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Abstract: Heavy metal pollution is one of the most critical environmental problems threatening the environment and 

human health. Therefore, studies on monitoring and reducing heavy metal pollution are among the prioritized study topics. 

Plants are one of the most effective tools to monitor and reduce heavy metal pollution. However, the potential of heavy 

metal accumulation in various organs of plants is quite different. Therefore, it is necessary to determine the most suitable 

species and organs for this purpose and to have information on the transfer of heavy metals in the plant and the way of 

entry into the plant. In this study, the concentrations of Gallium, one of the most critical and dangerous heavy metals for 

human health, were evaluated at different soil depths in the soils where Pinus nigra Arnold., Pinus sylvestris L., Fagus 

orientalis Libsky. and Abies nordmanniana subsp. bornmülleriana Mattf. species grow in leaves, bark, wood, cones, and 

root organs. As a result of the study, there was no statistically significant difference between soil depths in terms of mean 

values of Gallium concentrations. In contrast, the highest importance on a species basis was obtained in Fagus orientalis 

Libsky. The lowest values were obtained in Abies nordmanniana subsp. bornmülleriana Mattf. Regarding organs, the 

lowest values were obtained in wood and the highest in roots. 
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1. INTRODUCTION 

In the last century, the increasing world population, the concentration of people in urban areas, and industrial 

developments have brought along many interrelated problems. The most critical issues worldwide are global climate 

change (Varol et al., 2021; Canturk & Kulaç, 2021; Koç & Nzokou, 2022a, 2022b, 2023), urbanization (Dogan et al., 

2023; Zeren Cetin et al., 2023), and environmental pollution (Elsunousi et al., 2021; Cesur et al., 2022; Guney et al., 

2023). Environmental pollution, especially air pollution, is the most essential social health problem worldwide. The WHO 

reported that more than 8 million people died yearly, exceeding air pollution limits (Isinkaralar et al., 2023a, 2023b; 

Sulhan et al., 2023). 

Heavy metals are recognized as the most dangerous and harmful component of air pollution. Heavy metals are known as 

pollutants that do not quickly degrade and disappear in nature, bioaccumulate in living organisms, and some of them, 

such as Pb, Hg, and Ni, can be toxic, poisonous, carcin, and fatal even at low concentrations (Turkyilmaz et al., 2020; 

Key & Kulaç, 2022). Even heavy metals, essential for living organisms as nutrients, are harmful at high concentrations 

(Aricak et al., 2019; Ateya et al., 2023a, 2023b; Cobanoglu et al., 2023a). It is emphasized that heavy metals are much 

more dangerous when inhaled into the body (Ghoma et al., 2022). 

Heavy metals pose a significant danger to humans, other living organisms, and the ecosystem (Koç, 2021). Therefore, 

monitoring and reducing heavy metal pollution is one of the priority study topics (Savas et al., 2022). It is stated that 

plants are the most effective elements that can be used to monitor the change of heavy metal pollution and reduce 

pollution. Plants grown in places with high levels of heavy metal pollution accumulate heavy metals in soil, water, and 

air. Thus, they contribute to reducing heavy metal pollution in these environments (Sharma et al., 2023; Li et al., 2023). 
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However, the accumulation potential of heavy metals in various organs of plants is quite different. For plants to be used 

effectively in reducing heavy metal pollution, the level of knowledge on issues such as in which organs plants grown 

under similar environmental conditions can accumulate heavy metals more, in which ways heavy metals enter the plant 

body more intensively, and how heavy metal concentrations change depending on soil depth in soils where different plants 

are grown is quite limited (Erdem et al., 2023a, 2023b). In this study, it was aimed to contribute to the elimination of 

these knowledge gaps. Within the scope of the study, it tried to determine the changes in Ga, one of the heavy metals used 

extensively in various fields. Still, it can be extremely harmful to human and environmental health in different organs of 

different plants and soil.  

