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Leaf and bark of trees are tools for assessing the effects of the heavy metals pollution and monitoring the environmental air quality. The aim of this study was to evaluate the presence of Ni, Pb, V, and Co metals in four
tree/shrub species (Conocarpus erectus, Nerium oleander, Bougainvillea spectabilis willd, and Hibiscus rosa-sinensis)
in the heavily industrial zone of Asaloyeh, Iran. Two industrial zones (sites 1 and 2), two urban areas (sites 3
and 4), and two rural areas (sites 5 and 6) in the Asaloyeh industrial zone and an uncontaminated area as a
control were selected. Sampling from leaf and bark of trees was carried out in spring 2016. The metals content
in the washed and unwashed leaf and bark was investigated. The results showed that four studied metals in N.
oleander, C. erectus, and B. spectabilis willd in all case sites were significantly higher than that of in the control
site (p < 0.05). The highest concentration of metals was found in sites 3, 4, and 6; this was due to dispersion of
the pollutants from industrial environments by dominant winds. The highest comprehensive bio-concentration
index (CBCI) was found in leaf (0.37) and bark (0.12) of N. oleander. The maximum metal accumulation index
(MAI) in the samples was found in leaf of N. oleander (1.58) and in bark of H. rosa-sinensis (1.95). The maximum
bio-concentration factor (BCF) was seen for cobalt metal in the N. oleander leaf (0.89). The nickel concentration
in washed-leaf samples of C. erectus was measured to be 49.64% of unwashed one. In general, the N. oleander
and C. erectus species were found to have the highest absorption rate from the atmosphere and soil than other
studied species, and are very suitable tools for managing air pollution in highly industrialized areas.

1. Introduction

Recently, unorganized industrial activities and rapid development of
cities have caused the emission of various pollutants especially heavy
metals into the atmosphere (Kafaei et al., 2017). Heavy metals like
Pb, Co, Ni, and V are serious concerns for the environment and human life (Alsaleh et al., 2018; Fernández-Calviño et al., 2017). Co, Ni,
and V are released to the environment from sources like petrochemical
and gas industries and Pb is originated from commercial activities and

small industries (Delshab et al., 2017; Naeimi et al., 2018). The emitted heavy metals in the atmosphere then adhere to the particulate matter and dust. These materials finally settle on the ground as well as
trees (Ugolini et al., 2013). The distribution of the heavy metals depends on the site topography, wind velocity, particulate matter diameter, and surface characteristics of the materials on which heavy metals
are deposited (Norouzi et al., 2016). For example, specific area, roughness, and epicuticular waxes of leaf and bark of trees influence the particle deposition. Furthermore, the heavy metals deposited on the land
may be relocated by wind or runoff and thus again enter to the vegetal
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tissue through different sources such as soil, water, and air (Bilo et al.,
2017). Therefore, it can be concluded that the human health is affected
not only by the polluted air but also by the polluted soil or water. Hence,
a continuous monitoring of the environment is required.
Biomonitoring is superior to direct analyzing samples due to the
use of inexpensive equipment, easy sampling procedures, and long-term
monitoring (Ramachandra et al., 2018; Serbula et al., 2012). Further,
according to literature (Allahabadi et al., 2017; Berdonces et al., 2017),
using of tree and shrub as biomonitors have more interesting than
lichens and mosses as they reflect the heavy metals contamination of
the environment during a long time. Bark and leaf have been widely
used for metals biomonitoring than other parts of the tree/shrub like
buds, flowers, and needle as their structures can absorb more air pollutants (Matin et al., 2016; Oliva and Mingorance, 2006). The bark and
leaf could provide more surface area for deposition of the particulate
matter. Song et al. (2015) has shown that about 148 μg/cm2 of particulate matter is deposited on the leaf of studied trees. In literature (Drava
et al., 2017; Parraga-Aguado et al., 2014), the trees bark has also been
proposed as pollution time capsules. Thus, the leaf and bark of trees/
shrubs can be used as suitable biomonitors for heavy metals pollution
(Allahabadi et al., 2017; Baldantoni et al., 2014). However, despite of
increasing research on heavy metal biomonitoring using tree/shrub in
urban areas (Allahabadi et al., 2017; Norouzi et al., 2016; Sawidis et al.,
2011), the study of heavy metals biomonitoring in the gas and petrochemical industrialized zone in Asia and especially in Iran is very rare.
The emitted pollutants from industrial zones not only can affect the industry itself but also the surrounding urban and rural ecosystems might
be affected.
Many trees types have been studied for biomonitoring metal pollution and their advantages/disadvantages for this purpose have been indicated (Birke et al., 2018; Sawidis et al., 2011). The researchers are
looking for trees/shrubs with higher monitoring capacity to monitor
pollutants. In this work the effect of heavy metals pollution in the Asaloyeh industrial zone was evaluated by using native tree/shrub of Conocarpus erectus, Bougainvillea spectabilis willd, Hibiscus rosa-sinensis, and
Nerium oleander, which have so far been rarely used as biomonitoring
tools. The Asaloyeh industrial zone is a very busy area at the northern part of the Persian Gulf which contains many gas and petrochemical companies and also has highest records of unloading-loading ports
among all Middle East ones. Thus, these activities as well as downstream
companies are held responsible for sever accumulation of pollutants like
heavy metals in the region. Environmental pollution biomonitoring in
gas and petrochemical companies can provide important information
for pollutant management in industrial sites with heavy metal contaminants. Heavy metals biomonitoring by trees can also provide helpful
information for the design of international networks monitoring deposition.
Accordingly, the aim of current work was an evaluation of air quality in the Asaloyeh industrial zone and its surroundings using bark and
leaf of C. erectus, B. spectabilis willd, H. rosa-sinensis, and N. oleander
as a bioindicator. For this purpose, the comprehensive bio-concentration index (CBCI), maximum metal accumulation index (MAI), bio-concentration factor (BCF), and air-originated metals (AOM) were calculated based on the atmospheric contaminant load of the washed and unwashed bark or leaf of trees/shrubs. This study tries to examine the influence of gas and petrochemical industries on the contaminant level of
the rural and cities in the Asaloyeh zone. The findings are compared to
those of no contamination site in Iran. The results could be beneficial as
preliminary reference values for heavy metals concentrations in industrial environments for future monitoring.

