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ABSTRACT 

 

The water quality of a lake at any point reflects several major influences, including the lithology of the basin, 

atmospheric, climatic conditions and anthropogenic inputs. Surface water may contain heavy metals and organic 

pollutants as undesirable substances and as dangerous to human health and also may cause chronic diseases and 

various cancers. Inductively coupled plasma-mass spectrometry (ICP-MS) was used to determine concentrations 

of 67 trace elements in water samples of Badovci Lake, which is an important source of drinking water in 

Kosovo. This area is known to be under the influence of Pb-Zn ore field Hajvalia – Badovci – Kishnica and 

from improperly discharged sewage of surrounding villages, so the main objective of the current paper was to 

assess the impact of anthropogenic and natural activities on the water environment. Statistical methods were 

applied to determine possible anomalous values (extremes and outliers) for 10 ecotoxic elements (Ni, Cu, Zn, 

Mn, As, Pb, Fe, Cd, U and Cr). The use of boxplot method showed that only one outlier of Cd
2+

 (5.91 µgdm
-3

) 

and one extreme value of Zn
2+

 (78.9 µgdm
-3

) are present.  

It is suggested that elevated amounts of Pb, Cd and Zn are related to geological origin, as it is a rich Pb-Zn 

polymetallic mining area, belonging to the ore field Hajvalia – Badovci – Kishnica, which is important for the 

economic development of Kosovo. At this location source rocks (serpentinite, schist, phyllite, dacite, andesite 

and listwaenite) originate within a wide stratigraphic range, from the Paleozoic formations up to the Tertiary 

ones. Using Croatian standards, according to which data were evaluated, it was concluded that water of Badovci 

Lake is rather polluted with respect to some metals, especially with Cd and Pb, for which it belongs to III, IV or 

even V category.  
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INTRODUCTION 

 

From a geochemical point of view, elements in the soil are present in form of organic and inorganic matter, adsorbed 

on minerals or included in the structure of living organism (Adriano 1986). Some of the heavy metals are easily 

transported from surface to ground water (Kebata-Pendias and Pendias 1986). Water quality refers to the quality of 

those substances present in a particular water sample, expressing its chemical composition. The ecosystem services 

of water courses such as rivers, streams and lakes directly or indirectly contribute to both human welfare and aquatic 

environment (Costanza et al. 1997). Potable and safe water gradually became scarce commodity, due to mixing up 

of huge contaminants through natural process like soil and rock weathering and anthropogenic activities such as 

industrial effluents, domestic sewage, garbage, over mining activity, growing population etc. (Pandey et al. 2009; 

Altman and Parizek 1995). Metallic elements are environmentally stable. They can enter in living system through an 

aqua medium and accumulate up to prolonged period, resulting in acute adverse effects on human being, animals 

and plants. Metallic elements have significant role in increasing of degradation of water quality via thermal power 

plant, extraction of metals, over application of fertilizers, pesticides and insecticides. Some heavy metals such as Cu, 

Fe, Mn, Ni and Zn are compulsory as micro nutrients for flora – fauna and microbes. Traces of metals in natural 

waters allocate between dissolved species and species bound to particular (colloid) particles. Interactions of 

dissolved traces of metals, with sediment and biota, depend on physico-chemical characteristics of their chemical 

species. For a better understanding of processes that control cycling of trace metals between certain components in 

water, it is necessary to know their distribution and concentration of their particular species (Jinwal et al. 2008; 

Järup 2003; Bruins et al. 2000). Mainly, there are four main approaches that can be used to assess the water quality 

of a water body: (1) water quality index approach, (2) trophic status index approach, (3) statistical analysis 

approaches of the water quality data such as correlation analysis and (4) biological analysis approaches such as 

Genetic Algorithms method and other different biological indices (Elshemy and Meon 2011). Literature has also 

shown that multivariate statistical methods have been proved to be one of the most useful tools for extracting 

meaningful information from data sets. For example applied cluster analysis (CA) to delineate monitoring sites of 

surface/drinking water quality while used CA and discriminant analysis (DA) to identify significant parameters and 

optimize monitoring network of ground water quality data (Astel et al. 2006; Simeonov et al. 2003; Singh et al. 

