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(PLI) of 5.3, with sulfur having the highest concentra-
tion. Leaves and barks with metal accumulation index 
(MAI) of 12.51 and 11.18, enriched by elements in 
particular with S and Cu.
Conclusions The Baneh trees might be ideal for 
atmospheric element remediation and be employed 
among practical techniques for reducing IGR pollu-
tion in Zagros forests. In addition, since the organ-
isms that feed on these trees might be a hub for 
pollution dispersion across the food web, it is recom-
mended that pollutant levels in the aerial organs and 
soils in the region be monitored regularly.

Keywords Pistacia trees · Season-distance 
effects · Zagros forests · Bioaccumulation · Metal 
contamination

Introduction

Anthropogenic factors (e.g., industrial operations) 
and natural activities are one of the primary sources 
of trace elements (TEs) enrichment and contamina-
tion (Lee et  al. [20]; Li et  al. [23]). Low concentra-
tions of TEs are long-lasting and indestructible in a 
variety of environments where plants and humans 
have been exposed (Milicevic et  al. [28]; Cao et  al. 
[8]). The higher TE concentrations may negatively 
affect the air and soil quality, aquatic or terrestrial 
habitats, and food chain. Therefore, TEs have gained 
significant attention in recent years (Li et al. [23]).

Abstract 
Aims The Ilam Gas Refinery (IGR) emitting atmos-
pheric trace elements affect soils and Baneh trees 
(Pistacia atlantica Desf.) of semi-arid Zagros forests. 
Therefore, the seasonal concentrations of Pb, As, Cu, 
Cr, Mn, Zn, Ni, and S were analyzed in soils, barks, 
and leaves of trees located at various distances (1000, 
1500, 2000, 2500, and 10,000  m (control) from the 
refinery.
Methods The seasonal changes, source distance, 
soil physicochemical properties (i.e., pH, electro-
lyte conductivity (EC), and texture), and organ-level 
atmospheric element deposition were detected in the 
study.
Results The season × distance effects on the soils, 
barks, and leaves revealed that the summer and 
autumn seasons and distances up to 2500 m from the 
IGR had higher element concentrations than spring 
and control distance. The total element trends were 
in decreasing order; soil > leaf > bark. High pollu-
tion was defined as soils with a pollution load index 
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Sulfur is a macronutrient needed for plant growth, 
metabolism, and environmental stress response. Sul-
fate, sulfur dioxide, and hydrogen sulfide are the 
forms in which sulfur could be accumulated in soils 
and leaves, respectively (Leustek and Saito [22]; 
Mutia et  al. [30]). However, sulfur accumulation is 
controlled by the number of different forms depos-
ited in the environment, and rising quantities would 
not help sensitive terrestrial ecosystem components 
(Kravitz et al. [19]).

Industry’s impact on pollution and the risk of TEs 
accumulation in the ecosystems has grown in recent 
years (Ramachandra et al. [35]). Several methods are 
widely used to evaluate TE concentrations in soils, 
such as enrichment factor (EF), geo-accumulation 
index  (Igeo), pollution load index (PLI), and potential 
ecological risk index (RI; Liu et al. [26]). The bioac-
cumulation factor (BF) is also a pollution indicator 
in ecosystems that measures plants’ tendency to take 
and translocate TEs from soils into their biological 
systems (Baker [5]).

There is a scarcity of studies on the potentially TEs 
contamination in forest soils vs. urban and agricul-
tural soils (Turtscher et  al. [43]). So far, only a few 
studies have been performed on biomonitoring of TEs 
in ecosystems components such as soils, trees, and 
their various organs in the areas near the gas refinery 
and petrochemical plants in Iran (Safari et  al. [38]). 
Leitgeb et  al. ([21]) evaluated different soil proper-
ties, S, and potentially TEs (As, Mn, Cu, Cr, Ni, Pb, 
and Zn) concentrations in forest soils of Singapore 
and discovered that anthropogenic activities had little 
impact on soils.

Baneh trees, also known as wild pistachio trees 
(Pistacia atlantica subsp. Mutica), are the second 
indigenous deciduous tree species in Iran’s Zagros 
woodlands, where they coexist irregularly with the 
various oak trees. The indigenous people of Zagros 
get multiple benefits from using different compo-
nents of Baneh trees in agriculture, trade, and indus-
try. However, in addition to living on drought stress 
conditions in semi-arid Zagros climate (Sheikh-
Hassani et  al. [40]), these trees are confronted with 
another lousy situation due to the aforementioned 
(i.e., anthropogenic, natural) activities. Air pollution 
emitted from the industrial stationery resources, such 
as Ilam Gas Refinery (IGR) in Ilam province forests, 
is a safety issue addressed in this research. The IGR 
source, emitting toxic gaseous pollutants from the 

two different chimneys, affects the Zagros ecosystem, 
including the soils and tree species (e.g., pistachio).

In Iran, the medicinal and therapeutic qualities of 
Baneh trees have been examined in various studies. 
However, little analysis has been performed on the 
impacts of environmental and abiotic stress on the 
Zagros forests ecosystem, such as air pollution from 
industrial sources. In this context, we look at the con-
centrations of sulfur and other TEs in Baneh trees due 
to refinery pollution and the impacts of pollution on 
tree leaves, barks, and soil samples collected at dif-
ferent periods of the year with varying distances from 
the pollution source. The toxic concentration of ele-
ments is critical for animals that feed on these plants 
and people using the trees for pharmaceutical pur-
poses. For instance, cattle, sheep, and goats that feed 
on Baneh trees in this particular air polluted region 
may be susceptible to Baneh poisoning. Besides, the 
toxicity of elements such as sulfur can cause injury 
symptoms, including necrosis and colored spots in 
the leaf organs. To the best of our knowledge, this is 
the first study on the effects of air pollution on Baneh 
trees in Iran’s Zagros region.

The objectives of this research were (i) to inves-
tigate the seasonal and distance effects of Ilam Gas 
Refinery on the concentration of sulfur and TEs (ii) 
quantification and assessment of various pollution 
indices of elements in soil samples, barks, and leaves 
of Baneh trees (iii) analyze the relationship between 
sulfur and different TEs through principal compo-
nent analysis (PCA) in soils and Baneh tree compo-
nents which affected by the gas refinery (iv) provide 
a perspective and a basis to assess the effects of pol-
luted soils and trees on the food chain in an ongoing 
process. We hypothesize that: (i) the concentration of 
S and TEs in the soil samples and Baneh tree com-
ponents will be affected by seasonal and distance 
changes from the gas refinery (ii) barks and leaves of 
trees will react in different ways to the pollution (iii) 
sulfur and different TEs in tree components mainly 
accumulated from the atmospheric portions.

