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  SELECTED TRACE ELEMENT 
CONCENTRATIONS IN AMBIENT AIR AND IN 
HORSE CHESTNUT LEAVES IN BELGRADE 

Article Highlights 
• Lead concentration showed a decreasing trend during the entire studied period 
• The horse chestnut leaves showed good response to changes in trace element 

atmospheric concentrations 
• Different sources of trace elements in ambient air and in horse chestnut leaves were 

observed 
• During the studied period, traffic was one of the major sources of the measured ele-

ments in Belgrade 
• The trace element concentrations in PM10 were below the limits of Serbian and EU 

legislation 
 
Abstract 

In this study, airborne particulates (PM10) and leaves of horse chestnut were 
collected at selected urban sites in Belgrade, Serbia, in years 2006, 2009 and 
2012. All samples were analysed for trace element concentrations of As, Cd, 
Cr, Ni and Pb. It was found that, during the study period, the differences 
among PM10 mass trace element concentrations were not considerable, and 
that the measured mass and trace elements concentrations were below the 
Serbian and EU legislation limits. The highest values of trace element concen-
trations in leaves were observed in year 2012, with the exception of Pb. Lead 
concentration had a decreasing trend during the whole studied period, in both 
PM10 and tree leaves. Since leaded gasoline was banned in 2011, a possible 
reason could be an increasing number of vehicles using unleaded kind along 
the previous years. Although trace elements in horse chestnut leaves were 
accumulated only during the summer season, horse chestnut leaves showed 
good response to changes in trace element atmospheric concentrations. How-
ever, seasonal variability was evident in trace element source apportionment 
due to the lack of stationary heating system influence. The principal com-
ponent analysis showed that during the studied period, one of the major 
sources of the measured elements was fossil fuel combustion. 

Keywords: PM10, tree leaves, air pollution, PCA, WeBIOPATR. 
 
 

Urban environment is heavily impacted by air-
borne particulates originated from fossil fuel com-
bustion, traffic, industry and other anthropogenic acti-
vities. A number of epidemiological studies [1,2] have 
demonstrated that acute and chronic health effects 
are related to the inhalable PM10 exposure in the 
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urban environment. PM10 is considered harmful for 
human health because it can cause respiratory and 
cardiovascular diseases, and no safe level has been 
identified. Even at concentrations below current air 
quality guidelines they pose a health risk [3]. Mortality 
associated with air pollution is about 15–20% higher in 
cities with high levels of pollution compared to rel-
atively cleaner cities [4].  

Trace elements, attached to PM10, can be toxic 
and may have dangerous impacts on human health. 
Lead exposures have developmental and neuro-
behavioural effects on fetuses, infants and children, 
and elevate blood pressure in adults. The main emis-
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sion source of lead in the atmosphere for many years 
has been the use of leaded gasoline in vehicles. 
Since the lead content in fuels has been regulated in 
most Europe countries since year 2000 [5], industrial 
sources and fuel burning activities have assumed a 
bigger importance in ambient lead production. How-
ever, leaded gasoline was still widely used in Serbia 
throughout the last decades, although with decreas-
ing tendency during last years due to increasing 
number of the new types of vehicles using the 
unleaded kind. The consumption of unleaded gaso-
line was increasing from the beginning of 2000’s, but 
the official ban of leaded gasoline was put into effect 
at the beginning of 2011. However, the average age 
of vehicles in Serbia during the studied period was 
still very high. Of the total vehicles, the number of 
those older than 10 years in year 2008 in Serbia was 
over 65%, while only 17% of vehicles was less than 5 
years old [6]. Arsenic exposure is associated with 
increased risk of skin and lung cancer. Cadmium is 
associated with kidney and bone damage and has 
also been identified as a potential human carcinogen, 
causing lung cancer. Nickel is a known carcinogen 
and also has other non-cancerous effects, e.g. on the 
endocrine system [4]. The main arsenic-emitting 
anthropogenic sources are the stationary combustion 
of fossil fuels (especially coal-burning) and to a lesser 
extent the metallurgical industry. Cadmium and nickel 
compounds in particulate matter mainly originate from 
coal and fuel oil combustion processes, metallurgical 
industry, and road transport [4]. Although the atmo-
spheric levels of trace elements are usually low, they 
contribute to the deposition and build-up in soils, sedi-
ments and organisms. On the other hand, the absorp-
tion rates of some elements, i.e., lead and cadmium, 
by inhalation are significantly higher (up to 50–60%) 
than those by ingestion (between 3 and 10%) [7]. Air 
pollution is only one source of exposure to these 
metals but their persistence and potential for long-
range atmospheric transport means that atmospheric 
emissions of heavy metals affect even the most 
remote regions [8]. The assessment of the trace ele-
ment content in ambient air gives important infor-
mation for development of risk assessment strategies.  

