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Abstract: Outdoor recreation has grown rapidly in recent years, with an increasing preference for
areas in good ecological condition. Since lakes represent some of the most important wetlands,
providing a wide variety of ecosystem services, they have become a very popular destination. The
present study aimed to assess the water quality of the largest artificial lake in Hungary (Kiskore
Reservoir—Lake Tisza), and the role of ecological status in tourism development. Monthly water
sampling from the basins of the lake (Tiszavalk, Poroszlo, Sarud and Abadszaldk basins) took place
from April-November 2021 and in 2022. The majority of samples from the river section and from
the lake are classified as Ca?*-HCO;~ type or mixed Ca?*-Na*-HCO;~ type. According to the
results, the water quality of each basin is considered excellent or good. Rapid warming of the shallow
water of the basins was detected during the summer months, resulting in different hydrochemical
characteristics (pH, NH4-N, NO;-N, NO3-N, POy4-P, COD,; BOI5) compared to the river section.
Differences in the plant nutrient and oxygen balance component groups have been revealed with
hierarchical and two-step cluster analysis as well. The results demonstrated that the hydrochemical
properties of the lake’s water are substantially influenced by the filling of the lake in spring from the
River Tisza and the significant lowering (1.2 m) of the water level in the autumn each year, allowing
the drainage of stagnant water, the removal of accumulated sediments and the oxidation of organic
matter. The number of tourists on Lake Tisza has increased rapidly over the last decade, confirming
that a wide range of ecosystem services have a significant attractive impact on waterfront activities
and ecotourism.

Keywords: water quality; artificial lake; surface water reservoir; monitoring; tourism; ecosystem
services

1. Introduction

Adequate water resources management is crucial for environmental sustainability,
social welfare and long-term economic development [1-3]. Contamination of the aquatic
environment through the loads produced by municipal, industrial, or agricultural activ-
ities is a topical concern globally and surface waters are particularly vulnerable to these
impacts [4-7]. The majority of freshwater lakes and wetland areas are affected by the
phenomenon of water quality degradation and ecological imbalance due to increasing
anthropogenic activities, especially in developing countries [8].

Cultural eutrophication accelerated by human activities is considered one of the most
pressing environmental challenges [9,10]. Excess nutrient inputs, especially nitrogen (IN)
and phosphorus (P) are generally accepted as key factors that accelerate the eutrophication
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process in freshwater ecosystems [11-14]. In addition to pollutant sources, climate change-
induced droughts in the catchment areas are significantly altering the natural conditions
of surface waters [15-17]. Intense land use along river catchments has been evidenced to
affect nutrient enrichment (N, P) [18,19].

Lakes represent some of the most important ecosystems, providing a wide variety of
services, as one of the most important sources of water for human and economic use [20,21].
While certain ecosystem services have direct economic benefits (water supply, water storage,
flood protection), others have a predominantly positive impact on the environment [22].
Recent studies have shown that the high biodiversity of aquatic ecosystems is generally
positively valued by people and can therefore enhance the recreational value of these
areas [23,24]. The recognition of the ecological and economic benefits that natural wetland
ecosystems provide to humans has heightened interest in creating new aquatic ecosystems
(artificial lakes, reservoirs and wetlands) to support human life [25].

Artificial lakes (reservoirs) are designed to store surface water and are characterized
by natural and especially strong artificial (due to lake regulation) driving forces, leading
to large and rapidly changing lake water levels, which have a major impact on the whole
immediate ecosystem [26,27]. The extreme variations in water levels have a major impact
on the biodiversity of the area and the degree of pollution. Adjacent areas may be also
influenced by artificial lake regulations [28,29]. The construction of hydropower dams is
among the most intensive anthropogenic impacts on river systems [30,31]. Globally, more
than 50,000 large dams have been built for water supply, power generation, flood control,
infrastructure and other economic benefits.

