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Abstract

Bioindicators are organisms able to provide indirectly or di-
rectly information on the impact of pollutants in the environ-
ment. The content of heavy metals or other toxic compounds 
in these living organisms is of great interest to assess the 
level of contaminants. Leaves of the most common deciduous 
trees (Acer pseudoplatanus L., Betula pendula Roth, Carpi-
nus betulus L., Cercis siliquastrum L., Ginkgo biloba L., 
Liquidambar styraciflua, Quercus robur L. and Tilia cordata 
Miller) and two invasive tree species Ailanthus altissima P. 
Mill. and Robinia pseudoacacia L., in the City of Bolzano 
(southern Alps in Northern Italy), were therefore studied to 
assess their suitability as bioindicators for the trace elements 
Cd, Cu, Mn, Pb, and Zn, mainly considered as traffic related 
elements. Leaves and soil samples were investigated, both 
from high-density traffic roads and control sites of minor 
traffic impact, such as parks. Our data reveal that Betula 
pendula has a considerable Zn accumulation potential com-
pared to the other investigated tree species. The maximum 
value measured for Zn in a Betula specimen is 200 mg kg-1 
dry weight. With regard to the soils, considering the geoac-
cumulation index, most of the analyzed soils belong to the 
first class, i. e. uncontaminated (Igeo ≤ 0) for all analyzed ele-
ments. Moreover, in several samples collected in high traffic 
areas, Cu and Zn show values within 1 < Igeo ≤ 2 (moderately 
contaminated). This allows to hypothesize a traffic-related 
origin for these elements. For this reason, B. pendula can be 
considered a potential heavy metal accumulator and there-
fore a good bioindicator for these urban pollutants. Since B. 
pendula is widely distributed in urban areas in Central and 
Northern Europe, it can be considered a species suitable for 
a systematic and comparative monitoring network.

Keywords: Bioindicators; Biomonitoring; Contaminants; 
Trace elements; Traffic emission; Urban trees.

Zusammenfassung

Bioindikatoren sind Organismen, die Informationen über die 
Auswirkungen von Schadstoffen in der Umwelt direkt oder 
indirekt bereitstellen. Den Gehalt von Schwermetallen und 
anderen toxischen Verbindungen in diesen Organismen zu 
bestimmen, ist von großem Interesse, um die Schadstoff-
belastung der Umwelt zu bewerten. Daher wurden Blätter 
der häufigsten Laubbäume entlang der Straßen in der Stadt 
Bozen (S-Alpen in Norditalien) untersucht, namentlich von 
Acer pseudoplatanus L., Ailanthus altissima P. Mill., Betula 
pendula Roth, Carpinus betulus L., Cercis siliquastrum L., 
Ginkgo biloba L., Liquidambar styraciflua, Quercus robur L., 
Robinia pseudoacacia L. und Tilia cordata Miller, um deren 
Eignung als Bioindikatoren für die Spurenelemente Cd, Cu, 
Mn, Pb und Zn zu bewerten. Blätter und Bodenproben von 
Straßen mit hoher Verkehrsbelastung wurden mit denen mit 
geringer Verkehrsbelastung (z. B. Parks) verglichen. Unsere 
Daten belegen, dass Betula pendula ein erhebliches Akku-
mulationspotenzial von Zn im Vergleich zu den anderen 
untersuchten Baumarten hat. Der Maximalwert für Zn in einer 
Blattprobe der Birke beträgt 200 mg kg-1 Trockengewicht. 
Bezüglich des bodenkundlichen geoaccumulation index 
gehören die meisten der untersuchten Böden für alle analy-
sierten Elemente zur ersten Klasse, das heißt „unbelastet“ 
(Igeo ≤ 0). Allerdings weisen Proben von stark verkehrsbelas-
teten Straßen Cu- und Zn-Werte von 1 < Igeo ≤ 2, d. h. „mäßig 
belastet“ auf. Dies lässt auf die Herkunft dieser Elemente 
aus dem Straßenverkehr schließen. Mit ihrer Eigenschaft 
Schwermetalle anzureichern, wurde die Birke (B. pendula) 
als ein potenzieller Bioindikator in Städten identifiziert. Da 
B. pendula in Stadtgebieten Mittel- und Nordeuropas weit 
verbreitet ist, scheint die Art für ein systematisches und ver-
gleichendes Monitoring geeignet zu sein.

