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Abstract

The available monitoring data from Kosovo Environmental Protection
Agency show concerning levels of the air pollution in Prishtina - the capital
city of Kosovo and the most populated city in the country. Due to the air
pollutants emitted mostly from the heavy traffic and the coal-fired power
plants located in the vicinity, the residents of urban area in Prishtina are
exposed to unhealthy air. It is reported that the situation worsens during the
autumn and winter months due to more frequent smog episodes. Based on
the concerns raised, the aim of the study was to assess the eventual genotoxic
effects of air pollution among residents of Prishtina during the autumn and
winter months. For this purpose, 29 healthy female non-smoker students
(aged 20-26) were involved in this preliminary study. The first sampling of
buccal cells took place beginning of November 2019 whereas the second
sampling took place by the end of January 2020. Buccal cell samples were
analyzed for the frequency of micronuclei and the obtained data demonstrate
increased genotoxicity in a sample population as an effect of the exposure to
increased air pollution levels in Prishtina urban area during the autumn and
winter period. On the other hand, these preliminary data clearly indicate the
need for continuing with bio-monitoring studies by extending the timeframe
and increasing the number of seasons under investigation.
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Introduction

The actual “Kosovo Report”
Commission, 2023), states that the air quality in
Kosovo “continues to be a major health threat”.
While earlier investigations were more focused on
industrial sources and areas, more recent reports
(World Bank, 2013; World Bank 2019; MESPI,
2021; MESPI, 2022) have emphasized that air
pollution is a critical problem also for urban areas

in Kosovo. In most of the air monitoring stations

(European

in Kosovo, annual average concentrations of
particulate matter (PM10 and PM2.5) are exceeded
(WB, 2019). The PM10 limit values (for 24 hours)
for the protection of human health is 50 pg/m?®
whereas the annual limit values for PM10 and
PM2.5 are 40 pg/m® and 25 pg/m® respectively
(MESPI, 2022).

Concerning levels of the air pollution are
evidenced in many cities in the Kosovo whereas
Prishtina (capital city) is sometimes listed among
the most polluted cities in the world (World Bank,
2019). According to the same report, beside the
emmision from industrial facilites (Kosovo
Electroenergetic Corporation (KEC)) and traffic,
the use of solid burning fuels for heating in
Prishtina further “contributes” to urban areas to
face smog episodes during winter. Geospatial
position of Prishtina (in relation to power plants) is
reported to have an impact on the pollution levels
(Bajcinovci, 2017).

Increased levels of the air pollution (especially PM
concentrations) during the winter months (when
Prishtina urban area is exposed more often to smog
episodes) are reported to be responsible for acute
health effects and increased number of the hospital
admissions due to cardiovascular and respiratory
problems (Ukéhaxhaj et al., 2013; World Bank,
2019; MEI, 2020; Shabani Isenaj et al., 2022).

Recently, there are improvements as regards to the
monitoring of several of the pollutants (PM10,
PM2.5; CO (Carbon monoxide); Oz (Ozone); SO-
(Sulfur Dioxide); NO; (Nitrogen dioxide) and the
availability of the monitoring data, but the
interventions still do not address these issues
appropriately. It is known that air pollution is one
of the main concerns related to the adverse health
effects (Serensen et al., 2003) therefore, there is a
need for monitoring the human exposure in the
aim to detect early effects (Anwar, 1994) and
assessing the potential human health risks.
Previous researches have investigated the
genotoxic effects of poor air quality in industrial
zones across Kosovo (Alija et al., 2015; Alija et
al., 2016). However, there remains a significant
gap in understanding the effects of urban air
pollution exposure, a crucial area requiring urgent
investigation. Taking into consideration the
reported seasonal and annual variation in the
emission of the various pollutants in Prishtina, we
aimed to perform a preliminary study for assessing
the potential genotoxic effects due to the
environmental exposure. One of the methods used
to assess the genetic damage in many organisms is
the Micronucleus assay (Heddle et al.,, 2011)
which, applied to buccal cells as a minimal
invasive assessment method is increasingly used to
detect the cytogenetic effect due to various
exposures, diseases etc., (Holland et al., 2008;
Thomas et al., 2009).

Material and methods

Participants

A group of 29 female students from the University
of Prishtina (mainly from the Department of
Biology) participated in the study. The age was 20
— 26 years. Since most of the students are
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originating from different parts of Kosovo, the
criteria for inclusion was their plan to stay in urban
area of Prishtina (at least 5 days per week) in the
forthcoming period (after the first sampling). The
stay (at least 5 days/week) was confirmed upon the
second sampling. Through this approach, we
aimed to assess the genotoxic effect of exposure to
the air pollution during the autumn and winter
period in Prishtina. Excluding criteria were
smoking and any disease known by participants.
None of the participants was taking any
medication or nutritional supplements up to 40
days before sampling. None of them was having
alcohol drinking habits. The investigation was
carried out based on the approval issued by the
HUCSK (Hospital and University Clinical Service
of Kosovo) Ethical Committee. Participation was
voluntary and all participants signed a letter of
consent.

