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ASSESSMENT OF WATER QUALITY
OF THE LEPENC RIVER IN KOSOVO
THROUGH PHYSICOCHEMICAL PARAMETERS

Water is a very important resource of vital importance to humans and other organisms. In this study,
we investigated the water quality in the Lepenc River in the Republic of Kosovo, using various physico-
chemical parameters. A total of 15 parameters were analyzed at six different locations: temperature, pH,
electrical conductivity (EC), total dissolved solids (TDS), total organic carbon (TOC), NO;, NO;, NH;,

PO;, SO:", Cr, Cu, Fe, Mn, and Zn. Heavy metals were analyzed by inductively coupled plasma-atomic
emission spectroscopy (ICP-AES). Statistical analysis (basic statistics, Pearson correlation, and principal
component analysis) was performed to better explain the data of different parameters. The concentration
of chromium (range from 0.07 to 0.108 mg/dm?) in all water samples exceeds the permitted level for
drinking water, while the concentration of iron (1.45 mg/dm?) exceeds the permitted value at some loca-
tions. The median value for ammonium (0.81 mg/dm?) and phosphates (0.80 mg/dm?) exceeds the per-
mitted level for drinking water. The pollution of the river water has mainly occurred due to anthropogenic
factors, because the former ferronickel mine is located in this area, and the use of agricultural lands and
the discharge of wastewater from settlements located along the river’s course.

1. INTRODUCTION

Water resources are very important for animal and plant life and the economic devel-
opment of countries, but unfortunately, freshwater is limited, and the lack of water causes
many problems [1, 2]. Water is a strategic asset because it drives the growth, development,
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and survival of life on Earth. Population growth is a key driver of water scarcity, as rising
populations drive increased water demand. Consequently, the annual amount of available
freshwater per person has declined by more than 20 percent in the last two decades [3].
Rapid population growth, progressive urbanization, industrial development, and the growth
of intensive agriculture have contributed to surface water pollution [4]. Today, the con-
tamination of rivers and sediment with different pollutants presents a complex long-term
environmental problem, particularly in areas with high anthropogenic pressure [5]. Heavy
metals are one of the most serious environmental pollutants due to their toxic effects, per-
sistence, and abundance that can accumulate in aquatic ecosystems [6].

Kosovo is a country surrounded by high and medium altitude mountains, but there
are river valleys created by the geological activities that enable the connection of Kosovo
with neighboring countries [7]. Kosovo does not have abundant water resources, and the
use of river and lake water in agriculture and various industrial branches causes these
waters to be polluted with potentially toxic metals, various inorganic, organic, and bacte-
riological pollutants. Recently, many authors in Kosovo have investigated the impact of
industry, traffic, and agriculture on food, soil, and air pollution [8—10], as well as investi-
gated the physicochemical parameters of waters and sediments in Kosovo’s rivers and
lakes [4, 5, 11-15].

The purpose of this investigation is to evaluate the physicochemical parameters and
water quality of the Lepenc River in the territory of the Republic of Kosovo, from the
source of the river to the border with the Republic of North Macedonia. A total of 15 phys-
icochemical parameters (temperature, pH, electrical conductivity, total dissolved solids,
total organic carbon NO;, NO,, NH;, POf{, SOi’, Cr, Cu, Fe, Mn, and Zn) were ana-
lysed to assess the impact of anthropogenic and geogenic factors on the water quality of
the Lepenc River. Statistical analysis (Pearson’s Correlation and Principal Component
Analysis) was used as a tool to find the correlation between these parameters as well as
the main pollution sources.

2. EXPERIMENTAL

Study area. Kosovo is located at the top of the Balkan Peninsula, influencing surface
waters to be autochthonous waters (created within the territory of Kosovo) and transbound-
ary rivers. Kosovo’s surface waters flow into 3 seas: the Black Sea, the Adriatic Sea, and
the Aegean Sea [7]. The river Lepenc is located in the southeast of the Republic of Kosovo,
originating in the Oshlak mountains at an altitude of 2212 m. The total length in the territory
of Kosovo is 50 km and flows to the Vardar River in North Macedonia [6]. The river Lepenc
represents the main catchment area in the southeastern region of Kosovo, and it has an area
of 652 km?, while the average annual flow is 7.9 m? per second [6, 7].

