SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 27(6), 73-85

ubC 502
DOI: 10.48077/scihor6.2024.73

An overview on persistent organic pollutants levels in the White Drin River, Kosovo

Aférdita Camaj Isa
PhD Candidate in Organic Chemistry
University of Prishtina
10000, 31 George Bush Str., Prishtine, Republic of Kosovo
https://orcid.org/0000-0001-7044-8810
Arben Haziri
PhD in Chemistry, Full Professor
University of Prishtina
10000, 31 George Bush Str., Prishtine, Republic of Kosovo
https://orcid.org/0000-0002-0779-390X
Aurel Nuro
PhD in Chemistry, Full Professor
University of Tirana
1010, 4 Mother Teresa Sq., Tirana, Albania
https://orcid.org/0000-0003-1875-2430
Arieta Camaj Ibrahimi
PhD in Food Science and Technology, Associate Professor
University Haxhi Zeka
30000, “UCK” Str., Pejé, Republic of Kosovo
https://orcid.org/0000-0002-3560-3704

Article’s History: Abstract. The purpose of this study was to assess the concentrations of persistent organic
Received: 05.02.2024 pollutants in the White Drin River, Kosovo region. The study focused on organochlorine
Revised: 04.05.2024 pesticides, polychlorinated biphenyls, polycyclic aromatic hydrocarbons, and benzene,
Accepted: 29.05.2024 toluene, ethylbenzene, and xylenes. The White Drin River originates from Peja, Kosovo,
and extends to the Albanian border near Kukesi, making it a significant water body. It
is potentially affected by anthropogenic pollution due to its passage through Kosovo’s
urban areas, villages,farms,and industries.Sampling was conducted at 15 stations along
the river, from the river waterfall to the Albanian border, during two distinct periods
in 2023 (January - February and August - September). Organochlorine pollutants
were concurrently extracted using liquid-liquid extraction followed by analysis using
capillary gas chromatography equipped with an electron capture detector. Polycyclic
aromatic hydrocarbons were isolated through a two-step liquid-liquid extraction, with

Suggested Citation:

Camaj Isa, A.C., Haziri, A., Nuro, A., & Camaj Ibrahimi, A.C. (2024). An overview on persistent organic pollutants
levels in the White Drin River, Kosovo. Scientific Horizons, 27(6), 73-85. doi: 10.48077/scihor6.2024.73.

Copyright © The Author(s). This is an open access article distributed under the terms of the
oy Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author


https://orcid.org/0000-0001-7044-8810
https://orcid.org/0000-0002-0779-390X
https://orcid.org/0000-0003-1875-2430
https://orcid.org/0000-0002-3560-3704

74

An overview on persistent organic pollutants levels in the White Drin River, Kosovo

dichloromethane and hexane. Benzene, toluene, ethylbenzene, and xylenes were isolated using headspace solid -
phase microextraction assisted by polydimethylsiloxane fibre. Qualitative and quantitative analyses of polycyclic
aromatic hydrocarbons, and benzene, toluene, ethylbenzene, and xylenes, were conducted via gas chromatography
with a flame ionization detector. The analyses showed the presence of persistent organic pollutants in the river water
samples during both sampling periods. Elevated concentrations of volatile polychlorinated biphenyls, benzene,
toluene, ethylbenzene, and xylenes, and polycyclic aromatic hydrocarbons, were observed in the water samples
during both periods. This study underscores the significance of investigating organic pollutants in Kosovo's water
systems, considering both local geographic concerns and the broader global issue of environmental pollution

Keywords: organochlorine pesticides; polychlorinated biphenyls; polycyclic aromatic hydrocarbons; benzene,
toluene, ethylbenzene, xylenes, water analyses; gas chromatography; electron capture detector; flame ionization

detector

INTRODUCTION

In recent decades, environmental pollution has
emerged as a global concern. A variety of contaminants,
including pesticides, pharmaceuticals, and industrial
residues, are infiltrating water bodies through sewage
systems, agricultural runoff, and atmospheric deposi-
tion. Persistent organic pollutants (POPs) have been
detected in water bodies, highlighting their persistence
and bioaccumulation tendencies. The easy accumula-
tion of persistent organic compounds in the food chain
can be mainly because of their hydrophobic properties
and bio-magnification process (Nuro et al,, 2018). The
presence of polycyclic aromatic hydrocarbons (PAHSs)
and BTEX compounds in surface water bodies can be
mainly because of industrial and automobile transport,
as well as mechanical activity, mechanical businesses,
fuel stations, forest burning, etc.

The purpose of this study was to determine POP
concentrations in water samples from the White Drin
River in Kosovo. It is a vital resource for local commu-
nities and a valuable ecosystem of Kosovo. As the river
flows towards the Albanian border, it merges with the
Black Drin River to form the Drin River before flowing
into the Adriatic Sea. It is crucial to evaluate pollution
levels in its water, especially regarding POPs because
it passes near urban, industrial, and agricultural areas.
This transboundary river system, significant for its eco-
logical importance and potential environmental im-
pact, has not been investigated before for the presence
of these organic pollutants. The river is under threat
from unchecked urbanisation, agricultural practices,
and industrial outputs leading to untreated waste dis-
charge due to rapid population growth and socio-eco-
nomic development, thereby jeopardising water quality
and environmental sustainability, as concluded recently
by S. Laha et al. (2022). Organochlorine pesticides have
been extensively used in Kosovo for over half a century.
Polychlorinated biphenyls (PCBs), although not used in
Kosovo until the 1990s, were found in some electrical
transformers from that period and were subsequently
detected in various water ecosystems due to atmos-
pheric deposition. PAHs and BTEX, primarily generated
through vehicular transportation,coal mining,and other
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industries, are also influenced by forest fires and natu-
ral background. These pollutants exhibit high stability,
significant bioaccumulation potential, and the ability to
spread over long distances from their sources, persisting
in the environment for many years (Nuro et al., 2019).