In the past decades, biomonitoring of air quality 
using plants has been widely used to detect and 
monitor trace and other element atmospheric contam-
ination [9,10]. Although mosses are usually used in 
biomonitoring studies, as they are recognized as the 
most appropriate biomonitors of atmospheric trace 
elements pollution, they are often absent in urban 
areas. In such situations, trees can act as biomonitors 
of air pollution and they have been studied in search 

of a suitable biomonitor. Tree leaves are very efficient 
at trapping atmospheric particles, and they have a 
role in reducing the level of fine atmospheric 
particulates [11]. Leaves of various tree species have 
been studied in biomonitoring surveys in urban areas 
in order to find sensitive species that gave a good 
response to changes in bulk atmospheric pollution. 
Previous studies in the Belgrade urban area have 
shown that horse chestnut leaves could be a valuable 
tool for monitoring of trace elements in the atmo-
sphere [12-14].  

The objective of the present work was: i) deter-
mination of temporal variability of PM10 mass con-
centrations; ii) preliminary assessment of selected 
trace element content in ambient air by horse chest-
nut tree leaf samples collected in years 2006, 2009 
and 2012. Another objective was to assess the 
reliability of passive biomonitoring in the evaluation of 
natural and anthropogenic sources or airborne par-
ticles. The main cause of an element concentration 
increase is accumulation of atmospheric particles at 
the surface of leaves. The magnitude of the accu-
mulation depends on the concentration of trace ele-
ments in particles and also on the biological ability of 
the tree leaves to bioaccumulate the element. There-
fore, assessing the concentrations of trace elements 
in ambient air and in tree leaves, in parallel, could 
give an insight in biomonitoring as an additional 
method to classical monitoring techniques.  

METHODOLOGY 

Sampling and sample preparation 

The site selection was based on our previous 
studies on biomonitoring of trace elements [13,15], as 
well as on available data concerning potential traffic 
“hotspots” in the Belgrade urban area (Figure 1). The 
emphasis was on the highly traffic-exposed locations, 
close to the big junctions or main routes for vehicles. 
All parks and monitoring sites are located in the 
centre of Belgrade with characteristically intense and 
slow moving traffic (>50,000 vehicles per day). Other 
possible influences include individual heating units, 
distributed in all parts of Belgrade, thermal power 
plant "TENT" in Obrenovac, located cca. 30 km south-
west from Belgrade and the oil refinery in Pančevo, 
located cca. 20 km in a northeast direction. Geogra-
phical coordinates of the sampling sites are shown in 
Figure 1. 

The sampling and selection of the elements 
were performed in accordance with the Serbian air 
quality legislative for air quality monitoring [16,17], 
and the two air quality directives in force in EU 
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[18,19]. The samples, PM10 and leaves, were col-
lected from sites exposed to high traffic influence in 
the Belgrade city centre. The PM10 sampling was 
done using two automatic monitoring stations for 
continuous atmospheric particulate monitoring [20] 
close to the City Public Health Institute, and at square 
Slavija, the busiest roundabout in Belgrade. The 
sampling was done as regulated by the Serbian legis-
lative directives [17], on a daily basis, continuously 
during the whole year, and the sampling time was 24 
h. The trace element content in PM10 was assessed 
by ICP-MS, using EPA method O-3.5 [21] and anal-
ysed for concentrations of As, Cd, Cr, Ni and Pb. 

The leaves of horse chestnut (Aesculus hippo-
castanum L.) were sampled from two representative 
parks (Karađorđev park and Botanička bašta) situated 
also in the Belgrade city center, and close to the pre-
viously mentioned automatic monitoring stations. 
Leaves were cut with stainless scissors at about 2 m 
height above ground and taken by hand, wearing 
polyethylene gloves. Five subsamples (10–15 fully 
developed leaves per tree) of approximately the same 
age were collected per species per site. Samples 
were taken from trees growing in different parts of the 
parks and leaves were collected from all sides of the 
crown without directional preference to give a good 
“average” composition at the site. The sampling was 
held during the multi-year period, in years 2006, 2009 

and 2012. Leaves were collected once a year, at the 
end of vegetation cycle, in September. Leaf samples 
were briefly washed (for 3–5 s) with double-distilled 
water before further analysis, in order to assess only 
accumulated and strongly adhered particles on the 
leaf surface. Microwave digestion of approximately 
0.4 g leaf sample (dry weight) was performed with 3 
mL of 65% HNO3 (Suprapur, Merck) and 2 ml of 30% 
H2O2 (Suprapur, Merck). The concentrations of As, 
Cd, Cr, Ni and Pb in leaves were measured from the 
digested samples by ICP-MS using an Agilent 7500ce 
mass spectrometer equipped with an Octopole Reac-
tion System (ORS). Quality control was performed 
using the standard reference material lichen-336 (IAEA).  

