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Abstract
Atmospheric heavy metal deposition is widely occurring due to anthropogenic effects such as industrial activities and motor 
vehicles. As a result, it has increased significantly and reached a level that threatens human health and the environment. 
Among these deposition factors, it is of great importance to monitor the atmospheric concentrations of heavy metals that 
do not easily degrade in nature, tend to bioaccumulate, and can be toxic even at low concentration levels. Biomonitoring is 
one of the most impressive passive methods in determining the change of heavy metal concentrations in the atmosphere. 
This study investigates the effect of anthropogenic emission sources in urban areas using tree rings as a biomonitor. Cedrus 
atlantica was selected, because it is generally preferred in parks, roadside and landscape design. Samples were collected 
from parks near the road, densely populated, and close to the small-scale industry in Kastamonu, Türkiye. Atmospheric 
deposition of Lead (Pb) and Cadmium (Cd) in organs were analyzed based on years and directions. Their accumulation in 
the outer bark was determined to be quite high (Cd value is 2226.2 ppb and Pb value is 38201.1 ppb) compared to other 
organs. As a result, the traffic density and industrial emissions affect the Pb and Cd concentrations. This study will provide 
beneficial information for atmospheric heavy metal deposition in landscape plants.
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Introduction

Air pollution has many components in cities due to rising 
population, industrialization, and urbanization (Lin and 
Zhu 2018). During unplanned urbanization, they are cut-
ting off the regions’ ventilation and setting a barrier in front 
of the prevailing wind direction reduces the air quality of 
cities (Yilmaz and Isinkaralar 2021a, b). In today’s modern 
world, with technological developments, the construction 
of high-rise buildings has increased for enough residences 
to accommodate the rapidly growing population in cities 
(Cummings et al. 2022). However, while the developing 
technology was adapted to every city, the buildings were 
constructed similarly with modernism, away from being 
designed according to the urban character (Luo et al. 2018). 
Therefore, many adverse environmental pollutions emerge. 

In particular, the decrease in air quality and the formation 
of heat islands trigger air pollution, because pollutants are 
not dispersed. (Civerolo et al. 2007). Currently, 7 million 
deaths and around 3.7 million premature deaths worldwide 
are derived from intense air pollutants per year (WHO 2014; 
Cohen et al. 2017). In addition, the beginning of the nega-
tivities in urbanization increases private cars and heavy traf-
fic (Wang et al. 2014).

Small-scale playgrounds, gardens, and landscaping areas 
on the roadsides remained under dense construction in the 
cities, limiting the diversity of planted landscape plants (Han 
et al. 2022). We must determine how air pollutants interact 
with complex urban structures to identify how cities can be 
designed with parks, facilities, and industrial areas (Yuan 
et al. 2019). The main reason for this is the perishability of 
plants exposed to intense air pollutants against harsh condi-
tions, including heavy metals, particulate matter, nitrogen 
oxides, sulfur oxides, etc. (Yang et al. 2020). Not every 
plant grows in these areas, and only those resistant to it by 
their nature survive. Humanity has tried different plants for 
landscaping works in many parks, gardens, and roadsides in 
cities (Sevik 2020). To investigate the reason for this, they 
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analyzed the species that had stopped growing and had no 
signs of life and found that the levels of heavy metals in their 
bodies were high. Thus, the search for durable species by 
the structure of the region to be used in landscape studies in 
these areas has begun (Karacocuk et al. 2021).

