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Abstract: Floods are considered to be the most common natural disaster which causes more destructive effects
than other natural disasters including loss of human life, property and infrastructure damage, as well as a
negative impact on social and economic development. Besides these consequences, floods also affect water
quality. The aim of this paper is to present water quality impairment caused by the floods in Serbia in May 2014.
The parameters of water quality were measured 13 times in 2014 (12 ordinary monthly measurements and one
extraordinary measurement during the flood) in hydrological stations Ostruznica and Sabac (on the river Sava)
and Badovinci (on the river Drina). The Canadian Water Quality Index (CWQI) was used for water quality
assessment. This method calculates the overall water quality and the water quality for specific conditions and
purposes including: drinking, aquatic habitats, recreation, irrigation, and livestock. Water quality decline was
recorded in all the stations in overall water quality as well as for specific uses. Turbidity and heavy metals values
were tens of times higher than normal ranges. The most drastic example was Al with the values which were
thousand(s) of times higher than the objective.
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Introduction

Floods are considered to be the most common natural disasters in the world (Marfai, Sekaranom, &
Ward, 2015), and in Serbia as well (Gaci¢, BoSkovi¢, & Rakovi¢, 2013). The consequences of floods
are numerous and include: damage of transportation and communication, destruction of public
facilities and energy supplies, damage of property, health-risk consequences as well as loss of
human lives (Gaci¢ et al,, 2013; Kuntiyawichai, Schultz, Uhlenbrook, Suryadi, & Van Griensven, 2017;
Radosavljevic, Belojevic, & Pavlovic, 2017).

In addition to the direct consequences, the destructive effect of floods is also accompanied by
serious environmental damage and the pollution of waters (Ciesielczuk, Kusza, Poluszynska, &
Kochanowska, 2014; Duan et al.,, 2016; Everett, Lamond, Morzillo, Matsler, & Chan, 2018; Gaci¢ et al.,
2013; International Commission for the Protection of the Danube River [ICPDR], 2009; Middelmann-
Fernandes, 2010; Mogollén, Villamagna, Frimpong, & Angermeier, 2016; Mynett & Vojinovi¢ 2009;
Shesterkin, 2016; Tsuzuki, 2015). Pollution due to flooding is caused by different sources: industries,
households, as well as floodwaters stagnation (Dang, Babel, & Luong, 2011). Liquid fuels which
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escape from storage tanks, damage to supply lines, industrial enterprises, sewage treatment, and
chemical plants or filling stations can lead to the contamination or the loss of biological diversity in
waters (ICPDR, 2009). Highly toxic substances, including heavy metals and pesticides are released
into the water (Krausmann & Mushtag, 2008). Floods are followed by increased discharges which
lead to the transfer of heavy metal pollutants associated with particulate matter, especially in
severely polluted catchments (Ciszewski & Grygar, 2016). Pollution by heavy metals in the mines
with rocks which reach the surface and which are washed by precipitation also occurs (Babié¢
Mladenovi¢, 2009). In acidic waters, the enhanced input of rainwater may dilute acidity and cause
the hydrolysis of Fe’" ions, followed by the precipitation of Fe oxides and conversion of dissolved
heavy metals to solid particles. In this way, floods change river water chemistry (Ciszewski & Grygar,
2016). Agricultural pollution by flood also affects water quality (Su et al., 2016; Zhang, Gao, Wang, &
Chen, 2013). Huang and Xiang (2015) claimed that the contribution of total nitrogen and total
phosphorus from non-point sources in the flooding seasons can reach 70%.

Between 2007 and 2016, 13 floods in Serbia were recorded. These floods had serious
consequences including: 58 deaths, 90,000 affected people and economic damage of US
$ 2,148,000 (Radosavljevic et al.,, 2017). The most catastrophic floods occurred in Serbia, Bosnia and
Herzegovina, and Croatia, in May 2014. These floods in Serbia which occurred from 12 to 19 May
2014 caused about 40 dead, and forced tens of thousands of people to leave their home. They also
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216

§ i and Ostruznica) and Drina (hydrological
= | station Badovinci).
. 4 Data and methodology
z =  In order to assess water quality, physical,
ar = ‘s". v £ BN . . . . . .
~ I AdS T < chemical, biological, and microbiological
T0°F T 32 53 parameters were measured in the

following hydrological stations (Figure 1):
Ostruznica and Sabac (on the river Sava)



Jakovljevi¢, D.: Assessment of Water Quality During the Floods in May 2014, Serbia
J. Geogr. Inst. Cvijic. 2020, 70(3), pp. 215226

and Badovinci (on the river Drina). The total number of measurements was 13 for each station (12
ordinary monthly measurements and one extraordinary during the floods, on 17 May 2014). The
data were obtained from Yearbook Il Water Quality for 2014 (Serbian Environmental Protection
Agency [SEPA], 2015) and from the Report about extraordinary sampling of the rivers Sava and
Drina (SEPA, 2014).