Previous studies by E. Ferreira da Silva et al. (2024)
have underscored the impact of land-use/land-cover
dynamics and climate change on river water quality, re-
inforcing the significance of our research on the White
Drin River. Pollutants like PAHs and BTEX compounds
have been linked to adverse effects on water quality
and human health according to a review by T. Olasehin-
de and A. Olaniran (2022). The increasing prevalence
of Persistent Organic Pollutants (POPs) in various envi-
ronmental compartments has been a subject of global
concern due to their notorious effects on both human
health and the environment (Adeniji et al, 2022). In
recent years, A. Mandal et al. (2024) have proven that
the list of POPs keeps increasing, and their concentra-
tions levels are widely varied region-wise. Y. Bununu et
al. (2023) discussed the intricate relationships between
land cover and land use change and climate change.
They highlighted how these dynamics can affect food
security, which could be linked to the health of river
ecosystems. H. Zhang et al. (2023) further underscored
the importance of understanding the unhindered con-
nections and overlaps in aquatic ecosystems. They
pointed out that microplastics, one of the most repre-
sentative emerging contaminants, are carriers of other
pollutants due to their strong adsorption capacity. This
is particularly relevant to the present study as it high-
lights the potential for pollutants to be transmitted to
aquatic organisms and humans through the extended
food chain, thereby increasing the concentration of
pollutants. W. Zhou et al. (2022) assessed the impact of
urbanisation on river water quality. They found that the
contents of pollutants such as nitrogen, trace metals,
and organic pollutants were significantly accumulated
in the lower reaches of cities, suggesting life-type pol-
lution characteristics in urban rivers. This aligns with
our observations of the unchecked discharge of untreat-
ed waste into the White Drin River due to urbanisation.




The present study underscores the urgent need to
examine the water quality dynamics of the White Drin
River and uncover the prevalence of persistent organic
pollutants within its aquatic environment. By elucidat-
ing the origins and magnitudes of POP contamination,
this study aims to provide valuable insights into the
river ecosystem’s ecological health and offer a roadmap
for evidence-based conservation efforts.

MATERIALS AND METHODS

Water sampling in The White Drin River. The sam-
pling was performed at 15 different stations along
the White Drin River in February and September 2023.
Sampling sites are presented in Figure 1. These time
periods were chosen because February corresponds to
the peak flow of the river, and the impact of nearby
agricultural activities is at its minimum during this
period while September corresponds to the minimum
flow and agricultural and transportation activity is
higher compared to other periods. For each station,
a volume of 2.5 litres of water was collected in am-
ber glass bottles with Teflon screw caps. The sampling
procedure followed the guidelines specified in ISO
5667-3:2024 (2024). After collection, the water sam-
ples were preserved and transported at +4°C before
undergoing analysis.

TR
)

NoviiRazar. >y !
*iHosw:l1asa = et
e % Leposavig

27 “Nenocasmh

M2 RIS
5 ~ M gtrgylca
5 MMTP‘O{MHG

" Bieshkatiel/

sNemuna=ags
‘Rark kombétar,
‘.HBL[HOHéﬂHWZ"'

<6 napk %
[pokneTujer|; =

s,  Lokaj

Valey
tionaljRar *Eerizaj
! Ve
\

P,afk'ij LS
Kombetar:

Malet.e'Sharrit._a

& HW

Figure 1. Sampling stations on the White Drin River,
February and September 2023
Source: Google Maps
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Treatment of water samples for pesticide and PCB
analyses. Liquid-liquid extraction was used for extrac-
tion of organochlorine pesticide and polychlorinated
biphenyls from water samples. One litre of water and
2x40 ml n-hexane were added in a separatory funnel as
extracting solvent. After extraction, the organic phase
was dried with 5 g of anhydrous Na,SO, for water re-
moval. A florisil column was used for the sample clean-
up. 20 ml n-hexane/dichloromethane (4/1) was used
for elution. After concentration to 1 ml hexane, the
samples were injected in GC/ECD (Nuro et al., 2018).

Gas chromatography analysis of pesticides and
PCBs. Gas chromatography technique was used to de-
termine the concentrations of various organochlorine
pesticides and polychlorinated biphenyls from liquid
matrices, using fused silica capillary column with elec-
tron capture detector (diphenyl dimethyl polysiloxane
Rtx-5, 30 m=0.25 mm i.d.x0.25 um). Prior to analysis,
liquid-liquid extraction was used to extract chlorinat-
ed organic pollutants. n-Hexane was used as organic
solvent for extractions. After the extraction, the organic
layer passed through Na,SO, anhydrous to remove the
remaining water. The sample clean-up was performed
in florisil column, n-Hexane/Dichloromethane (4/1)
was used for elution. After clean-up and concentration
procedures for all samples, organochlorine pesticides
and polychlorinated biphenyls were analysed on a
gas chromatograph Varian 450 GC analytical system
completed with split/splitless injector with electron
capture detector. Helium was used as a carrier gas
with flow rate at 1 ml/min, while nitrogen was used
as makeup gas (24 ml/min). Quantification of organo-
chlorine pesticides and polychlorinated biphenyls was
based on external standard method for lindane and its
isomers, heptachlors, aldrins, chlordanes, DDTs, endo-
sulfanes, and 7 PCB markers (Method 505..., n.d.).

