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INTRODUCTION

The interaction between surface water and 
ground water is a crucial component of the hy-
drological cycle [Fetter, 2014; Hölting and Col-
dewey, 2019]. However, although surface water 
is monitored frequently, groundwater monitoring 
is still rare in Kosovo and there is no available 
data on the quality of groundwater. Groundwa-
ter is a vital component of water supply used for 
residential, industrial, and agricultural purposes 
[Hiscock and Bense, 2014; Sethi and Di Molfetta, 

2019]. The growing water demand, as well as 
the increasing rate of pollution over the last de-
cades emphasizes the need to undertake steps to 
evaluate the state of the environment, especially 
the water capture areas [Dassargues, 2019; Gil-
li et al., 2012]. Accordingly, this could be done 
through implementing a groundwater monitor-
ing network which can provide data on the quan-
tity and quality of the groundwater [Condon et 
al., 2021; Karamouz et al., 2011]. Groundwater 
monitoring is an essential step in characterizing 
groundwater systems which are being altered by 
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ABSTRACT
The scarcity of groundwater monitoring in Kosovo, particularly in Lipjan, underscores the urgency to assess and 
safeguard this vital resource amidst escalating water demands and mounting pollution. This study addresses the 
critical gap in groundwater data by proposing the establishment of a comprehensive monitoring system. The pri-
mary goal was to develop a system capable of providing real-time data on groundwater quality and quantity within 
the capture area. Specific research objectives include the daily real-time monitoring of groundwater quality, identi-
fication, and quantification of contaminants in the aquifer, as a basis for further work on delineation of contaminant 
sources impacting the capture area, and monitoring and quantifying water extraction rates from individual wells, 
therefore establishing the necessary protection zones. Seven divers have been installed in 7 monitoring wells in 
Lipjan to measure the water level and pressure, as well as a multiparameter sensor for water quality monitoring 
for pH, temperature, specific conductivity, total dissolved solids, and dissolved oxygen. The digital monitoring 
system has been set up to input and log the incoming data. The aim was to gather this data, analyze it and use it to 
create a model and calibrate it to match the observed data. Concurrently, a sensitivity analysis was performed to 
prioritize data collection and establish which parameters have the most significant impact on the model outcomes. 
This ensures the establishment of a model which will, in the future, be used to predict and forecast groundwater 
levels and quality and determine protection zones. 

Keywords: groundwater monitoring, water quality assessment, real-time data, protection zones, groundwater modeling. 

Journal of Ecological Engineering
Received: 2024.07.18
Accepted: 2024.08.21
Published: 2024.09.01

Journal of Ecological Engineering 2024, 25(10), 101–110
https://doi.org/10.12911/22998993/191784
ISSN 2299–8993, License CC-BY 4.0



102

Journal of Ecological Engineering 2024, 25(10), 101–110

anthropogenic and natural phenomena. A properly 
designed monitoring system provides a represen-
tative understanding of the state of the monitored 
area [Condon et al., 2021; Sethi and Di Molfetta, 
2019]. The establishment of a monitoring system 
for groundwater will also bring the potential for 
research and management in the field of emerging 
organic pollutants and pharmaceuticals [Bunting 
et al., 2021; Rusiniak et al., 2021], assessment of 
groundwater vulnerability from climate change, 
or even assessment of pollution in specific sites 
such as landfills [Dąbrowska and Witkowski, 
2022; Nistor, 2020], urban areas, and irrigated ag-
ricultural areas [Krogulec et al., 2020; Liu et al., 
2021; Podlasek et al., 2021]. Kosovo is in need of 
research in all these fields, and this system will be 
a positive initial step in that direction. 

The Municipality of Lipjan, being part of 
the District of Prishtina, is an industrial area in 
Kosovo, with potential pollution sources includ-
ing the Paper production factory, the Industrial 
Park, agriculture as well as the damaged or inef-
ficient septic tanks that are used for wastewater 
removal [Division for Industrial Policy, 2020; 
Gashi et al., 2016; Qeriqi, 2016]. Likewise, due 
to rapid urbanization, the increase in the percent-
age of impermeable surfaces and the effects of 
climate change, the Lipjan area is also prone to 
flooding [Affairs, 2023; Bublaku, 2021; Simeone 
and Mekolli, 2023]. Similarly, previous research 
in southwestern Europe [Spain, Portugal, France 
and Italy] shows that quite a lot of wells face 
potential decline in the future, with urban areas 
showing more anthropogenic influence and de-
clining trends in water levels. That research has 
shown that groundwater monitoring is essential 
for sustainable water management [Silva et al., 
2024; Quevauviller et al., 2009]. 

