Environmental Science and Pollution Research (2024) 31:56056—-56066
https://doi.org/10.1007/511356-024-34939-7

RESEARCH ARTICLE q

Check for
updates

Identification of proper species that can be used to monitor
and decrease airborne Sb pollution

Ugur Canturk'© . ismail Ko¢?® - Halil Baris Ozel*© - Hakan Sevik*

Received: 8 February 2024 / Accepted: 4 September 2024 / Published online: 10 September 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract

Heavy metal concentrations, which have increased continuously in the environment this century due to anthropogenic factors,
severely threaten human and environmental health. Antimony (Sb) is one of the most toxic and harmful heavy metals in terms
of human and environmental health. Therefore, the priority research subjects are monitoring the alteration of Sb pollution in
the airborne and reducing pollution. This study was conducted to conclude the proper species to monitor and drop airborne
Sb contamination on trees grown in Diizce, the 5th most polluted European city. This study examined samples taken from
Pseudotsuga menziesii, Cupressus arizonica, Pinus pinaster, Picea orientalis, and Cedrus atlantica, and the Sb concentra-
tion changes based on tree species, route, tissue, and age range in the last 40 years were evaluated. The study hypothesizes
that Sb concentration varies depending on (1) tree species, (2) direction, (3) plant tissue, and (4) age range, all confirmed
in this study. In conclusion, the maximum concentrations were achieved in the outer bark and east (5.45 pg g~!) and north
directions (6.72 ug g~ 1), with high traffic density. In addition, the mining and industrial places (sources of metal pollution)
are not close to the study area. Therefore, it was concluded that traffic pollution was the primary source of Sb pollution in
the study area. The study revealed that C. arizonica is the most suitable species for monitoring and reducing the change in
Sb pollution because the highest Sb concentration (4.47 ug g~') in wood (the largest organ) was obtained in C. arizonica.
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Introduction

Today, heavy metal (HM) concentrations in soil, water, and
air are gradually increasing due to anthropogenic factors
such as vehicles, solid fuel burning, mining, and industrial
activities, especially in urban regions (Ucun Ozel et al. 2020;
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Sb, one of the critical and common HMs, is a metalloid
and relates to group 15 in the periodic table. It is widely used
in materials, drugs, and flame retardants (Lai et al. 2022).
Fossil fuel combustion is the major source of anthropogenic
Sb atmospheric emissions (Vallero 2014; Dousova et al.
2020; Nishad and Bhaskarapillai 2021).
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It is known that there are high levels of Sb concentration
in urban areas. A study determined that the Sb concentration
obtained in urban roadside soil was approximately 3.2 times
that obtained in forest topsoil (Thestorf and Makki 2021).
People in these dense areas are exposed to Sb through the
air, air dust, water, and food sources (Voutsa et al. 2002;
Belzile et al. 2011). It is thought that exposure to Sb changes
the hormone levels in the human body and may increase the
risk of cancer (Lai et al. 2022). Chronic exposure to air-
borne Sb is thought to aggravate irritation of the skin, eyes,
and lungs, and prolonged inhalation may aggravate stomach
vomiting, diarrhea, stomach ulcers, and pain (Cooper and
Harrison 2009). It is stated that Sb causes symptoms such
as conjunctivitis, upper respiratory tract chronic bronchitis,
inflammation, pleural adhesions, and chronic emphysema
(Gad 2014). Due to its effects on human health, Sb is on
the ATSDR’s (Agency for Toxicity Substance and Disease
Registry) priority pollutants list (Savas et al. 2021). It is also
among the 13 priority pollutants that the EPA (United States
Environmental Protection Category) considers the most dan-
gerous (Hsieh et al. 2004). Therefore, monitoring and reduc-
ing the change in the concentration of Sb in the environment,
especially in the air, is a priority research topic (Parviainen
et al. 2020; Ishimaru et al. 2021; Morton-Bermea et al. 2021;
Pleijel et al. 2023).

