
Urban Forestry & Urban Greening 65 (2021) 127359

Available online 27 September 2021
1618-8667/© 2021 Elsevier GmbH. All rights reserved.

Similarities and differences of potentially toxic elements contents in leaves 
of Fraxinus excelsior L. and Platanus orientalis L. in an urban environment 

Hovhannisyan Hasmik a, Gevorg Tepanosyan a,*, Astghik Gevorgyan a, Chiara Baldacchini b,c, 
Lilit Sahakyan a 

a The Center for Ecological-Noosphere Studies of the National Academy of Sciences, Yerevan, 0025, Abovian-68, Armenia 
b Istituto di Ricerca sugli Ecosistemi Terrestri - Consiglio Nazionale delle Ricerche (IRET-CNR), Via G. Marconi 2, 05010, Porano, Italy 
c Biophysics and Nanoscience Centre Dipartimento di Scienze Ecologiche e Bioloigche (DEB) - Università degli Studi della Tuscia, Largo dell’Università snc, 01100, 
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A B S T R A C T   

The recognition of the features and capabilities of potentially toxic elements (PTE) uptake from urban tree leaves 
is crucial for mitigating pollution and optimizing the allocation of green infrastructures of an urban environment. 
Therefore, Pb, Ni, Mo, Cu, Zn contents and spatiotemporal variation were investigated in the leaves of the most 
widespread urban trees in Yerevan (Armenia) (Fraxinus excelsior L. and Platanus orientalis L.) by means of a 
chemical approach based on atomic-absorption spectroscopy, after having washed them. The obtained results 
showed similarities in leaves Ni, Cu, Pb and Mo uptake. Meanwhile, only biologically non-essential elements (Mo 
and Pb) tend to accumulate in leaves during the vegetation season. This allows for the identification of localized 
pollution sources. Spatiotemporal variation of Zn contents suggested that P. orientalis L. is the less efficient tree 
species in Zn uptake. The study of the relationship of Pb, Ni, Mo, Cu, and land use by means of clr-biplots showed 
the absence of any potential links. Moreover, it was revealed that the element contents of leaves in green areas 
are similar to those observed in industrial and residential sites. The latter highlighted the need for the expansion 
of green areas with the use of scientifically justified species as a means of nature-based solution for pollution 
mitigation and better urban environmental management.   

1. Introduction 

The green infrastructure of urban areas plays a pivotal role in the 
formation of the city environment and its qualitative features, as well as 
it demonstrates a crucial ecological and aesthetic significance leading to 
the expansion of urban ecosystem services worldwide (Con
nectingNature, 2020; Rocha et al., 2015). 

At the same time, urban areas are projected to accommodate the 68 
% of the world’s population by 2050, and built-up areas have expanded 
to some 500,000 km2 at the expense of green urban infrastructures 
(Nations, 2018; Sawidis et al., 2011). This will undoubtedly lead to the 
uncontrolled increase of pollutants (Solgi et al., 2020) and will cause 
harmful consequences for the overall ecosystem and human health 
(Calfapietra et al., 2015; Sanesi et al., 2007). 

Trees constitute the main parts of the green urban infrastructure and 
ecosystem and improve the quality of urban environments (Liang et al., 
2017; Patel et al., 2015). They deliver a number of environmental 

ecosystem services (EES): to name a few, amelioration of air quality, 
restoration of soil and water, amelioration of the microclimate, removal 
of CO2 from the air, provision of habitat for biodiversity, support for 
resilient urban ecosystems, provision of genetic diversity, energy, nu
trients and grey infrastructure resilience (Calfapietra et al., 2015; Roe
land et al., 2019). 