2. Materials and methods
2.1. Area of study
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The study was done in Asaloyeh area which has more than 30,000 ha
of industrial areas and is limited from the north by mountains, from the
south by the Persian Gulf, from the east by the Gavbandi city, and from
the west by the Tahery port. The climate of this area is warm and the
humidity is >80% during spring, summer, and early fall seasons. Other
climatic characteristics of the study area include average monthly temperature 27.3 °C, average annual precipitation 250 mm, and average solar radiation 20 MJ/m2 d. The heating degree days (HDD) and cooling
degree days (CDD) for Asaloyeh area are presented in Fig. S1. For these
cases, base degree for heating is 18 °C and for cooling is 21 °C. Climate
conditions, topography, and presence of various industries have led to
the regional air pollution. The industrialized zone of Asaloyeh area is
also known as Pars Special Economic Energy Zone (PSEEZ). There are
20 villages, 2 cities, 18 active petrochemical companies, 14 gas refinery
companies, and about 60,000 inhabitants are living or working in this
area. The map of sampling sites is depicted in Fig. 1. The sampling sites
included:
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(I) two industrial zones (petrochemical companies site (site 1) and gas
companies (site 2) close to Nakhl Taghi city and continues up to
near Shirinoo village);
(II) two urban zones (Nakhl Taghi city (site 3) and Asaloyeh city (site
4)) both are located in the south of PSEEZ; and
(III) two rural zones (Shirinoo village (site 5), and Bozbaz village (site
6)) which are in the northwest and southeast of PSEEZ, respectively (Fig. 1).
In addition, the Gas and Petrochemical Town, where the family of
petrochemical and gas company's employees live, was selected as the
background site (BS). This site was selected due to lower natural and
anthropogenic pollution sources, no dust during most of the year, less
traffic, and reasonable distance from the city center. The Gas and Petrochemical Town has a population of about 8000 and an altitude of 850 m.
The latitude and longitude of all sampling points are presented in Table
S1.
2.2. Reagents

All acids and reagents used in this study such as perchloric acid
(90%) and nitric acid (65%) were of supra pure quality (Merck Co.,
Germany). All glassware was acid washed by soaking in dilute nitric
acid and rinsed with deionized water before use. The required solutions
for digestion process were prepared using ultrapure water (resistivity
18.2 MΩ cm).
2.3. Leaf, bark, and soil sampling method
In this work, the samples were included leaf and bark of tree/shrub
and the soil of around trees trunk. The trees/shrubs with most dispersion in the studied areas such as Conocarpus erectus, Bougainvillea
spectabilis willd, Hibiscus rosa-sinensis, and Nerium oleander were selected
(see Fig. S2). To avoid the intervention of micro-scale differences in locations, an area of 100 m × 100 m in each site was considered for sampling.
In order to have the same integration time of metal pollution, trees
with the same age were used for sampling. For this purpose, each tree
species with similar height, trunk diameter, and cone were selected. All
selected trees had around five years old at the time of sampling. In general, the trunk diameter and height of C. erectus were 25 cm and 6 m,
B. spectabilis willd were 4.5 cm and 2.5 m, H. rosa-sinensis were 5 cm and
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 software).
Fig. 1. Map of sampling sites and their distance to the nearest gas or petrochemical company (Image from Google Earth©

3 m, and N. oleander were 4 cm and 2.5 m. For leaf sampling, leaves
with identical length, fully expanded, and with no spots or abnormal
appearance (chlorosis or necrosis) were considered as sample. Trees
with unusual leaf and bark (for example wrinkled or yellow leaf and
pestle bark) were excluded. Also, the trees that had honeydew were
not considered. Care was also taken to avoid selecting leaf with imperfections like bird dropping, insect infestation, and pesticide treatment. Leaves were randomly collected from the lower two-third of the
canopy of each tree/shrub. The bark sample was taken from the middle
of the tree/shrub trunk and at about 50 cm above ground. If the lichens
were present on the bark surface, it was not considered for sampling.

