pesbed, pa3HOBPCHU T€O0JIOLIKHU CYIICTPAT U jeZITHCTBEHE KJIMMATCKe Kapak-
TEPUCTHKE, KA0 U U30JIOBAH II0JI0XKA] IUIAHUHE, YCJIOBIIIU Cy Pas3Boj crerubude dope
u ¢dayHe, ca 3HAYAJHHUM IIPOIEHTOM IPEKUBEINX E€HJEMHYHUX U PEJIUKTHUX BPCTA.
[IymMcKH €KOCHCTEMU IIPEACTaB/bajy jeHO O IVIaBHUX 0besieskja 3amTiheHe TeEpUTOpHje
¥ OKpUBajy Buie o7 78,8% ykymnue nospiiuue mianuie (Ministarstvo gradevinarstva,
saobracaja i infrastrukture, Sektor za prostorno planiranje i urbanizam, 2018).

I'maBHO xuaporpadcko obesekje MIMper mpocropa je peka /[puHa, Koja ca ceBepo-
3aIaJiHe U CeBEpHE CTPaHe OKPYXKyje IUTaHUHY Tapy, Tede leHUM IOAHOXKjeM o, yirha
peke lepBente y jesepo Ilepyhan. HajBakHUjU Z1e0 TOKA U HAJUCTAKHYTHja TYPHUCTHYKA
aTpakIlfja je KamOH PEeKe CACTaB/bEH Off KPEUmhaUKUX CT€HA KOje JOCEXY U 0 1000 m
pucuHe. Kazia je y muTamy BOZEHH TypH3aM, OPTaHU3Y]y Ce PA3IMYUTa KPCTaperma Ka-
BOHOM /IprHe, Ka0 ¥ OpOjHe aKTHBHOCTH KyNAIHIIHOT TypusMa Ha je3epy Ilepyharm.
Jesepo je HacTtaso nperpaljuBamem peke y HCTONMEHOM cesly 1962. rofuHe, UMa JIy»KHU-
Hy BuIle o 50 km, mupuny 80-500 m u nybuny 85 m) (Nikolié, 2006). 360r cTreHOBH-
TOT KapakTepa KOTJIMHE U IoMepama obaje Ipu IIPOMEHU BOZOCTaja, TEPEH je HEYIIO-
TpebsbuB 32 HopMUpame MPUPOJHUX IIaXKa. 300T Tora ce Ha je3epy Hayiaze IOHTOHCKE
IUTaJKe Koje ce Kopucre 3a pekpearujy (Brankov, 2015). Ha Ipunu ce opraHusyjy u
O6pojHe KyJITypHE, TYPUCTHUKE U CIOPTCKe MaHudecranuje. Y 4dacT Ayre Tpagunije
cIIaBapema PEKOM, OpraHusyje ce crenududHa BpcTa MaHHQecTaldje Mo KO0joj je
peruoH mosHar — perate (Brankov et al., 2021).
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MertomoJioruja

VY OKBHpY HCTpa)KHMBarba OAPKHUBOT YIIPaB/bakha BoAaMa, ofpeleHe CTyuje Koje ce ocia-
Bajy Ha pa3jInIUTe CTATHUCTHYKE U MaTeMaTHIKe MeTO/e, OaBe ce KBAJIUTETOM U 3arale-
BEeM BOJZIOTOKA. Y mocyeibe BpeMe y CpOUju je 3a OBy HaMeHy KOpUIIheH HHEKC 3ara-
hewa Bome (WPI) y Hekosmko cTyzauja. Pasyinunra HCTpaKuBarba aHAJIU3HpPAIA Cy
uHzeKc 3araljema Bosie JlyHaBa, Oyayhu f1a ce Hajpa3BUjeHUjH IeJIOBU 3€MJbe HAIA3U YK
obasa oBe peke. AHayn3e cy 0OyXBaTWIe U KBAJIUTET BOJle KAHAJICKe MpeXke Y BojsoiuHu
(Milanovic et al. 2011), ka0 1 KBaJIUTET BOJie ¥ HUBO 3aralema Jlynasa y Cpouju (Takié et
al. 2017). AHasiu3upaHe cy U Haj3araleHuje TpuUTOKe oBe peke — Tumok (Brankov et al.,
2012) u Bopcka peka (Milijasevi¢ et al., 2011). Mcra mMeTo/10/I0THja je TPUMeEeHa U y
HaIlMOHAJIHUM THapkoBuMa y CpOuju, Kako 6U ce CKpeHyJa MaXKiha Ha KBAJIUTET 3HAYAj-
HUX IPpUPOAHHUX peCypcCa U UCIIUTAJIO Ja JIU je CTBapHHA (MepeHI/I) KBaJIUTET pEYHE BOAE Y
CarJIaCHOCTH Ca MUIIUBEEbEM PA3JIUUYUTHX cermMeHaTa craHoBHuinTBa (Milanovié Pesié et
al, 2020; Brankov et al, 2021).

WHpekc 3arahemsa Boge (WPI) ykbyuyje prsnuke, XeMHjCKe 1 MUKPOOHOJIOIIIKE eJIEMEH-
Te 3a MPOIEHY KBAIUTETa BoJie. METOI0IorHja IpysKa jacHO 00jallliberhe ITIaBHIX eJIEMEHATa
3arajerba 1 omoryhasa jeqHocTaBHO mopeljerse HoaTaka O KBAJIUTETY BOZE 32 Pa3/IdnuuTa
BojiHA Testa. MHzeKe 3araljersa mpe/icTaB/ba 30Mp OIHOCA U3MEPEHUX ITapaMeTapa IPOCEUHe
rozuibe Bpeauocty (Ci) U MpOIUCAHUX MAaKCMMAaTHUX BPEHOCTH ITIPBE KJlace KBAIATETA
Bozie y CpOuju. M3pauyHaBa ce Ha ocHOBY ciieziehe dopmysie (Lylko et al., 2001):

n
WPI=% Ci x 1 (1)
=1 SFQS n
rze je Ci cpenma roAnimba KOHIEHTPAIja aHAIM3UPaHUX IlapamMerapa jo0ujeHa Ha

OCHOBY Y30PKOBabha M0/IaTaKa O KBAINTETY PEYHE BOJe ¥ IPOCEKY jeqHoM MeceuHo. SFQS
03HauaBa CTaHAAp/HE BPEJHOCTU IPBE Kjace KBaJHMTETa BOJE, AOK N IPEACTaBba 6poj
mapamerapa y3eTux y o063up y ucrpaxkusamy. Kiacudukanuja Bose y pazinunTe Kiace
BpIIIH ce Ha OCHOBY 1o6ujeHux WPI Bpenuoctu (Tabesna 1).

