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Assessment of water quality of the Tisa river 
(Vojvodina, North Serbia) for ten year period 
using Serbian Water Quality Index (SWQI) 

Introduction
Only healthy and unpolluted aquatic ecosystem is an in-
tegral part of life and is an essential resource for meeting 
the needs of many. Therefore, water protection becomes 
imperative, the key for the sustainable development in 
order to preserve the quality of the environment, social 
welfare and economic security, areas that are essential-
ly intertwined and dependent. On the other hand, pres-
sure on aquatic ecosystems are extremely large, and 
the regenerative ability of aquatic ecosystems is limit-
ed (Belić, et al., 2004, 2005; Josimov-Dunđerski, Belić, 
2005a). The most common cause of degradation of the 
quality of aquatic ecosystems is polluted water. These are 
waters that have changed their original composition of 
the release of harmful substances, whose presence caus-

es a change in the physical, chemical, biological or bac-
teriological water conditions to an extent that may lim-
it or prevent its use. Water quality is variable in time 
and space. Therefore, it is extremely important monitor-
ing and knowledge of the current state of water quali-
ty (Josimov-Dunđerski, Belić, 2005b). Water Quality in-
dex attempts to provide a mechanism for presenting a 
cumulatively derived numerical expression defining cer-
tain level of water quality (Miller, et al., 1986), and is use-
ful for comparative purposes and when general ques-
tions are addressed (Hallock, 2002; Bordalo, et al., 2006). 
In this study, the water quality status, as well as the spa-
tial and temporal trends over ten year period (from 2003- 
2012) is assessed on three different locations along the 
Tisa River in Vojvodina (North Serbia). 
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Abstract

The WQI method is most frequently used in expert and scientific research and basically it provides a 
mechanism for cumulative representation, numeric expression and defining a certain level of water qual-
ity. This paper aims to assess water quality of the Tisa River in Vojvodina (North Serbia) for the 2003 – 
2012 period. Serbian Water Quality Index (SWQI) was used for assessment of the river water quality. WQI 
is expressed as a single value ranging from 0 to 100 (best quality) derived from numerous physical, chem-
ical, biological and microbiological parameters. The results of SWQI for the Tisa River were mainly rat-
ed as good. Also, in this study it is noticed a clear decrease in water quality during warmer period of the 
year. Also, this study shows that water quality along the Tisa River decreases slightly but steadily down-
stream, from Martonoš to Titel station and all along the length of the river provides values that according 
to SWQI descriptive quality indicator has been defined as good (72–83). The main problem of SWQI used 
in this paper is that it does not involve parameters of heavy metals concentration.
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Materials and methods

Sampling area 
Basin of the Tisa River occupies about 157,220 km2 
with a length of 966 km, and it is the largest tribu-
tary of the Danube River. Basin of this river lies in the 
territories of five countries: Romania (47%), Hunga-
ry (29%), Slovakia (10%), Ukraine (8%) and Serbia (6%). 
Regulation works which were conducted during the 
XIX and XX century primarily in the middle and low-
er parts of the Tisa River is shortened by as much as 
453 km, or from the former 1419 km to the current 966 
km (Pavić et al., 2009). Serbian part is 164 km long. It 
enters Serbia south of Hungarian city of Szeged and 
flows into Danube River near the town of Slankamen. 
Tisa is one of the largest and economically and envi-
ronmentally most important watercourses in Serbia. 
In fact, thanks to its favorable location and good nav-
igational characteristics it has a potentially to be far 
more frequent passenger-cargo and nautical tourism 
traffic route (Pavić, et al., 2004; 2009). 

In determining the water quality of the Tisa River 
in Serbia, monthly data obtained from three stations 
were used. These three stations are Martonoš which is 

located at 155 river kilometre, Novi Bečej at 65.0 km 
and Titel at 9.8 km.

Data and Methods
Database of Republic Hydrometeorological Service 
for the period 2003 - 2012 (RHMS, 2012) was used 
to present the existing state of water quality of the 
Tisa River. Parameters of physical, chemical, biolog-
ical and microbiological water quality were measured 
at the three control points on Tisa River: Martonoš, 
Novi Bečej, and Titel during period from 2003 to 2012. 