Material and methods

Description of the study area

The Ilam Gas Refinery  (330  42/ N,  460  13/ E), which 
is operating gas conversion, is located along the edge 
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of the mountains of Zagros forests. The refinery was 
founded in 2007 and primarily supplies gas to Iran’s 
western provinces with its two chimneys, which 
release waste gases into the atmosphere. Based on 
random analysis of exhaust emissions, sulfur dioxide 
and hydrogen sulfide concentrations were detected, 
the highest among the other pollutants emitted from 
the refinery (Aghdash et  al. [1]). In addition, Baneh 
trees in Zagros forests around the refinery are exposed 
to various air contaminants (different elements) from 
this source. The sampling points have an average alti-
tude of about 1000–1200 m and less than 25% slope. 
The climate of the region is semi-arid and influenced 
by Mediterranean winds. The predominant wind 
direction is west and southwest (http:// www. ilamm et. 
ir).

Sample collection and analysis of different 
elements in soils and tree components

Different distances (1,000, 1,500, 2,000, 2,500, and 
10,000 m [control]) in an easterly direction from the 
facility (Fig. 1) was studied. Based on different arti-
cles on  SO2 pollution sources (Cicek and Koparal [9]; 

Mutia et al. [30]) and the Iranian environmental sci-
ence reports (modeling, predicting, and assimilating 
air pollutants from various sources), 10 km from the 
gas refinery was selected as the control distance. In 
the late spring, summer, and autumn seasons of 2019, 
soils, barks, and leaves were sampled at each distance. 
Because of more prevalent spring rains, summer was 
hotter and drier, and autumn led to leaf senescence 
and wind velocity. In this research, seasonal changes’ 
effects on element accumulations in the soil and trees 
were assayed.

Two soil samples were obtained with a plastic gar-
dening shovel from a depth of 0–20 cm at each dis-
tance, and roughly 25 g of healthy barks were sam-
pled by cutter from the middle of the tree trunk and 
at about 100  cm above the ground. After the bark 
sampling, the Baneh trees with special adhesives 
were protected from microorganism infection. Twenty 
healthy and mature leaves were taken from a particu-
lar height (around the middle of the canopy) of the 
outer canopy of two Baneh trees. The trees with an 
average height of 4  m and a diameter of 35  cm at 
breast height were chosen randomly.

The samples were placed into polyethylene bags 
and transported to the lab. for analysis (Estefan et al. 

Fig. 1  The location of sampling sites of soils, barks, and leaves of Baneh trees at distances of 1000, 1500, 2000, 2500, and 10,000 
(control) meters from the Ilam Gas Refinery 
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[12]). The soil, bark, and leaf samples were dried for 
ten days until they reached a constant weight at lab 
temperature. The leaves were then grounded, soils 
were sieved with ASTM mesh with a diameter of 
2  mm and homogenized. To determine the pH and 
electrical conductivity (EC) of soils samples, 2 g of 
the soil samples were shaken in 10 ml of  ddH2O with 
a ratio of 1:5. After an hour, the pH and electrical 
conductivity (EC) of the solution were measured by a 
digital pH (Fan Azma Gostar Company, Iran) and EC 
meter (Sartorius, PT-20, USA; Pen-Mouratov et  al. 
[33]). The soil particle sizes were analyzed using the 
hydrometer method, and texture class was determined 
with a soil texture triangle (Palmer and Troeh [32]).

The soil and leaf samples were prepared and 
digested according to different U.S.EPA protocols 
modified by the following references. In the soil, leaf, 
and bark samples, the concentration of sulfur (S), 
arsenic (As), chromium (Cr), copper (Cu), lead (Pb), 
zinc (Zn), manganese (Mn), and nickel (Ni) were 
measured via inductively coupled plasma mass spec-
trometry (ICP-MS, 7500 CS, Agilent, US).

According to Da Silva et al. ([10]), approximately 
0.5 g of dry soil sample was digested with 10 mL of 
HCl on a hot plate at ~ 180 °C until the solution was 
reduced to 3  ml. Approximately 5  mL of HF (40%, 
w/w), 5  mL of HNO3 (63%, w/w), and 3  mL of 
HClO4 (70%, w/w) were then added, and the solution 
was digested. This process was continued by adding 
3  mL of HNO3, 3  mL of HF, and 1  mL of HClO4 
until the silicate minerals disappeared. This solution 
was transferred to a 25 mL volumetric tube, and 1% 
HNO3 was added to bring the samples up to a con-
stant volume. After filtering the digested samples, the 
concentrations of studied elements were measured via 
an ICP-MS device (7500 CS, Agilent, US). The pro-
cedures of quality assurance and quality control (QA/
QC) were performed. External standards with cali-
bration levels were used to quantify element contents 
from soil samples. The precision and the repeatability 
of the analysis were tested on the instrument by ana-
lysing three replicate samples.

According to Liang et  al. ([24]), 0.5 g of dry bark 
and leaf samples were acid digested, sieved powder 
samples were placed in the acid-washed tubes, and 
10  mL of 65% nitric acid was added. The solutions 
were placed at room temperature overnight (12 h) and 
100 ℃ for an initial 4 h and then another 4 h at 140 ℃ 
until the solutions` color was clear. After cooling, the 

solutions were diluted by deionized water to 50 mL and 
then passed through Whatman filter paper until 25 mL 
of the filtrate volume was obtained. Each sample was 
digested three times, and the average measurements 
were recorded. Total elements were measured by using 
the ICP-MS. A control sample was also used beside 
each sample to determine the background contamina-
tion during digestion. To confirm the methodology’s 
accuracy and ensure the extraction of TEs, the standard 
solution of each studied element was used.

Pollution range of different elements in soils 
and tree components

For assessment of contamination levels (concentra-
tions) of different elements in soils and trees, standard 
indices of pollution including geoaccumulation index 
 (Igeo), pollution indices (PI), pollution load indices 
(PLI), enrichment factor of plants  (EFplant), biocon-
centration factor (BCF) and metal accumulation index 
(MAI) were used.

Igeo was calculated using the following equation:

where  Cn is the measured concentration of the ele-
ment n,  Bn is the geoaccumulation background for this 
element, and 1.5 is a constant coefficient used to elimi-
nate potential variations in the baseline data (Solgi et al. 
[41]). The  Igeo classifies samples into seven grades: < 0 
for practically unpolluted; 0–1 for unpolluted to mod-
erately polluted; 1–2 for moderately polluted; 2–3 for 
moderately to strongly polluted; 3–4 for strongly pol-
luted; 4–5 for strongly to extremely polluted; and > 5 
for extremely polluted (Qing et al. [34]).