Among the pollutants of urban areas, potentially toxic elements 
(PTE) require special attention. These elements are ubiquitous, mainly 
non-biodegradable and hard for microorganisms to counter their toxic 
effect. Moreover, PTE migration, biodegradation, as well as accumula
tion in living organisms varies significantly. There are also huge dif
ferences in PTE sources in urban environment (Dadea et al., 2017; 
Dogan et al., 2014; Kabata-Pendias and Pendias, 2011). Interestingly, 
PTE emitted from different anthropogenic sources are transported in the 
atmosphere as aerosols, gases and particulates. Volatile metal(oid)s (i.e. 
arsenic (As), antimony (Sb), mercury (Hg) etc.) can be carried both as 
enriched constitution in particles and in gaseous form, while copper 
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(Cu), lead (Pb), and zinc (Zn) are only transported bound to the parti
cles, especially fine particulate matter (PM) (Bradl, 2005). These parti
cles then deposit on soil, plants, as well as on tree leaf surfaces, serving 
as an essential source of PTE in soil and plants. For instance, it is known 
that for Pb more than 90 % of plant uptake is generated from atmo
spheric sources (Bradl, 2005), thus indicating that Pb contents in leaves 
may be a suitable means for the biomonitoring of air pollution by Pb. 

The uptake and accumulation of PTE from atmospheric sources in 
plants can indeed follow three main pathways. Metals detected in the 
leaves can come from the soil, via uptake by plant roots (Tangahu et al., 
2011) and be translocated through the xylem. The rate of PTE movement 
among tissues varies greatly, depending on the plant organ, its age, and 
the element involved (Dalenberg and Van Driel, 1990; Sawidis et al., 
2011). At the same time, toxic elements deposit on leaves via wet and 
dry atmospheric deposition, and then they can remain on the surface or 
enter the leaf tissues (Kabata-Pendias and Pendias, 2011). When PTE are 
in gaseous form or bound to fine PM particles (i.e. smaller than 1 um), a 
high proportion of toxic elements may enter plant tissues via leaf cuticle 
and stomatal pores penetration and accumulate in the foliage (Aksoy 
and Demirezen, 2006). Since this foliar uptake from air is mainly gov
erned by gas exchange (Beckett et al., 2000), it can thus vary depending 
on site conditions, tree species and seasonal variation (Liu et al., 2013), 
since stomatal conductance and related biochemical processes in leaf 
tissues are strongly temperature dependent (Shahid et al., 2017; Urban 
et al., 2017). Finally, when PTE are bound to coarse PM particles, they 
accumulate on the leaf surfaces, with a load that depends on the leaf 
morphological structures (such as leaf surface roughness, trichomes and 
stomata) and, thus, on the plant species (Sgrigna et al., 2020). 

Several approaches have been proposed to characterize the PTE 
content of leaves, with the final goals of estimating the tree capacity in 
terms of air pollution mitigation and using tree leaves as passive filters 
for air quality biomonitoring. Some of these approaches focused on the 
PTE contained in coarse particles and accumulated on leaf surfaces, to 
ensure that all the analyzed material originated from air pollution. This 
can be obtained either by washing the leaves and then collecting the PM 
particles washed out on filters to be further analyzed (Kardel et al., 
2020, 2018; Sgrigna et al., 2016) or by analyzing directly the PM par
ticles on the leaf surfaces (Baldacchini et al., 2019, 2017; Castanheiro 
et al., 2020; Weerakkody et al., 2018). However, when these approaches 
were compared with chemical or magnetical analysis of the whole leaf 
materials, it was found that information on the real PTE uptake of trees 
could be lost (Castanheiro et al., 2020; Kardel et al., 2018). Additionally, 
site and tree species are also important factors conditioning atmospheric 
PTE depositions (Baldacchini et al., 2017; Kardel et al., 2018). 

In this study, we focused on the characterization of PTE up-taken by 
F. excelsior L. and P. orientalis L. leaves investigating the contents of 
selected PTE (Pb, Ni, Mo), Cu, Zn), the seasonal variation of the content 
of tree leaf elements, and the possible link between element contents and 
the spatial location of trees․ These will allow to reveal the related fea
tures of F. excelsior L. and P. orientalis L. under the specific natural cli
matic conditions and the ecological stress of Yerevan (Armenia), and 
establish a scientifically grounded basis for supporting the city munici
pality in decision making and in reasonable management of planting of 
studied tree species quantity within the city territory. 

