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Abstract
In recent years, air pollution has increased significantly due to anthropogenic factors and has become a global problem. 
Heavy metals in air pollution components; it is of particular importance because they are not easily degraded and disappeared 
in nature, bioaccumulation in living bodies, some of them can be toxic, toxic or carcinogenic even at low concentrations 
and even those necessary for living bodies can be harmful at high concentrations. Therefore, monitoring the concentrations 
of heavy metals in the air is of great importance for human and environmental health. Biomonitoring is the most suitable 
method for monitoring the concentration of heavy metals. Plants that can accumulate heavy metals in different organs are 
suitable biomonitors. However, the most appropriate type and organ for monitoring each heavy metal must be determined 
separately. In this study, the changes in the concentrations of the elements Cr and Mn in Robinia pseudoacacia, Platanus 
orientalis, Acer negundo, Ulmus minor and Nerium oleander species were determined by the individuals who grow in areas 
where there is no traffic, less and dense. The Cr and Mn concentrations in the leaves, bark and wood of the species subject 
to the study were evaluated. Within the scope of the study, the washing process was also applied to the leaves and shells and 
the effect of the washing process was tried to be determined. As a result of the study, it was determined that the concentra-
tions of each element in different species vary depending on the traffic density and this change can vary greatly on the basis 
of element and species.
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Introduction

In the last century, in addition to the rapid population growth 
in the world, urbanization has brought many problems. So 
much so that it is stated that many of the most important 
problems in the world today, directly, or indirectly, popula-
tion growth, population density in urban areas or associated 
problems (Nagdeve 2004; Boamah et al. 2018; Sevik et al. 

2018; Kilicoglu et al. 2021). Growth and urbanization have 
reached such serious proportions that in the 1900s, the total 
world population was only around 700 million and about 
9% of the population lived in urban areas, while in 2020 the 
world population exceeded 7.8 billion and the population 
living in urban 2020areas increased to 56%. In 2030, it is 
estimated that the world population will exceed 8.5 billion 
and the proportion of population living in urban areas could 
reach 90% (Ozturk and Isinkaralar 2018a, b; United Nations 
2019). With the industrial revolution, people's desires and 
needs increased by diversification, and the production to 
meet these requests and needs resulted in the extracting of 
mineral resources underground and using them as raw mate-
rials in the industry (Christmann 2018; Shahid et al. 2017). 
This process caused pollution of air, water and soil due to the 
oscillation of various pollutants used as raw materials in the 
industry (Haiyan and Stuanes 2003; Isinkaralar et al. 2017; 
Zwolak et al. 2019). While there are many components of 
air pollution, heavy metals are of special importance among 
these components due to their impact on other living things 
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and ecosystems, especially humans (Burnett et al. 1998). 
This importance of heavy metals is due to their tendency to 
bioaccumulate, to be toxic, carcinogenic and deadly even 
at low concentrations in terms of human health, not being 
easily eliminated from living bodies, not easily deterio-
rating and disappearing in nature (Khan et al. 2015; Izah 
et al. 2016). Air pollution can cause various diseases such 
as heart diseases, respiratory diseases, stroke and cancer. 
Studies show a significant relationship between air pollution 
and diseases such as cardiovascular diseases, lung cancer, 
asthma attack (Petkova et al. 2013; Lee et al. 2014; Fiordelisi 
et al. 2017). Several studies conducted have also found a link 
between air pollution and premature deaths in urban centers 
(Kim et al. 2015; Grzędzicka 2019; Vermeulen et al. 2019; 
Hvidtfeldt et al. 2019; Elsunousi 2020; Cheung et al. 2020). 
It is estimated that air pollution causes the death of approxi-
mately 1 out of 8 people worldwide, and this rate is increas-
ing in regions where population density and thus air pollu-
tion is higher (Krzyzanowski et al. 2014). The World Health 
Organization reports that approximately 92% of the world's 
population live in regions with low air quality in 2014 (Sol-
ange et al. 2014; Sevik et al. 2018; Elsunousi 2020).