The leaf and bark samples were collected from all directions (N, S, E,
and W) of the trees/shrubs. After taking 25 g sample of leaf and bark
of trees/shrubs with a cutter, the samples were placed in polyethylene
bags and stored at 4 °C until drying. For each site, three trees were sampled and the same trees were referred for the second and third sampling.
Sample collection was done three times in spring (from 20 March to 18
June) 2016 and each sampling time was done at least 25 days after rain,
however, only one rainfall (1 mm) was occurred after the first sampling.
Each sampling period lasted 2 days.
Soil samples were also taken within a radius of 10–15 cm from the
trunk of each tree/shrub. To do this, the top soil, including manure,
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twigs, and dried leaves were removed and then soil samples were taken
from depth of 10–15 cm (in an area of 10 × 10 cm2 ). The soil samples
were then stored in polyethylene bags and transported to the laboratory
and kept at 4 °C.

Each sample was digested three times and the average of measurements is reported herein. A control sample was also used beside each
sample to determine the background pollution during digestion. To confirm the accuracy of the methodology and to ensure the extraction of
heavy metals from the tree and soil samples, the standard solution of
each studied heavy metal was used and the recovery rates of the metals
were obtained. Only the element with determined certified value and
average recovery of 80–120% was accepted for data analysis. The recovery rates for all metals in this work fell within the range of 87–93%. The
standard deviations of duplicate samples were not greater than 4.5%.
All materials, acids, and solutions used for the analysis of heavy metals
were of analytical grade and ultra pure.

PR
OO
F

2.4. Digestion of leaf, bark, and soil samples
Leaf and bark samples were divided in 2 groups; a group was washed
with ultrapure deionized water to remove dust and particulate matter
and the other one was left unwashed. To do the digestion process, first
both types of samples were dried in the oven at a temperature of 105 °C
for 24 h. Dried samples were then manually ground and passed through
a sieve with a hole diameter of 0.5 mm. The mill and sieve were thoroughly cleaned after each grinding and sieving to avoid any cross contamination between samples. The amount of 1 ± 0.0001 g from sieved
powder samples of bark and leaf was placed in the acid wash tubes
and 10 mL of 65% nitric acid (Merck Co.) was added to it (Liang et al.,
2017). In the case of soil samples, 8 mL of 65% nitric acid and 2 mL of
concentrated perchloric acid were added to the samples. For digestion
of the samples, the solution was placed at room temperature overnight
(≈12 h) after that it was placed for 4 h at 100 °C and then 4 h at 140 °C
until the solution color was clear. After cooling, the solution was diluted by ultrapure deionized water to 50 mL and then passed through
0.42 μm-Whatman filter paper until 25 mL of the filtrate volume was
provided. The stages of preparation and digestion of the samples are
shown in Fig. 2.

2.5. Analysis of soil sample
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For humidity measurement, the soil samples were sieved with an
ASTM sieve with diameter of 2 mm and the samples were weighed. Samples were then placed in the oven at 105 °C for 24 h and were weighed
again. The amount of moisture was calculated from the difference between primary and secondary weights. For the pH measurement, 10 g
soil sample was mixed with 10 mL double distilled water and after 1 h
the pH of solution was measured (Pen-Mouratov et al., 2008). For the
electrical conductivity (EC) measurement of soil sample a ratio of 1:5
soil and double distilled water was prepared and after 1 h the conductivity of the solution was analyzed with an EC meter (AZ 86503, Taiwan)
(Pen-Mouratov et al., 2008). The soil pH and EC are shown in Table S1.
2.6. Heavy metals measurement
The concentration of Pb, Co, Ni, and V in soil, leaf, and bark
were eventually measured using Inductively Coupled Plasma Atomic
Emission Spectroscopy (ICP-AES 4100, Agilent), which induces excited
atoms and ions to emit electromagnetic radiation at wavelengths characteristic of a particular element (167–785 nm). The intensity of the
emission is indicative of the concentration of the metal in the sample.
Some operating conditions for the ICP-AES instrument were: plasma gas
flow rate 18 L/min, auxiliary gas flow rate 0 L/min, nebulizer (carrier)
gas pressure 2.10 kg/cm2 , peristaltic pump flow rate 1.4 mL/min, detector integration time 5 s, and number of integrations per solution 3.
2.7. Data analysis

For data analysis, three factors including bio-concentration factor
(BCF), comprehensive bio-concentration index (CBCI), and metal accumulation index (MAI) were used to evaluate the overall performance of
heavy metals accumulation in the trees/shrubs in each studied area (Hu
et al., 2014).
2.7.1. BCF and CBCI
BCF is the ratio of total heavy metal concentration in the leaf or bark
sample and soil sample at radius of 15 cm from the tree/shrub trunk.
This factor has been used to evaluate the ability of trees/shrubs to accumulate heavy metals from soil (Allahabadi et al., 2017; Shi et al., 2011).
The equation of the BCF is described as follow:
(1)

where [C]L ,B and [C]S are the heavy metal concentration in leaf or
bark and soil samples, respectively. BCF >1 shows that tree/shrub is
enriched in studied metals (accumulator), BCF < 1 indicates that the
tree/shrub excludes the metals from the uptake, and BCF = 1 indicates