The first PI is expressed as Eq. 2:

where  Ci is the concentration of element i in the soil 
(mg  kg−1) and  Si is the soil quality standard or refer-
ence value for the element i (mg  kg−1). The PLI for dif-
ferent elements is calculated via the following equation:

The PLI of soils is classified as follows: PLI < 1 
is unpolluted, 1 < PLI < 2 is unpolluted to mod-
erately polluted, 2 < PLI < 3 is moderately pol-
luted, 3 < PLI < 4 is moderately to highly polluted, 

(1)Igeo = log2
[

Cn∕1.5Bn

]

(2)PI = Ci∕Si

(3)PLI =
(

PI1 × PI2 × PI3 ×⋯ × PIn
)1∕n
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4 < PLI < 5 is highly polluted, and PLI > 5 is very 
highly polluted.

Plant EF is calculated as:

where  Cplant and  Ccontrol are element concentra-
tions (mg  kg−1) in tree leaves or barks at the polluted 
and the control sites, respectively. A value of EF > 2 
indicates that the tree is enriched with a specific ele-
ment (Mingorance et al. [29]). BCF, which indicates 
the ability of plants to accumulate different elements 
from the soil (Alahabadi et  al. [2]), is computed as 
follows:

where  [C]LB and  [C]S are the concentration of 
different elements in leaf and bark and soil sam-
ples, respectively. Values of BCF > 1, BCF < 1, 
and BCF = 1 imply that the trees are accumulators, 
excluders, and indicators for different elements, 
respectively (Liang et al. [24]).

The ability of Baneh tree leaves and bark to accu-
mulate atmospheric elements differed. In this context, 
MAI was calculated as follows:

where n is the total number of studied elements, 
and Ij is the sub-index of variable j, calculated by 
dividing each element’s mean concentration (x) by its 
standard deviation (Liu et al. [25]; Hu et al. [13]).

Data analysis

The normality of the data distribution was checked 
by SAS software using Shapiro-Walk and Kolmo-
graph-Smirnov tests before employing analysis of 
variance. The logarithmic conversion was used to 
normalize the data. The concentration of Pb, As, Cu, 
Cr, Mn, Ni, Zn, and S in soils, barks, and leaves of 
Baneh trees along with pH and EC in soils for two 
factors including seasons in three levels (spring, sum-
mer, and autumn) and distance in five levels (1,000, 
1,500, 2,000, 2,500, 10,000) were analyzed with three 
replicates in a completely randomized design. Two-
way ANOVA was performed, and the comparisons of 
means were conducted with Duncan’s test at p < 0.05. 

(4)EFplant = Cplant∕Ccontrol

(5)BCF =
(

[C]L,B∕[C]s
)

(6)MAI = 1∕n
∑n

j=1
Ij

Principal components analyses for different elements 
were performed by SAS software.

Results

The seasonal and distance effects of IGR on different 
elements concentration of soil samples and Baneh 
tree components

Season × distance effects on pH and EC of soil sam-
ples revealed no significant (p > 0.05) differences 
between spring and autumn seasons at various dis-
tances from the IGR. Soils in summer at a distance of 
1000 had the lowest pH (8.32) among the studied dis-
tances (Fig. 2a). While soil samples in spring at 1500 
and 2000  m had the highest EC with 0.39 and 0.13 
ds.m−1, the highest EC (with 0.32 and 0.25 ds.m−1) in 
summer was 1000 m and 10 km. Soil sampled from 
1500 m showed the lowest EC among the other dis-
tances tested (Fig.  2b). The soils exhibited a loam 
clay texture at 1000 and 1500 m and a loam texture at 
other distances. Clay, silt, and sand percentages were 
40.6%, 25%, and 34.4% respectively, at various dis-
tances from the IGR.

Season × distance effects on different elements 
concentration of soil samples revealed that Cr, Cu, 
Mn, Ni, Pb, and Zn elements had a substantially 
greater concentration in different seasons, at distances 
up to 2500  m from the IGR, than control distance 
soils (p < 0.05; Table 1).

Soil samples in spring at distances of 1000 and 
1500  m showed lower Cr, Cu, Mn, Ni, Zn, and Pb 
concentrations than 2000 and 2500 m from the pol-
lution source. Compared to 1500, 2000, and 2500 m 
distances from the source, soils at 1000  m had the 
lowest Cr, Cu, Mn, Ni, Zn, and Pb concentrations 
during the summer and autumn seasons. The amount 
of arsenic (As) in soil samples collected during the 
spring and summer seasons at 2500 m distance from 
the IGR was not significantly different from control 
distance soils. However, soil samples in the autumn 
season at different distances (1000, 1500, 2000, and 
2500 m) showed higher As concentrations than con-
trol soils (Table 1).

S concentrations in soils were significantly higher 
(p < 0.05) in different seasons at distances up to 
2500 m from the IGR than the control distance. Fur-
thermore, the highest S concentrations were found in 
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soils at distances of 1000, 1500, and 2000 m, respec-
tively (Fig. 3a).

The season × distance effects on different ele-
ment concentrations of bark samples indicated that 
Cr in spring and autumn had no significance among 

the investigated distances from the IGR. Also, barks 
sampled up to 2500 m showed higher Cr than control 
distance. Cu concentrations were considerably higher 
(p < 0.05) in the spring and autumn seasons at dis-
tances up to 2500 m from the source than in control 

Fig. 2  The season × distance effects on pH (a) and EC (b) of soil samples. The means with different letters are significantly different 
(two-way ANOVA with Duncan post-hoc, p < 0.05)

Table 1  The season × distance effects on Cr, Cu, Mn, Ni, Pb, As, and Zn elements of soil samples (Data show the Mean ± SE)

According to the Duncan test, the means with different letters are significantly different (p < 0.05)

Season Distance Cr Cu Mn Ni Pb As Zn
(mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1)

Spring 1000 31.55 h ± 1.44 16.48d ± 0.85 249.53i ± 3.93 50.35 g ± 0.87 2.98e ± 0.11 140.58f ± 4.4 39.71 g ± 1.52
1500 28.31hi ± 1.32 16.97d ± 0.72 208.77j ± 1.55 42.28 h ± 1.16 3.06e ± 0.15 208.26 cd ± 5.71 38.36gh ± 1.08
2000 44.33ef ± 0.68 23.89c ± 0.9 409.8f ± 1.75 65.33d ± 3.07 3.79d ± 0.04 233.5c ± 7.01 57.87e ± 1.36
2500 58.51d ± 0.75 21.76c ± 1.9 290.8 h ± 1.09 64.59d ± 0.51 1.96f ± 0.15 55.32ij ± 5.71 70.49d ± 1.01
10,000 12.2 k ± 1.01 5.86f ± 0.74 39.81 m ± 1.7 8.05j ± 1.38 0.25 h ± 0.05 9.17j ± 2.39 16.40j ± 0.93