2. Materials and methods 

2.1. Study site 

Armenia’s capital Yerevan has a strongly dissected relief which 
largely influences the local climate. The city enjoys a sharply continental 
climate: long warm summers, short cold winters, short springs and long 
falls. The average annual precipitation ranges from 250 to 370 mm 
(SCRA, 2019). The territory of the city is characterized by a high, 
steadily increasing level of traffic related dust load (Maghakyan et al., 
2017), and by the presence of the plant of “Pure Iron” producing 

Ferromolybdenum and metal Mo, which is located in the southern part 
of the city and was identified to be the dominant Mo pollution source 
(Tepanosyan et al., 2016). For many decades, PTEs have been the 
dominant pollutants of all environmental compartments of the city 
(Saghatelyan, 2004; Sahakyan, 2006; Tepanosyan et al., 2017, 2016). 
Additionally, during the last decades massive tree cutting and chaotic 
construction throughout Yerevan resulted in the reduction of green 
public areas. Simultaneously, the loss of some tree species and wors
ening of the condition of others (Hovhannisyan and Nersisyan, 2017) 
have clearly highlighted the need of targeted tree planting in the city 
territory. 

2.2. Tree leaves sampling 

Fraxinus excelsior L. (F. excelsior L.) and Platanus orientalis L. 
(P. orientalis L.) are among the most common widespread tree species 
planted in the parks and streets of Yerevan, which are native deciduous 
tree species (Hovhannisyan and Nersisyan, 2017), characterized as 
drought resistant and ecologically tolerant (Roloff et al., 2009), and 
have sufficiently high phyto-filtration potential (Nersisyan and Hov
hannisyan, 2014). Therefore, F. excelsior L. and P. orientalis L. leaves 
were sampled in May and September 2015 from 20 and 13 sampling 
sites (Fig. 1) respectively, characterized by different land use (i.e., green, 
industrial or residential areas). In each sampling location, leaves were 
collected from four trees per species (biological replications), at 1.5–1.7 
m above the ground level. The distance between the sampled trees was 
5–7 m, depending on the number of trees at the single location. Leaves 
collected from each tree were without damages (dried-out branches, 
crown, and trunk deformation) or diseases. From each sampled tree, 
25–30 leaves were selected. All the leaves collected from the same tree 
were stored in a paper bag immediately after sampling, labeled and then 
transported to the Central Analytical Laboratory of the Center for 
Ecological-Noosphere Studies (CENS) NAS Armenia. 

2.3. Analytical methods 

In order to determine the PTE contents of leaves, the dry ashing 
method was applied. The samples were washed with distilled water, 
chopped into small pieces, air dried at room temperature and weighted. 
The digestion of the samples was done according to the procedure 
described in the Analytical methods for AAS, 2000) publication. The 
subsamples of 0.5–2.0 g (depending on the expected contents of the 
elements to be determined) of the dry plant material were ground in a 
laboratory mill and 0.5–1.0 g of milled dried plant sample was placed in 
a porcelain crucible. Then, the porcelain crucible was placed in a cool 
muffle furnace and the samples were ashed at 500 ◦C overnight. The ash 
residues were cooled down to room temperature and dissolved in 5 mL 
of 20 % HCl. The obtained solution was filtered through acid-washed 
filter paper into a 50-mL volumetric flask, diluted with distilled water 
and mixed. The contents of the Pb, Ni, Mo, Cu, and Zn were measured 
through the atomic-absorption spectroscopy by AAnalyst 800 (Perkin 
Elmer, USA). All findings were calculated on dry weight basis (mg/kg− 1 

dry weight). The recovery of the analysis ranges between 96.6–116.5 % 
and RSD of duplicated samples: 2.75–7.06 %. 