In this study, the determination of the variation in the Sb
concentration in the air in the last 40 years in Diizce, which
is the 5th most air-polluted European city, the explanation of
the factors that may be effective in this change, and the pos-
sibilities of reducing the Sb pollution in the air were inves-
tigated. Contrary to receptive environments such as soil and
water, it is quite challenging to detect the variation in HM
concentrations in the air (Kuzmina et al. 2023; Erdem et al.
2023). Because direct measurement of HM pollution in the
air is costly and quite complex, it cannot give an idea about
the shift of HM levels in the process and their impacts on
the ecosystem (Cesur et al. 2021; Isinkaralar et al. 2022b).
Therefore, biomonitors are frequently used to screen the var-
iation in HM levels in the airborne (Key et al. 2022). Annual
rings of trees are defined as the most suitable biomonitors
to be used for this purpose (Yayla et al. 2022; Cobanoglu
et al. 2023). However, the potential to accumulate different
HMs in different organs of the species is at different levels
(Karacocuk et al. 2022). Therefore, it is essential to define
the species of biomonitor that can be used to monitor the
change of each HM separately.

Based on the World Air Pollution Report 2021, Diizce
city, located in the northwest of Tiirkiye, between Istanbul
and Ankara, is among Europe’s five highest air-polluted
towns (average PM2.5 was 44.4 pg/m3) (IQAir 2021).
The highest PM2.5 and PM10.0 were measured at 244.83
and 386.31 pg/m® in Diizce air (Cevre, Sehircilik ve iklim
Degisikligi Bakanlig: 2023). D-100 highway passes through

the city, and the TEM highway passes around the city of
Diizce. Therefore, this study was carried out to monitor and
reduce the level of Sb pollution in the air and to define the
suitable plant species that can be used for phytoremediation.

The hypotheses in the study are as follows: (1) Sb concen-
tration varies depending on tree species. (2) Sb concentra-
tion changes in different directions of the trees (transfer of
Sb in the wood is limited). (3) Sb concentration varies on a
plant tissue basis. (4) Sb concentration changes depending
on age range (Sb concentration in the air in the study area
has changed in the last 40 years).

Material and method
Study area

The current research was conducted in a park in Diizce
(Fig. 1), in Tiirkiye’s western Black Sea region (140 m
a.s.l.), whose industry is developing day-to-day. The city is
shaped like a bowl and surrounded by high mountain ranges
on both sides, which reduced the wind speeds (Ozdede
and Ak 2022) that caused contamination to settle over the
urban site and not scatter during the winter. Air pollution is
increasing gradually and has recently been a crucial environ-
mental problem for Diizce. Studies indicate that Diizce’s air
pollution level has increased significantly in recent years. In
a study conducted in 2018, although Diizce was the 6th most
polluted city in Tiirkiye, it was determined that it was one of
the cities whose air pollution decreased in the 2016-2019
period (Aykag and Yasin 2021). However, studies conducted
in recent years have stated that Diizce is the 2nd most pol-
luted city in Tiirkiye (5th in European town) and that air
pollution continues to increase (Canturk 2023; Isinkaralar
et al. 2023; Koc et al. 2024).

Sample collection

In the study, five coniferous species Cupressus arizonica
Greene (Cpa) [Cedrus atlantica (Endl.) Maanetti ex Carriere
(Cda), Pinus pinaster Aiton. (Pp), Pseudotsuga menziesii
(Mirb.) Franco (Pm)] and Picea orientalis L. (Po) which
show good growth and are adapted to the Diizce climate
were used. These species have high aesthetic values due to
durability, low maintenance cost, and various benefits for
landscaping in urban sites. In selecting these trees, it was
considered that they were healthy, were about 5 m from each
other, were similar in age and height, and their crowns did
not touch each other.

After marking the direction on the trunk, cuttings (one
single tree from each species) were carried out in the late
autumn of 2022. Five thick discs (10 cm) from each tree
species were taken from around a half meter above the
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Fig.1 Location of study site

ground level, and discs were taken to the laboratory for
preliminary work. The thickness of wood, outer bark, and
inner bark were measured, and the proportion of tissues is
provided in Table 1. In order to see the annual rings on the
disc samples, the discs were smoothed with the help of a
planer. At the end of the check, it was concluded that the
species was 40 years old. Due to the narrow annual ring

widths, the wood samples were divided into age groups
of 5 years.