Summer 1000 41.87 fg ± 0.37 21.79c ± 1.54 325.72 g ± 1.78 57.77ef ± 1.21 4.67c ± 0.25 167.56ef ± 4.65 52.41f ± 1.29
1500 58.04d ± 0.94 35.59a ± 1.11 678.25a ± 5.65 116.19a ± 1.25 7.1a ± 0.55 186.87de ± 5.03 92.05b ± 1.05
2000 80.27b ± 1.15 28.66b ± 1.44 469.26d ± 7.14 83.01c ± 1.33 4.83c ± 0.29 268.84b ± 10.02 69.09d ± 1.03
2500 55.51d ± 0.72 32.31ab ± 1.98 429.91e ± 2.32 62.84de ± 0.75 3.96d ± 0.05 329.68a ± 25.34 67.34d ± 1.78
10,000 26.1ij ± 2.63 10.71e ± 1.19 135.69 k ± 3.09 21.01i ± 0.89 1.01 g ± 0.02 38.32ab ± 1.22 23.83i ± 1.28

Autumn 1000 39.61 g ± 0.71 17.21d ± 1.09 249.24i ± 2.54 53.32 fg ± 0.45 4.89c ± 0.02 76.72hi ± 5.03 51.73f ± 1.5
1500 47.72e ± 0.61 28.17b ± 0.93 251.03i ± 1.47 67.02d ± 2.87 4.24 cd ± 0.14 100.55gh ± 9.17 84.91c ± 1.43
2000 71.33c ± 2.22 32.25ab ± 1.53 509.29c ± 0.95 110.93b ± 1.71 5.99 b ± 0.02 109.64 g ± 8.97 82.58c ± 1.52
2500 86.75a ± 0.95 34.05a ± 1.51 558.52b ± 2.62 107.06b ± 1.54 5.97b ± 0.05 140.64f ± 13.23 109.87a ± 4.53
10,000 23.69j ± 2.24 11.27e ± 1.16 107.14 l ± 2.54 25.12i ± 3.22 1.81f ± 0.14 25.39j ± 2.32 33.35 h ± 0.88
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distance barks. Also, 2500 and 10,000  m from the 
pollution source had lower Cu than other distances 
in the summer. Mn, and As in different seasons, was 
found in significantly (p < 0.05) higher concentrations 
than control distance barks sampled up to 2500  m 
from the IGR. In the spring and autumn, there was no 
significant difference in Ni concentration; however, in 
the summer, the concentration was lower at the con-
trol distance than at the other distances. Compared 
to control, the Zn content of barks in three seasons at 

varied distances had the highest concentration. Barks 
in spring and summer with 13.35 and 9.33 mg.kg−1 at 
1000 m and in autumn with 16.33 mg.kg−1 at 2500 m 
showed the highest Pb concentrations (Table 2).

S concentrations were significantly higher 
(p < 0.05) in different seasons at distances up to 
2500 m from the IGR than in control distance barks. 
The barks showed the highest S concentrations 
in spring and summer at 2000 m and had the low-
est concentrations in 2500 m and control distances 

Fig. 3  The season × distance effects on S concentration of soil (a), bark (b), and leaf (c) samples of Baneh trees. The means with dif-
ferent letters are significantly different (two-way ANOVA with Duncan post-hoc, p < 0.05)
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(Fig. 3b). S element in different seasons at distances 
up to 2500 m from the IGR, significantly (p < 0.05) 
had higher concentration than control distance 
leaves. There was no discernible variation between 
seasons at a distance of 2500  m from the source 
(Fig. 3c).

The results of the season × distance effects on the 
concentration of different elements in leaf samples 
revealed that Cr element had significantly higher 
(p < 0.05) concentration than control distance tree 
leaves in the spring and summer seasons at distances 
up to 2500 m from the IGR. Also, at 1500 m from the 
source, the Cr concentration was the lowest compared 
to other distances.

Cu, Pb, Zn, and As concentrations were signifi-
cantly higher (p < 0.05) than control distance leaf 
samples in different seasons at distances up to 2500 m 
from the source. There was no significant change in 
Mn concentrations between leaf samples collected in 
spring and fall at distances of 1500 and 2500 m com-
pared to other distances. In comparison to the control 
distance, Mn concentrations were higher at various 
distances. Leaf samples in spring and autumn at dis-
tances of 2500 m had no significant difference in Ni 
concentration compared to other distances with con-
trol. However, there was a higher Ni concentration in 
different distances than the control distance (Table 3).

Multivariate analysis of different elements in soil 
samples and tree components

The results of principal components analysis (PCA) 
in the soil samples showed that the first and sec-
ond main components with Eigenvalues   of 6.09 and 
1.61, respectively, explained a total of 77.09% of the 
total variance of the components (the first compo-
nent equals 60.94% and the second component was 
16.15%). The first component has a positive and sig-
nificant correlation with the elements of Ni (0.97), 
Cu (0.96), Mn (0.95), Cr (0.94), Pb (0.93), and Zn 
(0.92). The second component, which represents soil 
properties, includes 16.15% of the variance, which 
was positively and negatively correlated with the EC 
(0.87) and pH (-0.60), respectively. This component 
is thought to reflect soils with high salt and low acid-
ity (Table 4).