2.4. Data treatment and mapping 

The descriptive statistics of F. excelsior L. and P. orientalis L. leaf PTE 
contents were calculated (Table 1) using SPSS20 software. The Shapiro- 
Wilk test was applied to check the normality of data distribution. The 
tests for the comparison of PTE contents for four cases of two groups of 
data (same species different season, same season different species) were 
performed based on the recommendations provided in Reimann et al. 
(2008) and the fact that the sample number of F. excelsior L. and 
P. orientalis L. was different. The comparison of PTE contents collected in 
different seasons was done using the paired T-test (for Pb, Ni, Cu, and 
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Zn) and the Wilcoxon test (for Mo) while to compare PTE contents in 
different tree species, a two sample T-test (for Pb, Ni, Cu, and Zn) and the 
Mann Whitney U test (for Mo) were used. To study the relationship 
between the studied PTEs, compositional biplots of centered log-ratio 
(clr) transformed data were created (clr-biplot) (Fig. 5) after the iden
tification of multivariate outliers through the application of the Atipi
cality index. The biplots were created using clr as transformation 
because it was an accepted method for opening a data set which treated 
the parts of composition symmetrically and kept the direct link to the 
variables (Reimann et al., 2008; RGSCoDa and CDA, 2017; Somma et al., 
2021). 

3. Results 

3.1. Data analysis and contents of PTE in tree leaves 

The descriptive statistics of the PTE contents in F. excelsior L. and 
P. orientalis L. leaves, as collected in two different seasons (i.e., May and 
September), is shown in Table 1. Table 1 demonstrates that in all cases 
the mean contents of the studied elements has decreased in the following 
order: Zn-Cu-Ni-Mo-Pb. The comparison of the mean contents of the 
studied tree leaves with the findings in the published literature showed 
that similar cases appeared to be just a few. Particularly, Monfared et al. 

(2013) studied the contents of Pb in P. orientalis L. leaves collected in 
October in Karaj city and reported a mean Pb content of 14.4 mg/kg 
which was 22.1 times greater than the mean Pb content of P. orientalis L. 
leaves observed in September of the same year. The possible explanation 
of such a high difference can be the fact that Monfared et al. (2013) 
collected their samples from an area with the highest traffic rate. In 
another study (Solgi et al., 2020) the mean contents of Cu (15.2 mg/kg), 
Zn (41.8 mg/kg), and Pb (51.4 mg/kg) in F. excelsior L. leaves collected 
in Bojnourd city in October were 1.5, 2.3, and 65.1 times greater than 
those contents observed in this study, respectively. In this case also, the 
Solgi et al. (2020) reported that the source of Cu, Zn, and Pb in 
F. excelsior L. leaves was the traffic density in the urban center district. 

For F. excelsior L., the differences between the mean values of studied 
elements in May and September are different (>1.1) in the case of the 
contents of Pb, Mo, and Cu. Particularly, in May, the mean value of Cu is 
1.3 times greater than in September whereas, compared with May, the 
mean values of Pb and Mo are 2.7 and 1.5 times greater in September, 
respectively. Additionally, Pb, Mo, and Cu show a relatively higher 
values of the coefficient of variation (CV) compared to other studied 
PTEs in both seasons. In particular, Mo is the element showing a higher 
value of CV: 188.5 % in May and 144 % in September. In the case of 
P. orientalis L. differences of studied PTE contents are observed for the 
Pb, Mo and Zn. As for the F. excelsior L., the higher mean contents of Pb 

Fig. 1. Spatial distribution of sampling sites across the city of Yerevan.  
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and Mo are observed in September, exceeding the May results by 2.0 and 
1.6 times, respectively. 

In the case of Zn, a higher mean value is detected in May, and this 
exceeds the September mean value by 1.3 times. Again, the higher value 
of CV is observed in both cases for Mo, standing at 192 % and 147 % in 
May and September respectively. This indicates that in some of studied 
locations the Mo contents of both F. excelsior L. and P. orientalis L. leaves 
may have an anthropogenic origin. Indeed, CV values higher than 100 % 
mainly indicate anomalous contents of elements in the statistical sample 
(Johnson et al., 2011), and this could be due to the fact that the Mo leaf 
content is significantly higher at the sites close to the known anthro
pogenic sources compared to the other sites. This is further confirmed by 
the comparison of mean and median values of the tree leaf Mo content. 
Moreover, the value of skewness suggests the right skewed distribution 
of Mo, which indicates the deviation from the normal distribution and 
the presence of outliers and extreme values. 