2005; Shrestha and Kazama 2007). 

Gashi et al.
 
(2009a; 2011; 2014) performed research of mass concentrations of ecotoxic metals: Cu(II), Pb(II), 

Cd(II), Zn(II) and Mn(II) in waters of four main rivers of Kosovo. The main goal of their works was to suggest to 

concerned authorities a monitoring network on main rivers of Kosovo - Drini i Bardhë, Morava e Binçës, Lepenc 

and Sitnica (in which drainage basin here investigated Badovci Lake is located). The authors also aimed to suggest 

application of WFD (Water Framework Directive) in Kosovo as soon as possible and performed research that could 

be the first step towards it, giving an opportunity to plan the monitoring network in which pollution locations will be 

highlighted. The authors highlighted two locations in Sitnica River as very polluted with ecotoxic elements and 

possible remediation by Kosovo authorities concerned was suggested. Troni et al. (2013) compared the surface 

water quality in Kosovo in Lumbardhi River basin in the region of Peja. From chemical aspects are investigated 

some of main indicators of pollution as: pH value (in situ), dissolved oxygen, lead, cadmium, copper, zinc, arsenic, 

cobalt, nickel, uranium, bromine, nitrites, etc. Based on Croatian standards for drinking water, the Lumbardhi River 

water was classified in first and second class according to the concentrations of zinc and cadmium. It is classified in 

the second, third and fourth class according to the concentrations of copper and lead. It was concluded that water 

resources of Kosovo’s are endangered by anthropogenic pollution (Faiku et al. 2015). 
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There were some brief preliminary studies reported in conferences on concentrations of toxic metals in water of 

Badovci Lake (Gashi et al. 2009 b; 2012). Berisha et al. (2010) reported concentrations of manganese, exceeding 

those allowed for potable waters. Also organic pollution was discussed before and after chemical treatment, by 

Gashi et al. (2015). 

 This study is a continuation of earlier studies from our research group on quality of the surface waters in Kosovo. 

The aim of the current work is to perform a systematic research of the Badovci Lake, which is the main source 

of drinking water for the cities of Prishtina and the surrounding villages.  

 

 

STUDY AREA 

 

The study area, covering the whole Badovci Lake, is presented in Figure 1. Badovci Lake, known also as Graçanica 

Lake, is an artificial reservoir on the Graçanka River (tributary of Sitnica River), located two kilometers above 

Graçanica, Kosovo. It was built between years 1963 and 1966 in order to supply city of Prishtina with water. The 

dam height is 52 m and width 246 m. When full, the lake is 3.5 km long and up to 500 m wide, with a maximum 

depth of 30 m and a total volume of 26 million m
3
 of water. The lake has a catchment area of 109 km

2
 (http 1).  

Area around the Badovci Lake belongs to the ore field Hajvalia-Badovci-Kishnica, which is with its Pb-Zn 

polymetallic ore reserves important for the economic development of Kosovo and was described in details by 

Hyseni and Aliu (1999). This mineralization occurs within a wide stratigraphic range - from the Paleozoic 

formations up to the Tertiary ones. The Tertiary magmatism has been very productive in the metallogenic aspect and 

several Pb-Zn polymetallic ore deposits in the area are related to it. The mineralization belongs to the pneumatolite-

hydrothermal type. Veins, vein system, vein-lenses and lenses are the main morphologies of the Pb-Zn ore bodies. 

