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Abstract –In the past century, heavy metal levels have steadily increased due to human activities, posing 

significant risks to both human health and the environment. Palladium (Pd) is one of the most dangerous 

and toxic heavy metals and is listed as a priority pollutant by the Agency for Toxic Substances and Disease 

Registry (ATSDR). Therefore, reducing Pd pollution and monitoring changes in atmospheric Pd 

contamination are critical research areas. This study aims to assess the potential of Cedrus atlantica, a 

species used in landscape design in Samsun, to monitor and reduce atmospheric Pd pollution. The study 

analyzed Pd content in Cedrus atlantica by species, organ, and direction. The results identified variations 

in Pd levels across different periods and directions in wood samples. Comparisons between directions 

revealed significant differences in Pd levels within the same period and across different periods for the 

same direction. This variation suggests that Pd is transported in a limited manner within the wood. The 

findings conclude that Cedrus atlantica performs effectively as a biomonitor for tracking Pd contamination.   
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I. INTRODUCTION 

Air pollution is a global environmental issue that poses a serious threat to ecosystems and human health. 

Among various types of air pollution, heavy metal contamination is considered one of the most harmful. 

Heavy metals spread in densely populated urban areas due to vehicles, industrial facilities, and other 

anthropogenic activities. These pollutants are among the most dangerous environmental contaminants, 

contributing to millions of deaths each year. [1-7]. 

Palladium (Pd) is a significant heavy metal used in automotive catalysts and various chemical processes. 

However, the accumulation and bioavailability of Pd in the environment pose potential health risks. The 

literature on the health effects and toxicity of Pd is limited, but exposure via inhalation can lead to 

respiratory system diseases and other toxic effects. Therefore, monitoring and controlling Pd concentrations 

in the environment is crucial. [7-15]. 

This study focuses on examining changes in atmospheric Pd concentrations in Samsun over four 

decades. It aims to identify factors influencing Pd pollution and explore possibilities for mitigating its 

environmental effects. Determining heavy metal concentrations in the air is typically challenging and 

costly, which is why biomonitors are often preferred for monitoring. Biomonitors are valuable tools for 

tracking air pollution and assessing the environmental impacts of pollutants. 
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In this context, this study investigates the changes in Pd concentrations in Cedrus atlantica grown under 

polluted air conditions in Samsun. The primary goal of the study is to monitor atmospheric Pd 

concentrations and identify the most suitable biomonitor species for reducing Pd pollution. Understanding 

how Cedrus atlantica can be used as a biomonitor will reveal its effectiveness in air pollution monitoring 

and management strategies. 
. 

II. MATERIALS AND METHOD 

Tree samples of Cedrus atlantica from the Samsun region, known for high heavy metal pollution, were 

analyzed for palladium (Pd) contamination. Samples were air-dried and then oven-dried at 45 °C. They 

were processed by dissolving 0.5 grams of dried material in nitric acid and hydrogen peroxide, then 

mineralized in a microwave at 200 °C for 15 minutes. The solutions were diluted and analyzed using 

Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES). A total of 100 samples were 

tested, and data were evaluated using ANOVA and Duncan's test with SPSS 21.0 software to determine 

statistical differences.  

III. RESULTS 

The findings of this study reveal that changes in paladium (Pd) concentrations in Cedrus atlantica show 

significant variations across different directions and plant organs. Changes in Pd concentrations were 

statistically significant across all directions (P < 0.05). The highest Pd concentration was observed in the 

eastern direction, while the lowest levels were found in the western direction. Analysis by organ indicated 

that Pd concentration was highest in the inner bark and lowest in the outer bark. Pd concentrations in wood 

were also found to be at their highest levels. 

In period and direction-based analyses, Pd variations were statistically significant in all periods except 

for 2005-2010. Significant changes in Pd levels were observed in directions other than the western 

direction.  

Examining Pd concentrations by direction and organ revealed marked changes across all organs. Pd 

concentrations were lowest in the southern direction and highest in the western direction. However, in the 

western direction, Pd concentrations were below detectable limits in both the outer and inner bark. 

Pd concentration changes were statistically significant across all age periods and directions. Pd 

concentrations were high in the northern and eastern directions, while they were lower in the southern and 

western directions. The western direction remained below detectable limits for Pd concentrations. 

Changes in Pd concentrations over different periods and directions were found to be significant. Pd 

concentrations were generally high in the northern direction, while the western direction remained below 

detectable limits. The variation in Pd concentrations was significant across all periods and directions, with 

high levels observed in the northern and southern directions, and the lowest values recorded in the western 

direction. In the eastern direction, some periods showed Pd concentrations below detectable limits. 

