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Abstract

The aim of this study was to evaluate the quality of the Tisa River on its flow through Serbia.
The water quality status and the spatial and temporal trends along the Tisa River were assessed
through the application of ten SWQI parameters derived from a six-year public database of
environmental data (2011-16). Also, the created data set was treated by multivariate techniques in order
to identify the similiraties and differences between sampling periods and locations, recognize variables
that affect the temporal and spatial water quality and present anthropogenic impact on water quality
parameters. This study reveals that water quality along the Tisa River decreases slightly downstream.
Obtained values of SWQI descriptive quality indicator indicated that water quality on this course, during
the monitoring period, was good (72-83) and very good (84-89). Multivariate statistical techniques
(PCA/FA) led to the conclusion that the changes in water quality mostly occur under the influence
of organic pollutants (anthropogenic) and nutrients (total phosphorus, ammonia, etc.).

Keywords: Tisa River, water quality index, multivariate statistical techniques, principal component

analysis (PCA), spatial similarities, temporal similarities

Introduction

Water quality has recently become a major issue in
the management of international river basins, especially
in Europe. The need for integrating the water quality
issues in various environmental initiatives worldwide
reflects the profound impact of economic, technological
and demographic changes upon freshwater resources,
including rivers [1-3]. One can say that water quality
is one of the most important factors that have to be
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considered in order to evaluate the sustainability of a
particular watershed [4]. Water quality is, in fact, one
of the main characteristics of a river, even when its
purpose is other than human water supply; for instance,
tourism, transportation and consumption [5].

The quality of surface water bodies is a very
sensitive environmental issue. Surface water quality is
determined by natural processes — climatic, hydrological
and geological (air temperature, precipitation, mean
water level, flow wvariation, soil erosion and basin
lithology) — as well as human activities such as
urbanization, industry, mining, metallurgy, agriculture
and increased consumption of freshwater resources
[6-11]. For instance, untreated wastewater from mines
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and metallurgical facilities is one of reasons for high
heavy metal load of river waters. Nutrients (nitrogen
and phosphates) from agriculture represent a major
part of diffuse water pollution [12, 13]. These factors,
often acting as persistent sources of pollution, seriously
degrade aquatic ecosystems, impairing the use of water
for various activities (drinking, agriculture, industry and
other purposes).

A number of techniques have been used in order to
monitor and evaluate the effects of pollution on surface
waters, including: traditional methods, modelling
approaches, water quality indices (WPIL [11]), WQII,
WQI, for instance), multivariate statistical techniques
(so-called chemometrics [14]), artificial neural networks,
artificial intelligence, fuzzy logic, and also combinations
of some of these [15]. These methods were developed
under specific conditions and, therefore, there is a need
to choose an optimal water quality assessment method
for the specific purpose and particular watershed [16].
For instance, traditional methods cannot successfully
examine the non-linearity, subjectivity and complexity
of the cause-effect relationships between water
quality variables and water quality status [17]. On
the other hand, multivariate statistical techniques for
the processing of large data sets have been applied to
environmental systems during the last decades [18].
This paper presents an assessment of the water quality
data using the water quality index (WQI) and various
multidimensional analysis data methods such as
principal component analysis, factor analysis and cluster
analysis.

SLOVAKIA

Fig. 1. Orography and river network of the Tisa River Basin.

In this study, the quality of water in the Tisa River
Basin (TRB) in Serbia was determined (Fig. 1 [19]). The
Tisa is, like many other international rivers in developing
countries, polluted mostly from anthropogenic sources,
including agriculture, industry, sewer system, waste
waters and water barrage systems [20]. Despite a
number of studies, there is a lack of information on the
concentrations and distributions of various pollutants in
surface water of the Lower Tisa [21, 22]. In line with
the recommendations of the European Water Framework
Directive 2000/60/EC (WFD), this study explores the
eco-chemical status (on the basis of physical-chemical
parameters) of the Tisa River on its flow through Serbia,
including the tributaries and the rest of its watershed
in this country. This is in line with the so-called
“catchment-based approach” proposed by EU/WFD that
points out the involvement of various stakeholders in
order to find out more cost-effective solutions for water
quality problems [23].