Performing Sb element analysis

The samples [5 species X 4 route X 5 disc sample X 10 (8 age
category + outer bark + inner bark) X 3 repetitions =a total of

Table 1 The ratios of plant

. Tissues Cedrus Cupressus Pinus pinaster Pseudotsuga Picea orientalis
parts (%) by plant species atlantica arizonica menziesii
Wood 93.1 97.6 91.3 89.3 96.5
Inner bark 33 1.1 22 4.8 1.2
Outer bark 3.6 1.3 6.5 5.9 2.3
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3000 samples] were taken with the help of a steel drill. The
samples were kept in the laboratory environment (20-25 °C)
for 15 days in glass petri dishes to turn into air-dry. After-
ward, the samples were ground first, oven-dried at 45 °C for
a week, and prepared for analysis. Six milliliters of nitric
acid (65%) and 2 ml of hydrogen peroxide (30%) were added
to the samples and allowed to react in the microwave oven
(Ethos brand). The microwave device’s program was set to
rise to 200 °C for 15 min and then remain at 200 °C for
15 min. The prepared samples were burned in a microwave
at 280 PSI pressure and 180 °C for 20 min. The samples that
became solutions were moved to the flasks and filled with
ultrapure H,O to 50 ml. The prepared solutions were ana-
lyzed for Sb metal with an ICP-OES machine (Inductively
Coupled Plasma-Optic Emission Spectrometer, GBC Sci-
entific Equipment Pty Ltd., Melbourne, Australia), and the
concentration values were obtained. Sb concentration values
were calculated by multiplying the obtained values with the
dilution factor. The method used is commonly preferred in
current reports (Turkyilmaz et al. 2020; Karacocuk et al.
2022; Canturk 2023).

Statistical analysis

The obtained values from 3000 samples were evaluated with
the help of the SPSS 22.0 statistical program. Analysis of
variance (ANOVA) was primarily applied to the data, and
the Duncan test was performed for the factors with statisti-
cally significant differences when the alpha was 0.05. Thus,
the difference in Sb concentration in the airborne in Diizce

Fig.2 Sb concentration rate

of annual tree rings of five

tree species grown in Diizce, 8
Tiirkiye, throughout 1985-2020

(5-year interval) 7

Sb concentration (ug g*t)

1980

@ C. atlantica

province based on tree species, route, tissue, and year group
was defined and evaluated independently.

Results
Variation of Sb concentration based on a species

Sb element concentration in annual tree rings of five trees by
period and species are presented in Fig. 2. Sb concentration
in wood tissues decreased in Cda throughout the experi-
ment period. Sb concentration in Cpa decreased until 2000
and then had an increasing trend, while Sb concentration in
the rest of the species increased until 2005 and decreased
afterward.

Variation of Sb concentration based on direction

Sb concentration based on species and direction is presented
in Fig. 3. While the uppermost concentration was found in
Cpa (5.95 pg g7!) and Cda (6.01 pg g~!) in the north route,
the maximum value was seen in Pp (6.23 ug g~!) and Cpa
(6.15 pg g~ 1) in the east side. The smallest concentration in
the south route was found in Pp, while in the west, it was
obtained in Pp, Po, and Cpa. Sb concentration in Cpa, Po,
and Pp are ordered as west < south < north < east. According
to the averages, the minimum values were determined in Po
and Pp species.

Species trends

Cedrus atlantica
y =2.2906x? - 9255.1x + 9E+06
R2=10.859
P<0.001

Cupresus arizonica
y = 1.9269x? - 7703.7x + 8E+06
R2=0.1825
P<0.001

Pinus pinaster

Pseudotsuga menziesii

y =-2.5038x2 + 10015x - 1E+07
R2=0.3263

y =-0.904x2 + 3618.2x - 4E+06
R2=10.02

P<0.001

K NPT LT A
RS L
X e 2

Picea orientalis
y =-4.3915x% + 17582x - 2E+07
R?=0.4097

P<0.001

1990 1995 2000 2005 2010 2015 2020 2025

A C. arizonica  XP. pinaster & P. menziesii M P. orientalis
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Fig.3 Sb element concentration
in wood tissues of five trees by
direction
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Variation of Sb concentration based on plant tissue

The alteration of Sb amount by plant species and tissues is
shown in Fig. 4. While the maximum Sb concentrations in
the inner bark were observed in Po and Pp species, the maxi-
mum in wood was in Cpa, Cda, and Pm. According to the
averages in organs, the lowest concentrations were mostly
seen in Po species.

