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Abstract 
Nowadays, policymakers are often faced with a question: "What is the quality of surface waters or are those waters 
suitable for life? Thus, the aim of this study was to assess pollutants and performing of geospatial analysis in the artificial 
lake in Mitrovica, Kosova. Due to the presence of heavy metals, six monitoring stations in the water have been distributed 
randomly and were collected on three-time series (April, June and September, 2019), as well as the water contamination 
degree was assessed by Heavy Metal Pollution Index (HPI) and Metal Index (MI). To provide a general overview for 
water pollution in the artificial lake in Mitrovica is applied an open source GIS software such as QGIS and spatial 
interpolation techniques were used into QGIS environment. A numerous time series water pollution maps were produced 
in raster model with 5m spatial resolution in full accordance with selected mathematical and artistic elements. As well 
as in this paper is included the designing of geospatial database for short term water monitoring, providing analytical 
tools for decision making by state authorities. 
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INTRODUCTION 

Without water, the life in our planet is impossible. In general, due to an increase in urbanization, the industrialization 
have impacted the entire ecosystem, including surface water. The presence of heavy metals and the antropothogenic 
activity have negative impact to the human lifes and the environment as well. The distribution of heavy metals in aquatic 
systems is very common in recent years, therefore estimation of heavy metal pollution in water is a necessity (Maliqi et 
al., 2020). Water quality parameters analyses are important process for regular monitoring and to understand the 
environmental conditions (Nagalakshmi et al., 2016). According to many studies in the previous years, the quality of 
rivers in Kosovo is a very big problem because of water pollution with heavy metals which is one of the biggest 
environmental problems (Maliqi and Penev, 2020). 

Most of the environmental data would be almost valueless without their spatial reference component (ESRI, 2010; Sanka, 
2015). Geospatial information has become an indispensable element in several studies related to monitoring, analysis, 
modelling, visualization, and mapping environmental parameters (Idrizi et al., 2021) including surface water pollutants. 
Geographic Information System (GIS) is a technology that provides an opportunity for ecological scanning and analysis 
of the environment and creating models for assessment and forecasting for its future state (Idrizi et al., 2021).  Referring 
the previous studies, GIS supports environmental data processing and improves management decision-making process as 
well. It deals with collecting, storage, retrieval, manipulation, updating, analysis, display, and disseminating spatially 
referenced data and information (Idrizi et al., 2021). 

In order to have geospatial analysis and to geovizualize the water pollution in the Artificial lake in Mitrovica, a useful 
tool seems to be GIS in conjuction with (non) geostatistical techniques. According the mentioned approach, the 
compilation of raster thematic maps of the present study area become easier. 

In many various studies, the surface water pollution were evaluated applying numerical models or indices  including the 
Heavy Metal Pollution Index (HPI) and Metal Index (MI). These pollution indeces (HPI and MI) have been calculated 
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based on the certified laboratory results obtained from six monitoring stations located in Artificial Lake. According Maliqi 
and Pepenv (2019), the threshold of warning or the critical value of HPI is 100, as well as the critical value of MI is 1. In 
general, in Kosova there are just a few previous studies at the same intention, therefore there are a lot of problems to 
answer on the spatial and temporal environemntal questions including surface qater quality or contamination. 

The present study focuses on geospatial analysis and geovizualization of water pollution in the Artificial lake in Mitrovica, 
the Republic of Kosova. The region has a long history of lead and zinc metallurgy productions, where, unfortunately, 
these mining operations have resulted in adverse environmental impacts (Dekonta, 2009; Idrizi et al., 2021). The natural 
environment in and around the industrial area is affected widely by heavy metals such as Arsenic (As), Chromium (Cr), 
Copper (Cu), Nickel (Ni), Lead (Pb), Zinc (Zn) and Cadmium (Cd) (Idrizi et al., 2021). The article starts with an 
introduction and continuous with a brief description of the study area. In section 2, was description study area. In the next 
section (Section 3)the process of collecting the input data and methodology was described. Three field work were carried 
out on three-time series (April, June and September, 2019). The monitoring indices were calculated, as well as the entire 
conceptual, logical and physical design phases of geospatial database were including in this section. In the Section 4, are 
presented the main achievements and their discussions and interpretations. The last section, some conclusions and 
recommendations are given. 