2. MATERIALS AND METHODS 

Within the scope of the study, the change of Ga element, which is used intensively in various fields today and therefore 

its concentrations in air, water, and soil are constantly increasing but neglected in studies on heavy metals, was determined 

in soils and plant organs where different forest trees grow. For this purpose, leaf, bark, wood, cone, and root samples were 

taken from Pinus nigra Arnold., (Pni), Pinus silvestris L. (Psi), Fagus orientalis Libsky., (Fo) and Abies nordmanniana 

subsp. bornmülleriana Mattf. (Abo) species are growing in a limited area with similar soil and climate conditions in a flat 

area within the borders of Kastamonu Araç District. Fagus orientalis Libsky. It was not included in the study as its cones 

were not available. In addition, soil samples were taken from 0-5 cm depth (topsoil), 20-30 cm depth (middle soil), and 

50-60 cm depth (subsoil) under each sampled tree by removing the dead cover on the soil. The soils brought to the 

laboratory were kept in a dry and ventilated environment for two weeks to make them room dry. The sieved soils were 

then dried in an oven at 45 °C for two weeks. The same preparations were applied to the plant samples except for sieving. 

The dried samples were analyzed for Ga elements using ICP-OES, and their concentrations were determined at ppb level. 

This method has been frequently used in recent years for elemental analysis both in soils (Cetin et al., 2022a, 2022b; 

Elajail et al., 2022; Istanbullu et al., 2023) and in various organs of plants (Cesur et al., 2022; Ghoma et al., 2023). The 

data obtained were evaluated with the help of the SPSS 22.0 package program, and analysis of variance and Duncan test 

were applied to the data. The data obtained were simplified, tabulated, and interpreted.  

3. FINDINGS 

The variation of Ga concentration in soils depending on soil type and soil depth is given in Table 1. 

Table 1. Variation of Ga concentration in soils. 

Species 
Depth 

F Aver 
Top. Middle Bottom 

Abo 23665,75 Aa 28085,88 Aa 34762,50 Ba 7,46** 28838,04 a 

Pni 38930 34438,75 b 32553,63 a 1,32 ns 35307,65 b 

Psi 33613,00 ab 32670,50 b 32854,19 a 0,14 ns 33045,89 ab 

Fo 31681,25 Aab 45956,63 Bc 46868,52 Bb 3,61* 41502,13 c 

F 2,97* 27,84*** 4,63**  8,31*** 

Aver 31972,64 35287,94 36759,71 2,01 ns  

When the table values are analyzed, it is seen that the variation of Ga concentration depending on soil depth is statistically 

significant in Abo and Fo. In both species, the lowest values were obtained in the upper soils and the lowest in the more 

deficient soils. According to the mean values, the variation of Ga concentration based on soil depth is not statistically 

significant. 

The species-dependent variation of Ga concentration was statistically significant at all soil depths. According to the results 

of Duncan's test at all soil depths, Abo grown soils were in the first group, and Fo grown soils were in the last group. The 

mean values indicate that Ga concentration is Abo<Psi<Pni<Fo. The variation of Ga concentration in plants by organ and 

species is given in Table 2. 
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Table 2. Variation of Ga concentration in plants. 

Species 
Organ 

F Aver 
Leaf Bark Cones Wood Root 

Abo 5822,09 Aba 8080,86 ABC 10051,43 Cb 4962,71 A 9415,02 B 2,76* 7624,83 a 

Pni 4727,15 Aa 9134,35 B 8826,40 Bb 4918,03 A 11719,73 B 7,80*** 8075,64 a 

Psi 8941,51 Cb 7966,73 B 3882,42 Aa 6073,53 A 11382,60 D 14,15*** 7746,16 a 

Fo 10093,77 Bb 11194,36 B  - 7325,66 A 12797,73 C 7,91** 10024,25 b 

F 12,94*** 1,72 ns 7,46** 0,94 ns 1,93 ns   3,00* 

Aver 7539,23 AB 8996,78 B 7278,66 AB 5884,82 A 11195,23 C 11,78***  

As a result of the analysis of variance, it was determined that the species-dependent variation of Ga concentration in 

organs was statistically significant only in leaves and cones. According to the mean values, the highest value was obtained 

in Fo, and the other species were in the same group due to the Duncan test.  