Material and Methods
Study Area

The Tisa River Basin (TRB) is mainly located in
the northeastern part of the Danube River Basin (DRB)
(801,500 km?), the “most international” river basin
in the world as it touches 19 countries and supports
30 different types of ecosystems [24, 25]. Although
only 10% of the DRB belongs to Serbia, 92.3% of its
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Table 1. Water bodies with associated label, type, and monitoring stations.

Water body Label Type Monitoring stations
Tisa TIS 1, TIS 2 1 Martonos (S1), Padej (S2), Bedej (S3), Zabalj (S4), Titel (S5)
Zlatica ZLA 2 Vrbica
Stari Begej STBEG 1 Hetin
Krivaja KRIV_1,KRIV 3 5 Karadordevo, Mali Idos, Srbobran
Keres KER 5 Subotica

national territory is located within the DRB [26]. With
a catchment area of 157,186 km? [56], the TRB is the
largest sub-basin of the DRB. It is interesting to mention
that the proportion of surface water bodies classified as
heavily modified water bodies (HMWBSs) in the TRB is
34% — less than in the DRB (40%) [27].

The larger part of this sub-basin (almost two thirds)
consists of the mountainous catchments of the Tisa and
the tributaries in Ukraine, Romania and the eastern part
of Slovakia, while the remainder is the lowland area
of the Pannonian Plain, mainly in Hungary and Serbia
(Fig. 1). The TRB (home to approximately 14 million
people) encompasses five countries: Ukraine (8.1% of
the total catchment area), Romania (42.6%), Slovakia
(9.7%), Hungary (29.4%) and the smallest share in Serbia
(6.6%). The Tisa River catchment area is asymmetrical:
the left side covers 60% of the entire watershed area and
the tributaries from this region influence the entire Tisa
system [28].

The Tisa collects the waters of the Carpathian
Basin’s eastern region and the total length of its main
branch nowadays is 964 km (in Serbia, 164 km) [29].
Before the river regulation, the total length of the
Tisa was 1,419 km, which decreased to 966 km after
regulation [30]. Currently, almost one third (32%) of its
length is strongly regulated [31]. Flowing from its spring
in the Eastern Carpathians in Ukraine to its confluence
with the Danube at Titel in Serbia, the Tisa represents a
highly important ecosystem to all riparian countries. Its
main tributaries are: Mures/Maros, Koros/Cris, Somes/
Szamos, Slana/Sajo and Bodrog (shared by Hungary,
Slovakia and Ukraine). The Tisa can be divided into
three distinct parts: (1) the Upper Tisa (upstream from
the confluence of the Somes River); (2) the Middle
Tisa (between the mouth of the Somes and the Mures
Rivers); and (3) the Lower Tisa (downstream from the
confluence of the Mures River). The Lower Tisa receives
the water from Bega/Begej River and other tributaries
indirectly via the Danube-Tisa-Danube Canal System.
The Begej River originates from the Old Begej and the
Begej Canal, both flowing from Romania to Serbia. The
average amount of water brought by the Tisa into the
Danube is 25.4 billion m*year™ [32].

The Serbian part of the TRB covers almost half of
Vojvodina (Northern Autonomous Province of Serbia).
The Tisa River divides the province of Vojvodina into
two regions: the Banat on the east and the Backa region

on the west. This Serbian province is part of a large
flat depression of the Pannonian Basin. The Vojvodina
region is the most important area of commercial
agriculture as cropland occupies nearly four-fifths of its
territory.

Stations and Sampling Period

The data sources used for water quality monitoring
and determining ecological status of the Tisa River
in Serbia were the Data Fund of the Republic Hydro
meteorological Service of Serbia, as well as the Serbian
Environmental Protection Agency (SEPA). The first
institution provided data for 2011 and the second for
the remaining years (2012-2016) [33]. The evaluation
of water quality in the Serbian part of the TRB
was conducted using the data set obtained from 11
hydrological measuring stations (Table 1).

Five stations, as can be seen in Fig. 2 [34], are
located on the Tisa River: (1) Martono$ (S1) — the input
profile (155 km upstream from the confluence with the
Danube), (2) Padej (S2, 105 km), (3) Novi Becej (S3,
65 km), (4) Zabalj (S4, 37 km) and (5) Titel (S5) — the
output profile (9 km).

