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TREND ANALYSIS OF WATER QUALITY PARAMETERS
IN THE MIDDLE PART OF THE DANUBE FLOW IN SERBIA

Abstract: The Danube River plays significant role not ordy preserving natural ecosystems. The aim of this
paper is to examine the Middle Danube water quatitghe part flowing through Serbia in section Bazd
Banatska Palanka. Water quality data were examioedeven control points for period 2004-2018, $even
parameters: suspended solids (SS), dissolved ox{R@h, electrical conductivityEC), nitrates (N@-N), total
phosphorus (R), biochemical oxygen demand (BgDand chemical oxygen demand (COD). Data analyses
included the application of ANOVA, linear regressianalysis and Mann-Kendall trend test. The Mannek&di
tests in most (32/49) cases, i.e. in 65 %, confifthe non-existence of a significant trend. Sigaifit downward
trends were confirmed in 17 cases. Water qualigravement was confirmed at following control poirBezdan

for NOs;-N, Po and BODR; Bogojevo for N@-N, Py, COD and BOIg Novi Sad for B, BODs and COD;
Slankamen for BOPand COD; Smederevo for NON and COD; Banatska Palanka for N®I. Slight
deterioration of water quality was confirmed ontytivo cases, at the Zemun and Smederevo where B3O wa
decreasing. Water quality for the examined perias wtable and can be characterised as excellefuraray
good (class | or class Il). Results emphasisetfattwater quality trends monitoring reveals rigectors where
the process of water quality degradation is ongoligely detected critical river sectors can drae attention of
decision-makers, who can improve the existing latign that would lead to water quality improvement

Keywords: Mann-Kendall test, self-purification, trend anadysvater quality

Introduction

Water demand has been growing at more than twicthénlast century, therefore
a number of countries around the world are reachirgg limit at which water can be
sustainably managed. Water resources managemeilisgmoviding sufficient quantities
of water of appropriate quality for the needs offedent users (drinking, irrigation,
industry, recreation, etc.). In such circumstantes,deterioration of water quality reduces
its usability for down-stream users, which can tiegy affect the development of the area
and the life of the local population [1, 2]. Theref, monitoring of basic water quality
parameters of all types of water bodies shouldrberay priorities in the water management
system at global and local scale.

The quality of river water depends on a number afural and anthropogenic
influences. Geological and pedological, climatid aopographic characteristics of the area
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and current processes (runoff, erosion) have a grggct on water quality and usability.
In addition, human activities, settlements, indgsagriculture, upstream activities, etc.,
directly affect water quality in the studied paftire flow [3].

The Danube is the second largest river in Europth, avtotal length of 2826 km and
a basin area of 817,000 knThe Danube basin encompasses parts of 19 caami has
11 major tributaries, and hence it is the mostrivgdonal river basin in the world [4].
The Danube basin includes glacier-covered mountainthe Alps, the mid-mountains
mostly covered with dense forests, karst regiorth \iftle vegetation, uplands, lowlands
and plains [5].

The Danube River Basin is home to more than 80iamilpeople and plays an
important economic role in transportation, hydropoweneration and water supply and
bears unique ecological and cultural values [4]weieer, due to the excessive human use
and pollution, the water of the Danube even todathe recipient of raw sewage from
cities, waste from factories (in non-EU countriesricultural chemicals, oil stains and
products of combustion of propulsion engines fapsii6]. Part of this pollution eventually
deposits on the banks, where it deteriorates theralebalance of the ecosystem seriously
threatening flora, fauna and habitats [7, 8]. By tlegradation of water quality numerous
natural reserves, national parks, and wetlandsgatba river banks of the Danube are
directly endangered [9].

The problem of pollution of the Danube has beelicadtrelatively late, at the end of
1980s, after the chemicals in the water alreadyseduhe disappearance of part of the
aquatic wildlife, especially fishes [10, 11]. Resd® monitoring and analysis of the Action
Plan for the Danube Region [12] have identifiedtiggor problems concerning the quality,
chemical and ecological status of surface and gheater within the Danube basin.

Therefore, this study includes a comparative amlysf chemical and
physico-chemical water quality parameters and ttreinds along the Danube within the
sector: Bezdan - Banatska Palanka (1427 - 1076:6)-km. The examination of trends
confined to the trends over time and finally, qifasgtion of trends was performed to
demonstrate their significance.

Material and methods

Study area

Within the Danube Basin three major subsectionsdisenguished (Fig. 1): Upper
basin, Middle and Lower basin. The Middle Danubsimaxtends from Bratislava until the
Iron Gates at the boundary between Serbia and Ram@mtil the Bazias station).
The slope of the Danube River decreases substgrdafteér Bratislava towards Pannonian
plain [13].

Middle Danube which geographically belongs to Seris divided into the Pannonian
part and the Vlach part. In the Pannonian part {142077) river-km, which is the subject
of this study, there are rather significant infloafstributaries. The major tributary in the
north is the Tisa River, which is coming from thargathian Mountains. From the south,
there are the Drava, Sava and Velika Morava. TheaSas the largest tributary of the
Danube (mean annual discharddQ) at Sremska Mitrovica ~1570 °m), contributes
25 % to the total runoff of the Danube, while thisal MQ at Szeged ~840 is), the
largest subbasin (156.087 Rnof the Danube by area (~12 %), contributes orfly24 to
the runoff [5].
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Fig. 1. The Danube catchment, its three sub basidsnvestigated section Bezdan-Banatska Palafjka [9

