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Abstract 
Exposure to heavy metals around the world is practically unavoidable due to their extensive use 

and spread in the environment. This is especially critical due to the metals’ toxicity and 

detrimental effects on human health. Rural inhabitants in less developed countries in Europe 

near industrial local polluters are especially exposed. Leachates from industrial wastes may add 

heavy metal pollution to surrounding groundwater aquifers. Both industrial pollution and rain 

runoff poses extensive risks for private wells. These wells provide a large part of the drinking 

water supplies for Kosovo’s inhabitants. The aim of this study is to investigate how a nickel 

(Ni) refining industry’s slag hill is affecting the drinking water quality in surrounding 

neighbours private drinking water supplies. To do this 10 samples with increasing distance from 

the industrial slag hill were collected and analysed by Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS). Chromium (Cr), Ni and lead (Pb) were below guideline and limit 

values in the well water drinking supplies. Rain runoffs increased the concentrations of 

aluminium (Al), Ni and Pb, in wells where rainwater leaked in. This was however not the case 

for Cr. Highest Cr concentrations were found in clear (unpolluted by rain runoff) well waters, 

southeast of a local open pit mining area. This study shows that the Ni refinery and slag hill do 

not currently risk contaminating local drinking water wells above guideline and limit values. 

However, there are indications that local mining activity may pose a larger risk concerning Cr 

leakage to the private wells. Further groundwater monitoring is needed focusing on this area to 

investigate potential and actual sources of pollution. 

 

 

Keywords: industrial pollution, heavy metals, drinking water 
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Sammanfattning  
Bakgrund: Tungmetaller utgör speciella risker för människors hälsa på grund av dess förmåga 

att bioackumuleras i individer och hämma livsviktiga biologiska processer. Speciellt känsliga 

grupper i samhället är barn och gravida kvinnor. Förorening från industriella verksamheter som 

metallindustrier är några av de vanligaste orsakerna till förhöjda halter av tungmetaller i 

dricksvatten. Människor bosatta runt dessa industrier kan exponeras genom lokala 

grundvattenföroreningar i sina dricksvattenkällor. Enskilda dricksvattenbrunnar är även 

speciellt utsatta för avrinnings kontanimering vid kraftiga skyfall eller snösmältningar. 

Landsbygdsbefolkningen är på så sätt extra utsatta eftersom att de ofta saknar kommunal 

tillgång till dricksvatten vilket är vanligt i mindre utvecklade länder som Kosovo.  

 

Syfte och frågeställning: Syftet med denna studien är att undersöka lokal förorening på privata 

dricksvattenbrunnar vid ett nickelsmältverk i Kosovo. Jag har velat se hur industrins 

slaggdeponi påverkar människors dricksvattentillgångar avseende koncentrationer av Cr, Ni 

och Pb i ett område där tillgång till rent och säkert dricksvatten inte är en lika självklarhet som 

det är i Sverige. Eftersom att studien utförts i samband med kraftigt regnoväder undersöktes 

även hur koncentrationer av Al, Cr, Ni och Pb påverkats beroende på om inträngning av 

regnvatten skett i dricksvattenbrunnarna. 

 

Metod och studiedesign: För att besvara dessa frågor samlades dricksvattenprover från 10 

brunnar med stigande avstånd från industrins slaggdeponi i Kosovo in. Tungmetaller i 

dricksvattnet mättes sedan genom analys med ICP-MS hos ett ackrediterat laboratorium i 

Sverige. 

 

Resultat: Resultatet av denna studie visar att koncentrationer av Cr i dricksvatten runt industrin 

närmar sig rikt- och gränsvärden i några av de undersökta privata dricksvattenbrunnarna. För 

Al, Ni och Pb var det tydligt att markavrinning vid regnoväder påverkade halterna av dessa 

metaller i brunnar där en kontanimering av dricksvattnet skett. Detta gällde inte för Cr eftersom 

att högst halter av denna metall uppmättes i klart och fint vatten sydöst om ett lokalt 

gruvbrytningsområde i närheten av nickelsmältverket. 

 

Slutsats: Större delen av Kosovos befolkning är bosatta på landsbygden. Denna grupp utgör 

även den största delen av fattiga i landet. Deras dricksvattentillgångar är förutom lokala 

industriella föroreningskällor även speciellt utsatta för inträngning av regnvatten. 

Landsbygdsbefolkningen i Kosovo bör därför skyddas bättre från exponering av tungmetaller 

och fortsatt miljöövervakning i området är viktigt. Kosovos regering bör prioritera att en 

övergripande grundvattenövervakning i landet påbörjas, speciellt i riskområden som runt detta 

nickelsmältverk samtidigt som inte redan anslutna hushåll bör anslutas till ett säkert kommunalt 

dricksvattensystem snarast möjligt.    
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Introduction 
Oral exposure to heavy metals in human drinking water supplies around the world is practically 

unavoidable, being especially vulnerable to inhabitants of small and rural communities 

(Chowdhury et al. 2016). With high molecular mass compared to other common materials, 

heavy metals such as mercury, lead, cadmium, chromium and arsenic pose an especially great 

threat to human health because of their wide use and toxicity (Baird & Cann 2012). Being 

highly toxic even in small concentrations with the possibility to accumulate in top predators 

such as humans (Cunningham & Cunningham 2012). Major health hazards through ingestion 

of these metals with drinking water is manifold. Diseases such as cardiovascular disorders in 

heart and blood vessels, neurotoxicity, damage in kidneys, diabetes and problems with fertility 

occur at higher frequency in individuals with heavy metals bioaccumulated in their body. 