In the bark samples, the first and second compo-
nents had Eigenvalues of 4.69 and 1.19, respectively, 
and accounted for 73.58% of the total variance (the 
first component was 58.69%, and the second compo-
nent was 14.88%). The PCA results for bark showed 
a high and positive correlation for the first compo-
nent of Pb, Zn, Ni, As, and Cr. In addition, a posi-
tive correlation was observed based on the second 
component of Cu and S elements. According to the 

Table 2  The season × distance effects on Cr, Cu, Mn, Ni, Pb, As, and Zn elements of bark samples (Data show the Mean ± SE)

According to the Duncan test, the means with different letters are significantly different (p < 0.05)

Season Distance Cr Cu Mn Ni Pb As Zn
(mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1)

Spring 1000 2.19ab ± 0.3 9.16de ± 0.27 23.36def ± 0.73 2.96ef ± 0.38 13.35a ± 1.9 336.91a ± 37.42 11.75a ± 0.86
1500 1.49abc ± 0.28 8.2ef ± 0.95 37.15a ± 2.69 1.3e ± 0.44 7.43bcd ± 0.49 152.1efg ± 12.67 5.34def ± 0.75
2000 1.5abc ± 0.38 14.03a ± 0.27 20.47f ± 0.82 1.25ef ± 0.25 4.8ef ± 0.43 139.11 fg ± 17.25 6.46cde ± 0.97
2500 1.57abc ± 0.1 7.9ef ± 1.21 20.82f ± 1.08 1.6ef ± 0.42 5.41def ± 0.47 257.68b ± 6.71 5.27def ± 1.13
10,000 1.03 cd ± 0.17 4.78 g ± 1.03 5.32i ± 2.08 0.87de ± 0.25 1.35 g ± 0.31 31.24i ± 9.6 2.23hi ± 0.4

Summer 1000 2.32a ± 0.23 9.89cde ± 0.15 22.27ef ± 1.08 2.09d ± 0.24 9.33b ± 0.34 139.35 fg ± 8.59 9.34b ± 0.61
1500 1.80abc ± 0.46 10.82bcd ± 0.42 26.42bc ± 0.8 1.5 cd ± 0.07 6.83cde ± 0.48 187.33de ± 5.47 5.96cdef ± 0.77
2000 1.73abc ± 0.3 11.67bc ± 0.88 21.92ef ± 2.93 2.18d ± 0.07 6.37cde ± 0.44 107.83 g ± 4.82 4.11fgh ± 0.77
2500 1.74abc ± 0.16 7.65ef ± 0.64 18.95 fg ± 1.51 1.73d ± 0.37 4.04f ± 1.18 233.79bc ± 5.47 7.45bcd ± 0.37
10,000 0.85 cd ± 0.08 5.87 fg ± 0.37 13.2 h ± 0.86 0.73e ± 0.43 1.4 fg ± 0.26 63.17i ± 6.71 2.62ghi ± 0.37

Autumn 1000 1.58abc ± 0.55 10.9bcd ± 0.26 26.5cde ± 0.85 2.04a ± 0.4 8.16bc ± 0.43 181.78def ± 8.59 7.74bc ± 0.39
1500 1.33bcd ± 0.3 9.03de ± 0.26 27.38 cd ± 0.91 1.37abc ± 0.62 4.05f ± 0.11 190.49cde ± 8.78 4.73efg ± 1.06
2000 1.25bcd ± 0.04 12.88ab ± 1.08 32.46b ± 2.01 1.37ab ± 0.37 8.1bc ± 0.27 303.04a ± 22.75 4.32efgh ± 0.2
2500 1.62abc ± 0.11 8.01ef ± 0.12 30.55bc ± 1.08 2.84ab ± 0.1 11.63a ± 1.16 213.3 cd ± 4.81 8.76b ± 0.51
10,000 0.52d ± 0.12 2.28 h ± 0.7 15.27gh ± 0.46 0.65e ± 0.19 1.12 g ± 0.11 38.93i ± 4.27 1.01i ± 0.21
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PCA results for the leaf samples, all elements except 
Cr had a positive correlation with the first component 
(Table 4).

In all three seasons, the control distance had the low-
est concentration of TEs in the soil. The highest amount 

of soil EC was observed in the summer and autumn 
seasons near the IGR. Regardless of distance from the 
refinery, soils in spring showed the lowest acidity and 
salinity. The highest concentrations of Pb and S were 
observed in autumn at closer distances to the refinery 
(2000  m). In addition, the soils at various distances 
from the refinery (1500, 2000, and 2500 m) exhibited 
significant amounts of Zn, Cu, Cr, Mn, and Ni in the 
summer and autumn seasons (Fig. 4).

According to the PCA, the control distance had the 
lowest TE concentrations in the bark samples in all 
three seasons. The maximum concentrations of Pb, As, 
Zn, Ni, and Cr were found at a distance of 1000 m from 
the IGR in the spring, while the lowest concentrations 
of Cu, S, and Mn elements were found at a distance of 
1000 m. This distance showed the highest Pb, As, Zn, 
Ni, and Cr concentrations in summer and autumn. The 
concentrations of Cr, S, and Mn were not affected by 
the season and were highest at 1500 and 2000 m. The 
lowest concentration of these elements was observed at 
2500 m from the IGR (Fig. 5).

Table 3  The season × distance effects on Cr, Cu, Mn, Ni, Pb, As, and Zn of leaf samples (Data show the Mean ± SE)

According to the Duncan test, the means with different letters are significantly different (p < 0.05)

Season Distance Cr Cu Mn Ni Pb As Zn
(mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1) (mg.kg−1)

Spring 1000 3.8d ± 0.49 6.85ef ± 0.12 24.65c ± 0.53 5.1de ± 024 4.53bcd ± 0.35 9.9bcd ± 1.17 21.49bcde ± 1.45
1500 4.02 cd ± 0.44 10.1ab ± 0.92 19.79cde ± 091 6.7 cd ± 1.48 4.52bcd ± 0.12 16.31a ± 1.41 25.51ab ± 1.88
2000 4.9bcd ± 0.66 6.1 fg ± 0.13 18.76cde ± 1.25 9.42b ± 0.88 3.2de ± 0.32 7.43def ± 0.45 15.4cde ± 0.9
2500 6.4ab ± 0.37 4.9 g ± 0.51 14.8efg ± 1.84 2.94ef ± 0.16 3.61cde ± 0.51 11.2bc ± 0.9 20.32de ± 0.81
10,000 1.01e ± 0.08 0.91i ± 0.72 9.58 g ± 0.53 1.17f ± 0.16 0.9f ± 0.11 3.21gh ± 0.26 6.07 h ± 0.33

Summer 1000 3.7d ± 0.91 7.9de ± 0.13 33.63b ± 0.81 6.05d ± 1.28 7.28a ± 0.33 11.79b ± 0.31 27.12a ± 1.9
1500 4.89bcd ± 0.14 11.9a ± 1.12 18.68cde ± 0.74 5.04de ± 1.22 3.63cde ± 0.32 15.15a ± 0.87 18.72ef ± 0.26
2000 5.81abc ± 0.54 7.78def ± 0.54 19.35cde ± 2.23 8.02 cd ± 1.22 7.46a ± 1.39 14.78ab ± 1.28 11.94 g ± 1.87
2500 6.4ab ± 0.91 4.97 g ± 0.73 17.55def ± 0.84 2.28ef ± 0.08 3.2de ± 0.54 9.11cde ± 0.79 33.34abcd ± 1.03
10,000 1.01e ± 0.08 2.68 h ± 0.2 9.38 g ± 1.36 8.57f ± 0.2 1.03f ± 0.66 2.44 h ± 0.31 5.74 h ± 0.5