Monitored Parameters

Water quality parameters were measured at
the 11 points on the courses of the Tisa River and
its tributaries. The obtained values were used to
calculate the Serbian water quality index (SWQI) —
an environmental indicator developed by the Serbian
Environmental Protection Agency [35] and based on
the Water Quality Index method developed in the
United Kingdom [36]. SWQI consists of 10 quality
parameters: temperature (T), oxygen saturation, pH,
biochemical oxygen demand (BOD,), ammonium (NH,),
total nitrogen oxides, orthophosphates (PO,), suspended
matter (SM), electrical conductivity (EC) and the most
probable number of Escherichia coliform bacteria
(E. coliiMPN).

Each of these selected parameters of water quality
(g) does not have the same relative significance on
the overall water quality assessment. Therefore, each
parameter has a specific weight (w,), according to its
importance. The SWQI is obtained by summarizing
the products of all quality parameters (g) and their
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Fig. 2. Map of monitoring stations in the province of Vojvodina.

corresponding weights (w,). By summing their products,
the SWQI value of 100 is obtained as the ideal sum of
all parameters. The maximum value of each parameter
is shown in Table 2 [37].

The formula used for SWQI calculation is:

SWQI = 0.18%0, + 0.15BPK_ + 0.12NO, + 0.09pH +
0.08N + 0.08PO + 0.07SM + 0.05t + 0.06uS + 0.12MPN

Table 2. SWQI parameters and their corresponding maximum g,
x w,values [37].

Parameter Maximum g, x w, value
Oxygen saturation 18
BOD; 15
Ammonium 12
pH 9
Total nitrogen oxides 8
Orthophosphates 8
Suspended solids 7
Temperature 5
Electrical conductivity 6
E. coli 12
SWQI= Y (g,xw,) 100

Table 3. Classification of surface water by the SWQI method [35].

| gKusi
p .;B;: Palanka
Gra VI

%

If some measurements for particular parameters are
missing, the value of arithmetically determined WQI is
corrected by multiplying the index value by 1/x, where x
relates to the sum of arithmetically measured values of
available parameters [38].

Based on the calculated values of SWQI, the water
quality of analysed water body will be evaluated
according to the classification criteria of the descriptive
quality indicator given in Table 3 [35]. These descriptive
criteria of water quality are presented on a national river
map by corresponding colours. The main obstacle of
the SWQI is a relatively small number of parameters.
Although these parameters offer information about
organic loading, they do not deal with heavy metal
pollution [39].

Statistical Analysis

Many previously conducted studies have indicated
that multivariate techniques help interpret extensive
data sets, allowing for identification of sources of water
pollution (point or non-point sources) and provide
a powerful tool for reliable management of water
resources [34, 40-49]. In this study, the multivariate data
analysis was carried out using cluster analysis (CA),
principal component analysis (PCA) and factor analysis
(FA). All the statistical computations were made using
the software package SPSS V. 17.0.

A widely used technique for pattern recognition is
CA, and we use it here to discover the intrinsic structure

Value 100 -90 89 -84 83-72 71-39 38-0
Quahtat;i\;endescrlp : Excellent Very good Good Poor Very poor

Color Dark blue Light blue Green Yellow Red

Class I 11 1 v
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of a data set without making “a priori assumptions
about the data to classify the objects of the system
into categories or clusters based on their nearness or
similarity” [50]. The data set was treated by hierarchical
clustering according to Ward’s method of linkage with
a square Euclidean distance as a measure of similarity
[42, 50].

PCA provides information dealing with the most
important parameters describing the entire data sets,
allowing, at the same time, for data reduction with a
minimum loss of original information. It is convenient
to apply PCA/FA to the normalized data in order to

make a comparison between patterns of the water
sample chemical structure, as well as to identify factors
that influence each other [42].

Results and Discussion
Descriptive Statistics
Maximum, minimum and average values of 10

water quality parameters for all five monitoring
stations on the Tisa are presented in Table 4. Monthly

Table 4. Values of the water quality parameters along the Tisa for 2011.