Tab. 1. Knace ksarumema eode Ha ocHogy WPI epedHocmu

Kiaca WPI Bpennoct Omnuc
1 <0,3 BeoMa 4HcTa
11 0,3-1,0 qucTa
111 1,0-2,0 yMepeHo 3araljena
v 2,0-4,0 3araljeHa
\ 4,0-6,0 HEYHCTa
VI > 6 BeoMa HeuncTa

Cranzgap/jHe rpaHHYHE BPEZHOCTH 32 CBE MapaMeTpe 3a JaTe KJIace eKOJIOMIKOT
cTaTyca yTBpleHe Cy Ha HAI[MOHAJIHOM HUBOY ciefehum nmpaBHuM akTuma: [IpaBui-
HHUKOM O ITapaMeTpHMa eKOJIOMKOT ¥ XeMHjCKOT' CTaTyca MOBPUIMHCKUX BOJA U Iapa-
MeTpHMa XEeMHjCKOT U KBAHTUTATHBHOI cTaTyc nmoaszeMHux Boza (Sluzbeni glasnik
Republike Srbije br. 74/2011 (2011)), Ypenbom o rpaHHYHUM BpegHOCTHMA 3arahyjy-
hux marepuja y MOBPIIMHCKUM U IOJ3€MHUM BOJAaMa M CEIMMEHTY U POKOBHMA 3a
BUX0BO octusame (Sluzbeni glasnik Republike Srbije br. 50/12 (2012)) u Ypeabom o
rPAaHUYHUM BPEZHOCTHMA IPUOPUTETHHUX U NPUOPUTETHUX Xa3apAHUX CYICTAHIU
Koje 3araljyjy moBpIIMHCKe BOJie U POKOBHMA 3a BbUXOBO AocTu3ame (Sluzbeni glasnik
Republike Srbije br. 24/14 (2014)).
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.3a aHaM3y ¢y y3eTu y 063up nojanu 18 GpU3NIKUX, XeMHUjCKUX U OUOJIONIKHX Hapa-
MeTapa. Y UCTpaskKHBaibe Cy YK/byUeHH caenehu mapamMeTpu: pacTBopenu kuceonuk (02),
3acuheHOoCT KHUCeOHHMKOM, pH BpemHOCT, CyclieHZ[0BaHe UYBDPCTE€ MaTepHje, GHOJIONIKA
norponrma kuceonnka (BPK5), xemujcka morpomsa kuceonnka n3 KMnO4 (HPKMn),
carpobuosomku uHAeke (S), autputu (NO22-), amonujym (NH4), meranu (Fe, Mn, Ni,
Hg, Cu, Cd), cyndatu (SO42-), oprodocharu (PO43-) u komudopmue kinie. Bpeato-
CTH TIapaMeTapa IpeyseTe cy u3 Xuaposoumkor rogummaka 11 Penybsmukor xumpome-
TEeOPOJIOIKOT 3aBo/1a CpOHje 32 METHAECTOTOAUIIEHHU EPHO/ (2006—2020).

Ha ocHOBY OBOT METOZIOJIOLIKOT IIPUCTYIIA, ZOOHjEeHN Pe3yITaTH Cy OMOryhuiu oape-
huBame Ki1ace kBasuTeTa BOJE IVIABHUX XH/POJIOIIKUX U TYPUCTUYKUX pecypca y /iBa
HaruoHasHa napka y Cp6uju — HII Bepgan (peka dynar) u HII Tapa (peka [Ipuna). ¥
HII Bepaan ucTpakuBarmbeM cy obyxBahieHe Tpu XHAPOJIONIKE CTaHUIlEe Ha J[yHaBY, O
KOjuX ce /iBe Hajase BaH napka (banarcka [Tasanka — y3BomHo u bp3za ITasanka — Hu3-
BOJIHO), JIOK je jeliHa MO3UIIMOHMpAaHa y OKBUpY 3amrtuheHor mogpy4ja (Texuja). Y HII
Tapa aHau3upaH je HUBO 3araljema peke J[puHe Ha XUIPOJIOINIKOj cTaHu bajuna Bari-
Ta, KOja ce Hajla3u y HenocpeaHoj omsunau HIT (Cruka 1).

Haxon yTBphjuBama k1aca peuHe BoZie, Pe3yJITATH Cy HHTEPIPETHPAHU Ca acIeK-
Ta ynotpebe y Typusmy. Y Ty CBpPXy je KopulheH TaKO3BaHH NPUXBAT/PUBU OIICET
OBOT II0Ka3aTesba, y YMjeM PACIIOHY Ce MOKe TOBOPHUTH O MOTryhoj OApP:KHBOCTH JATOT
UHAUKATOpa y OyayhHOCTH, y3 U3BECHO MOOOJbIIahe CUTyanuje. BpegHoctu ce Tymaue
Kao oAp:kuBe (aKO Cy U3BAH IPUXBAT/BUBOT OICEra y MO3UTUBHOM CMUCILY), WJIH Kao
HeNpUXBaT/bUBe (aKO Cy BaH I'PAaHUIIA Y HETATUBHOM CMUCIY). Y CJIydajy METOM0JIOTH-
je WPI uHzekca, IpUXBAT/bUBHU OIICET y3UMa y 003Up KaTeropuje koje omoryhasajy
IUTMBame U 00aB/bathe PEKPEATHBHUX aKTUBHOCTU U UAeHTU(PUKOBaAH je 3a kiace 111 u
IV (Brankov, 2015).