Outdoor recreation has grown rapidly in recent years. Alongside the rapid develop-
ment of the tourism sector, environmental problems such as increasing noise, deteriorating
air quality, increasing water pollution and loss of biodiversity are becoming increasingly
widespread [32,33]. Qu (2007) [34] concluded that changes in the water quality of the Sand
Lake in Ningxia province were mainly caused by tourist-related activities such as the use of
motor boats, fishing, swimming and direct discharges of liquid and solid wastes. Mosisch
and Arthington (1998) [35] found that the recreational use of lakes in Australia has led to
hydrocarbon pollution originating from power boating and water skiing activities. Kumar
and colleagues (2022) found severely degraded water quality in Dal Lake, due to among
others, direct sewage discharges of houseboats and hotels [36].

Among particularly popular recreational activities are waterfront activities such as
swimming, bathing, shoreline camping and fishing. Shallow lakes are particularly en-
dangered by these activities [37]. According to Shulz (1981), each individual swimmer
or bather contributes an average of 0.094 g P per day to the water body [38]. Nutrient
enrichment due to mass tourism was also observed in the case of Lake Balaton in Hun-
gary, when, in the 1980s, the annual number of overnight stays reached 14 million [39].
These cases also highlight that ecological considerations should be taken into account in
tourism development.

Environmental hazards from campsites include potential threats to vegetation, soils,
water quality and biodiversity [40]. Camping activities often contribute to increased soil
erosion in lakeshore areas, resulting in significant nutrient inputs [41]. Pit latrines of
frequented campsites have been found to be potential risks of pollution [42]. However,
Derlet and Carson (2006) investigated the environmental impacts of backpackers in the
Sierra Nevada Wilderness and found coliform bacteria in only 1 of 15 areas rarely visited
by backpackers [43].

The aim of the current study is to evaluate the water quality of the largest artificial
lake in Hungary, which is under increasing pressure due to tourism development. Despite
its artificial nature, the lake has a high natural value, attracting many visitors interested in
outdoor recreation. The continuous presence of tent fishing, campsites and wild camping
has an increasingly strong impact on the lake. Since only limited recent studies on water
quality evaluation and its impacts on ecotourism development of the Kiskore Reservoir



Water 2023, 15, 1514

30f17

(Lake Tisza) are present in the literature [44—46], our study could contribute to the existing
literature on artificial lake ecosystems.

2. Materials and Methods
2.1. Description of the Study Area

The investigated artificial lake, the Kiskore Reservoir (geographical name: Lake Tisza)
was constructed by the damming of the Tisza River in 1974 [47]. The Reservoir is located in
the Middle Tisza region of the Great Hungarian Plain (Figure 1). With its total surface area
of 127 km?, it is the second largest, and at 45 years old, the youngest lake in Hungary. The
length of the reservoir is 27 km?2, while its total volume is 253 million m3 [48].
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Figure 1. Location of the Kiskore Reservoir (Lake Tisza).

The artificially created lowland reservoir, which also includes the bed of the Tisza River
is bounded by flood protection embankments gradually reinforced since the mid-1800s. In
the reservoir area, a varied and rich fauna has gradually developed, with environmental
features similar to those of the ancient floodplain landscape of the Tisza. This artificial
shallow wetland complex is characterized by mosaic patterns of habitats (large areas of
open water, wetlands, oxbows, islands and extended macrophyte coverage), representing
a high nature conservation value. The high natural value is also reflected in the fact, that
the reservoir belongs to the Ramsar Convention Sites and is listed as a Unesco World
Heritage Site.

Its special characteristic is that the water level of the lake is artificially regulated. The
reservoir is flooded by the River Tisza every spring, and as a result of this, from March to
November 70% of the area is covered by water [49]. The water level is reduced by 1.2 m
in November, draining a major part of the area. The summer water level of Lake Tisza is
reduced to the winter operating water level for flood protection reasons. Primarily, they
protect the dikes and the Kiskore barrage from ice floods. The process allows the drainage
of stagnant water, the removal of accumulated sediments, and the oxidation of organic
matter. The free water surface with a water depth of more than 30 cm is about 64 km?
from spring to autumn and about 40 km? in winter. Water circulation, water exchange
and human traffic between the river and the basins are provided by flushing channels and
natural streams and stages.