Samples. Sampling was done according to water sampling standards. All samples
were taken along the river at depths of 2040 cm. Samples were collected in six different



Water quality of the Lepenc River in Kosovo through physicochemical parameters 21

locations through the flow of Lepenc River: W1 (Kovagec), W2 (Kaganik) and W3 (Gajre),
W4 (Pustenik), W5 (Hani i Elezit), and W6 (Seqishte-near the border of North Macedo-
nia), presented in Fig. 1. The physical-chemical characteristics were taken by placing the
samples in clean polyethylene bottles. The parameters that are directly measured in the
locality are: water temperature (WT), pH, and electrical conductivity (EC). Other physical
and chemical parameters were analysed in the laboratory of the Kosovo Hydro-Meteoro-
logical Institute, such as: total dissolved solids, nitrates, nitrites, ammonium, sulphates,
phosphates, and total phosphorus, and total organic carbon according to standard methods
[16]. The concentration of heavy metals Cr, Fe, Mn, and Zn were determined with ICP-
MS, in Agrovet Institute in Fushé Kosova.
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Fig. 1. Map of sampling locations W1-W6 with the coordinates:
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w3

42°12'3.09"N

21°15'26.27" E

Wé

42°8'21.30" N

21°17'52.66" E

Statistical analysis. The software PAST 4.11 was used for basic statistical analysis
(minimum, maximum, mean, median, standard deviation, 25th and 75th percentile, skew-
ness, and kurtosis), Pearson correlations, and principal component analysis (PCA).

3. RESULTS AND DISCUSSIONS

The results for water samples from six different locations in the Lepenc River, ana-
lysed for physical and chemical parameters, are presented in Table 1, and compared with
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World Health Organization (WHO) standards [17]. The temperature ranged from 19 to
22.5 °C, pH ranged from 7.06 to 8.5. These parameters were within the standards for drink-
ing water of the WHO. The electrical conductivities (290—436 pS/cm) were lower compared
to those for the water of the Drenica River in Kosovo (420-798 uS/cm) presented by Gashi
et al. [14], but higher than those for the water of the Batllava Lake [4]. These values were
within the permitted limits of WHO, and water with EC between 250 and 750 puS/cm
considered to have low salinity and is also suitable for various uses [2]. Total dissolved
solids ranged from 10 to 22.6 mg/dm?, and were within permitted limits of WHO [17],
lower than for water of the Drenica River [14], but higher than for the Batllava Lake [4].
The lowest value for total organic carbon (TOC) was recorded 1.0 mg/dm? while the high-
est was 6.5 mg/dm?. Total phosphorus (0.13-0.39 mg/dm®) and sulfates (7-16 mg/dm?)
were also within the permitted limits for drinking water.