Schlüsselwörter: Bioindikatoren; Biomonitoring; Schad-
stoffe; Spurenelemente; Stadtbäume; Verkehrsemission.

1 Introduction
In urban-industrial areas, pollution originates from both 
anthropogenic and natural sources. In particular, traffic is the 
main source of several pollutants (therefore called traffic-
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related elements, TREs) that can be considered as emerging 
contaminants (Fujiwara et al. 2011). The most important 
sources include tailpipes, brake lining, bearings, road sur-
face, corrosion of vehicle components and the resuspension 
of contaminated soil and road dust. Various studies have 
dealt with TREs such as Cu, Mo, Pd, Pt, Rh, Sb, Pb, and Zn 
(Sternbeck et al. 2002, Fujiwara et al. 2011, calvo et al. 2013, 
Schiavon et al. 2014).

The information on the content of metals and metalloids in 
biological matrices can be considered a valuable indicator 
for environmental pollution. Consequently, bioindication and 
biomonitoring, respectively, are used as a tool in order to 
assess various types of environmental mismanagement, 
including pollution, high-input farming, inappropriate disposal 
of wastes, contamination, etc. This approach uses the condi-
tion and diversity of various organisms, including vertebrates 
(beernaert et al. 2008), plants (Serbula et al. 2012) and 
microorganisms (käFFer et al. 2012, borruSo et al. 2015) as 
tools to assess natural and/or anthropogenic environmental 
impact (Samecka-cymerman et al. 2009, DmuchowSki et al. 
2011).

Since the late 1980s, plant species are commonly used for 
biomonitoring with regard to pollutants in urban-industrial 
environments (erikSSon et al. 1989). Selected plant species 
provide information on emission sources, the level (“accu-
mulation bioindicators”) and/or impact (“effect bioindicators”) 
of pollutants on the environment (ernSt 2003, remon et al. 
2013). For this reason, it is essential to identify bioindicators 
capable to provide early warning on any change that could 
result in significant risks to human health and to urban eco-
systems (burger 2006, PoPe and Dockery 2006, remon et al. 
2013, novak et al. 2014). The choice of the right bioindicator 
is a complex task and may require aspects such as short- to 
long-term trends as well as element accumulation in leaves 
(aničić et al. 2011).

Trees, for example, can be suitable for a long-term monitoring 
strategy because they are long-living organisms compared to 
grasses and herbs. Compared to lichens and mosses as bio-
indicators, trees are advantageous because they are widely 
distributed in cities as the major plant life-form (wittig 1993, 
Pauleit et al. 2002, nowak et al. 2006). They are continuously 
exposed to atmospheric pollutants via wet and dry deposition 
and they can trap or intake contaminants bound to airborne 
particulate matter or present in the soil through leaves, bark, 
and through the root system, respectively (SawiDiS et al. 2001, 
PulForD and watSon 2003, celik et al. 2005, DmuchowSki et 
al. 2011, bhargava et al. 2012, karDel et al. 2012, ugolini et al. 
2013). Moreover, trees are commonly abundant in both urban 
and rural areas and they often cover a wide geographical 
range. In addition, sampling, identification and cultivation may 
be easy and inexpensive (celik et al. 2005, Samecka-cimerman 
et al. 2009). Furthermore, tree species have been studied as 
potential bioindicators with regard to heavy metal exposure 
(aboal et al. 2004, baycu et al. 2006, murakami et al. 2012, 
Samecka–cimerman et al. 2013, tomaSevic et al. 2011). Several 
studies indicate that leaves of deciduous trees are useful air 
pollution biomonitors for trace elements in urban habitats 
(monaci et al. 2000, akSoy and Demirezen 2006, Petrova 2011, 
khavanin zaDeh et al. 2013, Petrova et al. 2014). However, the 
majority of existing studies in Italy focuses on one or on few 
urban tree species (monaci et al. 2000, moreno et al. 2003, 
gratani et al. 2008, Francini et al. 2010, De nicola et al. 2013, 
ugolini et al. 2013).

