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Abstract 
It has already become a tradition to research the pollution with heavy metals of surface and groundwater. Very few studies have been 

done to assess the ecological status of rivers in Kosovo, based on their assessment through physical-chemical parameters, such as: pH, OT, 
BOD5, COD, N-NH4, NO3

-, NT, PO4-P, PT. Although it is known that physical-chemical pollution of surface water is present in the flow of 
rivers, since in the impossibility of setting up plants for the treatment of industrial and urban wastewater, in all cases their discharge is done 
in a way free and uncontrolled. Therefore, our object of study consists in the real evidence of physical-chemical pollution of the waters of 

the Curved River (Kriva Reka), a segment of which crosses the industrial area of the Artana Mine, located in the northeastern part of Kosovo. 
During the research work we have identified six monitoring points: M1 and M6 represent the river waters outside the industrial zone, while 
the other four monitoring points reflect the industrial discharge waters and the polluted river waters in the industrial zone. Classical and 
instrumental methods of analytical chemistry have been applied to determine physical-chemical parameters. The results obtained after the 
analysis of water samples give the values of physical-chemical parameters, based on which we estimate that the Curved River is characterized 
by poor ecological status. 
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1 Introduction
1
 

Water in nature is important for the existence and health of 

humans and all other living beings, because it mediates the global 
processes of life, transports substances and helps to carry out 
chemical reactions. In addition, water enables man to produce 
food, energy, transportation, and as a raw material or auxiliary 
raw material, participates in a number of industrial processes. 
This is why in recent decades, water quality is of global interest, 
going beyond the competencies of the experts themselves in this 
field and encompassing all spheres of economic, legal and 

political life, and increasingly gaining an international dimension 
(1-2).  The Curved River, better known as Kriva Reka on 
topographic maps, is the left tributary of the Morava e Binçës and 
lies in the northeastern part of Anamorava, east of Kosovo. The 
total area of the basins of this river is 612.5 km2, while the river 
has a length of 75 km. The basin of this river includes many other 
tributaries which are short and have a small amount of water, but 
the permanent suppliers are the inflows from the rivers Hogosht 

and Desivojce. The river bed has formed a narrow alluvial valley, 
while in the suburbs of Kamenica it passes through a plain terrain 
and during the rainy season (spring, winter and autumn), there are 
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cases when it has caused flooding of agricultural lands, which 
extend on both sides of river banks.  

The watershed up to Kamenica is forested, while part of the 
lowland is used as agricultural land by the population living on 
both sides of the river banks. Mountainous relief, slope of the 
terrain and the impact of rainfall on erosion, not only affect the 
water quality of this river, but also increase and decrease the 

volume according to the seasons. According to data and 
measurements made in the village of Domoroc by MESP 
(Ministry of Environment and Spatial Planning), the highest river 
water level reaches 400 cm, while the lowest 140cm, so the 
amplitude is 540 cm. This river intersects two streams where the 
water at the first monitoring point results in high quality, while at 
the second station in Domorovc the water quality drops (3). In 
addition to natural factors, anthropogenic factors also have a 

significant impact on the water quality of this river. Immediately 
after the constitution of Trepça combine with the aim of achieving 
the most underground mineral resources, it emerged as a necessity 
opening of galleries rich with heavy metals (4). Exploitation and 
processing of minerals, apart from economic development, 
resulted in the pollution of the environment (5).The existence and 
industrial activity of the Artana Mine (Novobrdë), located near 
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the eastern part of the river, which is, which in the past was known 
as the mine of gold and silver and other heavy metals, with all its 
complexity is the main polluter of the River Curved (Kriva Reka). 
Numerous historical chronicles document that the opening and 
exploitation of this mine began in the time of the Roman Empire. 

It began to be used more intensively in the medieval period, first 
by the Ragusans (Dubrovnik), then by the German Sassanids, 
while at the beginning of June 1455 it was conquered and taken 
into use by the Ottoman Empire (6). Mining by its nature 
consumes, diverts and can seriously pollute water resources (7). 
Therefore, the mining activity near the Curved River has 
motivated us to research and assess the ecological status of its 
waters, focusing on physical-chemical parameters. Indiscriminate 

industrial discharges from the mine and flotation, which flow into 
the river through a stream, as well as the existence of two landfills 
with industrial waste on the banks of the river, have constantly 
caused and continue to cause pollution of the waters of this river. 
A variety of pollutants are generated in the process of ore mining 
which diffuse into the surrounding environment and result in 
water, air and soil pollution problems (8). 

