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A preliminary study on assessment of air quality in Tirana, Albania

ABSTRACT

The concentrations of particulate matter and Fe in airborne particulate matter and transplanted
moss were investigated to evaluate the air quality of Tirana city. It was carried out in the summer
of 2021 and the winter of 2020-2021. Particulate matter of various sizes (PM2.5 and PM10) was
collected on Teflon-coated glass fibre filters. Fe was determined in PMs and moss transplants, the
last were exposed for two months at the same monitoring site as PMs. The measurements were
carried out in areas with heavy traffic during the summer under relatively high air temperatures, up
to 23° C, which can affect the high concentrations of solid particles in the air and therefore high Fe
levels. Statistical analysis was used to discuss the results of particulate matter and iron in solid
particles and moss. A higher concentration of Fe was found in total suspended particles (TSP) and
a lower concentration in smaller particles. The concentration data were compared with the
recommended values in the European Directives. The concentrations of all parameters under
investigation were higher than the permitted ones for rural and residential areas and lower than
the recommended values for industrial areas. Correlation analysis revealed high and significant
correlations (R > 0.8, p < 0.05) between Fe concentrations in moss transplants and particulate
matter, showing a high effect of particulate matter on airborne Fe. It may increase human
exposure through inhalation and lead to harmful health problems. This requires stronger measures

to improve air quality in the city.
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1. INTRODUCTION

Environmental pollution has been a crucial
global concern in recent decades, both regarding
the survival of the living world and the use of
biological assets in the country, in addition to
human health. Airborne particulate matter (PM), a
constituent of Earth’s atmosphere [1], is considered
a big threat to our world [2]. PMs less than 10 ym
(PM10, PM2.5, etc.) consist of a complex
composition of both organic and inorganic
compounds and toxic metals [2-4], which arise from
both natural and anthropogenic sources [1,2,5].
The presence of high levels of PM in residential
areas is mostly affected by residential heating,
industry, traffic emissions, and the construction
industry. Among them, vehicular traffic, industry,
and fuel-burning activities are important sources of
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particulate matter (PM) and trace metals in the
atmosphere. In  many European countries,
industrial and municipal emissions have been
significantly reduced during the last three decades;
therefore, vehicular emissions have become the
most critical source of urban air pollution [6]. It
contains trace amounts of toxic metals coming from
the abrasion and corrosion of metal parts of the
engine and from the exhaust and non-exhaust
emissions, e.g., from the wearing of tires, brakes,
and other parts of vehicles [6]. The physical and
chemical properties of anthropogenic PM have a
detrimental effect on human health and natural
processes [1].

Traditional monitoring is a high-cost and time-
consuming method, so an alternative method of
biomonitoring that employs biological species as
biomonitors is widely used in Europe [7,8]. It is a
low-cost method that provides a good
representation of the spatial distribution, relative
pollution levels at local and regional scales, and
temporal variations in the pollution level [9].
Mosses and lichens have been wused as
biomonitors in atmospheric deposits of trace
metals, radionuclides, and organic compounds
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[7,8,10-14] for passive and/or active
biomonitoring. Active biomonitoring, or the so-
called "moss bag technique", uses moss

transplants packed in small bags. It has been
widely used in urban areas because terrestrial
mosses are absent due to the high level of air
pollution from anthropogenic activity in the area
[15]. Active biomonitoring of trace metals in various
urban and industrial (micro) environments is a
simple and easily applicable technique in any
experimental design that represents a time-
integrated response to persistent air pollutants on a
certain scale over several months [15-19], urban
[20-22], and agricultural [15,23] areas.

Air pollution is a main environmental concern in
major Albanian cities, particularly in Tirana. It is
mostly coming from old diesel vehicles that remain
problematic. Other sources of air pollution include
coal and wood burning for heating, industrial
emissions, waste incineration, agricultural and
construction activities, and diesel generators, which
are the main sources of fine solid particles (PM2.5
and PM10), ozone, nitrogen oxides, sulfur dioxide,
carbon dioxide, and toxic metals in the air,
responsible for premature deaths each year. Data
on air quality are scarce because monitoring at the
national level is neither comprehensive nor
permanent. The air quality index (AQI) data
published by the 2021 World Air Quality Report
[24], which analyzes PM2.5 data reported by
ground-level monitoring stations around the world,
show that the AQI in Tirana exceeds the 2021
annual guideline level for PM2.5 of 5 pg/m3. Due to
the severe impact of air pollution on global health,
the recommended level for the 2021 PM2.5 annual
guideline was dropped from the previous 10 ug/m®
decided by the 2005 guideline level to 5 n/m® [24].