THE STUDY AREA 

The Mitrovica city is bounded in the north part of Republic of Kosova, only 40 km from the capital Pristina (Maliqi and 
Penev, 2018). The study region is located within 42°53'09’’N and 42°53'31’’N and 20°51'12’’E and 20°51'08’’E and has 
and altitude between 508m and 514m (Figure 1). The annual average precipitation is around 700 mm and moderate winds 
blowing predominantly from the northeast. Average speed ranges 20 m/sec to 4.4 m/sec. The winters are colder with 
medium temperatures above –10 °C, but sometimes down to –26 °C. on other hand, the summers are very hot with average 
temperatures of 20 °C, sometimes up to 37 °C. The landscape consists of a system of hills and plateaus of flattened 
surfaces. The area is situated in the Vardar zone of the dinaride alpine belt (Maliqi, 2020), consisting of palaeozoic 
basement rocks, jurassic-cretaceous sediments and rocks of ophiolitic affinities foliated during the early tertiary (Heinrich 
and Neubauer, 2002). The Mitrovica region has a long history of lead and zinc metallurgy productions where 
unfortunately these mining operations have resulted in negative environmental impacts (Dekonta, 2009). Pollution in this 
region comes from various sources but is mainly due to the industrial legacies, the influence of winds and water movement 
(Idrizi et al., 2021). Nearby the Artificial lake in Mitrovica are located two industrial tailings which have main influence 
on the environment, especially in surface water in this region. 

 

 

Figure 1. The study area map. 
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MATERIALS AND METHODS 

 Input data 

The present study was conducted by using primary and secondary data. In order to obtain the input data, a systematic 
approach was followed including (1) identifying the data needed in terms of surface water monitoring, (2) identifying the 
open-access geoportal and organizations of data collection, (3) searching the open-access geospatial databases and visiting 
the local organizations/institutions, (4) downloading and gathering available geospatial data (Maliqi, 2020). The lack of 
open geospatial data in the ecological context, the difficulties to have ecological data in digital formats, lack of 
systematized data in local/central institutions or agencies, lack of vision for such data from environmental monitoring 
institutions made to have difficulties in ensuring a large amount of needed ecological datasets (Idrizi et al., 2021) including 
here the surface water monitoring data in Mitrovica. Thus, the priority was given to environmental data available in the 
Republic of Kosova. So, the input data were obtained in full accordance with points (1) and (3). In the below table (Table 
1) have been listed the input data used in the present study.  

 

Table 1. The input data. 

Data Input data Format Type Description 

The study area Vectorization Shapefile (shp) Polygon The border of the study area 

Surface water samples Collected in the field Excel (xlsx) Point Y and X  

Chemical Analysis Certified Laboratory Excel Textual 

Numeric 

As, Cr, Cu, Ni, Pb, Zn and Cd 

Monitoring Indices Calculated Excel (xlsx) Textual 

Numeric 

HPI and MI 

 

 Monitoring stations and laboratory analysis 

In the present study, the primary data were considered data which were captured directly from the environment e.g. 
surface water samples (monitoring stations), location of monitoring stations, etc. The secondary data were considered 
data which are not captured directly from the environment e.g. chemical samples analysis, monitoring indices, etc. For 
the study purpose, randomly three field works were carried out during three monitoring months (April, June and 
September, 2019). The samples were taken in accordance with EN ISO/CEI 17025 standards (Heinrich and Neubauer, 
2002). The water samples conservation was done according to the American Public Health Association 2005 procedures 
(APHA, 2005) whereas the measurements of heavy metals were performed according to the EPA-6010C method. As well 
as, was used the atomic adsorption spectrometry (AAS) technique to measure the concentration of As, Cr, Cu, Ni, Pb, 
and Zn. The Leica GPS was used to map the location of monitoring stations based on KOPOS (Kosova Positioning 
System) as part of the GNSS family (Global Navigation Satellite System). The surface water samples were collected by 
pursuing the methods and recommendations of the American Public Health Association (APHA, 2012). 
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Table 2. Location of monitoring stations based in the field measurements (Leica GNSS). 

Monitoring 

Station 

Y X 

M-1 7486920.800 4748476.600 

M-2 7487345.600 4748931.100 

M-3 7487959.500 4749526.300 

M-4 7487771.200 4749389.700 

M-5 7487539.100 4749211.400 

M-6 7487104.400 4748540.900 

 

 

 Monitoring indices 

The pollution indices help to identify and map the level of pollution, to know the current and future adverse effects on 
human health and vegetation (Maliqi et al., 2020). 
In order to monitor the extent of heavy metal pollution in Artificial Lake in Mitrovica, two pollution indices known 
worldwide, were considered. These monitoring indices include the “Heavy Metal Pollution Index” (HPI) and “Metal 
Index” (MI). These two indices were calculated based on WHO (2017) permissible values, applying in Excel the known 
formulas given by Mohan, Nithila, and Reddy (1996) and Tamasi and Cini (2004). In the end, every monitoring station 
was classified according pollution degree as well as known categories including here: low, medium and high for HPI and 
pure, slightly, medium, high and very high for MI indice. 

