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Abstract Heavy metals (HMs) in air pollution seri-
ously threaten the environment. Although plant spe-
cies are known as good biomonitors, it has not been
determined which HM is absorbed by which plant
and organs and how much traffic is caused. The
objectives are to determine (a) if the HMs examined
here are transferred between the annual tree rings and
(b) originate from the traffic, and (c) the variation of
these HMs’ concentrations by wood, outer bark, and
inner bark within these organs and density of the traf-
fic. In this study, annual growth rings of Cedrus sp.
tree located in Kastamonu city center, Tiirkiye, were
used to determine the variation of cadmium (Cd),
nickel (Ni), and zinc (Zn) by organ and traffic den-
sity through the last 39 years. As a result, Cd, Ni, and
Zn concentrations in outer bark on the roadside were
approx. 22.3, 9.6, and 2.5 folds of the concentration
in the outer bark on the opposite side. Compared to
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the values obtained from wood, the concentrations
obtained from outer bark were approx. 16.5 folds for
Cd, 3.2 folds for Ni, and 5.1 folds for Zn. The results
reveal that Cd, Ni, and Zn elements can diffuse into
the air due to traffic, their accumulation potential in
the cedar tree’s woods is relatively high, and their
transfer in the wood is limited. In conclusion, the
usage potential of this species is high to monitor and
reduce the change of Cd, Ni, and Zn in the air from
the past to the present.

Keywords Air pollution - Biomonitor - Cadmium -
Heavy metal - Nickel - Zinc

1 Introduction

Throughout the world in this century, climate change
has become an environmental problem, the effects
of which started to be strongly felt and a concern for
the entire world (Kog et al., 2022; Kog, 2022a, b, c).
Besides it, pollution has become a serious threat to
the environment worldwide. The environmental pol-
lution arising from plant cover damaged, fossil fuels
consumed, and industrial zones established so as to
meet the growing energy demand depending on the
increasing human population density is the main
factor (Isinkaralar et al., 2022; Kog, 2021) influenc-
ing climate change (Canturk & Kulag, 2021; Varol
et al., 2021). Heavy metal (HM) contamination plays
a vital role in the resultant environmental pollution.
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The non-biodegradable HMs in nature originate from
various anthropogenic activities and directly threaten
human and environmental health (Turkyilmaz et al.,
2018).

HMs naturally exist in nature, but they are released
into nature due to the effects of fossil fuels, miner-
als, packages, papers, cosmetics, textiles, food indus-
try, natural gas, galvanic, metal treatment, and waste
incineration facilities (Cimboladkova et al., 2019).
These industrial advancements result in the accu-
mulation of HMs in nature. Hence, climate change
and air pollution caused by the HMs accumulating
in nature are significant sources of concern (Shahid
et al., 2017). Annually, approx. 7 million individuals
(gradually increasing) die because of medical prob-
lems, including cardiac diseases, lung cancer, acute
respiration, chronic obstructive pulmonary disease,
and acute respiratory tract diseases (Elsunousi et al.,
2021; WHO, 2021). According to the data provided
by European Environment Agency (EEA), air pol-
lution is considered the only and most crucial envi-
ronmental concern in Europe. The latest estimations
emphasized that pollutants having fine particle struc-
tures caused more than 400 thousand preventable
deaths in Europe in 2018 (EEA, 2020).

Plants are frequently used in reducing the effects
of air pollution and estimating the dimensions of pol-
lution (Sevik et al., 2019a, 2019b; Turkyilmaz et al.,
2020). Since plants act as a sink, they accumulate
particles and harmful gasses in the atmosphere within
their organisms. Making use of this characteristic of
plants, they recently started being used as biomoni-
tors (Alaqouri et al., 2020; Kog, 2021; Turkyilmaz
et al.,, 2019). Information about the HM contami-
nation in the atmosphere can be gathered by tak-
ing samples from the organs of plants being used as
biomonitors, such as fruit (Sevik et al., 2020), bark
(Isinkaralar et al., 2022; Sawidis et al., 2011), branch
(Karacocuk et al., 2022), leaf (Aricak et al., 2020;
Isinkaralar et al., 2022), and wood (Isinkaralar et al.,
2022; Key & Kulag, 2022; Key et al., 2022; Savas
etal., 2021).

