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Abstract. The growing population and industrialization is causing air pollution. In some cities pollution 

has reached to a point where it is threatening human lives. Pollution has become one of the biggest issues 

of today’s world. Pollutants are produced by exhaust gases, car wheels, and vehicles. Heavy metals (HM) 

are one of the major culprits that cause air pollution. This is due to the fact that HM can exist in the 

environment for a long time without deterioration, and their concentration in the atmosphere is ever-

growing. They also tend to bioaccumulate. Therefore, determining HM concentration levels is crucial in 

terms of identifying risk zones and levels. Bioindicators are the most important determinants that can 

indicate the change in the concentration of HM in the atmosphere. This study aims to monitor the changes 

in Pb, Cr and Cu concentrations in the leaves, seeds and branches of cherry plum (Prunus ceracifera), 

horse chestnut (Aesculus hippocastanum), Tilia (Tilia tomentosa), European ash (Fraxinus excelsior) and 

Norway maple (Acer platanoides) species, which can be used for monitoring the traffic-induced HM 

concentration. We observed that the concentration of all the elements increased according to the traffic 

density, this is especially visible in the case of Pb and Cr. 
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Introduction 

The increasing number of people living in urban centers in addition to the increase in 

the world population in recent years has brought along many problems with it. This 

process causes the destruction of nature, pollution of air, water and soil, as well as the 

deterioration of the ecological balance (Cetin, 2015a; Cetin et al., 2017a, b, 2018a, b, c, 

d, e, 2019a, b; Yucedag et al., 2019; Bozdogan Sert et al., 2019; Cetin 2019; Varol et 

al., 2019a, b). Air pollution is one of the most serious problems of today (Aricak et al., 

2019; Kaya, 2009; Kaya et al., 2009, 2018; Yucedag and Kaya, 2016, 2017; Yucedag et 

al., 2018; Bozdogan Sert et al., 2019; Cetin, 2019; Sevik et al., 2019a, b, c). In fact, it is 

stated that approximately 6.5 million people die every year due to air pollution (Cetin, 

2015a; Cetin et al., 2018a; Cetin et al., 2019a, b; Cetin, 2019). Even in Turkey, where 
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air is considered to be quite clean compared to many other countries, 29 thousand 

people lost their lives in 2016 due to air pollution (Cetin, 2015a, b, c; Cetin et al., 

2019a, b, 2018c, d, e). 

Since heavy metals tend to bioaccumulate, and they may be toxic even in low 

concentrations, they are of particular importance among the air pollution culprits. 

Although micronutrients such as Mn, Zn, Cr, Cu, Fe and Ni are necessary for living 

organisms, including plants, higher levels of them can have detrimental effects. Metals 

such as Hg, Cd, As and Pb have serious toxic effects on organisms even at low levels 

(Shahid et al., 2017). Many studies were conducted on heavy metals due to the 

importance of the subject (Turkyilmaz et al., 2018a, b; Sevik et al., 2019a; Akarsu et al., 

2019; Bozdogan Sert et al., 2019; Jawed and Abo Aisha, 2019). 

Plants are often used as bioindicators in monitoring heavy metal concentrations. 

However, different heavy metals accumulate at different levels in different plant species 

and organs. For this reason, it is necessary to determine which plant organs have what 

levels of heavy metal accumulation, so they can be used as bioindicators. In this study, 

we aim to determine the traffic-induced changes of Pb, Cr and Cu concentrations in the 

leaves, seeds and branches of four different plant species. 

Materials and methods 

Materials 

The study was conducted in the Kastamonu town center. Kastamonu town center is 

built within a valley as a general view, and it is where the traffic is the densest. Within 

the scope of the study, the samples were collected from the areas with dense traffic, 

with low density traffic, and with almost no traffic as well as the areas with no roadway 

within 50 m vicinity (Fig. 1). 

 

 

Figure 1. Study region, traffic intensity, and sampling points 

 

 

Kastamonu town center, where the samples are collected from within the scope of the 

study, with dense traffic is an area where a 4-lane highway passes through with 2 lanes on 
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each direction. In this area, the traffic is generally dense during the day. The areas with low-

density traffic are en route to the main road but outside the town center where the traffic is 

flowing. Taskopru and Inebolu routes were selected as the areas with low-density traffic. 