The Danube water quality, besides the influencéribtitaries, is affected by urban
agglomerations of cities Novi Sad and Belgradewad as smaller settlements with
industry and agriculture [11]. Monitoring water djiaincluded seven control points (CPSs)
on the Pannonian part (1427 - 1077) river-km (Bjg.Table 1 shows a detailed description
of the CPs and the hydrological characteristichefDanube.
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Table 1
List of monitoring control points
- - - . Catchment . . Mean
Location name/ | Latitude Longitude | Distance Altitude Profile annual
Control points [d.m.s.] [d.m.s.] [km] area [m.a.s.l]| location | discharge
[ka] [mS/S]
Bezdan/CP1 4551 15 18 51 51 1427|0 210,250 83.15 L ~ 2410
Bogojevo/CP2 45 31 49 19 05 07 136710 251,283 80.41 L ~ 3000
Novi Sad/CP3 45 13 28 19 51 40 12580 254,085 74.52 R ~ 3030
Slankamen/CP4 4508 24 2016 00 1215.5 254,961 72.58 R ~ 3070
Zemun/CP5 44 50 56 20 25 02 1174)0 412,762 70.76 R ~ 3800
Smederevo/CP§ 44 41 37 2057 58 1114.2 525,8p0 70.20 R ~ 5480
Banatska
Palanka/CP7 44 49 06 212042 1076.6 568,648 68.58 M ~ 5720

"L - left bank, R - right bank and M - middle of theer

The subject of analysis in this study was watelitjudata of the Danube River for the
period 2004-2018, within the sector Bezdan - Bd@aRalanka (1427 - 1077) river - km.
Monthly monitoring data of chemical parameters wetgtained from the Republic
Hydrometeorological Service of Serbia (2004-2011)4][ and the Agency for
Environmental Protection of the Republic of Ser{#811-2018) [15]. Chemical analyses
were carried out by the following methods: concatitn of suspended solids (SS) was
measured according to the standard SRPS H.Z1. 98D:[16]; dissolved oxygen (DO)
according to the SRPS ISO H.Z1.135:1970 [17]; catidity (EC) after the method UP
1.95/PC 12 [18]; nitrates (NON) by the APHA AWWA WEF 4500-NO3-B [19]; total
phosphorus (B) by the APHA AWWA WEF 4500-P (A,B,E) [20]; biolotal oxygen
demand (BOB) according to the SRPS ISO 5815:1992 [21] and dtedroxygen demand
(COD) as KMnQ according to the SRPS ISO 8467:1994 [22].

Based upon measured values samples are formed.riucharacteristics of samples
are representing mean annual values of the parenetlich are used for analyses and
discussion of the results obtained. The methodd urséhis paper for statistical processing
and data analysis were:

— Basic statistical analysis and ANOVA [23].
— Linear regression for trend analysis [24].
— Mann-Kendall nonparametric test for determinatibtrend significance [25].

The statistical processing of data and graphicesgrtations in the paper were done
using computer program R version 4.0.2. (2020-06a22 Microsoft Excel (2007).

ANOVA

Analysis of variance (ANOVA) is a statistical modeded for checking the existence
of differences between more than two arithmetic mseaf the same or different basic sets.
For statistical testing of the equality of meandGVA uses theF-test. The obtained
values are compared to the critical values for Ehdistribution and defined degrees of
freedom. The significance threshold valuesare0.05 anch = 0.01. An obtained result is
statistically significant if the obtained valueeigual or greater than the critical value.

Linear regression

Linear regression is a statistical method usedHherdetermination of the strength and
character of the relationship between dependéhtifd independeni() variables. In our
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case, X; represents the time an{ represents the value of water quality parameters,
considering that our case has temporal data. Liregression is used to find a regression
line with the right inclination for the data. Trenfbr the analysed parameters are obtained
from the slope of the regresion line.

Procedure for the Mann-Kendall test

Procedure for the Mann-Kendall test considers itine series oh data points and;
and T; as two subsets of data where= 1,2,3,...,n=1 andj = i+1, i+2, i+3, ..., n.
The Mann-Kendall test involves computing a stati§i which is the difference between
the number of pairwise differences that are pasithinus the number that are negatives If
is a large positive value, then there is evidencamincreasing trend in the data.Sfis
a large negative value, then there is evidencedefcaeasing trend in the data.

The Mann-Kendalb Statistic is computed as follows:

n-1 n
S=). 2 sign(T, -T) (1)
i=1 j=i+1
1 if T,-T>0
sgn(S) =sign(T, -T)1 0 if T,-T,=0 2)
-1 if T -T.<O0

whereT; andT; are the annual values in yefiendi, j > i, respectively.
S =Total (plusses) — Total (minuses) 3)
The variance of, VAR(S), by the following equation:

VAR(S) :% n(n-1)(2n+5)-t, ¢, - 12, + 5) 4)

wheren is the number of data pointgjs the number of tied groups (a tied group istaofe

sample data having the same value), gnd the number of data points in th® group.

The summation term in the numerator is used ortlydfdata series contains tied values.
The standard test statisHg is calculated as follows:

7 = S-sign(S)

° =T RARS) ()

The test statistiZ, measures the significance of the trend. Thisdtistic is used to
test the null hypothesid,. If |Zy| is greater tharg,,, wherea represents the chosen
significance leveld = 5 % withz, go5 = £1.96) then the null hypothesis is invalid inmiply
that the trend is significant.