Reasonable methods should be chosen to monitor the 
sustainability of air quality in cities (Vos et al. 2013). Air 
monitoring stations and regional active sampling centers 
have been established in developed world countries (Chen 
et al. 2022). Various pollutants were detected in the analysis 
of the wet and dry samples taken (Tallis et al. 2011). It can 
be determined that the contaminants originate from traffic, 
industrial emissions, the metalworking industry, mines, gas 
stations, and many other facilities. Despite all this, some 
analyzes also found substances whose source could not be 
determined. As a result of the reactions of undetected pol-
lutants with each other, they can be transformed into other 
compounds. However, air pollutants can be transported to 
remote areas, although the concentration in the available 
area is high (Hakkim et al. 2022). These relocation events 
also depend on climate, wind level, and weather events (Koç 
et al. 2021). The control of anthropogenic air pollutants is 
becoming more and more complex oncerning atmospheric 
pollutants (Granier et al. 2011). Nevertheless, some critical 
natural oscillations can be brought under control, mainly 
by evaluating the emissions from the source and risks 
(Isinkaralar et al. 2022). Although various models, includ-
ing emissions and short-term sampling, show the extent of 
air pollution, biomonitors have come to the fore due to the 
high cost of these methods, insufficient precision, and lack 
of simultaneous measurement (Shvetsova et al. 2019). The 
disruption caused by atmospheric pollution and acid rain on 
forests and their adverse effects on different plants and trees 
has been the subject of various studies for over a century 
(Likens 2021). With the discovery of the ability of plants 
used in urban landscaping to absorb air pollutants, it has 
become widespread (Ahmad et al. 2019; Koç 2021). Spe-
cies with high absorption capacity are preferred in children's 
playgrounds, roadsides, and large parks. Heavy metals are 
the leading pollutants that accumulate in these areas. These 
toxic metals, released with various emissions, quickly get 
into the environment. Pb and Cd are the most important of 
these heavy metals (Sun et al. 2018; Liu et al. 2019; Raj and 
Maiti 2020).

Pb is released to the atmosphere from anthropogenic 
sources such as wood-burning, fossil fuels use, industrial 
processes, and mining activities. The Pb has four stable iso-
topes (204Pb, 206Pb, 207Pb, and 208Pb) that are abundant in 
the environment with the latter three radiogenic products of 
the U and Th decay series (Weiss et al. 1999; Sangster et al. 
2000). Most of the lead that causes environmental pollution 
results from tetraethyl lead produced because of the burn-
ing of gasoline used in motor vehicles. Essential sources of 

cadmium affecting human life are cigarette smoke, refined 
foodstuffs, water pipes, coffee, tea, coal burning, shellfish, 
fertilizers used in the seed stage, and flue gases formed 
during industrial production stages (Kubier et al. 2019). 
Therefore, it is vital to monitor the change of heavy metal 
pollution in urban areas where industrial, mining, and agri-
cultural activities and vehicle emissions (Isinkaralar and 
Erdem 2021a, b). Monitoring heavy metal pollution can be 
done directly or indirectly in the atmosphere. Atmospheric 
heavy metal deposition is released from their source. They 
first accumulate in that region and then move to other areas 
by transport. Depending on the absorption capacity of the 
soil structure in the region, it first penetrates the surface and 
then the lower part of the soil (Feng et al. 2019). Thus, pol-
luted agricultural lands have been formed in many parts of 
the world (Feng et al. 2018).

About 20% of the total arable land in China, 20 mil-
lion hectares, is contaminated with Cd and Pb and over 
13 million hectares of Cd-contaminated cultivated land in 
China (Xue et al. 2014; Hu et al. 2016). In line with the 
data obtained from agricultural lands in various parts of the 
world, there is an average accumulation of 20–80% of Pb 
and Cd from atmospheric deposition (dry and wet deposi-
tion) (Nicholson et al. 2003; Hou et al. 2014). However, 
determining the pollution directly is not preferred often as 
it is expensive, and the direct effect of atmospheric pollu-
tion on the ecosystem cannot be determined (Posch et al. 
2008). Biomonitors are the most effective method to moni-
tor the indirect effects of heavy metal pollution (Cetin et al. 
2021). The increasing amount of heavy metals to air, soil, 
and water have been investigated by scientific area with sedi-
ments, ice cores, peat bogs, moss, and plants. Especially 
landscape plants can passively accumulate heavy metals 
in various organs. Due to their high metal-binding capac-
ity, they has gained dry and wet deposition of heavy metals 
in these organs. Therefore, they give essential information 
about the concentration of heavy metals in air pollution 
as biological indicators (Shahid et al. 2017; Gustin et al. 
2022). It is known that the species whose suitability to 
use as a biomonitor are investigated over a long period are 
healthier. The main reason for this is that accumulation is 
seen in almost every living species (Lichens, mosses, algae, 
plants, perennial trees, etc.). However, it is unclear which 
of these creatures is correct to take samples continuously 
or represents the time intervals from the samples taken. For 
example, it can look at the accumulation in algae, but it is 
not clear what level of pollutants can accumulate at what 
time intervals. For this, the species that do not lose their 
leaves can grow in harsh conditions for many years, and 
showing their accumulation in a single vegetation period is 
very important (Savas et al. 2021). However, the heavy metal 
concentrations determined in the organs of these plants can-
not be easily interpreted since many factors are effective in 
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this process as heavy metal accumulation in plants is shaped 
by the effect of genetic factors and environmental condi-
tions. The data obtained cannot be appropriately interpreted 
because these factors are not equalized (Cetin et al. 2020). 
It is stated that, regarding the monitoring of heavy metal 
pollution and the comparison of its changes over the years, 
the most reliable information is obtained by using the organ 
of tree for many years (Aricak et al. 2020). Comparing the 
number of heavy metals accumulated in different years in 
organs on the same tree can provide much healthier results. 
However, information about a maximum of 8–10 years of 
history can be obtained with this method. In areas where the 
trees enter dormancy, the development of the trees accord-
ing to the season is at different levels, and thus annual rings 
are formed in the woody part. By comparing the number 
of heavy metals that trees accumulate in their rings over a 
long period, unequal genetic structure and environmental 
factors are equalized. The change in the long process can be 
compared (Vickers et al. 2010). In line with the studies on 
the accumulation of heavy metals in the annual rings, clear 
information for the transition and expansion of heavy metals 
is unknown (Shahid et al. 2017).