Fig. 2. Flowchart for the preparation and digestion of tree and soil samples.
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(12.77 mg/kg) and the lowest (0.14 mg/kg) concentrations of nickel in
the leaf were found in C. erectus in site 6 and BS, respectively. The highest concentration of nickel in the bark was found in site 5 in N. oleander (4.78 mg/kg) and the lowest nickel concentration was also seen in
BS in the same species (0.22 mg/kg). Norouzi et al. (2015) reported a
maximum nickel concentration of 12.70 mg/kg in the unwashed leaf of
Platanus orientalis L. during biological monitoring of heavy metals transported by dust in Isfahan, Iran. Permissible or normal nickel concentration in trees is in the range of 0.1–5 mg/kg and its toxic concentration
is 10–100 mg/kg (Kabata-Pendias, 2010). In the present study, the concentration of nickel in all unwashed bark samples was less than 5 mg/
kg, which is below the licit range. But the nickel concentration in the
unwashed leaf of the C. erectus species at site 3 and 6 exceeded 10 mg/
kg, so it can withstand the high concentrations of nickel. In N. oleander
species at site 1, 4, 5, and 6, the concentration of nickel was higher than
5 mg/kg but did not reach the limit of 10 mg/kg, which is the beginning
of toxic concentration. Therefore, the N. oleander species has absorbed
nickel more than the normal nickel concentration.
In Fig. S4, the concentration of lead in leaf and bark of 4 tree/shrub
species is demonstrated. The maximum concentration of lead was seen
in the N. oleander leaf located at site 4 (26.04 mg/kg) and in the B.
spectabilis willd bark in site 6 (27.75 mg/kg). In contrast, the lowest concentrations of lead were determined in BS in the leaf of H. rosa-sinensis
(0.08 mg/kg) and in the same tree bark (0.29 mg/kg). Also, in this study,
the lead concentration in the washed leaf and bark samples was less
than that of unwashed one. In a study by Zhao et al. (2014) in China,
the concentration of lead in the leaf of tree species from the studied sites
exceeded 50 mg/kg. Also, Matin et al. (2016) identified the lead concentration of 35–52 mg/kg in pine leaf samples during monitoring the cadmium, lead, and arsenic in industrial regions in Turkey. Swaileh et al.
(2006) in a study of heavy metals monitoring in several types of trees
around the urban road in Oman found that lead concentration in N. oleander is 2.66 mg/kg and Cupressus sempervirens species have the highest
Pb concentration (3.44 mg/kg). Permissible or normal lead concentration in trees is between 0.1 and 5 mg/kg and its toxic concentration is
10–100 mg/kg (Kabata-Pendias, 2010). In the present study, the concentration of lead in the following samples has exceeded the normal limit
and is toxic: site 1 (N. oleander and B. spectabilis willd), site 2 (C. erectus and N. oleander), site 4 (N. oleander and B. spectabilis willd), site 5
all species, and site 6 all species with the exception of H. rosa-sinensis.
In most species, the lead concentration is higher than nickel indicating
more species are contaminated with lead. It has been reported that less
than 2% of lead in leaves and branches of Norway spruce originates from
roots and about 98% has the atmospheric origin (Hovmand et al., 2009).
Other studies have shown that the transfer of lead from root to leaf is
not a major trend of contamination and trees can easily absorb atmospheric lead after depositing Pb-laden particulate matter on their leaves
(Ribeiro de Souza et al., 2012; Turer et al., 2001).
The results of vanadium concentration in the leaf and bark of trees/
shrubs are presented in Fig. S5. The highest concentrations of vanadium
were found in site 4 in the N. oleander leaf (23.17 mg/kg) and in the
bark sample of the C. erectus species in site 6 (14.43 mg/kg). While the
minimum vanadium concentrations were seen in the B. spectabilis willd
bark (0.20 mg/kg) and in the H. rosa-sinensis leaf (0.08 mg/kg) in BS.
Onder and Dursun (2006) measured high vanadium concentrations in
Meram region (20.45 ppm) and around a cement factory (53.63 ppm)
in 2003 and 2004, respectively, by detecting airborne heavy metals
in Cedrus libani species in Turkey. As shown in Fig. S5, vanadium element was found to be higher in most leaf samples than in bark. It
was also observed higher V concentration in unwashed samples than in
washed ones. Permissible or normal concentration range of vanadium in
plants and trees is 0.2–1.5 mg/kg and its toxic concentration is 5–10 mg/
kg (Kabata-Pendias, 2010). The concentration of vanadium exceeds the
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that the tree/shrub could be used as an indicator for the metal (Liang et
al., 2017).
CBCI is defined as the capability of tree for comprehensive accumulation of multiple heavy metals. To estimate the CBCI, some steps are
required. First, the fuzzy set M, M= (M1 , M2 , M3 …, Mi ), is estimated. M
denotes the level of comprehensive accumulation ability for each tree/
shrub, and Mi denotes various heavy metal pollution factors. In the second step, the amount of fuzzy membership function μ(X) is calculated
as “μ(X) = X − Xmin/Xmax − Xmin”. X is the BCF for given heavy metal,