The variation of Ga concentration by organ was statistically significant in all species. When the table is examined, it can 

be said that the lowest values were obtained in wood, and the highest values were obtained in roots in all species. 

According to the mean values, the lowest values were obtained in wood and the highest in roots and bark. 

4. DISCUSSION 

As a result of the study, the lowest Ga concentrations in both soils and plant organs were obtained in Abo, and the highest 

Ga concentrations in Fo. Ga concentration in the subsoils is higher in the soils where these two species grow. The results 

of the study show that Ga is utilized by plants at different levels. In many studies to date, it has been determined that 

heavy metal and element concentrations are at different levels both in the organs of different plants (Sevik et al., 2020; 

Isinkaralar et al., 2022) and in soils where different plants grow (Erdem et al., 2023a, 2023b). 

Heavy metals can threaten humans, other living organisms, and the entire ecosystem. Therefore, many studies have been 

conducted on heavy metals (Key et al., 2022; Kuzmina et al., 2023). However, the studies on the subject have primarily 

focused on elements such as Pb, Zn, Cd, Mn, Ni, Cr, and Co (Ghoma et al., 2022; Yayla et al., 2022), and Ga has been 

neglected. However, acute exposure to gallium III chloride can cause throat irritation, breathing difficulties, chest pain, 

and fumes, which can cause serious problems such as pulmonary edema and partial paralysis. Similarly, exposure to high 

levels of silver vapor can cause dizziness, breathing difficulties, headaches, or irritability (TÜİK, 2023). Therefore, it is 

essential to determine the changes in the concentrations of these elements in the environment. 

The most critical problem in the studies on this subject is the need for more to equalize environmental conditions. Plant 

development is shaped by the interaction of genetic structure (Kurz et al., 2023; Yigit et al., 2023; Çobanoğlu et al., 2023) 

and environmental conditions (Şen et al., 2018; Özel et al., 2022; Tandoğan et al., 2023; Sevik et al., 2019), and many 

environmental factors are involved in this process (Tekin et al., 2022; Varol et al., 2022). The potential of plants to 

accumulate heavy metals is related to plant habitat and development. All environmental factors affecting plant growth 

also jeopardize the possibility of heavy metal accumulation in plants (Cesur et al., 2022; Savas et al., 2022). Therefore, it 

is recommended that studies on the subject should be carried out in controlled environments or, if this is not possible, in 

areas where environmental conditions are as similar as possible. This study is essential as an example for future studies 

on the subject. 

Since heavy metals are known to be harmful to the environment and human health, reducing the concentrations of these 

elements in the environment is important. For this purpose, the use of plants has become widespread in recent years. 

Plants keep heavy metals in their bodies, remove them from the environment, and clean the environment. 

Phytoremediation studies with the help of plants have been widely used to reduce heavy metal pollution in soil, water, 

and air (Bhat et al., 2022; Sharma et al., 2023; Li et al., 2023). However, studies reveal that each plant has different levels 

of potential to accumulate different heavy metals in their organs (Karacocuk et al., 2022). This study determined that Fo 

had the highest Ga accumulation potential among the plants subject to the study. 
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As a result of the study, the highest Ga concentration was obtained in the roots. Heavy metals can enter the plant body 

from the soil through the roots and air through the leaves and stem parts (Cobanoglu et al., 2023b; Key et al., 2023). Plant 

roots are the organs that have the most contact and interaction with the soil. Therefore, the highest Ga uptake in the plants 

subject to the study was from the soil. 

5. RECOMMENDATIONS 

Heavy metals can be highly threatening to environmental health. Therefore, studies on heavy metals are among the 

prioritized topics of study. Although there are many studies on heavy metals, the studies are mostly focused on 

comprimarily known elements such as Pb, Cr, Ni, and Co. However, many elements, such as Ga, V, discussed in this 

study, threaten human environmental health. Therefore, other heavy metals should be included in the studies on the 

subject. It may be suggested to prioritize elements such as Sr, As, and Tl, which are dangerous for human health. 

The entry of heavy metals into the plant body results from a highly complex mechanism, and it is significant to know 

more on this subject. The studies should be carried out in controlled environments to overcome the lack of information 

on this subject. If this is not possible, conducting studies, at least in areas with similar environmental conditions, is 

recommended. This study may serve as an example for the proposed studies. 

