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Abstract: Water quality and status assessment of water bodies could be based on a large number of various param-
eters, including physical, chemical, hydromorphological, microbiological and biological. Often it is diffi-
cult to interpret the results of water status assessment when numerous quality elements are analysed, since
each may indicate different quality class. The Water Pollution Index (WPI) overcomes this problem by
providing a single assessment score. Previously, WPI was calculated using physical and chemical param-
eters combined with microbiological parameters. Biological quality elements are recommended by the EU
Water Framework Directive (WFD) as obligatory for the assessment of ecological status of water bodies.
For the first time in this study, the index was modified to include also biological parameters. Sampling
and field measurements were done in 2007-2011, at three sites on the Sava River in the Belgrade region.
According to the obtained WPI values, the river was assessed as polluted in 2007, moderately polluted for
the period 2008-2010 and slightly polluted (“pure”) in 2011. This result shows an overall improvement
of the water quality during the period of examinations. Our study demonstrates that the WPI could be ef-
fectively used as a metric for ecological assessment according to the requirements of the WFD. It should
be further elaborated to provide type- and stressor-specific assessment system.
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Introduction

The quantification of water quality changes is inher-
ently problematic. However, there are a number of
specific indicators that represent different aspects
of water quality, which can vary in its significance
in different geographical regions (WaLSH, WHEELER
2012). Furthermore, it can be difficult to convey
relevant water quality information to policy makers
and the public (WaLsH, WHEELER 2012).

There is an array of indices used for the assess-
ment of water quality based on physical, chemical
or biological parameters, separately. Development
history of these indices is discussed by many au-
thors (e.g., ROSENBERG, REsH 1993, CHAPMAN 1996,
AQEM 2002).

"Corresponding author: natasa.popovic@ibiss.bg.ac.rs

Often, it is difficult to interpret the results when
numerous parameters are used for the evaluation of
water quality, especially considering that single pa-
rameters reflect the influence of diverse pressures
and could show different quality classes. On the
other hand, the use of one or few metrics reduces
the confidence of the assessment system. In practice,
in multimetric assessment systems, usually the pa-
rameter of the poorest quality is used as determinant
of the quality class (SiMmoNovi¢ et al. 2007). The EU
Water Framework Directive (Directive 2000/60/EC
— WFD), requires the evaluation of the water qual-
ity status through estimation of the ecological and
chemical status of the water bodies. Hence, there is
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a need to interpret the results in a simple, objective,
and realistic manner by combining a large data set of
physical, chemical and biological quality elements
into a single performance assessment.

The Water Pollution Index (WPI, Lyurko et al.
2001, FrLaTov et al. 2005) represents an arithmeti-
cal way of integrating parameters for assessing the
chemical and ecological status of inland waters.
WPI, based on physical and chemical parameters,
has already been used for rivers of Latvia (LyuLko et
al. 2001), Greece (NikoLAIDIS et al. 2008), and Serbia
(MILUASEVIC et al. 2011, Brankov ef al. 2012), as
well as for the White Sea (FiLatov ef al. 2005). These
studies show that the use of this index simplifies the
evaluation of the status and that it is suitable for ap-
plication for different water body types. The advan-
tage of the WPI index is that it allows combination
of different parameters; in addition, there is no limi-
tation in the number or types of the used parameters.
In our case, we included parameters derived from
the biological quality elements (BQE).

The Sava River is the biggest tributary of the
Danube River and it flows 62 km through the city
area of Belgrade. It supplies Belgrade with potable
water and it is a recipient of waste waters. One of
our study sites (MakiS$) is the main source of wa-
ter supply for Belgrade. According to the national
regulation, the Sava River belongs to type 1: low-
land watercourse with domination of fine sediment
(OrriciaL GazettE RS 74/2011). The river in the
studied stretch is under significant influence of vari-
ous pressures, including organic and nutrient pollu-
tion, industry and hydromorphological degradation
(Paunovic et al. 2012).

The aim of this article is to test a modification
of the WPI, in which for the first time biological in-
dices were included together with physical, chemi-
cal and microbiological parameters.

Materials and Methods

During the investigated period (2007-2011), samples
were collected at three localities along the Sava River
in the Belgrade region (Fig. 1): Zabran (N 44°40°06”
E 20°14°40), Duboko (N 44°44°06” E 20°18°14”")
and Makis (N 44°45°34” E 20°21°24™).

Physical and chemical water properties were
measured once a month (March-October) in situ and
in the laboratory of the Institute of Public Health,
Belgrade, Serbia. Water samples were taken with
Friedinger’s bottle, volume 3 L, from 0.5 m depth, at
all three localities, using standard methods (APHA
AWWA WEF 1995, SRPS ISO 5667/2008, SRPS
ISO 7828/1997, SRPS ISO 5667-6: 1997, SRPSEN
ISO 5667-3: 2007, SRPS EN ISO 5667—1: 2008).

