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Abstract 

Air pollution has become one of the most critical threats to human health in the last century. Heavy metals are among 
the components of air pollution that threaten human health the most. Boron is one of the heavy metals whose use has 
been increasing in recent years due to its use in more than 250 fields in industry. Due to intensive use, boron 
concentrations in receiving environments are constantly increasing. However, boron, one of the important heavy 
metals, can cause significant health problems when inhaled from the air and taken into the human body. Therefore, 
monitoring the changes in boron concentration in the air is very important. In this study, species, organ, and directional 
changes of boron concentration in Tilia tomentosa, Robinia pseudoacacia, Cedrus atlantica, Pseudotsuga menziesii, and 
Fraxinus excelsior species growing in Düzce, one of the five most polluted cities in Europe. The study results show that 
boron concentrations are generally higher in the outer bark. Regarding species, the lowest values were obtained in P. 
menziesii, and the highest were obtained in R. pseudoacacia. The highest B concentrations in wood were obtained in R. 
pseudoacacia, and it is thought that this species can be used effectively to reduce B pollution. 

Keywords: Heavy metal; Boron; Accumulator; Wood 

1. Introduction

Throughout the world, urbanization [1-4] and global climate change [5-9] have become irreversible global problems 
due to the direct or indirect effects of industrial activities developed in the last century. Another global problem that 
has emerged in relation to these problems and is also largely caused by industrial and human activities is environmental 
pollution [10-13]. In particular, air pollution has become such a serious problem that World Health Organization (WHO) 
data show that almost the entire global population (99%) breathes air containing high levels of pollutants that exceed 
WHO-defined limits, with low- and middle-income countries suffering the highest exposure [14]. Studies indicate that 
air pollution causes approximately 6 million premature births, 3 million underweight babies, and 7 million premature 
deaths worldwide annually [15]. 

Among the components of air pollution, heavy metals threaten human and environmental health [16-18]. Some heavy 
metals can be dangerous, toxic, carcinogenic, and fatal for living organisms even at low concentrations [19-21]. Even 
those necessary as nutrients for living organisms can be harmful at high concentrations and can be much more 
dangerous by entering the human body, especially through the respiratory tract [22,23]. One of these heavy metals is 
boron (B), which has been increasingly used in recent years. Boron is one of the elements that has taken an important 
place on the agenda in recent years, both because it is a micronutrient element for plants and because it is used in more 
than 250 fields in the industry [24,25]. Due to its intensive use and the continuous expansion of these areas of use, the 
concentrations of boron, which is produced more and more, are constantly increasing in receiving environments. 
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However, boron, one of the important heavy metals, can cause significant health problems when inhaled from the air 
and taken into the human body. Therefore, reducing boron pollution in the air is of great importance.  

Plants are the most effective instruments for reducing heavy metal pollution. The wood parts of high-structured trees 
are the largest plant organs and species that can accumulate heavy metals in the wood and can be used very effectively 
in reducing heavy metal pollution [26-28]. However, it is necessary to determine which plant is helpful in reducing 
heavy metal pollution. Because each plant has a different potential to accumulate different heavy metals [23,29]. This 
study aimed to determine the most suitable tree species that can be used to reduce B pollution.  

2. Material and methods 

Düzce province, where the study samples were collected, has Europe's 5th highest pollution level, according to the 
World Air Pollution Report 2021. Düzce province's topography and meteorological parameters increase air pollution in 
the Western Black Sea region of Türkiye.  The main pollutants causing air pollution in Düzce are generally industrial 
facilities, domestic fuel use and vehicle traffic load [30,31]. 

The log samples used in this study were obtained from the trunks of Tilia tomentosa, Robinia pseudoacacia, Cedrus 
atlantica, Pseudotsuga menziesii, Fraxinus excelsior trees, which are widely used in landscaping in Düzce province. The 
log samples were taken in 2022 outside the vegetation season at a height approximately 50 cm above the ground and 
10 cm thick. The directions (North, South) were indicated on the logs when taking log samples of these species. The 
sections taken from the trunk logs were first sanded in the laboratory to smooth the upper surface so that the annual 
rings could be seen more clearly. 

Samples were then taken from the outer bark, inner bark, and wood using a stainless steel drill and placed in glass Petri 
dishes. The wood samples were ground into wood chips without using any tools made of the metals examined in the 
study. After the samples were placed in glass containers without closing the lids, they were kept in the laboratory for 
15 days until they were completely dry and then dried in an oven set at 45 °C for another week. Then 0.5 grams of the 
dried samples were taken, 6 ml of 65% HNO3 and 2 ml of 30% H2O2 were added and placed in a microwave oven; the 
microwave oven was set to reach 200°C for 15 minutes and stayed at 200°C for 15 minutes. After the samples were 
incinerated, the samples were transferred into measured bottles, and the final volume was filled with 50 ml of ultrapure 
water. The samples were analyzed using ICP-OES, and Cr concentrations were determined by multiplying the results by 
the corresponding dilution factor. This method has been widely used in previous studies in this field [32-35]. 