According to wittig (1993), the criteria for the selection of a 
species as a biomonitor are (a) presence in large numbers 
all over the monitoring area, (b) a wide geographical range, 
(c) ease of differentiation between airborne and soil-borne 
heavy metals, (d) ease of sampling and (e) no identification 
problems.

In our study, we focus on the City of Bolzano in the Southern 
Alps (N Italy) where a comprehensive tree inventory (città 
Di bolzano 2010, see also ruSSo et al. 2014) and detailed 
information on air quality are available. Accordingly, the aim 
was to investigate (1) the amount of heavy metals, which are 
accumulated in the leaves of the selected tree species and 
(2) the level of heavy metals in corresponding top soils. Based 
on our results, we drew conclusions on the biomonitoring with 
urban trees and, in particular, their different adsorption beha-
vior towards different metals in urban environments.

2 Materials and methods

2.1 Study area
The study area is the City of Bolzano located on 254 m above 
sea level in the Southern Alps, Northern Italy. The city has 
an area of about 50 km2 and a population of around 100,000 
inhabitants (città Di bolzano 2011). Multi-year climatic data 
(1983-2013; Provincia autonoma Di bolzano 2013) show 
that the average annual precipitation is about 700 mm, with 
a max. in July and August (85 mm) and a min. in January 
and February (20.3 mm). The average annual temperature 
is 12.3 °C. The coldest month of the year is January with 
an average temperature of 1.3 °C, the warmest month is 
July with an average temperature of 23.3 °C. Due to the 
prevalent mountainous landscape of South Tyrol, economic 
activities, agriculture (mainly, apple orchards and vineyards) 
and urbanization are concentrated on the valley floors and, 
in particular, in and around the City of Bolzano (Piacentini et 
al. 2012). The particular location of the city, surrounded by 
mountains up to > 2,500 m a. s. l. and the scarcity of winds, 
especially during the winter season, avoid the removal of 
airborne pollutants.

2.2 Plant and soil sampling
Leaves from indigenous and non-native tree species (celeSti-
graPow et al. 2010) together with corresponding top soils 
(0–10 cm), were collected during summer and early autumn 
(Aug.–Nov.) in 2012. The sampling sites were chosen con-
sidering the traffic emissions as the main source of heavy 
metals along a gradient representing different levels of 
contamination. Considering the position of the atmospheric 
pollution-measure stations of the municipality of Bolzano 
placed along the main traffic roads, four sampling areas were 
identified for our study purposes, i. e. 1) medium-low traffic 
area (max. 5,000 cars per day), 2) medium-high traffic area 
(5,000–7,500 cars per day), 3) high traffic area (> 10,000 cars 
per day), and 4) control areas, i. e. mainly parks and cycle 
paths. Traffic data have been extrapolated from the Urban 
Mobility Plan (PUM 2010). Indigenous and non-native tree 
species were selected based on the information of a compre-
hensive tree inventory of the City of Bolzano (città Di bolzano 
2010, ruSSo et al. 2014). The selected tree species were 
the most dispersed along roads and urban green spaces in 
the city, i. e. Acer pseudoplatanus L., Betula pendula Roth, 
Carpinus betulus L., Cercis siliquastrum L., Ginkgo biloba L., 
Liquidambar styraciflua L., Quercus robur L., Tilia cordata 
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Miller and the two invasive tree species Ailanthus altissima P. 
Mill. as well as Robinia pseudoacacia L. (burch et al. 2003, 
celeSti-graPow et al. 2010). For each tree species, whenever 
possible, 10 individuals were chosen along streets with traffic 
and 10 in the control areas.

A representative sample of leaves (4–5 small branches for 
each tree) was collected from the crown at about 2 m height. 
Samples were stored in paper bags, transported to the lab 
and carefully washed with running tap water first and bi-
distilled water in the last rinsing. Then, leaves were oven dried 
at 50 °C for 72 hours until constant weight.