REFERENCES 

Aricak, B., Cetin, M., Erdem, R., Sevik, H., & Cometen, H. (2019). The change of some heavy metal concentrations in 

Scotch pine (Pinus sylvestris) depending on traffic density, organelle and washing. Applied Ecology and 

Environmental Research, 17(3), 6723-6734. https://doi.org/10.15666/aeer/1703_67236734 

Ateya, T. A. A., Bayraktar, O. Y., & Koç, İ. (2023a). Do Picea pungens engelm. organs be a suitable biomonitor of urban 

atmosphere pollution? CERNE, 29, e-103228. https://doi.org/10.1590/01047760202329013228 

Ateya, T. A. A., Bayraktar, O. Y., & Koç, İ. (2023b). Havadaki metal kirliliğinin (Ca, Mg, Mn) tespitinde kent 

merkezindeki mavi ladin (Picea pungens) ağacının yaprak ve dallarının biyomonitör olarak kullanılabilirliği. 

Bartın Orman Fakültesi Dergisi, 25(2), 255-264. https://doi.org/10.24011/barofd.1210376 

Bhat, S. A., Bashir, O., Haq, S. A. U., Amin, T., Rafiq, A., Ali, M., Américo-Pinheiro, J. H. P., & Sher, F. (2022). 

Phytoremediation of heavy metals in soil and water: An eco-friendly, sustainable and multidisciplinary approach. 

Chemosphere, 303, 134788. https://doi.org/10.1016/j.chemosphere.2022.134788 

Canturk, U., & Kulaç, Ş. (2021). The effects of climate change scenarios on Tilia ssp. in Turkey. Environmental 

Monitoring and Assessment, 193, 771. https://doi.org/10.1007/s10661-021-09546-5 

Cesur, A., Zeren Cetin, I., Cetin, M., Sevik, H., & Ozel, H.B. (2022).  The use of Cupressus arizonica as a biomonitor of 

Li, Fe, and Cr pollution in Kastamonu. Water, Air, & Soil Pollution, 233, 193. https://doi.org/10.1007/s11270-

022-05667-w 

Cetin, M., Aljama, A. M. O., Alrabiti, O. B. M., Adiguzel, F., Sevik, H., & Zeren Cetin, I. (2022a). Determination and 

mapping of regional change of Pb and Cr pollution in Ankara city center. Water, Air, & Soil Pollution, 233(5), 1-

10. https://doi.org/10.1007/s11270-022-05638-1 

Cetin, M., Aljama, A. M. O., Alrabiti, O. B. M., Adiguzel, F., Sevik, H., & Zeren Cetin, I. (2022b). Using topsoil analysis 

to determine and map changes in Ni Co pollution. Water, Air, & Soil Pollution, 233, 293. 

https://doi.org/10.1007/s11270-022-05762-y 

Cobanoglu, H., Canturk, U., Koç, İ., Kulaç, Ş., & Sevik, H. (2023a). Climate change effect on potential distribution of 

Anatolian chestnut (Castanea sativa Mill.) in the upcoming century in Türkiye. Forestist, 73(3), 247-256. 

https://doi.org/10.5152/forestist.2023.22065 



 

 

 

 

 

 

72 

Cobanoglu, H., Sevik, H., & Koç, İ. (2023b). Do annual rings really reveal Cd, Ni, and Zn pollution in the air related to 

traffic density? An example of the Cedar tree. Water, Air, & Soil Pollution, 234(2), 65. 

https://doi.org/10.1007/s11270-023-06086-1 

Çobanoğlu, H., Kulaç, Ş., & Şevik, H. (2023). Effect of drought and UV-B stress on stoma characteristics in two maple 

species. Kastamonu University Journal of Engineering and Sciences, 9(1), 1-9. 

https://doi.org/10.55385/kastamonujes.1285522 

Dogan, S., Kilicoglu, C., Akinci, H., Sevik, H., & Cetin, M. (2023). Determining the suitable settlement areas in Alanya 

with GIS-based site selection analyses. Environmental Science and Pollution Research, 30(11), 29180-29189. 