The Shapiro-Wilk test of normality and histograms (Fig. 2) shows 
that in all the studied cases the PTE content displays normal or 
lognormal distribution, besides Mo, which displays outliers and espe
cially extreme values, for both species in both seasons. This is likely due 
to the sampling site being located very close to the anthropogenic 
sources of the Mo pollution, as suggested above. 

In Fig. 3, the boxplots of the distributions of studied PTE contents are 
presented. It is evident that not only Mo but also other studied PTE 
display outliers and extreme values. Particularly, the Pb content of 
F. excelsior L. leaves shows one positive outlier and extreme value in May 
and two positive outliers in September, while for the Pb content of 
P. orientalis L. leaves two positive outliers are detected both in May and 
September. In the case of Ni, a single positive outlier and an extreme 
value for F. excelsior L., as well as two positive outliers for P. orientalis L., 
are observed in September. 

The Mo content of F. excelsior L. leaves displays a single positive 
extreme value and a single positive outlier and extreme value, in May 
and September, respectively. In the case of P. orientalis L., a single pos
itive outlier, an extreme value and two positive extreme values are 
observed, in May and September, correspondingly. For the Cu content, a 
single positive outlier and two extreme values are detected in the leaves 
of F. excelsior L. collected in September, whereas a single positive outlier 
is observed in the case of P. orientalis L. leaves collected in September. 
Among all the studied PTE, Zn showed the lowest number of outliers and 
extreme values. In particular, a single positive outlier and a single 

negative outlier are observed in P. orientalis L. leaves collected in 
September. 

Fig. 4 demonstrates the spatial distribution of the observed outliers 
and extreme values of the contents of the studied elements in the city 
territory. The detected outliers and extreme values of the studied PTE 
contents in leaves are observed in trees which are spatially located in the 
areas where residential and industrial land use is dominant. However, it 
is worth noting that the detailed examination of studied PTE outliers and 
extreme values show that, while in the case of F. excelsior L. (Fig. 4a) the 
outliers and extreme values are spatially located all over the city except 
its central and eastern areas, for the P. orientalis L. (Fig. 4b) a spatial 
cluster of outliers and extreme values is observed in the northeastern 
area of the city. There are only two sampling sites where both species 
display outliers and extreme values: one is located in the southern in
dustrial area of the city (elements: Pb and Mo) and the other - in the 
northern part situated on the border of residential and industrial areas 
(elements: Cu). The sampling site where Mo and Pb outliers and extreme 
values have been detected are spatially located near the plant of “Pure 
Iron” producing Ferromolybdenum and metal Mo. It needs to be 
mentioned that at this site extremely high contents of these elements 
have been observed in soil (Tepanosyan et al., 2017, 2016) and leaves 
dust deposition too (Maghakyan et al., 2016; Saghatelyan et al., 2014). 

The paired t-test was then applied, in order to understand if Pb, Ni, 
Cu, and Zn contents in leaves of the same tree species sampled in 
different seasons can be considered equal. In the case of Mo, the non- 
parametric version of the paired t-test, the Wilcoxon test, was applied. 
For both species, the output of both tests indicated that the content of Ni 
and Cu in the leaves can be considered equal in the two seasons, while 
the content of Pb and Mo is significantly different, increasing from May 
to September, for both species. It is known that Ni and Cu are essential 
elements for plants and play an important role in their metabolism 
(Kabata-Pendias and Pendias, 2011). These elements are actively used in 
plants nutrition and their contents in leaves should decrease at the end 
of vegetation. Conversely, in our case, Ni and Cu leaf content does not 
differ significantly during the studied seasons, indicating the possibility 
of anthropogenic emissions (likely, traffic related (Sgrigna et al., 2016), 
which induce the absorption of these elements by plants, compensating 
their internal use. For Pb and Mo, which have been previously reported 
to be the main urban pollutants of Yerevan (Maghakyan et al., 2016; 
Saghatelyan et al., 2014; Tepanosyan et al., 2017, 2016), accumulation 
in leaf tissues during the vegetation period is expected and, indeed, 

Table 1 
Descriptive statistics of studied PTE contents (mg/kg) in leaves.  