Xm
 in and Xm
 ax are the minimum and maximum amounts of the BCF for
certain heavy metal, which represent the highest and lowest comprehensive accumulation factors for heavy metals, respectively. It could be
considered that Xm
 in = 0 and Xm
 ax = 1. Finally, CBCI can be calculated
from Eq. (2).
(2)
where N is the total number of heavy metals and μi is μ(x) of heavy
metal i.
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2.7.2. MAI
MAI was first introduced by Liu et al. (2007) to assess the ability of
different tree species to accumulate the atmospheric heavy metals. Thus,
MAI is used in this study to compare the ability of different tree/shrub
species to accumulate the heavy metals in studied sites. MAI was estimated using Eq. (3).
(3)

where Ij = x/Δx is the sub-index for variable j, x is the mean value of
studied metal and Δx is the standard deviation of the measurements.
2.7.3. Air-originated metals (AOM)
To determine the contribution ratio of the heavy metals originated
from the atmosphere, the AOM factor was used, which was estimated
from the following equation:
(4)

where [C]u nwashed and [C]w ashed are the heavy metal concentrations in the
unwashed and washed leaf or bark samples, respectively.
2.8. Statistical analysis

The statistical analyses were done by using the Statistical Package
for the Social Sciences (SPSS, v.21). The Kolmogorov-Smirnov (K-S) statistic and its corresponding p-value were considered for testing the normality of data. The p-value greater than 0.05 indicates the probability
distribution of data is approximately normal. One-way ANOVA was applied to study the significant difference between the variables in the industrial zone of Asaloyeh and the background site, different species, and
washed and unwashed leaf or bark samples. If there was a significant
difference, multiple comparisons (Tukey test) were used to separate the
different groups.
3. Result and discussion

3.1. Metals concentration in leaf and bark of trees/shrubs
Fig. S3 shows the concentration of nickel in the leaf and bark of
the examined tree/shrub species. As depicted in this figure, the highest
5
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other sites (Table S1) while the EC was vice versa. As a result, the concentration of metals in site 3, 5, and 6 was relatively higher than other
areas of study. The composition of dust is may be affecting the metals
content of tree/shrub (Al-Khlaifat and Al-Khashman, 2007). The height,
species, lifetime, and characteristics of the tree/shrub also considered
to be effected on the capacity of air pollutants removal by vegetation
(Hofman et al., 2013).
In the study of Liang et al. (2017), the pollution of metals in denser
traffic area was reported to be lower compared to downtown, because
the former is located out of town and the latter is enclosed with tall
buildings. Metals pollution in the atmosphere of more traffic area can
easily be transmitted to downtown. This conclusion can also be generalized to this study as well, since the petrochemical industry is located
in the open air, while there are abundant flares in these areas and the
wind blows transmitted pollutants into urban areas.
Urbanization significantly affects the concentration of heavy metals
in the trees leaf. In addition to the chemical characteristics of dust particles, tree features such as leaf surface area, rugged cell wall, and crack
on the surface of leaf and bark are effective in differentiating the concentration of metals (Liang et al., 2017). For example, the greater crack
and the larger surface area of Platanus acerifolia leaf have led to more
concentration of metals (Liu et al., 2013). The N. oleander and C. erectus species used in this study have bigger and fluffy leaves with lower
density than the other two species, while the species of H. rosa-sinensis
and B. spectabilis willd have smooth and shiny leaves. For this reason,
the amount of metals in the former was higher than the latter.
According to Table 2 and the results of one-way analysis of variance
(ANOVA) between the industrial zone of Asaloyeh and BS, the amount
of metals in the H. rosa-sinensis species is not significant (p > 0.05), but
for the other species, the difference is significant. Also, based on statistical analysis, the amount of nickel, lead, and vanadium in the washed
and unwashed leaf/bark samples varied significantly (p < 0.05), while
there was no noteworthy difference for cobalt metal.
According to Table 2, the results of one-way ANOVA showed that
there is no significant difference in the amount of nickel metal among
4 tree/shrub species in leaf and bark samples (p > 0.05). Based on statistical analysis, the difference between the lead and vanadium in leaf
of C. erectus with 3 other species is not significant (p > 0.05). Yet in the
case of cobalt, the leaf of the C. erectus species have a significant differ
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normal limits except in the leaf sample of H. rosa-sinensis in site 4
(0.78 mg/kg) and bark sample of B. spectabilis willd in site 1, 4, and 6.
As presented in Fig. S6, the highest concentrations of cobalt were observed in the leaf sample of C. erectus in site 4 (21.78 mg/kg) and in N.
oleander in site 5 (4.5 mg/kg). The lowest concentration of cobalt in BS
was measured in the leaf of H. rosa-sinensis (0.24 mg/kg) and in N. oleander (0.32 mg/kg). Onder and Dursun (2006) identified the highest cobalt
concentrations in the Cedrus libani tree in samples around the cement
plant (0.44 mg/kg) and samples from the Meran region (0.39 mg/kg).
The cobalt concentration in leaf samples was notably higher than bark.
The normal range of cobalt concentration in the trees is 0.02–1 mg/kg
and the toxic range is about 15–50 mg/kg (Kabata-Pendias, 2010). In
this study, the amount of cobalt in most of leaf samples falls within the
toxic range.
The highest average concentration of nickel, lead, and vanadium was
observed in site 5 and 6 in leaf and bark samples, while the highest average concentration of cobalt was observed in leaf samples in sites 1
and 4 (Table 1). Various factors may affect the content of vegetation
metals in the sampling sites. The first possible factor is the proximity
to the highway with the higher traffic of Asaloyeh-Kangan. In a study
by Al-Khashman et al. (2011), the highest concentrations of lead, copper, and nickel in the Phoenix dactylifera L. species were observed in surrounding of a highway. The second factor is the transfer of pollutants
from contamination sources (e.g., gas and petrochemical companies in
the area of Asaloyeh) by the winds. A number of studies (Al-Khlaifat
and Al-Khashman, 2007; Huang et al., 2018) measured high level of
heavy metals in the leaf of trees away from the sources of contamination. Since the prevailing wind in the studied area (Asaloyeh) has the
northwest direction, it is likely that the winds have transferred pollutants from sites 1 and 2 (sites of petrochemical and gas companies) to
sites 3, 4, and 6. In addition, being located next to a highway (see Fig.
1) and the presence of downstream industries around site 5 may be the
cause of the high pollution of metals in this station. Another factor affecting the concentration of tree metals is the pH and EC parameters of
soil where the trees grow (Alsaleh et al., 2018; Gondek et al., 2018). Increasing the soil pH reduces the bioavailability of heavy metals to trees.
On the contrary, increasing the soil EC leads to an increase in the absorption of metals into plants and trees. In this study, the pH of soil
samples taken from site 3, 5, and 6 was found to be lower than the
Table 1
Heavy metal contents of the leaves and barks at each site (mean ± SD, mg/kg).
Place