There is a two-lane road in this area, the traffic is flowing and the traffic density is quite low 

compared to the town center. Kastamonu University campus area was selected as the area 

with no traffic, and the points, where there was no roadway found within 50 m vicinity, 

were selected from the campus area, and samples were collected from those points. 

Within the scope of the study, samples were collected from cherry plum (Prunus 

ceracifera), horse chestnut (Aesculus hippocastanum), tilia (Tilia tomentosa), European ash 

(Fraxinus excelsior) and Norway maple (Acer platanoides) plant species, which are often 

used in landscaping works. The samples were taken from last year’s shoots, namely the 

one-year-old parts. Seeds of horse chestnut were used as the seed, whereas the seeds of tilia, 

European ash and Norway maple were used together with their coat and wings. However, 

the fruit flesh of cherry plum was used together with the peel. The samples were collected at 

the end of vegetation season of 2017, in August, and were brought to the lab after being 

packed and labelled. 

 

Method 

The measurements of heavy metal analyses were made in 2018. The samples, which 

were taken to the lab after being collected and labelled, were subjected to a separation 

process by being laid on the cardboards. The leaves, branches and seeds were separated and 

grouped. Then the branches were broken to enable them to dry thoroughly, and the seeds 

were crushed. The crushing of the seeds was carried out using marble pieces, and no metal 

tool was used during this process. The prepared samples were placed in glass settle plates 

and they were re-labelled. The fruit flesh of plum fruits was separated from the seed and 

was taken into glass settle plates and labelled. The samples prepared in such way were kept 

waiting for 15 days to be come air-dried, and the lab was ventilated every day throughout 

this process. 

The air dried samples were made fully dried in a drying-oven at 45 °C for a week. In the 

next step, the plant samples were pulverised into powder and each weighing 0.5 g, 

powdered samples were placed in tubes designed for microwave. 10 mL of 65% HNO3 was 

added onto the samples. Fume cupboard was used during this process. The prepared 

samples were then burned at 280 PSI pressure and 180 °C in the microwave device for a 

period of 20 min. The tubes were removed from the microwave after the process was 

completed and left to cool down. The cooled samples were filled in until they reached 50 ml 

by adding deionized water. The prepared samples were read on the ICP-OES device at 

proper wavelengths after being filtered through the filter paper. 

The data obtained were analyzed by using SPSS package program, and variance analysis 

was applied to the data. Homogeneous groups were obtained by applying Duncan test to the 

values with differences at 95% of confidence level statistically. The data obtained were 

interpreted after being simplified and tabulated. 

Results 

Change of Cr concentration depending on traffic density 

Changes in Cr concentration of study samples were determined in the areas with no 

traffic, with low-density traffic and with dense traffic, and variance analysis and Duncan 



Sevik et al.: Changes in Pb, Cr and Cu concentrations in some bioindicators 

- 12846 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):12843-12857. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1284312857 

© 2019, ALÖKI Kft., Budapest, Hungary 

test were applied to the data obtained. The mean values, F value and significance level 

obtained as a result of variance analysis, and homogeneous groups formed as a result of 

Duncan test are given in Table 1. 

 
Table 1. Concentrations of Cr in plants and organelles in different vehicle flow paths 

Species Organ Traffic density F value 

  No traffic Low-density traffic Dense traffic  

Cherry plum 

Leaf 987.3 a 1470.3 b 1487.3 b 1217.820*** 

Seed 1611.3 a 2283.0 b 2671.3 c 36.114*** 

Branch 1069.6 a 1247.3 b 1827.6 c 334.763*** 

Horse chestnut 

Leaf 2303.0 a 2357.0 b 7046.6 c 35179.582*** 

Seed 443.3 a 653.0 b 910.6 c 24.926** 

Branch 721.6 a 1002.0 b 1635.6 c 87.183*** 

Tilia 

Leaf 1058.9 a 1518.6 b 2148.9 c 1388.556*** 

Seed 1051.9 a 1509.0 b 2134.9 c 103.211*** 

Branch 706.6 a 825.3 b 996.3 c 149.214*** 

European ash 

Leaf 548.5 a 1538.6 b 3538.4 c 11660.581*** 

Seed 626.3 a 996.1 b 1366.0 c 363.166*** 

Branch 476.6 a 733.6 b 1003.0 c 213.453*** 

Norway maple 

Leaf 1174.3 a 1310.3 a 1739.6 b 54.594*** 

Seed 951.0 a 992.6 a 1776.3 b 794.866*** 

Branch 759.3 a 871.0 b 1001.3 c 21.065** 

**Significant at 0.01 level. ***Significant at 0.001 level. The letters a, b, c, etc. mean according to 

Duncan test results show that the group is located. It is statistically different from the values contained 