Autumn 1000 4.9bcd ± 0.1 8.8 cd ± 0.16 50.19a ± 5.37 14.88a ± 1.38 5.28bc ± 0.14 14.5a ± 0.8 25.15abc ± 2.08
1500 4.17 cd ± 0.23 4.95 g ± 0.22 11.6 fg ± 1.6 5.03de ± 0.73 3.77cde ± 0.66 6.96ef ± 0.48 13.2 g ± 1.94
2000 7.04a ± 0.54 9.76bc ± 0.43 23.82 cd ± 1.08 11.44b ± 0.54 6.09ab ± 0.36 10.1bc ± 0.58 17.4ef ± 0.53
2500 4.02ab ± 0.09 5.08e ± 0.35 15.75d ± 0.56 3.03ab ± 0.81 2.57abc ± 0.37 5.25 fg ± 0.66 21.14cde ± 0.56
10,000 1.25a ± 0.07 2.72f ± 0.29 8.6f ± 2.74 2.01f ± 0.86 0.99 g ± 0.22 0.87 h ± 0.21 5.12 h ± 1.07

Table 4  The eigenvectors and accumulative contributions of 
variance for the first two principal components (PCs) of differ-
ent elements in soil, bark, and leaves of Baneh trees

The bold value indicates the significant correlation at P < 0.01

Parameters Soil Bark Leaf

1 2 1 2 1

Pb 0.938 0.209 0.905 -0.234 0.877
Zn 0.922 -0.190 0.844 -0.385 0.768
Ni 0.973 -0.078 0.783 -0.344 0.764
As 0.581 -0.057 0.764 -0.159 0.893
Cr 0.942 -0.177 0.750 -0.134 0.697
Cu 0.963 -0.164 0.706 0.628 0.867
S 0.547 0.565 0.683 0.604 0.871
Mn 0.959 -0.129 0.664 0.260 0.777
EC 0.154 0.877
pH -0.154 ‑0.603
Total 6.094 1.616 4.695 1.191 5.340
% of Variance 60.941 16.158 58.694 14.888 66.752
Cumulative % 60.941 77.099 58.694 73.581 66.752
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Pollution assessment of elements in soils and tree 
components

The mean element concentrations (mg  kg−1) of Cr, 
Cu, Mn, Ni, S, and As were higher than specified in 

the soil quality standards of the Department of Envi-
ronment of Iran. Also, Ni, Cr, Pb, S, and As were 
detected higher than the world soil standards (Cicek 
and Koparal [9]; Alloway [4]). The mean concen-
trations of the elements examined in Baneh bark 

Fig. 4  Principal Component Analysis (PCA) shows the multi-
variate variation among different parameters, including Pb, Zn, 
Ni, As, Cr, Cu, S, Mn, pH, and EC of soils in different sea-
sons sampled from different distances the Ilam Gas Refinery, 

Iran. Vectors indicate the direction and strength of each studied 
parameter to the overall distribution. The first and second prin-
cipal axes in soils explained 60.94% and 16.15% of the vari-
ances, respectively

Fig. 5  Principal Component Analysis (PCA) shows the multi-
variate variation among elements including Pb, Zn, Ni, As, Cr, 
Cu, S, and Mn in barks in different seasons sampled to vary-
ing distances from the Ilam Gas Refinery, Iran. Vectors indi-

cate the direction and strength of each studied parameter to 
the overall distribution. The first and second principal axes in 
barks are explained by 58.69% and 14.88% of the variances, 
respectively
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samples were As > S > Mn > Cu > Pb > Zn > Ni > Cr 
in decreasing order. The mean element concentrations 
in leaves were 446.19 for S, 19.75 for Mn, 17.18 for 
Zn, 9.27 for As, 6.41 for Cu, 5.63 for Ni, 4.23 for Cr, 
and 3.67 for Pb; (S > Mn > Zn > As > Cu > Ni > Cr > P
b) (Table 5).

The different pollution metrics, including  Igeo, PI, 
PLI, BCF, EF, and MAI, were calculated for various 
elements in the soil, bark, and leaf samples across 
different seasons and distances around the Ilam gas 
refinery. The mean PI and  Igeo values for S, Cr, Cu, 
Mn, Ni, Pb, As, and Zn were S > As > Pb > Mn > Ni > 
Cu > Zn > Cr. S and Zn elements were found to have 
the highest and lowest pollution levels in soil sam-
ples, respectively. The mean PLI in all soils was 5.09 
(Table 6). The mean EF values of leaf samples for S, 
Cr, Cu, Mn, Ni, Pb, As, and Zn, was S > As > Pb > C
r > Cu > Ni > Zn > Mn in decreasing order. The mean 
EF values of bark samples for S, Cr, Cu, Mn, Ni, Pb, 
As, and Zn, was Pb > As > Zn > S > Mn > Cu > Ni > 
Cr (Table 6).

The leaf samples had mean BCF values of 0.36 for 
S, 0.08 for Cr, 0.29 for Cu, 0.06 for Mn, 0.07 for Ni, 
0.94 for Pb, 0.19 for As, and 0.40 for Zn: Pb > Zn > 
S > Cu > As > Cr > Ni > Mn. The mean BCF values of 
bark samples were 0.02 for S, 0.03 for Cr, 0.36 for 
Cu, 0.07 for Mn, 0.03 for Ni,1.65 for Pb, 1.23 for As 
and 0.10 for Zn; thus, as follows: Pb > As > Cu > Cu 
> Zn > Mn > Cr = Ni > S (Table 6). The findings of the 
mean metal accumulation sub-index and MAI of the 
elements examined in tree leaves and barks revealed 
that the concentrations were in decreasing order, S > 
Cu > Zn > Mn > Cr > As > Pb > Ni and Cu > Mn > A
s > S > Pb > Zn > Ni > Cr respectively. The MAI of 
leaves and barks were 12.51 and 11.18, respectively 
(Fig. 6).

Discussion

According to our findings, environmental variables 
such as soil characteristics, seasons of the year, and 
distances from the pollution source impacted the con-
centration of sulfur and TEs in soil, bark, and leaf 
samples of Baneh trees in Zagros forests. Also, the 
primary variables for pollutants transport and deposi-
tion in Zagros forest components were the height of 
the IGR flare gas exhaust tower and wind velocity.