Table 1
Descriptive statistics for the content of physicochemical parameters in water (n = 6)
Percentil
Variable Min | Max | Mean |St. dev. | Median st Skewness | Kurtosis WHO
25th | 75th standard [17]
T,°C 19 |22.5]2037 | 1.15 | 20.15 | 19.75 | 2093 | 1.38 3.33 25
pH 7.06| 85| 7.81 | 047 | 7.87 | 7.49 | 8.09 | —0.29 1.53 6.5-8.5
EC, uS/cm 290 | 436 |391.83| 53.45 | 398.50|367.25(435.25| —1.75 | 3.59 1000
TDS, mg/dm? 10 | 2261582 | 494 | 1520 | 11.05 | 21.03 | 033 | —1.41 500
TOC, mg/dm? 1 | 65| 322|197 | 290 | 1.68 | 4.70 0.86 0.50 -
- 3
NO;, mg/dm” | 15| 96 | 550 | 304 | 530 | 248 | 863 | 019 | —1.41 >0
- 3
NO,, mg/dm’® | 535|333 | 146 | 1.01 | 125 | 085 | 202 | 149 | 3.19 3
+ 3
NHy, mg/dm® | o 47| 167 095 | 043 | 081 | 065 | 134 | 095 | 037 0.5
3- 3
PO, mg/dm” | 4| 15| 080 | 026 | 0.80 | 063 | 098 | 0.00 | 153 !
TP, mg/dm’ 0.13]039| 027 | 009 | 028 | 021 | 032 | -025 1.41 60
2- 3
SO, ,mg/dm” |5 | 165 | 1050 | 3.02 | 10.00 | 850 | 1225| 131 | 2.80 250
Cr, mg/dm’ 0.07 [0.108] 0.09 | 0.02 | 0.10 | 0.07 | 0.11 | —0.72 | -1.87 0.05
Fe, mg/dm* 0.1221 145| 041 | 051 | 023 | 0.14 | 055 | 2.39 5.78 0.3
Mn, mg/dm? 0.03 [0.064| 0.04 | 0.01 | 0.04 | 003 | 006 | 033 | —2.11 0.08
Zn, mg/dm’ 1.93 [2.983| 249 | 043 | 248 | 2.08 | 296 | —0.05 | —1.53 5

The results for anions are presented in Table 1 and Fig. 2. Concentration of nitrate
increased from samples W1 (1.8 mg/dm?) to W6 (9.6 mg/dm?) through the flow of river.
The values were within permitted limits (50 mg/dm?) for drinking water [17], but there
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are higher than for the Oued Fez River of Morocco [1]. Also, the concentration of nitrite
increased through the flow of river, with the maximum value of 3.33 mg/dm? in the loca-
tion W4. Nitrite concentrations were within the permissible value (3 mg/dm?) of WHO
drinking water standards, expect for the location W4, which exceed the permissible value
of WHO [14]. Ammonium concentration ranged from 0.47 to 1.67 mg/dm?, and it de-
creased from location W1 to W6. The median value for ammonium was 1.6 times higher
than the allowed value (0.5 mg/dm?®). Increasing levels of nitrogen (nitrates, nitrites, and
ammonium) resulted from agricultural activities and wastewater discharged from settle-
ments [2]. The median value for phosphates was very close to the WHO standard, but the
maximum measured value exceeded the allowed value (1 mg/dm?), as a result of waste-
water and urban discharges [1, 2].
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W4 5.4 3.33 0.714 0.7
=W5 8.3 1.34 0.47 0.8
= W6 9.6 1.58 0.72 0.9

Fig. 2. Concentration of anions in water samples of the Lepenc River (n = 6)

The concentrations of chromium (Table 1 and Fig. 3) ranged from 0.07 to 0.108
mg/dm?, with median values 2 times higher than permitted limits for drinking water [17].
Chromium concentrations in water of the Lepenci River were higher than in other studies
for waters of lakes and rivers in Kosovo [4, 5, 14], and have geogenic origin because this
area is located near former nickel mines [6]. Iron concentrations in water ranged from
0.122 mg/dm? to the maximum value of 1.45 mg/dm?, in location W4, as a result of an-
thropogenic factors of former nickel factory of Ivaja [6]. The maximum value for iron was
5 times higher than allowed value of WHO standards [17], and much higher than lake and
river waters in Kosovo [4, 14]. Manganese concentrations in water were ranged from 0.06
—0.064 mg/dm® and were within the permitted limits for drinking water (0.08 mg/dm?),
but much higher than in water of the Drenica River [14]. The minimum value of zinc in
water (1.93 mg/dm?) was higher than the maximum value (0.086 mg/dm?) for water of the
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Drenica River [14], but lower than the maximum value (7.994 mg/dm?®) for the Trepga
and Sitnica Rivers [5].
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Concentration of metals (mg/dm”