Site 1
Site 2
Site 3
Site 4
Site 5
Site 6
BS

Leaf

Bark

Ni

Pb

V

Co

Ni

Pb

V

Co

2.36 ± 1.99
3 ± 0.89
3.46 ± 3.35
2.75 ± 2.03
3.47 ± 1.5
5.15 ± 4.12
0.55 ± 0.49

7.24 ± 5.06
9.62 ± 4.04
4.66 ± 2.21
10.17 ± 9.22
12.36 ± 2.21
15.34 ± 6.21
1.5 ± 0.86

6.13 ± 4.43
8.18 ± 3.89
3.92 ± 2.08
8.45 ± 7.79
10.27 ± 2.26
12.75 ± 5.33
1.16 ± 0.84

10.97 ± 6.75
10.49 ± 1.16
10.47 ± 6.44
11.13 ± 7.29
8.38 ± 7.31
8.73 ± 1.51
1.43 ± 1.52

0.83 ± 0.39
1.06 ± 0.42
1.4 ± 0.67
2.14 ± 0.42
2.98 ± 0.94
2.21 ± 1.09
0.48 ± 0.22

9.42 ± 3.44
7.84 ± 2.31
7.83 ± 3.97
11.38 ± 3.52
13.56 ± 8.05
15.06 ± 9.6
1.79 ± 0.95

2.68 ± 2.24
3.41 ± 1
3.6 ± 3.1
3.12 ± 2.31
3.94 ± 1.69
5.97 ± 4.65
0.81 ± 0.41

1.03 ± 0.26
1.26 ± 0.16
1.49 ± 0.51
2.18 ± 0.31
2.48 ± 1.1
2.28 ± 0.88
0.44 ± 0.17

Table 2
Heavy metal contents (mean ± SD, mg/kg), MAI and CBCI of the washed leaves and barks.
Part of plant
Leaf

Bark

Plant species

Ni

Pb

V

Co

MAI

CBCI

C. erectus
N. oleander
B. spectabilis willd
H. rosa-sinensis
C. erectus
N. oleander
B. spectabilis willd
H. rosa-sinensis

2.52 ± 1.88
2.99 ± 1.74
0.77 ± 0.54
1.03 ± 0.44
1.17 ± 0.68
1.11 ± 0.81
1.57 ± 1.19
1.99 ± 0.94

5.11 ± 4.81
8.36 ± 6.92
9.95 ± 6.66
4.11 ± 5.26
7.66 ± 5.35
6.94 ± 2.88
9.37 ± 8.34
5.15 ± 6.29

3.81 ± 3.71
6.33 ± 5.29
5.79 ± 4.91
3.14 ± 3.99
2.73 ± 2
3.45 ± 2.21
0.88 ± 0.62
1.24 ± 0.42