Data analysis 

Principal component analysis (PCA) is a fre-
quently used multivariate statistical method for the 
assessment of relationships among measured para-
meters and it was used in various studies on trace 
elements in PM10 and leaf samples and the ident-
ification of their pollution sources [22,23]. In this 
study, Varimax rotated PCA was used to assess the 
effects of sources to PM10 and leaves trace elements 
concentration. The analysis was performed using 
SPSS 12 software [24]. 

Figure 1. Map of the study area with geographical coordinates - PM10 sampling sites (CPHI – City Public Health Institute, SL – Slavija 
square), and horse chestnut tree leaves sampling sites (BB – Botanička bašta, KP – Karađorđev park). 
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RESULTS AND DISCUSSION 

PM10 concentration and trace element ambient air 
concentration 

Temporal trend of the PM10 mass concentration 
in the Belgrade urban area, obtained in this study, is 
presented in Figure 2. The small decrease of PM10 
mass concentration was observed during the first 
years of the study (2006 to 2009), and with another 
increase in 2012. However, the differences among 
the amount of particulates during the period of obser-
vation were not considerable and could be within the 
common environmental variation. 

 

Figure 2. Temporal trend of mean PM10 mass concentration of 
the years 2006, 2009 and 2012. 

The most important sources of PM emission in 
urban areas are considered to be the incomplete 
combustion of fossil fuels, friction of mechanical 
components such as brakes and tyre rubber, inc-
reasing proportion of diesel, high weight and four-
wheel drive vehicles, traffic, together with industrial 
and domestic combustion processes [25]. However, 
another source that may exert a considerable inf-
luence on ambient level and composition of PM10 is 
mineral dust, which exhibits high geographical vari-
ations.  

The mean concentration of PM10 in year 2006 
was 47 µg m-3, while in 2012 the concentration was 
54 µg m-3, which exceeded the European Union limit 
value of 50 μg m−3 (daily limit that should not to be 
exceeded more than 35 days in a year) [19]. The 
proposed limit value for the annual average concen-
tration is 40 μg m−3 and it was exceeded in years 
2006 and 2012, while in the year 2009 the annual 
average concentration was 40 μg m−3. However, in 

the Serbian legislation the same values of daily and 
average annual limits are proposed as in the Euro-
pean Union, with the obligation to be met by January 
2016 [17]. WHO Air Quality Guidelines for PM10 is 20 
µg m-3 (annual average), which is more stringent than 
corresponding standards in the EU legislation; it 
refers to target values rather than limit values, since 
no threshold for PM below which any damage to 
health is observed, has been identified [3]. Therefore 
PM10 levels proposed by WHO Air Quality Guidelines 
were exceeded in all studied years. 

During the last decades various measures and 
air quality standards have been implemented in Eu-
rope’s law in order to reduce the concentration of 
atmospheric PM and its impact on human health and 
the environment. As a result, the emissions of PM and 
their precursors have continuously declined in EU 
[26], as well as ambient PM10 concentrations. Des-
pite of these positive trends, the air quality standards 
for PM10 are still regularly exceeded in various Euro-
pean regions [27]. 

Although, as mentioned before, the differences 
in PM10 concentration during the observation period 
were not considerable and could be within the com-
mon environmental variation, trace element ambient 
concentration did not show this trend (Figure 3).  

The concentration of Cr had the highest value in 
the year 2012. Compounds of Cr (VI) are well known 
to be associated with toxic and carcinogenic effects 
on the bronchial tree. Therefore, the tracking of chro-
mium ambient concentrations is a matter of great 
importance, because of its connection with severe 
health impairments [7]. However, in this study, the 
obtained results represent total element content, as 
proposed by the Serbian legislative for air quality 
monitoring [16,17]. On the other hand, the lowest 
values of Cd and Pb concentrations were reported for 
2012. The European Union has set annual limits for 
Pb (500 ng m−3) [19], and target values for As (6 ng 
m−3), Cd (5 ng m−3) and Ni (20 ng m−3), measured as 
contents in PM10 [18]. The values specified are maxi-
mum annual averages, which countries are obliged to 
meet by 2013, except for the limit value for lead which 
was to be met by 2005. As for the Serbian legislation 
of trace element content in PM10, annual limit of Pb is 
to be met by January 2016, while target values for As, 
Cd and Ni are assessed from the January 2012. That 
is, data from the year 2012 will be the first to be used 
for determining compliance with the target values in 
the 3- to 5-year periods, depending on the needs of 
the monitoring [17]. The annual limit for Pb was not 
exceeded during the studied period, with its concen-
tration being lower than 150 ng m−3. Generally, the 
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concentrations of measured trace elements were 
below the limits of EU legislation. The only exceed-
ance of these values was the mean annual concen-
tration of As in the year 2006 (8.3 ng m−3). However, it 
should be noted that the determination of the exceed-
ance of assessment thresholds requires 5-year moni-
toring periods. In case of As, the only exceedance 
was in the year 2006, therefore its average 5-year 
concentration was not above the target value. As from 
the observed results and with a similar future trend in 
trace element concentrations, it is not expected to 
encounter major problems in meeting air quality 
requirements concerning levels of trace elements in 
ambient air in the Belgrade urban area. 