https://doi.org/10.1007/s11356-022-24246-4  

Elajail, I. S. I., Sevik, H., Ozel, H. B., & Isik, B. (2022). Examining the chemical compositions of mineral concrete agents 

in terms of their environmental effects. Fresenius Environmental Bulletin. 31(9), 9784-9790 

Elsunousi, A. A. M., Sevik, H., Cetin, M., Ozel, H. B., & Ucun Ozel, H. (2021). Periodical and regional change of 

particulate matter and CO2 concentration in Misurata. Environmental Monitoring and Assessment, 193, 707. 

https://doi.org/10.1007/s10661-021-09478-0 

Erdem, R., Aricak, B., Cetin, M., & Sevik, H. (2023a). Change in some heavy metal concentrations in forest trees by 

species, organ, and soil depth. Forestist, 73(3), 257-263. https://doi.org/10.5152/forestist.2023.22069 

Erdem, R., Çetin, M., Arıcak, B., & Sevik, H. (2023b). The change of the concentrations of boron and sodium in some 

forest soils depending on plant species. Forestist, 73(2), 207-212. https://doi.org/10.5152/forestist.2022.22061 

Ghoma, W., Sevik, H. & Isinkaralar, K. (2022). Using indoor plants as biomonitors for detection of toxic metals by 

tobacco smoke. Air Qual Atmos Health, 15, 415-424 https://doi.org/10.1007/s11869-021-01146-z 

Ghoma, W. E. O., Sevik, H., & Isinkaralar, K. (2023). Comparison of the rate of certain trace metals accumulation in 

indoor plants for smoking and non-smoking areas. Environmental Science and Pollution Research, 30, 75768–

75776. https://doi.org/10.1007/s11356-023-27790-9 

Guney, D., Koc, I., Isinkaralar, K., & Erdem, R. (2023). Change in Pb and Zn concentrations in some trees by the plant 

species, organ, and traffic density. Baltic Forestry (In press). 

Isinkaralar, K., Koç, İ., Kuzmina, N. A., Menshchikov, S. L., Erdem, R., & Aricak, B. (2022). Determination of heavy metal 

levels using Betula pendula Roth. under various soil contamination in Southern Urals, Russia. International Journal 

of Environmental Science and Technology, 19, 12593-12604. https://doi.org/10.1007/s13762-022-04586-x 

Isinkaralar, K., Isinkaralar, O., Koç, İ., Özel, H. B., & Sevik, H. (2023a). Assessing the possibility of airborne bismuth 

accumulation and spatial distribution in an urban area by tree bark: A case study in Düzce, Türkiye. Biomass 

Conversion and Biorefinery, 1-12. https://doi.org/10.1007/s13399-023-04399-z 

Isinkaralar, K., Gullu, G., & Turkyilmaz, A. (2023b). Experimental study of formaldehyde and BTEX adsorption onto 

activated carbon from lignocellulosic biomass. Biomass Conversion and Biorefinery, 13, 4279-4289. 

https://doi.org/10.1007/s13399-021-02287-y 

Istanbullu, S. N., Sevik, H., Isinkaralar, K., & Isinkaralar, O. (2023). Spatial distribution of heavy metal contamination in 

road dust samples from an urban environment in Samsun, Türkiye. Bulletin of Environmental Contamination and 

Toxicology, 110(4), 78. https://doi.org/10.1007/s00128-023-03720-w 

Karacocuk, T., Sevik, H., Isinkaralar, K. Turkyilmaz, A., & Cetin, M. (2022). The change of Cr and Mn concentrations 

in selected plants in Samsun city center depending on traffic density. Landscape and Ecological Engineering, 18, 

75-83. https://doi.org/10.1007/s11355-021-00483-6 

Key, K., & Kulaç, Ş. (2022). Proof of concept to characterize historical heavy metal concentrations from annual rings of 

Corylus colurna: Determining the changes of Pb, Cr, and Zn concentrations in atmosphere in 180 years in North 

Turkey. Air Quality, Atmosphere & Health, 1-11. 



