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ABSTRACT ARTICLE HISTORY

In this study, plant (leaf, branch and bark) and soil samples of nettle tree were collected from 40 Received 20 October 2016
different localities in Istanbul, Turkey, to investigate the heavy metal pollution levels as well as to ~ Accepted 6 July 2017
understand the employability of this plant species in pollution monitoring. Besides, the importance KEYWORDS

of pollution sources and their distance to the plant species were emphasized, and assessment of Heavy metal pollution;
the air and soil related contamination was performed. The heavy metal concentrations in the European nettle tree;
samples were measured using atomic absorption spectrophotometry. The average highest values biomonitor; plant; bark
of Pb (14.90 =+ 2.96 ng/g), Cd (0.65 + 0.13 pg/g), Cu (19.94 + 1.17 pg/g) and Zn (42.53 + 3.08 pg/

g) were found in unwashed leaf samples taken from the roadside. However, the average lowest

values of Cd (0.30 & 0.06 pg/g) and Cu (5.99 £ 0.21 ng/g) were in washed leaf samples, whereas

the lowest levels of Pb (1.19 £ 0.12 p.g/g) and Zn (14.34 £ 0.71 pg/g) were in branches. In addition,

there was also a direct correlation between heavy metal accumulation, traffic density and closeness

to roadside. It was demonstrated that Celtis australis could be a useful plant species in the

biomonitoring of environmental pollution with these four heavy metals. Moreover, the results also

indicated that nettle tree barks might be employed in long-term measurements of heavy metal

accumulation.

Introduction aerosol accumulation and topographical structures
[3,8,13]. Besides, heavy metals such as Cu and Zn are
essential for human metabolism [3] but, at higher concen-
trations, can also lead to poisoning [14].

Plants growing in contaminated areas mainly demon-
strate visible symptoms on plant surfaces because of the
heavy-metal accumulation in plant parts [15]. However,
some plants, or hyperaccumulators, are able to accumulate
higher amounts of heavy metals in various plant tissues
without toxicity symptoms; thereby, these plants cannot
provide acceptable quantitative information on environ-
mental pollution when compared with biomonitors [16-18].
Thus, the selection of biomonitor plants is a very important
initial step in research programmes aiming to decontami-
nate the polluted areas [12,14,17,19]. As stated by Wittig
[20], a good biomonitor plant should have a wide geograph-
ical range, should be able to differentiate air- and soil-borne
pollutants, and could be easily sampled and identified.

The aim of this study was to investigate the Pb, Cd, Cu
and Zn pollution levels in Istanbul, Turkey, by using Celtis
australis, which is a member of the Ulmaceae family
showing a broad geographical distribution, widely repre-
sented in South Europe and North Africa as well as in the
study area [21,22]. For this aim, the heavy metal

With rapid urbanization and industrial development par-
ticularly by the beginning of the twentieth century, heavy
metal pollution in the biosphere has now become one of
the most serious environmental concerns due to its severe
long-term implications on human health and the environ-
ment [1-3]. Thus, control and monitoring of airborne pol-
lution around the world are a significant part of the
environmental planning and control programmes [4-6].
Cd and Pb are two serious environmental pollutants, espe-
cially in areas affected by anthropogenic pressure, and
their presence, even in very small amounts, in the air, soil
and water, can be harmful to many organisms [7,8]. Addi-
tionally, the number of motorized vehicles has increased
enormously in the last decade (more than 2.5 million),
which has further aggravated the pollution problem. Cd
and Pb have high mobility and are accepted as carcino-
genic elements; hence, their concentrations should be as
closest to zero as possible [9-12]. The accumulation of
heavy metals in plants depends on various factors, such
as distance from the pollution source, physical properties
of heavy metals (e.g. mobility), emission intensity (e.g. traf-
fic density), climatic factors (e.g. wind direction and force,
precipitation and air circulation), soil and season types,
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concentrations were determined by atomic absorption
spectrophotometry (AAS) in C. australis and soil samples
collected from different sites with different pollution lev-
els, such as urban, suburban, highway and industrial
areas, and a rural site (control).