This research aimed to investigate the air
quality in Tirana, Albania, by measuring airborne
particulate matter (TSS, PM10, and PM2.5) and
iron mass concentrations included in airborne
particulate matter and transplanted moss, which
were exposed for two months along five sampling
sites. The origin of Fe in the air comes from both
natural and anthropogenic sources. Concentrations
of Fe in the atmosphere of different cities vary in a
wide range, from 0.130 to 14 pg/m® and are
extremely elevated in the air of urban regions
compared to their contents in the air of rural
regions [25].

2. MATERIAL AND METHODS

2.1. Study Area

Tirana, with a surface area of only 42 sqg. km, is
located at 41°19°48" N and 19°49’12" E and has an
average altitude of about 110 m. Tirana is
surrounded by Dajti Mountain in the east, with the
highest altitude of 1828 m, a small valley in the
northwest, and hills on the rest of the sites. Tirana
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has a classic Mediterranean climate with hot and
dry summers and cool and rainy winters, and an
average temperature of 15°C. The annual rainfall is
about 1265 mm, with low precipitation during the
summer and high precipitation during the winter.

The city of Tirana was growing very fast, from
250 thousand in 1989 to 850 thousand in 2018. It
was followed by an increase in traffic volumes,
which has caused environmental challenges con-
cerning traffic congestion and air pollution. There
are about 201,000 cars per day in use in Tirana,
which has an area of about 31 km? and a
population of less than one million inhabitants. Old
diesel-engine vehicles remain a big source of air
pollution.

2.2. Sampling

Daily monitoring was conducted in Tirana city
as a preliminary study for assessing air quality due
to dust and inhaling particles (PM10 and PM2.5).
Ambient air sampling was carried out during May—
June 2021, in the morning, midday, and afternoon.
Sampling time was set aside during busy traffic
periods (8 a.m., 9 a.m., and 10 a.m.; 1 p.m., 2 p.m,,
and 3 p.m.; and 6 p.m., 7 p.m., and 8 p.m.). The
MCZ Micro PNS/LVS-1 instrument, equipped with a
small volume air sampling pump, with a flow rate of
38.5 L/min, was used for sampling TSP, PM10, and
PM2.5 samples. Air samples were collected by
pumping air into the filter for 4 hours.

The sampling device was equipped with three
cyclone sampling heads and Teflon filters to
support the collection of different air particle sizes.
Samplings were performed following the procedure
recommended by European legislation (UNI EN-
12341:2014) [26]. High-purity quartz filter papers
(Whatman grade, 47 mm), dried to a constant
weight for about 48 hours and then packed and
stored in Petri dishes, were used for sampling.
Filters were stored in a cool and dark place untill
the next step of analysis (at most for one day).
Monitoring sites were elected in heavy traffic and
residential areas, the last was used as a reference
point.

Each sampling area was free of obstructions
that may affect the airflow in the vicinity of the
sampler, such as trees, balconies, walls, etc.
Sampling instruments were kept at an elevation of
1.7 m above ground level and at least 0.5 m from
the nearest building, following the standard
monitoring guideline, SIST EN 12341:2014 [26].
The initial and final weights of filter papers were
taken using a Sartorius (CPA225D, +0.01 mg)
balance. The differences were recorded to
calculate TSP, PM10, and PM25 mass
concentrations. To minimize the error due to filter
handling, field blank filters and lab blanks were
used. The collected samples were Kkept in
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polyethylene bags and stored at 4° C in a
refrigerator. The air PM content was calculated by
the following equations:

-—w;

PM(ug/m?) = 22 x 10°
and:
Fe(ug/filter)
3y — 6
Fe(ug/m?) = 0T x 10
where:

W, = weight before sampling (g);

W, = weight after sampling (9);

Q = flow rate (38.5 l/min = 2.31 m*h);

t = sampling time (9 h);

Fe (in ug) = Fe content in PM

Filters containing the PMs were digested with
aqua regia (HCI:HNO3 = 3:1) and diluted for further
determination of Fe concentration by using the
graphite furnace atomic absorption spectrometer
(GFAAS). Figure 1 shows the position of sampling
sites in the study area and Table 1 shows the
geographic coordinates of each sampling site.