The length of the ore bodies varies from tens of meters up to 500 m and they are 0.5 m to 20 m thick. Veins are low-

sulphidation epi- to mesothermal polymetallic, rich with Pb, Zn, Ag, Mn, Cu, As and Sb. Unspecified ore deposits 

related to volcanic systems and shallow intrusives are also present. Ore mineralogy consists mainly of galena, 

sphalerite and pyrite. Host rock lithology of Badovci is dominated by serpentinite, schist, phyllite, dacite, andesite 

and listwaenite (Monthel et al. 2002). In Figure 2 is presented geological map of the studied area around Badovci 

Lake, which is constructed after Geological map of Kosovo, scale 1:200,000 (Independent Commission for Mines 

and Minerals, 2006).  

 

 

MATERIALS AND METHODS 

 

Sampling and sample preparation 

 

Sampling of water was performed at 6
th

 December 2010. The sampling network, consisting of 5 locations is 

presented in Figure 1. The network was established in order to cover the lake spatially, taking into account 

anthropogenic pressures, the different habitats and the hydromorphological conditions of the lake. Geographic 

coordinates were measured by GPS device Extras, “GARMIN, 12 channel” and locations were well described. The 

details about sampling locations, including geographical coordinates and description of possible sources of 

http://en.wikipedia.org/wiki/Potable_water
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pollution, are presented in Table 1. At each of five carefully selected sampling locations, water samples were 

collected in polyethylene bottles. Before taking water samples, the bottles were rinsed three times with lake’s water 

to be collected. The sampling locations were chosen at points where pollution was expected, due to closeness of 

traffic, settlements or combinations of those factors. Water samples were collected for analysis according to the 

recommended procedures, near the bank at a depth of 15 cm, put into 1dm
3
 bottles stored at 4° C (World Health 

Organization Standards 2004; 2006; 2007).  

Following physico-chemical parameters: EC, TDS, pH and turbidity were measured directly in the field in unfiltered 

water samples. All other analyses were performed in filtered water samples, preparation of which was as following: 

from each sample a quantity was extracted and filtrated using filter paper “selecta no. 589” (Whatman) of 0.45 µm, 

made from cellulose nitrate. Rest of water samples was preserved according to standard procedures (APHA 1998; 

Alper et al. 2003; Dalmacija 2000).  

 

Determination of physico-chemical parameters 

 

Temperature, pH, EC and TDS were performed immediately after sampling using pH-meter, model “Hanna 

Instruments, pH & EC”. Determination of the turbidity was performed using “HACH 2100P ISO Turbidimeter”. 

The alkalinity was determined by titrating it against standard HCl solution, using phenolphthalein and methyl orange 

indicators. Total hardness was measured using chemicals of p.a. purity. Total hardness was determined by EDTA 

titration, using Eriochrome black T indicator. Chemical consumption of KMnO4 was determined by Thiemann 

Küebel volumetric method (boiling in acidic environment). 

 

ICP-MS analysis of major and trace elements 

 

ICP-MS is a very rapid method for the multielemental analysis of liquid samples and it can analyse more than 100 

samples daily. It has been used to determine the composition of water and allow high-sensitivity determination of 

several metal elements which can be found as trace (Jarvis et al. 1992; Pinte et al. 1998; Vandecasteele and Block 

1993). 

Quantitative determination of elements in water were performed in commercial laboratory ACTLABS, Ontario, 

Canada, using a “Perkin Elmer SCIEX ELAN 6100” ICP-MS instrument, with the program “Code 6 

Hydrogeochemistry”. Mercury was determined using the same solution as prepared for ICP-MS analysis. The 

program 1G-Hg-CV was used as well as international standards SO-2, GXR-4, GXR- 2 and GXR-1. Determination 

was performed using CV-AAS method (Cold Vapor Atomic Adsorption Spectrometry). Hg was oxidized in the 

solution till the state of stable divalent ions has been reached. Their concentration was determined using Hg vapor, 

which is adsorbed at the wavelength of 253.7 nm, along with the reducing of Hg (II) in evaporating state (Hg0), 

using SnCl2. Argon was run through the mixture of the sample and the reducing solution, which transported Hg 

atoms into adsorption cell situated in beam of atomic adsorption spectrophotometer. According to Beer’s law, 

adsorbed emission intensity is proportional to the concentration of Hg atoms in emission beam of λ = 253.7 nm.   