Water pH, conductivity (uS/cm), dissolved ox-
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ygen (DO; mg/l O,), oxygen saturation (%), nitrites
(NO,, mg/IN; PRIP-V-32/A) and nitrates (NO,; mg/1
N; EPA 300.1) were measured with Horiba W-23XD
multiparametric probe (HORIBA Instruments
Incorporation, USA) in the field. We measured 5-day
biochemical oxygen demand (BOD; mg/l O,; SRPS
ISO 5813: 1994, SRPS EN 1899-2: 2009), chemical
oxygen demand (COD; mg/l O,; SRPS ISO 6060:
1990), total organic carbon (TOC; mg/l C; SRPS
ISO 8245:1994), total phosphates (mg/l P; EPA 207.
Rev 5, SRPS ENISO 6878: 2008), suspended par-
ticles (mg/l; SMEWW 19th method 2540 D), am-
monium ion (NH,; mg/l N; PRI P-V-2A), chlorides
(CL; mg/1 CL; SRPS ISO 9297: 1994) and metals Zinc
(Zn), Copper (Cu), Arsenic (As), Iron (Fe; ml/l; EPA
207. Rev 5, EPA 200.8).

Microbiological samples were taken once a
month and analyses were done at the laboratory of
the Institute of Public Health, Belgrade, Serbia, us-
ing standard methods (APHA AWWA WEF 1995,
SMEWW 2010, SRPS EN ISO 9308-1: 2010).
Macroinvertebrate samples were collected during
high (May/June) and low water levels (September/
October). Macroinvertebrates were collected from
the river bottom using Van-Veen type of grab with
sample area of 270 cm? (three replicates). The organ-
isms were separated from the sediment with a sieve
with mesh size 200 um. The samples were preserved
on site with 4% formaldehyde.

Biological material was processed in the Institute
for Biological Research “Sinisa Stankovi¢”, University
of Belgrade. Identification was done mostly to spe-
cies level or to the lowest possible taxonomic level
using the following identification keys: BRINKHURST,
JamiesoN (1971), Hirvenoja (1973), LeLLak (1980),
WieperHOLM (1983), Crort (1986), Uzunov et al.
(1988), HammonD (1997), Timm (1999), MAScHWITZ,
Cook (2000), PrLeger (2000), EpLer (2001),
KornmusHIN (2004) and MoLLER PiLLot (2009).

Ecological analysis of community structure
was done for each site. The number of taxa, ASPT
(Average Score per Taxon), BMWP (Biological
Monitoring Working Party score; ARMITAGE et al.
1983), a-diversity index (H’; SHANNON—WEAVER
1949) and the percentage of the family Tubificidae
(Oligochaeta) in macroinvertebrate communities
were calculated. Saprobic index (S) was used to
estimate the water quality class of the Sava River
(ZeLinkA, MaRVAN 1961), using bioindicator valenc-
es of each taxon (Moog 2002). All biological indices
were calculated using ASTERICS software package,
version 3.1.1. (AQEM 2002).

The modified WPI (MILUASEVIC ef al. 2011) was
used to estimate the water quality class.

The WPI is calculated as the sum of the ratio of
the measured annual average value 4i and the stand-
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Fig. 1.Sampling sites on the Sava River

Table 1. Water quality classification based on the Water
Pollution Index (WPI)

Water Quality Class WPI
I Very pure <03
II Pure 03-1.0
111 Moderately polluted 1.0-2.0
v Polluted 2.0-4.0
A% Impure 4.0-6.0
VI Heavily impure >6.0

ard threshold values T for each parameter, divided
by the number of used parameters (n):
Ai 1
WPI = - X
n=1

The standard threshold values for all param-
eters are specific for each country, given as national
legislative (OrriciaL GazettE RS 74/2011), which
should minimise the bias caused by ecological and
geographical differences.

The quality class according to WPI (LyuLko et al.
2000, MiLUASEVIC et al. 2011) are given in Table 1.

Results

Annual average values of physical, chemical, micro-
biological and biological parameters are shown in
Table 2. The majority of the measured physical and

chemical parameters were lower or near the thresh-
old values for I water quality class, recommended for
river type 1 (OrriciAL GAZETTE RS 74/2011; Table 2).
Slightly higher values were recorded for DO, oxygen
saturation, NO, and TOC. For these parameters ac-
cording to the national legislation (OFriCIAL GAZETTE
RS 74/2011), water quality corresponded to class II.
The number of coliform bacteria indicated III qual-
ity class (Table 2). The number of macroinvertebrate
taxa was lower than the recommended for this type of
river, which indicated III-IV water quality class. The
values of Zelinka-Marvan saprobic index (S) indicat-
ed alpha—mesosaprobic to polysaprobic conditions,
which is equivalent to III and IV water quality class.
The Shannon—Wiener diversity index (H’) indicated
[I-III water quality class while BMWP corresponded
to V class of quality and ASPT indicated IV class. The
percentage of Tubificidae in the macroinvertebrate
communities was much greater than recommended,
which indicated poor water quality (IV-V class).