Q0205 085

1:50.498

N

A

Figure 1. GIS map of Tirana with the position of sampling sites in the study area

Slika 1. GIS karta Tirane sa pozicijom lokacija za uzorkovanje u oblasti istraZivanja

Table 1. Coordinate data for each monitoring site
(dry precipitation, t = 21 to 24 %)

Tabela 1. Koordinatni podaci za svako mesto
pracenja (suve padavine, t = 21 do 24 %))

Sites Longitude Latitude
S1 41.33451 19.81631
S2 41.33994 19.84966
S3 41.31755 19.83535
S4 41.30525 19.83787
S5 41.32518 19.80327

Hypnum cupressiforme Hedw, moss species
collected at a national park free from anthropogenic
pollution sources in Belgrade, Serbia, was used for
this study. The upper green parts of the moss after
cleaning from extraneous materials, washed three
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times with bi-distilled water and air-dried, were
used to prepare the moss bags [27]. About 5 g
moss was packed in polyethylene nets, hanged at
3 m above ground level, and exposed at each site
for two months [21], were. The geographic
elevations of the sampling sites are 110 m.

Moss bags were exposed in triplicate in the
open spaces of five sites for two months during the
winter (from December 1, 2019 to February 1,
2020). To keep the moss samples stable until the
chemical analysis, they were dried at 40 °C
for24 hours under clean lab  conditions
[16,17,21,27-33].

2.3. PM assessment and Fe chemical analysis

The TSP, PM10, and PM2.5 masses were
calculated as the difference in dried filter mass
weighted before and after sampling. The
concentration of TSP, PM10, and PM2.5 (m/V) is
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calculated by dividing the mass of PMs trapped in
the filter by the volume of air passed during the
sampling time. The result is expressed in ug/m3 at
standard conditions of temperature (273 °K) and
pressure (101.3 kPa, 760 mm Hg). Fe
concentration in air particles was measured by a
graphite furnace atomic absorber spectrometer
(Analytik Jena novAA 400).

Around 0.5 g of moss was digested in half-
pressure Teflon digestion vessels. The vessels
were placed on the hotplate for two hours at 250° C
after adding 9 ml of HNO; (69%, m/V, Merck,
Germany) and 1 ml of ml H,O, (30%, m/V, Merck,
Germany). The digested solutions were
guantitatively transferred into 50 ml calibrated
flasks. Analytical yield (recovery, R%) was also
calculated using the standard addition method.
Blank samples and replicates were analyzed in
parallel with PM and moss samples.

2.4. Data analysis

The Anderson-Darling test, confirmed at p >
0.05 was used to check the normality distribution of
the data, as well as the lognormal distribution
probability plot confirmed at the same p level. To
bring the Fe data into the same digit humber, the
standardized moss data were calculated as the
ratio of Fe concentration in moss exposed at each
monitoring site to the minimum value of Fe under
the same conditions. The pollution level is
evaluated by the pollution index (PI), calculated as
the ratio between the concentration of each
parameter and the corresponding value at the
control site [34].

Pl = Ci/Si

Ci - concentration of parameter i;
Si - concentration of parameter i in control site.

Pollution level is established as [34]:
e PI<0.7,clean
e 0.7 <PI=1.0, no-contaminated
e 1.0<PI=<2.0,slight pollution
e 2.0 <PI<3.0, moderate pollution
e Pl = 3.0, serious/very high pollution

The relationship between the measured
parameters was checked by Pearson correlation
classified as "very strong" (r > 0.8), "strong" (r =
0.6-0.8), or "moderate" (r = 0.4-0.6) correlations.
Cluster analysis (CA) was used to investigate the
sources of contaminants in air pollutants. CA is a
multivariate method used for differentiating the data
into clusters based on their similarity levels [35].
The  hierarchical  cluster method, which
differentiates the data into different clusters with a
multi-level hierarchy based on the distance
between observations in the data set and their
similarity [36], was applied. It made possible the
visualization of clusters that present a picture of the
groups and their proximity with a distinct reduction
in the dimensionality of the original data [35]. The
statistical data analysis was performed using the
MINTAB 21 software package.