Buccal cell sampling and slide preparation

The first sampling took place beginning of
November 2019 whereas the second sampling took
place by the end of January 2020. Since the
sampling was not carried out within the same day
for all participants, the period between the two
samplings was around two and a half months (73
to 83 days).

The buccal cell sampling and lab work was carried
out in the Laboratory of Genetics-Department of
Biology (University of Prishtina). The sampling
was performed according to Faccioni et al. (2003)
with some maodifications.  Buccal cells were
sampled using a sterile cytobrush in inner parts of
both cheeks (ten times in each side). Buccal cell
samples were transferred to phosphate buffered
saline (PBS) (in 15mL tubes) and kept in the
refrigerator (4°C) until the beginning of the
processing (within two hours). For this, the

samples were centrifuged at 2500 rpm (for 10
min), the supernatant discarded and the
sedimented cells were re-suspended in 100ul PBS.
From this cell suspension, 20ul were dropped on a
microscope slide. Two slides were prepared for
each individual. The slides were air dried and
fixed in the ethanol (96%) for 15 minutes.

Staining and microscopical analysis

Slides were stained with Giemsa 10 % (for 25
minutes), rinsed under tap water and air dried. The
Giemsa stained slides were analyzed according to
Goud et al., (2004) at 400x magnification using
the light microscope (Motic). For each individual,
2000 cells were analyzed (1000 from each of two
prepared slides) for the frequency of
micronucleated cells.

Statistics

The Shapiro-Wilks tests revealed a significant
(p<0.05) deviation from normality distribution of
the micronucleus frequencies. For this reason,
significance of the difference between the
November and January samples within the cohort
was determined by using the Paired-samples
Wilcoxon signed ranks tests. Descriptive statistics
for age and body mass index (BMI) of the
participant cohort was applied.

Results and Discussion

Taking into account the mean age and BMI values
of the participant cohort (Table 1) as well as the
proper health status (i.e. no disease, no smoking,
no regular or excessive alcohol consumption), the
observed increase of the micronucleus formation
over the winter season (Fig.1l) seems not to be
attributable to the individual health status. More
likely, the effect has to be considered indicative of
environmental factors such as the continuous
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exposure of the participants to the air pollution in  positive correlation (Spearman’s rho: +0.584;
urban area of Prishtina. In general, the observed P<0.05) with sampling time. This provides support
micronucleus levels (< 3%o; Fig.1A) are locating to 10 the aforementioned causal context of a

the baseline range of micronucleus levels seen in  9enotoxic potential exerted by the exposure to the
air pollution in urban area of Prishtina. The

increased concentrations of the monitored
pollutants observed in two monitoring stations in
Prishtina (KHMI and Rilindja) during the period
moderate but significant (p<0.05) elevation over after the first sampling (November 2019 — end of

the winter season (Fig.1B). In addition, the janyary 2020) shown in Table 2, further support
micronucleus frequencies show a moderate, significant  this attribution.

buccal cells in healthy donors (i.e. 0.05 — 11.5%o as
reported by (Holland et al., 2008). Nevertheless, the
differences between both sampling times indicate a

Table 1. Cohort descriptive statistics for age and body mass index (BMI)

mean * 2SE minimum — maximum median N
Age [years] 22.38 £0.58 20.0-26.0 22.0 29
BMI 22.06 £1.06 18.4 - 29.7 215 29

p<0.057
so0=) N=29 o 150 1 B
14,0 4
13,0 4
250 4 (o] 120
g 11,0
g 2,004 o 10,0 4
8 3 90
E e UC') 8,0
] 1,50 1 o] =
(;3 E 70
5 1,00 4 = )
Q 50
E
4,0 4
50 1 3.0
20
- - 10

00
November January 0705 00 05 10 15 20
Spearman's rho: +0,584 * A micronucleated cells [%o]

aRelated-samples Wilcoxon Signed Rank Test (January - November)