 
Table 1. Variation in Pd Concentrations by Direction and Plant Organ 

Organ North East South West F-Value Average 

Outer Bark (OB) 7766.4 3203.4 178.3 178.3 198.1*** 5202.2 

Inner Bark (IB) 13604.8 2228.4 3642.5 8034.7 398.6*** 7063.6 

Wood 15972.5 7060.8 3973.7 9977.6 29.1*** 9003.7 

F-Value 13.1*** 2.1 ns 0.6 ns 0.5 ns 1.9 ns 31.3*** 

Average 14903.7 6055.6 4203.5 8967.5 31.3*** 
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Table 2. Variation in Pd Concentrations by Period and Direction 

Age Range North East South West F-Value Average 

2015–2020 13067.5 4737.4 4730.7 178.3 123.6*** 6599.4 

2010–2015 13064.2 3737.8 3934.7 178.3 1789.2*** 5003.4 

2005–2010 17063.4 3334.9 1203.4 178.3 3215.5*** 6993.5 

2000–2005 21975.6 3843.5 4776.6 178.3 136.5*** 8732.4 

1995–2000 16601.4 19034.4 1873.5 178.3 562.1*** 12063.6 

1990–1995 13776.7 3041.7 2443.9 178.3 632.1*** 6827.1 

1985–1990 17714.2 2776.6 5957.5 19034.4 778.1*** 12434.4 

1980–1985 18063.4 18535.0 102444.1 1844.6 192.3*** 13536.6 

F-Value 59.2*** 396.4*** 124.9*** 568.2*** 1.9 ns 31.2*** 

Average 15006.4 6066.7 3786.8 9201.8 31.2*** 
 

 

IV. DISCUSSION 

This study found significant variations in palladium (Pd) concentrations in Cedrus atlantica across 

different directions and plant organs. Pd levels were lower in the western direction and highest in the 

northern and eastern directions, aligning with existing literature. High Pd concentrations in outer bark 

suggest particulate matter contamination with heavy metals. 

Elevated Pd levels in northern and eastern directions are linked to traffic-related pollution, indicating 

that Pd emissions and accumulation on plant surfaces are related to traffic. The study reveals limited data 

on Pd toxicity but confirms that Pd primarily originates from atmospheric sources and accumulates in 

plants. No significant annual changes in average Pd values were observed, but notable differences among 

wood samples suggest limited Pd mobility. This supports using tree rings for monitoring heavy metal 

pollution. Overall, Cedrus atlantica is effective for monitoring and managing Pd pollution, emphasizing the 

importance of plant species selection for biomonitoring and air pollution management. 

V. CONCLUSION 

This study found that palladium (Pd) concentrations in Cedrus atlantica wood samples did not show 

significant variations across directions and periods, though differences were noted between samples from 

different periods and ages. This suggests limited Pd mobility within wood and indicates that these plants 

can serve as effective biomonitors for Pd pollution. 

Pd movement within wood is restricted, supporting the potential use of these species as biomonitors. 

Traffic Correlation: Pd pollution is strongly associated with traffic emissions, suggesting a direct link 

between traffic density and Pd levels. Cedrus arizonica showed the highest Pd concentrations, making it 

the most suitable species for monitoring and reducing Pd pollution. The study emphasizes the role of plant 

biomonitoring in managing Pd pollution and provides valuable data for future research and pollution control 

strategies. 

REFERENCES 

 
[1] White, T. J., Bruns, T., Lee, S. J. W. T., & Taylor, J. (1990). Amplification and direct sequencing of fungal ribosomal 

RNA genes for phylogenetics. PCR protocols: a guide to methods and applications, 18(1), 315-322. 

[2] Zheng, J., Xie, X., Li, C., Wang, H., Yu, Y., & Huang, B. (2023). Regulation mechanism of plant response to heavy 

metal stress mediated by endophytic fungi. International Journal of Phytoremediation, 25(12), 1596-1613. 

https://doi.org/10.1080/15226514.2023.2176466 

[3] Aisha, A. E. S. A., Cetin M. (2023). Determination of boron for indoor architecture plants used in indoor architectural 

designs. Scientific Research Communications, 3(2). https://doi.org/10.52460/src.2023.007 

[4] Badea, M., Luzardo, O. P., González-Antuña, A., Zumbado, M., Rogozea, L., Floroian, L., ... & Henríquez-Hernández, L. 