Comparison of the study results with other stu-
dies showed elevated concentration of Ni, but also 
lower concentration of As, Cd, and Cr [28-30]. Nickel 
mainly originates from combustion of fossil fuels or 
traffic vehicle exhaust as an additive in fuels, although 
its relatively high geological origin in Belgrade was 
confirmed [31]. Lead was the most abundant element 
in the samples, since it was still widely used as addi-
tive in gasoline, but with a strongly declining trend 
during the studied period as a result of increased use 
of unleaded gasoline. However, lead content in ambi-
ent air is still higher than it was reported in some stu-
dies, since in most of the EU countries leaded gaso-
line was put out from the use from January 2000, 
although many EU member states began even earlier 
[5]. Brake linings have been demonstrated to result in 
the release of Cd, Cr and Ni [32], while various 
vehicle electronic components and batteries of cars 
that contain Cd have been reported as a potential 
source of it [33].  

PM10 total element content during the year 
2012 is presented in two seasons, April-September 
and October-March (Table 1), since the period of par-
ticulate deposition on leaf surfaces lasts from April to 
September during the vegetation cycle of deciduous 
trees. This year is also interesting from the aspect of 
phasing out of leaded gasoline from the beginning of 
2011. The high concentrations of Cr and Ni in 2012 
were due to their high emission in the winter period 
(October–March, Table 1), probably due to the use of 
fossil fuels for heating.  

Trace elements in leaf samples 

Trace element concentrations in leaf samples 
presented the particle deposition and accumulation 
during the period of the vegetation cycle, from April to 
September (Figure 4). Following the decrease of 
trace elements concentrations in the year 2009, there 
was another increase for most of the elements in the 
year 2012, except in the case of lead, which had a 
continuous decline during the studied period. How-
ever, the concentration of As did not show a decrease 
in the year 2009. Also, the highest values of trace 
element concentrations were measured in leaves 
sampled in September 2012, with the exception of 
lead, which had a decreasing trend during the whole 
studied period. However, at the beginning of the 
studied period, the most abundant element in the 
leaves was Pb. As it was reported previously [34], 
even though the concentration of Pb is strongly dec-
lining in the past years, lead is still present in the envi-
ronment.  

Temporal decrease of Pb concentrations in 
leaves as a consequence of decreasing use of leaded 

 
Figure 3. Annual mean trace element ambient concentrations of the years 2006, 2009 and 2012. 
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gasoline was also reported for other plant species 
[35,36]. Notwithstanding, the accumulation of this ele-
ment had higher values in all studied years than the 
“reference plant” value (1 μg g-1, given by Markert) 
[37]. However, at the end of the studied period, in the 
year 2012, the Pb concentration had lower values 
than Cr and Ni. The main sources of Ni and Cr are the 
stationary sources of fossil fuel combustion, mostly 
active during heating season [38]. On the other hand, 
these elements also could originate from almost all 
traffic-related sources (brake linings, tire wear and 
tear, combustion of gasoline) [5]. However, elevated 
level of Ni concentration could indicate possible 
resuspension of soil. When compared with the “refer-
ence plant” values for other elements, concentration 

of As also showed higher values during the whole 
studied period (0.01 μg g-1), while concentration of Cd 
never exceeded the values of the “reference plant” 
(0.05 μg g-1).  

A decreasing tendency of lead concentration in 
ambient air and in leaf samples was evident even 
before the official ban of leaded gasoline. However, 
the concentration of Pb after the 7-year period was 
about 7 times lower in ambient air and almost 3 times 
lower in the leaf samples then at the beginning of the 
study period, indicating that during the examined 
period, one of most significant sources of this element 
was traffic and also the presence of lead in the 
environment due to past emissions. Some authors 
suggested that, after the ban on the use of lead 

Table 1. Seasonal trace element concentrations in PM10 in 2012 (μg g-1; RSD are presented in %) 

Sample Value As Cd Cr Ni Pb 

Annual Mean 108 4.7 923 624 491 

SD 53 4.3 1557 1392 284 

RSD 49.07 91.49 168.69 223.08 57.84 

Apr-Sept Mean 75 4.3 544 209 430 

SD 30 3 82 58 133 

RSD 40 69.77 15.07 27.75 30.93 

Min 17 0.05 163 61 127 

Max 331 59 976 461 1732 

Oct-Mar Mean 141 5.2 1302 1038 551 

SD 52 3 2263 1962 398 

RSD 36.88 57.69 173.81 189.02 72.23 

Min 8.6 0.04 111 60 75 

Max 934 58 12822 14567 4357 

       

 

Figure 4. Temporal trend of trace element concentrations in horse chestnut leaves of the years 2006, 2009 and 2012. 
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additives in gasoline, the contribution of lead from 
traffic fuel combustion is low [39]; therefore, other 
sources of lead become more prominent [40]. 