High-rise plants are one of the most widely used biomoni-
tors to monitor heavy metal pollution in the air (Vladimi-
rovna and Ayushievna 2019; Isinkaralar 2020). Especially 
the leaves of non-evergreen plants are formed during the 
vegetation season and are exposed to heavy metal pollu-
tion during this period and fall off at the end of the veg-
etation season (Sevik et al. 2019a, b, c). Determining the 
heavy metal concentration in these leaves can give impor-
tant information about heavy metal pollution in that area 
(Nadgórska-Socha et al. 2013). Therefore, numerous studies 
have been carried out on the determination of heavy metal 
concentrations in the leaves of deciduous plants (Moćko and 
Wacławek 2004; Piczak et al. 2003; Saleh 2018). However, 
the accumulation of heavy metals within the plant varies 
significantly on the basis of heavy metal type, plant spe-
cies and plant organ (Sevik et al. 2020a, b, c). Therefore, to 
monitor each heavy metal, the most suitable plant species 
and organ must be determined separately. In this study, it 
is aimed to determine the change of Cr and Mn concentra-
tions, which are among the heavy metals that are extremely 
critical for health, depending on plant type, organ, washing 
condition and traffic density in some plants grown in Samsun 
city center.

Materials and methods

The study was carried out in Samsun province. Within the 
scope of the study, samples were collected from regions 
(N-TR) with heavy traffic (H-TR), low density (LH-TR) 
and almost no traffic (at least 50 m with no vehicle roads). 

For this purpose, samples were collected from Samsun city 
center as the region with heavy traffic, 19 Mayıs district as 
the region with less traffic and from the suburbs of 19 Mayıs 
district as the area where there is no traffic.

Within the scope of the study, among the types frequently 
used in landscape works, samples were collected from five 
plant species: Robinia pseudoacacia (RP), Platanus orien-
talis (PO), Acer negundo (AN), Ulmus minor (UM), Nerium 
oleander (NO). The samples were collected from the last 
year's offshoot, i.e., the one-year-old part, towards the end 
of the vegetation season in 2019, in late October and bagged 
and labeled and brought to the laboratory. Later, they were 
separated into their organs without using metal tools. Some 
of the bark and leaves were subjected to washing, after the 
last rinsing with pure water, all samples were labeled. In the 
later stages of the study, the organs were coded considering 
the washing process, and they were labeled as follows: the 
washed leaf as "WL", unwashed leaf as "UWL", washed 
bark as "WB", unwashed bark as "UWB" and wood samples 
as "WD". The labeled samples were kept in room condi-
tions until they became air-dry without being exposed to 
direct sunlight for two weeks after pre-treatment. Then, they 
were dried in an oven at 45 °C for 2 weeks. The dried plant 
samples were ground into powder and weighed 0.5 g and 
put into tubes designed for microwave. 10 mL 65% HNO3 
was added on the samples. The prepared samples were then 
burned in a microwave device at 280 PSI pressure and 180 
°C for 20 min. After the procedures are completed, the tubes 
are removed from the microwave and left to cool. They were 
completed to 50 ml by adding deioned water on the cooling 
samples. After the prepared samples were filtered through 
filter paper, they were read in ICP-OES device at appropri-
ate wavelengths. The resulting values were multiplied by the 
dilution factor and the Cr and Mn concentrations subject to 
the study were calculated. The obtained data were evaluated 
with the help of SPSS package program, variance analysis 
was applied to the data, and the Duncan test was applied 
to the values with statistically significant differences at the 
confidence level of at least 95% and homogeneous groups 
were obtained. The data obtained were simplified and inter-
preted by tabulating.

Results

The variation of Cr concentration on the basis of species, 
organ and traffic density is given in Table 1.