In this study, Cedrus atlantica (Endl.) Manetti ex Carrière 
was evaluated as a biomonitor by using landscape vegetation 
in areas with high emissions from vehicles, residences, and 
small-scale industries. The atmospheric Pb and Cd deposi-
tion is mainly associated with several emissions in the organ 
of a Cedrus atlantica in medium-size children’s playground 
and park, Kastamonu, Türkiye. The heavy metal concen-
tration in the tree’s outer bark, inner bark, and wood was 
also compared with the directional variation of the heavy 
metal concentrations. Objectives of the study were (i) to 
assess the accumulation levels in the organs; (ii) to inves-
tigate the changes in different directions (facing the road, 
residences, industry, or free space); (iii) tree rings can be 
used as biomonitors or not every year (1987–2019) for Pb 
and Cd contamination.

Materials and methods

Study area

This study was carried out in Kastamonu, which is at a 
mean elevation of 775 m above sea level and is located in 
the north of Türkiye (41° 23′ 20.6″ N, 33° 46′ 46.1″ E). 
The city occupies an area of 13,108.1 km2 that primarily 
consists of rough lands with about 375,592. It is gener-
ally mountainous; it does not have vast plains. But, on the 
other hand, there are plains around the valleys. It has a 
semi-humid climate, cold in winters, warm in summers, 
no excess water, and close to the effect of the sea. The 
main sources of air pollution are: industry within the city 

in different sectors, mainly timber and forestry products; 
it is the excess of motor vehicles used in transportation 
and transportation works. According to the data, there are 
138,887 vehicles registered to traffic in Kastamonu.

Atlas cedar (Cedrus atlantica (Endl.) Manetti ex Car-
rière) used as a landscape plant in parks in Kışla Park 
area, Kastamonu city center in Fig. 1. It has grown with 
vehicle emissions, and coal is used for heating residences. 
A medium-sized car industry site is located at the rear 
of the park. The Atlas cedar, a coniferous tree, is in the 
family of pine trees. In addition, it is used for medicine in 
the healthcare field, which is herbal medicine for people. 
Besides, it is an indispensable species of landscaping work 
in parks, etc. It is resistant to harsh climatic conditions and 
has lived for many years.

Sample collection

Samples were collected, processed, and analyzed by the 
laboratory techniques cleanly. The cleaning of the equip-
ment used is done with precision to avoid contamination. 
The main arterial road passes through the center of Kas-
tamonu city in the east direction of the area where the 
Cedrus atlantica (Endl.) Manetti ex Carrière grows, and 
a secondary road with four lanes is connected to this road 
in the north direction. The direction was determined on 
the north side of the log, and all directions were marked. 
The log sample was collected with an approximate thick-
ness of 10 cm, get from the body part with a height of 
50 cm from the ground by marking the directions. It was 
brought to the laboratory, sanded, and smoothed to see the 
tree rings clearly. The tree rings of the Cedrus atlantica 
(Endl.) Manetti ex Carrière was determined to be 33 years 
old (between 1987 and 2019) by rings. They were grouped 
to be three years each by considering their width, and it 
was noted which period belonged to which year in Table 1.