Historically, the dendrochemical studies started in
the late 1960s according to the theory of the chemi-
cal structure of annual rings (Lepp, 1975), which
exhibits the chemical composition of its environ-
ment (Watmough, 1997). Several projects approved
the usability of tree rings in tracing the chemical
contamination and the correlation between a dirty
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environment and element concentration (Lageard
et al., 2008; Lee et al., 2015). However, some scien-
tists claimed that dendrochemistry could not unveil
the chemical and elemental differences in the ecosys-
tems (Pearson et al., 2006; Watmough & Hutchinson,
2003). Furthermore, the former studies indicated that
diverse plant species have diverse abilities for accu-
mulating specific HMs in distinct organs (Sevik et al.,
2020). Consequently, dendrochemistry is a robust
tool for watching air pollution on the circumstance
that a proper and suitable testing procedure should
be selected and a suitable plant species should be
assigned (Liu et al., 2018).

Monitoring the air HM pollution in the air is very
pricy and challenging expensive from several aspects.
Therefore, commonly, biomonitors are used to watch
the HM contamination in the air. However, it was
stated that among the biomonitors presently used,
the most suitable one is woody plants’ annual rings
because annual rings can provide substantial proof of
HM change in overtime (Mulenga et al., 2022; Savas
et al., 2021). Moreover, since the study is conducted
on a single tree, it prevents divergences from the
genetic structure. Plant growth and development are
shaped by the interaction between genetic arrange-
ments and environmental factors (Kog, 2019, 2022a;
Kog et al., 2022). Thus, different plants with diverse
genetic structures may have various physiological and
phenotypic characteristics even under similar envi-
ronmental situations (Ghoma et al., 2022; Varol et al.,
2022). It can also affect the HM accumulation poten-
tial of the plants (Karacocuk et al., 2022). Therefore,
the studies on the same single tree excluded the dif-
ferences resulting from the genetic structure. How-
ever, it advises that the species have different levels of
HM accumulation potential (Cesur et al., 2021).

In previous studies, Ram et al. (2014) investi-
gated Ficus benghalensis and Polyalthia longifolia
plants in terms of dust particles accumulation on
the leaf adaxial and rachis surface, while Mu’taz
and Mandiwana (2007) HM accumulation in the
Pinus halepensis L. needle leaves. In addition,
Pinus sylvestris branch and needle leaf samples
(Aricak et al., 2019), mosses of Octoblepharum and
Isopterygium species (Saat et al., 2016), leaves of
Eucalyptus citriodora and Melia azedarach (Khat-
tak & Jabeen, 2012), leaves of Quercus ilex (Gra-
nati et al., 2008), root, bark, leaf samples of Salix
fragilis L. (Yavuzer & Etem, 2018), the outer bark
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of Azadirachta indica (Sulayman et al., 2021),
leaves of Populus nigra, and needles of Cedrus
libani (Ciftci et al., 2021) in terms of HM accumu-
lation were investigated. However, HM accumula-
tion in wood and bark (inner and outer) samples of
trees was not studied. In this study, the particulate
matter on the outer surface of the cedar tree and
the amount of HM accumulation in the wood part
of the plant were determined. In addition, in previ-
ous studies, 1-year or maximum of 5-year organs
of plants were taken into account, and data were
obtained about the recent past or today. This study
aimed to shed light on the HM accumulation and
sources in the air for the past 39 years. Hence, it is
essential to define annual rings of which tree spe-
cies can be used as biomonitors of which metals.

The level of pollution that plants, which begin
and stop their annual development within the vege-
tation period, were exposed to during the vegetation
season can be determined by taking samples from
their organs, such as branches, fruit, and bark (Kar-
acocuk et al., 2022; Kog, 2021). In recent years,
information about the pollution that plant species,
which have annual rings, have been exposed to in
the past can be obtained by taking samples from the
wood parts. For this reason, many studies have been
conducted on the usability of annual rings in moni-
toring HM pollution in the air from the past to the
present. However, HM pollution in the annual rings
of trees grown in any region was evaluated in stud-
ies and interpreted considering the polluting sources
in the region (Turkyilmaz et al., 2019; Yayla et al.,
2022). However, there still needs to be more infor-
mation on the way metals enter the tree and their
transfer between the organs from their entry into the
tree. In addition, there needs to be more information
about which metal traffic creates HM pollution.