It was determined that the changes of Cr concentra-
tion on the basis of species and organs were statistically 
significant (at least p < 0.01) in all traffic densities. When 
the change of Cr concentration in areas where there is no 
traffic is examined, the lowest values are found in the first 
groups according to Duncan test, NO-UWB (24.93 ppb), 
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AN-WL (32.80 ppb), UM-WL (34.80 ppb) and AN- UWL 
(41.46 ppb); according to Duncan test results, the highest 
values were obtained in AN-UWB (472.26 ppb) and PO-WB 
(471.73 ppb), which form the last homogeneous group. 
In areas with low traffic, the lowest Cr concentration was 
obtained in RP-WL (29.73 ppb), and this organ was only in 
the first homogeneous group. Along with RP-WL, UM-WL 
(51.86 ppb), NO-WD (53.46 ppb), AN-WL (67.73 ppb) and 
UM-UWL (73.06 ppb) stand out as values that are in the 
first homogeneous group. The highest values were obtained 
in RP-UWL (436.00 ppb), NO-UWB (420.53 ppb) and 
AN-WD (379.4 ppb) in areas with low traffic.

According to the Duncan test results in areas with high 
traffic, the values that make up the first homogeneous 
group were obtained in RP-WL (24.66 ppb), UM-UWB 
(28.40 ppb) and UM-WL (31.06 ppb). The highest values 
in these areas were AN-UWL (1034.4 ppb) and AN-WL 
(587. 21 ppb). It is noteworthy that the highest values were 
obtained in AN leaves. When the change of Cr concentra-
tion in different species and organs depending on the traffic 
density was examined, it was found that only the change in 

the WL organ of the UM type was not statistically significant 
(p > 0.05); and it is seen that the change in all other organs is 
at a statistically significant level (at least p < 0.01).

When the homogenous groups formed by Duncan test 
were examined, it was determined that the values obtained 
in 11 out of 24 organs, which were determined to have sta-
tistically significant difference, were in the first homoge-
neous group in areas where there was no traffic. 11 of the 
values obtained in areas with low traffic and 7 of the val-
ues obtained in areas with high traffic were included in the 
first homogeneous groups as a result of the Duncan test. 
(Although a total of 24 organs were evaluated, the reason for 
the total of 29 values in the first homogeneous groups is that 
in some organs two values are in the same group).

It was determined that 3 homogeneous groups were 
formed as a result of Duncan test in 17 out of 24 organs 
where the values obtained differed statistically significantly 
in areas where traffic density was different. As a result of 
Duncan test, 3 organs in areas with no traffic, 6 organs in 
areas with low traffic, 7 organs in areas with heavy traffic 
were in the third homogeneous group. When evaluated in 

Table 1   Change of Cr (ppb) 
concentration on the basis 
of species, organ and traffic 
density

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions

Species Organ N-TR LH-TR H-TR F value Error

RP WL 82.06 cB 29.73 aA 24.66 aA 177.759 0.000
UWL 143.66 fg A 436.00 kC 298.36 hB 6668.616 0.000
WB 138.63 efgA 209.16 gB 483.43 jkC 741.855 0.000
UWB 97.6 cdA 269.46 hC 193.66 fB 530.811 0.000
WD 177.16 hiB 327.23 iC 59.83 bA 105.512 0.000

PO WL 88.00 cA 146.90 deB 200.66 fC 27.950 0.001
UWL 198.83 ijB 187.13 efgA 462.40 jC 5676.287 0.000
WB 471.73 mC 157.00 defA 389.80 iB 150.848 0.000
UWB 130.23 efA 120.33 cdA 209.66 fB 50.490 0.000
WD 152.46 fgA 225.46 gA 505.90 kB 25.473 0.001

AN WL 32.80 abA 67.73 abB 587.20 lC 1315.473 0.000
UWL 41.46 abA 233.60 ghB 1034.40 mC 686.951 0.000
WB 252.06 kB 129.46 dA 261.33 gB 140.879 0.000
UWB 472.26 mC 80.70 bcA 261.60 gB 8132.175 0.000
OD 98.16 cdA 379.40 jC 150.66 dB 664.839 0.000

UM WL 34.80 ab 51.86 ab 31.06 a 1.123 0.385
UWL 116.93 deB 73.06 abA 190.80 fgC 52.789 0.000
WB 368.53 lB 215.16 gA 212.66 fA 108.843 0.000
UWB 189.66 iB 187.36 efgB 28.40 aA 1234.602 0.000
WD 162.66 ghB 187.16 efgB 92.66 cA 30.682 0.001