7.55 ± 6.41
12.49 ± 5.65
5.73 ± 3.88
4.15 ± 5.3
1.50 ± 0.57
1.47 ± 1.11
1.75 ± 0.99
1.32 ± 0.69

1.15
1.58
1.39
1.17
1.79
1.67
1.40
1.95

0.26
0.37
0.20
0.18
0.11
0.12
0.09
0.12
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ence (p < 0.05) with H. rosa-sinensis, N. oleander, B. spectabilis willd, and
H. rosa-sinensis.
There is also a notable difference between the concentration of lead
in the bark of B. spectabilis willd and H. rosa-sinensis. The difference in
the concentration of vanadium metal between the bark of the C. erectus/N. oleander as well as B. spectabilis willd/H. rosa-sinensis is significant
(p < 0.05). The concentration of cobalt in bark of N. oleander was not
significantly higher than bark of other species.
3.2. CBCI

3.3. MAI

UN
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CBCI is used to evaluate the ability of different species of trees to
collect heavy metals from the soil. Table 2 lists the CBCI values for
the leaf and bark of the examined tree/shrub species. The highest CBCI
in leaf samples was found for N. oleander (0.37) and C. erectus (0.26)
species, and the lowest CBCI was obtained for H. rosa-sinensis (0.18) and
B. spectabilis willd (0.20). In bark samples, the highest CBCI was found
for N. oleander (0.12) and H. rosa-sinensis (0.12), and the lowest was
seen in B. spectabilis willd (0.09) and C. erectus (0.11). Therefore, the N.
oleander has the ability to absorb several metals from the soil. In this
study, CBCI values in leaf and bark samples were less than those reported by Allahabadi et al. (2017) and Zhao et al. (2014). Furthermore,
CBCI in leaf samples was higher than that in bark, which well coincides
with the results reported by Zhao et al. (2014). Accordingly, tree species
with a higher CBCI value have the potential to be used as a phyto-remediation tool to remove the heavy metals from the soil (Allahabadi et al.,
2017).

MAI evaluates the ability of different species of trees/shrubs to accumulate atmospheric heavy metals. As shown in Table 2, in bark samples, the highest MAI is for H. rosa-sinensis (1.95) and C. erectus (1.79).
In leaf samples, however, the highest MAI is for N. oleander (1.58) and
B. spectabilis willd (1.39). In this study, as was in the Allahabadi et al.
(2017) study, the MAI values of bark samples were found to be higher
than leaf samples. In the study of Hu et al. (2014), the MAI value in
the leaf of the tree species was reported as 3.89 which higher than that
of the leaf samples of our study. The differences in the amount of MAI
largely depend on the atmospheric chemistry, atmospheric changes, and
tree characteristics (Hu et al., 2014). Therefore, species that have more
MAI can be used as barriers between polluted and vulnerable areas
(Zhai et al., 2016), for which the best tree in this study was found to be
the N. oleander species.

Fig. 3. BCF of leaf and bark of tree species at different places.

the bark sample of B. spectabilis willd (0.15) and N. oleander (0.12), respectively.
Based on the results provided above, it is implied that the leaf
have the higher ability to accumulate heavy metals than the bark. Considering BCF values, the ability of tree/shrub species to accumulate
heavy metals in the leaf tissues for various metals can be shown as
Co > V > Ni > Pb and in the bark texture as Ni > V > Pb > Co. The absorption of metal from the soil is significantly affected by soil pH, soil
organic matter, cation exchange capacity of soil, and plant type (Zhan et
al., 2014). In the observations of Allahabadi et al. (2017) the BCF value
of lead in leaf samples was also seen to be the lowest. Zhao et al. (2014)
have been measured the BCF in leaf of 18 tree species which the lowest BCF was form lead metal. Findings of Serbula et al. (2012) on have
showed that the absorption of heavy metals by the Robinia pseudoacacia L. tree is not significant because the soil pH was alkaline and caused
less metals mobility. In our study, as the BCF values for all metals in the
leaf and bark samples were obtained less than 1, so these trees act as excluder. This low value could be attributed to the relatively alkaline pH
of the soil, which reduces the mobility of metals.
The values of AOM are plotted in Fig. 4. The AOM factor presents
the difference between the amount of metals absorbed by the tree tissue and the dust on the leaf or bark surface (Alfani et al., 2000). Heavy
metals can be absorbed from the soil through the roots and transferred
to the leaves or absorbed to the leaves through the dust. Therefore,
it is very difficult to distinguish the exact origin of elements in tree
tissue whether the origin is from soil or air (Liang et al., 2017). The
maximum AOM for nickel was obtained as 49.64% and 32.57% in leaf
and bark samples of C. erectus, respectively. Maximum AOM for lead
was seen in leaf samples of N. oleander (39.12%) and bark samples of
H. rosa-sinensis (44.77%). The lowest AOM of lead was, however, observed in N. oleander (16.37%) and B. spectabilis willd (16.35%). The