The reservoir is divided into 4 basins, which are managed differently: (1) Tiszavalk
basin (TV, average water depth: 0.7 m), (2) Poroszl6 basin (TP, average water depth:
1.3 m), (3) Sarud basin (TS, average water depth: 1.5 m), and (4) Abadszaldk basin (TA,
average water depth: 2.5 m) [50]. The Tiszavalk basin is a highly protected area with
limited permits for boating or fishing, while the Abadszalok basin has low protection
and extensive waterfront recreational activity [51]. The Poroszl6é and Sarud basins are
considered moderately protected, with opportunities for fishing, boating and swimming.

Lake Tisza has crucial importance for water management as well as tourism in the
region. Its complex use requires very careful ecosystem management, maintaining a balance
between nature conservation and recreational activities.
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The reservoir and its surroundings are located in the Pannonian biogeographical
region 2 [52]. The temperate climate is continental, the area belongs to the warm, dry,
moderately hot summer climate zone. It has the most extreme annual temperatures in
Hungary (mean temperatures in January: —2—-—3 °C, in July: 21.5-22 °C), and this is the
driest region of the country (annual precipitation < 550 mm, the wettest month is July:
55-70 mm, driest is January: 24-28 mm). However, according to the data of the Middle
Tisza District Water Directorate, climate change will cause a decrease in precipitation
in July (27.2 mm in 2022) and an increase in temperatures (more heatwave days). The
two years under investigation, but especially 2022, were extremely drought-prone. Ex-
tremely low water levels were recorded, with unprecedented summer water levels in the
reservoir (Figure 2).
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Figure 2. Deviation of water level data and monthly rainfall in the Kiskore Reservoir from the
long-term average in 2021 and 2022.

2.2. Water Sampling and Laboratory Measurements

Water sampling from the Kiskore reservoir in accordance with the European Union
Water Framework Directive (WFD) was carried out between 2021-2022 by the Middle
Tisza District Water Directorate. In this context, comprehensive chemical investigations
were carried out in all basins and in the Tisza River basin. In order to determine the
water chemical parameters, the currently valid national standard methods and guidelines
were used. Measurements were performed in the Laboratory of the Middle Tisza District
Water Directorate.

Surface water sampling and chemical analyses were carried out in five areas of the
Kiskore reservoir (Tisza basin TT/5, Abadszaldk basin TA /3, Sarud basin TS/2, Poroszl6
basin TP/1, Tiszavalk basin TV/1) at monthly intervals from April to October each
year (Figure 3).
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Figure 3. Location of the sampling points in the Tisza River section and in the different basins of
the lake.

Sampling was designed in accordance with MSZ ISO 5667-4:2017, and in all cases,
samples were taken from a water boat directly from the top 20 cm of the water body. Tem-
perature, pH, electrical conductivity (EC), dissolved oxygen (DO) content and saturation of
the 20 cm surface water layer were measured on-site with HACH® HQ40d Portable pH,
Conductivity, Dissolved Oxygen, ORP Multi-Parameter Meter.

Determination of the hydrochemical parameters was performed according to the
relevant standards as follows: COD,, according to MSZ 12750-21:1971, BOI5 according to
MSZ EN 1899-1:2000 and MSZ EN 1899-2:2000, TOC according to MSZ EN 1484:1998; NHy,-
N according to ISO 7150-1:1984; NO>-N, NO3-N and total N according to MSZ 448-27:1985;
PO4-P according to MSZ 12750-17:1974; total P according to MSZ 260-20:1980; and CI~
according to MSZ 1484-15:2009.