NO WL 52.73 bA 194.83 fgC 77.86 bcB 536.130 0.000
UWL 192.53 iB 132.53 dA 145.20 dA 14.614 0.005
WB 218.33 jC 188.10 efgB 163.20 dfA 23.706 0.001
UWB 24.93 aA 420.53 jkC 164.06 dfB 1524.432 0.000
WD 82.3 cB 53.46 abA 147.93 dC 199.539 0.000

F value 11.659 4.110 4.252
Error 0.000 0.005 0.004
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general, according to the homogeneous groups formed as 
a result of Duncan test, it was determined that the change 
in Cr concentration increased with increasing traffic den-
sity in 6 of 24 organs and decreased with increasing traffic 
density in 6 of them. The change of Cr concentration in all 
organs was examined, it was determined that the most suit-
able organs to be used for monitoring Cr concentration were 
AN leaves. In addition to the increase in Cr concentration 
in AN leaves with the traffic density, the Cr concentration 
in the unwashed leaves is higher than the Cr concentration 
in the washed leaves at all traffic densities. The change of 
Mn concentration on the basis of species, organ and traffic 
density is given in Table 2.

According to the results of variance analysis, the change 
of Mn concentration on the basis of species and organ is 
statistically significant (at least p < 0.05) in all traffic densi-
ties. When the change of Mn concentration on the basis of 
species and organ in areas where there is no traffic is exam-
ined, it is seen that the lowest values are obtained in NO-WL 
with 1151.26 ppb, RP-WD with 1211.63 ppb and NO-UWB 
with 1400.53 ppb. In these areas, the highest values were 

obtained in PO-UWB (47,185.16 ppb), PO-WL (46,010. 
46 ppb) and PO-UWL (45,294.46 ppb). It is noteworthy that 
the highest values were obtained in PO leaves and branches.

In areas with low traffic, the lowest Mn concentrations are 
obtained in UM-UWL (479.06 ppb), PO-UWB (757.26 ppb) 
and NO-WD (921.93 ppb), while the highest Mn concentra-
tions are obtained in AN-WL (50,262.53 ppb) and PO-WL 
(32,419.20 ppb). The highest two values were obtained in 
unwashed leaves. In areas with high traffic, the values that 
make up the first homogeneous group according to Duncan 
test results were obtained in PO-WL (289.06 ppb), UM-WD 
(294.23 ppb) and RP-WD (311.03 ppb). The highest values 
in these areas were obtained in NO-UWB (74,533.5 ppb), 
AWL (43,742.06 ppb) and AN-WB (33,903.63 ppb). It is 
noteworthy that four of the lowest 5 concentrations obtained 
in areas with heavy traffic were obtained in woods and the 
highest values were obtained in unwashed leaves and wood.

The change of Mn concentration in different species 
and organs depending on the traffic density was examined, 
it was determined that only the change in the WL organ 
of the UM type was statistically at 99% confidence level 

Table 2   Variation of Mn (ppb) 
concentration on the basis 
of species, organ and traffic 
density

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions

Species Organ N-TR LH-TR H-TR F value Error

RP WL 35,572.56 nC 20,952.26 nB 1777.60 dA 20,323.663 0.000
UWL 31,606.03 lC 13,456.00 kB 9908.40 jA 13,189.437 0.000
WB 12,099.13 hB 10,083.36 iA 14,643.50 lC 383.336 0.000
UWB 10,978.00 fgC 7550.13 hB 5283.20 hA 13,187.417 0.000
WD 1211.63 aB 1275.20 bcC 311.03 aA 3993.166 0.000

PO WL 46,010.46 rC 32,419.20 sB 289.06 aA 4388.362 0.000
UWL 45,294.46 pC 2256.43 dA 13,340.26 kB 69,904.959 0.000
WB 11,526.06 ghB 1318.83 cA 19,570.40 nC 86,639.412 0.000
UWB 47,185.16 sC 757.26 abA 19,856.36 oB 59,107.737 0.000
WD 7538.60 eB 1185.80 bcA 19,213.13 mC 8995.474 0.000