For each tree stand, top-soil samples were taken with a steel 
gardening spoon at 0–10 cm depth, taking 3 samples from 
each site, which were mixed afterwards. Soils were first dried 
at room temperature and then aggregates were broken with a 
porcelain pestle and mortar and finally sieved at 2 mm. Both, 
leaves and soil samples were ground in teflon jars by a Mixer 
Mill MM 400 (Retsch). 

2.3 Elemental analysis
The concentration of main nutrients (Ca, Mg, Na and K) and 
heavy metals (Pb, Cd, Mn, Cu, Mo, Sb, Zn, Pt, Pd, and Rh 
as mg per kg dry weight) was determined in all samples after 
microwave-assisted acid digestion using nitric and hydrochlo-
ric acid (1:3 v/v) (methodology according to EPA 3051A 2007) 
by Inductively Coupled Plasma-Optical Emission Spectro-
metry with an ICP-OES (methodology according to EPA 
6010C 2007) in an accredited laboratory (Laboratorio Analisi 
Ambientali in Varese, Italy). Following this methodology, a 
representative sample of 1 g was placed into an inert polyme-
ric microwave digestion vessel with concentrated nitric and 
hydrochloric acid (respectively 3 and 9 mL). The vessels were 
sealed and subjected to microwave heating. After cooling, 
the vessel contents were filtered, transferred into a 25 mL 
volumetric flask, made up to the volume with deionized water 
and finally analyzed. In order to assess the accuracy of the 
digestion and analytical procedures, double samples were 
inserted as random in each batch. Precision values, related to 
samples analyzed in duplicate, obtained for Mn, Cu, Pb, and 
Zn in leaves and soils, were always under 10 %.

2.4 Geoaccumulation index (Igeo)
The heavy metal concentration in the investigated urban 
soil was calculated using the geoaccumulation index Igeo, 
a method proposed by muller (1969). The Igeo is computed 
using the following equation (wei et al. 2010):

Igeo = log2 (Cn/1.5Bn)

where Cn is the measured concentration of the element in the 
environment, Bn is its geochemical background value in the 
soil. The constant 1.5 allows to analyze natural element fluc-
tuations and to detect anthropogenic sources (wei et al. 2010). 
In this study, the levels measured in soils collected in a remote 
control area (n = 3) were assumed as background levels.

According to muller (1969) and wei et al. (2010), the Igeo 
value for each metal is classified as uncontaminated (Igeo ≤ 0), 
uncontaminated to moderately contaminated (0 < Igeo ≤ 1), 
moderately contaminated (1 < Igeo ≤ 2), moderately to heavily 
contaminated (2 < Igeo ≤ 3), heavily contaminated (3 < Igeo ≤ 4), 
heavily to extremely contaminated (4 < Igeo ≤ 5) and extremely 
contaminated (Igeo ≥ 5).

2.5 Bioaccumulation factor
The bioaccumulation factor (BAF) is defined as the ratio 
between total metal concentration in leaves and soil and it is 
computed following the equation:

BAF=Cshoot/Csoil 

Where Cshoot and Csoil are respectively the metals concentra-
tion in the plant´s shoot (mg kg-1) and soil (mg kg-1).

As highlighted by ma et al. (2001) and cluiS (2004), BAF val-
ues classify plant species respectively as hyperaccumulators 
and accumulators (BAF > 1 mg kg-1), or excluders (BAF < 1 
mg kg-1).

2.6 Statistical analysis
The element concentrations measured in the leaf samples 
showed non-normal (Shapiro-Wilk test) and non-homogene-
ous (Levene’s test) distributions of the values. To test on the 
significance of metals’ concentration differences among the 
species and the four sampling areas, i. e. from medium-low 
to high traffic and control areas, the non-parametric Kruskal-
Wallis test was applied. All statistical analyses were carried 
out with the free software Past 3.01.

3 Results

3.1 Heavy metals in soils
Table 1 shows the mean concentration of the main nutrients 
in soils. Differences between traffic and control areas are not 
statistically significant.