A. (2018). Body burden of toxic metals and rare earth elements in non-smokers, cigarette smokers and electronic 

cigarette users. Environmental research, 166, 269-275. https://doi.org/10.1016/j.envres.2018.06.007 

https://doi.org/10.1080/15226514.2023.2176466
https://doi.org/10.52460/src.2023.007
https://doi.org/10.1016/j.envres.2018.06.007


International Journal of Advanced Natural Sciences and Engineering Researches 

339 
 

[5] Bertola, M., Ferrarini, A., & Visioli, G. (2021). Improvement of soil microbial diversity through sustainable agricultural 

practices and its evaluation by-omics approaches: A perspective for the environment, food quality and human safety. 

Microorganisms, 9(7), 1400. https://doi.org/10.3390/microorganisms9071400 

[6] Akpasi, S. O., Anekwe, I. M. S., Tetteh, E. K., Amune, U. O., Shoyiga, H. O., Mahlangu, T. P., & Kiambi, S. L. (2023). 

Mycoremediation as a potentially promising technology: current status and prospects—a review. Applied Sciences, 13(8), 

4978. https://doi.org/10.3390/app13084978 

[7] Arwidsson, Z., Johansson, E., von Kronhelm, T., Allard, B., & van Hees, P. (2010). Remediation of metal contaminated 

soil by organic metabolites from fungi I—production of organic acids. Water, Air, and Soil Pollution, 205, 215-226. 

https://doi.org/10.1007/s11270-009-0067-z 

[8] Bolyen, E., Rideout, J. R., Dillon, M. R., Bokulich, N. A., Abnet, C. C., Al-Ghalith, G. A., ... & Caporaso, J. G. (2019). 

Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nature biotechnology, 37(8), 

852-857. https://doi.org/10.1038/s41587-019-0209-9 

[9] Bozdogan Sert, E., Turkmen, M., & Cetin, M. (2019). Heavy metal accumulation in rosemary leaves and stems exposed 

to traffic-related pollution near Adana-İskenderun Highway (Hatay, Turkey). Environmental monitoring and assessment, 

191, 1-12. https://doi.org/10.1007/s10661-019-7714-7 

[10] Cebi Kilicoglu, M. (2024). Effects of Heavy Metal Contamination on Fungal Diversity in Pinus brutia Shoots. 

BioResources, 19(2), 2724-2735. https://doi.org/10.15376/biores.19.2.2724-2735 

[11] Hsieh, C. Y., Tsai, M. H., Ryan, D. K., & Pancorbo, O. C. (2004). Toxicity of the 13 priority pollutant metals to Vibrio 

fisheri in the Microtox® chronic toxicity test. Science of the total environment, 320(1), 37-50. 

https://doi.org/10.1016/S0048-9697(03)00451-0 

[12] Huang, W. L., Wu, P. C., & Chiang, T. Y. (2022). Metagenomics: Potential for bioremediation of soil contaminated with 

heavy metals. Ecological Genetics and Genomics, 22, 100111. https://doi.org/10.1016/j.egg.2021.100111 

[13] Jeyakumar, P., Debnath, C., Vijayaraghavan, R., & Muthuraj, M. (2023). Trends in bioremediation of heavy metal 

contaminations. Environmental Engineering Research, 28(4). https://doi.org/10.4491/eer.2021.631 

[14] Khan, I., Ali, M., Aftab, M., Shakir, S., Qayyum, S., Haleem, K. S., & Tauseef, I. (2019). Mycoremediation: a treatment 

for heavy metal-polluted soil using indigenous metallotolerant fungi. Environmental monitoring and assessment, 191, 1-

15. https://doi.org/10.1007/s10661-019-7781-9 

[15] Ezzouhri, L., Castro, E., Moya, M., Espinola, F., & Lairini, K. (2009). Heavy metal tolerance of filamentous fungi 

isolated from polluted sites in Tangier, Morocco. African journal of microbiology research, 3(2), 35-48. 

https://doi.org/10.3390/microorganisms9071400
https://doi.org/10.3390/app13084978
https://doi.org/10.1007/s11270-009-0067-z
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1007/s10661-019-7714-7
https://doi.org/10.15376/biores.19.2.2724-2735
https://doi.org/10.1016/S0048-9697(03)00451-0
https://doi.org/10.1016/j.egg.2021.100111
https://doi.org/10.4491/eer.2021.631
https://doi.org/10.1007/s10661-019-7781-9

