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In our modern age, heavy metals are one of the major causes of air pollution, which is one of the 

biggest problems facing the globe. This is due to the fact that heavy metals can stay in nature for a 

long time without dissolving, and that the concentration of these metals is ever increasing. Heavy 

metals tend to bioaccumulate and often present serious health hazards even at low concentrations. 

Therefore, the determination and monitoring of heavy metal concentrations is of great importance 

in terms of identifying risky areas and the levels of risk involved. In this study, the usability of fir 

organs in monitoring the change of the element of Barium (Ba), which is one of the very important 

elements for human and environmental health, was investigated. The change of Ba concentration 

in fir needles, organs and shells due to organ age and traffic density was evaluated. As a result of 

the study, it was determined that the accumulation of Ba concentration in fir organs is quite 

different, and there are great differences in terms of Ba concentration between organs of the same 

age, between organs of different ages and between organs of individuals grown at different traffic 

densities. This situation can be interpreted as fir organs being good biomonitors in examining Ba 

concentrations. 
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Modern çağımızda ağır metaller, dünyanın karşı karşıya olduğu en büyük sorunlardan biri olan 

hava kirliliğinin en önemli nedenlerinden biridir. Bunun nedeni, ağır metallerin doğada uzun süre 

çözünmeden kalabilmeleri ve bu metallerin konsantrasyonlarının giderek artmasıdır. Ağır metaller 

biyolojik olarak birikme eğilimindedir ve düşük konsantrasyonlarda bile genellikle ciddi sağlık 

tehlikeleri sunar. Bu nedenle, ağır metal konsantrasyonlarının belirlenmesi ve izlenmesi, riskli 

alanların ve ilgili risk seviyelerinin belirlenmesi açısından büyük önem taşımaktadır. Bu çalışmada 

insan ve çevre sağlığı için çok önemli unsurlardan biri olan Barium (Ba) elementinin değişiminin 

izlenmesinde köknar organlarının kullanılabilirliği araştırılmıştır. Göknar iğneleri, organları ve 

kabuklarındaki Ba konsantrasyonunun organ yaşı ve trafik yoğunluğuna bağlı olarak değişimi 

değerlendirildi. Araştırma sonucunda köknar organlarında Ba konsantrasyonu birikiminin oldukça 
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farklı olduğu, aynı yaştaki organlar arasında, farklı yaşlardaki organlar arasında ve bireylerin 

organları arasında Ba konsantrasyonu açısından büyük farklılıklar olduğu tespit edilmiştir. farklı 

trafik yoğunluklarında büyümüştür. Bu durum, köknar organlarının Ba konsantrasyonlarının 

incelenmesinde iyi biyometreler olduğu şeklinde yorumlanabilir. 

1. Introduction 

In addition to the increase in the world population in recent years, the increasing population in urban centers has 

brought many problems [1-4]. In this process, air pollution arising directly or indirectly due to human activities in city 

centers is one of the most important problems [5-6]. So much so that it is estimated that 1 out of 8 people worldwide die 

due to reasons related to air pollution. Air pollution manifests itself more in urban areas where the population density is 

high, and according to the World Health Organization data, it was reported that 92% of the world population lived in 

regions with low air quality in 2014 [7]. 

HMs tend to bioaccumulate in living bodies, and some of them can be toxic even at low concentrations. They are not 

easily degradable nor dissolvable in nature, and even metals necessary for living organisms such as Mn, Zn, Cr, Cu, Fe, 

Ni can cause harmful effects at high levels [8-10]. 

The most important heavy metals are mostly caused by industry and traffic [11]. Many studies have been conducted 

to monitor the concentrations of heavy metals due to their effects on humans and the environment. However, the studies 

conducted mostly focus on heavy metals such as Hg, Cd, Cr, Ni, Co and Pb [12-15]. Barium (Ba), which is largely 

neglected in studies on heavy metals, plays a key role in the production of many products in the industry. In the 

production of Zn, Pb and Ag, brake pads, rubber, ink, paint, rat poison, radio vacuum tube and lamps, medicine, optical 

glass, machine oils, detergents, photo papers, waxes, glues, drilling applications, paper coatings, batteries, plastic and 

textile products, oil paints, special glasses, fireworks and ceramic glazes, barium, isotopes, compounds and alloys are 

used. However, Ba is one of the most dangerous heavy metals and all of the Barium compounds are toxic [16]. 