Treatment of water samples for PAH and n-al-
kanes analyses. Two steps liquid-liquid extraction
(LLE) was used for extracting PAHs from river water
samples. One litre of water with firstly 40 ml dichlo-
romethane (first step of LLE) and next 40 ml hexane
(second step of LLE) as extracting solvent were add-
ed in a separator funnel. After extraction, the organic
phase was dried with 5 g of anhydrous Na,SO, for wa-
ter removal. Extracts were concentrated to 1 ml hex-
ane using Kuderna-Danish concentrator and then in-
jected in GC/FID for qualification/quantification of
PAHs (Nuro et al., 2019).

GC/FID determination of PAH in water samples.
Two-step LLE was used for extracting Polycyclic aro-
matic hydrocarbons from water samples. The sample
was first extracted with dichloromethane (first step
of LLE) and after that with n-hexane (second step of
LLE) as extracting solvent in a separating funnel. Af-
ter extraction, the organic layer passed through 5 g
of Na,SO, anhydrous to remove the remaining wa-
ter. Extracts were concentrated using Kuderna-Danish
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concentrator to 2 ml final volume. Polycyclic aromatic
hydrocarbons in water samples were quantified with a
Varian 450 GC instrument equipped with a flame ioni-
sation detector and programmable temperature vapor-
iser injector. 100% dimethylpolysiloxane phase column
VF-1 ms capillary column (30 mx0.33 mmx0.25 um).
Helium was used as carrier gas at 1 ml/min. Detec-
tor temperature was 280°C. Nitrogen was used as the
makeup gas. Hydrogen and synthetic air were used as
flame detector gases at 30 ml/min and 300 ml/min,
respectively. Environmental Protection Agency EPA 525
Standard Mixture was used for qualitative and quan-
titative analyse of polycyclic aromatic hydrocarbons.
Quantification of polycyclic aromatic hydrocarbons
was based on external standard method (EPA Method
610-Polynuclear Aromatic Hydrocarbons).

HS-SPME technique for determination of BTEX in
water samples. BTEX was determined in water sam-
ples using solid phase micro-extraction in static head
space mode (HS/SPME) followed by GC/FID technique.
5 ml of water sample was put in a 10 ml head space
vial. 100 um PDMS fibre was used to extract BTEX from
water samples. Adsorption process was conducted at

50 °C (using a water bath) for 45 minutes. The sample
injection was performed manually at 280°C in a pro-
grammable temperature vaporiser injector (headspace
mode was selected) of a Varian 450 Gas Chromatogra-
phy instrument. Fused silica capillary column with di-
mensions of 30 mx0.33 mmx0.25 pm RTx, was used as
a stationary phase. Helium was used as carrier gas at
1 ml/min, and nitrogen as a makeup gas. Detector tem-
perature was maintained at 280°C. A mixture of known
concentrations of benzene, toluene, ethylbenzene, and
xylenes was used for qualitative and quantitative anal-
yses based on external standard method according to
(Method 8015d..., n.d.).

RESULTS AND DISCUSSION

This preliminary study showed the first data on organo-
chlorinated pesticides, polychlorinated biphenyls, poly-
cyclic aromatic hydrocarbon and volatile organic hydro-
carbons benzene, toluene, ethylbenzene, and xylenes in
water samples of the White Drin River, Kosovo. Table 1
presents statistical data about analysed organochlo-
rine pesticides (as individuals, their total and grouped
in their classes) for both periods.

Table 1. OCP data in water samples of the White Drin River (February and September 2023)

OCPs

Drin Bardhe River, February 2023

Drin Bardhe River, September 2023

Mean Min Max Median STDEV Mean Min Max Median STDEV

a-HCH 0.216 0.000 1.269 0.092 0.345 0.721 0.000 7.676 0.104 1951
b-HCH 0.133 0.015 0.381 0.050 0.137 0.188 0.007 1.251 0.031 0.342
Lindane 0.383 0.000 3.087 0.039 0.817 0.032 0.000 0.318 0.000 0.086
d-HCH 0.564 0.000 5.209 0.101 1.325 0.464 0.004 4.619 0.084 1.173
Heptachlor 0.322 0.000 1534 0.062 0.474 0.064 0.000 0.598 0.000 0.159
Aldrine 0.138 0.000 1.010 0.041 0.266 0.099 0.000 0.570 0.023 0.154
Heptachlor epoxide 0.107 0.000 0.511 0.040 0.150 0.051 0.000 0.325 0.000 0.106
g-Chlordane 0.268 0.000 1.135 0.101 0.329 0.466 0.000 5.155 0.000 1.338
Endosulfan | 0.103 0.000 0.701 0.041 0.186 0.038 0.000 0.274 0.000 0.086
a-Chlordane 0.287 0.000 2.053 0.061 0.532 0.023 0.000 0.145 0.000 0.044
44-DDE 0.058 0.000 0.321 0.015 0.094 0.054 0.000 0.294 0.008 0.092
Dieldrin 2.087 0.000 9.350 0.245 3.039 0.304 0.000 0.924 0.218 0.342
Endrin 0.176 0.000 1.373 0.000 0.357 0.672 0.000 7.676 0.076 1.960
Endosulfan Il 0.089 0.000 0.876 0.021 0.225 0.182 0.000 1.251 0.031 0.345
44-DDD 0.294 0.000 2.053 0.016 0.633 0.022 0.000 0.318 0.000 0.082
Endrin aldehyde 0.172 0.000 1.912 0.024 0.486 0.191 0.000 1.252 0.024 0.344
44-DDT 0.111 0.000 1.071 0.017 0.271 0.041 0.000 0.598 0.000 0.154
Endosulfan sulphate  1.883 0.000 6.890 0.196 2.540 0.074 0.000 0.570 0.013 0.151
Methoxychlor 0.118 0.000 1.104 0.028 0.278 0.104 0.000 0.606 0.009 0.168
Endrin ketone 0.974 0.000 2.480 0.082 1.184 0.105 0.000 1.227 0.000 0.315
Mirex 0.022 0.000 0.159 0.000 0.044 0.000 0.000 0.000 0.000 0.000