Water Quality Index (WQI) methodology is often used for surface water quality assessment
(Srivastava & Kumar, 2013; Tunc Dede, Telci, & Aral, 2013; Venkatramanan, Chung, Lee, & Park,
2014). WQI is a dimensionless single number which is calculated from a large number of water
quality parameters (Tunc Dede et al,, 2013). There are many variants of WQI, such as: Oregon Water
Quality Index (OWQI), Aquatic Toxicity Index (ATI), Overall Index of Pollution (OIP), Universal Water
Quality Index (UWQI) (Tunc Dede et al, 2013), Serbian Water Quality Index (SWQI) (Milanovi¢ Pesi¢,
Jakovljevi¢, & Milijasevi¢ Joksimovi¢, 2020; Milijasevi¢ Joksimovi¢, Gavrilovi¢, & Lovi¢ Obradovi¢,
2018; Mladenovi¢-Ranisavljevi¢ & Zerajic’, 2018; Walker, Jakovljevi¢, Savi¢, & Radovanovi¢, 2015),
Agri-Food Water Quality Index (AFWQ)I) (Blessing & Benedict, 2017), Canadian Water Quality Index
(CWQI) (Baghapour, Nasseri & Djahed, 2013; Jakovljevi¢, 2012; Jakovljevi¢ & Lozanov-Crvenkovi¢,
2015; Tunc Dede et al., 2013).

The CWQI methodology was used for water quality assessment in this study. The advantage of
this methodology compared with many other variants of WQl is a larger number of parameters and
information about heavy metal pollution. Further, besides the overall water quality, CWQI provides
information about water quality for specific purposes and uses: drinking water, aquatic habitat,
livestock, irrigation, and recreation (Jakovljevi¢ & Lozanov-Crvenkovi¢, 2015).

The assessment of water quality during the flood was achieved by comparing the results
between CWQI with the total number of measurements and CWQI with ordinary measurements.
CWQI could not be applied for the assessment of water in just one measurement (at least four
measurements are necessary), and it is the main limitation of this index.

The CWQI has been developed by the Canadian Council of Ministers of the Environment, based
on the British Columbia Ministry of Environment formulation in 1995 (Canadian Council of Ministers
of the Environment [CCME], 2005; Tunc Dede et al, 2013). The CWQI is calculated by using the
following parameters: Temperature, Conductivity, Color, Turbidity (Turb), Dissolved Oxygen (DO),
pH, Alkalinity (Total Alkalinity), Calcium (Ca), Sodium (Na), Magnesium (Mg), Potassium (K), Sulphate
(SOE'), Chloride (CI'), Fluoride (F), Dissolved Organic Carbon (DOC), Phosphorus (P), Nitrate, Nitrite
(NO3, NOy), Nitrogen (N), Silicon Dioxide (SiOz), Aluminum (Al), Arsenic (As), Barium (Ba), Beryllium
(Be), Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper (Cu), Iron (Fe), Mercury (Hg), Lithium (Li),
Manganese (Mn), Molybdenum (Mo), Nickel (Ni), Lead (Pb), Selenium (Se), Strontium (Sr), Vanadium
(V), and Zinc (Z) (CCME, 2005). Most of these parameters have their lower and/or upper objectives
defined (Table 1). This methodology also enables the calculation of index in the case of missing
some parameters.
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Table 1
CWQI parameters with upper and/lower values

Overall Drinking Aquatic Recreation Irrigation Livestock
Variables Units  Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
Color TCU 15 15 15
Turb NTU 1 1
DO mg/I 9.5 9.5
pH 6.5 8.5 6.5 8.5 6.5 9 5 9
Ca mg/I 1000 1000
Na mg/I 200 200
SOF mg/I 500 500 1000
cr mg/I 110 250 110
F mg/I 1 1.5 1.2 1 1
NO3NO, mg/I 100 100
Al mg/I 0.005 0.005 5 5
As mg/I 0.005 0.025 0.005 0.1 0.025
Ba mg/! 1 1
Cd mg/I 0.005 0.005 0.0051 0.08
Cr mg/I 0.001 0.05 0.001 0.0049 0.05
Cu mg/I 0.002 1 0.002 0.2 0.5
Fe mg/I 0.3 0.3 0.3 5
Hg ug/! 0.003 1 0.1 0.003
Mn mg/I 0.05 0.05 0.2
Mo mg/I 0.073 0.073
Ni mg/I 0.025 0.025 0.2 1
Pb mg/I 0.001 0.01 0.001 0.02 0.05
Zn mg/| 0.03 5 0.03 1 50