3. RESULTS AND DISCUSSION

The assessment of air quality was carried out
through the study of the levels and distributions of
the content of PM, TSP, and Fe in PM and moss
exposed at the same position as PM. The
assessment is based on the recommended values
regarding the content of metals in the air. The
results obtained for the concentration of PMs, TSP,
and Fe in solid fine particles and the exposed moss
are shown in Table 2.

Table 2. Concentration of PMs and Fe in each monitoring site (* ,ug/mg, mg/kg in moss)

Tabela 2. Koncentracija PM i Fe na svakom mestu pracenja (* ug/m3, mg/kg u mahovini)

Site TSP* PM10* PM2.5* Ferspr Fepmio Fepma.s+ Femoss* Femoss(sT) PM10/PM2.5
S1 303 260 47 8.4 4.21 1.9 827 1.33 5.53
S2 66 47 22 7.85 3.78 1.64 622 1.0 2.14
S3 150 112 37 8.25 4.07 2.02 717 1.15 3.03
sS4 500 405 76 8.8 4.73 2.3 1129 1.82 5.33
S5 439 388 55 8.49 4.4 1.91 926 1.49 7.05

The concentration data of TSP, PM10, and
PM2.5 showed moderate variations (CV% ranged
from 25% to 75%), while Fe measured in PMs of
different sizes and moss samples showed very low
variation (CV% < 25%). TSP, PM10, and PM2.5
varied from 66 pg/m3to 500 pg/m3 (TSP), 67 ug/m3
to 405 pg/m® (PM10), and 22 to 46 ug/m* (PM2.5).
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It means the data were relatively stable during the
monitoring times and were affected by various
factors. The concentration of Fe in TSP varies from
2.6-8.8 ug/m3, with an average value of 7.04 pg/m3
and a standard deviation of 2.5 ug/m3. Distribution
of Fe in TSP, based on the value of P = 0.015 <
0.05. It indicates the data did not follow normal
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distributions and were affected by various factors. the Anderson-Darling test). It means the data were
The data for PM10 and PM2.5 show low variability — stable during the monitoring.
and follow normal distributions (p > 0.05, tested by

Table 3. Descriptive Statistics data of PMs and Fe in PM and moss bag samples (in ug/m®; * in mg/kg)

Tabela 3. Podaci deskriptivne statistike o PM i Fe u uzorcima PM i vre¢a od mahovine (u ug/m3; 1 u

mg/kg)
Variable N Mean StDev CV% Min Median Max
TSP 5 292 185 63 66 303 500
PM10 5 242 161 66 47 260 405
PM2.5 5 47 20.2 43 22 47 76
FeTSP 5 8.4 0.348 4 7.85 8.4 8.8
Fepmio 5 4.2 0.356 8 3.78 421 4.7
Fepmzs 5 2.0 0.238 12 1.64 191 2.3
Femoss 5 844 196 23 622 827 1129
Femoss(sT) 5 1.36 0.315 23 1.00 1.33 1.82

Concentration Data

Data

Spatial Plot of TSP, PM10, PM2.5
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Figure 2. Diurnal TSP, PM10, and PM2.5 concentration (a) and Fe standardized data (b) registered at

each sampling site

Slika 2. Dnevna koncentracija TSP, PM10 i PM2,5 (a) i standardizovani podaci Fe (b) registrovani na
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svakom mestu uzorkovanja
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The diurnal levels of TSP, PM10, PM2.5, and
Fe in each fraction of particulate matter and moss
at all sampling sites are presented in Figs. 2a and
b. It can be seen that the residential site (S2)
showed the Ilowest concentrations of each
parameter, followed by the next residential site, S3.
The highest particulate matter and Fe
concentrations were found at S4, a site positioned
next to the highway, followed by heavy traffic
crossroad sites (S4 and S1). The estimated
concentrations of particulate matter show moderate
variability in the city among monitoring sites. The
diurnal TSP and PM10 concentrations of S1, 4, and
5 were found to be very high, higher than the
reference values decided by the EU guideline for
short-term exposure over 24 hours [39], while lower
concentrations, lower than the same EU guideline,
were found at both residential sites S2 and S3.