 

2 Curved River water monitoring 
In order to have a more representative overview of the 

ecological status of the waters of the Curved River (Kriva Reka), 
we focused on the degree of pollution of this river, based on 

physical-chemical parameters. Testing of all chemical indicators 
of water quality is very rarely justified for economic and practical 
reasons, so in practice only a few characteristics are tested that 
give a general answer to the question of water quality, ie indicate 
in which direction Research is ongoing. Currently, there are 
various models for determining surface water quality (9), in order 
to simplify and reduce the cost of testing. However, we must 
realize that this is a complex task and that there is no uniform 

algorithm to work with (10-12). It is already known that the 
waters of this river since the ‘50 / 60s have been the prey of 
industrial discharges made without any criteria by the 
administration of the Artana (Novo Brdo) mine. Precisely for this 
reason, and based on the visual observation, where the lack of 
living world was clearly observed, we came up with the idea to 
research and analyze the degree of pollution of the waters of this 
river through physical-chemical parameters. The interactions of 

both the physical and chemical properties of water play a 
significant role in composition, distribution, abundance, 
movements and diversity of aquatic organisms (13-17).During the 
research we managed to find enormous pollution of these waters, 
not only with heavy metals, which occur as a result of industrial 
discharges, but also significant physical-chemical pollution. 
Therefore, for this reason we targeted six monitoring points: M1 
and M6 represent the points located outside the industrial area of 

the Artana mine, while M2, M3, M4 and M5, reflect the monitoring 
points within the industrial area. The coordinates in table 1. 
Reflect the six sampling sites, while figures 1 and 2 reflect the 
monitoring grid. 

Figure 1 reflects the entire monitoring network, four sampling 

sites located within the industrial area of the Artana mine (M2, 
M3, M4 and M5) and two sampling sites outside the industrial area 
(M1 and M6). Figure 2 shows the monitoring network within the 
industrial area, so sampling sites: M2, M3, M4 and M5. Sampling 
site M1 - represents the Curved River (Kriva Reka) before the 
discharge of mine waters. In this sampling site we have detected 
the waters of the Curved River in front of the industrial area of 
the Artana mine (fig.3), where the water, apart from urban 

pollution, should have no other pollution.  
M2 - Pollution from mine discharges: This sampling site 

reflects the critical place where the enormous and indiscriminate 
discharge of mine and flotation waters takes place (fig.4), which 
through a stream was thrown into the waters of the Curved River. 
 

 
Figure 1: Complete monitoring network 

 

 
Figure 2: Monitoring network in the Artana area 

 
Table 1: Sampling site and their coordinates 

Sampling site Geographical width Longitude Altitude (m) 

M1 42°38'1.57"N 21°23'35.35"E 699 
M2 42°37'58.78"N 21°25'48.41"E 664 
M3 42°38'2.79"N 21°25'44.07"E 646 
M4 42°38'4.74"N 21°25'44.62"E 649 
M5 42°38'29.97"N 21°26'25.99"E 621 
M6 42°30'36.66"N 21°37'55.56"E 429 
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Figure 3: Sampling site M1 

 

 
Figure 4: Sampling site M2 

 

M3 - Curved River after mine discharges: The waters of this 
sampling site represent the sample taken after discharges from the 
mine and flotation (fig. 5). 
M4 - Waters after the first landfill: We have targeted this sampling 
site to assess the pollution caused by the landfill drainage water 
(fig. 6). 

M5 - Curved River after the second landfill: Sampling site M5 

presents the state of water quality of the Curved River, after the 

drainage of the second landfill (fig.7). This landfill is located at a 
distance of 1.7 k m from the first landfill. Like the first landfill, 
the draining waters of this landfill only increase the degree of 
concentration of pollutants in the waters of this river.  As a result 
of atmospheric processes such as precipitation, sunning and 

erosive winds, landfill generates contaminants that pollute the 
environment in cyclical (18). 
 