The general objective of this study was to 
develop a comprehensive monitoring system for 
real-time data on groundwater quality and quan-
tity within the capture area upon which additional 
measures and analyses might be developed, spe-
cifically the determination of protection zones 
in Lipjan. The specific research objective of this 
study is establishing a daily real time monitoring 
of the groundwater quality of the capture area to be 
used for identifying and quantifying the contami-
nants present in the aquifer and finding the source 
of the contaminants polluting the capture area as 
well as monitoring and quantifying the volume of 
water extracted from each well. This will aid in 
generating reliable data on groundwater quality 

and quantity which is sorely lacking in Kosovo. 
This data will support Kosovo authorities and 
researchers in the planning and decision-making 
process, underlying the protection of this ground-
water source as well as constructing future water 
monitoring institutions and ensure the establish-
ment of a model which will, in the future, be used 
to predict and forecast groundwater levels and 
quality and determine protection zones. Addi-
tionally, the purpose of this data is to be used for 
the determination of protection zones in Lipjan. 
Protection zones are all catchment areas of water 
resources that are used for drinking, and therefore 
are subject to more stringent rules for contamina-
tion and quality control [Osmanaj et al., 2021]. 
This data is the first step that must be fulfilled in 
order to be able to create modeling simulations 
for the determination of protection zones. 

METHODOLOGY

The first phase was establishing the wells that 
we aim to monitor and analyze and conduct field 
visits to these wells to see the situation before any 
equipment is installed. The second phase consist-
ed of the setup of a groundwater quality moni-
toring network consisting of an MP1 submersible 
pump and a groundwater quantity monitoring net-
work comprising of seven divers (water meters). 
The submersible pumps and the water meters 
have consistently monitored the water quality and 
the abstractions from the aquifer, respectively. 
The installed MP1 submersible pump’ multipa-
rameter sensors for monitoring pH, temperature, 
specific conductivity, total dissolved solids (TDS) 
and dissolved oxygen continuously monitored the 
water quality of the study area (Figure 1). 

On the other hand, the installation of the water 
meter in each pump will provide information on 
the quantity of the abstracted water. The data was 
collected periodically on a daily timescale and 
through the implementation of a digital monitor-
ing system for data input and logging, the moni-
tored values of water quality and quantity were 
transmitted to base. The third phase consists of 
data analysis and reporting. This will aid in gen-
erating reliable data on groundwater quality and 
quantity which is sorely lacking in Kosovo. 

Additionally, we have researched and estab-
lished geological characteristics, hydrological 
factors, land use practices, and anthropogenic ac-
tivities as a first step towards building the model. 
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This monitoring system that has been established 
will aid in the collection of information such as 
precipitation, temperature, soil type, land use 
patterns, groundwater recharge rates, pollutant 
sources, etc. which will be used as input variables 
in your groundwater model.

The measurements are done in real-time, by 
the automatic systems, therefore potential er-
rors may include connectivity issues between 
the equipment and the logging system, spo-
radic peaks in quantity data due to external fac-
tors such as pumps being turned on and off, and 
similar peaks in dissolved oxygen levels in areas 
close to the pumps (Figure 2). These issues have 
all been taken into account and noted when the 
data was analyzed. Peakes in quantity because of 
pumping were identified and excluded as outliers 

from final level analysis, and the same was done 
for dissolved oxygen peaks. 

RESULTS AND DISCUSSION

Hydrogeological characteristics of the area

The topography of the target area is character-
ized by a plain in the northwest-south direction, 
with an average quota of 560 meters above sea 
level (Figure 3). The climate is of the continen-
tal type with average precipitation being 600–700 
mm per year [Osmanaj et al., 2021]. According 
to the hydrogeological map of the area, the target 
zone is located on an intergranular aquifer with 
high porosity, and the groundwater flows from 
northeast to southwest [Osmanaj et al., 2021].