in different groups, starting with the letter a the numerical value grows 

 

 

As a result of the variance analysis conducted, it was determined that the traffic-

induced change in Cr concentration in all organs was statistically significant at 

minimum of 95% confidence level. When the mean values and the groups formed as a 

result of Duncan test are examined, it is seen that in all organs, the values obtained in 

the areas with no traffic are in the first homogeneous group, whereas the values 

obtained in the areas with dense traffic are in the last one. Therefore, we can surmise 

that the Cr concentration correlatively increases with traffic density 

When the values are examined, we can observe that Cr concentration varies between 

the areas with no traffic and the areas with dense traffic in the same organs, as well as 

between different organs of the same species and the same organs of different species. 

The highest difference due to traffic density was determined in European ash leaves, 

and the value of 548.5 ppb in areas with no traffic increased up to 3538.4 ppb in areas 

with dense traffic, thus increasing by 6.5 times. 

 

Change of Pb concentration depending on traffic density 

Pb is one of the heavy metals most associated with traffic density. Within the scope 

of the study, the change in Pb concentration was determined for each factor, separately, 

and the mean values, F value and significance level obtained as a result of variance 

analysis, and the homogeneous groups formed as a result of the Duncan test are given in 

Table 2. 
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Table 2. Concentrations of Pb in plants and organelles in different vehicle flow paths 

Species Organ 
Traffic density 

F value 
No traffic Low-density traffic Dense traffic 

Cherry plum 

Leaf 718.1 a 928.9 b 1432.2 c 367.932*** 

Seed 605.3 1464.3 6801.0 1.654 ns 

Branch 1412.0 a 1565.3 b 2500.3 c 281.616*** 

Horse chestnut 

Leaf 960.0 a 1209.3 b 2329.6 c 528.478*** 

Seed 39.6 a 324.0 b 781.3 c 26.795** 

Branch 160.6 a 241.6 a 611.3 b 10.697* 

Tilia 

Leaf 769.0 a 934.0 b 1062.2 c 25.680** 

Seed 737.6 a 894.0 ab 1018.7 b 5.958* 

Branch 364.3 208.6 149.3 1.680 ns 

European ash 

Leaf 405.8 a 1112.2 b 2848.2 c 6723.160*** 

Seed 165.9 202.3 238.7 4.078 ns 

Branch 603.6 a 727.3 a 1386.6 b 15.781** 

Norway maple 

Leaf 377.0 a 504.6 b 798.6 c 304.785*** 

Seed 49.3 a 347.0 b 520.6 c 379.738*** 

Branch 83.3 a 224.3 a 403.6 b 14.639** 

*Significant at 0.05 level. **Significant at 0.01 level. ***Significant at 0.001 level. The letters a, b, c, 

etc. means according to Duncan test results; show that the group is located. It is statistically different 

from the values contained in different groups, starting with the letter a numerical value grows 

 

 

When the change of Pb concentration depending on the traffic density was 

examined, it was determined that the change of Pb concentration was statistically 

significant at a minimum of 95% confidence level in all the samples, except cherry 

plum and European ash seeds and tilia branches. When the mean values and 

homogenous groups formed as a result of Duncan test are examined, it can be 

observed that Pb concentration also correlatively increases with traffic density. As a 

result of the Duncan test, in all organs the values obtained in the areas with no traffic 

were in the first homogenous groups, whereas the values obtained in the areas with 

dense traffic were in the last one. When all values are examined, it is seen that the 

lowest value of 39.6 ppb is obtained in the horse chestnut seeds in the areas with no 

traffic, and the highest value of 6801 ppb is obtained in cherry plum seeds in the areas 

with dense traffic. 