Variance analysis was used to analyze the data using the SPSS package program. In addition, the Duncan test was applied 
for factors showing statistically significant differences at a minimum 95% confidence level (p<0.05). The data were 
tabulated and, analyzed and interpreted after considering the results of Duncan's test.  

3. Results  

The variation of B concentration in the species subject to the study on species and organ basis is given in Table 1. 

Table 1 Variation of B concentration by species and organ 

Species OB IB Wood F Value 

T. tomentosa 13782.3 C 9380.2 B 3815.0 A 83.3*** 

R. pseudoacacia 31783.6 B 25581.1 A 30571.1 B 5.0** 

C. atlantica 15035.8 A 19262.6 B 15444.3 A 4.8** 

P. menziesii 6548.1 B 7340.6 B 3279.9 A 5.3** 

F. excelsior 42116.8 B 8068.9 A 6181.5 A 90.9*** 

 

When the table values are examined, it is seen that the change in B concentration by organ in all species is statistically 
significant (p<0.05). When the values and Duncan test results were examined, it was determined that all species except 
R. pseudoacacia obtained the lowest B concentrations in wood. In general, the highest values were obtained in the outer 
bark. The variation of B concentration by species and direction is given in Table 2. 
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Table 2 Variation of B concentration by species and direction 

Species North East South West 

T. tomentosa 5640.5 a 8999.3 ab 10707.2 b 9405.9 ab 

R. pseudoacacia 27937.5 c 30974.8 c 31913.7 c 30003.0 d 

C. atlantica 19110.4 b 14016.3 b 15203.0 b 14319.7 c 

P. menziesii 3441.2 a 4444.9 a 8814.7 a 4156.6 a 

F. excelsior 7461.7 a 11878.3 b 9562.9 a 15489.2 c 

F Value 35.1*** 30.0*** 94.3*** 100.5*** 

As seen in Table 2, according to the mean values, the change in B by species in all directions was statistically significant 
(p<0.05). In general, the lowest values were obtained in P. menziesii, and the highest values were obtained in R. 
pseudoacacia. The variation of B concentration in species by organ and direction is given in Table 3. 