Therefore, it is very important to monitor the change in Ba concentration in the air.  

2. Material and Method 

The study was carried out on the goose fir (Abies nordmanniana (Steven) Spach subsp. Equi-trojani (Asch. & Sint. 

Ex Boiss). In the scope of the study, fir individuals were determined primarily in areas with heavy traffic, low density 

and no traffic, and samples of these individuals' side branches. Organs were divided into ages first, then into needles, 

shell and wood. and the amount of heavy metals were determined by ICP Analysis at the Research Center. 

3. Results 

When the Table 1 values are examined, it is seen that the Ba concentration varies between 1100.67 ppb and 7835.67 

ppb in the needles, 1132.00 ppb and 5166.33 ppb in the woods and 1655.00 ppb and 5204.33 ppb in the shells 

depending on the age in the areas where there is no traffic. Ba concentrations in areas with low traffic range from 

938.00 ppb to 3714.33 ppb in needles, 2494.00 ppb to 6507.67 ppb in woods, and 1757.00 ppb and 6189.33 ppb in 

shells. In areas with high traffic, it ranges from 1414.00 ppb to 4010.00 ppb for the needles, 670.33 ppb to 6504.00 ppb 

for the wood, and 2012.00 ppb to 8565.00 ppb for the shells. 
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Table 1. Change of Ba (ppb) Element Dependent on Organ, Organ Age and Traffic Density 

Organ Needle Age 
Density of Traffic 

F Value 
Unavailable Low intensive Intense 

Needle 

1 2832,33 Ce 1980,67 Bd 1414,00 Aa 17010,538*** 

2 7835,67 Cg 1892,00 Bc 1590,67 Ab 93125,974*** 

3 2825,00 Ce 2763,00 Be 1766,67 Ac 7625,837*** 

4 2487,67 Ad 3714,33 Ch 2948,00 Bg 11971,687*** 

5 1100,67 Aa 3486,33 Bg 4010,00 Ch 20919,567*** 

6 1907,67 Ab 2830,00 Cf 2735,00 Be 10279,466*** 

7 2338,67 Bc 938,00 Aa 2901,67 Cf 59884,388*** 

8 4071,00 Cf 1296,33 Ab 2563,00 Bd 28975,404*** 

 F Value 56628,204*** 16218,331*** 20002,281***  

wood 

1 1132,00 Ba 3348,67 Cc 998,00 Ac 66091,860*** 

2 1291,67 Bb 3017,67 Cb 1226,00 Ad 15596,284*** 

3 2026,00 Bd 3985,00 Cf 670,33 Aa 67672,723*** 

4 1530,33 Ac 3568,67 Bd 6504,00 Ch 42186,341*** 

5 2469,33 Bf 6507,67 Ch 788,00 Ab 33001,870*** 

6 2200,00 Ae 3772,33 Be 4701,67 Cg 37608,039*** 

7 5166,33 Bh 4945,00 Cg 2719,67 Af 63962,142*** 

8 2500,33 Bg 2494,00 Aa 2539,67 Ce 14,211** 

 F Value 44056,942*** 10942,095*** 67780,981***  

Bark 

1 1655,00 Aa 3707,00 Ce 2012,00 Ba 23669,074*** 

2 3049,00 Bd 3482,00 Cd 1994,00 Aa 24407,347*** 

3 5204,33 Bg 1757,00 Aa 8565,00 Cf 14618,125*** 

4 3004,33 Bc 6189,33 Ch 2016,00 Aa 32193,488*** 

5 3264,33 Be 4567,33 Cf 2899,00 Ab 5413,389*** 

6 3535,67 Bf 2530,67 Ac 4537,33 Ce 30100,028*** 

7 2946,00 Bb 1965,67 Ab 3531,67 Cd 73495,074*** 

8 3001,00 Ac 4654,33 Cg 3217,00 Bc 8128,000*** 

 F Value 5220,110*** 26981,117*** 22000,589***  

Uppercase letters show horizontal direction, however lowercase letters indicate vertical directions. 