Fig. 1   Location of the study area
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Analytical procedures

The Cedrus atlantica (Endl.) Manetti ex Carrière were 
obtained from the barks (outer and inner) and the wood 
part of all age ranges and placed in glass Petri dishes; 
tools made of metals that are the subject of the study were 
not used in these operations. The wood samples taken 
were shredded and turned into sawdust and kept in glass 
Petri dishes with lids open in the laboratory environment 
for 15 days to become air-dried. Then, the samples were 
oven-dried at 45 °C for a week. 0.5 g of the dried samples 
were taken, and 6 mL of 65% HNO3 (Merck), 2 mL of 
30% H2O2 (Merck) were added and placed in the micro-
wave oven (Ethos One, Milestone GmbH, Germany). It 
was set up four steps: 1 min at 1000 W—75 °C, 4 min 
at 1000 W—180 °C, 10 min at 1000 W–180  °C, 0 W 
for 15 min according to 3052 Method USEPA. After the 
samples were burned in the microwave oven designed for 
digestion, the solution samples were taken into balloons, 
and ultrapure water filled up to 50 mL level. Pb and Cd 
concentrations were analyzed using inductively coupled 
plasma optical emission spectrometry (ICP-OES device 
from SpectroBlue, Spectro, Analytical Instruments GmbH, 
Germany).

Data analyses

In this study, the one-way analysis of variance (ANOVA) 
and Duncan’s multiple range test were used to test the dif-
ference of the variables statistically. Homogeneous groups 
were obtained by applying the Duncan multiple range test 
for the factors that were found to have statistically signifi-
cant differences with at least 95% confidence level (p < 0.05) 
using the SPSS Version-22.0 (IBM SPSS Statistics software 
for Windows). After simplifying the data, tables were drawn 
and interpreted. All measurements were made in triplicate 
in the study.

Results

Pb concentrations in the organs and their statistical 
analysis based on years and direction

The mean concentrations and F value of Pb in organ (Outer 
bark (Ob), Inner bark (Ib), and Wood (W)) of Cedrus atlan-
tica (Endl.) Manetti ex Carrière at four directions (South (S), 
West (W), North (N) and East (E)) from collection sites are 
given in Table 2.

The variation of Pb is examined that there are significant 
differences among organs in the east directions at a confi-
dence level of at least 99% based on organ and direction. 
The highest values were obtained in the outer bark in all 
directions. According to the Duncan test, two groups were 
formed in the eastern directions, and the values obtained in 
the inner bark and wood were located in the same groups. 
The lowest values were obtained in wood in the east and 
north directions. It is noteworthy that the value obtained in 
the outer bark in the south and west directions was approxi-
mately 1.5 times that of the wood, while it was more than 
1.9 times in the east direction and about 2.7 times in the east 
direction. There is a statistically significant difference among 
the four approaches in all organs. In the outer bark, four 
homogeneous groups were formed according to the Duncan 
test; the west was in the first, the south was in the second, 
the north was in the third, and the east was in the last group. 
The variation of Pb concentrations in wood based on years 
and directions is given in Table 3.

When the table values showing the change of Pb con-
centrations based on years and directions are examined, 
it is seen that there is a statistically significant difference 
(p < 0.001) among years in all directions per year. When the 
values are concerned, there is an irregular change generally 
until 1996–1998. The highest values were obtained in the 
north direction between 1987 and 1992, while the highest 
values were obtained in the south direction in 1993–1998. 

Table 1   ID number of tree rings 
according to year ranges

Tree ring ID Year ranges

1 1987–1989
2 1990–1992
3 1993–1995
4 1996–1998
5 1999–2001
6 2002–2004
7 2005–2007
8 2008–2010
9 2011–2013
10 2014–2016
11 2017–2019

Table 2   Changes in organs Pb concentrations (ppb) under four direc-
tion

Uppercase letters express horizontal direction even though lowercase 
letters state vertical direction for each variable, NS no significant dif-
ference, significance at **p < 0.01, ***p < 0.001

Organ Directions F value

S W N E

Ob 14,597 B 9681.5 A 23,679.2 C 38,201.1 
Db

71.29***

Ib 10,279.2 B 5641 A 14,596.7 C 15,687.6 
Ca

38.81***

W 10,340.6 
AB

6307.1 A 12,165.1 B 14,155.4 
Ba

4.89**

F value 0.42NS 1.42NS 2.18NS 7.059**
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In the year 1999, the lowest Pb concentrations were obtained 
in general, and it was observed that there had been a steady 
increase since this date. After 1999, the highest concentra-
tions were obtained in the east direction, while the subse-
quent highest concentrations were in the north direction until 
2011–2013, and then in the south direction. In this period, 
the lowest concentrations were obtained in the west direc-
tion. The increase in Pb emission due to gasoline use was 
reflected in the trend of the concentration data up to 2000.