Observations in increased frequency of stillbirths and unintended abortions has been made and 

it is also a cause to mortality among new-born infants (Rehman et al. 2018). Consumption of 

water polluted with industrial waste leachates may induce negative effects such as DNA 

damage and emergence of cancer (Chandra et al. 2006). Especially vulnerable groups in the 

society are children and pregnant women which need to be protected for both the individuals’ 

own sake and for the good of the overall societies’ public health (Rehman et al. 2018). Humans 

should thus under all circumstances be protected from exposure of heavy metals. 

Inorganic compounds are released to the environment by weathering of rocks, carried 

by runoff to waters or percolated into groundwater. Anthropogenic activity speeds this process 

by mining, processing, use and discharge of minerals. Water used in ore refining industry 

contains environmental toxic compounds (Cunningham & Cunningham 2012). Acidic ground 

water seeping from mines containing sulphuric acid may further liberate metals such as Ni, Pb 

and Al from ores in the rocks of mines (Baird & Cann 2012). However, even industrial effluents 

can add different metal contaminations to water bodies, for example in areas located around 

contaminated landfills (WHO 2017). A review by Chowdhury et al. (2016) showed that several 

heavy metals were present in high concentrations in different drinking sources around the 

world. For metals such as Cr, Ni and Pb it has been shown that pollution from industrial 

activities are one of several main contributors to pollution of these contaminants in drinking 

water.  

Research about groundwater increased in the 21st century due to worries about lowered 

groundwater levels, the quality of these waters and its importance as drinking sources (Niu et 

al. 2014). Constantly in movement, it can spread both vertical and horizontal by great distances, 

through aquifers to springs and wells. The ground water supply can be reached by drilled or 

dug wells. Drilled wells are usually better protected from rain runoff pollution due to their 

impermeable lining. Private water drinking supplies, however often consist of wells dug by 

hand, lined with bricks or stones for stability. They are usually lightly covered to prevent 

rainwater from breaching in (Waller 1998). Natural organic matters are a complex mixture of 

organic particles (Murray 2004) such as humic substances (Uyguner et al. 2007), commonly 

occurrences in waters around the world due to interactions between geological, bio-spherical 

and hydrological systems (Murray 2004). Concentrations of these substances in water supplies 

increase with heavy rainfall events, snowmelt runoffs and floods (Matilainen 2010; Sillanpää 

2018). These humic substances are organic substances characterized by their colour (yellow to 

black). Although they play several important roles in natural biological systems such as binding 
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to ecotoxicants and xenobiotics like heavy metals (Kulikova et al. 2005), their presence in 

drinking water is not wanted. Even though there are no health-based guideline values derived 

for these (WHO 2017), they contribute to problems with colour, odour, taste and acidity in 

water supplies (Lipczynska-Kochany 2018). Dug wells are usually shallow and more permeable 

to rain runoffs (containing humic substances) then drilled wells. This increases the risk of 

contamination by nearby surface polluters in dug wells compared to drilled wells (Waller 1988). 

Humic substances colouring the water could consequently work as an indicator for rain runoff 

polluted well water and contribute to increased levels of metals such as Al, Cr, Ni and Pb. Both 

local polluters such as metallurgical and mining industries and weather occurrences resulting 

in rain runoff intrusion are thus threatening the quality of private drinking water wells.  

Access to safe drinking water is considered a basic human right (United Nations 2010). 

For protection of the public health, water should not pose any significant risks over a lifetime 

of consumption regarding the individuals life stage and thus level of sensitivity. Different 

directives of the European Union (EU) together with the World Health Organization (WHO) 

guidelines has been set for the protection of water intended for human consumption. Some of 

the guidelines’ overall aim is to enforce the implementation of regulations applicable to all 

countries, regardless of level of industrialisation. The recommended guideline values for 

different pollutants and metals in drinking waters have been set based on scientific research and 

with concern for lowest possible detection limit (WHO 2017). The Directive 98/83/EC is setting 

minimum requirements on member states for the quality of water intended for human 

consumption to make sure that it is healthy and clean. Guidelines and legislation are thus 

available to help countries to achieve sufficient drinking water quality for their inhabitants. 

Recently, drinking water was collected from different sources throughout Kosovo by 

Berisha & Goessler (2013) and concentrations of metals were compared to the EU and WHO 

limits and recommendations. Groundwater from private bored wells, the main supplier of 

drinking water for a big part of Kosovo’s population, was the type of water most often passing 

the guidelines and recommended values considering metals. Cr, Ni and Pb were some of the 

metals with measured maximum levels extensively passing guideline values. A study on spatial 

distribution of heavy metals and assessment of their bioavailability in agricultural soils was 

conducted by Zogaj et al. (2014). High concentrations of heavy metals were noticed near 

industrial sites, such as the nickel refinery named NewCo Ferronikeli near the city of Drenas in 

Kosovo. Levels of potentially bioavailable forms of metals around the industry were very high. 

