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Abstract: Among the environmental pollution components that are among the most critical troubles of the pre-
sent day, air contamination and, specifically, heavy metal (HM) contamination, whose release rises with industrial
doings, are of great significance. One of the most effective methods for screening the differences in HM concen-
trations in the atmosphere over time is using annual rings of trees as biomonitors. This study tried to determine
the changes in the concentrations of Fe and Al, the most common heavy metals, in the annual rings of the Cedrus
atlantica tree, which was cut down at the end of 2019 in Kastamonu province, depending on the plant organ, age-
range, and direction. According to the study results, the concentration of Fe element in the plant is not caused by
traffic, while the concentration of Al increases due to traffic and enters the plant from the air. Study results show

that both elements can be transferred in Cedrus atlantica wood.
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Oz: Giiniimiiziin en kritik sorunlarindan biri olan cevre kirliligi bilesenleri arasinda hava kirliligi ve 6zellikle en-
dustriyel faaliyetlerle salinimi artan agir metal (HM) kirliligi biiyiik 6nem tasimaktadir. Atmosferdeki HM kon-
santrasyonlarinda zaman iginde meydana gelen farklhiliklar: taramanin en etkili yontemlerinden biri, yillik aga¢
halkalarinin biyomonitér olarak kullanilmasidir. Bu ¢alismada, Kastamonu ilinde 2019 yili sonunda kesilen Cedrus
atlantica agaciin yillik halkalarinda en yaygin agir metaller olan Fe ve Al konsantrasyonlarindaki bitki organi,
yasina ve dogrultusuna bagl olarak degisimler belirlenmeye ¢alisilmigtir.  Caligma sonuglarina gore tesisteki Fe
elementinin konsantrasyonu trafikten kaynaklanmazken, Al konsantrasyonu trafik nedeniyle artarak havadan te-
sise girmektedir. Caligma sonuglar Cedrus atlantica agacinda her iki elementin de aktarilabildigini gostermekte-

dir.
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1. Introduction

Today, environmental pollution is one of the biggest crises around the world. The in-
stantaneous increase in population with the industrial revolution, integrated with migration
from rural to metropolitan areas, has induced a significant increase in population density
in metropolitan areas (Kilicoglu et al., 2021; Sen et al., 2018). While approximately 9% of the
world's population, which was around 700 million in the 1900s, lived in metropolitan areas,
today, roughly 56% of the world's population lives in urban areas, and it is estimated that
this rate may reach 90% by 2030 (Cetin et al., 2023). The urbanization trouble is shown as
one of the irreversible crises that the world has to deal with today (Dogan et al., 2022).

Rapid population growth and urbanization bring with them many problems. One of
the most critical negativities is undoubtedly environmental dirtiness (Canturk, 2023; El-
sunousi et al., 2021; Key, Kulag, et al., 2023). This process has resulted in pollution of air
(Ateya, Bayraktar, & Koc, 2023; Ateya, Bayraktar, & Kog, 2023), water (Ucun Ozel et al., 2020;
Xue et al., 2022), and soil (K. Isinkaralar et al., 2023; Istanbullu et al., 2023; Li et al., 2022)
due to the release of various contaminants used as raw materials in the industry. In partic-
ular, air contamination has reached such severe levels that, according to the WHO (World
Health Organization), about 9o% of the population inhales contaminated air (Key, Kulag,
et al., 2023), and air contamination causes the death of roughly 7 million people every year
(Ghoma et al., 2022). In fact, as a result of studies, air contamination is shown to be the
foremost cause of global warming (Tekin et al., 2022). Global climate change (Key, Kulac, et
al., 2023; Kog, 2022b) and urbanization, which are stated to occur as a result of the change
in the composition of the atmosphere, are considered to be the most significant problems
on a global scale (Dogan et al., 2022). These problems are related to environmental pollu-
tion, especially air contamination (Key, Kulag, et al., 2023; Koc et al., 2024).

HMs are of specific importance among air contamination factors. HMs do not break
down or disappear quickly in nature. HMs tend to bioaccumulate in living bodies, and some
have lethal or carcinogenic outcomes even at lower concentrations (Kuzmina et al., 2022).
Even HMs, which serve as micronutrients for living things, can have toxic effects on humans
at higher concentrations (Cobanoglu et al., 2022; Elajail et al., 2022; Kog et al., 2022). There-
fore, watching HM concentrations in the atmosphere is of great significance.

The most effectively used method for screening HM pollution in the atmosphere is
biomonitors. Live plants used as biomonitors can accumulate HMs in various organs, and
defining the HM concentration in these organs provides essential evidence about the con-
centration of HMs in the atmosphere. HMs collected in the annual rings of trees over an
extended span can provide us essential details about air contamination history. Reports on
the usability of annual rings of plants as biomonitors have been conducted for a while (Ce-
sur et al., 2022; Cobanoglu et al., 2023).

Within the scope of this study, the changes of iron (Fe) and aluminum (Al), which are
the most common HMs, in the annual rings of a Cedar tree (Cedrus atlantica) growing in
Kastamonu, Ttirkiye, were determined based on year, direction, and organ.