2.3. Water Quality Evaluation

The assessment was carried out on the basis of the new, revised water body classifica-
tion in the River Basin Management Plan III (RBMP III). The relevant section of the Tisza
River (across the reservoir) is classified as RW8N (flatland—low gradient—calcareous—
moderately fine riverbed material—extremely large catchment area). Lake Tisza has been
designated as a heavily modified water body (type LW5: flatland—calcareous or organic—
with small, medium or large surface, shallow or very shallow—constantly flooded still
water), and the water body parts are hydraulically integrated. The water bodies were
categorized by component groups according to the Water Framework Directive (WFD)
criteria (Table 1). Water type specific classification by physico-chemical characteristics
for lakes and watercourses was performed according to a 5-class system as follows: the
specific classification of the water type according to the physico-chemical characteristics
supporting the biology for still waters and watercourses is graded in 5 classes (1-2-3—4—
5). The classification is based on the annual average of the components, which are then
assigned a classification code rank (1-2-3-4-5), taking into account the quality limit for
each component (Table 2). The component group code rank is obtained by calculating the
average of the code ranks of each physico-chemical characteristic within the group. As an
integrated physico-chemical rating, the water body is classified as the worst component
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group. For the physico-chemical characteristics, there is no difference in whether the water
body is classified as natural, heavily modified or artificial.

Table 1. Component groups for lakes and water courses.

Component Group Lake Watercourse
Dissolved oxygen
. COD CODcr
Oxyge.n balance, organic BOI; BOI;5
pollution TOC TOC
NH4-N
NH4-N
NO,-N inorganic-N
. NO3-N Total N
Plant nutrients Total N PO,-P
POy4-P Total P
Total P
State of acidification pH pH
. EC Cl~
Salinity EC

Table 2. Physico-chemical classification of heavily modified water bodies.

Classification Limit

Component Dimension Excellent-Good Good-Moderate Moderate-Low Low-Worse
1 2 3 4

7.6-7.8 7.3-7.5 7.0-7.2

pH 7.9-82 8.3-8.5 8.6-8.8 8.9-9.1
EC uS/cm <600 700 900 1100
CODg¢y mg/L <15.0 30.0 50.0 75.0
BOI5 mg/L <3.50 5.00 8.00 12.0
TOC mg/L <8.00 15.0 20.0 25.0
NH4-N mg/L <0.05 0.10 0.30 0.50
NO,-N mg/L <0.01 0.02 0.03 0.05
NO3-N mg/L <0.2 0.40 0.80 1.50
Total N mg/L <1.00 2.00 4.00 7.50
POy4-P mg/L <0.05 0.10 0.15 0.25
Total P mg/L <0.20 0.40 0.60 0.80

To compare the chemical faces of the water from different basins, Piper, Durov and Stiff

diagrams (created in Grapher 19 software, version 19, Golden, CO, USA) were used [53-55].
Piper diagrams are the most widely used charts to represent the concentrations of the
major components of water samples [56-58]. Statistical analysis (Spearman correlation,
hierarchical cluster analysis HCA) of the data set was performed and boxplot diagrams
were created using the SPSS 28 software [59]. The Sodium Absorption Ratios (SAR) of the
water samples were calculated based on the following equation:

SAR — & )

Ca+Mg '
2
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3. Results
3.1. Ecological Potential Assessment of the Reservoir Based on Physico-Chemical Parameters

The water quality evaluation of the different basins for the years 2021-2022 is presented
in Table 3. The acidification status of each basin according to pH was classified as good
(rank 2), representing the lowest component category. The salinity, oxygen balance and
plant nutrients component groups fall into the excellent category; however, the overall
ecological potential rank—due to the pH values—of the basins was determined as good.

Table 3. Physico-chemical classification of the different basins of Lake Tisza for the years 2021-2022.