The mean metal concentration in high traffic and control 
areas in the soil samples of the present study are Mn > Zn 
> Pb > Cu > Sb > Cd (Table 1). The differences between 
control and high traffic areas, however, are not statistically 
significant for Mn (398 and 384 mg kg-1 dw, in control and 
traffic areas, respectively), Pb (99 and 105 mg kg-1dw), Sb 
(2.0 and 2.7 mg kg-1dw) and Cd (0.6 and 0.7 mg kg-1dw). 
Statistically significant differences (Kruskall-Wallis test, p < 
0.01) were found for Cu (57 and 104 mg kg-1dw) and Zn (140 
and 186 mg kg-1dw).

3.2 Heavy metals in plant leaves and BAF
With regard to the investigated tree species, Mn, Cu, Zn, and 
Pb concentrations vary considerably between species and 
among different specimens of the same species. For all leaf 
samples, the Cd content is always below the detection limit 
(0.2 mg kg-1dw). The measured values vary between 6.8 and 
410 mg kg-1 dw for Mn, 3.4 and 32 mg kg-1 dw for Cu, 5.0 and 
200 mg kg-1 dw for Zn, and 0.3 and 14 mg kg-1 dw for Pb. The 
highest concentration of Mn and Zn was found in Betula pen-
dula, of Cu in Cercis siliquastrum and Robinia pseudoacacia 
and of Pb in Liquidambar styraciflua (Tab. 1). Differences in 
metal contents between species in the high traffic and control 
areas are significant only for Cu (p < 0.05). The majority of 
the studied species shows a BAF around 0.1.
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4 Discussion

4.1 Soil heavy metal contents
Heavy metal natural contents in soils are highly dependent 
on the geochemical nature of parent material and are due to 
the weathering of parent rock material and to the pedogenic 
processes. Their accumulation is important because they are 
persistent, non-biodegradable and toxic to the biota, if they 
exceed threshold values (maSSaS et al. 2008). In our findings 
it is interesting to observe (Tab. 1) how Cu, Pb and Zn values   

are higher in control areas compared to those of the porphyry 
parents rock (measured in the ranges respectively of 1,9-2,3, 
12-16 e 28,2-64,1 mg kg-1 , Fuganti et al. 2005) and increase 
by almost two orders of magnitude in traffic areas. Further-
more, Cu, Zn, and Pb levels in the Bolzano’s soils, both in 
high traffic and in control areas, show an overall enrichment in 
comparison with other unpolluted soils (kabata-PenDiaS 2001, 
Tab. 3) and are similar to those of small-sized cities (manta et 
al. 2002). In addition, the statistically significant differences 
(p < 0.01) in Cu and Zn in the control and high-traffic areas, 
also suggest an anthropogenic origin for these elements.

Tab. 1: Mean metal concentration ± SD (mg kg-1 dw) in control areas (n = 38) and in traffic areas (n = 42) in the soil samples (a and b indicate 
statistically significant differences, Kruskall-Wallis test, p < 0.01). The main nutrient mean values (%) are also reported for Ca, Mg, 
K and Na.

Tab. 1:  Mittlere Schwermetallkonzentration ± SD (mg kg-1 dw) der Bodenproben in der Kontrolle (n = 38) und den Verkehrsstraßen (n = 42); 
a und b indizieren statistisch signifikante Unterschiede, Kruskall-Wallis Test, p < 0.01). Für die Nährstoffe Ca, Mg, K und Na sind 
ebenfalls die Mittelwerte angegeben.

Ca Mg K Na Mn Cu

Control areas 1.3±0.7a 0.25±0.04 a 0.14±0.05 a 126±56 a 398±104 a 57±25a

Traffic areas 1.9±1.2 0.25±0.03 a 0.16±0.06 a 148±82 a 384±125 a 104±124b

Zn Pb Sb Cd Pd Rh Mo Pt

Control areas 140±59 a 99±32 a 2.0±0.6 a 0.6±0.3 a <5 <5 <5 <5

Traffic areas 186±97 b 105±40 a 2.7±1.5 a 0.7±0.4 a <5 <5 <5 <5

Tab. 2: Minimum, mean, and maximum concentrations (mg kg-1 dw) in the leaves of the studied tree species from traffic streets and from 
control areas (MCo) in the City of Bolzano. The tree species are A. pseudoplatanus (n = 7), A. altissima (n = 8), B. pendula (n = 
12), C. betulus (n = 10), C. siliquastrum (n = 7), G. biloba (n = 9), L. styraciflua (n = 9), Q. robur (n = 5), R. pseudoacacia (n = 7), T. 
cordata (n = 10).