When the traffic-induced changes in the organs are examined, the ratio of the 

values obtained in the areas with dense traffic to the values obtained in the areas with 

no traffic is found to be lowest in the tilia seeds (approximately 1.38 times), and the 

highest ratio is found in the horse chestnut seeds (approximately 19.7 times). 

 

Change of Cu concentration depending on traffic density 

Changes in Cu concentration of study samples were determined in the areas with 

no traffic, with low-density traffic and with dense traffic, and variance analysis and 

Duncan test were applied to the data obtained. Afterwards, the mean values, F value 

and significance level obtained as a result of variance analysis, and homogeneous 

groups formed as a result of Duncan test are given in Table 3. 
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Table 3. Concentrations of Cu in plants and organelles in different vehicle flow paths 

Species Organ 
Traffic density 

F value 
No traffic Low-density traffic Dense traffic 

Cherry plum 

Leaf 4.4 c 0.6 a 1.6 b 5310.500*** 

Seed 5.0 a 5.3 a 45.3 b 31.705** 

Branch 1.0 a 9.2 b 13.4 c 6339.353*** 

Horse chestnut 

Leaf 6.1 b 1.6 a 20.6 c 13329.150*** 

Seed 0.3 a 0.8 a 2.9 b 70.408*** 

Branch 3.2 a 7.7 b 8.7 c 146.478*** 

Tilia 

Leaf 0.5 a 0.6 b 11.3 c 9368.455*** 

Seed 13.4 a 16.6 a 286.5 b 140.116*** 

Branch 6.2 b 6.2 b 2.4 a 228.071*** 

European ash 

Leaf 7.5 a 10.5 b 36.9 c 117657.167*** 

Seed 8.0 a 8.6 b 9.2 c 25.528** 

Branch 5.6 b 0.4 a 16.6 c 3122.898*** 

Norway maple 

Leaf 3.3 a 3.5 a 7.1 b 831.267*** 

Seed 14.4 a 17.3 b 20.0 c 492.818*** 

Branch 4.8 a 7.9 b 11.6 c 807.474*** 

**Significant at 0.01 level. ***Significant at 0.001 level. The letters a, b, c, etc. mean according to 

Duncan test results show that the group is located. It is statistically different from the values contained 

in different groups, starting with the letter a the numerical value grows 

 

 

When the change of Cu concentration depending on the traffic density is examined, it 

is seen that the traffic-induced change is statistically significant at a minimum of 95% 

confidence level in all organs, and that the Cu concentration correlatively increases 

together with the traffic density in general. While in 11 out of 15 study organs, the areas 

with no traffic were determined to be in the first homogeneous group, in 13 of them, the 

areas with dense traffic were in the last homogeneous group. 

All in all, Cu concentration increases correlatively with traffic density in 11 out of 15 

organs. While the minimum Cu concentration value of 0.3 ppm was obtained in the 

horse chestnut seeds in areas with no traffic, the highest value of 286.5 was obtained in 

Tilia seeds in the areas with dense traffic. However, other than this value, the maximum 

value was found to be 45.3 ppm. 

Discussion 

The study results showed that the elements subjected to study changed significantly 

on the basis of species. While the highest values of the metals other than Cu metal were 

obtained from the cherry plum, it was determined that the European ash was found in 

the first homogeneous group in all the metals. It was found that the concentrations of 

the metals subjected to study significantly varied among the species, and that sometimes 

the said difference was more than five times among the species. 

In the studies carried out to date, it was found that the heavy metal concentration 

changed significantly on the basis of species. In his study, Mossi (2018) states that the 

difference between species is approximately twice more in Pb, which has a toxic effect 

even at low doses, approximately 2.75 times in Cr, which is one of carcinogenic 
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elements, and more than 5 times in Cu with toxic effects. Saleh (2018) states that the 

difference between species is more than 5 times in Cu, and even more than 24 times in 

Cd. 