Cd concentrations in the organs and their statistical 
analysis based on years and direction

The mean concentrations and F value of Cd in organ (Outer 
bark (Ob), Inner bark (Ib), and Wood (W)) of Cedrus atlan-
tica (Endl.) Manetti ex Carrière at four directions (South (S), 
West (W), North (N) and East (E)) from collection sites are 
given in Table 4.

The difference of Cd was examined that no statistically 
significant difference was observed among the organs in the 
south, west, and north directions. In the east directions, the 
highest values were acquired in the outer bark, and the inner 
bark and wood in both directions were in the first group 
according to the Duncan test. When evaluated in direction, 
the highest values in all organs were gained in the east direc-
tion. All the values obtained in the west and south direc-
tion as a result of the Duncan test were included in the first 
group, and the change of Cd concentration in the outer bark 
and wood was listed as west > southeast. The variation of 
Cd concentrations in wood based on years and directions is 
given in Table 5.

The change of Cd concentration based on years and direc-
tions examined shows that the change in all directions based 
on years and in all years based on directions is statistically 

significant (at least p < 0.01). When the average values are 
examined, it is seen that the Cd concentration followed a 
fluctuating course until 2005–2007; it was generally at the 
lowest level in the period 1999–2001. After this year, Cd 
concentration reached the highest level in all directions. 
When the directional variation of the Cd concentration is 
examined, it is seen that the highest values were obtained 
in the north from 1987 to 1989, in the west in the period 
of 1996–1998, and in the east direction in all other years. 
Particularly in the period after 1999, the Cd concentration, 
in general, is ranked as east > north > south > west based on 
the direction.

Discussion

Past trends of Pb and Cd concentrations in Cedrus atlantica 
(Endl.) Manetti ex Carrière has followed with wet and dry 
deposition of the emissions of their levels. Bioaccumula-
tion and translocation are among the critical factors in the 

Table 3   Pb concentrations (ppb) 
based on year and direction in 
wood

Uppercase letters express horizontal direction even though lowercase letters state vertical direction for each 
variable, ***Significance at p < 0.001

Tree ring ID Directions F value

S W N E

1 3641.2 Bc 5017.7 Cb 33,573.5 Dj 1544.8 Aa 6676.51***
2 6999.4 Be 1467.1 Aa 18,687.4 Dh 8327 Cd 1167.47***
3 20,247.8 Dh 6401.4 Ac 8877.1 Be 16,065.6 Cf 1490.84***
4 15,059.1 Dg 11,593.8 Ce 1191.4 Aa 1507.3 Ba 1666.20***
5 1501 Ab 1200.7 Aa 2082.1 Bb 4810.6 Cb 68.91***
6 2533.6 Ab 6866.9 Dd 3256.9 Bc 6205.7 Cc 663.78***
7 4889.1 Bd 1541.1 Aa 6885.0 Cd 13,618 De 898.42***
8 4967.4 Ad 7173.7 Bd 10,890.6 Cf 14,847.3 Def 303.04***
9 7554.6 Af 9083.3 Bd 11,311.6 Cfg 20,930.1 Dg 216.71***
10 20,922.4 Ci 7165.8 Ad 12,023.2 Bg 32,988.4 Dh 1654.35***
11 25,431 Bj 11,865.8 Af 25,037.2 Bi 34,864.8 Ci 394.81***
F value 6887.45*** 885.18*** 1480.81*** 760.59***

Table 4   Changes in organs Cd concentrations (ppb) under four direc-
tions

Uppercase letters express horizontal direction even though lowercase 
letters state vertical direction for each variable, NS no significant dif-
ference, ***Significance at p < 0.001

