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Abstract  

Air pollution has become a global problem that affects the health of millions of people every 
year. Among the air pollutants, heavy metals are particularly infamous as they tend to 
bioaccumulate, can be toxic to human health even at low concentrations, and that even those 
that are necessary for living things as nutrients can be harmful at high concentrations. Boron 
(B), a microelement, is both extremely dangerous and important for human health, as it can 
cause toxic effects when used more or less. As with other heavy metals, the ingestion of B 
through the respiratory tract is extremely harmful to health. It is very important to monitor 
the change of B concentration in the air and reduce the pollution level. In order to contribute 
to the studies in this field, the change of B concentrations in some indoor plants grown in 
controlled, smoking and traffic environments was determined within the scope of this study. 
The results of the study showed that camel sole, diphenbahya, drasena, chiefera and yukka 
species are quite suitable for monitoring the change of B concentrations in the air. It has been 
determined that the most suitable species that can be used to reduce B pollution in the air are 
rubber and spatiphyllium. 

Keywords: Bor; B; heavy metal; cigarette; traffic  

 

1. Introduction  

Today, environmental pollution has reached extents that threaten human health (Çetin et al. 
2023; Savaş et al., 2021; Yücedağ et al., 2019). The gradual increase in populations living in 
urban centers, especially in developing countries, has brought along many problems in urban 
areas (Çetin et al., 2018a; Çetin et al., 2018b; Zeren Çetin and Şevik, 2020; Yücedağ et al., 2021). 
Studies conducted in urban areas include air (Çetin et al., 2019; Türkyılmaz et al., 2019; 
Türkyilmaz et al., 2020; Varol et al. 2022a; Varol et al. 2022b), water (Ucun Özel et al., 2019) 
and soil (Çetin et al., 2022a) show that the pollution is at higher levels. 

The modern age has also significantly changed people’s lifestyles, about 90% of people's lives 
are spent indoors (Çetin and Çobanoğlu, 2019; Çetin et al., 2017a; Çetin et al., 2017b; Çetin, 
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2019; Varol et al., 2021a, Varol et al., 2021b). According to the United States Environmental 
Protection Agency (EPA), indoor air is up to 100 times more polluted than outdoor air and, 
unlike atmospheric pollution, indoor pollutants are approximately 1000 times more likely to 
infect the lungs (Jo et al., 2020). Therefore, studies on indoor pollution sources and pollutants 
are of great importance. 

Heavy metals are at the forefront of air pollution factors that pose the greatest threat to human 
health, both indoors and outdoors (Zeren Çetin 2022; Akarsu et al. 2019; Zeren et al 2017; 
Elsunousi et al., 2021). Boron, an infamous heavy metal, enters the human body through the 
respiratory and digestive tracts or mucous membranes and accumulates mostly in the bones. 
Nausea, severe vomiting, abdominal pain and diarrhea manifest the effect of boric acid and 
borax in humans. It can also cause osteoporosis, heart disease, stroke, diabetes and aging 
(Nielsen and Stoecher, 2009). B is fatal in the range of 5-6 g for children and 10-25 g for adults 
(Baykut et al., 1987). Therefore, since Boron, like other heavy metals, is very harmful to health, 
it is very important to monitor the change of B concentration in the air and reduce the pollution 
level. For this purpose, it is aimed to determine the change of B concentration in some indoor 
plants grown in different environments, based on the habitat and plant species. 

2. Methodology  

The types that are the subject of the study are selected from the regions designed in the interior. 
It is used to give direction to the design. The interior design proposal drawings of the types 
used are as shown in the Figure 1. 

  

  

Figure 1.  Showing of indoor plants used in architectural designs as materials 

The collected samples were labeled, brought to the laboratory and separated into organs in the 
laboratory. Afterwards, the samples were labeled, laid out on cardboard plates and left to dry. 
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Branch and fruit samples were crushed and left to dry in glass petri dishes so that they could 
dry more easily. The samples, which were aerated by mixing at least once a week for about 
two months in the laboratory, were air-dried, then taken into cardboard cups and dried in an 
oven at 50 °C for one month. The dried samples were bagged and labeled in an airtight manner 
so that they would not be affected by air humidity and sent to the laboratory for analysis. 