AN WL 2095.06 bA 50,262.53 tC 43,742.06 tB 99,582.993 0.000
UWL 2732.53 bcA 27,538.93 rB 64,417.86 uC 68,946.025 0.000
WB 33,003.96 mB 26,737.8 pA 33,903.63 rB 57.701 0.000
UWB 36,102.73 nB 26,177.76 oA 44,470.50 uC 1622.002 0.000
WD 16,632.00 iC 3597.06 fA 6679.20 iB 25,952.322 0.000

UM WL 2862.00 cB 2758.73 eB 1024.53 cA 11.114 0.010
UWL 5087.86 dC 479.06 aA 4395.06 fB 13,289.111 0.000
WB 10,362.06 fC 4180.93 gA 4716.13 gB 2718.671 0.000
UWB 20,900.23 jC 3171.33 efB 1998.80 dA 31,665.753 0.000
WD 2652.00 bcB 3330.36 fC 294.23 aA 2609.783 0.000

NO WL 1151.26 aA 12,557.63 jC 3600.66 eB 9009.639 0.000
UWL 26,354.66 kB 15,028.53 lA 34,280.53 sC 59,976.699 0.000
WB 41,444.96 oC 1298.03 cA 32,720.00 pB 5293.743 0.000
UWB 1400.53 aA 17,350.53 mB 74,533.5 wC 770,139.575 0.000
WD 2329.80 bcC 921.93 abcB 641.53 bA 834.815 0.000
F value 3.185 2062.07 a 4.252
Error 0.018 80.706 0.004
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(p < 0.01); and it was statistically significant at 99.9% confi-
dence level (p < 0.001) in all other organs. When the homo-
geneous groups formed by the Duncan test were examined, 
it was determined that the values obtained in the areas where 
there was no traffic in 4 of the 25 organs subject to the study 
were in the first homogeneous group. Twelve of the val-
ues obtained in areas with low traffic and 9 of the values 
obtained in areas with high traffic were included in the first 
homogeneous groups as a result of Duncan test.

It was determined that 3 homogeneous groups were 
formed in 23 out of 25 organs subject to the study as a result 
of Duncan test. As a result of Duncan test, 12 organs in areas 
with no traffic, 4 organs in areas with low traffic and 7 organs 
in areas with heavy traffic were in the third homogeneous 
group. When evaluated in general, according to the homoge-
neous groups formed as a result of Duncan test, it was deter-
mined that the change in Mn concentration decreased with 
increasing traffic density in 6 of 25 organs and increased 
with traffic density in only 2 of them. It is noteworthy that 
as the traffic density increases, the Mn concentration in the 
RP leaves decreases.

Discussion

Within the scope of the study, changes in the concentrations 
of Cr and Mn elements in individuals of Robinia pseudoa-
cacia (RP), Platanus orientalis (PO), Acer negundo (AN), 
Ulmus minor (UM), Nerium oleander (NO) species, in areas 
with heavy traffic, low density, and almost no traffic was 
tried to be determined. Within the scope of the study, the 
concentration of the elements in the leaves, bark and wood 
of the species subject to the study was evaluated. Within the 
scope of the study, the washing process was also applied to 
the leaves and shells and the effect of the washing process 
was also tried to be determined. Therefore, within the scope 
of the study, the change of the concentrations of the elements 
subject to the study was determined depending on the factors 
of type, traffic density and organ (washing operations were 
also evaluated within the organ factor).

As a result of the study, it was determined that the con-
centrations of each element in different species are at dif-
ferent levels, that is, heavy metal concentrations vary sig-
nificantly on the basis of species. While the change of Mn 
element, which is one of the elements evaluated within the 
scope of the study, is statistically significant in all traffic 
densities, the change in Cr concentration on the basis of 
type is significant only in areas with heavy traffic. In studies 
conducted on the accumulation of heavy metals in differ-
ent plant species, it was determined that the most important 
factor affecting the accumulation of heavy metals is plant 
species. Numerous studies have shown that the variation 
of heavy metal concentrations in plants grown in the same 

environment varies greatly (Khan et al. 2015; Mossi 2018; 
Saleh 2018).