Tiszavalk Basin Poroszlo Basin
Component
Min. Max. LQ* uQ* Mean Rank Min. Max. LQ* uQ~* Mean Rank
pH 7.7 9.0 7.9 8.8 8.4 2 7.9 8.8 8.0 8.6 8.3 2
EC 302 578 347 484 430 1 334 572 367 475 422 1
COD¢; 10.30 28.00 13.0 21.5 17.00 2 2.50 22.0 12.75 16.0 14.04 1
BOI5 1.40 3.60 2.05 3.40 2.65 1 1.40 3.8 1.57 3.03 2.34 1
TOC 3.70 8.40 3.85 6.15 4.97 1 3.10 8.00 4.50 6.20 5.44 1
NH4-N 0.01 0.08 0.03 0.05 0.04 1 0.01 0.10 0.03 0.04 0.41 1
NO,-N 0.002 0.02 0.002 0.01 0.01 1 0.00 0.01 0.002 0.01 0.004 1
NO3-N 0.05 0.67 0.05 0.29 0.18 1 0.05 0.31 0.05 0.19 0.12 1
Total N 0.54 1.60 0.29 1.20 1.05 2 0.68 1.30 0.82 1.03 0.92 1
POy4-P 0.01 0.12 0.02 0.07 0.04 1 0.01 0.05 0.005 0.23 0.02 1
Total P 0.05 0.21 0.05 0.12 0.09 1 0.05 0.11 0.05 0.05 0.05 1
Overall rank 2 Overall rank 2
Sarud Basin Abadszaldk Basin
Component
Min. Max. LQ* uQ* Mean Rank Min. Max. LQ* uQ~* Mean Rank
pH 77 8.9 8.1 8.6 8.3 2 7.8 8.8 8.1 8.5 8.3 2
EC 302 614 328 487 414 1 298 553 374 479 405 1
COD¢; 2.50 20.0 8.00 12.0 12.59 1 6.60 18.00 9.90 15.0 12.76 1
BOI5 0.99 3.20 0.89 1.70 2.17 1 0.58 3.00 1.00 2.00 1.54 1
TOC 3.00 6.60 3.4 52 4.42 1 29 4.2 3.3 3.8 3.60 1
NH4-N 0.03 0.09 0.06 0.11 0.04 1 0.02 0.13 0.05 0.10 0.07 1
NO,-N 0.001 0.01 0.01 0.01 0.01 1 0.00 0.01 0.001 0.01 0.007 1
NO3-N 0.05 0.76 0.38 0.93 0.21 2 0.05 0.59 0.05 0.3 0.22 1
Total N 0.63 1.90 1.00 1.60 1.06 2 0.25 1.50 0.53 0.83 0.71 1
PO4-P 0.01 0.03 0.02 0.02 0.01 1 0.01 0.002 0.01 0.03 0.02 1
Total P 0.05 0.11 0.05 0.05 0.06 1 0.05 0.017 0.05 0.11 0.07 1
Overall rank 2 Overall rank 2

Note(s): * LQ = Lower Quartile, * UQ = Upper Quartile.

High pH values were found in all basins, with upper quartile values above 8.5, indicat-
ing the moderate to low category. In the Tiszavalk basin, the highest pH value reached 9.0,
which falls into the category of low to worse. The highest COD values were measured in
this basin with a maximum of 28 mg/L. Elevated NO3-N and total N values were measured
in the Tiszavalk and Sarud basins with a classification result of category 2.

The excellent and good values of the considered parameters can be explained by the
fact, that the quality of the water entering the reservoir from the River Tisza is already
known due to the sampling point in the upper section (sampling point TT1), so only water
of acceptable quality is released into the reservoir. If an event occurs in the upper sections
of the river that causes unfavorable water quality conditions, the flushing channels of the
Kiskore Reservoir will be closed. In addition, annual draining and refilling with fresh water
prevent negative eutrophication processes.
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In order to evaluate the differences between the sampling years (2021, 2022) and
between the sampling points in the basins and in the relevant section of the River Tisza,
boxplot diagrams were created (Figure 4). For all parameters plotted (pH, PO4-P, NH4-N,
NOs-N, COD,; and BOI;) significant differences can be found between the sampling points
located in the river and located in the different basins of the lake. This is because of the
significant amount of organic substance in the reservoir and the fast warming of the shallow
water, especially in the Tiszavalk basin where the average water depth is only 0.7 m. This
is supported by higher BOI5; and CODy;, values in the basins compared to the river. Median
COD, values in the basins exceeded 10 mg/L, while COD values in the river were below
10 mg/L in both years, except for the sampling point TT/5.
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Figure 4. Box plots of pH, PO4-P, NH4-N, NO3-N, COD,; and BOI5, for the sampling years
(2021, 2022).