Fig. 1. Assessment of micronucleus frequencies in buccal cells collected from the donors in two consecutive seasons
(November 2019 and January 2020). (A) Results shown as Box-Whisker plots. Circles represent mild (open) and strong
(closed) outliers. (B) Histogram (0.5% intervals) for the differences of the micronucleus frequencies observed between
the sampling seasons. Note, that the majority (N=14) of donors show an increase of the micronucleus frequencies
within the + 0.5 - 1%, interval.
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The data from these two monitoring stations
(KHMI and Rilindja) listed as “urban background”
(MESPI, 2022) are presented and discussed. Here,
it is important to underline that emissions from the
industrial facilities in the vicinity also have an
impact on the pollution in Prishtina (Bajcinovci,
2017). Thus, it is expected that industry-derived
pollution also has an impact on the exposure of the
participants in the study (whose inclusion criteria
was the stay in urban area of Prishtina for at least 5
days per week) in the forthcoming period (after the
first sampling). As regard to the suitability of the
micronucleus assay, it is important to underline the
strong linkage between exposure to a given
genotoxic compound and increased MN
frequencies which can be seen already at short
exposure intervals that are markedly shorter than
the interval monitored in our study (Moore et al.,
1996; Holland et al., 2008). The data presented in

Table 2 (extracted from KEPA reports published in
their web site) are important in relation to the
observed genotoxic potential in this preliminary
investigation. The data covering the six-month
period (August 2019 - January 2020) of the
monitoring (SO, CO, NO2, O3, PM10 and PM 2.5)
at two stations in Prishtina (KHMI and Rilindja)
were extracted and taken into consideration. The
mean values of SO; in August, September and
October 2019 showed no big difference compared
to following three months (November and
December 2019 and January 2020) in monitoring
stations (KHMI and Rilindja). Similar situation is
observed for NO; in KHMI station. For Rilindja
station the data (for NO;) for the August and
September 2019 were not available in the KEPA
reports. Ozone (O3;) mean values were higher in

the first three months. Higher ozone mean values

Table 2. Average and maximum monthly values for selected pollutants measured at KHMI and Rilindja
monitoring stations in Prishtina during the period September 2019- January 2020’

Stations Monitored August September October November December January
pollutants 2019 2019 2019 2019 2019 2020
SO2 (ug/md) 7.4 (60.1) 8.1 (99.6) 11.2 (83.8) 6.8 (21.6) 11.1 (81) 17.3 (78.4)
CO (mg/md) 0.7 () 1.1(1.8) 1.6 (2.6) 2(2.3) 2.4 (6.4) 3(5.7)
KHMI NO2 (ug/md) 31 (102.5) 26.3 (105.5)  36.7 (150.9) 18.6 (58.1) 23.7 (74.6) 32.6 (110.8)
O3 (ug/md) 59.9 (149) 50.8 (129.6) 29.9 (119) 18 (68.4) 16.5 (49.9) 15.4 (54.4)
PM 10 (ug/m?) 19.4 (25.9) 18.5 (31.1) 38 (82.7) 23.3(65.1) 33.6 (94.4) 58.4 (139.7)
PM 2.5 (ug/m?3) 10.2 (35.4) 11 (45.2) 22.6 (86.2) 16.9 (89.2) 27 (158) 475 (179.1)
S0 (ug/md) 10.7 (31.8) 9.5 (74) 11 (86) 10.4 (21) 12.4(955)  15.7 (76.6)
CO (mg/m?) 0.7 (1.4) 0.9 (1.5) 1(2.1) 1.4 (3.2) 3.2 (6.6) 3.6 (6.3)
Rilindja NO2 (ug/m?) n.a. n.a 56.7 (194.5)  40.4 (95.8) 39.9(99.7)  47.5(206.5)
O3 (ug/m3) 55.5 (114.5) 44 (98.9) 29.2 (87.8) 21.4 (71) 18.3(57.8)  19.1(52.2)
PM 10 (pg/md) 14.7 (17.2) 145 (24.3) 257 (59.4) 22 (45.5) 35.8(70.6)  60.8 (148.4)
PM 2.5 (ug/m3) 7.9 (19.3) 8.9 (22.4) 15.6 (71) 14.3(84.3)  27.5(135.3)  48(234.5)

IKEPA, monthly reports https://www.ammk-rks.net/al/mjedisi/20/raportet/20mujore (last visited April 20, 2024). Given are the average

values; monthly maximum values are given in brackets. PM refers particulate matter; CO (Carbon monoxide); Oz (Ozone); SO, (Sulfur

Dioxide); NO; (Nitrogen dioxide). KHMI (Kosovo Hidro-meteorological Institute).

are reported to be characteristic for summer days
(longer and warmer days) whereas the opposite
situation is observed for SO,, CO, NO,, and PM

(Cichowicz et al., 2017). On the other hand, an
obvious increase in the concentration of the
pollutants such as CO, PM10 and PM 2.5 during
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the period between two samplings was observed
(Table 1). In Fig. 2 (data extracted from Table 1) it
can be seen that there was a continuous increase of
the monthly average values for CO in both
monitoring  stations.  Similar situation was
observed also for PM10 and PM2.5 (except for
October which average values were higher
compare to November). This increase of the
monthly average values for CO, and PM puts
emphasis on these compounds in context with the
presumptive pollution — genotoxicity relationship.
This strengthens the concept that seasonal shifts of
urban air — pollutants correspond with an increase
of micronucleus formation, albeit the responsible
compounds as well as underlying genotoxic
mechanism needs to be investigated in future
research.