¥ OCPs 8.504 1.679 18.306 6.734 5.742 3.895 0.261 20.585 1.456 5.997

¥ HCHs 1.296 0.090 5.654 0.699 1.507 1.405 0.018 13.546 0.219 3.418

¥ Heptachlors 0.429 0.000 1.719 0.204 0.531 0.115 0.000 0.877 0.017 0.231
¥ Chlordanes 0.554 0.000 2.324 0.327 0.655 0.489 0.000 5.155 0.021 1.333
¥ Aldrins 3.547 0.082 9.478 2.826 3.212 1.371 0.030 9.052 0.676 2.280

¥ Aldrins 0.581 0.000 3.708 0.198 1.018 0.221 0.000 1.816 0.058 0.455

¥ Endosulfanes 1.883 0.000 6.890 0.196 2.540 0.294 0.000 1.623 0.092 0.435

Source: developed by the authors of this study
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The presence of Organochlorine Pesticides was
observed in all analysed water samples collected from
the White Drin River for both periods. Their presence in
the White Drin River can be attributed to their prior use
in nearby agricultural areas, recent arrivals due to soil
runoff, water currents, and punctual sources within its
watershed. The highest level of pollution was found on
February with 8.51 ng/L while in September the aver-
age concentration was two times lower (3.90 ng/l). This
difference should be mainly explained by the larger
amounts of rainfall which affect the washing of agri-
cultural lands, directly affecting their water levels. The
levels of organochlorine pesticides in the White Drin
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Riverwatersampleswerewithinthepermissiblelimitsset
by European Union regulations (Directive 2013/39/EU,
n.d.), where the total concentration of organochlo-
rine pesticides should not exceed 50 ng/l for surface
waters. Notably, the most polluted stations for both
periods were found near Peja city, indicative of local
agricultural activity (Fig. 2). This difference should be
mainly explained by the larger amounts of rainfall
that affect the washing of agricultural lands, directly
affecting their water levels. Notably, the most polluted
stations for both periods were found near Peja (WDB7
and WDBS stations), indicative of local agricultural ac-
tivity (Fig. 2).
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Figure 2. Total of OCPs in water samples of the White Drin River (February and September 2023)

Source: developed by the authors of this study

Some other stations (WDB6, WDB13,and WDB12)
were found to have higher level in February.The max-
imum level of pollution for February was 18.31 ng/l
at WDB6 station and the maximum level for Septem-
ber was 20.59 ng/l at WDB7 station. Stations with
lesser pollution for both periods were form WDB1 to
WDB4 stations located in the first part of the river.
These stations have no agricultural activity devel-
oped on a high scale due to the characteristics of
the mountainous terrain. In addition, this topography

affects the higher velocity of water flow in the first
segment of the river. The greater amount of water
in February and the greater slope are factors that
affect the reduction of pollution for these stations.
Figure 3 shows the profile of the classes of pesti-
cides included in the analysis. Their profile in Febru-
ary was: aldrins > endosulfanes > HCHs > chlordanes
> DDTs > heptachlors. Their profile in September was:
HCHs > aldrins > chlordanes > endosulfanes > DDTs
> heptachlors.

Drin, OCP classes
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Figure 3. Organochlorine pesticides classes in water samples of The White Drin River

Source: developed by the authors of this study
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The total of pesticide classes in no case exceeds the
allowed rate for surface waters according to Directive
2013/39/EU (n.d.). A different profile of pesticide classes
is observed for both periods. This should be related to dis-
similar sources of pollution for different periods, e.g., in

one period the biggest factor is the washing of the lands,
while in another period the use of pesticides or their point
sources near the White Drin River has a greater impact.
Profile of individual pesticides in water samples of the
White Drin River for both periods is presented in Figure 4.
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Figure 4. Profile of OCPs in water samples of The White Drin River, February and September 2023

Source: developed by the authors of this study

Some of the most frequently detected pesticides
were, respectively, as follows: dieldrin > endosulfan
sulphate > endrin ketone > d-HCH > g-chlordane (in
February) and a-HCH > endrin > d-HCH > g-chlordane
(in September). The active substances used as pesti-
cides have not been identified in any case, but mostly
their degradation products have been detected. This is
related to the fact that these pesticides have not been
used recently in the areas near the Drin River but are

new arrivals from specific sources or from areas where
these pesticides were used earlier. Some of these pes-
ticides or their degradation products have been found
as impurities in pesticides that are allowed to be used
in agricultural areas near the river. Table 2 shows sta-
tistical data for PCB markers for both periods of sam-
pling, February and September 2023. In addition, these
chlorinated pollutants were identified in all analysed
water samples.