However, considerably higher concentrations of NHs-N and NO3-N were measured in
the river section compared to the basins. NHy-N concentrations in the basins were around
0.05 mg/L, except in the Abadszaldok basin; however, in the river, they exceeded 0.1 mg/L
on numerous sampling occasions. In the case of NO3-N, while the median values were
typically below 0.2 mg/L, they were measured in the river at around 0.6 mg/L.

The different N content of the basins and the river is due to the filtering effect of the
reed beds, and the abundance of aquatic plants, which can take up significant amounts of
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nitrogen from the water. The Abadszaldk basin is the deepest basin and has the largest
water surface, therefore the filtration effect of the vegetation is less pronounced there,
resulting in higher N concentrations. In addition, this basin is visited by the largest number
of tourists, so the high number of bathers may also contribute to the higher concentrations.
The higher organic matter content can also be explained by the much higher amount of
biomass in the water of the basins, which decomposes more rapidly, especially in shallow
water with higher temperatures.

Investigating the fluctuations of inorganic nitrogen forms over time, it can be seen
that during the filling period in April, the lake and river values are close to each other, but
thereafter a continuous separation is observed, reaching the maximum in autumn (Figure 5).
The warming of shallow water of the basins is very significant during the summer months
(>26 °C), while in the Poroszl6 basin, it can approach or exceed 30 °C. The highest total
anion value was found in the Tiszavalk basin exceeding 300 mg/L during the summer
months in 2021 and 2022. SAR values showed a significant increase due to the extremely
dry and hot weather in 2022. While in 2021 the SAR values ranged between 1-1.5, they
increased significantly to between 2-2.5 in 2022 (Figure 5).
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Figure 5. Temporal fluctuations of temperature, SAR, inorganic N and total anion content of the
sampling points during 2021-2022.

3.2. Evaluation of the Hydrochemical Composition of Lake Tisza

In order to identify the geochemical evolution of the water type of the sampling
sites, major cations and anions (Ca*, Mg2+, Na*, K*, C1~, SO42~, CO5%~, HCO; ™) were
plotted on Piper, Durov and Stiff diagrams for the year 2022 (Figures 6 and 7). The samples
were first divided into two groups, samples from the river section and samples from the
lake. Samples from the lake were then divided by basin (Tiszavalk, Poroszl6, Sarud and
Abadszal6k basins).

According to the Piper diagram, for cations, the majority of the samples are classified
as a Ca?* and Na* type, while in the case of anions the HCO3~ type was determined
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Piper diagram, 2022
100

(Figure 6). Most of the samples from the river section and from the lake are classified as the
Ca?*-HCO; ™~ type, while 20% of them are considered the mixed Ca?*-Na*-HCOj3 "~ type.
Since the water in the lake is derived from the river, no significant separation was detected.
No significant differences were found between the four basins, although it can be seen that
the Tiszavalk basin has a higher Ca?* value, while Na* is more dominant in the Sarud and
Abadszalok basins.

According to the Stiff diagrams created for each basin, the abundance of major
cations follows the order Ca** > Na* + K* > Mg?*, while the order of major anions is
CO3%~ + HCO;3 ™~ > Cl~ > SO4%~ (Figure 7).

The scatter diagram of Ca?" + Mg?* vs. HCO3~ + SO42~ is used to determine dom-
inant silicate or carbonate weathering processes. Primary rock-forming minerals may
be silicates and carbonates. The dots above the 1:1 equiline indicate that the dominant
process is the ion exchange, dots below the 1:1 equiline suggest reverse ion exchange,
whereas samples that plot along the equiline suggest weathering of both carbonates and
silicates [60]. Figure 8 shows that almost all of the samples fall above the 1:1 equiline, mean-
ing that the concentrations of Ca>* + Mg?* are slightly deficient in relation to the anions
(HCO3™~ + SO427). As the dominant cation, Ca?* is more preferable to Mg?*, it can be
assumed, that the deficiency of Ca?* is due to ion exchange processes resulting from
silicate weathering [57].
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Figure 6. Hydrochemical faces of the sampling sites based on Piper and Durov diagrams.
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Figure 8. The scatter diagram of Ca?* + Mg?* vs. HCO3~ + SO,2~ for the different basins of Lake

Tisza in 2021-2022.