Parameter Unit S1 S2 S3 S4 S5
min. 2.00 2.00 1.80 1.00 1.20
Temperature °C max. 25.8 25.40 25.50 24.50 25.00
median 13.68 14.70 14.32 12.31 12.61
min. 7.90 7.80 7.80 7.80 7.90
pH - max. 8.40 8.30 8.20 8.20 8.30
median 8.06 8.00 7.97 7.93 8.02
min. 81 64 65 62 51
Oxygen saturation % max. 114 99 95 93 93
median 93.08 82.45 80.54 78.60 82.00
min. 343 378 375 330 329
Electrical conductivity puS/em max. 746 759 675 674 664
median 530.25 543.45 530.09 | 543.00 | 543.70
min. 1.30 1.00 1.00 1.30 1.20
BOD, mg/L max. 3.60 3.10 2.60 2.40 3.60
median 2.10 1.68 1.80 1.77 1.84
min. 7 3 3 5 7
Suspended matter mg/L max. 225 100 100 76 65
median 4433 27.54 27.81 33.40 33.60
min. 0.39 0.44 0.52 0.54 0.65
Total nitrogen oxides mg/L max. 1.59 1.63 1.21 1.41 1.38
median 0.96 0.99 0.91 0.93 0.93
min. 0.003 0.011 0.027 0.045 0.038
Orthophosphates mg/L max. 0.210 0.115 0.094 0.107 0.090
median 0.049 0.058 0.061 0.069 0.062
min. 0.02 0.02 0.02 0.02 0.02
Ammonium mg/L max. 0.23 0.17 0.21 0.21 0.27
median 0.08 0.08 0.10 0.11 0.10
min. 220 500 220 220 220
E. coli Count/100 ml max. 24000 3800 7500 880 500
median 4491.43 | 1575.00 | 3405.00 | 440.00 | 406.67
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Table 5. Water quality characterized by the maximum concentration level (MCL) in Serbia [15].

Parameter (unit) MCLclass I MCL class I MCL class II MCL class IV
Temperature (°C) - - - -
pH 6.8-8.5 6.8-8.5 6-9 6-9
Oxygen saturation (%) 90 - 105 70-90 50-75 30-50
Electrical conductivity (uS/cm) - - - -
BOD, (mg/l) 2 4 7 20
Suspended matter (mg/L) 10 30 80 100
Total nitrogen oxides (mg/L) 10 10 15 15
Orthophosphates (mg/L) 0.005 0.005 0.01 0.01
Ammonium (mg/L) 0.1 0.1 0.5 0.5
E. coli (count/100 ml) 200 10000 20000 20000

values of these parameters were used to calculate
SWQI. According to water regulations in Serbia [15],
all surface water bodies in this country are divided
into four classes. Maximum concentration level (MCL)
is defined for each of these classes (Table 5).

The temperature of the Tisa varies from 1.0°C
to 25.8°C during the year. This result indicates the
absence of extreme variations as a condition for
maintaining water life. The Tisa has pH values in
the range of 7.80 and 8.40, which is common for
rivers. Maximum values were recorded in different
months: May (stations S1 and S2), November (S3 and S4)
and June (S5). The water acidity (pH) defines solubility
and biological availability of different chemical
compounds of nitrogen, phosphorus, carbon and
heavy metals. The average pH value indicates a certain
level of organic pollution of the water, but still within
the limits of good eco-chemical status — pH<8.5
(class I).

The average values for electrical conductivity,
ranging from 759 pS/em (Padej, S2) to 329 uS/em
(Zabalj, S4), are below the limiting value (<1000) as
defined by the Council Directive 75/440/EEC [51]. In
terms of suspended solids (matter), small variations
have been detected among average values, ranging
from 27.54 mg/L (S2) to 44.33 mg/L (Sl); thus,
according to this quality criterion, the Tisa River
belong to class II. Electrical conductivity and suspended
solids are highly dependent on hydrological conditions,
such as flow rate and water level, or current seasonal
conditions, such as rainy and dry periods. Many
of these factors have an influence on lower values of
electrical conductivity of the Tisa. Average oxygen
saturation (93.08%) was within the highest rank (class
1) only in the case of entry profile (Martonos, S1); while
the others belonged to class II. Also, both the maximum
and minimum values of oxygen saturation decreased
downstream — from Martonos (SI) to Titel (2) — even
below 70%. This is a clear sign of possible pollution;
in fact, the eutrophic tendencies are responsible for

decreased oxygen saturation. In the TRB, eutrophication
is one of the problems that threatens not only the
biodiversity and the economic potential of this riverine
ecosystem, but also the Danube delta and the Black
Sea [52, 53]. Therefore, ecosystem services of the Tisa
should not be neglected in management and planning
[54-56].