Water Quality Index (WQI) represents one of the 
most reliable indicator of waterflow pollution (Córdoba, 
et al., 2010; Srebotnjak, et al., 2011). The WQI method is 
most frequently used in expert and scientific research 
and basically it provides a mechanism for cummula-
tive representation, numeric expression and defining a 
certain level of water quality (Miller, et al., 1986;. Ham-
bright, et al., 2000; Jonnalagadda, Mhere, 2001). In this 
paper we used Serbian Water Quality Index (SWQI) for 
description of the water quality. This system of surface 
waterbodies quality description represents the way of 
quality estimation for certain parameters group, where 
earlier researches and studies show that this method en-
sures general overwiev of surface water quality at cer-

Figure 1. Geographical location of the research area and measuring stations at the Tisa River
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tain place (Veljković, 2000; Veljković, 2001; Veljković, 
2003; Đurašković, Vujović, 2004; Đurašković, Tomić, 
2009; Pantelić, et al., 2012; Leščešen, et al., 2013; Bjelajac 
et al., 2013). The essence of the SWQI is that the ten cho-
sen parametres (oxygen saturation, BOD5, ammoni-
um ion, pH value, total nitrogen, orthophosphates, sus-
pended matter, temperature, electroconductivity and 
coliform bacteria) by means of their quality (qi) repre-
sent the characteristics of surface waters reducing them 
to one index number. The impact of each of the ten cho-
sen parameters on the overall water quality does not 
have the same relative importance which is the reason 
why each of them got its own weight (wi) and a num-
ber of points per share in endangering quality. By add-
ing up the products (qi x wi) the index 100 is gained as 
the ideal sum of the weight of all the parameters (Ore-
gon Water Quality Index Summary Report, 1996-2005). 
Index points from 0 to 100 will be assigned to particu-
lar waterbody according to the points assigned to par-
ticular parameters (Pantelić et al., 2012; Leščešen et al., 
2013; Bjelajac et al., 2013). Formula used for SWQI calcu-
lation is:	

SWQI =	 0.18%O2 + 0.15BPK5 + 0.12NO4 + 0.09pH + 
0.08N + 0.08PO4 + 0.07SM + 0.05t + 0.06μS 
+ 0.12MPN

Table 1. Classification of water quality on the basis of 
Water Quality Index

WQI value Descriptive indicator

0 – 38 very bad

39 – 71 bad

72 – 83 good

84 – 89 very good

90 – 100 excellent

Source: Veljkovic, 2000b

Main limitation for SWQI is relative small number 
of parameters. Used parameters provide information 
about organic loading, but not about heavy metal pol-

lution. Also, SWQI can be calculated even in a case of 
missing some values. Since there is no single, universal 
parameter that properly describes surface waterquality, 
investigators typically use several indicators related to 
sanitary quality, ability to sustain aquatic life, ecosys-
tem productivity and aesthetics (Pharino, 2007).

Results
Average values of ten water quality parameters for all 
three control points are presented in table 1. Month-
ly values of these parameters were used to calculate 
SWQI for the Tisa River. Temperature varies from 
minimum 13.7oC at Martonoš station to 14.6oC at Ti-
tel station. The water acidity measures from remains 
constant downstream from Martonoš till Novi Bečej 
station and it is 7.9, slightly lower value was meas-
ured at Title station, 7.8. Highest average conductiv-
ity was recorded on Martonoš and Novi Bečej station 
453.86 µS cm-1. Average Oxygen saturation for re-
search period is 83.80% with highest value measured 
at Martonoš station (88.32%) and lowest value at Novi 
Bečej station (81.25%). Biochemical oxygen demand is 
used as a measure of organic wasteload strength, and 
on the Tisa River, it varies from lowest 2.02 mg/l on 
Martonoš station till 2.33 mg/l on Novi Bečej station. 
Another important indicator of water quality is the 
amount of solids in the water column – both dissolved 
(filterable) solids and not dissolved (suspended) solids 
(Pharino, 2007). Suspended solids show progressive 
decrease from Martonoš station (56.97 mg/l) till Novi 
Bečej station (53.42 mg/l). On Titel station higher val-
ues are measured 61.91 mg/l. Total oxidiesed nitrogen 
values for the Tisa River vary from 1.12 mg/l at Titel 
station, till its highest value at Martonoš station 1.21 
mg/l. Highest values of orthophospates during 2003 

- 2012 period is measured at Novi Bečej and Titel sta-
tions (0.06 mg/l). Amonium values vary from the low-
est values measured at Martonoš station (0.15 mg/l) to 
its highest value measured at Titel station (0,22 mg/l). 
Values of coliform bacteria decrease continuously 
from Martonoš (11443 n/l) to Titel station (5456 n/l).