 

Statistical methods 
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Program Statistica 6.0 (Statsoft 2001) was used for the statistical calculations in this work, such as: descriptive 

statistics and two dimensional box plot diagrams for determination of anomalies (extremes and outliers) for solution 

data. Normal  or  lognormal  box-plots  are  constructed  on  the  basis  of  the  empirical  cumulative  distribution  

plots. The box length was of interquartile range, where outlier values were defined between 1.5 and 3 box lengths 

from the upper or lower edge of the box. Extremes are values more than 3 box lengths from the edge of the box 

(Reimann et al. 2005; Tukey 1977). 

 

Estimation of water quality 

 

Classification of lake waters at each sampling location, based on concentrations of toxic metals, was performed 

using available standards from Croatian legislation (Narodne Novine 107/95 1998). According to mentioned 

legislation, water quality is determined for following 7 metals: Cu, Zn, Cd, Cr, Ni, Pb and Hg. All of them except 

mercury have been studied in the current paper and will be discussed. According to Croatian legislation, water is 

divided into 5 categories estimating toxicological influence on living communities of water bodies: 

I. No anthropogenic contamination with metals; 

II. Concentrations are not significantly higher than natural levels; 

III. Concentrations are lower than permanent toxic level; 

IV. Concentrations are periodically above permanent toxic level, but they don’t cause permanent toxic 

conditions; 

V. Concentrations are above the permanent toxic level and are causing permanent (acute) toxic 

conditions. 

 

 

 

RESULTS AND DISCUSSION 

 

Physico-chemical parameters 

 

In Table 2 are presented several physico-chemical parameters measured in lake waters: temperature, electrical 

conductivity (EC), pH, total dissolved solid (TDS), total alkalinity, total hardness and the consumption of KMnO4. 

The selection of the parameters was based on their confluence as key variables for lake water quality. Water 

temperature ranged from 4.9-5.5°C and might be due to the rate of chemical reactions and the nature of biological 

processes taking place in aquatic system. The pH affects chemical and biological processes and temperature affects 

the availability of oxygen concentration in the water. Based on pH measurements, the water of the lake is slightly 

alkaline with values ranging from 7.22 to 7.43. These values are within highest desirable limit (HDL) prescribed by 

World Health Organization (2006). Electrical conductivity ranged from 254-292 μScm−1 and these values are below 

the WHO limit (1000μscm-1). Turbidity is not in agreement with the WHO standards (0.5 NTU). Total alkalinity of 

water depends upon dissolved salts such as bicarbonates, carbonates, present in water. The result is reported as 

mgdm
-3

 CaCO3. The total alkalinity is in the range from 61.04-61.19 mgdm
-3

 and these values are below the highest 

desirable WHO limit (250 mgdm-3). Total hardness of water depends upon dissolved salts present in water. The 

total hardness is in the range from 8.89-10.50° dH. 
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Distribution of major and trace elements 

 

 In Table 3 are presented concentrations of major and trace elements (µgdm
-3

) in water, determined by ICP-MS 

method. The descriptive statistics summary of the selected elements measured in water samples are presented in 

Table 4. For each element (variable), the values are given as arithmetic mean, geometric mean, median, minimal and 

maximal concentration, variance and standard deviation.  

Scatter box plot diagrams of selected elements are presented in Figure 3. Using experimental data from Table 3, 

obtained by ICP-MS method and box plot approach of Tukey (1997), anomalous values (extremes and outliers) of 

10 elements (Ni, Cu, Zn, Mn, As, Pb, Fe, Cd, U and Cr) were determined (Table 5). Only one outlier, Cd
2+

 (5.91 

µgdm
-3

) in station S1 and one extreme, Zn
2+

 (78.9 µgdm
-3

) in station S3 are present. Although anomalous values of 

Pb were not found, it is suggested that elevated concentrations of Pb, Cd and Zn are of geological origin, as in this 

location source rocks are from the late Paleozoic (giseurope.brgm.fr/GIS_SERBIA/SerbiaDistricts.pdf). 