Pe3yjTaTu U AUCKyCHja

ITpema mocajaliibUM UCTPAXKUBAIBIIMA, KBAIUTET Bozia peke [JlyHas y CpOuju yriiaBHOM
ce MOXKe OKapaKTepHCaTH Kao yMepeHO 3araljeH, pu yeMy HeKe IPUTOKE U JIOHU JIe0
TOKa KapaKTepHIlle HIKK HUBO 3araljema (Voza et al. 2015; Takic et al. 2017). Ha ocHoBy
IIETHAECTOTO/IUIIIIbE aHAIM3E TT0/laTaKa JOOMjeHNX Ha TpU Xuzaposomike cranune (Tabena
2), 3aK/by4eHO je /1a Boze HajBehum mesmom mpunazajy III kmacu (ymepeHo 3aralhjeme).
ITpema Tabenu 2, HajHIKe 3aral)ere Ha craHuIaMa Tekuja u Bp3a ITananka 3abenexeHo
je y mepuony 2011—2012 (II kiaca), 1ok cy Ha npodmiay Banarcka ITanaHka HajHIDKe
BpeaHoctu WPI 3abenexkene y 2017. u 2020. roqunu (111 kimaca). Hajsehe yxymHo 3ara-
heme perucrposano je Ha mpodmty Tekuja y 2019. TOJMHH, A MAKCUMATHUM HH/IEKCOM
oz 5,77 (V kiaca — Heuucra Boja). I'yieaHo ca TYPUCTHUKOT acIeKTa, BPEIHOCTH CY Be-
huHCKE y OKBUPY IPUXBAT/BUBOT OIICEra, U3y3eB jeqHor ciyuaja (Tekuja y 2019. roauHmn).
Ha cranumu Bpsa ITananka perucrpoBaHe cy u BpegHoctu II ki1ace, Koje ce MOTy HHTep-
MIPETUPATHU KaO OZIPIKUBE.

Ha cranumu banarcka [Tananka, yasogso ox HII Bepaam, Bpegnoctu WPI cy 6uite y
pacmoHy oz 1,03—2,30, mro oxarosapa III u IV kiacu. Ilocroje paziuuuTy y3ponu oBa-
KBOT 3araljema, a Kao IVIaBHU Cce H3/[Bajay KOMYHaJIHE BOJie IDajioBa M OTIA/JHE BOJE
WH/IYCTPUjCKUX IIOCTPOjerha KOje ce UCIYIITAjy Y Y3BOAHUJUM CEKTOpUMAa peke (HeopraH-
CKa 1 OpraHCKa XeMwuja y rpajioBuma ayx obasne Jlynasa (Hosu Caz, beorpaa u IlaHueBo),
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upHa Metanypruja y CMenepeBy, eKcIUoaTanyja JUrauTa u repMmoesiekrpana y Kocros-
y) (Milanovié et al., 2010).

Ha cranunu Tekwuja, koja ce Hanasu y HII Bepparm, spensoctu WPI cy 6ute y pacmo-
Hy 0] 0,77 — 5,77, omHocHo ox 11 kiace (uucra Bozma) Ao V kiace (HeuncTa Boaa). 3arahe-
e peke JlyHaB y ‘BepalckoM pernoHy pasJuKyje ce off 3araljera IPyrux peYHUX CEKTO-
pa U3 pa3IMYUTHX PasJiora, Kao IITO Cy MaIM IIPOTUIAj, pesbed U Mayiu OpOj MpUTOKA.
Taxole, He cMe ce 3aHeMapHUTH YHibeHUIa /1a [lyHas fgocrnesa y HII koHTaMuHUpaH 3ara-
hemweM u3 BeMKUX MH/IYCTPU]CKUX IIeHTapa ropmer cekropa peyHor cyiupa (Milanovic et
al., 2010). Ipyru BaskaH ¢akTop 32 OBAKBO CTalbe je U HEpa3BUjeHa U HeypelheHa KoMy-
HaJIHA MH}pACTpyKTypa y HaIlMOHAJIHOM INapkKy. HujenaH cMemTajHU U yTOCTUTEIbCKU
kananuretn HII Bepaan He moceayje COICTBEHE CHCTEME 3a MpeuninmhaBame OTIATHUX
Bozia. Kanasin3amuoHa Mpeska OIIITHHA Ha unjoj Teputopuju ce npoctupe HIT (Tomy6ar,
Majnannek, KyiajoBo) UCIyInTa KOMyHaTHE U MHIYCTPUjCKE OTIa IHE BOE, VK/bYUyjyhu 1
BOJIE U3 XOTEJIa, PECTOPAHA U APYTUX CMEIITAjHUX U YTOCTUTEJbCKHUX O0jeKaTa, JUPEKTHO Y
pernunujenTte, 6e3 crcrema 3a npeunrrhasarbe (Milanovié Pesic et al., 2020).