 

 

 

 

 

 

73 

Key, K., Kulaç, Ş., Koç, İ., & Sevik, H. (2022). Determining the 180-year change of Cd, Fe, and Al concentrations in the 

air by using annual rings of Corylus colurna L. Water, Air, & Soil Pollution, 233, 244. 

https://doi.org/10.1007/s11270-022-05741-3. 

Key, K., Kulaç, Ş., Koç, İ., & Sevik, H. (2023). Proof of concept to characterize historical heavy metal concentrations in 

atmosphere in north Turkey: Determining the variations of Ni, Co and Mn concentrations in 180-year-old Corylus 

colurna L. (Turkish hazelnut) annual rings. Acta Physiologiae Plantarum, 45, 120. 

https://doi.org/10.1007/s11738-023-03608-6 

Koç, İ. (2021). Using Cedrus atlantica’s annual rings as a biomonitor in observing the changes of Ni and Co 

concentrations in the atmosphere. Environmental Science and Pollution Research, 28(27), 35880-35886. 

https://doi.org/10.1007/s11356-021-13272-3 

Koç, İ., & Nzokou, P. (2022a). Gas exchange parameters of 8-year-old Abies fraseri (Pursh) Poir. seedlings under 

different irrigation regimes. Turkish Journal of Agriculture-Food Science and Technology, 10(12), 2421-2429. 

https://doi.org/10.24925/turjaf.v10i12.2421-2429.5438 

Koç, İ., & Nzokou, P. (2022b). Do various conifers respond differently to water stress? A comparative study of white 

pine, concolor and balsam fir. Kastamonu University Journal of Forest Faculty, 22(1), 1-16. 

https://doi.org/10.17475/kastorman.1095703 

Koç, İ., & Nzokou, P. (2023). Combined effects of water stress and fertilization on the morphology and gas exchange 

parameters of 3-yeaar-old Abies fraseri (Pursh) Poir. Acta Physiologiae Plantarum, 45(49), 1-12. 

https://doi.org/10.1007/s11738-023-03529-4 

Kurz, M., Koelz, A., Gorges, J., Carmona, B. P., Brang, P., Vitasse, Y., Kohler, M., Rezzonico, F., Smits, T. H. M., 

Bauhus, J., Rudow, A., Hansen, O. K., Vatanparast, M., Sevik, H., Zhelev, P., Gömöry, D., Paule, L., Sperisen, 

C., & Csillery, K. (2023). Tracing the origin of Oriental beech stands across Western Europe and reporting 

hybridization with European beech–Implications for assisted gene flow. Forest Ecology and Management, 531, 

120801. https://doi.org/10.1016/j.foreco.2023.120801 

Kuzmina, N., Menshchikov, S., Mohnachev, P., Zavyalov, K., Petrova, I., Ozel, H. B., Aricak, B., Onat, S. M., & Sevik, 

H. (2023). Change of aluminum concentrations in specific plants by species, organ, washing, and traffic density, 

BioResources, 18(1), 792. https://doi.org/10.15376/biores.18.1.792-803 

Li, Z., Huang, Y., Zhu, Z., Yu, M., Cheng, H., Shi, H., Zuo, W., Zhou, H., & Wang, S. (2023). Co-pyrolysis of industrial 

sludge with phytoremediation residue: Improving immobilization of heavy metals at high temperature. Fuel, 351, 

128942. https://doi.org/10.1016/j.fuel.2023.128942 

Özel, H. B., Şevik, H., Onat, S. M., & Yigit, N. (2022). The effect of geographic location and seed storage time on the 

content of fatty acids in stone pine (Pinus pinea L.) seeds. BioResources, 17(3), 5038-5048. 

https://doi.org/10.15376/biores.17.3.5038-5048 

Savas, D. S., Sevik, H., Isinkaralar, K., Turkyilmaz, A., & Cetin, M. (2022). The potential of using Cedrus atlantica as a 

biomonitor in the concentrations of Cr and Mn. Environmental Science and Pollution Research, 28, 55446-55453. 