Table 2. Averaged values for ten water parameters included for calculation of SWQI for the Tisa River covered by this 
study: 2003-2012 period.

Station

Te
m

pe
ra

tu
re

 
(o C

)

pH C
on

du
ct

iv
it

y  
       

       
 

(µ
S 

cm
-1

)

O
xy

ge
n 

sa
tu

ra
ti

on
 (%

)

BO
D

5 
(m

g/
l)

Su
sp

en
de

d 
so

lid
s 

(m
g/

l)

To
ta

l o
xi

di
se

d 
ni

tr
og

en
 (m

g/
l)

O
rt

ho
ph

os
pa

te
s 

(m
g/

l)

A
m

on
iu

m
 

(m
g/

l)

C
ol

ifo
rm

 
ba

ct
er

ia
 (n

/l
)

Martonoš 13.7 7.9 453.86 88.32 2.02 56.97 1.21 0.05 0.15 11443

Novi Bečej 14.4 7.9 453.86 81.25 2.33 53.42 1.15 0.06 0.17 8046

Titel 14.6 7.8 441.67 81.82 2.09 61.91 1.12 0.06 0.22 5456
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SWQI was calculated 117 times throughout ten year 
period for Martonoš station (Table 2) and ranged from 
average value of 75 in 2003 to 84 in 2011. According to 
the obtained results, water quality of the Tisa River at 
Martonoš station could be classified as good (72 – 83). 
Lowest monthly value was observed during August of 
2003, when index value was 51 (poor), while the high-
est monthly value was observed in November 2011, 90 
(excellent). Missing monthly data in tables 2, 3, and 4 
is marked with X.

SWQI was calculated 112 times for Novi Bečej station 
(Table 3) and ranged on average from 70 in 2003 to 82 in 
2008, 2009 and 2012. Generally, water quality of the Tisa 
River at Novi Bečej station can be classified as poor (39 

– 71) in 2003 and good (72 – 83) during last nine years of 
investigated period (2004 – 2012). Lowest monthly val-
ue was observed during July when index value was 49 
(poor). Highest index value was observed during July of 
2008 and March of 2009, both 91 (excellent).

For Titel station SWQI was calculated 112 times on 
monthly basis for ten years. Its values ranged from 
lowest 71 measured in 2003 and 2005 to 83 measured 
in 2012. The monthly results are represented in table 4. 
Water quality of the Tisa River at Titel station can be 
classified as poor in 2003 and 2005 (39 - 71) and good 
during the rest of the investigated period (72 – 83).

Discussion
The water quality status, spatial and temporal trends 
along Tisa River were assessed through the applica-
tion of ten parameter SWQI, to a ten year public da-
tabase of environmental data. In the case of the Tisa 
River it should be stated that the index is not adopted 
to a specific use, such as bathing water or fish spawn-
ing, but rather producing a general index to determine 
the overall water quality. According to the SWQI, wa-
ter quality of the Tisa River in Serbia during the peri-