In the studies conducted, it is found that heavy metal concentrations change 

significantly on the basis of species, which means that different heavy metals are 

retained by different plants more intensely (Turkyilmaz et al., 2018a, b, c, d, 2019; 

Sevik et al., 2019a). This situation is primarily associated with the anatomical structure 

of the plant (Mossi, 2018; Saleh, 2018). The heavy metal intake of leaves varies 

depending on some factors such as the physical and chemical properties of the metals, 

their forms, morphology of the leaves, surface area, plant habitus next to the surface 

texture, heavy metals exposure time, environmental conditions and gas exchange 

(Beckett et al., 2000; Shahid et al., 2017; Turkyilmaz et al., 2018a, c; Sevik et al., 

2019a; Mossi, 2018). 

Within the scope of the study, it is found that heavy metal concentrations can change 

significantly on the basis of organs. However, the more important result is that the 

heavy metal concentrations in organs on the basis of species are different. For example, 

while the highest concentrations in Pb and Cr, which were some of the most important 

elements, were obtained in the seeds of P. ceracifera in the areas with dense traffic, they 

were obtained in the leaves of other species. However, the highest concentrations in Cu 

in the areas with dense traffic were obtained in the seeds of P. cerasifera, T. tomentosa 

and A. platanoides, while they were obtained in the leaves of A. hippocastanum and F. 

excelsior. 

The change of heavy metal concentrations on the basis of organs became the subject 

of many studies as well. Mossi (2018) found organ differences between the leaf and 

branch organs, while Turkyilmaz et al. (2018d) and Turkyilmaz (2019) found it between 

bark and wood organs, Erdem (2018) and Sevik et al. (2019a) between leaf, seed and 

branch organs, and Elfantazi et al. (2018a, b) between the leaf and branch organs. Also 

in these studies, the heavy metal concentrations were found to be changing significantly 

on the basis of organ. 

The main aim of the study is to determine the change of the elements subjected to the 

study depending on the traffic density. As a result of the study, it was determined that 

the concentrations of Pb and Cr elements correlatively increased with the traffic density 

in all organs of all species subjected to study, and the concentration of Cu element 

correlatively increased with traffic density in 11 out of 15 organs. Industrial and traffic 

activities are regarded as the most important sources of heavy metal pollution (Martley 

et al., 2004; Shahid et al., 2017; Erdem, 2018). In the studies conducted, it was found 

that the heavy metal concentrations in the plant organs changed significantly depending 

on the traffic density (Assirey et al., 2015; Galal et al., 2015; Saleh, 2018; Turkyilmaz 

et al., 2018a, b; Mossi, 2018; Sevik et al., 2019a; Akarsu et al., 2019; Jawed and Abo 

Aisha, 2019). 

Cr, one of the heavy metals subjected to study, is one of the most toxic heavy metals 

in terms of potential toxicities and exposure to living organisms (Shahid et al., 2015, 

2017). When taken into the human body through respiration, as it may cause nasal 

discharge, nasal bleedings, itching and perforation in upper respiratory tract it may also 

cause people, who are allergic to chromium, to get asthma attacks (Asri and Sonmez, 

2006). As for plants, it is toxic for many high plants at the level of 100 mg/kg dry 

matter (Asri and Sonmez, 2006). Non-essential metals such as Cr are able to enter the 

plant leaves through leaf transfer (Shahid et al., 2017). 
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Within the scope of the study, it was found that Cr concentration ranged between 

443.3 ppb and 7046.6 ppb. It was determined that the Cr concentration changed 

significantly depending on the traffic density, for example in the European ash leaves, 

and that the difference between the areas with no traffic and the areas with dense traffic 

was approximately 6.5 times. 

Similar results were obtained in many studies conducted. Turkyilmaz et al. (2018b) 

reported that the Cr concentration was 16.595 ppm in the areas with no traffic, and that 

it increased up to 23.716 ppm in the areas with dense traffic. Sawidis et al. (2011) 

reported that the Cr concentration in the control group of Platanus orientalis leaves was 

0.227 µg/g in Salzburg, 0.404 µg/g in Belgrade and 0.558 µg/g in Thessaloniki, while in 

polluted areas it increased up to 0.388 µg/g in Salzburg, 0.472 µg/g in Belgrade and 

0.621 µg/g in Thessaloniki. 

Pb, another element of the study, is of particular importance among heavy metals. 