It is worthy to emphasize that the increased levels
of the pollutants and exceedances of limit values
are recorded years earlier in two stations in
Prishtina (KHMI and Rilindja) World Bank, 2013)
and the situation is showed to be similar also
recently. According to the Annual Report on the
State of the air 2019 (MEI, 2020), KHMI
monitoring station registered an increase in the
number of days exceedances for PM10
(exceedances of the allowed norm) during the
winter months showing that of the total of 51 days
(of exceedances in 2019), 39 days were in the
months January, February, March and December.
During the same period (according to the same
report) the number of exceedances in Rilindja
station was 29. Also, in 2020 (according to Annual
Report on the State of the Environment for 2020),
there was a high number (57) of exceedances for
KHMI whereas in Rilindja, the number was 78
(MESPI, 2021). Annual Report on the State of the
Air 2022 (MESPI 2023) shows 59 days of

exceedances in Rilindja station and 25

exceedances in KHMI (mostly during the winter
months except for Rilindje station which showed
high number of days (10) of exceedances also in
November.
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Figure 2. Monthly average values of three pollutants
as observed in two monitoring stations (KHMI and
Rilindja): a) CO; b) PM10; c) PM2.5. Data extracted
from the Table 2.
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Related to the effect of air pollution in urban areas,
De Donno et al., (2016) reported an association
between the frequencies of the micronuclei in
buccal mucosa cells of the children exposed to
pollution from the heavy traffic. Higher frequency
of the micronuclei was observed in buccal cells of
pre-school children exposed to the heavy air
pollution in wurban area compared to the
micronucleus frequencies found in children living
in less polluted areas. On the other hand, seasonal
differences (higher effect in winter compare to
summer season) in buccal micronucleus-cytome
assay (BMCyt) biomarkers (micronuclei, binuclear
cells, Kkaryolysis, condensed chromatin and
pyknosis) are reported by Cetkovic et al. (2023) as
an effect of air pollution in Sarajevo (urban area).
In this context, it is important to mention that
autumn and winter urban PM samples showed
mutagenicity in Salmonella typhimurium strains
(Bocchi et al., 2016). Higher genotoxic effect of
the winter samples (compare to those collected in
summer) was reported also by other authors (Abou
Chakra et al., 2007; Cakmak et al., 2019).

Beside the limited timeframe and limited number
of seasons under investigation, the preliminary
findings from this study, combined with existing
pollution monitoring data in Prishtina, underscore
the necessity for further investigation into urban
pollution  exposure, particularly  concerning
particulate matter (PM). In this context, it is
important to underline that Particulate Matter (PM)
are known as human carcinogen and for the
association to mortality and morbidity (Lippmann,
2012).

A high number of inhabitants in Prishtina is
exposed to the pollution, therefore authorities
should pay more attention to the air pollution in
urban areas in Prishtina and other cities in Kosovo
where exceeding values of the pollutants are also

evidenced (MESP, 2023; MESP, 2021; MEI
2020). When planning the future research work, it
is important to underline that employing more
biomarkers and monitoring of the individual
exposure are considered of an outmost importance
for better understanding of the underlying
mechanisms of the effect of the particulate air
pollution on human health (Sgrensen et al., 2003).

Conclusion

A season-associated increase of the pollution in
Prishtina urban area is associated to an increase of
the genotoxic effects as shown by the elevated
frequencies of the micronucleated buccal cells of
the individuals from the exposed population.

Based on the genotoxicity data obtained in this
study and the available monitoring data, there is a
need for more monitoring and bio-monitoring
studies in the Kosovo and especially in the areas
with the high concentration of the population
which is exposed to various sources of the
pollution. The investigations on the environmental
pollution monitoring and bio-monitoring (with the
focus on human bio-monitoring) should be
prioritized and based on a well-designed program
and well established network of researchers and
institutions. Another important issue is that
(besides the monitored pollutants) there are also
pollutants of concern (such as polycyclic aromatic
hydrocarbons) which are not monitored. Complete
information on the pollutants is important for bio-
monitoring studies to reveal the causal basis for
the evidenced health problems.
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