Clay particles in soil samples exhibit the most 
remarkable ability for retaining sulfur and other 
elements in their structure (Rodriguez et  al. [37]). 
Although the pH of the soils varied depending on the 
season and distance, they were all characterized by 
an alkaline state (pH > 8.3). The presence of carbon-
ate sodium, the entrance of calcareous matters, parent 
material rocks, and anthropogenic pollution sources 
might be the primary reasons soils were in alkaline 
condition (Solgi et  al. [42]). However, the soil sam-
ples having an EC of < 1 were not salty in any way. 

Table 5  The mean concentration of toxic elements (TEs) and 
S for soil, leaf, and bark

a According to the data of the Iran Department of Environment
b (Cicek and Koparal [9]; Alloway [4])

Studied 
element
(mg 
 kg−1)

Leaf Bark Soil Iranian soil 
standards a

World soil 
standards b

Cr 4.23 1.5 47.05 0.4 42
Cu 6.41 8.87 24.46 14 63
Mn 19.75 22.81 327.52 - 418
Ni 5.63 1.63 62.32 50 18
Pb 3.67 6.23 3.77 300 25
S 446.19 26.56 1192.59 - 418
AS 9.27 171.76 139.27 17 4.7
Zn 17.18 5.81 59.33 200 62

Table 6  Different pollution 
indices for S, Cr, Cu, Mn, 
Ni, Pb, As, and Zn elements

Pollution indices Cr Cu Mn Ni Pb S As Zn

PISoil 2.73 2.86 4.81 4.69 6.55 21.22 9.26 2.85
Igeosoil 0.78 0.89 1.53 1.52 1.87 3.86 2.26 0.87
EFbark 2.20 2.75 2.77 2.49 5.77 3.93 5.15 4.04
BCFbark 0.03 0.36 0.07 0.03 1.65 0.02 1.23 0.10
EFleaf 4.65 4.51 2.23 4.27 4.7 10.15 6.39 3.56
BCFleaf 0.08 0.29 0.06 0.07 0.94 0.36 0.19 0.40
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These characteristics resulted in soils with low con-
ductivity for the elements examined.

Other studies have shown that our findings follow 
a similar pattern: in an assay of soils sampled from 
several industrial locations in Ahvaz (western Iran), 
Keshavarzi et  al. ([17]) discovered that soils had an 
alkaline condition, low EC, and virtual clay fraction 
characteristics. In another work, the predominant tex-
ture of soils was loam, according to heavy metal mon-
itoring in various soils of Bojnord, Iran. Furthermore, 
the soils were not saline (low EC) and had a neutral to 
alkaline pH range (Solgi et al. [42]). In essence, the 
significant variables that caused soils to have a higher 
ability to accumulate TEs were loam texture, alkaline 
pH, and low EC.

Soil samples from the furthest distances (1500, 
2000, and 2500 m) exhibited greater sulfur and TEs 
contents than samples from the closest distance. Fur-
thermore, soils sampled up to 2500 m from the IGR 
showed higher element concentrations than soils at a 
control distance. This refinery’s exhaust output prop-
erties, such as size or height of the exhaust tower and 
output loads per unit of time, are the crucial factors to 
emit air pollution to surrounding ecosystem compo-
nents. Certain studies have confirmed this data. For 
instance, Mutia et al.([30]) found that in Kenya, soils 
close to a pollution source (1000  m near) showed 
lower sulfur concentrations than soils sampled from 
a larger radius. Thus, the usual pattern was found in 
this study.

In terms of seasonal impacts on element concen-
trations in soils, in comparison to other seasons, the 
humidity and dispersed rainfall of the Zagros forests 
in spring cause significant amounts of air pollutants 
and elements to be washed and deposited in soils. 
However, due to the dryness of the air in subsequent 
seasons, pollutants accumulated into the soils at high 

concentrations. As a result, soils in the summer and 
autumn were subjected to drought stress or a lack of 
moisture in addition to air pollution. These circum-
stances resulted in increased element concentrations 
in the soils throughout these seasons.

Both seasons and distances from the IGR impacted 
S and TEs concentrations in tree barks and leaves. 
Furthermore, the concentration of studied elements 
at distances up to 2500  m was higher than that of 
the control distance. In line with our results, another 
work to analyze the impact of a pollution source on 
ecosystems in Turkey revealed that the concentra-
tions of sulfur and TEs in tree leaves at the furthest 
distance (10  km) were the lowest among the other 
distances from the source (Cicek and Koparal [9]). 
However, due to dry weather and arid lands of these 
ecosystems, and a lack of rainy seasons, significant 
pollution accumulated in tree organs throughout the 
summer and autumn seasons compared to spring 
(Richardson et al. [36]).

Based on the PCA results, there were significant 
positive correlations between TEs in soil, bark, and 
leaves of trees directly impacted by the IGR’s air pol-
lution. The concentration of the elements tested was 
found proportional to their distance from the gas 
refinery. As a result, their quantities near the source 
(1500 to 2000 m) exceeded the control distance. The 
concentrations of Zn, Cu, Cr, Mn, and Ni were higher 
in barks located at different distances (1500, 2000, 
and 2500 m) from the source. Rather than the size of 
emitted particles. e.g., dust and smoke particles that 
carry TEs are essential factors in the differences of 
air pollution amounts in the nearest and farthest dis-
tances from the gas refinery.

In line with our results, various elements had 
a positive correlation in each portion of soils, 
barks, and leaves of trees, and all of them may have 

Fig. 6  Mean metal accu-
mulation sub-index and 
MAI of different elements 
in the leaves and barks of 
Baneh trees
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originated from IGR operations. De Nicola et  al. 
([11]), in their study of TEs monitoring of soils and 
oak trees (Quercus ilex L.) growing in different loca-
tions, concluded that Mn and Cu concentrations of 
soil and leaves were correlated that it might indicate 
the same source of origin. Our data showed that the 
concentration of  S and TEs in summer and autumn 
was higher than spring season. In the summer and 
autumn seasons, the concentration of TEs and S in 
leaves was higher also because the time of TEs accu-
mulation was more prolonged than in spring when 
leaves appear on the trees and the trees just start to 
uptake water with elements more intensively after 
winter.  Baneh trees at distances growing in 1000-
2500  m from IGR were affected by the pollution, 
mainly As toxicity (morphological differences were 
such smaller leaves and necrosis in leaves) compared 
to control distance trees.