The results of BOD, values detected at the
monitoring  station Martono§ (S1) indicate the
presence of biodegradable organic mater (2.1 mgO,/L)
and classify the water as class II, while the values
at remaining stations (in the range of 1.68 and 1.84)
indicate a decreasing trend of biological consumption
of oxygen and an improvement of water quality
level. The total nitrogen oxides and orthophosphates,
as an indicator of pollution by chemical industry,
are correlated and show a slight deviation from
class II. On the other hand, ammonium ion strongly
deviated from the limiting value (0.05 mg/L). Finally,
the presence of Escherichia coliform bacteria is an
indicator of the highest sanitary contamination of
water at Martono§ station (S1), but the values are
significantly lower toward the confluence of the Tisa
with the Danube.

Previously conducted investigations indicated that
the concentrations of various pollutants (in particular,
heavy metals) were very high in surface water and
sediments of the Upper and Middle Tisa because of
metallic wastewater discharges from various mining-
metallurgical facilities operating there. Nevertheless,
a decrease in the concentrations of nutrients such as
nitrogen and phosphorus in water and the sediments of
the river were reported [57]. In Hungary, for instance,
the total consumption of commercial fertilisers
(during the period 1988-1993) dropped from 617,000
to 124,000 tonnes per year [58]. Although agriculture
plays a dominating role in the Hungarian part of the
TRB, the observed positive shift in water quality
(frequently reported) was probably caused by changes
in agricultural practices. It should also be mentioned
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that all the large watercourses in this part of Europe
exhibited a downward trend of organic matter content
in the period 1991-2006; the Tisa’s average level of
BOD, was between 3 to 5 mg/L [59]. In fact, biological
oxygen demand (BOD) in rivers is the only water
quality indicator that every EU member state is obliged
to monitor on a regular basis [60].
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Fig. 3. Annual and seasonal values of SWQI for Martono$
station; blue, red and green lines denote cold, warm and annual
periods, respectively.
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Fig. 4. Annual and seasonal values of SWQI for Novi Becej
station; blue, red and green lines denote cold, warm and annual
periods, respectively.
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Fig. 5. Annual and seasonal values of SWQI Titel station; blue,
red and green lines denote cold, warm and annual periods,
respectively.

Water Quality Index

Average values of 10 water quality for the three
control points on the Tisa (Martonos, Novi Becej and
Titel) were determined and, consequently, monthly
values of these parameters were used in order to
calculate SWQI for the Tisa. SWQI was calculated
72 times throughout six years and these values are
indicated in Figs 3-5 for the cold period (blue line),
warm period (red line) and whole year (green).

SWQI values for Martono§ station (Table 3),
calculated on an annual basis, ranged from 82 in 2016 to
88 in 2015. According to obtained results, water quality
of the Tisa at Martono§ might be mainly classified as
very good (84-89). However, insight into the seasonal
changes reveals a quite different picture. It is noticeable
that during the warm period water quality at Martonos
station decreases, and it could be classified as good
(72-83). A similar change was noticed at two remaining
stations: Novi Becej and Titel (Figs 4 and 5). The last
station on the Tisa (before its flow into the Danube),
Titel, is very interesting. On this station, for the first
time during the research period, we obtained values (90),
according to which water quality could be classified as
excellent in 2014.

Values of SWQI for the research period (2011-2016)
also are presented for all three monitoring stations
(Fig. 6). As can be seen, the highest average values
were recorded at the Titel (in 2014) and Martonos (2015)
profiles (both 88). The lowest average SWQI values
were obtained in the first year (2011) of the investigated
period. At Novi Becej station, the SWQI of 81 was
obtained in two consecutive years (2011 and 2012).

The spatial and temporal variations of surface water
quality along the Tisa were assessed according to the
SWQI methodology based on six-year public base of
environmental data. In the case of the Tisa, this method
is used as a general descriptive index to determine the
overall water quality. Namely, seasonal variations of
water quality were observed and some patterns were

90

2011 2012 2013 2014 2015 2016

B MartonoS M Novi Becej M Titel

Fig. 6. Annual average SWQI scores for stations on the Tisa
River.
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Fig. 7. Average SWQI scores for stations on the Tisa River
obtained for the warm period.

recognized on all three stations. The lowest values of
SWQI, not surprisingly, were observed at all stations
(Martono$, Novi Becej and Titel) during the warm
period: especially, in June, July, August and September
(Fig. 7). During the summer months, increased
biological activity causes a considerable decrease in
concentration of dissolved oxygen.