2. Experimental

This study was conducted on Atlas cedar (Cedrus atlantica) samples acquired from the
Kastamonu urban center. Samples were obtained from the log taken from the main trunk
in late autumn 2019 within the study scope. The site where the tree from which the samples
subject to the study were taken occurs is located along the busiest street in terms of traffic
density, which specifies entrance to the city midpoint. To the east of this park is the main
street, where traffic density is relatively high, and to the north is the main road, with low-
density traffic. The location of Kastamonu province is shown in Figure 1.
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Hgure 1. Location of study site, Kastanonu, Turkiye.

A log sample approximately 10 cm thick was taken from the cedar tree trunk about 50-
cm from the soil level, with the north direction marked on the log. The upper surface of the
taken log was sanded smooth in the laboratory to make the annual rings more clearly visible.
The annual rings of the Cedar tree, determined to be 33 years old, are grouped from 1 to 1,
from inside to outside, for three years, considering their width.

After the wood part was divided into clusters and age series were defined, examples
were obtained from the outer bark, inner bark, and wood of each age category with the help
of a steel-tipped drill and positioned in glass petri dishes. The wood examples taken were
shredded and turned into sawdust. First, drying and then pre-burning processes were ap-
plied to the samples, and then Fe and Al concentrations were determined with the ICP-OES
device. The method used in the study is one of the most frequently used techniques in HM
analysis in the recent past (Aricak et al., 2019; Erdem et al., 2023; K. Isinkaralar, Kog, et al.,
2022; K. Isinkaralar, Koc, et al., 2022; Key, Kulag, et al., 2023). Variance analysis was applied
using the SPSS 21.0 software program to the obtained data. As a result of the variance anal-
ysis, the results were evaluated by applying the Duncan analysis for the facets that were
determined to have statistically significant differences at least a 95% confidence level

(p<0.05).

3. Results

The change in the concentration of Fe, one of the elements evaluated in the study,
depending on the direction and organ, is displayed in Table 1.

Table1. Change of Fe element depending on direction and organ

Drections Fvalue
Ogen Sath west Noth Bd
Quter Brk 972258 1522030 82TI65A 5584430b 1562
Inner Brk BQ1L5.4A 3298138 6037280 L0T299Cab 1T193.0%
Wood 383908 21803408 3991158 29259080 28*
Falue 1462ns 8635* 2698 s 1™

" Different lettersfollowing each cther signify the statistical alteration at £0.05. Capital Letters signify harizontal way while lowercase letters vertical
direction ns: nat significant; *<0.05; **<0.01; **€.001. These descriptions are also valid for all Tables

When the table values demonstrating the Fe element change are tested, the change in
direction based on the variance analysis results differs statistically significantly. The peak
Fe value of the outer bark part is obtained in the east direction (117634.1 ppm), the highest
values of the inner bark and wood parts are found in the north (109790.2 ppm and 39911.5
ppm), while the lowest values are found in the outer bark part in the north. (24624.0 ppm),
in the inner bark part in the south direction (31453.2 ppm) and the wood part in the west
(21803.4 ppm). The change of Fe concentration in wood depending on the direction and age
category is displayed in Table 2.
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Table 2 Fe concentration changes in wood depending on age category and direction

Orections Fvalue
Age categary Sath ™ Nath Bt
19871989 5182280 1320800 224400 20457655 BB
1990-1992 17662910y 1662128 462280 266853t 28193
1993-1995 16601980 2048730 10757.8% 199010 BBL
1996-1998 2840440 2654000 874080 2598968 ¢590.7
1999-2001 15126088 968728 1709468 2134056 154*
2002-200% 16987.00b 1876358 204690c 20559.70d 2%
2005-2007 17987500 1512368 BI040 925534 1320
2008-2010 1836428c (8T8 5063765 1685504 5106
2012013 20531.04c 31386.45 7085860F 208541Ade 5862
2014-2016 299988 1437884 7579800y 4O5T.00 BRI
2007-209 I35 4B 285120 121685.40h £969650 9358%
Fyalue 276 6269.0 4679 53435

" Different lettersfollowing each cther signify the statistical alteration at <0.05. Capital Letters signify harizontal way while lowercase letters vertical
direction. ns: nat significant; *40.05; **0.01; **<0.001. These descriptions are also valid for all Tables

When the change of the Fe element in wood is examined, the change based on age in
all directions and directions in all age categories is statistically significant. Looking at the
table values, out of 11 age categories, 4 of the lowest values were achieved in the west and 3
in the other directions. The difference in the Al element concentration evaluated in the
study depending on the direction and organ is displayed in Table 3.

Table 3. Change of the element Al depending on direction and organ

Drections Fvalue
Ogen Sah Vst Nth et
Quter Bark 19522 08¢ 17385.4AC 1613340 2036730 43899.0"
Inner Bark 162383/ 12680.0Bb 176690 14854808b 98952
Wod 94127a 83825a 77789 98203a 19ns
Fvalue 30681 13653 2108* 5536+

" Different Lettersfollowing each cther signify the statistical alteration at £0.05. Capital Letters signify harizontal way while lowercase letters vertical
direction. ns: nat significant; *0.05; **<0.01; **<0.001. These descriptions are also valid for all Tables

When the change of Al concentration on an organ basis is examined, it is listed as outer
bark>inner bark>wood in all directions. While there was no statistically significant differ-
ence between the directions in the wood part, the highest values in the barks were obtained
in the north and east directions. The change of Al concentration in wood depending on the
direction and age category is displayed in Table 4.