In the next step, the plant samples were ground into powder and 0.5 g was weighed and put 
into tubes designed for microwave. 10 mL of 65% HNO3 was added to the samples. During 
these processes, it was worked in the fume hood.  

The obtained data were evaluated with the help of the SPSS package program, variance 
analysis was applied to the data, and homogeneous groups were obtained by applying the 
Duncan test to the values with statistically differences at least 95% confidence level. The data 
obtained were simplified and interpreted by tabulating. 

3. Results 

The average concentration values, the F value obtained as a result of the analysis of variance, 
the error rate and the groups formed as a result of the Duncan test by determining the variation 
of the B concentration evaluated within the scope of the study on the basis of species in plants 
grown in different environments are given in Table 1. 

Table 1. Variation of B concentration (ppm) by species 

Species 
Environment 

Average 
Control Cigarette Traffic 

DT 13.93 b 23.79 b 29.66 b 22.46 a 

DB 24.12 c 41.82 d 52.13 d 39.36 a 

DC 10.38 a 35.90 c 44.75 c 30.34 a 

KC 177.43 f 94.44 f 117.73 f 129.86 c 

SF 10.14 a 35.53 c 44.30 c 29.99 a 

SP 58.08 e 80.98 e 100.95 e 80.00 b 

YK 55.87 d 15.37 a 19.16 a 30.13 a 

F Value 444437.7*** 20053.7*** 11161.5*** 35.3*** 

 

When the variation of B concentration on the basis of species is examined according to the 
results of analysis of variance, it is seen that the variation of B concentration on the basis of 
species in all environments is statistically significant at the 99.9% confidence level. When the 
groups formed as a result of the Duncan test are examined, it is noteworthy that each species 
is included in only one group in all environments. 

In the controlled environment, the species formed six groups as a result of the Duncan test, 
DC (10.38 ppm) and SF (10.14 ppm) with the lowest values formed the first group, while each 
of the other species was in a separate group. After DC and SF, DT (13.93 ppm) with the lowest 
values formed the second group, DB (24.12 ppm) third group and YK (55.87 ppm) fourth 
group. KC (177.43 ppm) and SP (58.08 ppm), where the highest values were obtained, formed 
the last two groups. 

When the mean values in smoking environments and the groups with Duncan's test are 
examined, it is seen that the lowest value was obtained in QC with 15.37 ppm, and the highest 
value was obtained in the liver with 94.44 ppm. WC (15.37 ppm) and DT (23.79 ppm) with the 
lowest values formed the first two groups, while DC (35.90 ppm) and SF (35.53 ppm) formed 
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the third group. KC (94.44 ppm), SP (80.98 ppm) and DB (41.82 ppm), where the highest values 
were obtained, formed a separate group. 

In the traffic environment, as in the controlled and smoking environments, six groups were 
formed as a result of the Duncan test. WC (19.16 ppm) and DT (29.66 ppm) with the lowest 
values formed the first two groups, while DC (44.75 ppm) and SF (44.30 ppm) formed the third 
group. KC (117.73 ppm), SP (100.95 ppm) and DB (52.13 ppm), where the three highest values 
were obtained, formed the last three groups. 

As a result of Duncan test, only three groups were formed in terms of mean values. While KC 
(129.86 ppm) with the highest values formed the last group, SP (80.00 ppm) formed the second 
group, while all other species were in the first group. While the average B concentrations of 
the species in the first group varied between 22.46 ppm (DT) and 39.36 ppm (DB), the value 
obtained in the second group was twice the value obtained in the first group, and the value 
obtained in the third group was three times the values obtained in the first group. It is 
noteworthy that more than the changes in the concentrations of element B in Table 2. 

Table 2. Change of B concentration (ppm) by medium 

Species 
Environment 

F Value 
Control Cigarette Traffic 

DT 13.93 a 23.79 b 29.66 c 2104.2*** 

DB 24.12 a 41.82 b 52.13 c 3704.0*** 

DC 10.38 a 35.90 b 44.75 c 9901.3*** 

KC 177.4 c 94.44 a 117.73 b 10924.1*** 

SF 10.14 a 35.53 b 44.30 c 9185.2*** 

SP 58.08 a 80.98 b 100.95 c 6384.7*** 

YK 55.87 c 15.37 a 19.16 b 39890.9*** 

Average 49.99 a 46.83 a 58.38 a 0.43 ns 

 

When the results of the table showing the change in the concentration of element B on the basis 
of the environment are examined, it is seen that the change of the B concentration on the basis 
of the environment is statistically significant (p<0.001) at the 99.9% confidence level. In terms 
of average values, the change of B concentration on the basis of environment is not statistically 
significant (p>0.05). 