Results and discussion

Monitoring results of CPs were analysed in two wakable 2 shows mean values
calculated as average annual values of the sewampters (SS, DCEC, NOs-N, Py,
BODs; and COD) observed during 15 year period (2004-20fi8 all seven CPs, their
standard deviation and coefficients of the varigtias well as the results of ANOVA test.
According to the obtaineH values at the threshold level of significancetegt = 0.05 and
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p = 0.01, null hypothesis about equality of mearugalwas rejected for the following
parameters: SS, D&C, NOs;-N and COD. Based upon the ANOVA test and watetityua

values, of most of the parameters (5), it can baclooled that investigated section
CP1-CP7 has been influenced mostly by tributanesuaban agglomerations.

Table 2

Mean values, standard deviati@D], and coefficient of variatiorQV) of physical-chemical parameters showing
water quality for seven CPs at Danube and ANOVAlltss

Parameters 2?::' cP1 | cP2| cP3 | cPp4a| cPs| cps| cP7| F p

ss Mean 27.6 30.4 24.6 26.6 20.7 17.9 29.4
[mg/L] SD 7.1 +5.8 +3.8 +7.5 +3.9 5.2 +10.1 | 7.337| 0.000
Cv 0.26 0.19 0.15 0.28 0.19 0.29 0.34
DO Mean 10.8 10.5 10.1 10.2 9.5 9.4 9.3
[mg/L] SD 0.7 +0.4 +0.3 +0.5 +0.7 +0.6 +0.4 | 16.87| 0.000
Cv 0.07 0.04 0.03 0.05 0.07 0.07 0.04
EC Mean | 424.3 | 419.3 | 416.6 | 4116 | 401.7 | 396.7 | 400.5
[uS/cm] SD #31.2 | 4224 | #27.7 | +30.1 | #13.6 | +17.1 | +27.7 | 2.682| 0.019
Cv 0.07 0.05 0.07 0.07 0.03 0.04 0.07
NOs-N Mean | 1.839 | 1.690 | 1.688 | 1.565 | 1.130 | 0.927 | 1.309
SD +0.307 | £0.174| +0.176 | +0.223 | +0.562 | +0.303 | +0.114 | 18.87 | 0.000

[mg/L] cv | 017 | 010 | 010 | 014 | 050 | 033 | 0.09

- Mean | 0119 | 0.114 | 0.111 | 0.108 | 0.116 | 0.110 | 0.117

] SD | +0.023 | +0.013| +0.016 | +0.008 | +0.023 | +0.016 | 0.017| 0.817| 0.559
cv | 019 | 011 | 014 | 008 | 020 | 015 | 0.14

soD, | Mean | 23 23 25 23 | 22 | 21 | 20

o] SD | +04 | 04 | +03 | +05 | 04 | +04 | +06 |1.929| 0.084
cv | 016 | 019 | 012 | 021 | 018 | 019 | 0.8

cop | Mean| 44 | 46 | 39 46 | 36 | 35 | a1

o) SD | +05 | 04 | +04 | +05 | 04 | +04 | +0.4 |16.55| 0.000
cv | 012 | 008 | 010 | 011 | 011 | 011 | 0.09

*p <0.01 andr > Fo.or; p< 0.05 andF > Fo.os (F0,01= 3.12;Foos = 225)

The second analysis method tracks the trend offsignce and results are shown in
Table 3. For all parameters from seven CPs correpg equations of linear regression
are given along with Mann-Kendall statist® The sign of statisticS represents the
direction of a possible (potential) trend. Next ea¢culated estimates of varian¢aR(S) of
statistic S and Z, statistics. According to the normal distributioon the threshold of
significancea = 0.05, for a two-sided test, the critical valuk #&,, is the normal
distributionZ(()_o5/2)= Zo.025= +1.96.