On the basis of annual values of SWQI presented
in Figs. 3-7, one can claim that water quality of the Tisa
is worse in warmer periods of the year. The same trend
has been shown in other similar studies [39, 41, 46].
Finally, according to obtained SWQI values on the Tisa,
one can assume that the lowest water quality is recorded
at Novi Becej station. In other words, water quality
along the Tisa decreases downstream in the investigated
period.

Cluster Analysis

In this study, surface water quality was not assessed
only for the main course of the Tisa, but for the entire
TRB in Serbia (Table 1, Fig. 2). In order to determine the
similarity groups of sampling stations, cluster analysis
was carried out. A dendrogram (Fig. 8) was obtained as
a result, according to which 11 monitoring stations are
grouped into two statistically significant clusters in a
distinct connection (D, /D _ ) x 100.

Cluster 1 consists of eight sampling stations in
the Serbian part of the TRB (Martono$, Novi Becej,
Titel, Sombor, Melenci, Backi Breg 1, Backo Gradiste,
Srpski Itebej; Fig. 2), while cluster 2 includes the three
remaining sampling stations (Vrbica, Backi Breg 2,
Hetin). Part of cluster 1 are three stations on the Tisa,
previously described (Figs 3-7). Cluster 1 corresponds
to low-contaminated sites and Cluster 2 corresponds
to high-contaminated sites. Cluster 2 sites (Vrbica
and Hetin) were situated downstream of the mining-
metallurgical facilities in Romania, and these sites were
polluted with wastewater discharge.

Tree Diagram for 11 Cases
Single Linkage
Euclidean distances

Martonog
Novi Becej
Titel

Sombor

o Cluster 1
Backi Breg 1
Backo Gradi§te
Srpski tebej
Wrbica

Cluster 2
Backi Breg 2
Hetin |
o 20 40 &0 80 100 120

(Diink/Dmax)*100

Fig. 8. Dendrogram showing hierarchical clustering of sampling
stations on the Tisa River Basin in Serbia.

Locations within the same cluster have similar
characteristics and common sources of pollution.
Consequently, sometimes it is only one monitoring
station from each cluster, and it can be used as a reliable
indicator of the water quality of the whole group. In
a word, cluster analysis allows for rapid water quality
assessment.

Principal Component Analysis/Factor Analysis

The results obtained by PCA/FA analysis for two
seasonal periods (cold and warm) for the investigated
period (2011-2016) are presented in Table 6. Four
principal components were obtained with eigenvalues
higher than 1, explaining almost 67% of the total
variance in the water data sets for the cold months. The
factor loadings were classified as “strong”, “moderate”
and “weak”, corresponding to absolute loading values of
>0.75, 0.75-0.50 and 0.50-0.30, respectively [40].

The first principal component (PC1), which accounts
for 22.01% of the total variance, has a strong positive
loading on nitrates and total nitrogen as well. On
the other hand, there is a weak negative loading on
temperature. In the second PC (PC2), which accounts for
19.02% of the total variance, it can be noticed that there
moderate positive loadings on nitrates and ammonium
and weak positive loading on BPK.. PC3 (13.52%
of the total variance) has strong positive loading on
dissolved oxygen and moderate positive loadings on pH
and BPK.. Finally, the last principal component (PC4),
which participates with 12.67% of the total variance, is
characterized by a weak negative loading on suspended
solids (SM) and moderate positive loadings on electrical
conductivity and orthophosphates. It is reasonable
to assume that PC2 is connected with anthropogenic
pollution sources originating from the consumption of
fertilizers in agricultural activities [61].

A quite different combination of principal
components was obtained when the data sets for the
warm period were processed. Here, four principal
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Table 6. Loadings of variables (10) on significant principal
components (with Varimax rotation) for cold and warm seasons.