 
Figure 5: Sampling site M3 

 

 
Figure 6: Sampling site M4 

 
M6 - Curved river before joining the Morava e Binçës river: 

This sampling site represents the last monitoring point of the 
Curved River waters (fig.8). For the sake of a more realistic 
assessment, we took the sample 800m before joining the Morava 

se Binçe River, which after joining the Waters River flows into 
the territory of Serbia. Therefore, this monitoring point gives us 
to understand that all waters belonging to this sub-basin are 
polluted by industrial, agricultural and urban sources. 
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Figure 7: Sampling site M5 

 

3 Material and methods 
In order to be as accurate as possible in assessing the 

ecological status of waters taken for analysis from the Curved 
River (Kriva Reka), we are based on the ISO 5667—6 
(19)standard for surface water. The way of taking water samples 
of this sub-basin, the quantity of the sample taken as well as the 
way of transport and the maximum time that the sample can stand 
before the chemical analysis, is done in accordance with the 

method ISO 5667-1,3 (20 – 21). 
For the determination of physical-chemical parameters, in the 

analysis laboratory of KHMI (Kosovo Hydrometeorological 
Institute), we have applied the following methods: ISO 10523: 
2008 (pH value); ISO 5814: 2012 (Dissolved oxygen OT); ISO 
5815-2 (Biochemical Oxygen Consumption BOD5); ISO 15705 
(Chemical Oxygen Consumption COD); ISO 7150-1 (Ammonia 
NH4-N); DIN 38405 D9 ( Nitrates NO3

- ); ISO 11905-1 (Total 

Nitrogen NT); ISO 6878 (Orthophosphate (PO4-P); ISO 6878 
(Total Phosphorus PT). 

 

 
Figure 8: Sampling site M6 

 

4 Results and discussion 
For the purpose of better evaluation of the results obtained 

from the analysis of physical-chemical parameters, water samples 
for the analysis of the Curved River were taken during January 
and July 2020. In the focus of the research we have singled out: 
pH, OT, BOD5, COD, NH4-N, NO3

-, NT, PO4-P, PT, which are 
the best indicators of the ecological status of rivers. The use of 
indicators is highly relevant when assessing the ecological status 
of a river bed and its evolution with time (22). For the evaluation 
of the researched parameters we have relied on the Administrative 
Instruction, which has to do with the Classification of Water and 

Surface Bodies of Kosovo - MESP-UA 16/2017 * (23) and based 
on appendix 4 and table 4.1 of this appendix, relating to 
parametric values for determining the ecological status of rivers 
(table 2). 

 
 

Table 2: Physical-chemical parameters for determination of ecological status of rivers in mg/L 

Type* Status pH OT BOD5 COD NH4-N NO3 NT P04-P PT 

T1 

G 7,0 - 8,6 > 8,0 < 1,50 < 4,0 < 0,10 < 1,50 < 2,0 < 0,05 < 0,09 

Md < 7.0; > 9.0 8.0 – 7.0 1.50 – 5.00 4.0 – 7.0 0.10 – 0.20 1.50 – 3.00 2.0 – 3.5 0.05 – 0.10 0.09 – 0.15 

P < 7.0; > 9.0 7.0 – 5.0 5.00 – 6.00 7.0 – 12.0 0.20 – 0.80 3.00 – 6.00 3.5 – 10.0 0.10 – 0.20 0.15 – 0.30 

T2 

G 7.0 - 8,6 > 7.0 < 4.0 < 4.0 < 0.10 < 1.00 < 1.5 < 0.05 < 0.10 

Md <7.0 >9.0 7.0 – 6.0 4.0 – 6.0 4.0 – 7.0 0.10 – 0.25 1.00 – 2.00 1.5 – 3.0 0.05 – 0.10 0.10 – 0.20 

P 
 
 

<7.0 >9.0 6.0 – 5.0 6.0 – 8.0 7.0 – 12.0 0.25 – 0.70 2.00 – 5.00 3.0 – 10.0 0.10 – 0.20 0.20- 0.40 

MESP-AI 16/2017 * - Administrative Instruction “Classification of Surface Water Bodies”  

Type * - T1 - Small Mountain River and Medium River; T2 - Meadow river: small, medium and large. 

Status G-Good; Md-Moderate P-Poor/Weak 
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Table 3 shows the ecological status of surface waters. 
Curved River belongs to the type of rivers T2 (Meadow river: 
small, medium and large). The obtained results marked in tables 
4 and 5, are compared with the reference values of MESP-AI 
16/2017 appendix 4 (table 2). Tabular results, also given through 
colors, reflect the state of water quality detected in six sampling 

sites. Samples M1 and M6 represent the water quality outside the 
industrial area of the Artana Mine, while M2, M3, M4 and M5 
within the industrial area. In the M1 sampling sitein January we 
encountered poor NO3

-status, while in July, due to higher 
temperatures and lower water volume, the indicators of BOD5, 
COD, NO3, NT and PT, also reflect poor(weak) ecological status 
of the waters of this river(figure 9). The results obtained for 

January and July are presented in Tables 4 and 5 through colors. 
In the M2 sampling site, both for January and July (Figure 10), 
except OT, NH4-N, NO3

-, NT, which belong to the good quality 

status, other indicators reflect the poor ecological status. 
 