Table 2. PCB data in water samples of the White Drin River (February and September 2023)

Drin Bardhe River, February 2023

Drin Bardhe River, September 2023

PCBs Mean Min Max Median STDEV Mean Min Max Median STDEV
PCB 28 2.239 0.005 8.290 0.954 2.763 0.307 0.002 0.924 0.218 0.339
PCB 52 3.765 0.022 25.360 0.876 6.788 0.279 0.007 1.252 0.208 0.356
PCB 101 0.164 0.000 1.533 0.062 0.382 0.067 0.000 0.606 0.007 0.155
PCB 118 1.317 0.000 13.591 0.113 3.516 0.385 0.000 4.619 0.022 1.181
PCB 153 0.285 0.000 2.580 0.017 0.692 0.216 0.000 1913 0.010 0.513
PCB 138 0.212 0.000 1.591 0.027 0.423 0.241 0.000 2.010 0.000 0.589
PCB 180 0.086 0.000 1.104 0.000 0.283 0.000 0.000 0.000 0.000 0.000

Total 8.067 0.243 38.890 3.423 10.491 1.495 0.066 5.719 0.943 1.704

Source: developed by the authors of this study

Their presence could be mainly explained by the
atmospheric deposition and industrial activity. The
maximum level for PCB markers was found in Febru-
ary with 38.89 ng/l. The average level of PCB mark-
ers was 8.07 ng/l in February and 1.50 ng/l in Sep-
tember, respectively. This difference is also related to
the amount of precipitation and the amount of water
in the river; in February, this indicator is much high-
er than in September. The total PCB marker for each

Scientific Horizons, 2024, Vol. 27, No. 6

station in each period is presented in Figure 5.For Feb-
ruary, the highest levels were found at stations WBD7
(38.09 ng/l), WDB11 (11.45 ng/l), WDB6 (17.34 ng/l),
WDBS5 (9.97 ng/l), WDB13 (9.46 ng/l), WDB8 (9.12 ng/l),
and WDB10 (8.32 ng/l); for September, the highest
levels were at stations WDB8 (5.72 ng/l), WDB10
(4.28 ng/l), and WDB9 (3.72 ng/l). The most polluted
stations are near the areas where the industrial activ-
ity is higher. In addition, the amount of their deposits




increases due to the discharge of some of its impor-
tant effluents in this part of the river. Urban spills and

Camaj Isa et al.

industrial waste also affect the increase of their level
in these stations.

Drin, PCB total
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Figure 5. PCB markers in water samples of the White Drin River (February and September 2023)

Source: developed by the authors of this study

The profile of the marking PCBs is presented in
Figure 6. Their profile for February was: PCB 52 >
PCB 28 > PCB 118 > PCB 153 > PCB 138 while their
profile for September was: PCB 118 > PCB 28 > PCB 52
> PCB 138 > PCB 153. In both periods, their profile is
built according to the high presence of volatile PCBs
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3.500
3.000
2.500
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because their main origin must be atmospheric depos-
its. The presence of heavier PCBs should be linked to
their point sources. The PCB levels in the water sam-
ples from the White Drin River were comparable with
those reported in earlier studies in Albanian water
ecosystems (Nuro et al., 2019).
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Figure 6. Profile of PCB s in water samples of The White Drin River

Source: developed by the authors of this study

Table 3 shows statistical data for polycyclic aro-
matic hydrocarbons in both periods of sampling, Feb-
ruary and September 2023. PAHs were identified in
about 75% of the samples in February and in about
30% of the samples in September. The presence of
PAH in water samples must be a consequence of

industrial activity, mining, road transport, urban spills,
fires, etc. In February, the average level of PAH was
2.22 pg/l, and their maximum was 5.33 pg/L (WDB11)
while in the month of September the average lev-
el was 3.43 ug/l, and the maximum was 46.44 g/l
(WDB15).

Table 3. PAH data in water samples of the White Drin River (February and September 2023)

White Drin River, February 2023

White Drin River, September 2023

PARs Mean Min Max Median  STDEV Mean Min Max Median  STDEV
Acenaftilene 0.231 0.000 2.040 0.000 0.561 0.033 0.000 0.263 0.000 0.077
Fluorene 0.185 0.000 0.970 0.000 0.337 2.575 0.000 38,621  0.000 9.972
Fenantrene 0.091 0.000 0.702 0.000 0.189 0.037 0.000 0.360 0.000 0.102
Antracene 0.146 0.000 0.718 0.000 0.233 0.009 0.000 0.130 0.000 0.034
Piren 0.379 0.000 1.645 0.224 0.480 0.368 0.000 5.291 0.000 1.363
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Table 3. Continued

White Drin River, February 2023

White Drin River, September 2023

PAtts Mean Min Max Median  STDEV Mean Min Max Median  STDEV
Benzo[a]antracene 0.316 0.000 1.333 0.184 0.401 0.144 0.000 1.517 0.015 0.390
Krizene 0.212 0.000 1.125 0.000 0.377 0.037 0.000 0.276 0.000 0.091
Perilene 0.190 0.000 0.913 0.000 0.306 0.191 0.000 1.913 0.000 0.518
Benzo[b]fluorantrene  0.182 0.000 0.959 0.000 0.325 0.034 0.000 0.516 0.000 0.133
Benzo[Kk]fluorantrene ~ 0.291 0.000 0.919 0.000 0.359 0.000 0.000 0.000 0.000 0.000
Indeo[123cd]Pirene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Dibenzo[ab]Antracene  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Benzo[ghi]Perilene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Total 2.224 0.000 5.325 2.130 1.570 3.427 0.000  46.435 0.100 11.912