Cold season

Component
1 2 3 4
Temperature -0.414 | -0.160 | 0.223 |,0.025
Suspended solids 0.127 | 0.335 | -0.096 | -0.594

Dissolved oxygen 0.119 | -0.141 | 0.823 | -0.278
pH 0.132 | -0.251 | 0.775 | 0.269

Electrical conductivity | 0.195 | 0.047 | 0.045 | 0.767

Ammonium 0.007 | 0.822 | -0.199 | 0.066
Nitrites 0.104 | 0.770 | -0.047 | -0.005
Nitrates 0.948 | -0.036 | 0.171 | 0.109

Total oxidized nitrogen | 0.949 | -0.022 | 0.171 | 0.110

Orthophosphates 0.080 | 0.309 | -0.145 | 0.663
BPK -0.175 | 0.544 | 0.617 | 0.059

5

Warm season

Component

1 2 3 4
Temperature -0.744 | -0.231 | 0.035 | -0.079
Suspended solids 0.112 | -0.149 | 0.354 | -0.066
Dissolved oxygen 0.084 | -0.541 | -0.045 | 0.729
pH 0.073 | 0.069 | -0.237 | 0.873
Electrical conductivity | 0.026 | 0.902 | -0.164 | 0.089
Ammonium -0.024 | 0.133 | 0.796 | -0.155
Nitrites 0.140 | -0.161 | 0.811 | 0.123
Nitrates 0.902 | -0.256 | 0.164 | -0.050
Total oxidized nitrogen | 0.897 | -0.259 | 0.193 | -0.045
Orthophosphates -0.179 | 0.843 | -0.033 | -0.073
BPK, -0.309 | 0.249 | 0.373 | 0.575

* Bold and italic values indicate strong and middle loadings,
respectively

components account for almost 72% of the total variance
in the water data sets for the summer months. The first
principal component (PC1), which accounts for 26.80%
of the total variance, has a strong positive loading on
nitrates and total nitrogen, just like during the cold
period. However, instead of weak negative loading on
temperature in the cold period, a moderate loading
on this parameter is obtained for the warm period. In
the second PC, which accounts for 16.89% of the total
variance, there are strong positive loadings on electrical
conductivity and orthophosphates and weak positive
loading on dissolved oxygen. PC3 (14.71% of the total
variance) has strong positive loadings on ammonium

and nitrites. The last component (PC4), which takes part
with 13.23% of the total variance, is characterized by
strong positive loading on pH, moderate positive loading
on dissolved oxygen and weak positive loading on BPK..

The analysis of presented results shows noticeably
higher water quality level at the exit profile as opposed
to the entry profile of the Tisa into Serbia. This is a
consequence of long-term anthropogenic influences on
the Tisa in the vicinity of Martonos. For instance, water
quality of this river during the period 1991-2000 was
never classified as class I; it was always between classes
II and III [62]. Yet this watercourse remains as a highly
impaired water body, and, consequently, the single-factor
assessment method used in this study is appropriate.
Namely, this assessment method is applicable to
conditions when a single water quality parameter
impairs water quality much more seriously than others
[63]. Therefore, eco-chemical status of the Tisa is
threatened mostly by: (1) relatively small concentrations
of dissolved oxygen (especially, during the warm
period); (2) high values of BOD,; (3) huge amounts of
coliform bacteria; (4) high contents of suspended matter;
and (5) large amounts of nutrients (total P, ammonia,
etc.). Moreover, long-term negative environmental
changes in the TRB during the last 150 years have led
to an increasing frequency of extreme events, such as
severe floods (the most recent in the period from 1998 to
2000), periods of drought (particularly in Hungary and
Serbia), as well as landslides and erosion in the uplands
(in Ukraine and Romania) [27, 63].

The results obtained by the single-factor assessment
method correspond to those obtained by the SWQI
method and multivariate techniques that were used for
the evaluation of the surface water quality of the Tisa.
The SWQI method is suitable when a specific pollution
factor plays a dominant impairment role while PCA
analysis is appropriate to apply when the relationships
among water quality parameters are linear [64, 65].
However, some PCA limitations remain; for instance,
this technique ignores the degree of data dispersion and
it cannot reasonably process the nonlinear data. In this
study, consequently, the SWQI index was chosen as the
best choice for evaluating the water quality conditions
of the heavily polluted Tisa.