Tab. 2. Bpedrocm WPI undexca u kaace 8ode peke /[yHas y nepuody 2006—2020. 200uHa

banamcka Ilananka Texuja bpaa I[Iaranka
TI'oouna WPI Knaca WPI Kaaca WPI Knaca

2006 1,43 111 1,15 111 0,96 111
2007 1,61 I 2,19 v 1,05 111
2008 1,77 I 1,25 111 2,22 v
2009 1,96 I 2,17 v 1,51 11
2010 2,21 v 1,86 II1 1,56 I

I11 I
2011 1,52 0,84 11 0,77

I11 I
2012 1,26 0,77 II 0,72

III I
2013 1,25 1,27 111 0,91
2014 2,30 v 2,79 v 1,03 11
2015 1,18 III 1,18 11 1,29 11
2016 1,51 11 1,53 11 0,83 I
2017 1,03 - 0,99 1 1,77 1
2018 1,25 I 1,76 I 1,05 11
2019 1,24 1 5,77 \4 1,54 1
2020 1,13 11 0,96 11 0,96 I

IIITo ce Tuue cranure bp3sa ITanaxka, Koja ce Hasla3u HU3BOAHO off Teputopuje HII u
hepmnarncke 6pane, WPI BpemHoCTH Ccy OHIe y pacmoHy of 0,72—2,22. Takole, Bua/puBa je
momuHaija kiaca I1 (uucra Boga) u II1 (ymepeno 3araljeHa Boia) y METHAECTOTOIMIII-
BEM IIEPHOAY, NOK je kiaca IV 3abenexeHa caMo jeqHOM. JeZHO o7 o0jallmbera HUXKeET
cTerneHa 3araljema jecre ysora 6pane XE Bepzat, koja mpeacTaBba BeIITauKy 6apujepy
3a aKyMyJIMpambe pasinunuTux 3arajuBaua (Milanovic et al., 2010).

ITopen cpenmux roaummux WPI BpenHocTH, Koje yKasyjy Ha creneHe 3aralema
HynaBa Ha mupoj Tepuropuju HII Hepaamn, 3HauajHO je aHAIU3UPATH U YTULIA] Pa3-
JIMYUTHX [lapaMeTapa Ha oBakaB HUBO 3araljema. Ilojenunu napamerpu (pH, cynda-
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TH, CyCIIEH/IOBaHe MaTepHje, aMOHHjyM, ofpel)eHH MeTaJad U [Ap.) Cy YIJIaBHOM Yy
OKBHpY NMPOMHUCAHUX BpeAHOCTH 3a I Kiacy u HeMmajy 3HayajaH yTUIaj Ha 3araljerbe.
CympoTHO ToMe, 3abesiekeHe Cy MoBehaHe BPEeTHOCTH HEKOJHKO ejieMeHaTa KOju
yKa3yjy Ha opraHcko saraljeme (konudopMmHe KIHIle, HUTPUTH, opTodocdaTtu) u
nekux metaina (Fe, Cd, Hg).

IToBehan 6poj xomudopMHUX KIUIA yKadyje Ha 3HauajHO 3araljere Koje Y3pOKYyjy
KOMyHaJIHE BOZie Koje moTuuy u3 gomahuHcTaBa y HacesbuMa Ay obasne JlyHaBa. Ha
npocuiy banarcka ITasaHka u3MepeHa BpeJHOCT OBOT IIapaMeTpa y 2014. TOAUHU Ouiia
je Bullle o7 20 myTta Beha o7 IpoIMCaHOT cTaHap/a 3a I kiacy, a Ha nmpoduny Tekuja y
2019. ronuHM Yak 90 myra Beha (Ciuka 2). 3Bopu 3araljema cy 6pojHH, a HajBasKHU]H CY
HeypeheHH KaHAJIM3ALMOHM CHCTEMU M HENOCTaTaK IOCTPOjerha 3a IpedyuirhaBarbe
OTIA/IHUX BOZA V OIIITHHAMA JyHABCKOT CeKTOpa. [[MpeKTHA [OC/IEANIIA OBOra je ofJia-
rame KOMyHaJTHUX U UHAYCTPUjCKUX OTHAJHUX BOZA y PeKe U KOHTAaMHUHAanuja hpekayHum
6akTepujama, Moce6GHO TOKOM JIETH-ET ITEPHO/IA.

Ca. 2. BpedHocmu koAau@opMHux Kauya y nepuody 2006—2020. 200uHA HA AHAAUSUPAHUM CIMAHU-
yama Ha Jlynasy (cmp. 335)

V oKkBHpY CBe TpH aHAIM3UpPaHe CTaHUIE youeHe cy noBehane BpegHOCTH OpTOdOC-
data (2—4 myra Behe oj mpomurcaHux BpegHOCTH 3a I Kiacy) u Hutpura (0 3 myrta Behe
OJ1 IPONKCAHUX cTaHzAapza 3a I kiacy). OBu esleMeHTH CTHXKY 70 JlyHaBa IyTeM KaHaJIU-
3alMOHUX W HHAYCTPUJCKUX BOJA, &M IOTHUYY U ca IOJbOIPHUBPEIHUX IIOBPIINHA U
nmammaka. Munanosuh IMemwh u capagaunm (2020) vcTUYy 3Ha4aj OBHMX eJeMeHaTa 3a
dopmupame HyTpuTHBHEX onTepehera y pekama, mocebHO KaJa Cy HhUXOBE BPELHOCTH
TIPEBUCOKE, jep TO pe3ysITHpa eyTpodUKANNjOM, IOropliamkeM KBAJIUTETa BOJE, IIPOMe-
HaMa y CTPYKTYpH OMOTHYKE TOIyJIalfje uT/I.

IIITo ce TWYe TEMIKUX MeTajla, HA HOCMATPaHUM HPOGUINMA BPEZHOCTH IBOXKDa
(Fe) 6uute cy u 1o 4 myta Behe ox mponrcanux cranaap/a 3a I kiaacy. Takole, mosehare
BpenHoctu MaHraHa (Mn) 3abesnexxkeHe cy u Ha npoduny Banarcka I[Tasanka 2010.
To[[iHEe U y epuozay 2018-2019. Bpeauoctu kaamujyma (Cd) cy HesHaTtHo moBehawe Ha
nBa npoduia — banarcka Ilamanka y nepuosy 2006-2009. u Tekuja 2007. rogune. Ha
CBUM aHAJIU3UPAHUM MpodMINMa perucTpoBaHe cy nosehane Bpeanocru xuse (Hg) 1o
4 myTa y mepuoay 2006-2016. roZiiHa, HAKOH Yera Cy BPEAHOCTU OBOT eJIeMeHTa Owiie y
rpaHuIaMa HopMaJie.