When the mean values and the groups formed as a result of Duncan's test are examined, it is 
seen that there are three groups in all species. The lowest B concentrations were obtained in 
the control medium in species other than KC and YK, and in cigarette medium in KC and YK. 
In KC and YK species, the highest B concentrations were obtained in the control environment, 
while the highest B concentrations in all other species were obtained in the traffic environment. 
It was determined that B concentration changed as control<cigarette<traffic in species other 
than KC and YK species. According to the mean values, there is no statistically significant 
difference between the environments. 

4. Discussions 

As a result of the study, it was determined that the variation of B concentration on the basis of 
species, both in different habitats and according to the average values, in all species subject to 
the study changed statistically significantly. In studies carried out to date, it has been 
frequently emphasized that the most important factor affecting the change in heavy metal 
concentration is the plant species  
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It was determined that the change of B concentration on the basis of environment in all species 
was statistically significant. Heavy metal accumulation in plants varies considerably 
depending on environmental conditions. Because heavy metals can accumulate in the plant 
body by being absorbed by the root, through the air through the leaves and by entering the 
stem parts directly (Chen et al., 2021). Therefore, heavy metals in the air can enter the plant 
body both through the leaves and directly into the stem parts (Çetin et al., 2022a; Çetin et al., 
2022b; Özel et al., 2021a; Özel et al., 2021b; Özel et al., 2021c; Özel et al., 2021d). As a result of 
the study, it was determined that the B concentration changed as control<cigarette<traffic in 
species other than KC and YK species. This shows that traffic is a very important source of B, 
and cigarettes can be a source of B. In studies conducted to date, both traffic (Çetin and Jawed, 
2021) have been shown to be among the important sources of heavy metal pollution. 

Biomonitors are important tools that can be used to monitor heavy metal pollution in the air, 
as well as to reduce heavy metal pollution in the air (Çetin et al., 2020; Şevik and Çetin, 2016; 
Cesur et al., 2021; Cesur et al., 2022; Çetin and Jawed, 2022; Türkyılmaz et al., 2020; Şevik et 
al., 2019a; Şevik et al., 2019b; Şevik et al., 2020a, Şevik et al., 2020b). Within the scope of this 
study, it was determined that the highest B accumulation was in KC and SP species in all 
species. Therefore, these two types can be used effectively to reduce B pollution in the air. 

5. Conclusions 

It was determined that camel sole, diphenbahya, drasena, chiefera and yukka species are quite 
suitable for monitoring the change of B concentration in the air. It has been determined that 
the most suitable species that can be used to reduce B pollution in the air are rubber and 
spatiphyllium. The variation of B concentration on the basis of species, both in different 
habitats and according to the average values, in all species subject to the study changed 
statistically significantly. In studies carried out to date, it has been frequently emphasized that 
the most important factor affecting the change in heavy metal concentration is the plant 
species. Biomonitors are important tools that can be used to reduce heavy metal pollution in 
the air. It was determined that the highest B accumulation was in KC and SP species in all 
species. Therefore, these two types can be used effectively to reduce B pollution in the air. The 
use of nutrient contents of the in areas, where different tree species are grown, at different 
levels might cause specific nutrients to be remarkably depleted in the course of time. Thus, 
alternation is recommended for architecture activities, as in the indoor architecture activities. 
The results of Boron show that the design of indoor for plant species selected is important.  

It is seen that the plant species used as indoor plants in architectural designs should be paid 
attention to. In the designs made, the use of different species in the change of Boron 
concentration in some indoor plants that can be used in architectural designs depending on 
the growing environment, healthy design of the indoor environment has been made both in 
the design and in the environmental aspect. The types to be used in the designs should be 
especially close to the windows and hung on the walls, and should be designed at least 30 cm 
above the ground. 

Architecture design make choose rubber (KC), and spatiphyllium (SP) species of indoor plant 
as design material and environment as well as prevent the pollution indoor areas. The 
suggestions of drawing in material section for design that give how to make design indoor 
plant in architecture design.  
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