The integrated water quality assessment using
WPI for the five-year period is shown in Fig. 2. Based
on our results, the Sava River had the poorest qual-
ity in year 2007 (IV class), with the WPI values 2.67
(Makis), 2.39 (Duboko) and 2.26 (Zabran). In the peri-
od 2008-2010, the WPI indicated mainly III class with
values ranging from 1.29 to 2.08 for Makis, 1.07-1.83
for Duboko and 1.06—1.45 for Zabran. In 2011 water
quality was assessed as II class, with WPI values 0.94
(Makis), 0.90 (Duboko) and 0.84 (Zabran; Fig. 2).
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Fig. 2. Water quality class according to WPI at three lo-
calities of the Sava River

Discussion

In this paper, we discuss the possibility of combin-
ing the results of water quality/status assessment by
different quality elements in a single value. Physical,
chemical, microbiological and biological parameters
are used to evaluate the status of the Sava River in
Belgrade area. This river stretch is appropriate for
testing the assessment of the lotic systems effective-
ness, since the area is under the influence of different
stressors, including organic and nutrient pollution,
influence of industry and hydromorphological deg-
radation (SMiC et al. 2015).

Physical and chemical analyses do not show
considerable deviations from I and II quality class ac-
cording to the national regulation (OFFICIAL GAZETTE
RS 74/2011). Minor organic pollution was detected.
On the other hand, high number of coliform bacte-
ria is the consequence of pollution with waste wa-
ters (KoLAREVIC ef al. 2011) since Belgrade does not
have a system for treating municipal waste waters
(Zivapmovic et al. 2010). Also, the results of assess-
ment based on BQE suggest worse ecological status.
According to the biological parameters, water qual-
ity of the Sava River varied in wide range from III
to V quality class. These results are consistent with
the fact that the Sava River in Belgrade area is pri-
marily under significant organic pollution pressure
(Paunovic et al. 2012, OcriNe et al. 2015). According
to the WPI values, the studied stretch in Belgrade
region could be assessed as polluted in 2007, moder-
ately polluted for the period 2008-2010, and slightly
polluted in 2011. Considering the WPI results, the
Sava River shows tendency of overall water quality
improvement (Fig. 2). The WPI reflected combined
results of single assessments by physical, chemical,
microbiological and biological water status assess-
ment and provided more reliable evaluation of the
status of the water body. As described above, single
assessment based on physical and chemical param-
eters indicated better status than expected, having

in mind the known pressures occurred regularly in
investigated stretch of the Sava River (OGRINC et
al. 2015), while microbiological and biological pa-
rameters provided more realistic status assessment
results. This clearly underlines the need for further
calibration of threshold values for the ecological sta-
tus class boundaries for physical and chemical pa-
rameters, and confirms the necessity of multimetric
approach in water monitoring, including biological
and microbiological metrics.

Biological parameters are essential assessment
tool since they can represent long-term influence of
pollution (Dorn 2007). BQE are mandatory to be
used in assessment of the ecological status accord-
ing to the requirements of the WFD and the national
legislation of all EU countries and a considerable
number of non-EU countries (e.g. Serbia, Bosnia
and Herzegovina, etc.).

Our results show that the WPI is useful tool for
integrating the assessments results based on different
quality elements; adding biological quality param-
eters can improve the confidence of the assessment.
There is a need for further development of the WPI
and the index should be tested for different water
body types to verify its applicability. However, our
study is based on quantitative sampling approach
only, which could lead to underestimation of the spe-
cies richness, but can also overestimate the influence
of stressors (Csanyi, Paunovic 2006, Csanyi et al.
2014) and thus could reflect worse ecological status
than the actual state. The index should also be tested
for other BQE and different sampling methods. This
approach should be harmonised with other meth-
ods of assessment of water body status, which were
developed based on the requirements of the WFD.
Hence, the index should include (river) type specific
threshold values, as well as stressor specific metrics
(relevant for hydromorphological degradation, or-
ganic, hazardous and other chemical pollution). Any
future use of the WPI should encompass the use of
final score presented through a 5-class assessment
result, as required by the WFD. Furthermore, for the
purpose of harmonisation, the WPI values should
range from 0 to 1, so that the Index of Ecological
Status (ecological potential in the case of heavily
modified and artificial water bodies) could be ex-
pressed as a single value, comparable with other as-
sessment systems provided across Europe.
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