https://doi.org/10.1007/s11356-021-14826-1 

Sevik, H., Cetin, M., Ozturk, A., Yigit, N., & Karakus, O. (2019). Changes in micromorphological characters of Platanus 

orientalis L. leaves in Turkey. Applied Ecology and Environmental Research, 17(3), 5909-5921. 

https://doi.org/10.15666/aeer/1703_59095921 

Sevik, H., Cetin, M., Ozel, H. B., Ozel, S., & Zeren Cetin, I. (2020). Changes in heavy metal accumulation in some edible 

landscape plants depending on traffic density. Environmental Monitoring and Assessment, 192(2), 78. 

https://doi.org/10.1007/s10661-019-8041-8 

https://doi.org/10.1007/s11738-023-03608-6


 

 

 

 

 

 

74 

Sharma, J. K., Kumar, N., Singh, N. P., & Santal, A. R. (2023). Phytoremediation technologies and their mechanism for 

removal of heavy metal from contaminated soil: An approach for a sustainable environment. Frontiers in Plant 

Science, 14, 1076876. https://doi.org/10.3389/fpls.2023.1076876 

Sulhan, O.F., Sevik, H. & Isinkaralar, K. (2023). Assessment of Cr and Zn deposition on Picea pungens Engelm. in urban 

air of Ankara, Türkiye. Environment, Development and Sustainability, 25(7), 4365-4384. 

https://doi.org/10.1007/s10668-022-02647-2 

Şen, G., Güngör, E., & Şevik, H. (2018). Defining the effects of urban expansion on land use/cover change: A case study 

in Kastamonu, Turkey. Environmental Monitoring and Assessment, 190, 1-13. https://doi.org/10.1007/s10661-

018-6831-z 

Tandoğan, M., Özel, H. B., Gözet, F. T., & Şevik, H. (2023). Determining the Taxol contents of yew tree populations in 

Western Black Sea and Marmara Regions and analyzing some forest stand characteristics. BioResources, 18(2), 

3496-3508. 

Tekin, O., Cetin, M., Varol, T., Ozel, H. B., Sevik, H., & Zeren Cetin, I. (2022). Altitudinal migration of species of fir 

(Abies spp.) in adaptation to climate change. Water, Air, & Soil Pollution, 233, 385. 

https://doi.org/10.1007/s11270-022-05851-y 

TÜİK. (2023). Ankara nüfus bilgisi. https://data.tuik.gov.tr 

Varol, T., Canturk, U., Cetin, M., Ozel, H. B., & Sevik, H. (2021). Impacts of climate change scenarios on European ash 

tree (Fraxinus excelsior L.) in Turkey. Forest Ecology and Management, 491, 119199. 

https://doi.org/10.1016/j.foreco.2021.119199 

Varol, T., Canturk, U., Cetin, M., Ozel, H. B., Sevik, H, & Zeren Cetin, I. (2022). Identifying the suitable habitats for 

Anatolian boxwood (Buxus sempervirens L.) for the future regarding the climate change. Theoretical and Applied 

Climatology, 150, 637-647. https://doi.org/10.1007/s00704-022-04179-1 

Yayla, E. E., Sevik, H., & Isinkaralar, K. (2022). Detection of landscape species as a low-cost biomonitoring study: Cr, 

Mn, and Zn pollution in an urban air quality. Environmental Monitoring and Assessment, 194(10), 687. 

https://doi.org/10.1007/s10661-022-10356-6 

Yigit, N., Öztürk, A., Sevik, H., Özel, H. B., Ramadan Kshkush, F. E., & Işık, B. (2023). Clonal variation based on some 

morphological and micromorphological characteristics in the Boyabat (Sinop/Turkey) Black pine (Pinus nigra 

subsp. pallasiana (Lamb.) Holmboe) seed orchard. BioResources, 18(3), 4850-4865. 

https://doi.org/10.15376/biores.18.3.4850-4865 

Zeren Cetin, I., Varol, T., Ozel, H. B., & Sevik, H. (2023). The effects of climate on land use/cover: A case study in 

Turkey by using remote sensing data. Environmental Science and Pollution Research, 30(3), 5688-5699. 

https://doi.org/10.1007/s11356-022-22566-z 

 