On the basis of the linear regression functionifd®tal) and Mann-Kendall test for
most cases (32), it was found that trend was mptifsgant. Accordingly, the water quality
in the last decade is stable. In seventeen cageificant downward trends were confirmed.
Hence, an improvement of water quality was confatnfer CP1 for N@-N, Py and
BOD:s; in CP2 for N@-N, Py, COD and BOIg, in CP3 for R, BODs and COD; CP4 for
BODs and COD; at CP6 for NON and COD and at CP7 for NGN. Mildly deterioration
of water quality was confirmed at the CP5 and CRér& DO was decreasing.
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Table 3
Trend analysis of of water quality parameters at@fs using the Mann-Kendall test
_ _ Mann- Critical Z Increasir]g/
Parameters | Linear regression | Kendall VAR(S) Zo | alue a= ‘60655 Decreasing
statistic (S) ’ ' trend (2/\)
Bezdan/CP1
SS y =0.26X + 25.53 7 408.33 0.30 +1.96 No trend
DO y=-0.03& + 11.04 -4 407.33 —0.15 +1.96 No trend
EC y =2.20& + 406.7 35 408.33 1.68 +1.96 No trend
NOz™-N y=-0.044 + 2.194 -47 408.33 —2.24 +1.96 | Decreasingy
Piot y =-0.00% + 0.131 —47 408.33 —2.24 +1.96 | Decreasingv
BODs =-0.06% + 2.766 —60 407.33 —2.97 +1.96 Decreasingy
COD y=-0.048& + 4.818 —26 407.33 —1.24 +1.96 No trend
Bogojevo/CP2
SS y =-0.15% + 31.63 -11 408.33 —0.49 +1.96 No trend
DO y=-0.02% + 10.76 -29 408.33 —1.39 +1.96 No trend
EC y=1.41%+407.9 27 408.33 1.29 +1.96 No trend
NOz™-N y =-0.03& + 1.927 —61 408.33 —2.97 +1.96 | Decreasingy
Piot y =-0.00% + 0.126 —45 408.33 —2.18 +1.96 | Decreasingy
BODs =-0.07& + 2.758 —62 407.33 -3.07 +1.96 Decreasingy
COD y =-0.06% + 5.103 -53 408.33 —2.57 +1.96 | Decreasingy
Novi Sad/CP3
SS y=-0.15% + 25.76 -9 408.33 —0.40 +1.96 No trend
DO y=-0.00% + 10.11 -4 407.33 —0.15 +1.96 No trend
EC y=1.62%+ 403.6 29 408.33 1.39 +1.96 No trend
NO;-N y=-0.02k + 1.854 -39 408.33 —1.89 +1.96 No trend
Piot y =-0.00% + 0.133 =74 407.33 —3.64 +1.96 | Decreasingv
BODs =-0.044& + 2.854 -53 408.33 —2.57 +1.96 Decreasingy
COD y =-0.08% + 4.596 -73 408.33 —3.56 +1.96 | Decreasingy
Slankamen/CP4
SS y =-0.68% + 32.10 —-23 408.33 —1.09 +1.96 No trend
DO y =-0.02% + 10.39 -3 408.33 —0.10 +1.96 No trend
EC y =1.49& + 399.6 21 408.33 0.99 +1.96 No trend
NO;-N y =-0.02% + 1.750 -34 407.33 —1.64 +1.96 No trend
Prot y =-0.00k + 0.115 -33 408.33 —1.58 +1.96 No trend
BODs =-0.07k +2.917 -43 408.33 —2.04 +1.96 Decreasingy
COD y =-0.07% + 5.200 -47 408.33 —2.24 +1.96 | Decreasingy
Zemun/CP5
SS y = 0.25& + 18.67 25 408.33 1.19 +1.96 No trend
DO y=-0.11% + 10.43 -51 408.33 —2.47 +1.96 Decreasingy
EC =-0.48% + 405.6 -15 408.33 —0.64 +1.96 No trend
NO;-N y=-0.07k + 1.698 -26 407.33 —1.24 +1.96 No trend
Prot y =0.00k + 0.105 17 408.33 0.79 +1.96 No trend
BODs =-0.03& + 2.528 -35 408.33 —1.64 +1.96 No trend
COoD y=0.014& + 3.481 1 408.33 0.00 +1.96 No trend
Smederevo/CP6
SS y=-0.44% + 21.47 —28 407.33 —1.34 +1.96 No trend
DO y=-0.10% + 10.21 -59 408.33 —2.87 +1.96 Decreasingy
EC =-0.356+ 404.4 -23 408.33 —1.09 +1.96 No trend
NOz™-N y =-0.04% + 1.255 —41 408.33 —1.99 +1.96 | Decreasingy
Prot y=-0.00k + 0.118 21 408.33 —0.99 +1.96 No trend
BODs =-0.06X + 2.614 -38 407.33 —1.83 +1.96 No trend
COD y =-0.04% + 3.867 -48 407.33 —2.33 +1.96 | Decreasingy
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Banatska Palanka/CP7
SS y=0.65% + 24.10 23 408.33 1.09 +1.96 No trend
DO y = 0.02& + 9.088 35 408.33 1.68 +1.96 No trend
EC y=1.99k + 384.6 39 408.33 1.88 +1.96 No trend
NO3z-N y=-0.01%+1.441 -45 408.33 —2.18 +1.96 Decreasingy
Prot y =-0.00k + 0.126 -31 408.33 —1.44 +1.96 No trend
BODs y=0.01& + 1.904 -1 408.33 0.00 +1.96 No trend
COD y =—-0.00% + 4.189 -5 408.33 —0.20 +1.96 No trend
a) b)
12.0 6.0
——
10.0 ' — 50 A& N A N N N A
= 80 = 40
éﬁ N N N AN N N A éﬁ
E 60 E 30
o) 3 — —
R 40 8 20 " —a
[-4]
2.0 1.0
0.0 ! ! ! ! ! : 0.0 . . . . . :
cP1 cP2 cP3 cP4 cP5 cP6 cpP7 cP1 cP2 cpP3 CP4 cpPs CP6 cP7
c) d)
12.0 35
100 A A A A A A A 3.0 & A & A & A A
_. 80 g 23
E 6.0 i ig I'\I—I\
a o
g 40 —— A — . N
2.0 05
0.0 ! ! ! ! ! : 0.0 . . . . . :
cP1 cP2 cP3 cP4 cPs cP6 cpP7 cP1 cP2 cp3 cP4 cPs CP6 cP7
e)
0.25
020 A a a a a a a
E 0.15 =W Q parameter
E [ | Class
=010 I—I\-_r’-.\-”l
A A1l class
0.05
0.00 : : . . . |

CcP1

CcP2

CcpP3

cPa

CP5

CP6

CcP7

Fig. 3. Mean values of Danube River water qulityQ) parameters for period 2004-2018 with
boundaries of classes | and Il, along investigagedtion for: a) DO, b) BOE c¢) COD,
d) NGs-N and e) B

For the evaluation of the quality of the Danube eRiwater, the Water Quality
Classification was used, developed by Trans Natibtenitoring Network in the Danube
River Basin (TNMN), [26]. In this classification lseme, five classes are used for the
assessment and target value is the limit valuelasscll. The class | should represent
reference conditions or background concentratidhg results are shown in Table 4 and
graphically in Figure 3. Reference conditions facadlent water quality are achieved for
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most of the parameters, and water quality of thewuba in the sector is considered
excellent and/or very good (class | or class lijufFe 3a-e. The applied classification does
not give limit values for SS an&8C. The Fish directive [27] sets a guide value for
SS of< 25 mg/L and Drinking water directive [28] requileS to be< 1000uS/cm.