3.3. Statistical Analysis of the Water Samples Collected between 2021 and 2022

Correlation calculations for the investigated hydrochemical parameters were con-
ducted using SPSS 28 software. Table 4 summarizes the Spearman correlation coefficients
for the components. The strongest significant (p < 0.001) positive correlation was deter-
mined between Na*/Cl™ (r = 0.982), Na*/EC (r = 0.884), HCO;~ /Ca?* (r = 0.828), and
K*/Cl~ (r = 0.707), while a moderate negative correlation was detected between NH4*/pH
(r = —0.407), NH4*/CO3%~ (r = —0.361), and NO3~ /HCO; ™ (r = —0.348).
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Table 4. Spearman correlation coefficients for the investigated hydrochemical parameters.

pH EC Na* K* Ca2+ Mgz+ CO37 HCO37 Cl- 50427 NH;}+ N027 NO37 P0437 CODCI BOI5

pH 1

EC  —0044 1

Nat  —0.093 0.884 1

K*  —0.078 0705 0.745 1

Ca2t  0.068 0.672  0.631  0.654 1

Mg?  —0.005 0392 0266 0426 0.191 1

COz%~ 0559  —0.072 —0.160 —0.049 —0.061 0.176 1

HCO;~ 0132 0639 0559 059 0828 0468  0.045 1

Cl~  —0.080 0.884 0982 0707 0598 0267 —0.138 0.528 1

SO~ 0101 0199 0159 0457 0227 0467 0198 0209 0.130 1

NH,*  —0407 0001 0043 —0.029 —0083 —0.185 —0.361 —0.278 0.030 —0.036 1

NO,~ —0334 —0.117 —0.094 —0081 —0073 —0.136 —0.149 —0.194 —0.148 0.127  0.549 1

NO;~ —0261 —0.288 —0.259 —0.243 —0204 —0.228 —0.144 —0.348 —0.299 0081 0537  0.666 1

PO~ —0388 0030 0003 0119 0116 —0.044 —0.259 —0052 —0.038 0.143 0421 0414 0471 1

COD., 0196 —0.071 —0.054 0160 —0.018 0.144 0228 0072 —0.045 —0.068 —0.240 —0.415 —0.304 —0.043 1
BOI; 0261 0246 0205 0330 0292 0385 0339 0443 0226 0237 —0.361 —0.338 —0.407 —0.238 —0410 1

Note(s): Bold: Correlation is significant at the 0.01 level.

To evaluate the spatial separability of the water samples originating from different
locations (river section, basins of the lake), hierarchical cluster analysis was performed. To
calculate the similarity between the variables, the nearest neighbor cluster method was
used. The results are presented in a form of a dendrogram (Figure 9). Because of the
continuous refilling and drainage of the basin, it is not possible to separate the basins from
the river based on the data from the spring. However, the different circulation, evaporation
and biological processes in the river and in the basins make a considerable difference
for the summer period. On this basis, HCA was able to separate three distinct clusters.
Samples from the Tisza River section were clearly separated from the basins. The Tiszavalk
basin, with the lowest water level and the highest environmental protection measures, was
markedly separated from the other three basins.

Dendrogram using Single Linkage
Rescaled Distance Cluster Combine
0 5 10 15 20 25
1 1

Tisza river WIl.

Tisza river WIII.

Tisza river |.

> Abadszaldk basin

Paoroszld basin

Sarud basin

Tiszavalk basin

Figure 9. Dendrogram, representing the HCA results.

A two-step cluster analysis was conducted to classify groups based on the given
parameters and to identify the weight of each variable in the clustering process. Two
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groups were identified, comprising 41.5% and 58.5% of the samples (Figure 10). The larger
group (2) consists of 92% of samples from the river section, while in the first group, 79%
of the samples are of lake water origin. These results also confirm that, although the lake
receives its water from the River Tisza, different biological processes during the year result
in the lake and the river having distinct features. The most important contributors to the
group composition consisted of the inorganic nitrogen forms, NO;~, NH4*, NO, ™. The
first group had an average NO3;~ value of 0.73 mg/L, while the value of the second group
was 2.94 mg/L. The mean values of NH;* were 0.05 mg/L in the first and 0.11 mg/L in the
second group, respectively. The mean value of the least important factor (EC) was almost
equal to the values of 420 uS/cm (Group 1) and 422 uS/cm (Group 2).