Table 4 Change of Al element in wood depending on age category and direction

Drections Fvalue

Age categry Saih Vst Nath Bt
19871989 610430 86630 411834 8135400 5300
1990-1992 1429880 58590 690430 8976801 156,47
1993-1995 852580 1571520 480854 1348900 51965%
1996-1998 1008480 10897.6Ch 475100 70537 05
1999-2001 57327Ca VUL 616320 35908 247
2002-2004 753160 668228 78810 5752200 (3598
2005-2007 798588 1005260 8529.20cd 5863.2bc P51
2008-2010 952500 B4TATR: 875860 408284 1019.4%
2002013 1012338 10578205 89628Mde 1017128 AT
2062006 119%8Ch 70857Ad 964808 1290210h IO
2007-2019 1183088 89390 13056.80F 2605080 2918

Fyalie o AT 804 45480

" Different Lettersfollowing each cther signify the statistical alteration at p0.05. Capital Letters signify harizontal way while lowercase letters vertical
direction. ns: nat significant; *Q0.05; **<0.01; **<0.001. These descriptions are also valid for all Tables

When the table values are examined, the age category in all directions and the change
in direction in all age categories are statistically significant. Another striking result in the
table is that although there is a difference of nearly three times between neighboring woods,
there are no sharp differences between the values.
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4. Discussion and Conclusions

As a consequence, it was found that Fe and Al elements changed significantly on an
organ basis. The highest values in all aspects of the Al element were obtained in the outer
bark and the lowest in the wood. At the same time, this was not the case for the Fe element.
According to these results, the Fe accumulation in the barks of the species subject to the
study is soil-borne, and the Al accumulation is air-borne. HMs enter the plant body directly
from the soil through root cells and the air through foliages and stem (Key, Kulag, et al.,
2023). However, the concentrations obtained in the bark are much higher for many HMs.
Studies have pointed out that HMs in the atmosphere stick to particulate matter (PM) and
contaminate the PM with HMs. As this PM settles on plant organs, the HM concentrations
in these organs increase (Cesur et al., 2022). The rough external structure of the outer bark
makes it easier for PM to adhere there (Kog, 2021). Therefore, according to the study results,
Al in the bark probably settles in the bark together with PM from the air, while Fe is taken
from the soil.

As a consequence of the study, the topmost Al concentrations in the outer bark were
obtained in the northern and eastern directions. However, there is no significant difference
between the directions in Fe. There are hectic highways to the north and east of the point
where the sample was taken. This result can be interpreted as Al being caused by traffic.
Studies show that vehicles are one of the most significant sources of HMs (Aricak et al.,
2019; Ghoma et al., 2023).

As a result of the study, it was determined that Fe and Al concentrations in wood were
highly variable and that there was a several-fold difference between the concentrations ob-
tained in neighboring wood samples. However, there is still a relatively moderate transition
between values. However, in studies conducted to date, it has been determined that there
are huge differences between neighboring wood samples in many HMs (Key, Kulag, et al.,
2023; Koc et al., 2024). Therefore, the study results can be interpreted as the transfer of both
elements in the wood of the species subject to study, albeit limited.

The study results show that the species subject to the study can accumulate both HMs
intensively. The potential of plants to absorb and accumulate HMs depends on many fac-
tors, such as organ structure, weather conditions, plant habitus, and the structure of the
HM and its link with the plant (Savas et al., 2021). These factors are also linked to other
factors. For example, plant physiology is shaped by genetic structure (Hrivnak et al., 2024;
Sevik et al., 2012) and environmental conditions (Ertugrul et al., 2019; Ko¢ & Nzokou, 2022b,
2022a; Sevik et al., 2019). Therefore, all features affecting tree physiology also distress the
entry and accumulation of HMs into the tree, which affects plant physiology: genetic struc-
ture (Kurz et al., 2023; Sevik et al., 2016), edaphic (Yigit et al., 2023), climatic (O. Isinkaralar
et al.,, 2024; Isinkaralar et al., 2023; Sevik et al., 2017) factors, stress factors (Cantiirk et al.,
2023; Halil Baris Ozel et al., 2021; Kog, 2022a; Kog¢ & Nzokou, 2023). Thus, several of these
features, directly and indirectly, distress plants’' HM accumulation potential, and infor-
mation about this complex mechanism is still restricted (K. Isinkaralar, Koc, et al., 2022;
Sulhan et al., 2023; Varol et al., 2022).

In conclusion, the concentration of Fe element in the plant is not caused by traffic,
while the concentration of Al increases due to traffic and enters the plant from the air. It is
concluded that both elements can be transferred in Cedrus atlantica wood.
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