Source: developed by the authors of this study

Figure 7 shows the total PAH in the water samples
of the White Drin River for the two periods. There is
a different distribution of PAH for the two periods: in
February, there were low levels of PAHs at many sta-
tions, while in September, PAH were identified in a

50,000 Drin,

45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

0,000

B February

September

3.298 2.652
|

WDB1
WDB2
wpg3 ¥
wpB4 !
WBD5
weDe ®

large number in the station near the border with Alba-
nia. This may be related to the different origin of PAH
for both periods and to the current values of these pol-
lutants. During both periods, the starting stations were
not contaminated with PAH.
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Figure 7. PAHs in water samples of The White Drin River (February and September 2023)

Source: developed by the authors of this study

Figure 8 shows PAH profiles in the water samples
for the two periods. In February, the PAH profile was:
pyrene > benzo[a]anthracene > benzo[k]fluoranthene
> acenaphthylene > chrysene, while in September,
the profile was: fluorene > pyrene > perylene. These
PAHs indicate that their origin is mainly from urban or
industrial discharges, mining, or other point sources.
Only a small part of them come from thermal treat-
ments such as industrial processes and transport
emissions. The PAH levels in the water samples from
the White Drin River were comparable or higher than
the reported levels for Balkan area rivers. However, the
concentration of PAH individuals, such as Fluorene,

Scientific Horizons, 2024, Vol. 27, No. 6

exceeded the permissible levels set by European Un-
ion regulations (Directive 2013/39/EU, n.d.).

Table 4 shows statistical data about BTEX in wa-
ter samples of the White Drin River for both periods.
Furthermore, benzene, toluene, ethylbenzene, and
xylenes were detected almost for all water samples
in February and 75% of samples in September. The
origin of BTEX contamination could be similar, in-
volving automobile transportation, industrial activ-
ity, and hydrocarbon spills, but temporal factors and
momentum values may affect their levels. The aver-
age level of BTEX was 4.27 ug/l for Februaryand 2.78
ug/l for September.
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Figure 8. Profile of PAHs in water samples of The White Drin River
Source: developed by the authors of this study

Table 4. BTEX data in water samples of the White Drin River, February and September 2023
White Drin River, February 2023 White Drin River, September 2023

BTEX Mean Min Max Median STDEV Mean Min Max Median STDEV
Benzene 2.074 0.026 11.250 0.782 3.062 0.295 0.000 2.450 0.046 0.669
Toluene 0.9%6 0.000 4.580 0.578 1.267 1.608 0.000 15.539 0.079 4.173
m-Xylene 0.489 0.022 1.277 0.514 0.345 0.057 0.000 0.640 0.000 0.166
p-Xylene 0.293 0.000 0.743 0.224 0.283 0.065 0.000 0.949 0.000 0.245
o-Xylene 0.332 0.000 1.910 0.053 0.548 0.698 0.000 6.457 0.000 1.801

Ethylbenzene  0.147 0.000 0.706 0.016 0.229 0.051 0.000 0.771 0.000 0.199

Total 4.271 0.738 12.707 2.868 3.585 2774 0.000 17.989 0.175 5.278

Source: developed by the authors of this study

Figure 9 shows the total BTEX for each station
in both periods. Notably, BTEX has the same distri-
bution as PAH for February. They are identified in all
stations. The highest levels for February were the sta-
tions: WDB9 (12.71 pg/l), WDB6 (10.92 ug/l), WDB7
(7.88 pg/l) and WDB8 (4.13 ug/l). For September, there

was a smaller number of stations where BTEX was de-
tected, but in some of them the levels were signifi-
cantly high, specifically, at stations WDB6 (17.99 ug/l),
WDB15 (9.96 pg/l),and WDB14 (8.83 pg/l). This should
be related to the origin of river water pollution with
these pollutants.
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Figure 9. BTEX in water samples of The White Drin River, February and September 2023

Source: developed by the authors of this study

Figure 10 shows the profile of BTEX in water sam-
ples for both periods. BTEX profile in February was:
benzene > toluene > m-xylenes > p-xylenes > 0-xy-
lenes > ethylbenzene while their profile in September
was:toluene > o-xylene > benzene.In September, there
appears to be a stronger influence of point sources or

momentary values of water, while for February, it is a
more constant source that may come from transport
or industry emissions. Benzene and toluene were more
abundant in the White Drin River. Notably, benzene
concentrations exceeded the permissible levels ac-
cording to European Union EU regulations (Directive
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2013/39/EU, n.d.) at two stations (WDB6 and WDB9)
in the White Drin River basin. BTEX levels in the water

samples from the White Drin River were higher than
the reported levels for Balkan area rivers.
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Figure 10. Profile of BTEX in water samples of The White Drin River for both periods

Source: developed by the authors of this study

According to the results presented above, a
high-precision analysis of these parameters was con-
ducted during two periods of the year. This led to the
first-time discovery of different POPs in the White Drin
River basin. Additionally, knowledge was gained about
their mobility and persistence in this particulate river
system. The concentrations of organochlorine pesti-
cides in water samples collected from the White Drin
River were evaluated according to the permissible
limits established by European Union regulations, spe-
cifically Directive 2013/39/EU (n.d.), which mandates
that the total concentration of OCPs in surface waters
should not exceed 50 ng/L. Analysis revealed that the
levels of both total OCPs and individual pesticides in
the samples did not surpass the regulatory thresholds
outlined in the Directive. However, isolated instances
of excess were observed for specific compounds such
as hexachlorocyclohexanes at station WDB7 (February
2023), endosulfan at station WDB10 (September 2023),
and DDTs at station WDB5 (September 2023).