 

Estimation of water quality of Badovci Lake 

 

According to concentrations of copper (Cu), water on all studied locations belongs to II category (2-10 µgdm
-3

). 

According to concentrations of zinc (Zn), water on four locations (S1, S2, S4 and S5) belongs to I category (<50 

µgdm
-3

), while on one location (S3) belongs to II category (50-80 µgdm
-3

). 

According to concentrations of cadmium (Cd), water is much polluted. Only on one location (S5) it belongs to I 

category (<0.1 µgdm
-3

) and on one location (S2) it belongs to II category (0.1-0.5 µgdm
-3

). On two locations (S3 and 

S5) it belongs to III category (0.5-2.0 µgdm
-3

), while on one location (S1) it belongs to heavily polluted category V 

(>5 µgdm
-3

).  

According to concentrations of chromium (Cr), water on all studied locations belongs to II category (1-6 µgdm
-3

). 

According to concentrations of nickel (Ni), water on all studied locations belongs to I category (<15 µgdm
-3

).  

According to concentrations of lead (Pb), water is much polluted. On two locations (S4 and S5) it belongs to III 

category (2.0-5.0 µgdm
-3

), while on three locations (S1, S2 and S3) it belongs to IV category (5.0-80.0 µgdm
-3

).  

In the present work analytical collective parameter as chemical oxygen demand (COD) was used to estimate the 

quantity of organic matter present. COD is obtained by measuring the equivalent quantity of KMnO4, necessary for 

oxidation of the organic constituents. Consumption of KMnO4 (in all samples) is significantly higher than limits 

reported for WHO standards (12 mgdm
-3

). Our results suggest for organic pollution to be anthropogenic, from 

settlements and peripheral rivers coming from villages Mramor, Slivova and Llabjan, whose sewage is partially 

released in the watercourses feeding the lake without any control.  

Water of Badovci Lake in sample S1 (5.91μgdm
-3

) has concentration of Cd higher than recommended by World 

Health Organization standards and EU directives (5 μgdm
-3

). Also, water of Badovci Lake  in all samples (S1-S5) is 

significantly polluted with Pb and is not in agreement with the World Health Organization Standards (0 μgdm
-3

). 

Therefore, a water treatment plant exists about 1.5 km from sample station S5, from which water is taken to be used 

for drinking water supply of Pristhina city and numerous surrounding villages.  
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CONCLUSIONS 

 

According to the performed chemical analysis, we have noticed that water of Badovci is significantly polluted. 

Turbidity and consumption of KMnO4 (in all samples) are not in agreement with the World Health Organization 

Standards. Our results (samples S1-S5) show for organic pollution to be a result of anthropogenic/organic pollution, 

coming from settlements, peripheral rivers, agricultural and traffic in the region. According to the performed ICP-

MS analysis, we have noticed that water of Badovci Lake is significantly polluted with Cd and slightly with Zn 

(samples S1 and S3) as a result of geological origin. Estimation of water quality of Badovci Lake was performed 

using data for 6 toxic metals according to Croatian standards. According to those standards, water of Badovci Lake 

is rather polluted with respect to some metals, especially for Cd and Pb, for which it belongs to III, IV or even V 

category.  
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Figure captions 

 

Figure 1. Map showing the location of the study area of Badovci Lake and positions of 

sampling stations. 

 

Figure 2. Geological map of the studied area around Badovci Lake, constructed after 

Geological map of Kosovo, scale 1:200,000 (Independent Commission for Mines and 

Minerals, 2006). 

 

Figure 3. Scatter box plot diagrams of 10 selected ecotoxic elements (μgdm
-3

), showing 

anomalous values 

 

 