*Significant at 0.05 level, **Significant at 0.01 level, ***Significant at 0.001 level, ns not significant. 

 

When the Table values are examined, no significant relationship between Ba concentration and organ ages can be 

observed. Similarly, it is not possible to say that the change in Ba concentration at different ages of different organs is 

also related to traffic density. In the same traffic density, there may be a 10-fold difference between organs of different 

ages in Ba concentrations, as well as more than 8-fold differences between samples taken from different traffic densities 

of organs of the same age. 

4. Discussions 

The results of the study reveal that the concentration of Ba varies considerably in terms of organ, organ age and 

traffic density. However, it is not possible to say that the change in Ba concentration is proportional, depending on both 

organ age and traffic density. This situation can be interpreted as that the passage of Ba concentration between organs is 

at a very limited level. This result shows that the fir subject to the study is a good biomonitor for monitoring the change 

in Ba concentration. 

Heavy metals, many of them are extremely dangerous and harmful elements for human and environmental health, 

and monitoring the change of their concentrations in the air is of great importance. Although many studies have been 

carried out on the monitoring of heavy metal concentrations to date, the studies have mostly focused on elements such 
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as Pb, Cd, Ni, Co, Cr [17-21]. However, Ba, which is the subject of this study, is both widely used in many areas and an 

extremely toxic element [16]. However, it has been addressed in quite a few studies to date. 

The results of the study show that the accumulation of Ba concentration in different organs is quite different. In 

studies carried out so far, it has been determined that, in general, heavy metal concentrations vary significantly on organ 

basis. It is known that there can be a significant difference between the heavy metal concentrations in the same organs 

of different species grown in similar environments. For example, Saleh [22] stated that the difference between species is 

more than 5 times in Cu and more than 24 times in Cd. Akarsu [23] generally states that there is a very high difference 

between the outer crust and the inner crust, this difference is 10 times more in Mn, and the Mn concentration value 

obtained in the outer crust is 50 times that of wood. Similarly, it is stated that there may be significant differences 

between different ages of the same organ [24-25]. 

In many studies, it has been determined that different heavy metals are more concentrated by different plants and 

different organs of plants [11,26]. This situation is mostly shaped by the anatomical structure of the plant and the 

interaction between the plant and heavy metals. Heavy metal uptake from leaves varies depending on factors such as 

physical and chemical properties of the metals, forms, morphology of organs, surface area, surface texture, habitus of 

the plant, exposure time to heavy metals, environmental conditions and gas exchange [11,3,4,27,28].  

The accumulation of heavy metals in the plant is closely related to environmental conditions. Heavy metals can be 

carried far away from their source with the help of wind. Apart from this, environmental conditions directly affect plant 

metabolism and in this process, the entry of heavy metals into the plant structure also differs. Additionally, it is stated 

that there is a significant relationship between the entry of heavy metals into the plant structure, especially air humidity 

and rainfall [11,23,29]. 

Studies show that some of the heavy metal concentration in plants varies depending on factors such as plant species, 

organ, washing status, traffic density [11,30,31]. However, apart from these factors, there are also factors that may 

affect the change of heavy metal concentration in plants. For example, different levels of heavy metal concentrations 

can be expected in the subspecies, forms, varieties and origins of the same plant. Because the studies conducted reveal 

that many phenological, morphological and anatomical structures change depending on these features. In this case, it is 

inevitable that plant metabolism will also change and this will affect heavy metal absorption [25,32-40]. 

5. Suggestions  

Heavy metal accumulation in plants is shaped under the interaction of many factors and these factors, from plant 

genetic structure to plant phenology, from the structure of heavy metal to air conditions. The mechanisms that shape 

heavy metal accumulation in plants have not been fully resolved. Therefore, studies on the subject should be continued 

in detail. 
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