The current study aimed to gather information
about the 39-year accumulation of Cd, Zn, and Ni
in the cross-sectional sample taken from a cedar
(Cedrus sp.) tree in Kastamonu province of Tiirkiye
as well as the relationship of this accumulation with
traffic. The study aimed to reach information about
how much the HMs Cd, Zn, and Ni, which are the
most dangerous for the environment and human
health, increase depending on the traffic source and
the level of transition between the organs of the
cedar tree.

2 Material and Method

This current study was carried out in Kastamonu
province, Tiirkiye. A lateral cross-sectional sample
was taken from the trunk of 39-year-old cedar tree
(45.7 cm d.b.h.) cut from a public garden (5 m away
from the main road in the city center—heavy traffic
all day long), which includes a playground in it, at
the city center of Kastamonu province in late 2019.
The sample was taken from approx. 80 cm above the
ground level, but the roadside was marked on the
sample prior.

After smoothing out the upper surface of the trunk,
annual rings were counted, and it was determined
that it was 39 year-old. Considering the widths of
annual rings, they were gathered in 3-year groups and
labeled from 1 to 13 in the outside-in direction. In
previous studies, annual rings are grouped as 10 (Key
& Kulag, 2022; Key et al., 2022), 5 (Yigit, 2019), 3
(Kog, 2021), and 2 years (Turkyilmaz et al., 2019)
based on annual rings widths. The samples from the
inner bark, outer bark, and wood parts using steel
drill equipment were taken into glass petri dishes.
The samples were air-dried for 2 weeks. Then, the
air-dried samples were moved into an oven (45 °C)
and dried for about 1 week. The dried samples were
ground, divided into 0.5 g portions, and then put into
a glass flask designed for microwaving. Then, they
were assed with 10 ml 65% HNO; on a fume cup-
board. The arranged samples were combusted in the
microwave (at 180 °C temperature and under 280 PSI
pressure) for about 20 min. Then, the cooling solu-
tions were completed to 50 ml by adding distilled
water. The samples filtered through filter paper were
scanned at proper wavelengths using inductively cou-
pled plasma-optic emission spectrometer (ICP-OES)
(GBC Scientific Equipment Pty Ltd., Melbourne,
Australia).

For the samples’ analysis, the ICP-OES device’s
plasma was burned, and ultrapure water was passed
through the system for 15 min to reach equilibrium.
A calibration chart was created by preparing standard
solutions according to the elements to be analyzed.
After the calibration chart was created, the samples
were given to the system, and the reading process was
performed. According to the analysis results that did
not fall into the calibration graph, different calibration
graphs were created at ppm or ppb level, and re-read-
ing was performed. Cd, Ni, and Zn concentrations

@ Springer



65 Page4of 10

Water Air Soil Pollut (2023) 234:65

were calculated by multiplying the obtained results
by the dilution factor of 100. This method is one of
the most frequently used methods in recent years for
the determination of HM analyses in both wood and
plant parts such as leaves, roots, bark, and fruit (Cetin
et al., 2022; Kravkaz Kuscu et al., 2022; Sulhan et al.,
2022).

The data obtained were subjected to variance anal-
ysis (ANOVA) using SPSS package software. Dun-
can’s test was conducted for the values, which were
found to have a statistically significant difference
(95% confidence level) in ANOVA. The homogene-
ous groups obtained from the Duncan test were then
tabularized and interpreted.

3 Results

The element concentration (mean) levels in various
organs (on the roadside and opposite sides) are given
in Table 1. According to the ANOVA, the changes
in Cd concentrations by organ were not significant
(P>0.05) only for the opposite direction. However,
the changes in other elements’ concentrations by
organ were significant (P<0.05). The concentra-
tion of Cd in outer bark on the roadside was approx.
22.3 folds of the concentration in outer bark on the
opposite side. Similar results were also achieved for
the other elements. Compared to the outer bark fac-
ing the opposite side, the values from the outer bark
facing the roadside were around 9.6 folds for Ni and
2.5 folds for Zn. Accordingly, it can be concluded that
the accumulation of all three elements increased with
traffic.

Besides that, examining the changes by organs, the
highest and lowest values on the roadside were found

in wood, followed by inner bark and outer bark, and
the concentrations found in the outer bark were much
higher. Compared to the values obtained from wood,
the concentrations obtained from outer bark were
approx. 16.5 folds for Cd, 3.2 folds for Ni, and 5.1
folds for Zn. The analysis results of the variation in
annual rings’ concentrations by years are presented in
Table 2.