This poses a serious human health hazard, since these soils are cultivated and their crops 

consumed. Heavy metals in ash deposits and soil near the NewCo Ferronikeli refinery were 

also revealed by Demaku et al. (2012). Gashi et al. (2016) pointed to this industry as the main 

polluter of the nearby River Drenica, where toxic metals such as Cr, Ni and Pb were found in 

sediments. Therefore, it is of paramount importance to investigate the effects of the NewCo 

Ferronikeli nickel refinery on local drinking water quality. 

  

Aim 

The aim of this study is to examine if and to which degree the nickel refinery in Drenas 

contaminates the groundwater with heavy metals and thus the drinking water supply for people 

living downstream of the refinery.  
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Questions to be answered 

• Are concentrations of Cr, Ni and Pb in private drinking water wells surrounding the 

industrial area passing guideline and limit values?  

• Are the concentrations of Cr, Ni and Pb in groundwater decreasing further away from the 

industry’s slag hill? 

• Is the intrusion of rain runoff into drinking water wells, a source of Al, Cr, Ni and Pb 

pollution to residents’ drinking water supplies? 

Method 

 

Design  

I have conducted a cross-sectional study where I investigated 10 wells of increasing distance 

from the slag hill of the nickel refining industry, NewCo Ferronikeli, in central Kosovo. I took 

one water sample of each well between the 27th of February and the 8th of March 2018. 

Investigated wells were located north, northeast following the River Drenica and east of the 

slag hill. Samples were collected between 0.7 and 7.5 km measured straight line from the 

industry’s slag hill to assess if heavy metal leaching poses a specific risk to the quality of private 

drinking water wells in the surroundings. The study focuses on Cr, Ni and Pb concentrations in 

drinking water due to their toxicity as heavy metals (see Appendix 1). A presumably unpolluted 

well in Polac, a rural area located at a higher altitude 12 km northwest off the industrial slag 

hill, served as a reference. The reference site was sampled prior to a heavy rainfall while all 

other samples were collected afterwards. Additionally, I investigated the difference in levels of 

Al, Cr, Ni and Pb concentrations in wells visibly affected by rain runoffs (i.e wells with yellow 

water containing humic substances, see Appendix 2). The drinking wells were thus divided in 

two groups; “yellow” as rain runoff polluted wells and “clear” as wells without rainwater 

intrusion. Al is the most common metal on earth and there are little indications for the metal 

being acute toxic to humans (WHO 2017). However, it interested me to examine if rain runoff 

polluted wells besides Cr, Ni and Pb were significantly polluted by also this metal by binding 

to humic substances, brought into the wells by rain runoff intrusions.  

 

Description of study area 

Kosovo or formally The Republic of Kosovo is located in an area known as the Balkans 

(Berisha & Goessler 2013; see map in Appendix 3). The country has an area of 10,908 km2 

(Government of Kosovo 2014), comparable to Skåne county in Sweden (UI 2017). It is 

populated with just below 2 million people. In the past, the area has been subject to many 

conflicts and inhabited by different groups with Albanians as the major ethnic group since the 

end of the 19th century. The Kosovo Assembly declared Kosovo independent in the 17 February 

2008, with Serbia still rejecting. However, the international Court of Justice in 2012 declared 

that the declaration does not violate general principles of international law, UN Security 

Council Resolution 1244, or the Constitutive Framework (CIA 2011). In the beginning of 2017, 

111 countries had recognized Kosovo as independent (UI 2017).  

The country is working towards an EU membership by aligning to EU policies and work 

has started to adjust its national law to fulfil the targets of the directives (Baudry & Denigot 
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2012). Reviews of laws and administrative instructions implemented so far as a result of 

harmonisation to EU directives in the field of environment and water is given by the 

Government of Kosovo (2014) and the KEPA (2015). The Hydro Meteorological Institute of 

Kosovo is responsible for environmental monitoring while the Public Health Institute is 

managing the drinking water quality monitoring and regulation (Government of Kosovo 2014). 

The Administrative Instruction (No. 16/2012) on the quality of water used for human 

consumption in Kosovo contains minimal criteria’s and national limits for metal contents in 

drinking water. However, the law stipulates an exemption from the regulation if the individual 

water supply does not on average exceed 10 m3 per day or does not serve more than 50 people, 

as is the case for private drinking water wells. 

Kosovo still needs to develop basic infrastructure and administrative and technical 

skills. Private investments led to a construction boom after the Yugoslav Civil War, which are 

today however resulting in many environmental problems (Baudry & Denigot 2012). Gaps in 

the monitoring network for industrial wastewater effluents, for surface waters downstream of 

industrial and mining complexes (The World Bank 2013) and the fact that quality and quantity 

of groundwater is not properly monitored at present (Government of Kosovo 2014) are some 

examples. Data for drinking water quality monitoring is thus insufficient (KEPA 2017). 