Figure 1. Map showcasing the positioning of 7 divers (blue dot) and the multiparameter sensor (beaker icon)

Figure 2. Snapshot of the data logging system
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Water quantity data

The established monitoring system has been 
logging data for the past 7 months. The first diver 
(LIP_01) is installed at a depth of 6,5 meters from 
the top of the well. During the last seven months, 
monitoring data shows that the minimum water 
level recorded is 386.46 cmMSL, the maximum 
level recorded is 662.29 cmMSL, on average, the 
water level recorded is 521.6 cmMSL. The high-
est water level is observed in December 2023. 
The lowest water level is observed at the end 
of September 2023 when the pump was on. The 
second diver (LIP_03) is installed at a depth of 
15 meters and the pump is at a depth of 17 me-
ters. The minimum water level recorded is 739.38 
cmMSL, the maximum level recorded is 1482.39 
cmMSL, on average, the water level recorded is 
1194.26 cmMSL (Figure 4). The water level re-
corded in LIP_03 is higher than LIP_02, and it 

is a more stable well with less fluctuations. The 
highest level was recorded in December 2023.

During pumping times big fluctuations can be 
observed, as shown in the graphs above. When 
the pumps are not active, the groundwater level 
rapidly grows and becomes stable, meaning the 
reservoirs of groundwater are opulent. The abrupt 
change that can be seen in the middle of the graph 
for LIP_03 is due to the sudden activation of the 
pump. The sporadic peaks that can be observed lat-
er are the result of sudden pump discontinuation. 

The third diver (LIP_05) is installed at a depth 
of 5 meters and the pump is at a depth of 7 me-
ters. The minimum water level recorded is 221.24 
cmMSL, the maximum level recorded is 543.34 
cmMSL, on average, the water level recorded is 
355.74 cmMSL (Figure 4). The highest level was 
recorded in December 2023, and the lowest level 
in October 2023. The fourth diver (LIP_06) is 
installed at a depth of 3 meters and the pump is 

Figure 3. Hydrogeological map of the target area. Source: Osmanaj et al. (2021)
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at a depth of 5 meters. The minimum water level 
recorded is 65.69 cmMSL, the maximum level re-
corded is 292.07 cmMSL, on average, the water 
level recorded is 182.59 cmMSL (Figure 5). The 
highest level was recorded in September 2023, 
and the lowest level in October 2023.

Again, during pumping times big fluctuations 
can be observed, as shown in the graphs above. 
The abrupt change that can be seen in both graphs 
is due to the sudden activation of the pump. The 
sporadic peaks that can be observed later for 

LIP_05 are the result of sudden pump discontinu-
ation. For LIP_06, we can see that the groundwa-
ter level is close to the surface. 

The fifth diver (LIP_08) is installed at a depth 
of 13 meters and the pump is at a depth of 33.5 me-
ters. The minimum water level recorded is 734.09 
cmMSL, the maximum level recorded is 1281.03 
cmMSL, on average, the water level recorded is 
902.19 cmMSL (Figure 6). The highest level was 
recorded in September 2023, and the lowest level 
in October 2023. The sixth diver (LIP_04) has 

Figure 4. Graphical representation of the groundwater level for 
seven months for LIP_01 (left) and LIP_03 (right)

Figure 5. Graphical representation of the groundwater level for 
seven months for LIP_05 (left) and LIP_06 (right)

a) b)

a) b)

Figure 6. Graphical representation of the groundwater level for 
seven months for LIP_04 (left) and LIP_08 (right)

a) b)
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shown a severely low quantity of water present in 
the well. The highest level of water was observed 
in September 2023 with a maximum of 150.66 
cmMSL, and the lowest level was observed in 
October 2023 with a minimum of 67.26 cmMSL, 
after which the sensor stopped logging data due to 
insufficient amount of water. 