Table 3. Monthly values of SWQI for Martonoš station

SWQI 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

I 72 74 82 76 80 80 78 81 84 84

II X 69 78 69 86 80 81 75 83 84

III 69 80 76 68 83 81 83 82 83 86

IV 78 74 78 77 88 85 88 80 79 86

V 85 85 81 85 83 84 85 76 87 72

VI 68 76 68 75 81 80 86 70 81 84

VII 75 76 70 69 82 82 79 67 82 83

VIII 51 72 71 72 81 83 85 75 84 86

IX 80 82 78 76 80 79 88 79 80 85

X 83 86 80 81 84 86 83 86 87 84

XI 85 78 91 75 78 84 82 81 90 83

XII 77 78 74 83 80 77 82 X 85 X

Average 75 78 77 76 82 82 83 77 84 83

Table 4. Monthly values of SWQI for Novi Bečej station

SWQI 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

I X 76 80 77 81 74 85 81 83 85

II X 77 79 73 82 82 82 75 80 82

III 75 77 74 77 85 81 91 81 82 74

IV 75 69 77 77 80 86 80 80 89 86

V 83 77 67 75 84 83 82 75 74 83

VI 58 82 72 74 70 76 73 76 73 85

VII 49 74 73 76 81 91 77 66 75 75

VIII 58 73 73 74 61 82 78 69 83 71

IX 64 76 74 70 52 85 82 78 80 82

X 83 81 73 72 81 85 83 84 85 85

XI 78 72 X 70 85 83 86 85 83 84

XII 78 73 X X 82 79 X X X 86

Average 70 76 74 74 77 82 82 77 81 82
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od 2003 - 2012, was assessed as good (average 78). Val-
ues of SWQI for research period fluctuate from 70 in 
2003 (Novi Bečej) to 84 in 2011 (Martonoš). First val-
ue is classified, according to SWQI descriptive quality 
indicator as poor (39 - 71), and the second value can is 
classified as very good. However, these results should 
be accepted as questionable, because SWQI gives in-
formation about organic loading, but not about heavy 
metals pollution. Along 164 km stretch of the Serbian 
part of the Tisa River, the water quality has dropped 
modestly, but continuously downstream. The con-
trol point Titel had the lowest mean value SWQI (76). 
Largest mean value is recorded at the measuring sta-
tion Martonoš (80). 

Temperature can also have influence on water qual-
ity. If water temperature in river is higher, there is in-
tensive biological activity and dissolved oxygen con-
centration lessens (Sanchez, 2007; Bjelajac, et al., 2013). 
Seasonal variance in water quality was observed and 
some patterns were noticed on all four stations. Low-
est values o SWQI were observed at all stations during 
June, July, and August. On average, value of SWQI on 
all three stations, for June and July during 2003 – 2012 
is 75, and in August 73. Values for months June, July 
and August are according to SWQI nomenclature clas-
sified as good. Values of SWQI are, on average, high-
est on Martonoš station during these months, and de-
crease of SWQI is constant downstream. On all three 
stations values of SWQI are classified as good during 
entire investigated period, except already mentioned 
year of 2003 on Novi Bečej (70) station and 2003 and 
2005 on Titel station (71). When we analyzed the val-
ues of SWQI for four seasons, highest values were ob-
tained for autumn (80) and spring (79), little lower val-
ue were obtained for winter (78) and the lowest value 
of SWQI on the Tisa River is measured during sum-
mer (75). From these data, we can conclude that water 

quality of the Tisa River is worse in warmer period of 
the year with average index value of 77, while the aver-
age value for the cold period of the year is 79. Numer-
ous researches stated the same trend, e.g. Suquia Riv-
er, Argentina (Pesce & Wunderlin, 2000), Odzi River, 
Zimbabwe (Jonnalagadda, Mhere, 2001), Bangpakong 
River, Thailand (Bordalo, et al., 2001), San Vicente Bay, 
Chile (Rudolf, et al., 2002), Pampa Murillo, Mexico 
(Hernández-Romero, et al., 2004), Veliki Bački kanal, 
Serbia (Pantelić, et al., 2012), Drina River (Levščešen, 
et al., 2013) Sava River (Bjelajac, et al., 2013).

Conclusion
This study strives to highlight the importance of ap-
plying a WQI that reflects the collective influence 
of various criteria and allows easy interpretation of 
data from monitoring networks. Additionally, this 
study shows that water quality along the Tisa River 
decreases slightly downstream, but it still provides 
values that according to SWQI descriptive quality 
indicators have been defined as good (72 - 83). Ex-
ceptions are index values measured in 2003 on Novi 
Bečej station (70) and in 2003 and 2005 on Titel sta-
tion (71), values for this years has been definite as 
poor (39 – 71). Based on the results of the study that 
analysed the impact of ten parameters measured on 
three control points during 2003 - 2012 period on 
water quality of the Tisa River, it can be concluded 
that natural factors, most of all, water temperature 
affects changes in water quality throughout the ten 
year investigated period. In recent years the anthro-
pogenic impact on the quality of the Tisa River is far 
more intensive. Therefore, this study has established 
that natural factors may affect the reduction or in-
crease of Water Quality Index throughout the inves-
tigated period up to a certain extent.

Table 5. Monthly values of SWQI for Titel station

SWQI 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

I X X 82 76 68 76 76 78 85 86

II 69 70 58 65 69 83 70 75 80 86

III X 78 78 76 83 80 72 84 80 86

IV 74 74 76 74 82 84 86 85 X 85

V 75 75 73 75 74 81 68 75 X 76

VI 70 86 75 72 81 75 79 68 66 75

VII 60 76 72 76 85 80 78 67 77 81

VIII 69 67 60 74 73 72 69 75 80 82

IX 70 75 78 79 68 73 78 83 82 86

X 70 80 63 72 76 81 80 X 87 86

XI 80 80 66 76 77 86 67 X 82 85

XII 76 74 70 78 76 84 77 X 80 X

Average 71 76 71 74 76 80 75 77 80 83
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