The heightened presence of these substances is at-
tributed primarily to localised point sources proximal
to the study areas. The concentrations of OCPs detected
in the White Drin River water samples align with find-
ings reported by various researchers across the Balkans
regarding the levels of these contaminants in surface
waters. Notably, recent studies conducted in Albania by
A. Tafa (2022), C. Lancioni et al. (2022) indicated ele-
vated levels of Polychlorinated Biphenyls (PCBs) in the
Vjosa (Aods) River, exceeding recommended standards,
particularly following winter flood events, signifying
substantial pollution within the river system. In a com-
prehensive review by C. Chitescu et al. (2021), focusing
on emerging and persistent pollutants in the aquatic
ecosystems of the Lower Danube basin and northwest
Black Sea region, the assessment encompassed seven
studies pertaining to pesticides in surface water and
sediment samples within the designated area. Selec-
tion of target compounds was based on literature doc-
umenting their occurrence as contaminants and their
classification as priority substances under the Water
Framework Directive.
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Additionally, the review emphasised the signifi-
cance of considering abiotic transformation products of
these compounds, which may exhibit heightened toxic-
ity, persistence, and bioaccumulation compared to their
parent compounds. The prevalence of volatile PCBs in
the study area is believed to stem predominantly from
atmospheric deposition, while the presence of heavier
PCBs is linked to identifiable point sources. Compara-
tive analysis with previous studies conducted in Alba-
nian water ecosystems, such as the study by A. Nuro et
al. (2019), indicates that PCB levels in the White Drin
River water samples, particularly during February, were
comparable to or higher than those reported elsewhere.
Moreover, investigations into organochlorine pesticides
in Porto-Romano revealed elevated concentrations in
both water and sediment samples, with mean concen-
trations of PCB markers exceeding levels observed in
the White Drin River.

Similarly, the levels of polycyclic aromatic hydro-
carbons (PAHs) detected in the White Drin River water
samples were comparable to or exceeded reported lev-
els in rivers across the Balkan region. Notably, concen-
trations of individual PAHs, such as Fluorene, surpassed
the permissible limits stipulated by European Union
regulations (Directive 2013/39/EU, n.d.). Investigations
conducted by A. Nuro et al. (2019) in the Port of Durres
and Porto-Romano identified volatile PAH compounds
in water samples, attributing their presence to various
anthropogenic activities including shipping,automotive
emissions, and industrial operations. Moreover, C. Grig-
oriou et al. (2021) conducted a study on the monitoring
of polycyclic aromatic hydrocarbon levels in mussels
(Mytilus galloprovincialis) from aquaculture farms in
the Central Macedonia region, Greece, using gas chro-
matography - tandem mass spectrometry. Their find-
ings indicated moderate to low concentrations of PAHs
at all sampling sites, with seasonal variations observed,
particularly higher values during the winter period.

The use of diagnostic ratios suggested a mixture of
petrogenic and pyrolytic sources for the PAHs detect-
ed. As for benzene, toluene, ethylbenzene, and xylenes
(BTEX) levels in the White Drin River water samples,




concentrations exceeded reported levels for rivers in
the Balkan region. Notably, Benzene concentrations
surpassed the permissible limits set by the European
Union regulations (Directive 2013/39/EU, n.d.) at two
stations (WDB6 and WDB15) along the White Drin River.
This elevation in BTEX levels is likely attributable to
local pollution sources affecting the river, particularly
considering station WDB1 as a reference point. Com-
parative analysis with the study by A. Nuro et al. (2019)
regarding BTEX levels in water samples from Porto-Ro-
mano indicates either comparable or lower concentra-
tions, with Benzene concentrations remaining below
the permitted level of 10 ng/L.

CONCLUSIONS

Organic pollutants, including pesticides, PCBs (poly-
chlorinated biphenyls), PAHs (polycyclic aromatic hy-
drocarbons),and BTEX (benzene, toluene, ethylbenzene,
and xylene) were detected in water samples collected
from the White Drin River during the analysis conduct-
ed in February and September 2023. The concentration
levels of organochlorine pollutants (OCPs and PCBs)
were notably higher in samples near Klina (WDB 6 to
WDB9) and near Prizreni and Albanian border (WDB14
and WDB15). It is worth noting that degradation prod-
ucts of pesticides were observed at higher levels than
their active counterparts, which is indicative of the his-
torical use of pesticides in Kosovo and the subsequent
degradation processes. PCBs in their volatile form were
found to be present at elevated concentrations in all wa-
ter samples, potentially due to atmospheric deposition.