The results presented in this study show that the Tisa
differs significantly from the Danube and, consequently,
it might impair the eco-chemical status of the most
international river in Europe. On its flow through Serbia,
the Danube is joined by two of its largest tributaries —
the Sava (by volume) and the Tisa (by length) — making
its volume more than doubled. It is not so common that
one large international river has a sharp increase in
volume due to the inflow of its tributaries at relatively
small territory. Hence, these large tributaries in the
middle section of the Danube course may influence its
eco-chemical status. The discharge of the Tisa at its
mouth equals 25% of the discharge of the Danube. It was
shown, for instance, that the Tisa might be responsible
for the lowering BOD, and pH values of the Danube



4082

Babi¢ G., et al.

and for increasing the phosphates concentration [66].
Compared to the Danube, the Tisa had elevated values
of COD, suspended matter, total dissolved solids, total
phosphorus, phosphates and ammonia.

Fortunately, much of negative influence of the
Tisa pollution load, related to intensive agricultural
production, is neutralized by dilution and the self-
purification processes in the Danube. At the first
sampling station after the mouth of the Tisa, located
50 km downstream, significant influence on the majority
of water quality parameters was not detected. However,
this does not mean that a serious threat from the Tisa
to the eco-chemical status of the Danube is completely
removed. It originates from the influx of the nutrients
(total phosphorus, ammonia, etc.). Unlike some other
pollutants that can be neutralized, nutrients remain in
the environment even when they are adsorbed by biota
[66].

The Tisa course in Serbia is under substantial
influence of the agricultural pollution since it flows
through the Pannonian Plain. The Tisa flows through
the Serbian province of Vojvodina, where agricultural
land covers more than 80% of the watershed area, the
average total nitrogen concentrations during the last
decades exceeded 5 mg/L. Therefore, it is required to
reduce the volume of intensified agricultural acitivity
or to introduce so-called “precision farming” [56]. On
the basis of results obtained by cluster analysis, it can
be concluded that more attention has to be paid to small
watercourse (tributaries) draining into the Serbian part
of the Tisa River Basin.

Obviously, the entire sub-basin is highly vulnerable
to heavy metal pollution due to urbanization,
industrialization and various irrigation projects such as
the well-known Hydro-system Danube-Tisa-Danube
(HsDTD) — the biggest canal network in the DRB and
a significant source of indirect pollution of the Tisa [67].
On the other hand, the HsDTD, primarily constructed
to provide drainage and water for irrigation, represents
a habitat for aquatic organisms, including significant
fish populations [68, 69].

As a signatory party of the Danube River Protection
Convention and a contracting party of the International
Commission for the Protection of the Danube River
(ICPDR), since August 2003, Serbia has been committed
to implementing the Danube Convention. Some of the
objectives of these documents relate to the control of
hazardous substances originating from accidents and
the implementation of measures to reduce pollution
loads that inflow into the Black Sea from the DRB.
Since ICPDR got the mandate for implementation of
the European Union (EU) Water Framework Directive
(WFD), Serbia, although not yet an EU member
state, has been undertaking measures to contribute to
fulfilment of the WFD main objective: the protection
and improvement of the status for all European water
bodies to the level of “good ecological and chemical
status” [70, 71].

Conclusions

This study confirms the importance of applying a
WQI as a useful tool for representing information on
surface water quality. It reflects the overall influence
of various sources and allows for easy interpretation
of data obtained from monitoring stations. This study
indicates that water quality along the Tisa (on its course
through Serbia) decreases significantly during the
warm period, but it still provides desirable values that,
according to SWQI descriptive quality indicator, have
been determined as good (72-83) and very good (84-89).
Based on the presented results that were derived from
the analysis of the impact of 10 parameters measured on
three points during the years 2011-2016 on water quality
of the Tisa, it might be concluded that anthropogenic
factors (mostly agricultural pollution) significantly affect
changes in water quality throughout the considered
period.

The anthropogenic impact on the quality of this
watercourse is confirmed by using the multivariate
statistical methods: cluster analysis, principal component
analysis and factor analysis. Application of these
techniques helps identify and locate pollution sources
and gain insight into the temporal and spatial changes of
surface water quality.

The results obtained by PCA/FA clearly reveal that
the variations of water quality mainly occur under
the influence of soluble salts (natural) and organic
pollutants and nutrients (anthropogenic). The results
of PCA analysis also confirm that 10 chosen variables
(originated from the SWQI indicator) are still required
due to the fact that accounts for 70% of the total
variance of the data.
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