Elements Sample number Mean Median SEM Skew. Min Max CV, % 

2015 May F. excelsior L. 
Pb 20 0.338 0.290 0.073 3.02 0.070 1.57 97.5 
Ni 20 2.11 1.98 0.087 0.257 1.42 2.78 18.5 
Mo 20 1.08 0.490 0.455 4.33 0.282 9.65 188 
Cu 20 13.20 13.3 1.07 0.480 6.25 25.0 36.4 
Zn 20 19.0 19.3 1.57 0.716 9.78 35.2 37.0 
2015 September F. excelsior L. 
Pb 20 0.787 0.712 0.078 1.00 0.251 1.69 44.2 
Ni 20 1.95 1.78 0.168 1.57 1.15 3.99 38.6 
Mo 20 1.61 1.06 0.518 4.33 0.572 11.3 144 
Cu 20 9.91 6.97 2.09 2.63 1.56 42.3 94.3 
Zn 20 18.4 18.5 1.24 0.204 10.2 27.7 30.3 
2015 May_P. orientalis L. 
Pb 13 0.302 0.296 0.026 0.680 0.168 0.484 31.3 
Ni 13 2.38 2.28 0.177 0.597 1.61 3.61 26.8 
Mo 13 1.38 0.554 0.735 3.52 0.310 10.1 192 
Cu 13 11.9 12.5 0.882 0.124 7.50 18.1 26.7 
Zn 13 19.9 20.4 1.62 0.352 11.1 31.5 29.3 
2015 September P. orientalis L. 
Pb 13 0.646 0.602 0.085 1.39 0.283 1.44 47.7 
Ni 13 2.30 2.18 0.265 1.37 1.22 4.28 41.5 
Mo 13 2.18 1.09 0.891 3.32 0.787 12.6 147 
Cu 13 13.4 8.33 2.94 1.90 5.50 42.2 79.2 
Zn 13 15.0 15.3 0.938 0.064 8.52 22.3 22.5  
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observed, since their measured content increases from May to 
September. A different behavior is observed for the Zn contents in 
leaves, since it is not statistically different in the two seasons in the case 
of F. excelsior L., while it decreases with the vegetation period for 
P. orientalis L. Just like Ni and Cu, Zn too is an element which is used by 
plants, and thus its contents should decrease during the vegetation 
period. The obtained results suggest that the plant uptake is compen
sating the Zn use in the case of F. excelsior L., while it does not happen in 
P. orientalis L. This could relate to the features of PTE leaves uptake, 
since the rate of trace element movement among tissues varies greatly, 
depending on the plant organ, its age, and the element involved 
(Dalenberg and Van Driel, 1990; Kabata-Pendias and Pendias, 2011; 
Tangahu et al., 2011). In particular, just like Cu and Mo, Zn is absorbed 
actively which requires metabolic energy and takes place against a 
chemical gradient, while Pb and Ni are absorbed passively, in particular, 
through the non-metabolic circular penetration. 

Finally, the comparison of the central values of the studied PTE 
contents in the two tree species in the same season was performed by 
using the two sample t-test and the Mann Whitney U test. The results 

show that for Pb, Ni, Cu and Mo contents of the central values of the 
distribution in the same season for both tree species are equal. Similar 
results have been obtained for another study (Monfared et al., 2013) 
investigating P. orientalis L. and Fraxinus rotundifolia shoots and leaves in 
October, in which the authors noted that the differences in contents of 
Pb among leaves of the species was not significant. On the other hand, 
while the same is observed also for the leaf Zn content of the two species 
in May, the central value of the Zn contents in September is significantly 
different. When combining this with what was observed for the seasonal 
variability of Zn contents in the leaves of the two species, this further 
suggested that a different uptake and metabolic processes occurred for 
Zn in the two species. 