Based on our previous studies and the current 
research, it can be concluded that plant tissue can 
give a better insight of results in terms of sensibility 
and reproducibility. The degree of trace elements 
content in plant tissue is proportional to urbanization, 
industrial activity and density of traffic [41]. The ele-
ment content in tree leaves may originate from soil by 
uptake via roots or from atmospheric deposition on 
the leaf surfaces. However, the topsoil in the Bel-
grade urban area is slightly alkaline (pH 8) [15], which 
decreases bioavailability of trace metals and favours 
foliar uptake [9].  

As it was suggested from the previous studies 
[12-15], horse chestnut showed a good response as 
bioindicator of trace element air pollution, as it proved 
to be good in reflecting changes in atmospheric lead 
pollution. Trees could be effective indicators of the 
impact of pollution sources, because of their ability to 
accumulate trace elements. Also, the effect observed 
is a time-averaged result, which will be more reliable 
than that obtained from direct determination of the 
pollutant concentrations in air for a short period. How-
ever, direct comparison of trace element concentra-
tions in PM10 and in leaf samples could not be done 
since the processes of accumulation and deposition 
of particles are different in case of PM10 and leaves. 
In PM10 automatic sampling, the flow of air is passed 
through the filter while a natural deposition occurs on 
the leaf surfaces. The PM10 sampling was done con-
tinuously during the whole year, on a daily basis, 
while tree leaves were sampled in September, at the 
end of the vegetation cycle. Nevertheless, the trace 
element concentrations trend in 2012, from April to 
September was Cr>Pb>Ni>As>Cd (Table 1), while in 
leaf samples from the same year was Ni>Cr>Pb>  
>As>Cd. The similar trends were observed except the 
elevated level of Ni in leaves, which could indicate 
possible resuspension of soil, as its relatively high 
geological origin in Belgrade was confirmed [42]. 

Principal component analysis 

The principal components analysis (PCA) model 
approach was performed to identify and quantify the 
trace element source components in air and in horse 
chestnut leaves. In case of both PM10 samples and 
horse chestnut leaves, 5 elements (As, Cd, Cr, Ni and 
Pb) measured during 2002 – 2006 were included in 
the PCA. Horse chestnut leaves were collected at 
Botanička bašta site, while PM10 samples were col-
lected at the automatic station close to the City Public 

Health Institute, in the close proximity of Botanička 
bašta. The factor loading matrix after Varimax rotation 
and the contribution of each component are pre-
sented in Figures 5 and 6. The system extracted the 
principal component with eigenvalue greater than 1.  

 
Figure 5. Principal component analysis for trace elements in 

ambient air from year 2002 to 2006. 

 

Figure 6. Principal component analysis for trace elements in 
horse chestnut leaves from Botanička bašta, from year 

2002 to 2006. 

PM10 samples 

The PCA of trace elements in ambient air is pre-
sented in Figure 5. Two major components were 
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identified and explained a sum of 92% of the overall 
variance in the data set in ambient air for period 2002–
2006. The first component was associated with Cd, 
Ni, Pb, and Cr, and it explained 72% of the total vari-
ance. This component probably represented fossil 
fuel combustion, originating from stationary sources 
and traffic-related emission. Continuing use of leaded 
gasoline could be pointed out as a main source of Pb, 
although resuspension of previously contaminated 
soil and dust could not be neglected. It was pointed 
out recently [40], that combustion of the lubricant oil 
could act as a potential source of trace elements, in 
addition to fuel combustion. The second component 
had high loadings of As and moderate loadings of Pb, 
which could be associated with coal combustion. This 
component was accounting to the 20% of the total 
variance.  

Horse chestnut leaf samples 

The PCA of trace element concentrations in leaf 
samples of horse chestnut was presented in Figure 6. 
Two components were identified, explaining a sum of 
83% of the total variances in leaf samples. Compo-
nent 1 showed high loadings of Ni, Pb, As, and Cd, 
and the sum of the 52% of the total variance, could be 
attributed to vehicle exhaust and other fossil fuel com-
bustion. On the other hand, component 2 was char-
acterized with high loadings of Cr and Ni, and mod-
erate loading of As, accounting for the 31% of the 
total variance. These elements could be associated 
with soil and dust resuspension. Cr and Ni have ear-
lier been shown to derive from almost all traffic-
related sources (brake linings, tire wear and tear, 
combustion of lubricant oil), they could be classified 
as non-source-specific traffic-related metals, mainly 
resulting from resuspension [5].  