Materials and methods
Study area and plant specifications

Istanbul is located in the northwestern part of Turkey, in
Marmara Region, covering an area of 5343 km? [23]. It is
the largest city of Turkey, with 13 million metropolitan
population and a nearly 4.5% annual population growth
rate. It has significant industrial activity and heavy traffic
load. According to the road motor vehicle statistics, as of
2016, there are 3.651.166 motor vehicles in Istanbul,
exclusive of tractors, motorcycles and other special pur-
pose vehicles [24]. Moreover, unplanned urbanization,
gradual decrease of green areas and construction of
high buildings have also negatively affected the air circu-
lation, and the city is exposed to high air pollution espe-
cially in the cold months [25].

According to the Koppen climate classification, Istanbul
has Mediterranean climate, becoming more oceanic
towards the North [26]. High temperature and less precipi-
tation characterize the summers, with an annual mean
temperature of 14.5 °C for the last two decades. Between
May and September, the temperature is usually over
30 °C, while it is rarely below 0 °C between November
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and April. In the vegetation period (between 15th March
and 20th December), the daily mean temperature is
approximately 8 °C, which lasts for about 280 days
[27,28]. Istanbul receives an average of 640 mm total pre-
cipitation per year, with 40% falling in the winter. The
minimum rainfalls are in July and August, while December
and January are the wettest months [13,27,29].

According to Davis (1965-1985), the scientific descrip-
tion of C. australis is as follows: Tree to 20 (-25) m. Young
twigs velutinous. Leaves 4-12(-15) x (2-)3-4(-5) cm,
ovate-lanceolate to lanceolate, oblique at base, usually
long-acuminate, sharply serrate, scabrid above, velutinous
and brownish-green or greyish-green beneath. Petiole to
1.5(-2) cm. Drupe 9-12 mm diam.,, brownish to blackish.
Pedicel to 3.5 cm, longer than next internode. Stone reticu-
late-rugose. Open rocky slopes and in thickets, rarely in for-
est, usually solitary, often planted, 50-700 (-1000) m.
Described from South Europe and North Africa, North-West
Turkey, South Anatolia, Africa, South Europe, West Transcau-
casia.’ It is usually grown as an ornamental plant because of
its long life and resistance to air pollution [21,30-32].

Sample collection and preparation

Plant (washed/unwashed leaf, branch and bark) and soil
samples were collected from 40 different localities in
Istanbul during the summer period, especially in July
and August. The number of samples per site was distrib-
uted as follows: urban (14), roadside (14), suburban (7)
and rural (control) areas (5) (Figure 1). About 200 g of

KOCAELI

0 10 20km

Figure 1. Map showing the study area (Istanbul) and districts. In these districts, the roadside (RS), urban (U), suburban (SU) and control
(C) localities are as follows: Buiyiikcekmece (1 RS), Avcilar (1 U), Bahgelievler (1 U), Bakirkoy (1 RS, 1 SU and 3 U), Eminonii (1 U), Fatih (1
RS and 1 U), Besiktas (1 U and 1 C), Kagithane (1 SU), Eylip (2 RS) on the European side and Pendik (1 SU), Kartal (2 RS, 1 SU), Maltepe
(2 RS), Kadikoy (2 RS, 3 U), Uskiidar (3 RS, 1 U, 2 SU, 2 C), Beykoz (1 SU), Umraniye (2 U), Adalar (2 C) on the Asian side.
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fresh leaf samples were taken from the leafy part of the
plants and then samples were divided into two groups.
One group was completely washed with distilled water
to remove the particulate matter, while the other group
was left untreated. Bark samples (10 x 2 cm) were taken
from the main stem (about 1 m above the soil) and
wounded sites were sealed with grafting wax to prevent
microbial contamination. Soil samples (about 1000 g)
were taken from a depth of about a 10 cm. Then, the soil
samples were dried (at 80 °C) and fed through a 2-mm
sieve. The plant samples were oven-dried at 80 °C for
24 h, ground in a micro hammer cutter and fed through
a 1.5-mm sieve. Plant samples were then stored in plastic
bags.