Tab. 2: Mittlere, Minimal- und Maximal-Konzentrationen (mg kg-1 dw) in den Blättern der untersuchten Baumarten an Verkehrsstraßen 
und den Kontrollen (MCo) der Stadt Bozen; die Baumarten sind A. pseudoplatanus (n = 7), A. altissima (n = 8), B. pendula (n = 12), 
C. betulus (n = 10), C. siliquastrum (n = 7), G. biloba (n = 9), L. styraciflua (n = 9), Q. robur (n = 5), R. pseudoacacia (n = 7) und T. 
cordata (n = 10).

Species
Mn Cu Zn Pb 

Min. Mean Max. Mco Min. Mean Max. Mco Min. Mean Max. Mco Min. Mean Max. Mco 
A. pseudoplatanus 33 46 66 37 11 16 22 10 20 26 35 20 0.9 2.8 5.9 2.6
A. altissima 6.8 28 58 35 7.6 13 26 13 5.1 14 25 8.3 0.7 2.5 3.9 2.6
B. pendula 29 98 410 71 12 15 19 5.7 50 110 200 99 1.2 2.6 4.7 3.1
C. betulus 27 87 160 99 13 15 18 14 32 45 60 36 1.0 2.2 3.5 3.4
C. siliquastrum 14 26 53 21 8.9 17 32 12 22 40 57 29 1.2 2.6 5.0 2.9
G. biloba 13 16 20 20 3.4 5.4 7.3 5.3 5.0 6.5 8.1 7.3 0.8 2.0 3.5 3.0
L. styraciflua 41 100 170 190 4.7 7.4 11 7.0 36 51 71 50 0.8 4.3 14 6.6
Q. robur 26 73 140 59 6.0 12 18 4.6 24 37 58 36 3.2 3.6 3.8 3.2
R. pseudoacacia 16 52 110 26 8.9 18 32 3.9 11 19 23 23 1.5 1.9 3.1 1.5
T. cordata 22 53 67 40 8.6 11 14 12 14 30 41 24 0.3 2.2 7.2 5.3
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Considering the scale of muller (1969), and wei et al. (2010) 
and the traffic levels in the urban area of Bolzano, most of the 
analyzed soils belong to the first class, i. e. uncontaminated 
(Igeo  ≤ 0), for all analyzed elements.

Regarding Mn, the homogenous values, both in polluted and 
in traffic areas and the Igeo values always < 0, allow hypoth-
esizing a relation to the natural background level of the area. 
On the contrary, Cu and Zn values vary significantly in traffic 
and control areas and show in several samples collected in 
high traffic areas values within 1 < Igeo ≤ 2 (moderately con-
taminated), thus pointing to a traffic-related origin for these 
elements. Zinc, in particular, is a distinguishing elemental 
marker of tire wear (kwak et al. 2014) and Cu of brakes 
(thorPe and harriSon 2008). Indeed, traffic bound dust par-
ticles are produced and continuously emitted and accumulate 
in the organic matter of the roadside soils that acts as the first 
target matrix.

4.2 Leaves heavy metal contents
To distinguish between the foliar contamination caused by air-
borne particles and that caused by soluble metals absorbed 
through the root system, collected leaf samples were carefully 
washed before analysis. Several studies reported that the 
washing of fresh leaves removed only a minor part of surface 
contaminants (kozlo et al. 2000) and that Ca, Na, Cu, and Mn 
concentrations were not changed by washing and that P, Mg 
and K were lost from leaves by leaching with severe washing 

(wallace et al. 1980). However, differences between the 
washed and unwashed samples reflect, respectively, airborne 
and soil entry routes, and vary according to the metal pollu-
tant (akSoy et al. 1999). High concentrations of some heavy 
metals were determined in the unwashed plant samples as a 
result of exposure to aerosols (koS et al. 1996).