Some water samples also contained heavy PCBs,
which could be linked to terrestrial sources. Momentum
values might contribute to these findings. The presence
of PAHs and BTEX in the water samples may be attrib-
uted to vehicle transportation and potential accidental
spills of hydrocarbons from gas stations or mechanical

Camaj Isa et al.

businesses in the vicinity of both rivers. Certain indi-
vidual pollutants, such as endrin ketone, endosulfan |,
endosulfan sulphate, PCB52, PCB 118, acenaphthylene,
and benzene were detected at relatively higher con-
centrations compared to other compounds. The pres-
ence of punctual sources and water currents could in-
fluence these variations. Overall, the concentrations of
priority substances in the water of the White Drin River
were generally below the permissible levels set for
surface waters according to EU Directive 2013/39 EU.
However, some individual pollutants, notably acenaph-
thylene and benzene, exceeded the permitted levels. It
is crucial to emphasise the need for continuous mon-
itoring of organic pollutants in Kosovo’s rivers due to
their persistent presence and potential environmental
and health implications.

This study examined the presence of organic pol-
lutants in water samples collected from the White Drin
River in Kosovo, highlighting the significance of ongo-
ing monitoring efforts in this critical water ecosystem.
The findings of this study serve as a reference point
for future analyses and studies not only in other water
systems within Kosovo but also in the broader context
of science and the food chain. By providing scientific
information on pesticide application and management,
this review underscores the importance of continued
vigilance and proactive measures to safequard water
quality and environmental health.
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AHoTauis. MeToto LbOro AoCNiLKEeHHS BYN0 OLiHUTY KOHLEHTPALLT CTIMKMX OpraHiyH1X 3abpyaHioBaYiB y piyui binui
[puH y KocoBcbkoMy perioHi. ocniaxeHHs 6yno 3ocepemkeHo Ha XIOPOPraHiyHUX NecTuUmMaaXx, NoaixaopoBaHUX
6ideHinax, NoNiLUMKNIYHUX apOMATUUYHKUX BYINEBOAHSX, @ TAKOX BeH3oni, Tonyoni, eTunbeH3oni Ta kcunonax. Piuka
binui OpuH 6epe cBit noyaTok y Meui, KocoBo, i NpocTaraeTbcs Ao anbaHcbkoro KopaoHy 6ing Kykeci, o pobuts
il BOXX/IMBMUM BOAHUM 00'€ekTOM. BOHA MOTEHLiIMHO 33a3HA€E aHTPOMOreHHOro 3abpyAHEHHS Yepe3 Te, WO NpOoTiKae
yepes MiCbKi paioHu, cena, pepmu Ta npomucnosi nignpuemcrea Kocosa. Binbip npob nposoamecsa Ha 15 cTtaHuiax
B3[0BX piuKM, Bij BOLOCNAAY A0 anbaHCbKOro KOPAOHY, MPOTAroM ABOX pisHMx nepioais y 2023 poui (CiueHb-noTui
Ta CceprneHb-BepeceHb). XN0popraHivyHi 3abpyaHoBaYi OAHOYACHO BUTyYaNnuM METOLOM eKCTpaKuii piauMHa-piguHa 3
noAanbWwmM aHani3oM 3a AOMOMOroK KaninsipHoi ra3oBoi xpomatorpadii, OCHaLLeHOT AEeTEKTOPOM eNeKTPOHHOro
3axonneHHs. MoniumMKNivYHi apoMaTUYHi BYrneBoLHI Oynu BUAINEHI 33 LONOMOroK ABOCTYNEHEBOI eKCTPaKL,ii pianHa-
pifiMHa 3 AUXJIOPMETAHOM i rekcaHoM. beH30n, Tonyon, eTUNbeH30 | KCUNoAKM BUAINAIM 33 LONOMOro TBepAoda3Hoi
MiKpPOEKCTPaKLii 3 HAaCaAKo 3 NONIAUMETUNCUIOKCAHOBOIO BOMIOKHA. AKiCHMI Ta KiNbKICHWIM aHani3 NoAiLMKAIYHMUX
apOMaTMYHUX BYINEBOAHIB, @ Takox OeH30.y, Tonyony, eTunbeH30/y Ta KCUAOAIB NPOBOAMIM 33 A0MNOMOrOH
razoBoi xpomartorpadii 3 NoNyM'aHO-IOHI3aLIMHMM AeTeKTOPOM. AHaNi3M NoKasanu HasiBHICTb CTIMKMX OpraHiyHMX
3abpypHioBayiB y Npobax piukoBOi BogM NpoTaroM 060x nepioais Bif6opy npob. MiaBuLLEHi KOHLEHTPaLi NeTkux
nonixnopoBaHux bideHinis, 6eH3ony, Tonyony, eTMNO6EH30/y Ta KCUONIB, @ TakKoX MOMILMKAIYHUX apOMATUUYHUX
BYINIEBOLHIB crocTepiranuca y npobax Boau nporarom obox nepiofis. Lle focnifkeHHs NigKpecntoe BaXK/IUBICTb
BMBYEHHS OpraHiuHnx 3abpyaHoBaYiB y BOAHMX cucTeMax KocoBa, BpaxoBytoum K Micuesi reorpadiyHi npobnemu,
Tak i wupy rnobansHy npobnemy 3abpyaHEHHS HABKOULIHBOIO CepefoBMLLa

KniouoBi cnoBa: xnopopraHiyHi nectuuuam; nonixnopoBaHi 6ideHinu; noniuuknivHi apoMaTUYHi BYINEBOAHI;
6eH3on, ToNyosn, eTunBbeH30N i KCMNOoAK; aHaNi3 BOAM; ra3oBa xpomartorpadis; LeTEKTOP 3aXOMNNEHHS eNeKTPOHiB;
NOAYM'IHWI 1OHI3aLLIMHUIA feTeKTop
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