 Software used and data processing 

The  QGIS is a free and open-source software, developed as part of the OSGeo family that contain all OGC standards and 
possibilities for integrating spatial data within the INSPIRE directive specifications for establishing the spatial data 
infrastructure. Nowadays, QGIS software  is  used  by  thousands  of  people  all  around  the  world  and  is  increasingly  
becoming  a  viable  alternative  to  proprietary  desktop  GIS  software. QGIS  can   be  downloaded  for  free  and  runs  
on  most  operating  systems (Osterman 2014). The QGIS provides the user with several functions, including both spatial 
dta models (vector and raster). Data harmonization process was used to make the multisource data of common scale and 
similar coordinate reference system (idrizi et al., 2021). For thematic maps in the present study, common map elements 
include the data frame containing map layers for a given extent plus a scale bar, north arrow, title, descriptive text and a 
symbol legend are designed in this software. The Kosova coordinate system known as KosovaRef01in Gauss-Krugger 
projection in ETRS89 datum with EPSG code 9141 was used, for processing the input data and results generating. The 
scale of thematic maps is calculated to be 1:8.000 based on paper format, map frame and the study area dimensions. As 
well as the spatial resolution of raster thematic maps is 5m. 

 Spatial interpolation techniques 

Spatial interpolation has continued to be an important tool for estimating continuous spatial environmental variables for 
effective decision making (Ikechukwu et al., 2017). Interpolation tools available in geographical information systems are 
useful and allow the operator to easily perform different kind of elaborations and to display them graphically in order to 
show the results in a way intelligible also to non-skilled subjects (Garnero and Godone, 2013). Spatial interpolation 
techniques are generally classified under (a) mechanical or nongeostatistical technique (Inverse Distance Weighted and 
Spline) and (b) geostatistical technique (Kriging) (Maliqi et al., 2020). In the present study were used both of them: Cubic 
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Spline and Ordinary Kriging (geostatistical &non-geostatistical techniques). The final goal of the geostatistical 
interpolation technique was to prepare the water pollution maps for Artificial Lake in Mitrovica. 

RESULTS AND DISCUSSIONS 

 Geovisualization of water pollution 

The process of geovisualization of the pollution degree in the Artificial Lake in Mitrovica includes a numerous serial 
thematic maps based on Heavy Metal Pollution Index (HPI) and Metal Index (MI). As well as, the process is supported 
by spatial interpolation techniques in QGIS environment. The importance has been given to mathematical and artistic 
elements in order to be accurate and easily readable the maps. In total 12 thematic maps for April, June and September 
2019, were produced in raster model with 5m spatial resolution in full accordance with selected mathematical and artistic 
elements. In order to classify and interpret raster thamatic maps, was used the ‘equal interval’ as unsupervised 
classification methodology. The geovisualization of water pollution in this lake has been the first attempt in terms of its 
monitoring and assessment. Thus, it could be used as zero series for further monitoring in the future. To undertake 
managing scenarios, the serial thematic maps in this study can be used by from local or central authorities. The 
geovisualized pollution level of Artificial Lake is used for applying geospatial analysis as well, which will be explained 
in detail in the section “spatial analysis”. Below, are presented the thematics of cartographic output, produced in this study 
in total 12 maps. As well as is given an example of thematic maps representing the water pollution in Artificial Lake for 
April 2019. 

• Four thematic maps of April (2019) using Spline and Ordinary Kriging (HPI & MI). 

• Four thematic maps of June (2019) using Spline and Ordinary Kriging (HPI & MI). 

• Four thematic maps of September (2019) using Spline and Ordinary Kriging (HPI & MI). 

     

Figure 2. Thematic maps of April (2019) using Spline (HPI & MI). 
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Figure 3. Thematic maps of April (2019) using Ordinary Kriging (HPI & MI). 

 

 Spatial database architecture 

Bowdoin (2008), pointed out that spatial data structures manipulate spatial data, data with geometric coordinates. GIS-
based environmental applications became prominent with shifting from static paper maps to dynamic digital maps and 
geographic databases (Idrizi et al., 2021). In the present study, in total four datasets were developed to achieve the 
monitoring process of Artificial Lake in Mitrovica, in terms of water pollution affected by heavy metals. The general 
schema of spatial data structure architecture for the Artificial Lake is given in Figure 4. This scheme includes datasets as 
follow: Basemap, April 2019, June 2019 and September 2019. Basemap layers are stand-alone layers directly linked to a 
database, while the other layers are grouped in appropriate datasets. Each thematic layer was developed in terms of map 
use, data source, spatial relationship, map scale and symbology. As well as, the topological rules were established between 
vector thematic layers in order to improve data consistency and facilitate data validation process. Key thematic layers are 
followed by metadata based on ISO 19115:2003 standard (ISO, 2021), including information on identification, categories, 
keywords, access, extent, contact, link, history and validation of the spatial data layers. 