The airborne PM2.5 concentration, the most
dangerous PM fraction, was estimated at a high
level, higher than the EU gwdelme value [39].
ranged from 22 pg/m®to 76 pg/m?®, with the hlghest
concentrations at heavy traffic sites (S1, S4, and
S5), and lower concentrations in residential sites
(S2 and S3). PM2.5 followed the same spatial
trend as TSP and PM10. The concentration of
PM2.5 at all sampling sites, except residential site

S2, exceeds the first interim target from the World
Health Organization, 35 pg/m® [40]. PM2.5 is a
global problem, as it has the largest health impact
because more than half of the global population is
exposed to annual-average ambient concentrations
exceeding the first interim target from the World
Health Organization, 35 ug/m? [40].

The PM10/PM2.5 ratio varied from 2.14 at S2,
a residential site, to 7.05 at S5, a heavy-traffic site.
High PM10/PM2.5 ratios are formed from coarse
particle emissions in the form of soil dust particles
and re-suspended road dust present in PM10,
fresh combustion emissions in residential sites,
combustion and traffic emissions (motor vehicles,
open burning, and oil), and secondary species
(NO;~, SO,* and NH,"), all present in the PM2.5
fine fraction [41-44]. Fe, a crustal element, was
found at high concentration levels in all sites. The
highest concentrations of Fe were found at S4 and
S5 heavy traffic sites, probably as a result of dust
emissions from re-suspended road dust. All these
indicate that major sources of PM10 were geogenic
materials like soil dust, re-suspended road dust,
and traffic emissions, while PM2.5 could be caused
by vehicle emissions and secondary species
mostly from anthropogenic sources [41].

P -
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I e\ oss
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Figure 3. Fe distribution along sampling sites

Slika 3. Raspodela Fe duz mesta uzorkovanja

The differences between TSP, PM10, and
PM2.5 average concentrations in heavy traffic S|tes
and reS|dent|aI sites were very high: 306 pg/m
272 ug/m®, and 30 pg/m® respectively. ThIS
indicates a high level of traffic and re-suspended
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road dust in Tirana city. To explain these
differences and estimate urban air quality, it is
necessary to evaluate the city's emissions
inventories. The largest contributors to particulate
matter concentrations (TSP, PM10 and PM2.5) in
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Tirana are the construction industry, traffic emis-
sion, soil dust emissions, residential and comme-
rcial activities, and urban waste management. As
proposed by Pastuszka et al. (2010) [6] , the
relative increment (RI) of particulate matter
concentration at crossroads was estimated as the

PM at a certain site (C;)) and the lowest PM
concentration at the rural site, here the residential
site, considered as background concentration (Cgc)
to Cgc

RI% = 100(C; — Cg¢)/Average(C;)

ratio of the difference between the concentration of

Table 4 The relative increment (R1%) of particulate matter and Fe concentration near the crossroads

Tabela 4. Relativni prirast (RI%) Cestica i koncentracije Fe u blizini raskrsnice

Site | TSP% | PM10% | PM2.5% | (Fe TSP)% | (Fe PM10)% | (Fe PM2.5)% | (Fe moss)% | (St Fe moss)%
s1| 81 88 53 7 10 13 24 24
S2 0 0 0 0 0 0 0 0
s3 | 29 27 32 5 7 19 11 11
s4 | 149 148 114 11 22 34 60 60
s5 | 128 141 70 6 15 14 36 36

The RI% values ranged from 29% to 149%, with an average value for TSP, 27% to 148% for PM10,
and 32% to 114% for PM2.5. It shows that the effects of traffic emissions on PM10 and PM2.5
concentration levels at the crossroads of Tirana are very high. It is expected, if we consider the number of
cars, mostly old cars, being used, to be about 201,000 cars per day in an area of 31 km? and a population
of 863,694 inhabitants of Tirana city.