The potential for heavy metal accumulation in plants 
is the result of the growth performance and the metabolic 
activities that occur in this process. The growth and develop-
ment of plants is shaped by the mutual interaction of genetic 
structure and environmental conditions (Sevik 2012; Yigit 
et al. 2016a, b; Topacoglu et al. 2016). Therefore, the dif-
ferent levels of heavy metal accumulation in plants grown 
in the same environment can be attributed to the different 
genetic structure (Turkyilmaz et al. 2018a, b, c). In the 
studies conducted on the subject, it has been stated that the 
genetic structures of different species are at different lev-
els as well as different subspecies, varieties forms and even 
origins of the same species; and therefore, their anatomi-
cal, morphological and physiological characteristics change 
under the influence of genetic structure (Sevik and Cetin 
2015; Yigit et al. 2019).

Within the scope of the study, it was determined that ele-
ment concentrations differ significantly depending on the 
traffic density, but this difference is also at different levels 
based on species and organs. On the other hand, the change 
of Cr concentration, depending on the traffic density, was 
statistically insignificant level only in UM, and it was at 
a significant level in other species. According to average 
values and Duncan test results, Cr concentration was in the 
first group in areas where there is no traffic in all types of 
RP, PO, AN and NO as a result of Duncan test; and it was 
in the last group in the areas with heavy traffic. On the other 
hand, it was determined that the Mn concentration in AN 
and NO species increased in proportion to the traffic density, 
while the Mn concentration decreased as the traffic density 
increased in other species.

Therefore, the change of heavy metal concentrations in 
species depending on the traffic density is valid for elements 
of which concentration in air increases with traffic density. In 
studies conducted so far, it has been determined that heavy 
metals such as Cr, Pb, Ni and Co are one of the most impor-
tant sources and therefore, as the traffic density increases, 
the concentrations of these elements in the air also increase 
(Ewen et al. 2009; Shahid et al. 2017; Cetin et al. 2021). As 
a result of the study, it was determined that the change of 
most of the elements on the organ basis is at different levels. 
This change occurs at different levels for each element. In 
studies conducted so far, it has been stated that heavy metal 
concentrations in different organs are at different levels and 
even this difference can be dozens of times (Zhang et al. 
2018; Zhao et al. 2020; Turkyilmaz et al. 2020).

Heavy metal concentrations in different organs of plants 
grown in the same environment vary depending on factors 
such as plant organ structure, morphology, surface area, 
surface texture and size (Hmeer 2020). For example, plant 
leaves can absorb heavy metals in the air during the entrance 
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and exit of air through stomata, and in this case, the stoma 
structure affects the intake of heavy metals into the leaf 
body. Similarly, the rough and cracked shell surface can 
make it easier for heavy metals to hold there. Therefore, the 
structure and properties of the organ can significantly affect 
heavy metal uptake (Hardiman and Jacoby 1984; Greeger 
et al. 1999; Sert et al. 2019).

Another factor that is evaluated together with the organ 
factor within the scope of the study is washing state. As a 
result of the study, it was determined that the concentration 
of many elements changes due to washing, and the concen-
trations in the organs washed in some elements and in the 
unwashed organs are higher in some elements. Studies show 
that this situation is mostly related to whether particulate 
matter is contaminated with heavy metals or not (Alagić 
et al. 2015; Aricak et al. 2019).

Heavy metals can adhere to various particulate matter 
in the atmosphere after separation from their source, so 
the particulate materials can contain a complex mixture of 
heavy metals. Therefore, the effect of the washing process 
on the concentration of heavy metals depends largely on the 
contamination with heavy metals of the particulate matter 
removed from the organ surface by washing. If the particu-
late matter removed from the surface of the organ by wash-
ing is contaminated with a heavy metal, that is, if the heavy 
metal concentration in the particulate matter is higher than 
that of the organ, the washing process decreases the heavy 
metal concentration of the organ, otherwise it increases. 
Therefore, it is normal to have higher heavy metal concen-
trations in samples that is washed in some organs and that 
is not washed in some organs and similar results have been 
obtained in many studies (Sharma et al. 2008; Cetin et al. 
2020; Savas et al. 2021).