The mean metal contents in the leaves of the investigated 
urban trees do not exceed, in general, those considered as 
toxic for sensitive plants as stated by kabata-PenDiaS (2001) 
which is for Mn > 1000 mg kg-1 dw, for Cu 15-20 mg kg-1 dw, 
for Zn 150–200 mg kg-1 dw, for Pb 30–300 mg kg-1 dw and for 
Cd 5–10 mg kg-1 dw. For all the analyzed species, the mean 
Pb content is around 3 mg kg-1 dw, which is considered the 
normal natural level for plants (allen 1989). For the species 
R. pseudoacacia, B. pendula, T. cordata and A. pseudopla-
tanus, the average metal contents are similar, or even higher, 
compared to those documented in other urban areas (Tab. 
4, celik et al. 2005, baycu et al. 2006, anicic et al. 2011, 
tomaSevic et al. 2011).

There are some analogies between the urban trees metal 
contents detected in our study and the one stated for the 
same species in other studies. The Cu content of R. pseu-
doacacia leaves, for example, is higher respect to those 
reported by celik et al. (2005), measured in washed leaves 
coming from an industrial and trade center in Turkey (Tab. 4). 
Regarding the Zn concentrations, measured values range are 
close to the data reported for the same species by SawiDiS et 
al. (2001). Moreover, the Zn range measured in T. cordata 

Tab. 3: Concentration (mg kg-1 dw) range of heavy metals in unpolluted and urban soils according to the literature.

Tab. 3: Literaturdaten zur Konzentration (mg kg-1 dw) von Schwermetallen in nicht verunreinigten und urbanen Böden. 

Mn Cu Zn Pb Sb Cd

Unpolluted soils1 270–5252 25 70 50 - 0.5

Urban soils2 286–1.999 16–47 58–516 53–800 - 0.3–2.2

1 Kabata-Pendias 2001; 2 Manta et al. 2002.

Tab. 4: Average metal contents (mg kg-1 dw) from literature for the studied tree species in urban areas (Publ.) compared to the observed 
data (Obs.).

Tab. 4: Durchschnittliche Metallkonzentrationen (mg kg-1 dw) der untersuchten Baumarten in Städten nach Literaturangaben, verglichen 
mit den Werten der vorliegenden Untersuchung.

Mn Cu Zn Pb

Species Publ. Obs. Publ. Obs. Publ. Obs. Publ. Obs. Reference

A. pseudoplatanus 1077–2117 33–66 3.81–5.17 11–22 153–657 20–35 3.63–213 0.9–5.9 1. Aboal et al.. 2004; 
2. Anicic et al.. 2011;  
3. Baycu et al. 2006;  
4. Celik et al.. 2005; 
5. Dmuchowski et al.  
    2011; 
6. Hashemi. 2012;  
7. Simon et al.. 2011; 
8. Tomasevic et al. 
    2011

A. altissima n.k. 6.8–58 n.k. 7.6–26 8.93–423 5.1–25 2.63–193 0.7–3.9

B. pendula 368–728 29–410 6.08–8.48 12–19 328–648 50–200 1.75–415 1.2–4.7

Q. robur n.k. 26–140 3.031–111 6.0–18 4.71–181 24–58 0.051–0.451 3.2–3.8

R. pseudoacacia 434–2294 16–110 5.34–104 8.9–32 124–534 11–23 1.23–343 1.5–3.1

T. cordata 208–828 22–67 6.42–522 8.6–14 132–352 14–41 1.68–122 0.3–7.2
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leaves is close to that stated by anicic et al. (2001). Zn and 
Cu contents of Q. robur leaves in rural areas in Spain (aboal 
et al. 2004) are lower than those found for oak in the urban 
area of Bolzano. Therefore, according to our results, it can 
generally be stated that the Bolzano’s traffic areas are affec-
ted by the exhaust emissions as they contain considerable 
loads of heavy metals. 