IITo ce True HII Tapa, pe3ysTaT CTyAuje 3a MepUos 2006—2020. MOKa3yjy HA3aK
JIo yMepeH creneH 3araljema Boze y peru [Ipunu (Tabena 3). Bpennoctu WPI 3abenexe-
He Ha craHnnu bajuna Bamra 6uie cy y pacnoHy ox 0,55—1,92, IITO oAroBapa kiacama II
(uucra Boza) u III (ymepeno 3araljeHa Boza). I'JielaHO ca TYpHUCTHYKOT acIeKkTa, 3abee-
JKeHe BpeTHOCTHU ce BehnHcKu Mory uHTepperupaTt kao ogpskuse (II kiaca), mpu yemy
ce jaBipajy u ogpel)eHN TpEeHIOBY MOTrOpIamka KBAJIUTETa, Kaza Boja npesasu y 11 kiacy.
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Tab. 3. Bpednocm WPI undexca u kaace sode peke JIpure y nepuody 2006—2020. 200uHa

T'oouna WPI ‘ Kaaca
2006 0,73 11
2007 0,78 II
2008 1,13 111
2009 1,23 111
2010 0,73 II
2011 0,68 11
2012 0,84 11
2013 0,74 II
2014 0,55 II
2015 0,96 II
2016 0,92 11
2017 0,85 II
2018 0,97 II
2019 1,92 111
2020 1,56 111

Op 18 mapaMeTtapa Koju ce KopucTe 3a u3pauyHaBatbe WPI nH/iekca, BpeTHOCTH 0cam
(sacuhenoct kuceonukoMm, pH, cycmenmoBane uspcre matepuje, HPKMn, Ni, Cu, Cd,
SO42-) cy yBek Guiie y rpaHuiiama 03BoJbeHUX BpeaHocTH 3a I kiacy. Oxmpeljenu mapa-
Merpu (pacTBOpEHM KHUCEOHHK, CAIIPOOMOJIONIKKM WHAEKC) Cy YIJIABHOM Hpumnazanud I
KJIaCH, ca IOBPEMEHUM MarbUM OZICTyIalkhuMa. BpegHocTH Temkux Meraia (ocuM reoxkha
2007. ¥ 2008. ToANHE U MaHTaHa 2013. U 2018. TrouHe) Cy yIJIaBHOM Ouie y 103BOJbe-
HUM I'paHWIlAMa U IbUXOB YTHIA] Ha 3araljerbe Huje 610 3HavYajaH.

CiuuHO Kao U y ciaydajy JlyHaBa, mHAMKATOpH opraHckor sarahjema (BOD5, NO2,
NH4 u konudopMHe KIHIE) Cy UMaId BEJIMKHY yTrllaj Ha nosehabe WPI BpegaocTu. OBO
je moceOHO M3paXKeHO KO KOJIuGOPMHUX KJIUIA YHje Cy BPpeAHOCTH Owie U J0 20 myTa
Behe o7 IpomKCcaHUX cTaHAapAa 3a Ki1acy Iy 2019. u 2020. rogunu. BpenHoctu xuse cy
YIJIABHOM H3HOCHJIE OKO 0,1 ug/l mro ce cmarpa A03BOJ/beHOM BpeAHourhy 3a kiacy I
mpemMa IPeTXO/(HO] JierncaaThuBu. Meljytum, HoBoM Ypenbom je oBa BPEIHOCT CMarbeHa
Ha 0,07, [1a ce MOKe KOHCTATOBATH Jja Cy BPEAHOCTH OBOT Iapamerpa mosehane.

U3Bopu 3araljerma Ha MHPEM MOAPYYjY HAMOHAIHOT MapKa Cy pas3nudutu. Jloie
ypehena xomynanna mHdpacrpykrypa y onmTuHU bajunHa Bamra, pesysnTyje nupek-
THHUM HCIIYIITAalkeM OTIIaJHUX BOJA Y BOZOTOKe Oe3 IMPeTXOJHOr IMpevyulrhaBama, Kpo3
JIleTMMUYHO ypeheH kaHanmmzanuonu cucreM (Brankov et al., 2021) . ITpucycrso 6poj-
HUX 3arajuBaua y ropmeM Jeiy Toka JIpuHe y3pokK je 3HauajHor 3araliema jesepa Ile-
pyham, koje ce orsiezia y NpHCYCTBY BeJIMKUX KOJIMYMHA IUTyTajyher ormaza y Bomu
(Ministarstvo gradevinarstva, saobradaja i infrastrukture, Sektor za prostorno
planiranje i urbanizam, 2018; JP ,Nacionalni park Tara”, 2018). ¥ nopehemy ca gpyrum
BpcraMa 3araljuBaua, 3araljeme u3 cekTopa TypH3Ma je 3HATHO Mame, ajli HUje 3aHe-
MapspuBO. CMEIITajHU U yTOCTUTE/bCKH 00jexTu Ha Teputopuju HII Tapa Hemajy com-
CTBEHE CHCTeMe 3a IpeuynnihaBame OTHAJHUX BOJA, M3y3eB xorena BojHe ycraHOBe
Tapa Ha Kanyhepckum 6apama, rie ce oTmajiHe Boje IpeynnihaBajy Kpo3 cucreM 6uo-
IHCKOBA off 2004. roaune (Brankov et al, 2021).