Table 3 Variation of B concentration by organ and direction in species 

Species Organ North East South West F Value 

Tilia tomentosa OB 13748.9 cB 14735.8 cC 12809.5 bA 13834.9 B 88.3*** 

IB 7673.7 bB 6709.3 bA 14155.5 cD 8982.2 C 4366.0*** 

Wood 2259.9 aA 5552.7 aB 5156.5 aB 5400.7 B 8.5** 

F Value 78.7*** 3997.4*** 4686.5*** 2786.3*** 

Robinia 
pseudoacacia 

OB 33578.0 bC 31486.8 aB 32473.6 BC 29595.9 A 11.4** 

IB 6584.9 aA 33610.5 bD 31848.1 C 30281.0 B 885.1*** 

Wood 29508.7 b 30712.4 a 31872.5 30013.7 1.4 ns 

F Value 8.2** 13.9*** 0.5 ns 0.2 ns 

Cedrus atlantica OB 14861.7 aB 14877.9 bB 15967.2 bC 14436.5 A 41.5*** 

IB 33092.0 bC 14283.9 abA 15010.5 aB 14663.9 AB 2661.7*** 

Wood 18299.3 aB 13913.7 aA 15155.4 aA 14281.2 A 11.8*** 

F Value 8.3** 3.5* 5.0* 0.1 ns 

Pseudotsuga 
menziesii 

OB 6513.9 bB 6997.4 cC 5425.4 bA 7255.8 cD 594.2*** 

IB Under Limit 2477.3 aB 17729.5 cC 1815.1 aA 20228.7*** 

Wood 1904.8 aA 4152.5 bC 3289.2 aB 3777.7 bBC 21.0*** 

F Value 82.5*** 277.6*** 14470.7*** 347.2*** 

Fraxinus 
excelsior 

OB 21040.3 bA 72496.4 bC 37748.5 bB 37182.3 bB 8874.5*** 

IB 6819.1 aA 10956.1 aB 6431.4 aA Under Limit 2473.5*** 

Wood 4227.8 a 6451.4 a 5983.7 a 8258.2 a 0.8 ns 

F Value 76.2*** 160.2*** 57.1*** 35.3*** 

When the variation of B concentrations by organ and direction in species was examined, B concentrations in the 
northern direction in the inner bark of Pseudotsuga menziesii and in the western direction in the inner bark of Fraxinus 
excelsior remained below the determinable limits. Otherwise, B concentrations ranged between 1815.1 ppb and 72496.4 
ppb. The lowest values were obtained in Pseudotsuga menziesii inner bark in the west direction (1815.1 ppb), 
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Pseudotsuga menziesii wood in the north direction (1904.8 ppb) and Tilia tomentosa wood in the north direction (2259.9 
ppb). The highest values were obtained in the east direction (72496.4 ppb), south direction (37748.5 ppb), and west 
direction (37182.3 ppb) in the outer bark of Fraxinus excelsior. Notably, the highest values were obtained in the outer 
bark of Fraxinus excelsior. The highest values in wood were obtained in Robinia pseudoacacia in the south direction 
(31872.5 ppb), east direction (30712.4 ppb), and west direction (30013.7 ppb). Notably, the highest values in the woods 
were obtained in Robinia pseudoacacia, and these values were much higher than those in the woods of other species.  

4. Discussion

As a result of the study, it was determined that B concentrations accumulated significantly in the outer bark, inner bark, 
and wood of the species subject to the study. B concentrations were below the determinable limits only in the inner 
bark of Pseudotsuga menziesii in the north direction and Fraxinus excelsior in the west direction. Apart from this, it was 
determined that B concentration accumulated in all organs of all species at rates exceeding one ppm, reaching up to 
72496.4 ppb in the outer bark and 31872.5 ppb in the wood.  

Within the scope of the study, it was determined that the values obtained in the outer bark were higher than those in 
the inner bark and wood. The high level of heavy metal concentrations in the outer bark in heavy metal-contaminated 
areas is related to the structure and contamination of the bark. In areas close to the pollution source, heavy metals in 
the air adhere to particulate matter and contaminate particulate matter with heavy metals, and this particulate matter 
settles on plant organs and increases heavy metal concentrations in these organs [16-18]. Since the outer bark has a 
rough surface structure, particulate matter can easily adhere to it, and thus, heavy metal concentrations are high in the 
bark in the direction of heavy metal pollution [30-32]. Therefore, in areas with high levels of heavy metal pollution, high 
levels of heavy metal concentrations in the barks are normal, and this situation has been reported in many studies [19-
21]. 

Within the scope of the study, it was determined that B concentration differed significantly in the species subject to the 
study. Studies frequently state that heavy metal accumulation capacity can vary greatly on a species basis [23]. This 
result is normal. Because all phenotypic characters of living organisms, including heavy metal accumulation potential, 
are shaped under the interaction of genetic structure [36-42] and environmental factors [43-52]. Since the genetic 
structure also varies significantly according to the plant species, the heavy metal accumulation potential of different 
species of plants is different even if they grow in the same environment. 

As a result of the study, it was determined that B concentrations were at very high levels in plant organs. This shows 
that B pollution is quite high in the study area. In similar studies conducted in the same area, heavy metals such as Bi, 
Cr, As, and Sb were found to be at very high concentrations [30,31,33,53]. These studies stated that the main sources of 
heavy metals in the region are traffic and urban areas. As a matter of fact, in many studies, it is frequently emphasized 
that a large number of people live in a limited area in urban areas. Therefore, urban areas bring many problems [54-
63], and one of the most important of these problems is pollution [64-71]. The most effective materials that can be used 
to reduce pollution in these areas are plants. Because while plants fulfill many ecological, economic, and social functions 
in the area where they grow, they also reduce all kinds of air pollution [72-78]. Therefore, plants can be used effectively 
to reduce heavy metal pollution. 

5. Conclusion and Recommendations

As a result of the study, it was determined that B concentrations were relatively high in the species subject to the study, 
and the highest B concentrations were generally obtained in the outer barks. Otherwise, B concentrations ranged 
between 1815.1 ppb and 72496.4 ppb. The lowest values were obtained in Pseudotsuga menziesii inner bark in the west 
direction (1815.1 ppb), Pseudotsuga menziesii wood in the north direction (1904.8 ppb) and Tilia tomentosa wood in 
the north direction (2259.9 ppb). 

The highest values were obtained in the east direction (72496.4 ppb), south direction (37748.5 ppb), and west direction 
(37182.3 ppb) in the outer bark of Fraxinus excelsior. It is noteworthy that the highest values were obtained in the outer 
bark of Fraxinus excelsior. The highest values in wood were obtained in Robinia pseudoacacia in the south direction 
(31872.5 ppb), east direction (30712.4 ppb), and west direction (30013.7 ppb). It is noteworthy that the highest values 
in the woods were obtained in Robinia pseudoacacia, and these values were much higher than the values in the woods 
of other species. Therefore, the use of Robinia pseudoacacia, which can accumulate high amounts of B in its wood in 
areas with high levels of B pollution, can contribute significantly to reducing B pollution. 
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