Fig.4 Alteration of Sb element
amount by organs and species,
developed in Diizce, Tiirkiye ]
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Variation of Sb concentration based on age period

The trend of Sb element concentration in annual rings by
period and route is shown in Fig. 5. The uppermost Sb con-
centration is mainly seen in the east route, while the small-
est values are seen in the south from 1985 to 2005 and then
in the west afterward. The Sb concentration decreased in
the west direction from 1985 to 2020. The Sb concentration

Concentration by organ

B C. atlantica
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B P. pinaster
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Fig.5 Sb element concentra-

tion of five conifer species Direction trends in wood
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Sb amount in the north direction was observed in the outer
and inner bark, while the lowermost values were achieved in
the wood. While the lowest Sb amount in the west was found

decreased from 1985 (2.85 ug g~!) to 2000 (1.94 ug g~!) and
then increased until 2020 (3.03 pg g~!) in the south.

Variation of Sb concentration based on species,
plant tissue, and direction

The variation of Sb element concentration by organ and
direction is presented in Fig. 6. The highest Sb values in
organs were observed in the north and east, while the lowest
values were obtained in the west and south. The maximum

Fig.6 Sb element concentra-
tion in organs of 5 species by
direction 8

in the outer bark (1.48 ug g™"), the maximum values in the
west direction were observed in the inner bark (3.37 pg g™
and wood (2.61 ug g7").

Sb concentration was affected by plant species, direc-
tion, organ, and their interactions (Table 2). The alteration
of Sb concentration in five plant species by direction and
organ is shown in Table 3. The Sb concentration change in

Organ concentration by direction

H Outer bark
H Innner bark
6 ® Wood

Sb concentration (ug g!)
w e

\S)

—_

0 ‘

West

South

North East

Direction
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Table2 Summary of ANOVA for Sb concentration for organs of five
conifer species under four direction

Source of variation df p-value
Species (S) 4 0.0001
Organ (O) 2 0.0001
Direction (D) 3 0.0001
SxO 8 0.0001
SxD 12 0.0001
OxD 6 0.0001
SxOxD 20 0.0001

Table 3 Sb element concentration (ug g~') in organs of 5 plant spe-
cies grown in Diizce, Tiirkiye, sampled by direction

Cedrus atlantica

Plant parts West South North East
Outer bark 1.26 Aa 298 B 6.34 Cab 292B
Inner bark 6.72 Cb 3.54B 7.53 Db 328 A
Wood 4.63 Bb 281 A 5.79 Ba 337A
Cupressus arizonica

Outer bark 2.74 Ac 422B 5.15C UL
Inner bark 2.44 Ab 3.03B 6.72C UL
Wood 0.84 Aa 3.13B 595C 6.15C
Pinus pinaster

Outer bark 1.29 Ab 2.74 Bb 6.84 Cb 8.31 Db
Inner bark 1.23 Ab 2.83 Bb 7.43 Cb 7.70 Dab
Wood 0.92 Aa 1.89 Ba 3.79 Ca 5.73 Da
Pseudotsuga menziesii

Outer bark 1.17 Aa 7.60 Cb 9.74 Db 5.11B
Inner bark 5.55b 2.31a 2.22a UL
Wood 5.05Cb 2.49 Aa 3.94 Ba 4.74 BC
Picea orientalis

Outer bark 0.96 A 327B 5.53Cb UL
Inner bark 091 A 3.00C 491 Db 2.28 Ba
Wood 1.L12 A 242 B 3.07 Ba 4.99 Cb

According to Duncan’s test outcomes, numeric values followed by the
different letters (A and B or a and b) specify significant differences
among organs within each direction. Lowercase letters demonstrate
vertical ways, whereas capital letters specify horizontal routes. UL
under detection limit

Cda was significant (p <0.05) in all organs based on route.
Sb concentration change was not significant (p > 0.05) in
routes other than west and north. The maximum Sb amount
in Cda in the north was observed in the bark, whereas the
uppermost Sb in the west was achieved in the inner bark
(6.72 ug g1 and wood (4.63 ug g™!). The lowermost Sb
values were detected in the south (2.81 ug g~') and east
directions (2.92 ug g~'), while the uppermost ones were
achieved in the north (7.53 pg g7 ).

@ Springer

The alteration in Sb amount in Cpa was significant
(p <0.05) only in the west route. The change in Sb con-
centration based on the route was substantial (p <0.05) in
all organs. The smallest Sb amount in Cpa in the west was
seen in the wood (0.84 pg g~ 1), while the uppermost is in
the outer bark (2.74 ug g~!). The smallest values in Cpa
among the directions were in the west, while the highest was
obtained in the north and east. Sb concentration variation in
Cpa in the outer and inner bark in the east route remained
below the detectable limits.