Tree leaves of deciduous plants, as horse chest-
nut, are able to accumulate trace elements during 
their vegetation period, from April until September. 
Therefore, the influence of stationary fossil fuel sour-
ces (e.g., heating units), which are generally domi-
nant during the winter season, is excluded. On the 
other hand, monitoring of PM10 is carried out during 
the whole year and here it is presented in average 
annual values. Even though the temporal trends of 
trace element concentrations in ambient air and in 
horse chestnut leaves had showed similarity, the 
identified major sources of trace elements were differ-
ent, indicating possible seasonal variability in their 
concentrations. It appears that in large urban areas, 
like Belgrade, vehicle-related and fossil fuel emission 
sources assume greater importance than industrial 
sources for the determination of trace element 

concentration levels in atmospheric particles. Also, 
traffic as a source of pollution is present during the 
whole year, unlike stationary fossil fuel combustion, 
which gains importance mainly during the heating 
season. However, the source apportionment study 
can be more accurate with the incorporation of a 
larger number of trace elements, which could be an 
important step in the future for an integrated charact-
erization of particulate matter pollution in the area.  

CONCLUSIONS 

During the study of PM10 mass concentrations 
and trace element ambient air concentrations, as well 
as trace element concentrations in tree leaves (A. 
hippocastanum) from the Belgrade city centre, it has 
been shown that the differences among mass and 
ambient air element concentrations during the study 
period were not considerable. The concentrations of 
measured trace elements in PM10 were below the 
limits of Serbian and EU legislation. The horse chest-
nut leaves showed good response to changes in 
atmospheric trace element pollution, with the similar 
trend in trace element concentrations as in the ambi-
ent air. The highest values of trace element concen-
trations in horse chestnut leaves were in the year 
2012, with the exception of Pb concentration. Lead 
concentration showed a decreasing trend during the 
whole studied period, as the result of reduced use of 
leaded gasoline during the studied period. However, 
the assessment of source apportionment indicated 
different sources of trace elements in ambient air and 
in horse chestnut leaves as a result of different accu-
mulating period in two types of samples. It seems 
that, during the studied period, fossil fuel combustion 
was one of the major sources of the measured ele-
ments in Belgrade urban area.  

Acknowledgments 

Part of this paper was presented at the 4th 
WeBIOPATR Workshop and Conference, Belgrade, 
2nd–4th October, 2013. The authors acknowledge 
financial support from the Ministry of Education, Sci-
ence and Technological Development of the Republic 
of Serbia, project Nos. III 43007 and OI 172007. 

REFERENCES 

[1] C.A. III Pope, D.W. Dockery, Health J. Air Waste 
Manage. 56 (2006) 709-742 

[2] J. Schwartz, F. Ballester, M. Saez, S. Perez-Hoyos, J. 
Bellido, K. Cambra, F. Arribas, A. Canada, M. J. Perez-
Boillos, J. Sunyer, Environ. Health Persp. 109 (2001) 
1001-1006 



I. DELJANIN et al.: SELECTED TRACE ELEMENT CONCENTRATIONS… Chem. Ind. Chem. Eng. Q. 21 (1) 169−178 (2015) 

 

 177

[3] WHO (2006). Health risks of particulate matter from long-
range transboundary air pollution, Joint WHO Convention 
Task Force on the Health Aspects of Air Pollution, 
Regional Office for Europe Copenhagen, 2006, p. 99 

[4] EEA (2011). Air quality in Europe-2011, 12/2011, Tech-
nical report, Copenhagen, 2011 

[5] D. Hjortenkrans, B. Bergbäck, A. Häggerud, Environ. 
Monit. Assess. 117 (2006) 85-98 

[6] S. Prvulović, D. Velimirović, D. Manasić, I. Minić, Res-
earch of Serbian vehicle market 2008, Synovate Serbia, 
Belgrade, 2008, (in Serbian) 

[7] WHO (2000). Biomonitoring of air quality using plants, Air 
Hygiene Report No. 10, 2000, p. 168 

[8] WHO (2007). Health risks of heavy metals from long-
range transboundary air pollution, Joint WHO Convention 
Task Force on the Health Aspects of Air Pollution, 
Regional Office for Europe Copenhagen, Denmark, 2007, 
p. 130 

[9] R. Bargagli, Trace Elements in Terrestrial Plants: An Eco-
physiological Approach to Biomonitoring and Biorec-
overy, Springer-Verlag, Heidelberg, 1998 

[10] B. Markert, in Plants as Biomonitors. Indicators for Heavy 
Metals in Terrestrial Environment. B. Markert, Ed., VCH, 
Weinheim, 1993 

[11] K.P. Beckett, P.H. Freer-Smith, G. Taylor, J. Arboriculture 
26 (2000) 12-19 

[12] K. Šućur, M. Aničić, M. Tomašević, D. Antanasijević, A. 
Perić-Grujić, M. Ristić, J. Serb. Chem. Soc. 75 (2010) 
1453-1461 

[13] M. Aničić, T. Spasić, M. Tomašević, S. Rajšić, M. Tasić, 
Ecol. Ind. 11 (2011) 824-830 