Pb, which is widely used in industrial and agricultural activities, and thus is a common 

element, is a heavy metal which is emitted to the atmosphere as a metal or compound, 

and it is toxic in any case. Pb is one of the heavy metals that damages the ecological 

system most through human activities (Mossi, 2018; Erdem, 2018; Pinar, 2019). 

Pb takes place near the top among the metals causing environmental pollution as well 

as being an important metal for people for many years (Mossi, 2018). Lead may be 

present more than normal levels especially in vegetable and food of animal origin 

grown in areas close to the town center and industrial zones (Kahvecioglu et al., 2007; 

França et al., 2017). In addition to these, lead-containing gasoline is an important 

resource as well (Pinar, 2019). Therefore, there are many studies available documenting 

the relationship between Pb and traffic density (Qing et al., 2015; Lei et al., 2015; 

Assirey et al., 2015; Galal et al., 2015; Begum et al., 2017). 

Within the scope of the study, the Pb concentration was found to be ranging between 

39.6 ppb and 6801 ppb. Aksoy and Sahin (1999) found that the average Pb 

concentration in the unwashed leaves of E. angustifolia was 180.21 μgg-1 in industrial 

zones, 75.82 μgg-1 by the roadside, 50.56 μgg-1 in the town centre, 30.45 μgg-1 close 

to the town, and 16.81 μgg-1 in rural areas. Tam et al. (1987) found that the Pb 

concentration in the Bauhina varigeata leaves in Hon Kong was 12 µg g-1 in the 

unwashed leaves of the control group, while it was as high as 276 µg g-1 in the 

unwashed leaves by the roadside. Celik et al. (2005) reported that the average Pb 

content in Robinia pseudoacacia L. in Denizli province was 180.85 µgg-1 in the 

samples collected from the industrial zone, 336.55 µgg-1 in the samples collected from 

the urban roadsides, 74.86 µgg-1 in the samples collected from outside the town center 

and 34.26 µg g-1 in the samples collected from rural areas. 

As a result of the study, the Cu concentration was found to be ranging between 

0.3 ppm and 286.5 ppm and increased with traffic density, in general. Cu is quite an 

important element due to its involvement in enzyme activation, carbohydrate and lipid 

metabolisms within the plant body (Asri and Sonmez, 2006). Although different plant 

species need different amounts of copper, it is a highly toxic metal. Some effects of 

copper poisoning can be regarded as tissue damage, deterioration of roots and darkening 

of plant colour. Other effects are ion loss in the stem cells due to deterioration of 

membrane permeability and DNA damage due to deterioration of photosynthesis 

process (Okcu et al., 2009). Even though copper is an essential trace element for human 

and animal metabolism, acute copper intoxication may cause abdominal pain, nausea, 

vomiting and diarrhoea (Asri and Sonmez, 2006). Low levels of copper ion intake may 
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cause liver cirrhosis, Wilson’s disease, systemic rheumatic diseases and kidney 

diseases, while high levels of copper ion intake may cause leukaemia (Hayta, 2006). 

For this reason, many studies have been conducted on the determination of copper 

concentration in plants and its correlation with traffic density (Turkyilmaz et al., 2018a, 

b; Erdem, 2018; Mossi, 2018; Ozel, 2019). Turkyilmaz et al. (2018b) reports that the Cu 

concentration changes depending on the traffic density, and that Cu concentration, 

which is 69.615 ppb in areas with no traffic, increases up to 110.441 ppb in areas with 

dense traffic. Suzuki et al. (2009) states that Cu concentration in Rhododendron 

pulchrum leaves in Okayama, Japan goes up to 22.22 mg kg-1, while Demirayak et al. 

(2011) state that the average Cu concentration in M. grandiflora leaves in Samsun 

province is around 35 ppm. Li et al. (2007) reports that Cu concentration in the leaves 

of Sophora japonica L. is higher in individuals by the roadside than individuals in the 

parks. 