Examining the changes by year ranges, it can be
seen that mean Cd concentration increased in the
1-3-year age group; on the opposite side, decreases
were observed until the age group of 7-9 years, and
twofold increase was observed after the age group
of 10-12 years. In the age group of 10-12 years, Cd
concentrations in the opposite direction increased to
182.8 ppb, decreasing to 152.9 ppb on the roadside.
Even though Cd concentrations slightly decreased
until the age group of 28-39 years on both roadside
and opposite side, it increased to 220.0 ppb on the
roadside and 212.6 ppb on the opposite side in the
age group of 31-33 years. Cd concentration, which
decreased by approx. 100.0 ppb in the age groups
between 24 and 36 years, increased to 200.0 ppb in
the age group of 37-39 years.

Given the ANOVA results of the change of Ni
concentrations by year, it was determined that the
roadside and opposite side values were significant
(P<0.05), but there was no detectable difference
between the mean values. In general, Ni concentra-
tion remained below 500.0 ppb in roadside, opposite
side, and mean values. However, it increased up to
743.8 ppb on the opposite side in the age group of
25-27 years. After these years, the values found on
the opposite side decreased and reached the mini-
mum of 322.7 ppb in the age group of 37-39 years.
From a general perspective, it can be stated that

Table 1 Changes in Cd, Ni, and Zn element concentrations by organs

Organs Elements
Cd (ppb) Ni (ppb) Zn (ppm)
Opposite side  Roadside ~ Aver Opposite side  Roadside ~ Aver Opposite side  Roadside ~ Aver

Outer bark  116.6 2601.2°  1358.9° 94.7°
Inner bark  166.5 176.8% 171.6* 1942.0¢
Wood 139.7 156.9* 201.28  365.3°
F values 1.735 61.62 22074  137.077
P values 0.189 0.000 0.000 0.000

1735.6°  915.1>  10.4° 25.7¢ 18.0°
1196.6°  1569.3¢ 9.5° 8.4° 9.0°
533.4° 449.4* 347 5.0° 4.2
722595  50.849  56.325 133.461  73.966
0.000 0.000 0.000 0.000 0.000

According to Duncan’s test results, the letters a, b, etc., represent the statistical differences between organs
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Table 2 The variations of element concentrations in annual rings by year ranges

Year ranges Cd (ppb)

Ni (ppb)

Zn (ppm)

Opposite side  Roadside  Average

Opposite side

Roadside Average Opposite side Roadside Average

1-3 168.28 137.4% 152.8%de  481.4h
4-6 129.9¢ 156.4%%  143.1%dc  4]24fe
7-9 74.32 173.9¢ 124.1°*  409.6
10-12 182.8" 152.9% 167.9%  436.4¢
13-15 148.4¢f 179.0f%  163.7°% 33789
16-18 117.1¢ 163.0%F  140.1°%¢  388.6°"
19-21 153.1 124.4% 138.8%4 43698
22-24 110.1° 144.8%4  127.4%  360.9%
25-27 132.8¢ 140.0%° 136.4%¢ 743 8
28-30 133.7¢ 143.7%  138.7%¢  179.2°
31-33 212.6' 220.0" 216.3 144.5°
34-36 109.6° 109.12 109.3% 389.9°f
37-39 143.2¢ 195.6¢ 169.4° 28.1°
F values 245.6 6.1 5.58 279.3
P values 0.000 0.000 0.000 0.000

499.7°%¢  490.6 6.7 3.6° 5.1b¢
5320 4722 1.8° 4.4° 3.12
459.3% 434.4 2.0° 5.7¢ 3.9%
643.51 539.9 6.2° 10.3 8.3¢
636.8" 4873 3.3¢ 5.4¢ 4.4%b¢
525.0°f 456.8 2.7° 4.6° 3.6
508.0°%F 4725 3.5¢ 4.5° 4.0
472.5% 416.7 3.5¢ 1.28 2.32
484 4% 614.1 3.5¢ 4.5° 4.0
513.20F 3462 2.0 3.7° 2.8
552.28 348.3 2.8 5.54 4,12
490.6™4 4402 2.6° 3.2b 2.9°
617.4" 322.7 3.7¢ 8.3° 6.0°
54.1 1.8 65.8 218.8 6.5
0.000 0.054  0.000 0.000 0.000

According to Duncan’s test results, the letters a, b, etc., represent the statistical differences between each column

Ni concentrations followed a horizontal course
and showed a slight increase trend after the age of
24 years on the roadside. However, on the opposite
side, it decreased especially after the age group of
25-27 years, and the mean values remained much
lower after the 28th year of age compared to the other
age groups.