Water quality data

The installed MP1 submersible pump’ mul-
tiparameter sensor measures pH, temperature, 
specific conductivity, TDS and DO and has col-
lected data for the past seven months. National 
requirements for water quality are established by 
Law No. 04/L-147 for Kosovo waters and Law 
No. 08/L-048 on Public Health and the accom-
panying regulations and administrative instruc-
tions. Likewise, Kosovo aims to have its national 

legislation in line with EU Directives. Accord-
ing to these regulations, the allowed values for 
drinking water are [Government of the Republic 
of Kosovo, 2021]:
	• EC of maximum 2500 μS/cm in 20 ºC;
	• pH levels ≥ 6.5 and ≤ 9.5;
	• DO of maximum 5.0 mg/l O2.

pH has shown a steady increase since the 
beginning of the measurement period. Peak pH 
was recorded both in January and February at 
7.24 (Figure 7). On average, the pH level for this 
groundwater well is 7.19. Typical pH for ground-
water is from 6.5 to 8.5 [Ram et al., 2021], in-
dicating a very good pH level for this well. The 
groundwater temperature has been shown to be 
relatively stable, in the range of 0.5 to 20 ºC (Fig-
ure 8). This groundwater tends to have a higher 
water temperature than typical. Groundwater with 

Figure 7. pH recorded levels for groundwater for the past seven months

Figure 8. Recorded temperature of groundwater for the past seven months
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higher temperatures can dissolve more minerals 
from the surrounding rock and will have a higher 
electrical conductivity, as shown in Figure 9. 

The specific conductivity of this groundwa-
ter is, on average, 880 μS/cm. The threshold for 
drinking water is less than 1000 μS/cm according 
to the Environmental Protection Agency (EPA) 
[Domenico and Schwartz, 1998] which means that 
this well can be used for drinking water supply. On 

average, this groundwater well has a TDS level of 
560 mg/L (Figure 10).

Typically, anything less than 1000 mg/L is 
classified as freshwater [Ram et al., 2021]. The op-
timal concentration for drinking is 500 mg/L [Ram 
et al., 2021].  Groundwater typically has a low DO 
level, mainly ranging from 1.75 to 19.40 mg/L 
[Zan et al., 2019]. This groundwater well has on 
average, a DO concentration of 1.8 mg/L, slightly 

Figure 9. Recorded specific conductivity of groundwater for the past seven months

Figure 10. Recorded TDS of groundwater for the past seven months
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on the lower end of the spectrum. Additionally, it 
has been observed that pumping has an effect on 
the DO levels due to the aeration and mixing of 
air and water that happens every time the pump 
is turned on after being off. According to the data 
generated so far, this groundwater is acceptable for 
drinking and fulfills all the legal requirements on 
the measured parameters

CONCLUSIONS

In conclusion, the establishment of a com-
prehensive groundwater monitoring system in 
Lipjan, Kosovo, marks a significant step towards 
understanding and managing this vital resource. 
Despite the scarcity of groundwater data in the 
region, the implementation of real-time moni-
toring equipment has provided valuable insights 
into both the quantity and quality of the aquifer. 
The monitoring network, consisting of submers-
ible pumps and water meters, has facilitated 
continuous data collection over the past seven 
months, revealing fluctuations in groundwater 
levels and variations in water quality parameters 
such as pH, temperature, conductivity, TDS, and 
DO. Analysis of the collected data has highlight-
ed important trends, including seasonal varia-
tions in groundwater levels and the influence of 
pumping activities on water quality parameters. 
Despite fluctuations observed during pumping, 

the overall stability of groundwater levels sug-
gests ample reserves within the aquifer. 

Furthermore, the consistently favorable water 
quality indicators, such as pH within the accept-
able range for drinking water and low levels of 
contaminants like TDS, indicate the potential suit-
ability of this groundwater source for various pur-
poses, including drinking water supply. Moving 
forward, the data obtained from this monitoring 
system will serve as a foundation for informed de-
cision-making by Kosovo authorities and research-
ers. By identifying potential sources of contami-
nation and understanding hydrological dynamics, 
this information can guide efforts to protect and 
sustainably manage the groundwater resources in 
Lipjan and beyond. Moreover, the establishment of 
this monitoring system sets a precedent for future 
groundwater management initiatives, paving the 
way for predictive modeling and the implementa-
tion of effective conservation measures. 

Ultimately, the ongoing monitoring and anal-
ysis efforts underscore the importance of proac-
tive measures in safeguarding this invaluable nat-
ural resource for present and future generations.
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