However, in 2009, 62% of Kosovo’s inhabitants were considered to have access to safe drinking 

water. Only 45 % of households in rural areas had access to piped water, whereas this number 

were doubled in urban areas. Of rural households, 44% needed to depend on other sources of 

drinking water, such as open (17.6%) and closed wells (26.6%). Although usage of open wells 

for drinking water in rural areas has decreased, they often constitute severe health risks (SOK 

2011). Groundwater is the drinking water source for many villages in the central and northern 

parts of Kosovo (Baudry & Denigot 2012). 

Metal raw material and metallurgical processing are among leading economic sectors 

in Kosovo (CIA 2011) and is with a few other companies mainly represented by the privatized 

industry NewCo Ferronikeli, as a producer of iron–nickel alloy and mining in quarries with raw 

materials provided from both local and national mines (KEPA 2017). The industrial complex 

was originally established in 1984 (Veliu et al. 2008), privatized in 2006 (KEPA 2017) and is 

considered as one of the largest enterprises and main industrial polluters in the country (The 

World Bank 2013). 

Water is treated in a water treatment plant north of the industrial complex (see Figure 

1) and is then used for both the industrial processes and for drinking purposes for the industry 

itself and the municipality where infrastructure is available (The World Bank 2013). A slag hill 

with an area of 32 hectares containing around 3 million tonnes of granulated slag deposits with 

residues from the ferronickel industrial production (Veliu et al. 2008) and of wastes from the 

nearby town, is located outside the industrial complex next to the River Drenica. The slag hill 

is considered as an area with great pollution potential concerning heavy metals (KEPA 2011). 

Emissions originating from the industry are released through air and water disposal with the 

wastewater treated before discharge into the river (The World Bank 2013). The groundwater 

level is considered to be located near the ground surface, likely connected with the River 

Drenica (Veliu et al. 2008). The industry’s refining process consists of environmental hazardous 

steps in all of its production chain. From the extraction of ore with metal contents such as Cr, 

Ni and Pb to the disposal of industrial slag to the landfill (KEPA 2017). 
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Figure 1:  Study area in central Kosovo. Orange dots represents sampled drinking water wells while the orange rectangle represents the reference 

well. The slag hill (grey area) is situated between the industry complex (pink area) and the River Drenica at its right side. The industry’s and 

municipality’s water treatment plant are located north of the industry complex (blue pentagon). Local mines are marked in a black and grey 

patterned area. Groundwater is seeping up in one of the mines north of the slag hill. 
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Sampling method 

A field protocol was used during sampling occasions to make sure that relevant information for 

each sampling spot was collected (available in Appendix 2). Coordinates were collected with 

both Magellan Meridian Gold GPS receiver and Galileo mobile android app which were shown 

to be more exact when comparing to Google Maps. Elevation data was collected using Accurate 

Altimeter android mobile app. Measurement of pH was done with a HI 991301 pH/EC/TDS, 

Hanna field instrument which was calibrated prior to first occasion of sampling using Hanna 

Instruments pH 7.01 and 4.01 buffer solutions. Sampling was conducted according to 

standardized principles and guidelines for water analysis with determination of metals by AAS 

(Atomic Absorption Spectrometry), atomization in flame, Swedish Standards (SS 02 81 50). 

Concentrated nitric acid (≥_65_%) with a density of 1.40 g/ml, puriss. p.a. quality, Honeywell 

Fluka, CAS number: 7697-37-2, was used for conservation of samples. Freshly bought 250 ml 

ISO bottles of polypropylene plastic were prepared with 1.25 ml each of the nitric acid prior to 

sampling. High caution considering contamination of metals was further taken. Metal 

concentrations in drinking water may increase when distributed by taps inside homes as 

pipelines and hot water tanks may have a chemical impact on the water (Chowdhury et al. 

2016). Therefore, and together with the fact that some households still collect their drinking 

water directly from wells, samples were collected directly from each well with a white plastic 

bucket of polypropylene plastic knitted to a 25-meter rope of polyester. The first bucket used 

were lost in a well, but a reused food beverage bucket of the same plastic material was used 

further on after being firmly cleaned. The bucket was filled with as much well water as possible 

before it was drug up. A SAN (styrene-acrylonitrile copolymer) plastic jug was then rinsed 

twice with the wells water before sample was poured from this into the bottles which were filled 

to 250 ml. Three replicates of sample where collected from each well. Two of these were 

brought to Sweden while one set was saved as a backup in Kosovo.  

 

Laboratory methods 

Attempts were made to analyse the samples with an AAS, atomization in flame instrument at 

Halmstad University. 40 ml of each sample were dissolved in 10 ml of concentrated nitric acid 

and heated to 120 °C overnight in an autoclave according to Swedish Standards (SS 02 81 50). 

The instruments detection limit for metals is higher than the guideline limits for drinking water 

and no usable data could thus be collected. Attempts were made to extract the metals prior to 

analyses by performing extraction according to Swedish Standards (SS 02 81 48). This was 

done in order to concentrate the metals in an organic complex (Figure 2) which can induce 

different colours by chemical reactions occurring (Fig.2 A, B and C). 
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Figure 2: Chemical reactions observed while performing extraction where metals is 

concentrated in an organic solvent. A yellow-brown colour is shown in the organic solvents 

layer in the neck of a volumetric flask (A). Crystals created in another flask show a greenish 

colour (B) which appears black when pressed upwards in the neck of the volumetric flask (C). 