Zn concentration ranged between 1.8 and 6.7 ppm
on the opposite side. The highest Zn concentra-
tion was observed in the age groups of 1-3 years
(6.7 ppm) and 10-12 years (6.2 ppm), while the low-
est Zn amount was in the age of 4-6 years (1.8 ppm).
On the roadside, it was generally in an increasing
trend until the age group of 10-12 years and increased
to 10.3 ppm at a point. It was found that Zn concen-
tration started decreasing and reached the minimum
level in the age group of 22-24 years (1.2 ppm). After
that, it started increasing, reaching 8.3 in the age
group of 37-39 years.

4 Discussion

The current study aimed to determine the variation of
Ni, Cd, and Zn concentrations in the examples taken
from the trunk of a cedar tree. When examining the
results achieved here, it was aimed to determine if the

HMs were transferred between the annual rings. As a
result, it was found that there were remarkable differ-
ences in Cd, Zn, and Ni concentrations between the
annual rings, which have formed in the same period,
in both the same direction and opposite directions
on both roadside and opposite side. For instance, Cd
concentration on the roadside in the age group of
31-33 years was 220.0 ppm, but it was found to be
109.1 ppm in the age group of 34-36 years. Similarly,
while the Ni concentration was found to be 617.4 ppm
in the age group of 37-39 years on the roadside, it
was found to be only 28.1 ppm on the opposite side.
This finding suggests that the transfer of all three ele-
ments within the annual rings of cedar trees was lim-
ited; thus, this species is a good biomonitor to track
the HM concentration in the air.

A single tree was usually considered adequate
in studies on annual tree rings. The annual rings of
180-year-old Corylus colurna (Key & Kulag, 2022;
Key et al., 2022), 55-year-old Malus floribunda
(Yigit, 2019), and 33-year-old Cedrus atlantica (Kog,
2021) were grouped as 10, 5, and 3 years, respec-
tively, and the mean values of each HM were used in
those studies. A single tree was used to compare the
effect of traffic on HM accumulation on the Cedrus
tree (Cesur et al., 2021; Kog, 2021). Annual rings of a
single tree (grouped as 3 years) were also used to see
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the differences in traffic density based on directions
of HM concentration (Isinkaralar, 2022a; Kog, 2021;
Savas et al., 2021). The grouping of annual rings is
done due to their widths of them. When the tree has
narrow annual rings, obtaining samples is challeng-
ing due to the possibility of mixing the wood chips of
annual rings close to each other. So, the grouping of
annual rings is done based on the study purpose and
annual ring width (Isinkaralar, 2022a, b; Savas et al.,
2021).

Previous studies stated that a solitary plant is ade-
quate to determine the variation in the level of HMs.
One of the significant obstacles in using trees as
biomonitors is the effect of genetic structure on the
ability of HM accumulation. As it is known, genetic
structure and environmental situation interactions
have shaped the plants’ phenotypic features (Kog,
2019) and HM accumulation (Karacocuk et al., 2022).
Differences in genetic structure affect the emergence
of distinctive phenotypic characteristics and the accu-
mulation potential of HMs in other individuals and
individuals of the same species (Ghoma et al., 2022).
So, the same tree is used because it reveals the effect
of environmental situations more clearly and excludes
the changes result from genetic structure (Isinkaralar,
2022a, b).