Table 4
Estimate of the Danube River water quality on seBerdan - Banatska Palanka
Parameters CP1 CP2 CP3 CP4 CP5 CP6 CP7
DO [mg/L] Excellent | Excellent | Excellent | Excellent | Excellent | Excellent| Excellent
10.8 10.5 10.1 10.2 9.5 9.4 9.3
NOs-N [mg/L] Very good | Very good | Very good | Very good | Very good| Excellent | Very good
1.84 1.69 1.69 1.57 1.13 0.93 1.31
P [My/L] Very good | Very good | Very good | Very good | Very good| Very good| Very good
ot (MY 0.12 0.12 0.11 0.11 0.12 0.11 0.12
BODs[mg/L] Excellent | Excellent | Excellent | Excellent | Excellent | Excellent | Excellent
2.3 2.2 2.5 2.4 2.2 2.1 2.0
COD [mg/L] Excellent | Excellent | Excellent | Excellent | Excellent | Excellent| Excellent
4.4 4.6 3.9 4.6 3.6 3.5 4.2
SS [mg/L] 27.6 304 | Excelent| g7 | Excellent] Excellent| 594
EC [uS/cm] Excellent | Excellent | Excellent | Excellent | Excellent | Excellent | Excellent
424.3 419.3 416.6 411.6 401.7 396.7 400.5

Table 4 and Figure 3 show that there is a slighiafédity in some parameter values
between CPs. Bezdan/CP1 represents the inflow ef0hnube River into the sector
Bezdan - Banatska Palanka. Bogojevo/CP 2 - refteetsnfluence of the Drava River after
it joins to the Danube inducing higher values of &f8l simultaneously NON and DO
reduction. Better water quality is recorded at NSad/CP3, before discharging of the city’s
sewage, indicated reduction of SS, COD and DO.Kalamen/CP4 reflects the impact of
urban agglomeration Novi Sad and the canal HS DTil$ad-Savino Selo, which joins
the Danube. This CP is characterised by reductidd@;-N and higher values of SS and
COD. Zemun/CP5 represents the water quality dfieiconfluence of the Tisa River, which
improves values of almost all parameters, exceptDf®. Smederevo/CP6 reflects the
Danube water quality after joining the waters of Bava and the Tamis River, as well as
urban agglomerations Belgrade and Pancevo. Degpitation originating from city’'s
sewages and other effluents, it seems that the Rawea has significant influence since
after its confluence there is a reduction of SSH@Agd-N. Final CP of the section Banatska
Palanka/CP7 represents the quality the Danube a#arit joins the Velika Morava River
and the canal HS DTD Banatska Palanka-Novi Bedeiglwcauses an increase in SS, COD
and NQ™-N.

The investigated Danube sector (1427 - 1077) twer-350.4 km in length, is under
the influence of the major tributaries - the DraV&a and Sava, as well as smaller rivers
(the Tamis, Begej and the canals of the HS DTD)thiWithe section, the flow rate from
2410 nils reaches up to 5720°s (Table 1). Besides, the amounts of water, taities
have a significant impact on water quality. Urbagglamerations Novi Sad (~350,000
inhabitants), Belgrade (~1,660,000 inhabitants) &ashcevo (~90,000 inhabitants), and
settlements along the watercourse also have ancingrathe quality of the Danube and
may contribute to its deterioration. Most of thétlsenents, including cities Novi Sad and
Belgrade, do not have facilities for wastewateatm@ent and are significant polluters of the
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Danube. Concerning the average values of wateitguarameters in the sector, presently,
mentioned sources of pollution do not have a graatpact on water quality deterioration,
due to height self-purification ability of the Darau Besides, based on the values of water
quality parameters improvement is evident for nadshe analysed parameters (Fig. 3).

In water quality conditions assessment, a watelityuadex (\WQI) is frequently used
in expert and scientific research [29-31]. It isiBaunderstood by managers and provides
a mechanism for numeric expression for a level afew quality [32]. Takic et aJ31]
applied aforementioned index for the period 200820or the examined annual average
valuesWQI is 85 and corresponds to class I. The low#&§ll = 81 is determined near
Pancevo. Furthermore, by using the method of disisttadenovic-Ranisavljevic et.db]
identified locations Pancevo and Bezdan as the moHltted spots on the Danube in
Serbia.

However, the risk of contamination exists. Pannorpart of the Middle Danube in
Serbia, the investigated sector, runs through Ingvigegion with a dense network of canals
on the left side of the river (in Vojvodina), wheagriculture and industry are dominant
economy branches. The main canal network of Hydystesn Danube-Tisa-Danube
(Hs DTD), 960 km in length of which 600 km are rgable, together with a network of
secondary canals of the drainage system about @&@iGare draining 19,300 Krof arable
land [33]. Water quality in the main canals of tHe DTD and natural watercourses in
Vojvodina is not satisfying and is ranging from recate to poor [34]. Pantelic et al. [35]
pointed out that a reach of Hs DTD Veliki Backi ahiis one of the most polluted in
Europe. Measured results showed bad water quali§PaVrbas for a period 2002-2011
[36]. The Tisa River is connected to the Hs DTD andiso one of the biggest tributaries in
the investigated section of the Danube. Alongldsvfthrough Serbia its quality decreases
slightly downstream, but overall water quality abble characterised as good [32].

Right side tributaries also have to be taken imtasgeration. According to Gvozdic et
al. [37], the lower Drava River showed slight origapollution downstream of the city
Osijek. Persic et al. [38] are reporting only madersigns of distortion, as a result of
anthropogenic activities in watercourses drainihg forested catchment of the Spacva
River basin. Upon determining Water Pollution Indefxthe Sava River, near Belgrade,
Popovic et al. [39] concluded, that generally, dtsality has improved from polluted in
2007, to moderately polluted for the period 2008@2Gnd slightly polluted in 2011.
Assessment of organic load of Velika Morava [40ffaoned moderately polluted water.