Different kinds of complexes can be formed between ligands (molecules or ions) and atoms 

which may be soluble in water but stable in organic solvents, appearing with different 

characteristics depending on which form of metal that is occurring. For example, 

Nickel(II)chloride and Ni(II)bromide appears with yellow-brown crystals, Nickel(II)sulfamate 

with blue-green powder, crystals, or chunks and Nickel(II)nitrate with green crystals (EFSA 

CONTAM Panel 2015). 

 

The amount of recovered analysis material from this procedure was minimal. The calibration 

solutions which were used to establish the default curve prior to measurement with the AAS 

run out when trying to establish the standard curve. The procedure and preparations prior to 

analyses were very time consuming and therefore 10 selected samples from the original 16 were 

sent to an accredited laboratory, SYNLAB Analytics & Services Sweden AB, where it was 

analysed according to Swedish Standards (SS-EN ISO 17294-2:2016) by usage of ICP-MS. 

The samples were thus analysed for the metals Al, Cr, Ni and Pb with detection limits as 

follows: Al; 1 µg/l, Cr; 0.05 µg/l, Ni; 0.2 µg/l and Pb; 0.02 µg/l.  

 

Literature collection 

Information was collected from the United Nations, the World Bank, the World Health 

Organisation, the European Union, and the Government of Kosovo as well as from reports 

drafted by national departments such as the KEPA (Kosovo Environmental Protection Agency) 

and the MESP (Ministry of Environment and Spatial Planning). Scientific databases were 

searched with keywords and delimitations visualized in table 1. Articles were selected after 

reading the abstracts and judging their relevance to this study’s subjects. Reports cited by 

selected articles were also included if relevant.   
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Table 1: Search paths for scientific information.  

Database Search  

Web of Science 

Core Collection 

• Kosovo industr* pollut* human health, 4 hits, used: 1. 

• Kosovo heavy metal* industr* pollut*, English, Article, 15 hits, used: 2.  

• Heavy metal pollut* Kosovo, English, Article, 38 hits, used: 4. 

• Toxicity chromium drinking water health effects, English, Article, 28 hits, 

used: 3.  

• Toxicity nickel drinking water health effects, English, 15 hits, used: 2. 

 

Google Scholar • Ferronickel drinking water heavy metal impact Kosovo human health 

environment, Excluding patent and cite, 57 hits, used: 4.  

• Influence ferronikeli smelter in waters River Drenica, 8 hits, used: 3. 

 

One Search • Drinking water Kosovo, Full text, Peer reviewed, Title, 5 hits, used: 1. 

• Metal industry Drenas Kosovo, English, Full text, 14 hits, used: 1.  

• Drink* water suppl* wells groundwater chemical pollution heavy metal 

Kosovo rural area*, 2010-2018, Full text, Peer reviewed, Available in 

Library Collection, Academic Journals, English, 30 hits, used: 1. 

• Humus absorption water colour metal, Full text, Peer reviewed, Available in 

Library Collection, Type: reviews, English, 56 hits, used: 1. 

 
 

Statistical analyses and data visualization 

IBM SPSS Statistics 24 was used for statistical analyses. Linear regression analyses were 

conducted with the concentrations of Cr, Ni and Pb as dependent variables and the distance 

from the industry as independent variables. A linear regression analysis assumes that the 

dependent variables in a data set are normally distributed (Dytham 2011). Therefore, un-

normally distributed data sets were transformed into a normally distributed manner by 

logarithmic transformation prior to statistical analyses. An independent samples T-test were 

conducted concerning concentrations of Cr, Ni and Pb in groups of rain runoff polluted wells 

(“yellow”) and wells with clear water (“clear”) which by ocular assessment seemed to not have 

been polluted by rain runoffs and thus humic substances, colouring the water in yellow to brown 

as earlier mentioned. If the Levene’s test performed together with the T-test shows that the 

variances of data in the data set is unequal (P_<_0.05) a Mann-Whitney U-test may be better 

fit for the analysis (Dytham 2011). Therefore, the U-test were chosen for analysis for difference 

between groups of “yellow” and “clear” according to concentrations of Al in the well waters. 

For creation of figures and maps SPSS and QGIS 3.0.2 were used. 

Results 
 

Concentrations of Cr, Ni and Pb in private drinking water wells surrounding the 

industrial area  

Measurements of all investigated metals resulted in levels below guideline and limit values of 

50 μg/l for Cr (WHO, EU and Kosovo), 10 μg/l for Pb (WHO, EU and Kosovo), 20 μg/l (EU 

and Kosovo) and 70 μg/l (WHO) for Ni, all visualized in figure 3 (WHO 2017; EU 1998; the 

Government of the Republic of Kosovo 2012). Data for each well is visible in table 2.  
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Table 2: Individual information about each private water well sampled.  

 
 

Concentrations of Cr, Ni and Pb in groundwater with increasing distance from the 

industrial slag hill  

Results from linear regression analyses showed no significant dependence between metal 

concentrations as dependent values and distance from the industry’s slag hill as independent 

variable (P_>_0.05; Fig. 3).  