Pollution levels are evaluated based on the pollution index (Pl) [34]. The PI data show serious
pollution from TSP and PM10 at sampling sites positioned at heavy traffic crossroads (S1, S4, and S5),
while S3 shows moderate pollution. PM2.5 data show serious pollution at S4, moderate pollution at S1
and S5, and slight pollution at S3. The Fe data show slight pollution at all sampling sites.

Table 5. The calculated Pl data for each parameter at each sampling site

Tabela 5. Izracunati Pl podaci za svaki parametar na svakom mestu uzorkovanja

Site Plrsp Plemio Pliemz s Plrerse Plrepmio Plrepmz.s Plremoss

S1 4.59 5.53 2.14 1.07 1.11 1.16 1.33

S3 2.27 2.38 1.68 1.05 1.08 1.23 1.15

S4 7.58 8.62 3.45 1.12 1.25 1.40 1.82

S5 6.65 8.26 2.50 1.08 1.16 1.16 1.49
<0.7, clean

0.7 <1i £1.0, no-contaminated

1.0 < 1i £ 2.0, slight pollution
2.0 < li £ 3.0, moderate pollution

> 3.0, serious/very high pollution

correlations (r > 0.8, p < 0.05), indicating strong
associations between parameters. Cluster analysis
was performed for better visualization of the
manner of associations between parameters (Fig.
4a) and monitoring sites (Fig. 4b).

3.1. Multivariate analysis

The Pearson correlation data between the pairs
of parameters are shown in Table 6.

As is shown in Table 6, the parameters under
investigation show very good and significant
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Table 6. The results of Pearson correlation data

Tabela 6. Rezultati Pirsonove korelacije

1 Variables 2 N Correlation 95% Cl for p P-Value
PM10 TSP 5 0.996 (0.942, 1.000) 0.000
PM2.5 TSP 5 0.958 (0.493, 0.997) 0.010
FeTSP TSP 5 0.942 (0.353, 0.996) 0.017
Fepmio TSP 5 0.963 (0.541, 0.998) 0.008
Femoss TSP 5 0.963 (0.539, 0.998) 0.008
PM2.5 PM10 5 0.931 (0.273, 0.996) 0.021
Fersp PM10 5 0.918 (0.188, 0.995) 0.028
Fepmio PM10 5 0.938 (0.323, 0.996) 0.018
Femoss PM10 5 0.937 (0.314, 0.996) 0.019
Fersp PM2.5 5 0.985 (0.778, 0.999) 0.002
Fepmio PM2.5 5 0.998 (0.973, 1.000) 0.000
Femoss PM2.5 5 0.995 (0.921, 1.000) 0.000
Fepmio Fersp 5 0.986 (0.794, 0999) 0.002
Fepma.s Fersp 5 0.895 (0.063, 0.993) 0.040
Femoss Fersp 5 0.963 (0.533, 0.998) 0.009
Femoss Fepmio 5 0.992 (0.884, 1.000) 0.001
Femoss Fepma.s 5 0.841 (-0.160, 0.989) 0.074

Dendrogram
Complete Linkage, Correlation Coefficient Distance

83.18

» 8879
E
wv

94.39

100.00 Y ‘—‘:‘—\
TSP P10 PM2.5 FePM10 Femoss FeTSP FePM2.5
Variables a)
Dendrogram
Complete Linkage, Euclidean Distance

0.00

> B33
E
w

66.67

100.00

1 5 4 3
Observations b)

Figure 4. Dendrogram of cluster analysis performed for better visualization of the manner of associations
between parameters (a) and monitoring sites (b)
Slika 4 Dendrogram klaster analize uraden radi bolje vizuelizacije nacina povezanosti parametara (a) i

mesta pracenja (b)
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All parameters, except the Fe content in PM2.5
(Fepmzs), are grouped (Fig. 4a) in Cluster 1 with a
very high similarity level, higher than 90%, between
them. Feppo5 shows a high similarity, higher than
81%, with the parameters of Cluster 1. It supports
similar activities, mostly in the construction
industry, traffic emissions, soil dust emissions,
residential and commercial activities, and urban
waste management that affect the discrimination
between two clusters. Based on the matrix data of
the investigated parameters, sampling sites are
grouped into two different clusters with high diffe-
rences between them. The less polluted residential
sites S2 and S3 showed a high degree of similarity
and are grouped in the same cluster with about
74% similarity, while traffic sites S1, S4, and S5 are
grouped in the next cluster. The similarity level
between the two clusters is very low, close to zero,
indicating big differences in their pollution levels.