Previous studies on the biomonitors reported that
the most critical information deficiency is about the
transfer of elements between and within the organs
(Shahid et al., 2017). However, it was stated that
the movement of Cd element in annual tree rings
of Pinus halepensis was from wood to bark (Mar-
tin et al., 2018). In contrast, it was stated that there
was almost no transfer in annual tree rings of Cory-
lus colurna (Key et al., 2022). Another study on 14
plant species reported that the Cd element in wood
was often below the detectable limits or at the lowest
(Isinkaralar et al., 2022). Cd can be easily absorbed
and accumulated in the systems of plants due to being
water-soluble (Seven et al., 2018). Ni and Co ele-
ments transfer in Cedrus atlantica woods was limited
(Kog, 2021), while Pb and Zn elements were trans-
ferred in the annual rings to a specific level, but Cu
was not at all (Zhang, 2019). However, Ni and Cd ele-
ments transfer in the woods of Cupressus arizonica
was limited, but the bismuth element was transferred
at a much higher level (Cesur et al., 2021). Hence, it
can be stated that the results achieved here were gen-
erally in parallel with the literature.

@ Springer

Within the scope of the current study, it was also
intended to determine if the HMs examined here
originated from the traffic. As a result, compared
to the opposite side, the values found on the road-
side were 22.3 folds for Cd, 9.6 folds for Ni, and
2.5 folds for Zn, and this finding suggests that all
three elements might have traffic origin. However,
examining the values, it can be thought that traffic
is an important source of Cd and Zn pollution. In
previous studies carried out on this subject, it was
stated that the concentrations of these elements
in various organs of plants increased in relation-
ship with the traffic. For instance, Cd concentra-
tion was 172.4 ppm in the barks of Pinus sylvestris
near the road (Aricak et al., 2019), but it decreased
to 46.9 ppm 100 m away from the road. Sevik et al.
(2019a) reported that Ni concentration in branches
of Aesculus hippocastanum was 219.3 ppb in no-
traffic areas but 4211.3 ppb in high-traffic areas. In
contrast, Cd concentration was 6.6 ppm in no-traffic
areas, which increased to 65.0 ppm, and Zn concen-
tration was 6.6 ppm in no-traffic regions, increased
to 50.0 ppm in the high-traffic region. Analyzing the
leaves of Salix babylonica, Turkyilmaz et al. (2020)
reported the Cd concentration to be 29.3 ppb in no-
traffic regions and 123.3 ppb in high-traffic zones,
Ni concentration to be 8.3 ppb in no-traffic regions
and 17.6 ppb in the high-traffic region, and Zn
concentration to be 5.9 ppm in no-traffic areas and
19.2 ppm in high-traffic areas.

Cesur et al. (2021) studied Cupressus arizonica
and reported that Cd concentration in outer bark was
16 folds higher than in the wood and 14 times higher
than in the inner bark. Kog¢ (2021) determined that Ni
concentration in the outer bark of Cedrus atlantica on
the roadside was 18 folds higher than on the opposite
side. It was also emphasized in other studies that the
concentrations of these elements increased in rela-
tionship with the traffic (Sevik et al., 2019a, b).

However, HMs’ much higher concentration in the
outer bark on the roadside than on the opposite side
is mainly related to particle matters. Several studies
claimed that HM concentrations, especially in the
high-pollution areas, were related to particle matters.
Particles act as a sink for the HMs in the air, and the
particle matters contaminated by these HMs adhere to
the organs of plants and can significantly increase the
HM levels in these organs (Karacocuk et al., 2022).
Moreover, the porous structure of bark provides a
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better place for the HM-contaminated particles to
adhere (Kog, 2021).

Another objective of the current study was to
determine the variation in concentrations of these
HMs by the organ in the inner bark, outer bark, and
wood. The results showed that, for the roadside, the
lowest concentrations were found in wood, followed
by inner bark and outer bark. However, this ranking,
which was found to be related to traffic, differs on
the opposite side. There is a difference, which is not
related to traffic, between the concentrations in barks
and woods only in Zn. In previous studies carried out
on the accumulation of HMs in the plant organs, it
was reported that the most critical factor influencing
this accumulation was the plant species and organs.
Many studies were carried out on the differences
between HM accumulations in different organs of the
same plant (Cetin et al., 2020).

The results achieved suggest that the change in the
HM concentrations in annual rings was not linear.
Nechita et al. (2021) explained that this is because
the metal concentrations (Cu, Ni, Pb, Zn, Cd, and
Mn) in the annual ring are related to climatic factors.
They have a positive correlation with temperature and
a negative correlation with water content in the soil
during the periods in which they were dormant dur-
ing the vegetation period. Yigit (2019) stated that the
increase in HM concentration in trees could be high
in several periods and low in others without a linear
increase because of the morphological structure and
ecological effects of trees. All the phenotypic char-
acteristics of plant species are shaped by the interac-
tion between environmental circumstances and the
plant’s genetic structure (Ghoma et al., 2022; Varol
et al., 2022). It also applies to the HM concentration
in plants (Ghoma et al., 2022).