Figure 3: Concentrations of Cr, Ni and Pb in well waters with increasing distance from the 

NewCo Ferronikeli’s slag hill together with the guideline and limit values for these metals in 

drinking waters (WHO 2017; EU 1998; the Government of the Republic of Kosovo 2012).   

Well 
Distance from slag 

hill (km) 
Cr μg/l Ni μg/l Pb μg/l 

1 0.7 0.34 1.2 0.06 

2 0.7 1.6 1.7 0.18 

3 0.75 6 17 1.1 

4 1.1 11 9.2 0.47 

5 1.1 15 6.2 0.11 

6 1.5 44 2.1 0.05 

7 2.6 1 2.5 0.2 

8 4.2 11 15 1.3 

9 6.3 4.3 6 0.05 

10 (reference) 12 0.38 1.7 0.03 
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Intrusion of rain runoffs as a source of Al, Cr, Ni and Pb pollution of residents’ 

drinking water supplies  

Rain runoff polluted wells had a significance difference of Al, Ni and Pb content while there 

was no difference in levels of Cr depending on appearance of water. Data from the analyses are 

visible in Table 3 and 4 below and these results also become clearly visualized in figure 4. 

 

Table 3: Results from an Independent Samples T-Test in difference between concentrations of 

Cr, Ni and Pb in groups of rain runoff polluted wells (yellow) and unpolluted wells (clear).  

 

 

Table 4: Results from a Mann-Whitney U-test in difference between concentration of Al in 

groups of rain runoff polluted wells (yellow) and unpolluted wells (clear). 

 

T-test 

Metal Appearance N Mean Standard Deviation T-value Degrees of freedom P-value 

Cr Yellow 4 7.25 4.79 
-.611 7 0.560 

Clear 5 13.05 18.24 

Ni Yellow 4 10.93 6.52 
2.399 7 0.048 

Clear 5 3.44 2.45 

Pb Yellow 4 0.77 0.52 
4.282 7 0.004 

Clear 5 0.09 0.06 

U-test 

Metal Appearance N Mean Standard Deviation  U-value Degrees of freedom P-value 

Al Yellow 4 231 149.55 
0.000 3.08 0.014 

Clear 5 31.72 19.60 
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Figure 4: Concentrations of nickel (A), lead (B), aluminium (C) and chromium (D) in well 

water in relation to distance from slag hill. Yellow dots represent concentrations in wells that 

had been contaminated by rain runoffs and blue squares represents concentrations in wells that 

had clear water, not contaminated by rain runoffs.  

Discussion 
Metal concentrations investigated all showed to be below WHO, EU and Kosovo guideline and 

limit values. No dependence was seen between the concentrations of metals in investigated 

private drinking water wells with increasing distance from the NewCo Ferronikeli’s slag hill. 

Heavy rain which resulted in intrusion of rain runoffs into some of the wells contributed to 

metal pollution regarding concentrations of Al, Ni, and Pb while the weather occurrence did 

not affect Cr concentrations in well water.  

 Smaller studies on groundwater effects by the nickel refinery has earlier been conducted 

by Veliu et al. (2008) & Demaku et al. (2015). Both investigating three groundwater wells each. 

Well water Cr concentrations were higher in this study than in both Veliu et al. (2008) and 

Demaku et al. (2015) while well water Ni concentrations were higher than Veliu et al. (2008) 
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but lower than in Demaku et al. (2015). Concentrations measured in this study are thus in the 

same order of magnitude as previously performed measurements. 

As rain runoff polluted wells showed to contain higher amounts of Al, Ni and Pb it 

becomes very clear to me that surface runoff after heavy rainfall carried contaminants into 

drinking water wells. This may result from leachates of atmospheric deposited metals bound to 

humic substances stored in the layers of soils as air pollution is one of the major environmental 

problems in Kosovo (KEPA 2017). A problem which according to Bajcinovci (2017) needs 

immediate action and by Zeneli et al. (2011) and Alija et al. (2015) has been shown to negatively 

impact human health as particles from combustion processes in the country is estimated to cause 

852 premature deaths and 11.900 emergency visits every year (The World Bank 2013). Several 

studies have measured elevated levels of heavy metals surrounding air polluting industries in 

the country. High concentrations of metals including Cr, Ni and Pb was measured in soil 

surrounding the nickel refinery by Demaku et al. (2015). Analysis of air emissions from the 

nickel refining industry conducted between October 2015 and March 2016 resulted in exceeded 

allowed values of Ni concentrations in the emitted air (KEPA 2017). Lignite is the most 

abundant natural resource in the country and contains heavy metals such as arsenic (As), 

beryllium (Be), cadmium (Cd), Cr, mercury (Hg), Ni and Pb and is the fuel used for the national 

electricity production (Zeneli et al. 2011). Measurements in agricultural soil surrounding the 

lignite fired power plant (located just 14 kilometres east of the nickel refining industry) by 

Jusufi et al. (2016) pointed to the power plant as a severe national polluter of the air contributing 

to heavy metal deposition in its surroundings. Maxhuni et al. (2016) monitored heavy metals 

accumulated in moss and concluded that the country is severely polluted by Hg, Cd, Pb, Ni, 

iron (Fe) and zink (Zn).  