The studies conducted show that heavy metal concentrations are at different levels in 

plant species and organs depending on the traffic density. There are different reasons of 

this situation. First of all, traffic-induced heavy metal pollution in the atmosphere 

increases. This because the car wheels, vehicles, vehicle wear and exhaust gases in the 

urban areas cause heavy metals to be emitted into air (Zhuang et al., 2009; Schreck et 

al., 2012; Shahid et al., 2017; Turkyilmaz et al., 2018a). However, after emission into 

the atmosphere, heavy metals can be carried for miles away with the help of wind. In 

fact, studies conducted show that many heavy metals, especially Pb, can be carried far 

from their source (Uzu et al., 2009; Schreck et al., 2012; Shahid et al., 2017; Mossi, 

2018). After the heavy metals are mixed into the atmosphere, the accumulation process 

within the plant is also very complex and under the influence of many factors. This 

process is primarily related to the structure of plant organs and heavy metals (Mossi, 

2018; Erdem, 2018; Sevik et al., 2019a). 

Accumulation of heavy metals within the plant body is closely related to 

environmental conditions as well. Heavy metals can be carried far from the source with 

the help of wind. Apart from this, environmental conditions have direct influence on the 

plant metabolism, and the entry of heavy metals into the plant structure is different 

within this process. It is also stated that there is a significant relationship between the 

entrance of heavy metals into the plant body and the air humidity and precipitation, in 

particular (Uzu et al., 2009; Schreck et al., 2012; Shahid et al., 2017; Mossi, 2018; 

Turkyilmaz et al., 2018a, b, c, d, 2019). 

There are also some factors that are likely to affect the heavy metal concentration. 

For instance, the change in heavy metal concentration depending on the plant species 

was shown in this study as well as in others (Sevik et al., 2019a, b, c; Saleh, 2018; 

Erdem, 2018). However, heavy metal concentrations may be expected to be at different 

levels in the sub-types, forms, varieties and origins of plants. Likewise, many studies 

show that many phenological, morphological and anatomical structures vary according 

to these characteristics. In this case, it is inevitable for the plant metabolism to change 

and this situation to affect the heavy metal absorption (Sevik et al., 2012; Mossi, 2018). 

The heavy metal absorption in plants is closely related to plant metabolism (Speak et 

al., 2012; Shahid et al., 2017). Therefore, it is possible for many factors, which affect 

the plant metabolism significantly such as the plant’s stress level, (Sevik and Cetin, 

2015; Sevik and Karaca, 2016), plant origin (Sevik et al., 2019a, c), chlorophyll content 

(Sevik et al., 2013; Cetin, 2017; Zeren et al., 2017; Zeren Çetin et al., 2018) and genetic 
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structure (Sevik, 2012), to affect heavy metal absorption, and hence heavy metal 

concentration in plants. 

As a consequence, the change in heavy metal concentration in plants is the result of a 

complex mechanism due to the interaction of many factors (Mossi, 2018). However, the 

studies are not sufficient to gain a clear understanding of this mechanism, and thus to 

clearly reveal the factors affecting the change of heavy metal concentration. For this 

reason, studies on this subject should be increasingly continued and diversified. 

Conclusions 

Air pollution is one of the most important problems of today’s world. Air pollution 

has gained a particular importance with the increase in the consciousness level in this 

field along with the population density in town centers, and many studies have been 

carried out to solve this important problem. Increasing green spaces is considered as one 

of the most effective methods among the solution proposals. The studies conducted 

showed that green spaces and the plants used in such spaces decreased the air pollution 

of all types and levels (Cetin et al., 2017a, b). 

Plants can reduce air pollution significantly. However, the impacts of different 

species on different pollution factors are also at different levels. Although a large 

number of plant species have been the subject of studies to date, these studies are not at 

a sufficient level yet. There is no information on the heavy metal accumulation 

potentials of many plant species. However, great differences were determined between 

the heavy metal accumulating potentials of plant species in the studies conducted. For 

this reason, it is necessary to use the species, which have not been subjected to any 

study, in similar studies and to identify the plants, which are to be more effective in 

both monitoring and reducing the heavy metal pollution. Therefore, it can be 

recommended to continue and diversify similar studies. 

One of the important results of the study is that some heavy metal concentrations are 

very high, especially in the seeds. For instance, heavy metal concentrations were found 

to be quite high in the seed of cherry plum. This shows that it can be highly risky to 

consume the plants grown in areas with high level of heavy metal concentration such as 

industrial zones and urban centers as food. However, the number of studies on this 

subject is not quite sufficient yet. Priority should also be given to the studies on this 

subject. 
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