Note. Adapted from “Environment, Climate Change and Municipalities: Canadian Water Quality Index 1.0
Calculator” by Canadian Council of Ministers of the Environment, 2005 (https://www.gov.nl.ca/eccm/waterres/
quality/background/cwqi/). Copyright 2005 by CCME. Adapted with permission.

Canadian Water Quality Index 1.0 Calculator (EXCEL application) was used for the calculation in

this methodology (CCME, 2005). CWQI is based on three factors of water quality that relate to water
quality objectives:

e Scope (F1)—The number of water quality variables that do not meet objectives in at least one
sample (“failed variables”), which represents the ratio between the number of failed variables
and the total number of variables;

e Frequency (F2)—The number of individual measurements that do not meet objectives (“failed
tests”), which represents the ratio between the number of failed tests and the total number of
tests;

o Amplitude (F3)—The amount by which failed test values do not meet objectives. F3 is calculated
in three steps:

— The number of times by which the value of variable is greater (or lower, when the objective is
a minimum) than the objective is termed as “excursion”;

— The collective amount is calculated by summing the excursions of individual tests from their
objectives and dividing it by the total number of tests (both those meeting objectives and
those not meeting objectives). This ratio is referred to as the normalized sum of excursions, or
nse;
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— F3is calculated by an asymptotic function that scales the normalized sum of the excursion
from objectives (nse) in the range between 0 and 100.

Once all the factors have been obtained, the index itself can be calculated by summing the

three factors. With this model, the index changes are in direct proportion to the changes in all the

three factors:
VA2 + F2 + F?

CWQI =100 —
Q 1.732

For each CWQI range a descriptive quality indicator has been defined (CCME, 2005), with the
following ranges:

e Excellent (95-100)—there is no threat to the water quality; conditions are very close to natural or
pristine level;

e Good (80-94)—there is a minor degree of threat or impairment; conditions rarely depart from
natural or desirable levels;

e fair (65-79)—water quality is usually protected but occasionally threatened; conditions sometimes
depart from natural or desirable levels;

e Marginal (45-64)—water quality is frequently threatened; conditions often depart from natural or
desirable levels;

e Poor (0-44)—water quality is almost always threatened; conditions usually depart from natural or
desirable levels (Baghapour et al,, 2013; CCME, 2005).

Results and discussion

The results derived from the total measurements (ordinary and extraordinary during the flood)
show a decline in water quality in comparison with the results derived only from ordinary
measurements in all the stations (Figure 2). The highest decline is recorded for OstruzZnica station
(Table 2 and 3) in overall water quality (from marginal to poor), drinking (from good to marginal),
irrigation (from excellent to fair), as well as water for livestock (from excellent to good). Less
impairment is also recorded in CWQI for aquatic habitat (from 34 to 21).

Table 2
CWOQI for OstruZnica station (ordinary measurements)

Overall Drinking Aquatic Recreation Irrigation Livestock
cwaQl 46 86 34 100 95 100
Categorization Marginal Good Poor Excellent Excellent Excellent
F1(Scope) 47 21 64 0 9 0
F, (Frequency) 33 n 48 0 1 0
F3 (Amplitude) 73 5 82 0 0 0
Variables tested 19 14 1 1 n 12
Variables failed 9 3 7 0 1 0
Most failed tests Cr, Cu, Pb Turbidity Cr, Cu, Pb None Cr None
Highest nse Al Fe Al None Cr None
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Table 3
CWO for Ostruznica station (ordinary and extraordinary measurements)
Overall Drinking Aquatic Recreation Irrigation Livestock
cwaQl 33 64 21 100 78 90
Categorization Poor Marginal Poor Excellent Fair Good
F1 (Scope) 58 36 82 0 36 17
F, (Frequency) 35 13 51 0 4 1
F3 (Amplitude) 94 49 96 0 12 1
Variables tested 19 14 1 1 1 12
Variables failed il 5 9 0 4 2
Most failed tests Cr, Cu, Pb Turbidity Cr, Cu, Pb None Cr Cr, Al
Highest nse Al Turbidity Al None Cr Al
Ordinary measurements, OstruZnica Ordinary measurements, Sabac Ordinary measurements, Badovinci
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Figure 2. CWQI values.