The research of Kolarevic et al. [41] of the Danuleater, on section
Slankamen-Kostolac, showed moderate organic loagd tiie method of index of
phosphatase activity). Studies of sediments inlsagwad rivers tributaries [42, 43] found
that there is a risk of heavy metals pollution.olsn et al. [44] point to the problem of
heavy metal pollution, originating from the minimgdustry, which reaches the Danube
through its tributaries. Finally, although the aofbogenic impact on the quality of
watercourses is far more intensive, natural facicgsair temperature, can also affect up to
a certain extent the increase, or reduction of maéutant concentrations [45].

Conclusion

The results of this study are indicating that thanlbe water quality on the
investigated section (1427 - 1077) river-km, forsmof the parameters, is affected by the
infow of tributaries and urban agglomerations. ékefce conditions for achieving
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excellent quality are reached for most of the patens and water quality of the Danube in
the sector is considered excellent and/or very g@ass | or class Il). Based on the
equations of the linear regression of examinedmaters and Mann-Kendall test, in most
cases, i.e. in 65 %, it was found that there issigmificant trend of changes. Significant
downward trends were confirmed in seventeen ca@gesnprovement of the Danube water
quality can be expected at Bezdan/CP1 forN@Q P,,; and BOR; near Bogojevo/CP2 for
NO;™-N, Po, COD and BOIR, near Novi Sad/CP3 on the basis gf, BODs; and COD;
near Smederevo/CP6 for NEN and COD; in Banatska Palanka/CP7 concerning MO
Slight decreasing of DO was confirmed at Zemun/@/®% Smederevo/CP6.

The decreasing trends indicate the locations wiésenecessary to pay more attention
during further monitoring, ie they indicate the dder detailed research of activities and
changes in certain part of the basin and monitoohthe quality parameters of the main
tributaries. Also, the results can serve as a Hasisomparison for researchers from the
region dealing with the water quality of this imtmmt European river. Future research of
this type should focus on assessing water qualityn fthe aspect of the needs of different
users (e.g. drinking, irrigation), which includdsetanalysis of a wider range of water
guality parameters.

During past decades Serbia’s economy has unde@aagious recession, which has
been reflected positively on natural resourcesdujicing pressures on them. However, in
recent years there is a slight increase of econgnaiwth and if this continues in future it
might represent a potential threat to the enviramnaed deterioration of water resources,
as final recipients of pollution. Therefore, futudevelopment of economy in Serbia in
accordance with the Action plan of the EU Stratégy Danube Region [12] has to be
followed, by simultaneous implementation of measurfecused on environmental
protection.

Acknowledgements

This paper is supported by Ministry of Educatiom;ieBce and Technological
Development of the Republic of Serbia (contract A61-03-68/2022-14/200117) and
Provincial Secretariat for Higher Education and e8tfic Research activity
as part of project: Determination of excess waterVbjvodina within the framework
of climate change and extreme hydrometeorologicdlenpmena (contract no.
142-451-2578/2021-01/01).

References

[1] Fulazzaky MA. Water quality evaluation systemassess the Brantas river water. Water Resour ¢éana
2009;23:3019-33. DOI: 10.1007/s11269-009-9421-6.

[2] Fulazzaky MA. Water quality evaluation systematssess the status and the suitability of the@itaiver
water to different uses. Environ Monit Assess. 2068:669-84. DOI: 10.1007/s10661-009-1142-z.

[3] Zemunac R, Savic R, Blagojevic B, Benka P, Berd, Salvai A. Assessment of surface and grounetwat
quality for irrigation purposes in the Danube-TBanube hydrosystem area (Serbia). Environ Moniesss
2021;193:519. DOI: 10.1007/s10661-021-09294-6.

[4] Sommerwerk N, Hein T, Schneider-Jacoby M, Baartiger C, Ostojic A, Siber R, et al. The DanubeeRiv
Basin. In: Tockner K, Robinson CT, Uehlinger U,tedi. Rivers of Europe. Oxford: Elsevier - Academic
Press; 2009. pp. 59-112. DOI: 10.1016/B978-0-1243692.00003-5.

[5] Schiller H, Miklés D, Sass J. The Danube Rieed its Basin Physical Characteristics. Water Regamd
Water Balance. In: Hydrological Processes of theub& River Basin. Brilly M, editor. Dordrecht: Spger;
2010. pp. 25-78. DOI: 10.1007/978-90-481-3423-6_2.



62

A. Salvai, J. Grabic, J. Josimov-Dundjerski, R. Zaac, N. Antonic, R. Savic and B. Blagojevic

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Mladenovi-Ranisavljevé |, Taki¢ LJ, Vukovic M, Nikoli¢ B, Zivkovi¢ N, Milosavljevic P. Multi-criteria
ranking of the Danube water quality on its couts@ugh Serbia. Serbian J Manage. 2012;7(2):299-307.
DOI: 10.5937/sjm7-2549.

Thielen F, Zimmermann S, Baska F, TaraschewskSures B. The intestinal parasite Pomphorhynchus
laevis (Acanthocephala) from barbel as a bioindicdor metal pollution in the Danube River near
Budapest, Hungary. Environ Pollut. 2004;129(3):42DB0I: 10.1016/j.envpol.2003.11.011.