[14] M. Tomašević, M. Aničić, Lj. Jovanović, A. Perić-Grujić, 
M. Ristić, Ecol. Ind. 11 (2011) 1689-1695 

[15] M. Tomašević, Z. Vukmirović, S. Rajšić, M. Tasić, B. Ste-
vanović, Environ. Monit. Assess. 137 (2008) 393–401 

[16] Government of Republic of Serbia, Pravilnik o graničnim 
vrednostima, metodama merenja imisije, kriterijumima o 
uspostavljanju mernih mesta i evidenciji podataka, Offi-
cial Gazette RS, n. 54/92, 30/99 and 19/2006 (in Serbian) 

[17] Government of Republic of Serbia, Uredba o uslovima za 
monitoring i zahtevima kvaliteta vazduha, Official Gazette 
RS n. 11/10 and 75/10 (in Serbian) 

[18] European Commission Directive 2004/107/EC of the 
European Parliament and of the Council of 15 December 
2004, relating to arsenic, cadmium, mercury, nickel and 
polycyclic aromatic hydrocarbons in ambient air, OJ L 23, 
26.1.2005 

[19] European Commission Directive 2008/50/EC of the Euro-
pean Parliament and of the Council of 21 May 2008 on 
ambient air quality and cleaner air for Europe, OJ L 152, 
11.6.2008 

[20] EN 12341 (1998). Air quality - Determination of the PM 
10 fraction of suspended particulate matter - Reference 
method and field test procedure to demonstrate reference 
equivalence of measurement methods 

[21] EPA (1999). Compendium Method IO-3.5 – Determination 
of metals in ambient particulate matter using inductively 
coupled plasma/mass spectrometry (ICP/MS) 

[22] T. Moreno, X. Querol, A. Alastuey, C. Reche, M. Cusack, 
F. Amato, M. Pandolfi, J. Pey, A. Richard, A. S. H. Prévôt, 
M. Furger, W. Gibbons, Atmos. Chem. Phys. 11 (2011) 
9415-9430 

[23] J.H. Rodriguez, M.L. Pignata, A. Fangmeier, A. Klumpp, 
Chemosphere 80 (2010) 208-215 

[24] IBM Corp. (2003). IBM SPSS Statistics for Windows, 
Version 12, Armonk, NY, USA. 

[25] G.W. Fuller, D. Green, Atmos. Environ. 40 (2006) 6134– 
-6145 

[26] P.S. Monks, C. Granier, S. Fuzzi, A. Stohl, M.L. Williams, 
H. Akimoto, M. Amann, A. Baklanov, U. Baltensperger, I. 
Bey, N. Blake, R.S. Blake, K. Carslaw, O.R. Cooper, F. 
Dentener, D. Fowler, E. Fragkou, G.J. Frost, S. Gene-
roso, P. Ginoux, V. Grewe, A. Guenther, H.C. Hansson, 
S. Henne, J. Hjorth, A. Hofzumahaus, H. Huntrieser, I.S. 
A. Isaksen, M.E. Jenkin, J. Kaiser, M. Kanakidou, Z. 
Klimont, M. Kulmala, P. Laj, M.G. Lawrence, J.D. Lee, C. 
Liousse, M. Maione, G. McFiggans, A. Metzger, A. 
Mieville, N. Moussiopoulos, J.J. Orlando, C.D. O’Dowd, 
P.I. Palmer, D.D. Parrish, A. Petzold, U. Platt, U. Pöschl, 
A.S.H. Prévôt, C.E. Reeves, S. Reimann, Y. Rudich, K. 
Sellegri, R. Steinbrecher, D. Simpson, H. ten  Brink, J. 
Theloke, G. R. van der Werf, R. Vautard, V. Vestreng, 
Ch. Vlachokostas, R. von Glasow, Atmos. Environ. 43 
(2009) 5268-5350 

[27] J.P. Putaud, R. Van Dingenen, A. Alastuey, H. Bauer, W. 
Birmili, J. Cyrys, H. Flentje, S. Fuzzi, R. Gehrig, H.C. 
Hanson, R.M. Harrison, H. Herrmann, R. Hitzenberger, C. 
Hüglin, A.M. Jones, A. Kasper-Giebl, G. Kiss, A. Kousa, 
T.A.J. Kuhlbusch, G. Löschau, W. Maenhaut, A. Molnar, 
T. Moreno, J. Pekkanen, C. Perrino, M. Pitz, H. Pux-
baum, X. Querol, S. Rodriguez, I. Salma, J. Schwarz, J. 
Smolik, J. Schneider, G. Spindler, H. ten Brink, J. Tursic, 
M. Viana, A. Wiedensohler, F. Raes, Atmos. Environ. 44 
(2010) 1308-1320 

[28] E.O. Gaga, T. Döğeroğlu, Ö. Özden, A. Ari, O.D. Yay, H. 
Altuğ, N. Akyol, S. Örnektekin, W. Van Doorn, Environ. 
Sci. Pollut. Res. 19 (2012) 3579–3596 