Within the scope of study, it is very difficult to interpret 
the results when the change of the traffic density and the 
plant species and organs, which are the factors subject to 
the study, are examined mutually. For example, it has been 
determined that the Mn concentration decreases as the traf-
fic density increases in 6 of the 25 organs belonging to 5 
species and increases with the traffic density in 2 of them; 
the Cr concentration, on the other hand, increases with the 
increase of the traffic density in 6 organs and decreases with 
the increase of the traffic density in 6 of them.

The entrance and accumulation of heavy metals into plant 
structure is shaped by the influence of many factors. As 
explained above, plant-related factors such as plant species, 
genetic structure and habitus; plant organ-related factors 
such as plant organ structure, morphology, surface area, sur-
face texture and size; environmental factors such as rainfall 
and moisture amount, heavy metal concentration in the soil, 
heavy metal concentration in the air; heavy metal related 
factors such as the type of heavy metal, its interaction with 
the plant, the duration of exposure; and the interaction of 

many factors such as these play a role in the entry and accu-
mulation of heavy metals into the plant (Bozdogan 2016; 
Ristorini et al. 2020).

In conclusion, it is known that air pollution is one of the 
most important problems in the world today and this prob-
lem is growing both in indoor and outdoor environments 
(Shahid et al. 2017; Mossi 2018). As a result of anthropo-
genic factors, especially industrial activities and urbaniza-
tion, soil, water and air pollution has reached a level that 
threatens human and environmental health in some regions 
(Isinkaralar et al. 2017; Turkyilmaz et al. 2020).

Among the pollution components, air pollution is of 
greater importance due to its potential effects. Studies show 
that there is a significant relationship between air pollution 
and diseases such as lung cancer, cardiovascular diseases, 
and asthma attacks. Studies also show a link between the 
increase in air pollution and premature deaths in cities (Beh-
rens et al. 2018; Elsunousi 2020). Therefore, improving air 
quality is currently one of the most important and priority 
issues.

One of the most effective methods in reducing air pollu-
tion is the use of plants. Plants contribute to the reduction of 
air pollution by accumulating heavy metals as well as other 
pollution factors, and also fulfill many economic, ecological 
and social functions (Nouri et al. 2009; Turkyilmaz et al. 
2020). However, since the metabolism and interaction of 
each plant with the environment are at different levels, it is 
essential to determine by carrying out detailed studies that 
which plants accumulate which metals in greater amounts 
and the factors that affect this accumulation; so that they 
can be used as a biomonitor in the monitoring of heavy met-
als, and for more specific purposes such as reducing heavy 
metals.

Suggestions

Today, it is accepted by everyone that air pollution is one 
of the most important factors threatening human, living and 
environmental health on a global scale. One of the most 
important components of air pollution is heavy metal pol-
lution. However, it can be said that there is not yet a cheap, 
easy and sustainable method for effectively monitoring 
heavy metal pollution in the air. The most effective and 
accepted method for monitoring heavy metal concentra-
tions is the use of biomonitors. However, as shown in the 
studies conducted so far, the interaction of each plant with 
different heavy metals, their absorption and accumulation 
of these heavy metals are at different levels. Therefore, it 
is necessary to determine the most appropriate species and 
organ separately to monitor the change of concentration of 
each heavy metal in air. As a result of this study, it has been 
determined that Acer negundo leaves are the most suitable 
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biomonitor for monitoring the change of Cr concentration, 
which is one of the most harmful heavy metals for human 
and environmental health.

Within the scope of the study, it was determined that 
some species accumulate Cr and Mn heavy metals much 
more than other types. In this case, it can be said that the 
plants in question collect the heavy metals in the air and 
thus reduce the heavy metal pollution in the air. The use of 
these species in landscaping and afforestation works in areas 
with heavy metal pollution may contribute to reducing heavy 
metal pollution. For this purpose, it is recommended to use 
Acer negundo and Platanus orientalis species to reduce both 
heavy metal pollution.
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