Organ Directions F value

S W N E

Ob 397.8 A 413.6 A 644.6 B 2226.2 Cb 624.02***
Ib 362 A 349.7 A 328.2 A 627.6 Ba 33.45***
W 345.1 A 290.3 A 452.8 B 581.2 Ca 15.38***
F value 0.13NS 1.89NS 2.49NS 71.27***
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growth of plants (Alaboudi et al. 2018; Ghoma et al. 2022). 
As a result of the study, the highest values in both Pb and Cd 
concentrations were obtained in the east direction, and the 
following highest values were obtained in the north direc-
tion. Based on these results, it can be said that Pb and Cd 
concentrations increase significantly depending on fossil fuel 
combustion and motor vehicle exhaust. The total Pb emis-
sions until the 2000s were picked due to directly related to 
the discharge of gasoline. With the abolition of the use of 
lead-added gasoline, the lead accumulation rate decreased. 
According to the years in the tree ring, it is seen that the 
amount of lead decreased in parallel with the populariza-
tion of unleaded gasoline. Cadmium is mainly emitted from 
point emission sources such as non-ferrous metal smelters, 
power plants, and waste incinerators, while lead emissions 
come primarily from field sources such as traffic (Cheng 
et al. 2014; Zhao et al. 2020; Cetin and Jawed 2022). A 
medium-sized car industry site is located at the rear of the 
park. Here, ironworking, metal alloying, and welding are 
small plants. According to studies on heavy metals, Pb and 
Cd are among the heavy metals most associated with traffic 
density (Aricak et al. 2019). Sevik et al. (2020) determined 
that the Pb concentration in the wood on the roadside was 
2161 ppm, whereas the Pb concentration in the wood on the 
other side was 980 ppm. Similarly, Akarsu (2019) deter-
mined that the Cd concentration was 157 ppm in the wood, 
176.8 ppm in the inner bark, and 2601.2 ppm in the outer 
bark on the roadside, whereas it was 139.7 ppm in the wood, 
166.5 ppm in the inner bark, and 116.6 ppm in the outer bark 
on the other side.

Published reports and studies have also stated that Pb 
and Cd concentrations increase with traffic density (both 
of non-exhaust and exhaust emissions) (Viard et al. 2004; 
De Silva et al. 2016; Du et al. 2019). Jeong et al. (2022) 

was investigated non-exhaust emissions sources of heavy 
metals in road dust. They found that asphalt has a dramati-
cally greater Pb concentration than other heavy metals, and 
heavy traffic with congestion, brake pads, and tire wear 
caused emissions of some heavy metals. Several researchers 
reported that Pb and Cd had been widely used elements for 
leading heavy metals to monitor anthropogenic sources and 
to understand biogeochemical processes in environments. In 
the beginning, traffic density, vehicle wear, industrial emis-
sions, and road dust worldwide in urban environments. Cai 
and Li (2019) were conducted some heavy metals, includ-
ing Pb and Cd elements, in street dust from Shijiazhuang, 
China. They enter the human body through the respiratory 
system and can accumulate from traffic and industry con-
tributed with 53.55% and 59.70%. Jeong et al. (2021) were 
examined potentially toxic elements in the different sizes 
of road deposited sediments in the Onsan industrial zone, 
Korea. They found highly toxic elements such as Pb and 
Cd, which assessed the potential ecological risk level. Mean 
metal concentration of Pb and Cd elements was released to 
the road as 13,561 and 225 mg/kg during the transporta-
tion of raw ore for smelting activity. Ariapak et al. (2022) 
were studied 44 sites (528 samples) for seasonal and spa-
tial variations of heavy metals in the dust of Tehran, Iran. 
They indicated that air pollution sources are traffic, fossil 
fuel use, and several industrial activities. Also, Ni, Cr, Cd, 
Pb, and Zn were in the same group derived from natural and 
anthropogenic sources. The main source is Cd, which was 
reported in vehicle motor emissions although Pb was gained 
combustion and burning activities of fossil fuel containing 
Pb. Kafle et al. (2022) determined twenty elements includ-
ing Pb and Cd toxic metals in the surface soil of Kathmandu 
Valley, Nepal. They showed the pollution of metals in open 
areas and results obtained as Cd > As > Pb > Zn > Cr > Mn > 

Table 5   Data of Cd 
concentrations (ppb) in wood 
based on age and direction

Uppercase letters express horizontal direction even though lowercase letters state vertical direction for each 
variable, Significance at **p < 0.01, ***p < 0.001