T'eHepaJTHO TJI€ZIaHO, a U3 IEPCIIEKTUBE pa3Boja Typu3Ma, Pe3y/ATaTH Cy MOTBP/UIN
Jla je KBAJIUTET PeuHe BOJie YIVIABHOM y MPUXBAT/FUBHUM IpaHUIlaMa y 00a aHaIM3UpaHa
HII, npu yemy je 6osbe cTabe peructpoBano y HII Tapa. Mehyrum, cBu Habpojanu y3po-
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1y 3arajerma Bo/ia CHAXKHO yTUYY Ha MOTYNHOCTH TYPUCTUYKE YIOTpeOe 1 HEOIXOIHO je
Jla ce cTarbe y OyayhHoCTH mo6oJbIIa.

¥V ciyuajy JlyHaBa, foOujeHe BpeAHOCTH CYy IIOTBPAUJIE J1a ce KBAJIUTET PeUHe BOJe
kpetao ox II go IV kiace (mpu yemy je momunupasa III kiaca), mto 3HaYajHO yTHYE HA
Jlerpajialiijy TYPUCTHUKHX BPeIHOCTH peke. JloOujeHU pe3ysITaTu Cy y CKJIaLy ca IpeT-
XOZHUM HCTPaKUBAHUMa OBOT MOAPYYja U HeroBe mupe 30He. Takuh u capagHunu cy
yKasaiu Ha ymepeHo 3araljeme Jlynasa (kiaca 111 npema uspauynatom WPI), Ha ocHO-
By Toj/laTaka fo0MjeHnx ca 10 XuAposomkux cranuna y Cpouju (Takié et al. 2017). Ta-
Kole, aHaJIM3a KBaINTETa BOJie V 'DPepAamckoj KJIUCYPH 3a JECETOTOAUIIU HMEPHOZ
(2007-2016) notBpamaa je nomuuanujy 111 kinace (Milanovié Pesi¢ et al., 2020). OBum
HCTPA)KUBabhEM je Takolhe yTBPeHo /1a ce meplennuje MOCeTUIana O KBAIUTETY BOZE
JlyHaBa HUCY y IIOTIIYHOCTH cjlaraje ca CTBADHUM KBaJIUTETOM Bozie. M mopes Tora IITO
BPEJHOCTHU IITETHUX eJleMeHaTa y BoAu JlyHaBa U Jajbe 103B0JbABAjJy Pa3HE CIIOPTCKO-
peKpeaTHBHE aKTUBHOCTH, Pa3yMJBHBO je /a OM CBako ZoAaTHO 3araljeme zoBeso 110
IojaBe HOBUX Ipo06JieMa y IOTJIeAy €KOJIOIIKE CTAOMITHOCTH PEYHUX chcTeMa. Pa3inun-
TH ayTOPH YKa3UBAJIU Cy HA HeraTHBHE JbY/ICKe YTUIIAje HA KBAJIUTET BOJle peKa, LITO je
JIOBEJIO 10 CKOPO IOTIIYHOT HeCcTaHKa II0jeJMHUX BHU/IOBA BOJEHOI TypusMa (IIpe cBera
KYIaJIHIIHOT) ¥ YTPOXKEHOCTH peuHux ekocucrema y Epponu u mupe (Erfurt-Cooper,
20009, Arlt & Gequin, 2009).

Kynanumau typusam (miake y Fonynity, Jomem Munanosiy, Tekuju, KinagoBy u
JIp.) W CIHOPTCKO-pPEKpeaTHBHU TypuszaM (pa3He MaHHQecTaluje U CIOPTCKO-
peKpeaTHBHE aKTUBHOCTU HA BOZM) Cy Ba’KaH CErMEHT TYPUCTHUUKE IIOHY/e KOj U TUDPEK-
THO 3aBUCH Of KBasmTera peuHe Boje (Brankov, 2015). Ecrercku atpubyTtu JlyHaBa
noceGHO Cy BaXKHHU 32 HAYTUYIKH TyPH3aM U KpPCTapema Kpo3 hepparcky xkiucypy, Koja
obyxBaTajy pasiauuute Mel)yHapoaHe pedHe IIyTeBe uHje je Kpajibe ompexawuinte LIpHO
Mope. 3a peunu Typusam, Bepzarncka kiucypa u HII Bepgan nuMmajy 3Hauaj Kao ycImyTHa
CTAaHUIIA JI0 Kpajier oJpefullTa — MO4YBapa JAeiTe J[yHaBa, 3a KOje ce Kaxke /ia cy je-
JIUHCTBEHE y CBETY U CBE BUIIE IIPEJICTaBJbajy OMUJbEHY TYPUCTUUKY JeCTHHALW]Y Y
Espomnu (Erfurt-Cooper, 2009).

I'naBuu y3ponu 3araljema Boga JlyHasa cy Heypel)eHH KaHAIH3AI[MOHU CHCTEMU
U HEeJ0CTATaK IIOCTPOjerha 3a IpevynumrhaBame OTIAJHUX BOJA Y ONIITHHAMA AYHAB-
ckor cektopa. Kazna je peu o tepuropuju HII, y HeKuM ommTHHAaMa Cy IIOCTPOjema 3a
npeunirhaBame OTIAAHUX BOJA M3rpaljeHa y NMpoONUIOCTH, ajyu HUCY IMyIITEHA Y Paj
(KiazmoBo), OK je y APYyTUM H3rpajiba 3ayCcTaB/beHa 300T HemocTaTKa GUHAHCH]CKUX
cpencraBa (Majmanmnek) (Milanovié PeSi¢ et al.,, 2020; Nauéno-istrazivacki centar,
Ekonomski fakultet, 2007). Ox noce6HOr 3Hauaja je mpobyieM OTIAJHUX BOAA Y Cey
bosserun, y 3onm crpore 3amrute HII BHeppanm, y komMe BeJMKH HpOIEHAT JOMa-
huHCcTaBa Hema cenmTHuke jame, Ia OTHaAHE BOZE OTHYY AUPEKTHO y BospeTmHCKY
peky, nputoky Jdynasa (Brankov, 2015). He cmejy ce 3anemaputu HU OpOjHE JTUBJbE
JIeTIOHYj€e U BeJINKe KOJIUYUHe OAYeHOT OTIaZAa Y OKOJIMHU IPAZICKUX U CEOCKUX Hace-
sjpa. C TUM y Be3H, MOTPeOHO je 00e30eIUTH aZeKBATHO YyIIpaBJbame CIUBOM JIyHaBa
Ha Mel)yHapoZHOM HUBOY.