Woitke P, Wellmitz J, Helm D, Kube P, Lepom IHtheraty P. Analysis and assessment of heavy metal
pollution in suspended solids and sediments ofritter Danube. Chemosphere. 2003;51(8):633-42. DOI:
10.1016/S0045-6535(03)00217-0.

Srdevié B, Sievi¢ Z, lli¢ M, Zdero S. Group model for evaluating the impoct of Ramsar sites in
Vojvodina Province of Serbia. Environ Development ustS 2021;23:10892-909. DOI:
10.1007/s10668-020-01093-2.

Navodaru |, Staras M, Cernisencu |. The cimgjee of sustainable use of the Danube Delta Fisherie
Romania. Fisheries Manage Ecol. 2001;8:323-32. @1111/j.1365-2400.2001.00257 .X.

Stant B, Andri¢ N, Zori¢ S, Grubor-La& G, Kovalevi¢ R. Assessing pollution in the Danube River near
Novi Sad (Serbia) using several biomarkers in etd/cipenser ruthenus L.). Ecotoxicol Environ $gafe
2006;65(3):395-402. DOI: 10.1016/j.ecoenv.2005.08.0

SWD 2020. Action plan of the European Uniorragtgy for Danube Region. Brussels: European
Commission; 2020. Available from: https://ec.eurepé@egional_policy/sources/cooperate/
danube/eusdr_actionplan_swd202059_en.pdf.

Stagl J, Hattermann FF. Impacts of climatengfgaon the hydrological regime of the Danube Rarm its
tributaries using an ensemble of climate scenavitaer. 2015;7(11):6139-72. DOI: 10.3390/w7116139.
Republic Hydrometeorological Service of Serfi##iDMET). Annual Report - Water quality, 2004-2010
Republic Hydrometeorological Service of Serbia. dBatie (in Serbian). Available from:
www.hidmet.gov.rs.

Serbian Environmental Protection Agency (SEPAjnual Report - Results of surface and groundmwate
quality testing 2011-2018. Belgrade: Ministry ofiionmental Protection, Republic of Serbia (in $ani.
Available from: www.sepa.gov.rs.

SRPS H.Z1. 160:1987. Testing of industrial evat- Determination of suspended matters - Gravimet
method. Available from: https://iss.rs/sr_Cyrl/mof/show/iss:proj:5963.

SRPS ISO H.Z1.135:1970. Determination of digsth oxygen content. Manual: Standard Methods for
Testing the Chemical Safety of Drinking Water. Baltp: Federal Institute for Health Protection;
1990;236-247 (in Serbian).

UP 1.95/PC 12. Determination of electrolytienductivity of water. Standard Test Methods forriRimg
Water, Federal Institute of Public Health; Belgrd®@80 (in Serbian).

APHA AWWA WEF 4500-NO3-B. Determination of nitte content (SEV:1973). Available from:
https://beta-static.fishersci.com/content/dam/fisbigen_US/documents/programs/scientific/technical-
documents/white-papers/apha-nitrate-ise-standattieds-white-paper.pdf.

APHA AWWA WEF 4500-P (A,B,E). Determination ¢btal phosphorus content (SEV:1977). Available
from: https://beta-static.fishersci.com/content/dfashersci/en_US/documents/programs/scientificfécdd-
documents/white-papers/apha-phosphates-standahbdsetvhite-paper.pdf.

SRPS ISO 5815:1992. Determination of biochai@xygen demand after 5 days (SEV:1977). Available
from: https://iss.rs/sr_Cyrl/project/show/iss:p6aj917.

SRPS ISO 8467:199Determination of potassium permanganate consumptiamual: Standard Methods
for Testing the Chemical Safety of Drinking Wat&ederal Institute for Health Protection Belgrade.
1990;134-136 (in Serbian).

Stricevi¢ L, Pavlovt M, Filipovi¢ I, Radivojeve A, Burs& NM, Gocic M. Statistical analysis of water
quality parameters in the basin of the NiSava Ri¢@erbia) in the period 2009-2018. Geografie.
2021;126(1):55-73. DOI: 10.37040/geografie20211P6G5.

Dundjerski JJ, Savic R, Grabic J, BlagojevicVBater quality trends of the Tisa river alongfitav through
Serbia. Annual Set Environ Protect. 2017;19:17-Fvailable from: https://ros.edu.pl/index.php/
component/content/article/525-trendy-zmian-jakagedy-rzeki-tisa-wzdluz-jej-biegu-przez-
serbie.html?Itemid=205&lang=en.

EPA QA/G-9S. Data Quality Assessment: Stai@tiMethods for Practitioners EPA QA/G-9S. Offick o
Environmental Information Washington, United Statégshington: Environmental Protection Agency (US
EPA); 2006, pp. 104-9. Available from: https://wvepa.gov/sites/production/files/2015-08/documents/g9
final.pdf.



Trend analysis of water quality parameters in tlddfa part of the Danube flow in Serbia 63

[26]

[27]

[28]

[29]
[30]

(31

(32]

(33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

ICPDR 2005 Water quality in the Danube riveasBy (TNMN-Yearbook). Vienna, Austria; Internatibna
Commission  for the Protection of the Danube River2005. Available from:
https://www.icpdr.org/main/publications/tnmn-yeaoks.

EU. Directive 2006/44/EC of the European Paeat and of the Council of 6 September 2006 orytlaity

of fresh waters needing protection or improvemeantrder to support fish life. Official J Europeamith
25.9.2006, L 264:20-31. Available from: EUR-Lex20®6L0044 - EN - EUR-Lex (europa.eu).