Tree ring ID Directions F value

S W N E

1 350.2 Be 286.8 Ab 660 Cef 282.4 Aa 523.35***
2 406 Cg 143.5 Aa 363.8 Bbc 578.8 De 763.68***
3 468.7 Ch 362 Bd 216.6 Aa 680.9 Dg 529.45***
4 118.3 Aa 539.4 Cf 201.1 Ba 251.7 Ba 75.39***
5 141.5 Ab 131.5 Aa 357.6 Bbc 452.2 Cb 1183.64***
6 160.6 Ac 275.2 Ab 464.8 Bcd 495.3 Bc 9.02**
7 242.1 Bd 133.8 Aa 323 Cab 529.3 Dd 175.82***
8 357.5 Ae 318.8 Ac 434.2 Abc 584.9 Be 11.80**
9 364.2 Be 327.8 Ac 577.8 Cde 620.4 Df 566.96***
10 386.8 Bf 289.9 Ab 606.5 Ce 742 Dh 305.66***
11 799.8 Bi 384.3 Ae 775.8 Bf 1175 Ci 1741.81***
F value 1635.18*** 461.79*** 20.75*** 480.86***
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Ni > Cu from anthropogenic sources. The literature studies 
show that the potential to hold heavy metals that are bound 
to the reducible fraction in atmospheric deposition (dust, 
deposition, transportation, etc.) in each plant species varies 
by various soil conditions (soil pH and redox conditions). 
Although the transport and accumulation of pollutants is 
not known clearly, we assume that they represent the areas 
where they are found except their anthropogenic sources and 
transport pathways. Consequently, more attention should be 
paid to the extensive influences of atmospheric deposition on 
several plants. However, the structure of each plant and its 
interaction with each heavy metal may be at different accu-
mulation levels. The durability and absorbate capacity of 
the landscape plants should be investigated for atmospheric 
toxic metals.

In this study, the highest Pb and Cd concentrations 
formed in different years were generally obtained in the 
directions with heavy traffic in the wood. In addition, it was 
determined that there was an increase in the concentrations 
of both heavy metals in general after 1999 and this increase 
continued until today. Until this date, the concentrations of 
both heavy metals had been generally high and had changed 
irregularly. Principally, this decrease in Pb concentration in 
the early 2000s is related to the ban on regular gasoline with 
high Pb content in these years. It is stated that 90% of lead 
in the atmosphere has been formed by leaded petrol since 
1925. Therefore, the increase after the 2000s is probably 
proportional to the rise in the number of vehicles.

Conclusion

Focusing on the biomonitoring, this paper shows that the 
highest concentrations of Pb and Cd toxic metals are gener-
ally obtained in the outer bark. In contrast, the concentra-
tions do not differ statistically in the wood and inner bark. 
Statistical analysis based on directions was made to under-
stand better the Pb and Cd sources in the case area. The dif-
ference in Pb and Cd concentrations on a directional basis 
indicates that both the concentration of these heavy metals 
are linked to traffic, and the transfer of heavy metals among 
organs (and among cells in the same organ) is quite limited. 
Examining the time intervals in the tree rings, Pb and Cd 
concentrations have been changed significantly every year 
due to an increase in the number of vehicles in traffic emis-
sion. Consequently, the passive method is used effectually in 
biomonitoring of Pb and Cd concentrations using the Cedrus 
atlantica rings. They can indicate how heavy metal pollution 
has been changed from the past and even the effects of traffic 
density, industrial revolution and urbanization. Therefore, 
Cedrus atlantica (Endl.) Manetti ex Carrière is a conveni-
ent biomonitor for detecting of Pb and Cd pollution. It is 
recommended to be commonly used in the parks, roadside, 

refuge, and other landscape areas for absorbed heavy met-
als. Atmospheric deposition is essential for heavy metals’ 
transformation from the atmosphere to soil. Heavy metals 
from atmospheric deposition can indirectly or directly influ-
ence ecosystems and human health from anthropogenic and 
other activities such as industrial activities, incineration of 
waste and corrosion, and use of lead-containing metals. Min-
eral sources occur at high temperatures such as combus-
tion, fossil fuels, roasting and melting of ores, kiln processes 
in cement, incineration of wastes, and enormous amount 
of trace metals into the atmosphere. Pb and Cd have been 
given a particular concern in biomonitoring studies, and 
they became priority environment contaminants. Minimiz-
ing their effects and monitoring accumulation have been 
promulgated to various international conventions to reduce 
Pb and Cd emissions levels. Numerous studies have been 
shown the impact of their toxicity on the environment and 
human health, although information about the sources and 
flows of these pollutants is much less specific. It has been 
observed that the plant species can be used as biomonitors in 
cities due to their high absorbing capacity of contaminants. 
Due to these features, it is thought that they can be helpful 
in the follow-up of environmental pollutants.
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