An accumulation of Zn in leaves of B. pendula was detected. 
Consequently, B. pendula leaves accumulate Zn at least 
twice as high as the other species and in the traffic areas the 
average concentration is 110 mg kg-1 dw. Moreover, the range 
measured in the urban area of Bolzano varies from 50 to 200 
mg kg-1 dw and it is significantly higher than those values 
measured in the urban area of Belgrade with 32–64 mg kg-1 
dw (tomaSevic et al. 2011). The maximum value measured for 
Zn in a Betula specimen is 200 mg kg-1 dw, which is close to 
the threshold limit for toxic effects on plants (kabata-PenDiaS 
2000). Compared to the other species, L. styraciflua seems 
to be more efficient in Mn accumulation both in high traffic 
and in control areas and shows mean concentrations of 100 
and 190 mg kg-1 dw, respectively. However, due to the lack of 
studies on heavy metal contents with regard to L. styraciflua, 
we cannot compare our findings with other results.

In this paper, the total metal content in leaf samples was mea-
sured without considering specific mechanisms employed for 
specific metals in tree species. These include mechanisms 
that reduce uptake into the cytosol by entrapment in the apo-
plastic space, chelation of metals in the cytosol by a range of 
ligands or efflux from the cytosol, either into the apoplast or 
into the vacuole. It is also possible that more than one mecha-
nism may be involved in reducing the toxicity of a particular 
metal (hall, 2002).

4.3 Sampling site effect
There was no significant relationship between the heavy 
metal concentration in the surface soil (depth 0–10 cm) and 
the washed leaves (p > 0.05). In general, our results show that 
the heavy metal contents vary between and within the tree 
species, despite not being strictly subjected to toxic levels of 
metals. We found an overall variability of metal accumulation 
between species and even between individuals of the same 
species growing in the same sampling site. The total metal 
content in leaves appears to be significantly related to the 
different sampling sites, which are parks, medium-low traffic 
area, medium-high traffic area, and high-traffic area. More- 
over, for several specimens, we do not consider the influence 
of high traffic in different urban areas a key factor for the 
total metal content in leaves. In addition, our control samples 
showed a considerable leaf load with the elements compared 
to the high-traffic urban sites. This corresponds to findings 
from tomaSevic et al. (2011), who found a considerable 
amount of air pollutants also in city parks. In fact, it is not easy 
to distinguish two main pathways responsible for the element 
enrichment in trees. Possible ways could be the atmospheric 
deposition of particles on vegetation and thus a foliar uptake 
contamination and/or the uptake via roots from the soil.

4.4 Bioaccumulation factor (BAF)
BAF values obtained e. g. for Zn and Cu in A. pseudoplatanus 
specimens are similar to those derived for the same species 
by anDré et al. (2006). As stated for Acer and other species, 
obtained BAF´s values can confirm a high phytostabilisation 

potential and a low phytoextraction potential regarding heavy 
metals in soils. In contrast, the largest BAF values are found 
in B. pendula (1.8 for Zn and 2.2 for Mn) and correspond to 
individuals located both in polluted as well as in control areas. 
Moreover, the highest BAF values are not related to the high-
est metal levels in soils. In fact, as stated by mertenS et al. 
(2005), the metal extraction ratio decreases with increasing 
soil metal concentrations. gu et al. (2007) also concluded that 
increased values of Cd concentrations in soils correspond to 
the decrease of the Cd uptake by Populus cultivars. 

5 Conclusions
The data presented in this study reveal that the species 
Betula pendula has a Zn accumulation potential compared to 
other tree species when growing in urban areas. Our results 
also suggest that the species are in general highly variable in 
terms of metal accumulation characteristics. Our results can 
be a useful starting point for further biomonitoring in the City 
of Bolzano and they could be used as a preliminary reference 
set for the evaluation of future trends and fate of pollutants. 
Because the data are related to species frequently used in 
an urban context, they can be also relevant to create a spe-
cies list in order to support urban tree planners to select tree 
species tolerant to pollution in urban areas.
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