EU. Directive 75/440/EEC of 16 June 1975 contgy the quality required of surface water intahfter the
abstraction of drinking water in the Member Stat®fficial J European Union 25.7.1975, L 194:26-31.
Available from: https://eur-lex.europa.eu/legal-rt/EN/TXT/?uri=CELEX%3A31975L0440.

Fulazzaky MA, Seong TW, Masirin MIM. Assessrheai water quality status for the Selangor River in
Malaysia. Water Air Soil Pollut. 2010;205:63-77. D®0.1007/s11270-009-0056-2.

Fulazzaky MA. Assessing the suitability ofestm water for five different uses and its aquatigrenment.
Environ Monit Assess. 2013;185(1):523-35. DOI: D04/s10661-012-2572-6.

Taki¢ LI, Mladenow-Ranisavijevt |, Vukovi¢c M, Mladenovt |. Evaluation of the ecochemical status of
the Danube in Serbia in terms of water quality peaters. Scientific World J. 2012. Article ID 930737
Available from: https://www.hindawi.com/journalsg2012/930737/.

Le&eSen |, PantaliM, Dolinaj D, Lukic T. Assessment of water quality of the Tisa Rixésjyodina, North
Serbia) for ten year period using Serbian Water liQudndex (SWQI). Geographica Pannonica.
2014;18(4):102-7. Available from: http://www.dgtaiac.rs/pannonica/papers/volumel8_4 4.pdf.

Dragovt S, Maksimow L, Pantel S, Panteti P. History of drainage and irrigation in Vojvodinghe
province of Serbia and Montenegro. In: Integratadd.and Water Resources Management in HistorygOhli
C, editor. Siegburg, DWhG; 2005. pp. 133-49. ISBB3342463X.

Milanovi¢ A, MilijaSevi¢ D, Brankov J. Assessment of polluting effects andace water quality using
water pollution index: a case study of Hydro-systBanube-Tisa-Danube, Serbi@arpathian J Earth
Environ Sci. 2011;6(2):269-77. Available from: httpww.cjees.ro/viewTopic.php?topicld=180.

Pantek M, Dolinaj D, Saw S, Stojanou V, Nad |. Statistical analysis of water quality parametef
Veliki Backi Canal (Vojvodina, Serbia) in the period 2000-20QCarpathian J Earth Environ Sci.
2012;7(2):255-64. Available from: www.cjees.ro/viegpic.php?topicld=235.

Grabt J, Bezdan A, Benka P, Josimov-Dundjerski J, SalvaiVater quality management for preserving
fish populations within hydro-system Danube-Tisaillae, Serbia. Carpathian J Earth Environ Sci.
2016;11(1):235-43. Available from: www.cjees.roiwiEopic.php?topid=613.

Gvozdt V, Brana J, PuntatiD, Vidosavljeve D, Roland D. Changes in the lower Drava River weteality
parameters over 24 years. Archives Industrial Hygie Toxicol. 2011;62(4):325-33. DOI:
10.2478/10004-1254-62-2011-2128.

Perst V, Koci¢ A, Horvatic J. Water quality and algal growth potential of @aburses draining agricultural
and forested catchments in eastern Croatia (Midddémube Basin).Fundamental Appl Limnology.
2013;182(1):31-46. DOI: 10.1127/1863-9135/2013/0399

Popovi NZ, Bukni¢ JA, Atlagic JZ, Rakowt MJ, Marinkovi NS, Tubi BP, et al. Application of the water
pollution index in the assessment of the ecologstatus of rivers: a case study of the Sava RBerbia.
Acta Zoologica Bulgarica. 2016;68(1):97-102. Avhla from: https://www.acta-zoologica-
bulgarica.eu/downloads/acta-zoologica-bulgaricaé283-1-97-102.pdf.

Kolarevic S, Knezew-Vukeevi¢ J, Paunovi M, Vasiljevic B, Kratun M, G&i¢ Z, et al. Seasonal variations
of microbiological parameters of water quality dfetVelika Morava river Serbia. Archives Biol Sci.
2012;64(3):1017-27. DOI: 10.2298/ABS1203017K.

Kolarevic S, Knezew-Vukeevi¢ J, Paunovd M, Tomovi J, G&i¢ Z, Vukovic-G&i¢ B. The antropogenic
impact on water quality of the river Danube in $SrMicrobiological analysis and genotoxicity maming.
Archives Biol Sci. 2011;63(4):1209-17. DOI: 10.228BS1104209K.

Dragievic S, Nenadowi S, Jovanovd B, Milanovic M, Novkovic |, Pavi D, et al. Degradation of
Topciderska river water quality (Belgrade). Carathd Earth Environ Sci. 2010;5(2):177-84. Avaibl
from: www.cjees.ro/viewTopic.php?topicld=107.

Savi R, OndraSek G, Josimov-Dundjerski J. Heavy metabgricultural landscapes as hazards to human
and ecosystem health: a case study on zinc andiwarimin drainage channel sediments. J Sci Food
Agriculture. 2015;95(3):466-70. DOI: 10.1002/jstal6.

Isvoran A, Roman DL, Dascalu D, Vlad-Oros BoGac A, Pitulice L, et al. Human health effectheavy
metal pollution in the cross-border area of romaimiad serbia: a review. Ecol Chem Eng S.
2021;28(3):356-88. DOI: 10.2478/eces-2021-0025.

Pantekk MM, Dolinaj DM, Le&eSen Il, Savi SM, MiloSevic DD. Water quality of the Pannonian basin
rivers Danube, Sava, and Tisa and its correlatidth vair temperature in Serbia. Thermal Sci.
2015;19(2):S477-85. DOI: 10.2298/TSCI150325114P.