3.2. The relationship of studied PTE in tree leaves 

The outputs of statistical tests performed in the previous section 
showed that for Pb, Ni, Cu and Mo results of two studied species for the 
same season displayed a similar sample distribution and central values. 
Therefore, in order to reveal the possible relationship between these 

Fig. 2. Distribution of the observed leaf PTE concentration (in mg/kg) over the sampled sites, for Fraxinus excelsior L. (F; 20 sampling sites) and Platanus orientalis L. 
(P; 13 sampling sites), as obtained by leaves collected in May and September 2015 in Yerevan (Armenia). The superimposed red curves are the best fit of the 
histograms as obtained by using a Gaussian curve (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article). 
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elements, the datasets of F. excelsior L. and P. orientalis L. were com
bined, thus forming a dataset consisting of 33 samples. The combination 
of the dataset fulfilled the requirement of the sample number (n) vs a 
parameter (p) a ratio (Reimann et al., 2008) and allowed the creation of 
the compositional biplots of the clr-transformed data (clr-biplot) 
(Fig. 5). In addition, information on the dominant land use type was 
added to the clr-biplot, as represented by the colour of the observations, 
in order to reveal any possible links between the element contents and 
the land use in the sampling site. It needs to be mentioned that prior to 

the creation of clr-biplots, the multivariate outliers were detected 
through the application of Atipicality index and removed in order to 
exclude any possible bias linked to the theme. 

The obtained clr-biplots explain the 85 % and 87 % of the total 
variability for May and September cases, respectively. However, no 
relationship is observed among the element contents in both seasons. 
Moreover, from the clr-biplots it is evident that there is no clear link 
between the sampling sites land use and the element contents. This may 
be explained by three main reasons: parks located in the city territory 

Fig. 3. Box-plots of the PTE concentration (mg/kg) in leaves of Fraxinus excelsior L. (F) and Platanus orientalis L.(P), as collected in May (M) and September (S) 2015 
in Yerevan (Armenia). 

Fig. 4. Spatial distribution of the outliers and extremes values of PTE concentrations in leaves of Fraxinus excelsior L. (a) and Platanus orientalis L. (b), as collected in 
two different seasons (i.e., May and September 2015), per sampling site, in the city of Yerevan (Armenia). 
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are very small and exhibit the influence of closely located residential and 
industrial areas; emission from the iron plant is known to diffuse over 
the whole city territory (Tepanosyan et al., 2016); all sampling sites are 
close to the main roads of the city. 

4. Conclusions 

This study investigated the amounts and spatiotemporal variation of 
PTE (Pb, Ni, Mo, Cu, and Zn) in leaves of F. excelsior L. and P. orientalis L. 
growing in the urban environment of the city of Yerevan. Among all 
elements, only Mo distribution deviated from the normal standard for 
which a point source of pollution was identified. Moreover, statistically 
significant differences were observed for Mo contents in the studied 
seasons indicating its accumulation in leaf tissues during the vegetation 
period. The latter was observed for Pb contents, as well. This allows to 
suggest that in case of localized pollution sources, this methodology can 
provide information on the pollution source apportionment. The com
parison of the studied PTE in two species allows concluding that 
different uptake and metabolic processes seem to be connected with Zn, 
while P. orientalis L. being the less efficient one in Zn uptake. At the same 
time, similar features in Ni, Cu, Pb and Mo uptake by leaves were 
observed. However, no relationship was identified between these PTE 
inferring that the four elements, even being diffused over the whole city 
territory, had different sources. The relationship between the elements 
and city land use was missing too. In particular, it was found that green 
areas did not differ from industrial and residential sites in terms of the 
elements contents and this reinforced the urgent necessity of improving 
the green areas in the city territory. This study indicated the need for 
thorough investigation of future details and incorporation of additional 
environmental media and tree parts such as soil and air dust in order to 
reveal the complex mechanism of PTE pathways, their accumulation 
features and behaviors in trees, as well as to provide scientifically 
grounded base to the city municipality for decision making and better 
urban environmental management. 
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