The mean concentration of S (2.85 times), As 
(29.63 times), Cr (1.12 times), and Ni 3.46 times 
were higher than the World healthy soil requirements 
(Cicek and Koparal [9]; Alloway [4]). Thus, As ele-
ment had the highest toxic range among the other 
studied elements in the Zagros region soil samples, 
this is the area where the most detrimental TEs con-
tamination for soil and plants occurred, depending on 
the season of the year. Furthermore, in line with our 
results that sulfur concentration in soils and leaves 
were found more elevated than that of the regulated 
limits, in the work of Cicek and Koparal ([9]), sulfur 
in soils and oak trees (Quercus infectoria L.) living 
adjacent to an  SO2 pollution source in Turkey showed 
higher concentrations than that of the regular range 
for soils and plants.

According to Kabata-Pendias and Pendias ([14]); 
Padmavathiamma and Li ([31]), the concentra-
tions of Cu, Zn, and Pb in plants are in the ranges of 
2–20,10–150 mg  kg−1, and less than 10 mg  kg−1 are 
normal. In our results, these elements were below the 
regulated limits in Baneh trees. Safari et  al. ([38]) 
showed that the concentration of Pb element con-
trary to Ni had the toxic range in the leaf and bark of 
deciduous tree species at different distances from the 
gas refinery. However, in our research, Pb and Ni ele-
ments did not exceed the limits in barks and leaves.

The mean  Igeo of As and S were in moderately to 
strongly polluted ranges, and Pb, Mn, and Ni were in 
moderately polluted ranges. Cr, Cu, and Zn Mn were 
unpolluted to moderately polluted ranges. Although 

sulfur and As had a high PI, Cr, Zn, and Cu had rel-
atively low PI indices. The PLIs in all soil samples 
were in a very highly polluted range. The IGR’s oper-
ations contaminated soil samples from various sea-
sons and distances. All of the investigated TEs were 
enriched in the leaves and barks of Baneh trees (with 
EF > 2). Also, the leaves showed higher EF than the 
barks of trees. This elemental enrichment might come 
from the soil or the atmosphere.

The BCF demonstrated the capacity of various 
organs of trees to accumulate TEs from the soil. To 
all of the elements tested, tree leaves had a BCF < 1. 
However, tree barks had BCF > 1 for As and Pb ele-
ments, showing that Baneh trees could absorb these 
from soil readily. The concentration of As element 
was high in the bark. According to our findings, it 
was deposited from the atmospheric section and 
absorbed from the soil. Besides, this is the result of 
several years’ deposition. These factors caused As 
to have a high and toxic range in the Baneh trees. In 
addition, most metal ions exhibited the lowest mobil-
ity in soils with a high pH (> 7). However, the mobil-
ity rate of ions in soils can be enhanced with a change 
in pH (> 5) conditions (Kabata-Pendias [15]; Serbula 
et al. [39]).

In line with our results, the pH of the soils was 
more than 7, indicating that the TEs had poor mobil-
ity in the soils, which Baneh roots slowly absorbed. 
Serbula et al. ([39]) found that Pb, Cu, and Zn have 
BCF < 1 in the leaves of Robinia pseudoacacia L. 
from various locations. Found they were poorly 
absorbed by the soil, resulting in soils with a pH 
greater than 7. The elements of Pb and As in barks of 
Baneh trees, on the other hand, were highly absorbed 
from soils and had a higher BCF. Bing et  al. ([7]) 
showed that in air pollution conditions, As, Cr, Mn, 
Ni, and S with low BCF had a lower ability to be 
absorbed from the soil portions than other elements. 
In our case, elements were efficiently accumulated in 
the foliar organs of Baneh trees because of the slow 
absorption capacity.

Trace elements are available in two forms: solu-
ble and crystallized. Besides, their accumulation in 
trees is related to different tree organs and types of 
elements (Alatou and Sahli [3]). The greatest metal 
accumulation sub-indexes were for sulfur in leaves 
and copper in barks. As compared to barks, leaves 
had higher MAI, which showed that the leaves were 
more enriched with studied elements from the air 
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than barks. Accordingly, these trees are suitable for 
accumulating atmospheric elements emitted from the 
IGR. Tree barks with their structure to retain atmos-
pheric pollutants and metals can give a valuable 
monitoring basis for long-term air pollution surveys 
(Berlizov et al. [6]). With their unique structures and 
characteristics, tree barks and leaves have varying 
capabilities for accumulating metallic contamination 
from the soil or air. Deposition in the outer surface 
of barks and translocation through the xylem from 
roots are the essential factors for TEs accumulation 
in tree barks (Alatou and Sahli [3]). According to 
Krämer ([18]), metal transportation system efficiency, 
antioxidant defense responses, and overall physiologi-
cal status are significant indicator factors of element 
amounts transferred to the aboveground parts of trees.

As is the persistent carcinogen and global met-
alloid that had high bioaccumulation in the envi-
ronment. It has harmful effects on the metabolism 
and bioenergetics of tissues in plants, animals, and 
humans. Different ills related to poisons of this metal-
loid are in the air, soil, and water (Kaur et al. [16]). 
The trees’ anatomical characteristics, such as the 
structure of different tissues, pore cells, and leaf area, 
are the most important determining factors of absorp-
tion and accumulation of air pollutants and toxic 
elements by trees (Safari et  al. [38]). Almost all the 
studied elements in this work accumulated in the leaf 
organs. Among TEs, the most dangerous was detect-
ing a high concentration of As in leaves and barks of 
analyzed trees. Arsenic was found at significant con-
centrations in both the atmosphere and the soil. Fur-
thermore, it was found in dangerous concentrations in 
soil samples from the Zagros area, which might cause 
severe physiological and structural disorders.

Conclusions

Sulfur and TEs concentrations in contamination 
seasons (summer and autumn) and distances (up to 
2500 m) in soils and Baneh tree components differed 
from the spring and control distance. The concen-
trations of S, As, Ni, and Cr were higher than Ira-
nian and international soil standards. Soil features, 
including low EC, alkaline conditions, and abundant 
clay particles, were the major causes of soil element 
contamination. Because of the poor mobility and 
availability of the soil’s trace elements (e.g., weaker 

extractions), trees slightly absorbed and accumulated 
elements from soil sections. As opposed to the barks, 
the leaves have the largest elemental accumulation 
capacity due to the different anatomical structures 
and sensitivities of the organs to atmospheric ele-
ments. The PCA findings revealed that the IGR’s air 
pollution directly impacted the concentrations of all 
components in soils, barks, and leaves. Food systems 
may be disrupted by potentially harmful materials in 
soils and trees, putting the health and lives of wildlife 
in jeopardy. As a result, it is advised that the risk level 
to the food web in the Zagros habitats surrounding 
the gas refinery be assessed regularly.
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