0.5
0.0
Zn
mW1 0.098 0.254 0.03 2.957
w2 0.108 0.251 0.064 2.46
W3 0.108 0.206 0.055 2.983
w4 0.099 1.45 0.051 1.93
mW5 0.07 0.15 0.034 2126
u W6 0.071 0.122 0.032 2.508

Fig. 3. Concentration of metals (Cr, Fe, Mn and Zn)
in water samples of the Lepenc River (n = 6)

The Pearson correlation coefficient () and their significance level (p-values) for the
examined parameters are presented in Table 2. The absolute value between 0.50 and 0.70
presents a good correlation, and from 0.70 to 1.00 — a strong correlation [10, 18]. Tem-
perature had strong positive correlations with pH (0.921), NH; (0.799) and Zn (0.716),
but strong negative correlations with EC (-0.959), NO, (—0.826) and TOC (-0.778). Elec-
trical conductivity had strong positive correlations with SO, (0.756) and TOC (0.704)
and strong negative correlations with NH; (-0.891), pH (-0.817) and Zn (-0.731). pH had
strong positive correlations with Zn (0.809) and NH4" (0.743) and strong negative corre-
lations with NO; (-0.968), TOC (-0.818) and Fe —0.727). TDS had good positive corre-
lations with SO; (0.661), Mn (0.606) and TOC (0.507) and also good negative correla-
tion with NH; (—0.535). TOC had strong positive correlations with NO; (0.868) and Fe
(0.811) and also strong negative correlation with Zn (—0.849). Nitrates had good positive
correlations with SO, (0.516) and TP (0.503), and also strong negative correlations with
Cr (-0.830) and NH, (—0.740). Nitrites had strong positive correlation with Fe (0.872)
and strong negative correlation with Zn (—0.809). Ammonium had strong positive corre-
lation with Zn (0.843) and strong negative correlation with SO; (—0.773). Phosphates
had very strong positive correlation with TP (0.989). Chromium had strong positive cor-
relation with Mn (0.752). Based on data from Table 2, in total shown 50 associations with
absolute values between 0.5 and 0.989, where 13 of them had significance level below
5% (p <0.05).
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Fig. 4. Principal component analysis of physicochemical parameters (upper), and locations (lower)

In Figure 4, it is shown that PC1 contributed to 49.73% and PC2 with 20.48% of total
variables (70.21%). Location W4 has a large vector in PC1 and PC2 and was affected by
anthropogenic factors, because there is a former ferro-nickel factory in Ivaja which pol-
luted the water with iron. Locations W5 and W6 have high vector in PC1 and PC2 and
influenced by anthropogenic factors; agricultural activities, wastewater and industrial dis-
charged from cement factory in Hani i Elezit and former asbestos factory, had impacted
in increasing levels of EC, TDS, SO; , NO;, and PO — in these locations. Chromium
has a vector orientation in the opposite direction and may have a mixed geogenic and
anthropogenic origin.
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4. CONCLUSIONS

In this work we investigated 15 physicochemical water parameters in the Lepenc
River. Based on the World Health Organization drinking water guidelines, five chemical
parameters exceeded the permitted values at one or more locations. Ammonium exceed
permitted value in all water samples, nitrites in location W4 and phosphates in W3 ex-
ceeds permitted values of WHO. Chromium exceeds allowed values in all water samples
and the median value was 2 times higher than permitted value of WHO. Iron exceeds
5 times the allowed value for drinking water of WHO in location W4 as a result of indus-
trial discharged of former ferro-nickel factory in Ivaja (Kaganik).

The Pearson correlations identified 50 associations with strong and good (positive and
negative) correlations between physicochemical parameters, where 13 of associations had
significance below p < 0.05.

Principal component analysis identified the contributions of 15 physicochemical pa-
rameters at different locations. Location W4 mostly influenced by anthropogenic factor
of former ferronickel factory in Ivaja (Kaganik). Locations W5 and W6 affected in pollu-
tion by wastewater of settlements, agricultural activities and industrial discharged from
cement factory in Hani i Elezit. Chromium has a uniform distribution throughout the River
and can have mixed geogenic and anthropogenic origins.
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