A decline of water quality is also recorded for Sabac station in irrigation (from good to fair) and
drinking (from fair to marginal). Less impairment is recorded in overall water quality (from 36 to 32),
aquatic habitat (from 25 to 20), and livestock (from 100 to 95). Similar trend of water quality
impairment was present in Badovinci station in irrigation (from good to fair) as well as in drinking
(from fair to marginal), and less impairment in overall water quality (from 42 to 35), aquatic habitat
(from 30 to 23) and livestock (from 100 to 95).

Water quality impairment was caused by extremely high values of many parameters during the
flood. The most drastic example is Al value for Ostruznica station, which was 2890 times higher than
the objective for overall and aquatic habitat. Al values (Figure 3) were also extremely higher than
the objective for stations Sabac (2258 times) and Badovinci (1589 times).
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Figure 3. Al values for stations Ostruznica, Sabac, and Badovinci.

Heavy metals (micro elements) values were also significantly higher during the flood (Figure 4)
in Ostruznica station: Pb value (58 times), Cr value (51 times), and Cu value (13 times), as well as in
Badovinci station: Pb (61 times), Cr (13 times), and Cu values (9 times). Similar trends were recorded
in Sabac station: Pb value (67 times) and Cu value (11 times).
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Figure 4. Micro-elements values for stations Ostruznica, Badovinci and Sabac.

Heavy metals (macro-elements) values were significantly higher during the flood (Figure 5) in
Ostruznica station: Fe (71 times), Mn (16 times); in Sabac station: Fe (58 times), Mn (16 times), and in
Badovinci station: Fe (43 times) and Mn (14 times).
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Figure 5. Macro-elements values for stations Ostruznic, Sabac, and Badovinci.
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Turbidity values (Figure 6) were also extremely higher than the objective during the flood:
Ostruznica (74 times), Sabac (57.9 times), and Badovinci (53.1 times).
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Figure 6. Turbidity values for stations Ostruznica, Sabac, and Badovinci.

During the flood, the values of As (in Ostruznica and Sabac stations) and Ni (in Ostruznica and
Badovinci stations) were increased, while in all other measurements they were in normal ranges.
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Figure 7. As and Ni values.
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Besides the extraordinary measurement, the impact of flood on water quality was especially visible
in the measurement from 30 May, 2014, immediately after the flood, in Badovinci station. The values of
many parameters (Turbidity, Al, Cr, Fe, Mn, Ni, and Pb) were significantly higher than the objective and
in comparison with other ordinary measurements.

Significant water quality decline, caused by the deviation of many parameters from normal ranges,
cause many consequences in the environment. Heavy metal pollution may have harmful effects on the
ecological balance of the recipient aquatic environment. It has particular significance in ecotoxicology
because heavy metals are highly persistent and have the potential for bioaccumulation and
implementation in food chain, and they become toxic to valuable fish species, wildlife resources and
human beings (Damodharan, 2013; Davutluoglu, Seckin, Ersu, Yilmaz, & Sari, 2011). Turbidity may
increase a possibility for waterborne diseases. Arsenic can cause severe toxicity through ingestion of
contaminated water (Postolache, Girdo, & Pereira, 2012). Aluminum has a toxic effect on the nervous
system (Vasile et al., 2012).

Conclusion

Flood affected water quality in all the stations. Water quality decline was recorded in overall water
quality as well as in water for specific uses: drinking, aquatic habitat, irrigation, and livestock. Many
parameters (heavy metals and turbidity) showed tens of times higher values. The most drastic examples
were Al values, which were thousands of times higher than the normal range. Due to the environmental
consequences (including the harmful effects on aquatic species and human health), during the extreme
events, such as floods, a network for water quality monitoring should be established. This is a way to
prevent using contaminated water for different purposes. In order to achieve the most accurate results
about water quality, the applied methodology could be used in combination with some other
methodology for water quality assessment. More parameters and higher frequency of measurements
would provide more results and imply trends in water quality changes. The establishment of a better
monitoring system during floods and the implementation of the best available methodology for water
quality assessment could contribute to the development of strategies and measures for water quality
protection during extreme events. These measures could include nature-based solutions for water
quality improvement and protections such as constructed wetlands and buffer zones which could
mitigate flood ways and contribute to the enhancement of water quality.
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