 

 

Figure 4. The spatial data structure architecture 

A database is any information collected and organized into groups (Maliqi et al., 2015). The spatial database has been 
designed in full accordance with the Arctur and Zeiler (2004) approach. Referring this approach, there are three designing 
phases (I - conceptual, II - logical, and III - physical), which contains ten steps (I - 1. Identify the information products 
produced with the GIS system; 2. Identify the key thematic layers; 3. Specify the scale range and spatial representation 
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for each thematic layer; 4. Group representations into datasets; II - 1. Define the tabular structure and behaviour of 
descriptive attributes, 2. Define the spatial properties of the datasets, and 3. Propose a spatial database design; III - 1. 
Implement the design; 2. Design workflow for building and maintaining each layer, and 3. Design documentation). 
Creating an integrated unified database allows avoiding redundant data, reducing data volume, homogeneity data, easy 
finding and tracking of data, integrated spatial and attribute data, their use for GIS spatial analysis for decision making 
and development strategies (Idrizi et al., 2021). Developing a spatial database involves defining the key thematic layers 
regarding the usage, content, and representation of each thematic layer or defining how geographic features are 
represented (as points, lines, polygons or attribute and tabular data) (Sepehr, 2013). The spatial databse developed in this 
study (shown in figure 5) supports policy and decision making, so it allows to: (1) show the spatial-temporal distribution 
of water pollution in Artificial Lake in Mitrovica, (2) having such spatial data and attribute data as one helps identify the 
most polluted areas and (3) to compare the spatial and non-spatial data with national and international standards and 
directives. As well as, in order to undertake “what if” scenarios, can be used the present spatial database. At the same 
time it could be used for future analysis and studies. Furthermore, the developed spatial database in the present study will 
answer correctly to many questions for the Articial Lake monitoring and assessment in Mitrovica. 

 

 

Figure 5. Datasets and thematic layers in spatial database. 

 Spatial analysis 

The developed spatial database enables defining algorithms for performing spatial analysis for the study area and provided 
opportunities for periodic monitoring of water pollution in Artificial Lake. By performing spatial analysis in the present 
study, were achived to identify the most polluted area in the lake, transleted in percentage (%).  
In the April 2019, according to Cubic Spline and HPI indice the entire study area (100%) falls in “High” pollution level 
(HPI > 30). The situation is same using Ordinary Kriging.  Referring MI and Cubic Spline, the entire study area (100%) 
falls in “Slightly Affected” category (1 < MI < 2). In contrast to Cubic Spline, using Ordinary Kriging and MI, 90% of 
the study area falls in “Slightly Affected” category (1 < MI < 2), while 10% is in “Pure” category (0.3 < MI < 1). 

In the June 2019, the spatial analysis performed have shown that the situation is as follow: the conjuction of Cubic Spline 
and HPI, 100% of the Artificial Lake in Mitrovica is in “High” pollution level (HPI > 30). But the situation is different 
according the Ordinary Kriging and HPI, here the most of area (93%) is in “High” category, while 7% fall in “Medium” 
pollution level (15 < HPI < 30). Using MI indice and Cubic Spline, to the “Very Pure” category (MI < 0.3) fit 90% of the 
study area, whereas 10% is in “Pure” category (0.3 < MI < 1). Completely the same situation is based on Ordinary Kriging 
and MI. 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

47



In the September 2019, combining the Cubic Spline and HPI, the entire study area (100%) is in “High” pollution level 
(HPI > 30), but using Ordinary Kriging there is 2% that is in “Medium” pollution level (15 < HPI < 30). According MI 
and Cubic Spline, 89% of the Artificial Lake is in in “Pure” category (0.3 < MI < 1), while 11% fall in “Very Pure” 
category (MI < 0.3). While, using Ordinary Kriging and the same monitoring indice, the 83% of the Artificial Lake is in 
in “Pure” category (0.3 < MI < 1), as well as 17% fall in “Very Pure” category (MI < 0.3). 

CONCLUSIONS 

The short-term monitoring proccess of Artificial Lake in Mitrovica on three-time series data (April, June and September, 
2019) has shown a general overview of water pollution. Numerous serial thematic maps in raster data model with 5m 
spatial resolution were compiled based on geostatistical and non-geostaistical interpolation techniques supported by QGIS 
software. Furthermore, the water pollution was compared with World Health Organization (WHO) standards. The study 
demonstrated that water polution in terms of heavy metals on three-time series has been above the permissible values 
comparing of critical value of 100 for HPI and 1 for MI. 

In the present study, a theoritical and practical approach for implementing the spatial database structure and architecture 
design was giving in terms of monitoring and assessment of Artificial Lake. The spatial database was developed in full 
accordance with three design phases including conceptual, logical and physical design. 
It is essential to consider the spatial database developed in the present study as potential for decision and policy-making 
for managing the Artificial Lake in Mitrovica. 
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