Many of the HMs, including Ni, Cd, and Zn,
which are the subject of the study, are essential macro
or micronutrients for plant growth and development
(Erdem et al., 2023; Riaz et al., 2021). However, the
presence of these elements at high concentrations,
especially in the soil, causes plant stress and slows
plant growth (Kuzmina et al., 2023; Wani et al,
2018). HMs can accumulate in the plant body by
being absorbed by the root, through the air, through
the leaves, and directly entering the stem parts (Chen
et al., 2021). Depending on the type of ions absorbed,
HM ions enter the plant via either the symplast or
the apoplast. The plant can restrict HM uptake by

precipitating metals or forming complexes in the
rhizospheric region (Wani et al., 2018).

The transport of elements within the wood part
of plants is related mainly to the cell structure, espe-
cially the cell wall. The cell wall-plasma membrane
(CWPM) interface represents an apoplastic mechani-
cal barrier and a flexible structure involved in stress
sensing, perception, and signaling for the metal/met-
alloid stress. The CWPs, engaged in response to vari-
ous abiotic stresses, have been extensively recognized
and characterized among different crop plants. Under
various stress conditions, the main (CWPM) include
phospholipases, the salt overly sensitive kinases
(SOS), transcription factors, C-repeat binding fac-
tor, dehydration-sensitive element-binding proteins,
mitogen-activated protein kinases and phosphatases,
and abscisic acid-responsive-binding factors. The cell
wall-plasma membrane interface is believed to be the
potential site of HM tolerance as it accumulates large
fractions of HMs (Wani et al., 2018).

HM concentration in plants results from a compli-
cated mechanism originating from the mutual interac-
tion between numerous factors influencing each other,
and this mechanism has not been completely revealed
yet (Shahid et al., 2017). The lack of most important
information on this subject is about the transfer of
HMs entering the wood among the organs (Shahid
et al., 2017). The study results show that the transfers
of Cd, Ni, and Zn elements in the cedar tree subject to
the study are limited. However, the transfer of HMs
in the organ may vary from species to species. For
example, Zn and Pb concentrations shifted slightly,
while the Cu concentration did not change in Cedrus
deodara annual rings (Zhang, 2019). It was pointed
out that the transfer of Ni, Co, and Mn in Corylus
colurna woods is quite limited (Key et al., 2022). It
was also reported that the transfer of Fe, Cd, and Ni
was limited in Cupressus arizonica woods, but Bi, Li,
and Cr transfer was higher (Cesur et al., 2021, 2022).
Therefore, suitable tree species should be determined
separately for each HM pollution determination.

5 Conclusion
In conclusion, it has been determined that the Cd,
Ni, and Zn elements have a very high accumulation

potential in the annual rings of the cedar tree; these
elements increase due to traffic, and their transfer in
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the wood is limited. According to these results, the
subject species can be used to monitor the change
of Cd, Ni, and Zn pollution from the past to the pre-
sent. In addition, this species can be used effectively
in reducing HM pollution in the air because, unlike
many species, the potential to accumulate these ele-
ments in their wood is very high, and the woody part
is the part of a plant with the most mass. Therefore,
HM pollution in the air can be reduced by trapping
the HMs in this section.

However, this does not apply to every tree species.
Studies reveal that the transitions of different HMs
between organs in different tree species are at dif-
ferent levels. Therefore, the tree species suitable for
determining each HM pollution should be determined
separately. The studies to be carried out for this pur-
pose are extremely expensive, and difficult to find
suitable materials because the trees to be used in the
study must be in a suitable and old location. For this
reason, it would be appropriate to evaluate many ele-
ments simultaneously in areas where suitable materi-
als can be found.

By using the annual rings of much older trees, this
method can provide sufficient information about how
the air metal contamination has changed from past to
current, as well as the extent of the effects of changes
beginning from a long time ago and occurring in a
long period such as urbanization and Industrial Revo-
lution on the HM contamination in the air. However,
there is a lack of knowledge about the transfer of ele-
ments within and between the organs, and further
research on this theme should be expanded and car-
ried out in controlled environments.
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