4. CONCLUSIONS

This research reveals the diurnal mean
concentrations of particulate matter (PM2.5 and
PM10) and the Fe concentrations in PMs and moss
transplants evaluated at five sampling sites in
Tirana city. The content of PMs exceeds the limit
values suggested by WHO and EU Directives. Fe
concentrations associated with TSP and PM10 on
the roadside compared to the background site
increased by about five to ten times, while those
associated with PM2.5 were about four times hig-
her. The increase in PMs’ content at heavy traffic
crossroads sites compared to background data
suggests a high effect of traffic on the generation of
PMs and an additional health risk for people living
near the crossroads and heavy traffic sites. Major
sources of PM10 could be geological material, solil
dust and road dust emissions, traffic emissions,
and the construction industry. From the location of
monitoring sites and the emission inventory of
PM2.5 in Tirana city, we suggest that the main
sources of PM25 at crossroads could be
dominated by mobile source emissions, and in
residential areas by household activities, and other
sources in the city could be from open burning and
secondary species.

This is a preliminary study that shows a clear
view of environmental problems caused in the city
by different emissions that require an extension of
the study in time and space. However, this
research is noteworthy because its findings require
some crucial improvements in monitoring systems
and program design that can help evaluate the
processes and factors that affect air quality and
their short- or long-term effects on the health of
those who live in polluted areas.

Limitations

A limitation exists in the findings of this study
as the data analyzed here are derived from daily
measurements during only three sequences of
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traffic peaks (morning, midday, and evening) in the
city and are not extended in time under different
weather conditions. It may be affected by
uncontrolled time-varying data.
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PRELIMINARNA STUDIJA O PROCENI KVALITETA VAZDUHA U TIRANI, ALBANIJA

Koncentracije ¢estica i Fe u ¢esticama u vazduhu i presadenoj mahovini su istraZzene da bi se procenio
kvalitet vazduha grada Tirane. Izveden je u leto 2021. i u zimu 2020-2021. Cestice razlisitih veliina
(PM2,5 i PM10) su sakupljene na filterima od staklenih viakana obloZenih teflonom. Fe je odreden u PM
i transplantacijama mahovine, poslednji su bili izloZeni dva meseca na istom mestu pracenja kao i PM.
Merenja su vrSena u podrucjima sa gustim saobracajem tokom leta pod relativno visokim
temperaturama vazduha, do 23°C, §to moZe uticati na visoke koncentracije évrstih ¢estica u vazduhu, a
samim tim i na visok nivo Fe. Statisti¢ka analiza je koriS§¢ena za razmatranje rezultata Cestica i gvoZda u
Cvrstim Cesticama i mahovini. Veca koncentracija Fe je nadena u ukupnim suspendovanim ¢esticama
(TSP), a niZza koncentracija u manjim cesticama. Podaci o koncentracijama su uporedeni sa
vrednostima preporucenim u evropskim direktivama. Koncentracije svih ispitivanih parametara bile su
vece od dozvoljenih za ruralna i stambena podrucja i nize od preporucenih vrednosti za industrijska
podruéja. Korelaciona analiza je pokazala visoke i znacajne korelacije (R > 0,8, p < 0,05) izmedu
koncentracija Fe u transplantaciji mahovine i ¢estice, pokazujuci visok efekat ¢estica na Fe u vazduhu.
MoZe povecati izloZenost ljudi udisanjem i dovesti do Stetnih zdravstvenih problema. Za to su potrebne
jace mere za poboljSanje kvaliteta vazduha u gradu.

Kljucne reci: kvalitet vazduha, PM, kese od mahovine, raskrsnice puteva, stambeno naselje, Tirana
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