Analytical techniques

About 0.5 g of dried plant samples were transferred into
polytetrafluoroethylene (PTFE) vessels (XP-1500) and
then 10 mL of 65% HNO; (Merck, Darmstadt, Germany)
were added. The samples were mineralized in a micro-
wave oven (CEM MARS5). The soil samples were weighed
as 0.3 g and transferred into Teflon vessels and then
5 mL of 65% HNOs3, 3 mL of 37% HCI (Merck, Darmstadt,
Germany) and 2 mL of 48% HF (Merck, Darmstadt, Ger-
many) were added. The soil samples were also mineral-
ized in a microwave oven. After cooling, all samples
were filtered using Whattman filters, and made up to
25 mL with water in volumetric flasks and stored in plas-
tic bags. Standard calibration techniques were used for
Cd, Cu, Pb and Zn in samples. Measurements were done
using an atomic absorption spectrophotometer (ASS;
Perkin ElImer model 1100).

Statistical analysis

Statistical calculations such as multivariate analysis of
variance (MANOVA) with Tukey’s post-hoc HSD and Pear-
son correlation were performed using IBM SPSS Statistics
20 based on the dry weight of samples. The statistical
significance was indicated as **P < 0.01 (2-tailed).

Results and discussion

The mean concentrations of heavy metals such as Cd,
Cu, Pb and Zn in plant samples (washed/unwashed
leaves, branches and bark) and soil samples are pre-
sented in Figure 2. In this study, the average highest and
lowest Cd values were measured to be 0.65 + 0.13 mg/
kg in unwashed leaves from the roadside and
0.30 £+ 0.06 mg/kg in washed leaves from the control
(rural) area, respectively (Figure 2-A). The average Cd
content in the soil ranged within 0.53 =+ 0.01-

1.02 £ 0.04 mg/kg (Figure 2-B). For Cu, the average high-
est (19.94 £+ 1.17 pg/g) value was in unwashed leaves
from the roadside, whereas the lowest one
(5.99 £ 0.21 pg/g) was detected in washed leaf samples
from the control area (Figure 2-C). Moreover, the average
Cu content in the soil was between 2526 + 1.01 and
71.03 + 3.55 mg/kg (Figure 2-D). In this study, the Pb
content largely varied, and the average highest value
was measured in the bark samples (14.90 £+ 2.96 mg/kg)
collected near the roadside, whereas the lowest value
(1.19 4+ 0.12 mg/kg) was measured in branch samples in
the control area (Figure 2-E). The average Pb content in
the soil ranged between 274 + 241 and 51.55 +
4.74 mg/kg (Figure 2-F). For Zn, the average highest
value was 42.53 &+ 3.08 mg/kg in unwashed leaves from
the roadside and the lowest value was 14.34 £+ 0.71 mg/
kg in branch samples from the control area (Figure 2-G).

It has been reported that the normal limits of Cd in
plants are between 0.2 and 0.8 mg/kg and values
between 5 and 30 mg/kg are accepted as toxic [33,34].
In our study, the average highest Cd value was found in
unwashed leaf samples from the roadside
(0.65 + 0.13 pg/g). In literature, the normal limits of Cu
in plant tissues are in the range of 4-15 pg/g and
between 20 and 100 wg/g are accepted as toxic levels
[34-36]. In this study, the average highest Cu value was
measured in unwashed leaf samples from the roadside:
19.94 4+ 1.17 pg/g, which is very close to the toxic value.
In addition, the Cu values in unwashed leaf samples
from the roadside (19.94 £+ 1.17 pg/g) and urban areas
(17.97 £ 0.86 ng/g) and from bark samples from the
roadside (1896 =+ 0.78 pg/g) and urban areas
(17.86 + 0.76 p.g/g) were also higher than the normal
range.