3.4. BCF and AOM

BCF refers to the ratio of the concentration of heavy metals in different tissues of tree to the metals concentration in the soil, which can
reflect the ability of trees to absorb heavy metals from soil (Zhai et al.,
2016). BCF results are shown in Fig. 3. For cobalt, the highest BCF was
seen in leaf samples of N. oleander (0.89) followed by C. erectus (0.65)
and the lowest BCF concentration for this metal was observed in B.
spectabilis willd (0.46). For vanadium, the maximum BCF was obtained
in the leaf of N. oleander (0.44) and the lowest in the leaf of the C. erectus species (0.20). The highest BCF for nickel is also detected in the leaf
of C. erectus (0.25) and N. oleander (0.24) and the lowest was found in
the leaf of B. spectabilis willd species (0.07). Also, the highest BCF for
lead was found in B. spectabilis willd (0.13) and lowest was seen in the
leaf of C. erectus species (0.06).
The highest BCF of cobalt metal was calculated in the bark of H.
rosa-sinensis (0.16) and the lowest in N. oleander bark (0.14). The highest BCF for vanadium metal was obtained in the N. oleander bark (0.31)
and the lowest in B. spectabilis willd (0.07). The highest BCF for nickel
is for the bark of H. rosa-sinensis (0.38) and the lowest for the N. oleander bark (0.10). The highest and lowest BCF for lead was observed in
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Fig. 4. AOM percentage of Ni, Pb, V, and Co for the different plant species.

leaf samples of N. oleander (45.46%) and H. rosa-sinensis (46.68%) have
shown the highest amount of AOM for vanadium. The lowest AOM of
vanadium was determined for N. oleander (34.58%) and H. rosa-sinensis (21.02%). For cobalt, the maximum AOM was seen in leaf (16.95%)
and bark (14.33%) of H. rosa-sinensis. The lowest AOM of cobalt was
found for the bark (10.72%) and leaf (8.68%) of C. erectus. The results
of AOM in many studies show that the properties of leaf surfaces play
an important role in the amount of airborne particles taken from the air
and is related to the concentration of heavy metals measured in the leaf
(Simon et al., 2014). Sawidis et al. (2011) have reported that a fluffing
structure on the surface of the trees increase the potential for airborne
contaminants to be trapped, thereby easing the absorption of metals by
the pores of the epithelium (stomata). In addition, the structure of the
leaf and wax layers is very important for the accumulation of heavy metals (Thao et al., 2014). Higher concentrations of heavy metals in the N.
indicum shrub can be attributed to the mucus layer on the leaf surface.
Espinosa and Oliva (2006) have found that although the leaf surface of
Lantana camara L. is thinner than the N. oleander species, the concentration of copper in N. oleander leaf is higher than that of for the Lantana
camara L. leaf.
In our study, the AOM factor for N. oleander and C. erectus species
is more than the two other species. These observations could be attributed to the width, density, and the presence of a mucus layer on
the surface of leaf (which traps more atmospheric particles). It has also
been stated that a significant amount of atmospheric dust particles deposit on the surface of leaves increasing the concentration of heavy

metals in unwashed leaf samples (Norouzi et al., 2015; Tomašević et al.,
2011). The maximum amount of AOM was observed in the bark of H.
rosa-sinensis. The ability of the bark of this tree to trap dust particles
requires further investigations. The chemical and enzymatic properties
of H. rosa-sinensis such as polyphenolic compounds and mucilages may
have significant impact on their purifying behavior (Afify and Hassan,
2016; Kaleemullah et al., 2017).
4. Conclusion

This study has been done in the Asaloyeh industrial zone (the busiest
gas and petrochemical companies in the Middle East) and its surrounding environment. The concentrations of Ni, Pb, V, and Co have been
evaluated in leaf and bark samples of N. oleander, C. erectus, H.
rosa-sinensis, and B. spectabilis willd. The evaluations were carried out
in two industrial sites, two urban sites, and two rural sites in the Asaloyeh industrial zone and compared with the background site (BS).
The highest concentration of nickel, lead, vanadium, and cobalt were
found in the leaf of C. erectus (12.77 mg/kg), N. oleander (26.04 mg/
kg), N. oleander (23.17 mg/kg), and C. erectus (21.78 mg/kg), respectively. The average metals concentration in all tree species (with exception of H. rosa-sinensis) in the Asaloyeh industrial zone was higher than
BS (p > 0.05). The significant difference between the heavy metals concentrations in trees of the rural and urban areas and BS implicitly represents that industrial activities have been effective in metals contamination of the surrounding area. Observing the highest CBCI for N. ole
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ander and C. erectus suggests that this tree species have the potential to
remediate the heavy metals from the polluted soil. The highest MAI factor was measured for H. rosa-sinensis and C. erectus which indicates the
effectiveness of these trees for controlling the air born-metals in the polluted areas. According to the AOM factor, N. oleander and C. erectus trees
are more likely to capture vanadium and nickel from air, so planting
these trees in industrial areas with such atmospheric pollutants would
be beneficial.
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