KeasnuTer Bozie peke dpuHe y mupoj 3oau HII Tapa je reHepasiHO 3a10BosbaBajyhu,
IITO NPEACTaB/ba A0OPY OCHOBY 3a pasBoj cnenubUYHUX BUJOBA BOJEHOT TypHU3Ma.
PesynraTu cy mOTBpPAWIN Jja ce KBayuTeT Boge kperao ox II go III kiace, mTo ykasyje
Ha HUCKO WK yMepeHo 3araljeme Bozme. BojeHH ekocucTeMu HUCY 030UJbHO YIPOXKEHU
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y OBHM KJIacaMa, a ecTeTCKa BPeJHOCT PEeYHe BOJE je OYyBaHA, IITO WHTEH3UBUPA JI0-
JKHBJbaj MOCETHJIANA, MOCEOHO TOKOM IIPEKOTPAHMYHUX TYPUCTUUYKHUX KpCTapema Ha
penanuju Iepyhaiy (Cp6uja) — Bumerpay (Bocua u Xeprierosuna). Ce3oHa Kymnama Ha
jesepy Ilepyhan Tpaje oz jysa no aBrycra, ca MaKCUMaJHOM TEMIIEPATYPOM BOJIE V je3e-
py oko 22°C (Nikoli¢, 2006). Pesystatu oBe CTyauje Cy V CKIay ca IPETXOTHUM
HCTPa)KMBakbUMa Koja Cy HOTBPAWIA /1a PeKy J[puHy KapakTepulle cJIUB OOTaT BOIOM,
OuyBaHM TMej3aKM W BUCOK HuBO OuonuBep3utera (United Nations Economic
Commission for Europe, 2017; Pecelj et al., 2019).

U nopez cBera peueHor, Tpeba HATJIACUTH /ia IIOCToje OPOjHU y3polu 3araljema cu-
Ba [Ipune, Mel)y KojuMa ce u3/Bajajy: UCIYIITAlbe YBPCTOT OTIA/A y CJIUB peke JIpuHe 1
akymyJsanvje y mweHom ciauy (YBar, Jlum, Ilepyharr), Beuku 6poj TUB/bUX JENOHUjA Y
PEYHUM JI0JIMHAMA, BEJIMKE KOJIMYMHE TEYHOT OTIaZIa KOje Ce Y3BOJHO MELIajy ca PeYHOM
BozoM (y Cjenurnu 1 HoBoj Bapoiiu) 360r HEKOHTPOJIHUCAHOT HUCIYIITalba Hempevuirhe-
HUX OTHAHUX Boja u aAp. Ha mupoj teputopuju HII Tapa, nopes Hepa3BUjeHe KOMyHAJI-
He uHppacTpykType U 3arahema jesepa Ilepyhan xomyHanHUM OTHALOM, IPUCYTHO je U
3araljere MO/I3eMHUX BOZA, KOj€ je MOCIeulla HealeKBaTHOT Kopultherma arpoxeMuKa-
JiMja ¥ TPOLEJTHUX Bojia ca JleroHUja. OBa I0jaBa je J1eJIOM y3pOKOBaHA HEIUIAHCKUM
pasBojem Bukena Hacesba (Kamyhepcke Bape, Ocyira, Murposai, Kpwa Jesa u ap.), 6e3
oxrosapajyhe uHdpacTpyKType, MTO je mocebHO u3paskeHo Ha obaysama jesepa [lepyharg
(Brankov et al., 2021). IToceZibux TofiHA MOYEIa je Jeraausalija oBux objekara, aaiu
Cy caBpeMeHa HCTPaKHBaba IOTBPANIIA 14 U JaJbe IIOCTOje BeJINKe HecyrJacuile usmely
HII u 3ajennuiie kaza je oBaj mpobsiem y nurtatby (Brankov et al., 2022). C Tum y Besu,
HII Tapa he y capazamu ca OmmruHoM Bajuna Bamrra u XE Bajuna Bamra 3amodern
peanuzanyjy Iliana merasbHe peryianuje npuobasba Ilepyhaukor jesepa, Ha moresy of
6pane y [Tepyhmy mo yurhe /lepsenre y Jpuny. Takole, HEONXOAHO je ypeljerme KoMyHa-
He THGPACTPYKTYPE U U3TPa/iha KAHATM3AIMOHNUX CUCTEMA U [TOCTPOjerha 3a mpevuniha-
Bambe OTIAJHUX Bojia. Ilopes Tora, HEOIIXOAHO je Jla MHAYCTPUjCcKa IOCTPOjerha y Tpajio-
BUMa y CIUBY peke J/IpuHe, 3aje/THO ca TYPUCTUYKUM O0jEKTHMAa y OKBHPY HAIIMOHATTHOT
mapka, Oyay cHabeBeHa ypehajuma 3a npeuwnirhaBame Boje. Ha oBaj HauwmH 6uhe pere-
HU ofpeheHn mpobieMu Koju AUPEKTHO YIPOKaBajy pasBoj BOAEHOT TypU3Ma.