The variation in Sb concentration on organ basis in
Pp was significant (p <0.05) in all directions, and the
change in directional basis was significant (p <0.05) in all
organs. The average lowest Sb value was detected in the
west route (1.15 pg g=1), while the highest was in the east
(7.25 ug g~ Y. The change of Sb concentration in Pp is
west < south < north < east. Notably, the minimum amount
in all directions was obtained in wood.

The variation in Sb concentration in Pm is significant
(p <0.05) in all tissues based on route and tissues in all
routes except the east route. The smallest Sb value in Pm
in the south and north directions was detected in the inner
bark (2.31 and 2.22 pg g~!) and wood (2.49 and 3.94 pg g ),
while the uppermost was found in the outer bark (7.60 and
9.74 ug g7, respectively. In the west direction, the lowest
Sb amount was detected in the outer bark (1.17 ug g7"),
while the highest was observed in the inner bark (5.55 pg
g~1) and wood (5.05 ug g~!). Sb amount variation in the
inner bark in the east route remained below the detectable
limits. In the eastern route, the alteration in Sb amount in
the inner bark was at undetectable limits.

The change in Sb amount in Po is substantial (p <0.05) in
all organs based on route. In routes other than the east and
north, the change of Sb amount based on organs was not sig-
nificant (p > 0.05). The smallest Sb amount in Po in the north
direction was observed in the wood (3.07 ug g™!), while the
lowermost amount in the east side was detected in the inner
bark (4.91 ug g~1). Sb amount variation in the eastern outer
bark remained below the detectable ranges. The change of Sb
concentration in Po was seen in west < south < north <east.

Discussion
The source of Sb pollution

This research investigated the variation in Sb concentra-
tions across different plant types, directions, organs, and
wood in select trees in the downtown zone of Diizce. This
study found the maximum Sb element concentrations on the
east and north sides. The highway, located northeast of the
research site, is thought to have caused this situation because
it is stated that traffic is one of the primary HM sources
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(Sevik et al. 2019; Cetin et al. 2020). Studies show that the
primary sources of heavy metals are anthropogenic sources
such as mining activities, industrial areas, urban areas, and
traffic (Istanbullu et al. 2023; Sevik et al. 2024). However,
since there is no mining area or industrial establishment
in the area close to where this study was conducted, traffic
comes to the fore as a source of pollution. On the other hand,
in a study, although Sb concentrations in Cupressus macro-
carpa annual rings increased in the polluted area in central
Chile, they did not differ statistically significantly compared
to the control area (Muiioz et al. 2019). Reports show that
anthropogenic sources such as the wear of motor vehicle
surfaces or brake pads are a source of Sb (Amereih et al.
2005). In addition, by examining the grass and soil samples,
it was determined that Sb accumulation is intense in places
close to traffic (Dietl et al. 1997), and a significant part of
the Sb in the soil is caused by vehicle emissions (Amereih
et al. 2005; Dousova et al. 2020).

Primary sources of Sb in high-traffic regions come mainly
from wear of tires (Adachi annd Tainosho 2004), brake pads
(Torre et al. 2001; Amereih et al. 2005), tailpipe emissions
(Lough et al. 2005), and engine bearings (Belzile et al.
2011). The uppermost concentrations of Sb were achieved
in areas where the traffic is mostly passenger cars and on
streets that show a “stop-and-go” pattern during rush hour
(Gomez et al. 2005). For instance, a research study investi-
gated heavily congested intersections in three distinct dis-
tricts of the Czech Republic (Central Europe), monitoring
the presence of Sb in topsoils, road dust, and reference soils
over 2 years (Dousova et al. 2020). The results uncovered a
primary source of Sb pollution linked with braking activi-
ties in high-traffic zones, where the resulting abrasion dust
exhibited an average chemical composition of up to 5%. Sb
concentrations varied from 5 to 70 ug g~! in topsoils and
from 20 to 350 ug g~! in road dusts. The average Sb concen-
tration was up to 60 folds the background value in that study.
High volume and heavy truck fractions in traffic also cause
an increase in airborne emissions (Lough et al. 2005). It is
stated that 70% of the most critically identified sources in
urban areas are diesel exhaust (Iijima et al. 2008). It is stated
that vehicle-derived metals (Pb, Cu, Ba, Cd, Sb, and Zn) are
primarily caused by abrasion rather than combustion; Sb
may also be caused by brake wear (Sternbeck et al. 2002),
and Sb is found in particulate matter in brake dust (Adachi
and Tainosho 2004).