[29] S.L. Kuzu, A. Saral, S. Demir, G. Summak, G. Demir, 
Environ. Sci. Pollut. Res. 20 (2013) 2556–2568 

[30] H.M. Xu, J.J. Cao, K.F. Ho, H. Ding, Y.M. Han, G.H. 
Wang, J.C. Chow, J.G. Watson, S.D. Khol, J. Qiang, W.T. 
Li, Atmos. Environ. 46 (2012) 217-224 

[31] Ecological Bulletin (2011). Agency for Environmental 
Protection, Belgrade, Serbia 

[32] C.L.S. Wiseman, F. Zereini, W. Püttmann, Sci. Tot. 
Environ. 442 (2013) 86-95 

[33] A.J. Fernandez-Espinosa, M. Ternero-Rodriguez, Anal. 
Bioanal. Chem. 379 (2004) 684-699 

[34] M.F. Hovmand, S.P. Nielsen, I. Johnsen, Environ. Pollut. 
86 (2009) 404-409 

[35] W. Dmuchowski, A. Bytnerowicz, Environ. Pollut. 157 
(2009) 3413-3421 



I. DELJANIN et al.: SELECTED TRACE ELEMENT CONCENTRATIONS… Chem. Ind. Chem. Eng. Q. 21 (1) 169−178 (2015) 

 

178 

[36] L. Gratani, M.F. Crescente, L. Varone, Atmos. Environ. 
37 (2008) 8273-8277 

[37] B. Markert, Water Air Soil Pollut. 64 (1992) 533–538 

[38] E.G. Pacyna, J.M. Pacyna, J. Fudala, E. Strzelecka-Jas-
trzab, S. Hlawiczka, D. Panasiuk, Atmos. Environ. 41 
(2007) 8557-8566 

[39] H. Denier van der Gon, W. Appelman, Sci Tot. Environ. 
407 (2009) 5367-5372 

[40] T. Pulles, H. Denier van der Gon, W. Appelman, M. Ver-
heul, Atmos. Environ. 61 (2012) 641-651 

[41] S. Onder, S. Dursun, Atmos. Environ. 40 (2006) 1122- 
–1133 

[42] Ecological Bulletin (2011). Agency for Environmental 
Protection, Belgrade, Serbia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I. DELJANIN1 

D. ANTANASIJEVIĆ1 

M. ANIČIĆ UROŠEVIĆ2 

M. TOMAŠEVIĆ2 

Z. SEKULIĆ3 

A. PERIĆ-GRUJIĆ4 

M. RISTIĆ4 

1Univerzitet u Beogradu, Inovacioni 
centar Tehnološko-metalurškog 

fakulteta, Beograd, Srbija 
2Univerzitet u Beogradu, Institut za 

fiziku, Zemun, Srbija 
3Institut za javno zdravlje, Beograd, 

Srbija 
4Univerzitet u Beogradu, Tehnološko-

metalurški fakultet, Beograd, Srbija 

NAUČNI RAD 

  KONCENTRACIJE ODABRANIH ELEMENATA U 
TRAGOVIMA U VAZDUHU I U LISTOVIMA DIVLJEG 
KESTENA U BEOGRADU 

U ovom radu određivane su koncentracije elemenata u tragovima, As, Cd, Cr, Ni i Pb u 

česticama iz vazduha (PM10) i listovima divljeg kestena sakupljenim na odabranim 

lokacijama u centru Beograda, tokom 2006., 2009., i 2012. godine. Utvrđeno je da razlike u 

koncentracijama elemenata u tragovima u uzorcima PM10 nisu bile značajne, i da su, 

tokom posmatranog perioda, bile ispod dozvoljenih granica propisanih od strane Republike 

Srbije i Evropske Unije. Najviše koncentracije ispitivanih elemenata u listovima su zabe-

ležene u 2012. godini, osim u slučaju olova. Koncentracija olova je imala opadajući trend, i 

u česticama i u listovima, tokom celog ispitivanog perioda, verovatno zbog povećanja broja 

vozila koja koriste bezolovni benzin, s obzirom na to da je upotreba olovnog benzina 

zabranjena početkom 2011. godine. Iako se elementi u tragovima u listovima divljeg kes-

tena akumuliraju samo tokom letnjeg perioda, koncentracije ispitivanih elemenata u listo-

vima su bile u korelaciji sa promenama koncentracija elemenata u vazduhu. Ipak, uočljiva 

je sezonska varijacija koncentracija elemenata usled nedostatka uticaja stacionarnog gre-

janja tokom leta. Analiza glavnih komponenti je pokazala da je, tokom posmatranog peri-

oda, jedan od glavnih izvora ispitivanih elemenata bilo sagorevanje fosilnih goriva. 

Ključne reči: PM10, lišće drveća, zagađenje vazduha, PCA, WeBIOPATR. 
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