Table 3: Assessment of ecological status reflected in color 

Status assessment Color  

High status Blue  

Good Green  

Moderate Yellow  

Poor/Weak Orange  

Bad status Red  

 

 

 
Figure 9: Concetration of physical-chemical parameters in sampling site 

M1 (January and July, 2020) 

 

 

Figure 10: Concetration of physical-chemical parameters in sampling 
site M2 (january and july, 2020) 

 
Table 4: Results of physical-chemical parameters (mg/L) for the assessment of the ecological status of the Curved River (January 2020) 

Sampling site pH OT BOD5 COD NH4-N    NO3 NT  P04-P PT Final Classification 

M1 8.20 9.25 1.5 2.80 0.217 6.90 1.840 0.016  0.082 P 

M2 3.92 9.92 15.3 29.44 0.025 0.4 1.13 0.163 0.861 P 

M3 5.93 9.12 24.4 55.2 0.209 6.7 3.53 0.025 1.551 P 

M4 4.88 3.4 23.5 97.6 0.101 2.1 7.54 1.82 3.144 P 

M5 6.97 9.58 25.1 56.8 0.189 6.5 3.63 0.040 1.599 P 

M6 7.89 8.48 27.2 65.0 1.185 5.5 4.440 0.051 1.830 P 

 
Table 5: Results of physical-chemical parameters (mg/L) for the assessment of the ecological status of the Curved River (July 2020)

Sampling site pH OT BOD5 COD NH4-N NO3
 NT  P04-P PT Final Classification 

M1 8.47 8.8 48.2  72.8 0.258 7.6  3.53  0.028 1.36 P 

M2 4.47 9.7 22.4  36.8 0.031  0.4  0.94 0.218 0.69 P 

M3 5.81 8.3 41.5 69  0.224  7.2  3.22 0.033 1.17 P 

M4 5.21 1.2 69.3 122  0.111  2.3  9.28 2.429 2.73 P 

M5 6.85 7.6 42.9 71  0.212   7.1 3.34 0.051 1.22 P 

M6 7.45 6.57 43.4 69  2.075  6.1  4.63 0.068 1.27 P 
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Sampling site M3, except NH4-N, OT and PO4-P which 
present good and moderate status, other indicators reflect the poor 
ecological status of these waters (figure 11). M4 represents the 
sampling site, where in addition to NH4-N, with good status, other 
indicators, for both months (figure 12), reflect poor status for 

water quality. 
 

 

Figure 11: Concetration of physical-chemical parameters in sampling 
site M3 (January and July, 2020) 

 

 
Figure 12: Concetration of physical-chemical parameters in sampling 

site M4 (January and July, 2020) 

 
In the M5 remote sampling with good quality status, NH4-N 

was found, moderate OT and PO4-P, while other indicators for 
these waters, result in poor quality. The analyzes of the values 

obtained and reflected in tabular way (tables 4 and 5), prove that 
in all sampling sites, we have encountered poor (P) ecological 
status of the waters of this river. Sampling site M6, for two 
months, presents good condition for pH and PO4-P, moderate with 
OT, while other indicators (figure 14), result in poor ecological 
status of the water quality of the Curved River. 

 

4 Conclusion 
Based on the Administrative Instruction of Kosovo MESP-AI 

16/2017, which deals with the Classification of Water and Surface 
Bodies and the parametric values for determining the ecological 
status of rivers, we conclude that the quality of water of the 

Curved River, monitored during the months January and July, 
2020, has resulted in significant pollution. Poor ecological status 
has occurred as a result of mining and processing within the 

industrial zone (M2, M3, M4 and M5), while the sampling site M6, 
in addition to industrial pollution, includes agricultural and urban 
pollution. Therefore, the lack of living world in the monitored 
area, best reflects the state of poor water quality of this river. This 
pollution should raise the awareness of the mine management, the 

governing bodies of the municipalities (through whose territory 
the river passes), and the Ministry of Environment and Spatial 
Planning of Kosovo, to take appropriate measures to remove the 
pollutants of the Curved River. 

 

 
Figure 13: Concetration of physical-chemical parameters in sampling 

site M5 (January and July, 2020) 

 

 

Figure 14: Concetration of physical-chemical parameters in sampling 
site M6 (January and July, 2020) 
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