In this study, the change in Sb concentration on an organ
basis was also noteworthy. The highest average Sb amounts
were found in the outer bark, especially in the north and east
routes, where traffic is heavy. The concentration of Sb in
tissues that accumulated within determinable limits varied
between 0.96 and 9.74 ug g~ in the outer bark and between
0.91 and 7.53 pg g~ ! in the inner bark in different species
and directions in the current study (Table 3). These results

are generally higher than the results obtained in similar stud-
ies. In a study conducted in China, it was determined that the
Sb concentration in the outer barks of trees varied between
0.07 and 1.49 pg g~!, and the concentrations in the inner
barks varied between 0.01 and 0.07 pg g~! (Liu et al. 2023).
In a study conducted on eight dominant species in man-
grove forests in India, the highest Sb concentration in wood
was obtained in Avicennia officinalis wood with 12.8 ug g~
(Mandal et al. 2021). A study on waste wood in Finland
determined that the Sb concentration varied between 1.20
and 15.0 ug g~!, with an average of 6.46 ug g~! (Bajamundi
et al. 2015). A study on Pinus nigra wood determined that
the Sb concentration varied between 6.33 and 10.00 ug g~
(Sevik et al. 2024).

Elevated Sb concentrations in the outer bark are corre-
lated to particulate matter polluted with Sb due to the bark
structure and traffic density. Reports have stated that HMs in
the atmosphere adhere to particulate matter and contaminate
particulate matter with HMs. HM concentrations in plant
organs boost as these particulate substances stick to plant
tissues (Turkyilmaz et al. 2019; Dousova et al. 2020). The
rough outer bark surface structure facilitates the adhesion of
particulate substance here, and the elevated HM concentra-
tions in the bark, especially in the route of traffic jam, are
clarified by the contagion of particulate matter in this path
with HMs initiated by vehicle (Kog¢ 2021; Cesur et al. 2022;
Canturk 2023).

Suitable species for monitoring and mitigating Sb
pollution

This study obtained the highest Sb concentrations in Cpa,
Cda, and Pm according to the mean values. Generally, there
is a significant difference between the Sb concentrations
determined in the woods that occurred in different routes in
the same period or successive periods in the same direction.
However, the species where this difference is most appar-
ent is Cpa. This species also obtains the highest average Sb
concentrations in the wood part and all organs. Therefore,
Cpa is the proper tree species to monitor the change of Sb
concentration in the airborne and reduce Sb pollution.
Report on the speciation of HMs in the tree and their
movement between tree parts, starting from entering the
plant body, is limited (Savas et al. 2021). It has been stated
that the allocation of some elements in wood may alter from
species to species. For example, in Cedrus deodara woods,
Zn and Pb are replaced, but the Cu element remains constant
(Zhang 2019). In Corylus colurna woods, the displacement
of Ni, Pb, Zn, and Cr elements is limited, but Cd can be
replaced (Key and Kulag 2022; Key et al. 2022). In Cedrus
atlantica woods, the transfer of Ni element is quite limited,
but this is not valid for Co (Kog¢ 2021). Therefore, defining
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the appropriate species separately for each HM pollution
monitoring is essential.

Conclusion

Sb contamination in the airborne is high in the study site. It
was determined how the Sb concentrations changed based
on direction, and generally, the uppermost concentrations
were found in the east and north routes. The north and east
sides are the direction with a main highway with high traffic
density, and therefore, the accumulation of Sb in the trees
is caused by traffic.

It was also revealed that the Sb concentrations differed
considerably in diverse routes in the consecutive year inter-
vals and same year range in all trees subject to the research.
However, the species in which this difference is most appar-
ent is Cpa. This species also obtains the highest average
Sb concentrations in the wood part and all organs. HMs
taken into the wood are trapped here and removed from the
ecosystem. Therefore, plants with high HM accumulation
potential in the wood portion can effectively decrease HM
contamination in the air. Therefore, Cpa is a suitable tree
to use to monitor the alteration of Sb concentration in the
airborne and reduce Sb pollution. Using this species in affor-
estation and landscaping practices in urban zones will reduce
Sb concentration and thus prevent Sb-related diseases and
disorders in humans.
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