According to literature, the normal Pb concentration
range in plant tissues varies between 0.1 and 10 pg/g,
and levels between 30 and 300 wg/g are considered
toxic [28]. In our study, the average highest Pb value was
measured in unwashed leaf samples from the roadside
(1490 4+ 296 pg/g). In addition, the Pb content
(11.29 £ 1.18 pg/g) in unwashed leaf samples collected
from urban areas was higher than the normal limits.

The normal limits of Zn in plants are reported to be
20-100 pg/g [37]. Between 100 and 400 png/g are con-
sidered toxic [38]. Herein, the highest value was mea-
sured in unwashed leaf samples (42.53 + 3.08 ng/q)
from the roadside. Thus, in this study, the Zn content
was within the normal range. However, the highest and
lowest Zn levels in the soil samples were determined to
be 81.61 + 520 mg/kg and 47.46 + 2.28, respectively
(Figure 2-H).

The washing procedure caused a reduction (4-34%)
in the levels of all the four studied heavy metals in the
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Figure 2. Mean Cd (A), Cu (C), Pb (E) and Zn (G) contents (j.g/g) in plant [unwashed leaves (m), washed leaves ), branches (=), bark (m)]
and soil (B, D, F and H) samples of C. australis from the roadside, urban, suburban and rural (control) areas.
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Table 1. Total percentage of Cd, Cu, Pb and Zn removed by
washing procedure from leaf samples of C. australis collected at
different stations.

Stations Cd Cu Pb Zn
Roadside 31 32 34 29
Urban 28 31 28 27
Suburban 16 13 13 12
Control (rural) area 9 6 4 6

leaf samples (Table 1), the highest reduction being
observed for Pb.

In this study, the highest Cd content (1.02 + 0.04 p.g/
g), Cu (71.03 & 3.55 wg/g), Pb (51.55 + 4.74 wg/g) and
Zn content (81.61 £ 5.20 ng/g) were measured in the
soil samples from the roadside. According to the litera-
ture, the normal concentration range of these heavy
metals in soils is as follows: Cd 0.05-1 pg/g, Cu 10-
40 pg/g, Pb 10-30 wg/g and Zn 10-300 pg/g [28,31].
Thus, the soil Cu and Pb values exceeded the normal
range.

The correlation coefficients between the concentra-
tion of heavy metals in soil and washed leaf samples are
shown in Table 2. The results indicated a positive correla-
tion, with correlation matrix (R) values of >0.51 and
>0.76, between the Cd content in the soil and the Cd
content in leaves; between the Cu content in the soil
and the Cu and Pb content in leaf samples and between
the Zn content in the soil and the Pb and Zn content in
leaf samples.

In this study, the mean heavy metal concentrations in
the samples from the roadside were slightly higher than
the ones in the urban and suburban samples and signifi-
cantly higher than the ones in the rural samples. This
indicated that the source of pollution is most likely traffic
related in the investigated area/s. This suggestion is in
agreement with many previous studies [3,8,39,40]. More-
over, the soil samples were observed to include the high-
est average content of the studied metals. In plant parts,
from highest to lowest, the measured heavy metal con-
centration ranked as follows: unwashed leaves, washed
leaves, bark and branches for Pb; unwashed leaves, bark,
branches and washed leaves for Cd and Cu; and
unwashed leaves, bark, washed leaves and branches for
Zn. Besides, the relative abundance of the tested ele-
ments in the plant samples was Zn > Cu > Pb > Cd.

Table 2. Correlation matrix (R) between heavy metal concentra-
tions in soil and washed leaf samples.

Pearson’s correlation Cd (Soil) Cu (Soil) Pb (Soil) Zn (Soil)
Cd (Washed leaf) 0.514** 0.036 0.070 —0.130

Cu (Washed leaf) 0.411%* 0.628** 0.429%* 0.417%*
Pb (Washed leaf) 0.151 0.670%* 0.457%* 0.527%*
Zn (Washed leaf) 0.011 0.279 0.441%* 0.758**

™ Pearson’s correlation significant at the level of 0.01 (2-tailed).