All wells with rain runoff contamination showed higher levels of Al, Ni and Pb than 

they probably would have without the intrusion of rainwater. However, this is not the case with 

Cr. Concentration of Cr were close to health limits in clear water in well 6. Well 5 also showed 

higher concentrations compared with the other wells not polluted by rain runoffs. These wells 

are both located south east of a local open pit mine providing the NewCo Ferronikeli industry 

with ore materials. It seems to me that this area may constitute a source of pollution for private 

drinking water wells in the surroundings. One suggestion is that groundwater seeping up in the 

mining area is connected with the groundwater reached from especially well 6. Due to the 

mining activities occurring I suggest that heavy metals leaching out in the water of this 

extractive site may be further distributed in the surroundings. Although too few data were 

collected after this well to see any relationship between concentrations of metals with increasing 

distance from this mining activity area, it seems to me that this area are posing greater risk to 

contamination of private drinking water supplies than the NewCo Ferronikeli slag hill does 

concerning contents of Cr.  

As earlier mentioned, Kosovo’s ambition is to apply the country’s legislation to EU 

directives. The Water Framework Directive (2000/60/EC) states that “water is not a commercial 

product like any other but, rather, a heritage which must be protected, defended and treated as 

such” and urges for the protection of inland surface water, groundwater, transitional waters and 

coastal waters and for the promotion of a sustainable use of these. The Directive (2006/118/EC) 

on the protection of groundwater against pollution and deterioration further states that 

groundwater is an important water source and must be protected especially with concern for 
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many people in regions still relying on it as a source of water supply. It is the most sensitive 

source of fresh water resource and any need of more purification of this water should be 

prevented. The directive also declares that environmental monitoring of groundwater is an 

important task for member states to follow its development and quality. It is therefore of high 

importance that the Government of Kosovo starts to prioritize monitoring of groundwater in the 

country, especially supplies near suspected polluted areas. The fact that highest levels of 

chromium in this study were measured in clear water indicates that it is important to keep 

monitoring the groundwater supplies in this industrial area as it can be hard to visibly evaluate 

the safeness of the drinking water quality. Several more extensive investigations would also 

help to further evaluate the pollution potential in the surroundings of the NewCo Ferronikeli 

industry.   

Oral exposure to different Cr complexes have showed to cause cancer in mouth, the 

gastrointestinal tract like the stomach and enhanced UV-induced skin carcinogenesis in rats and 

mice (NTP 2008; Davidson et al. 2004; Uddin et al. 2007). However, IARC (2012) reviewed 

human cancer genesis according to Cr(VI) and specified that concerns for possible hazards 

related to ingested chromium in drinking waters has occurred but also concluded that level of 

evidence for cancer genesis in humans by this route of exposure is not strong enough. Ingested 

Cr(VI) compounds are reduced to Cr(III) by the gastric juices in the stomach which limits 

absorption of Cr(VI) through this route (Underwood 1971). WHO (2017) states that evidence 

for carcinogenesis by digested Ni is lacking and after oral intake the absorption through the 

gastrointestinal tract is low (Barceloux 1999). Nickel does not accumulate in the body as it is 

excreted with urine, bile, feces or sweat (Valko et al. 2005). Pb in water is more fully absorbed 

than is lead in food. Accumulation is much higher in children than in adults. Their brains are 

growing rapid and they are absorbing a greater percentage of dietary lead than adults do. Pb 

interferes with normal development of the brain. It can cross the placenta and may induce 

miscarriage and still births. No threshold has been seen for the negative effects of lead on the 

intelligence quotient (IQ). The ion also become more toxic in organic compounds than as simple 

cations (Baird & Cann 2012). Humic substances tend to form strong bonds with heavy metals 

which results in formation of organometallic complexes increasing risk for bioavailability and 

toxicity while its transportation abilities increases (Sillanpää 2018). Complexes with humic 

substances and xenobiotics bind to each other has shown to decrease immune and inflammatory 

reactions (Kulikova et al. 2005). Even though rain runoff polluted well water may not look 

appealing to drink, it is important that people also are protected from being forced to drink this 

water for lack of alternative to drinking water sources. Other safe sources must be made easily 

available for rural households after heavy rain occurrences which may result in seasonal 

variance of heavy metal concentrations, so that humans are safe from exposure to these 

dangerous pollutants. This is especially important for the protection of children and pregnant 

women.    