3axk/pydyak

ITorpeba Typusma 3a arpakinujamMa OasMpaHUM Ha BOJEHHM pecypcuma (peke, jesepa,
BOJIOTIA/IV, U3BOPHU TOILUIE BOZIE, MOPCKa 00asia, UT/.) je 1o0po [Mo3HaTa, IIPU YeMY Ce IPO-
GJsieMu jaBsbajy Kajia Cy OBe BPCTE aTpakiiyja yrpoxkeHe 300r JIONIEr KBaauTeTa Boje. Y
CKJIaZly ca TUM, TYPH3aM MOYKe TIOHYIUTH 00ap pasJior 3a Ofp KaBarhe BUCOKOT KBaJIuTe-
Ta BOJI€ Y LIW/bY MIPOMOIIMjE PAa3IMYUTHX aKTUBHOCTH (KyIarbe, puboJIoB, UT/.). 360r Tora
Cy HE/IaBHO JIOKQJIHE BJIACTU W Pa3jIMUUTE OPraHU3AIlMje OATOBOPHE 32 YIIPABJ/hahe BO-
JlamMa IoYesie Zia pa3Marpajy yTul@aj KOju KBAJIMTET BOJE MOXKE Jla CTBOPH Ha Typu3aM
(Lootvoet & Roddier-Quefelec, 2009).

Pesynratu 10o6HjeHH OBUM HMCTPa)KUBareM Mory 6utu KopucHU 3a Oyayhe ynpas-
Jpame 3anTuheHuM nogpydjuma. Ilputrcak Ha IPUPOAY Y HAIIMOHATHUM IIAPKOBUMA je
y CTaJIHOM IIOPACTY, jep UCTH BPEMEHOM II0CTajy IPUBJIAYHU 34 PA3JIMUUTE IPUBPESHE
aktuBHOCTU. Kao pesysrar, nosnasu 1o cBe Behe perpajanuje xuaporpadckux pecypea,
KOj! MIpe/iCTaB/bajy BaskHe, a MOHeKa/ U GyHIaMeHTalHe, TYPUCTHUKe BpegHOCTH. OBO
ce moce6HO oiHOCH Ha JlyHaB, jep 3aral)eHa Bojia OBe peke y hepAarckoM ceKTopy 3Ha-
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YyajHO yTHUe Ha MOTYhHOCTH HeHOT KOopHUIthema y TYPUCTUUIKO] HHAYCTPHjU. C 063upoM
Jla JIOUI KBAJINTET BOJI€ MOXKE YIPO3UTH UIMPOK CHEKTAp TYPUCTHUYKUX AKTUBHOCTH,
OJIP’KUBO IUIAHUPAlke U YyIpaB/balbe XUAPOJIOIIKHUM pecypcuMa Tpeba [ja MOMHpPH
WHTEpece Pa3IMYUTUX UHTEPECHUX IPYIa, Tj KOpUcHUKA. CXOHO TOME, 3alITUTA BOJA,
Kao CYIITHHCKH JIe0 yIIpaBJbatba KUBOTHOM CPEIMHOM, IIOCTaje KJby4yHa y 06e36eljuBa-
Y /1a ¥ JIOKAJHO CTAHOBHUIITBO U ITOCETHOIH MOTY Jia Y>KUBAjy V }KUBOTHOj CPEITUHH, &
moceOHO HEeHUM aTPAaKTHUBHHUM XUJIPOTPAdCKUM O0jeKTHMA, YaK M ca yoOu4ajeHuM
€KOJIOIIKUM MpobieMrMa Koju ce 1mojaBibyjy y Hacesbuma (Nakagami and Nwe, 2009).

Kipyunu dakrop oz Kora mosase cBa MHUTama O BoZaMa je ynpasbame. HemocraTak
MIPaBUJIHOT YIIPaB/bakha BOAOM, KA0 BUTAJIHHUM U HEe3aMEHJbUBHUM PECYPCOM, TOBOAH 10
CcMamema BOAHUX pecypca IIHPOM CBETa, KaKo Y MOIJIefy KBAJIUTETa, TAKO U KBaHTUTA-
TuBHO. CBe je Behu KOHCeHBYC /1a BoJieHe Kpr3e MOTY OUTH IUPEKTHO IIOBE3aHe ca MMUTa-
wuMa ympassbama (Fellizar Jr., 2009). Yupkoc oaroBapajyhum 3akoHMMa, PETKH Cy I10-
KyIIIaju /1a ce 3allTUTE BOJle y HAIMOHAJIHUM MapkoBuMa y Cpouju u j1a ce 06e36equ e-
dukacHo ympasspame. [J1aBHE passiosu 3a TO Cy 3aHeMapUBame peka U Ojare kasHe 3a
kpirese mpomuca (Milanovié et al., 2011). ¥ Be3u ca TH, Ba)KHO je MMOMEHYTH 3aKOH O
BOZIaMa KOjH je YCBOjeH 2010. TOAMHE U KOjH je MOCTa0 MOJICTUIIA] 32 PelllaBarbe OPOjHIX
MUTalba y Be3u ca 3araljemeM BoAHUX pecypca. Takohe, Crpateruja EY 3a JlyHaBcku pe-
THOH, YCBOjeHA 2011. TOAMHE, O] MTOCEOHOT je 3Hauaja 3a JlaJbe YIPaB/balbe, 3AIITUTY U
xopuirheme peke Jlynas. IToceb6aH akieHaT y OBOM JIOKYMEHTY CTaBJbEH je Ha 3aIITHUTY
JKMBOTHE CPeZIIHE U IIPEBEHIN]Y IPUPOJHIX KPHU3a.

VYommrreHo ropopeh, BayKHO je HAJIACUTH Zia MEPEe OAPKHBOT KOpHUIherba 1 3alITh-
Te IPUPOAHUX Pecypca y HAMOHAIHUM MapkoBuMa (YKpydyjyhu u Xugposiomike pecyp-
ce) Tpeba epuHMCATH 3a CBAKU HAIIMOHAJIHH HapK M0jeIMHAYHO jep Cy MapKoBU MOpdo-
JiomKy pazauguTh. To 61 omoryhusio fa ce 6yayhe TypruCTHYKe aKTHBHOCTH OPTraHU3y]jy ¥
CKJIa/ly ca MPUHIMIIKMA OZIPXKUBOT Pa3Boja.
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