It has also been reported that Cd, Cu, Pb and Zn are
the major roadside polluters, mainly released from burn-
ing fuels, worn tires, oil leakages and abrasion of metallic
parts and batteries [41]. Rapid industrialization, high traf-
fic intensity and vast fertilizer applications have been
also widely reported in high quantity release of heavy
metals into the biosphere [42,43]. In addition, the indus-
trial activities and sewage sludge are the major impor-
tant factors affecting the metal concentration in soil [44].
Especially, automobile exhaust gas is one of the poten-
tial Pb contributors in urban areas with serious effects on
humans and the environment [45,46].

Moreover, the high Cu levels in plant samples from
the roadside could be related to the use of car brakes. It
has been reported that each car brake applied contrib-
utes to the Cu pollution in bays, beaches and creeks [47].
When a car is braked, Cu dust is deposited on the road-
side since the brake pads are made of copper; subse-
quently, this dust is washed out into the water sources
with rainfalls or irrigation water and could be toxic to
aquatic life, particularly at the base of the food chain. In
our study, there was also significant atmospheric deposi-
tion on plant leaves, which was removed in the washing
procedure in order to distinguish the air and soil related
contamination (Table 1). In the washed leaf samples,
maximum reduction was observed in the Cu and Pb lev-
els, correlating with the atmospheric deposition of these
elements. However, the Pb and Cd concentrations were
below the toxic levels in the plant and soil samples. The
findings also reflected some variations in the source and
heavy metal uptake mode by plants, which is in compli-
ance with many earlier reports [3,8,13,17,18,48-52].

In the roadside samples, the total percentage of Cd,
Cu, Pb and Zn removal from plant leaves through the
washing procedure was higher than that in the samples
from rural sites. All these results indicated that Pb and
Cu could have been accumulated in the environment via
atmospheric deposition related to road distance and
traffic volume. In other studies, Pb uptake has been also
demonstrated to occur in the root system as well as
through the plant leaves [43,50]. In this study, the
removal of a high percentage of Pb and Cu from the
plant leaves by washing suggests the areal deposition of
these two elements [3,8,13].

The mean metal concentrations in both the plant and
the soil samples were observed to decrease as follows:
roadside > urban > suburban > rural site. In addition,
the heavy metal concentrations were high in the areas
with heavy traffic jams. High values were also measured
in areas with reduced air circulation due to the high-rise
buildings. The Pb, Cd and Zn contents in plant and soil
samples were lower than the permitted concentrations
(noxious level), with the exception of some localities.



Only the Cu concentrations exceeded the limited risk
values. Moreover, the high metal concentrations in the
bark may result from its long-lived age and thorny struc-
tures. Thus, barks can be effectively used for biomonitor-
ing purposes. However, the branches are not as old as
the bark, and they do not have thorny structures. In addi-
tion, they do not possess flat and wide structures. These
could be the reasons why the heavy metal accumulation
was minimum in the branch samples. In contrast, the
leaves could be regarded as suitable biomonitor organs
due to their shape and horny structures.

Overall, C. australis was a good accumulator of all the
four studied heavy metals. Hence, these woody plants could
be recommended for further biomonitoring programmes.
Furthermore, C. australis is reported to have lower trace ele-
ment content today than 15-20 years ago due to improve-
ments such as the use of unleaded fuels, the development
and control of new technologies in the automobile sector
and other branches of industry and the efforts to increase
the green lands [40]. On the other hand, the main sources
of pollution are being shifted to rural areas, which calls for
strict, reliable and efficient biomonitoring measures in terms
of environment sustainability [9-12].

Conclusions

In this study, C. australis was demonstrated to have a
capability to accumulate some heavy metals proportion-
ally to their concentration in the soil/environment. Thus,
the results suggested that C. australis could be used as a
biomonitor plant for Cd, Cu, Pb and Zn. In addition, the
barks of this plant could also be effectively used for
long-term biomonitoring of heavy metal depositions.
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