Eight of the 10 households stated that they were drinking water from their well (see 

Appendix 2). As mentioned, groundwater is not properly monitored in the country and therefore 

constitutes a risk to its consumers. Although some households were provided with drinking 

water from the industry’s and municipality’s water treatment plant, the access to this service 

differs. Some households have year-round access to water from the municipality, some drinking 

water supplies were shut down during the summer months when production stopped in the 
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industry and some people in the area did not get any water supply at all and needed to rely 

entirely on individual water supplies. This is a problem because private wells are not as strongly 

protected by EU Directives and the national limits for when water is considered safe to consume 

because they do not reach the quotas for when they are covered by the legislations. The Kosovo 

National Water Strategy deals with how Kosovo should start to manage to provide all its 

inhabitants with sufficient and healthy water supplies. This sector is facing a big challenge in 

the country due to low households’ incomes and thus the unwillingness to pay for a water 

distribution system. The plan also states that education in the water management sector needs 

additional focus and support (Government of Kosovo 2014). About 60 % of the population lives 

in rural areas. In 2015, 17.6 percent of Kosovo’s population were estimated to live below the 

poverty line (consuming less than €1.82 per day) with the bigger part of this category occupied 

in rural areas (The World Bank 2017). As private bored wells are the main supplier for the 

majority of Kosovo’s population (Berisha & Goessler 2013) and most of these are living in 

rural areas it is important to prioritize these inhabitants’ health. Investments in safe and 

monitored water supplies can be long-term economical beneficial for the country as it has been 

shown that health effects and health costs decline due to investments in a safe water distribution 

system, especially favourable for poor people (WHO 2017).  

The 2030 Agenda for Sustainable Development is a plan shared among leaders of the 

world with 17 Sustainable Development Goals which targets should be fulfilled to the year of 

2030 moving towards a better world for all future generations. To end poverty, secure a healthy 

planet and fight inequalities (United Nations 2015). The 25th of January 2018, the Parliament 

of Kosovo unanimously voted for and endorsed the appliance of the Resolution on the 

Sustainable Development Goals (UNKT 2018). Goal number 3 aims to ensure healthy lives and 

to promote well-being for all at all ages. It focuses on all kind of health issues and to improve 

reproductive, maternal and child health (UN 2017). One of the milestones to achieve this goal 

is to also: “Substantially reduce the number of deaths and illnesses from hazardous chemicals 

and air, water and soil pollution and contamination.” Reducing hazardous substances to the 

environment could thus contribute to reduce diseases which these may be a result of. Goal 

number 6 further aims to ensure availability and sustainable management of water and 

sanitation for all. This goal is especially important for further achievement of the rest of the 

Sustainable Development Goals as sustainable water resources is a basic need for sufficient 

health, education improvements and for reduction of poverty (UN 2017). Some of the 

milestones on the way towards achieving this goal is to: “Achieve universal and equitable 

access to safe and affordable drinking water for all” and to: “Improve water quality by reducing 

pollution, eliminating dumping and minimizing release of hazardous chemicals and 

materials…” (United Nations 2015). The Government of Kosovo should thus work against 

further pollution of groundwater supplies and prioritize connecting unconnected households to 

safe municipal drinking water supplies.  

Conclusion 
Although rain runoff showed to be a factor in this study, contributing to higher levels of heavy 

metals in some wells, levels of Cr were shown to be highest in clear water, not polluted by rain 

runoffs, south east of a local open pit mining area. I suggest that this area poses a greater threat 

to private drinking water supplies then the slag hill of NewCo Ferronikeli. However, further 
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exhaustive studies are needed to determine the separate effects of pollution sources in the area. 

Especially as some concentrations approach guideline and limit values. This study shows that 

it is important to continue monitoring of groundwater with regards to the mining activity in the 

area in order to protect the nearby households’ private drinking water supplies.  
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Appendix 1: Toxicokinetics for heavy metals 
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Appendix 2: Data and information collected from each well 

Well Altitude 

m 

pH Type Coordinates Source of drinking water 

supply for residents 

Other notes Appearance 

1 587 7.65 Dug 
42° 38.020' N 

20° 55.240' E 

Municipal supply. From 

private well with bucket 

during summer time. 

Pump is connected to 

shower and not to tap in 

house. 

Clear  

2 582 7.01 Drilled 
42° 37.921' N 

20° 55.030' E 

Private well, pumps water to tap in the house, no use of 

filter. 

Clear 

3 577 8.13 Dug 
42° 38.687' N 

20° 54.819' E 

Municipal supply. From 

private well with bucket 

during summer time. 

Drinking water supply from 

the NewCo Ferronikeli 

industry is closed during 

summer times. 

Yellow 

4 602 8.03 Dug 
42° 38.814' N 

20° 54.552' E 

Municipal supply. Buy 

bottled water during summer 

time. 

Has not been drinking the 

water since the war. Talked 

about nickel in the water. 

Yellow 

5 571 7.85 Dug 
42° 38.895' N 

20° 55.102' E 
With bucket from private well at yard. 

Clear  



26 

 

 

 

  

6 585 8.22 Dug 
42° 39.047' N 

20° 55.385' E 
Both municipal supply and with bucket from well at yard. 

Clear 

7 580 7.93 Dug 
42° 39.198' N 

20° 56.363' E 

Private well, pumps water to tap in the house, no use of 

filter. 

Yellow 

8 582 7.59 Dug 
42° 40.099' N 

20° 56.831' E 

Private well, pumps water to tap in the house, no use of 

filter. 

Yellow 

9 566 7.18 Dug 
42° 39.699' N 

20° 59.149' E 
With bucket from private well at yard. 

Clear 

10 

(reference) 
655 7.10 Dug 

42° 43.458' N 

20° 49.374' E 

Collect water from sources 

at nearby cities. 

Do not consume their water 

at the moment due to 

microbial aspects. 

Clear 
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Appendix 3: Kosovo’s location in Europe 
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