Inputs
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H1o00o0sOosO04 002000 1H2
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Label -
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poes [ el Jsesy
(51) (72)

Pt

NH4 [mg/L]

NO2 [mglL]

|
5 .
BOIS [mgiL]
g | sopgon
. -—
L
) e i
cober [mgiL) CODer [mg/L) ] )
N de o018 :
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Figure 10. Results of the two-step cluster analysis.

3.4. The Impact of Favorable Ecological Status on Tourism Development

Since the favorable status of the water quality and habitats are essential for the different
types of outdoor and waterfront activities such as fishing, swimming, bathing, and water
sports, as well as for bicycle tourism and ecotourism, sustainable management of the lake
is a priority of national interest. The Kiskore reservoir is an excellent example of the way
in which a human-created lake can become a complex system of habitats with significant
environmental value. It was demonstrated in the previous parts of the study how the
annual exchange of water contributes to the maintenance of the good condition of the lake
ecosystem and good water quality, which has contributed greatly to the increase in tourism
over the last decade. The number of tourists on Lake Tisza increased from 29,000 in 2000 to
135,000 in 2019. The number of bicycle tourists passing through the Kiskore Dam has risen
from 12,167 in 2009 to 68,003 in 2022.
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The importance of the lake is also highlighted by the fact that during the COVID-19
pandemic, the number of outdoor activities increased rapidly, the number of bicycle tourists
reached 70,435 in 2020 and reached its peak of 87,920 in the counting period in 2021, when
strict epidemiological measures were still in place. The public’s demand for waterfront
recreation is also shown by the fact that the number of fishing tickets sold in 2020 was
30% higher than in the previous year (130,000). These trends confirm that Lake Tisza is an
increasingly popular destination for outdoor activities and ecotourism.

4. Conclusions

The present study aimed to assess the water quality of the largest artificial lake
in Hungary (Kiskore Reservoir—Lake Tisza), with special regard to the hydrochemical
properties. The special characteristic of the lake is that the water level is artificially regulated.
The reservoir is filled by the water of the River Tisza every spring, while the water level is
reduced by 1.2 m, draining a major part of the area in the autumn. This process substantially
affects the water quality characteristics of the lake. The majority of samples from the river
section and from the lake are classified as Ca?*-HCO;3~ type or mixed Ca?*-Na*-HCO;~
type. Since the water in the lake is derived from the river, no significant separation
was detected. According to the ecological potential assessment results, all component
groups of each basin (Tiszavalk, Poroszld, Sarud and Abadszaldk basins) were classified
as excellent or good. Due to high pH values, the overall evaluation of the basins water
quality was good. This favorable situation is due to the fact that the annual filling allows
for a constant supply of good quality river water and prevents eutrophication processes
typical of shallow waters. The good ecological condition of the lake has enabled it to
become one of the most popular recreational areas in Hungary, with a steadily increasing
number of visitors, causing increasing anthropogenic loads, although the yearly water
change moderates their impact significantly. The temperature measurements demonstrated
the rapid warming of the shallow water of the basins during the summer months, resulting
in different hydrochemical characteristics compared to the river section. Differences in the
plant nutrient and oxygen balance component groups have been revealed with hierarchical
and two-step cluster analysis indicating distinct features of the basins. In addition to the
good water quality status of the lake, a long-term assessment and a more detailed study of
the water quality of the basins are needed in the future.

It was revealed that the annual exchange of water supports the maintenance of the lake
ecosystem and good water quality, which contributes highly to the significant increase in
ecotourism and sustainable tourism activities over the past two decades. The trends in the
number of fishers and bicycle tourists during the pandemic confirm that Lake Tisza is an
increasingly popular destination for outdoor activities and ecotourism. Therefore, in order
to ensure good water quality, a strong emphasis should be placed on visitor management
in water-related tourism activities.
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