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ABSTRACT ARTICLE INFO 

Chemical compounds or elements resulting from human and non-human 

activities may be released into the atmosphere as air pollutants and can 

harm living things. Traffic dust contains high levels of heavy metals that 

can affect human health and the environment. Mashhad, as a religious city, 

hosts millions of pilgrims and travelers every year, resulting in congestion 

and increased air pollution, especially in the city center and near the holy 

shrine. Various factors are effective in increasing the amount of air 

pollutants and increasing the city's dust. By measuring the concentration 

of heavy metals in samples from urban areas with high traffic volume, the 

level of pollution was studied and sources of production were 

investigated. Pollutants and dust were collected from the air filters of 

public vehicles and the samples were analyzed for a range of elements 

using methods that included ICP-MS, atomic absorption, XRD and spot 

analysis from BSE. The results show that copper, nickel, lead and zinc are 

prominent air pollutants in Mashhad, and the most likely sources of 

pollution are related to vehicle traffic and to factories and mines around 

the city. 
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Extended Abstract 

Introduction 
Today, air pollution is one of the most 

important unforeseen events in the world, and 

a large number of people worldwide are 

involved in related problems every year. The 

most important cause of air pollution in large 

cities is related to traffic and transportation of 

motor vehicles, so that more than 80 percent 

of the carbon monoxide in the air is estimated 

to be related to motor vehicle traffic. 

Since the amount of pollution produced by 

vehicles is directly related to the number of 

vehicles and the volume of traffic, the 

presence of a high level of pollutants in the air 

can be directly related to the high volume of 

passing traffic, which can lead to increased air 

pollution. Among the air pollutants, 

compounds such as nitrogen oxides, sulfur 

dioxide, carbon monoxide, hydrocarbons and 

suspended particles play a more important 

role than other pollutants. Among the various 
air polluting sectors, transportation and 

industry are the most important air polluting 

sectors, respectively. 
 

Methods and Materials 
In this research, 11 urban routes were selected 
for sample collection. Each sample was 

analyzed using ICP-MS for 33 elements, with 

one sample analyzed using XRD, 10 samples 

using BSE, and six samples using atomic 

absorption. 
 

Discussion and Results 
Copper (Cu): Some researchers have shown 

that the concentration of copper in traffic dust 

is mainly the result of frequent use of car 

brakes (e.g. Nagendra et al., 2016; Fallah-

Shorshani et al., 2017). In samples taken in the 

city, the minimum concentration of copper, 

between the Holy Shrine and Tabarsi Street, 

was 53.3 ppm. The maximum concentration, 

near the city Train Station, was 278.3 ppm. 

The average was 113.8 ppm. High 

concentrations may reflect braking on uneven 

road surfaces, whereas low concentrations 

may reflect smooth traffic and the reduced use 

of brakes on the road leading to the Holy 

Shrine. 

Nickel (Ni): Analysis of minimum and 

maximum concentrations of nickel along 

different routes suggests that high nickel 

values reflect various types of cars and brake 

wear, corrosion of vehicles, and car oil pumps, 

which are the main nickel sources. The sample 

from the Holy Shrine Terminal has a high 

nickel concentration. The average 

concentration of nickel in the samples is 311.7 

ppm, which is above the permissible limit 

compared to the standards. 
Lead: (Pb) The average concentration of lead 

in the samples is 502.7 ppm. The highest 

amount of lead is in sample G with a 

concentration of 578.4 ppm, near the city 

Train Station and probably caused by heavy 

traffic (e.g., Lu, et al., 2009; Fallah-Shorshani 

et al. al., 2017). 
Zinc (Zn): The average concentration of zinc 

is 399.4 ppm. Factors such as the wear of car 

tires release a large amount of zinc into the 

environment. The zinc concentration is high 

compared to some high-traffic cities 

elsewhere in the world. 
Iron (Fe): The average concentration of iron is 

1.613 ppm, which is low compared to other 

elements, and iron is not considered as a 

polluting element. The source may be 

attributed to soil dust, poor management of 

transportation, construction, and iron 
production units (e.g., Dehghani et al., 2017). 

Compared to other cities, especially cities in 

industrialized countries, the concentrations of 

lead, zinc and nickel in Mashhad are 

significantly higher. 

 

Conclusion 
According to this research, copper, nickel, 

lead and zinc elements are considered as some 

of the air pollutants in Mashhad city. Among 

them, the most polluting element is nickel, 

which shows a higher percentage than some of 

the most trafficked cities in the world. The 

main polluting sources in Mashhad are mainly 

related to the traffic of vehicles and factories 

and mines around Mashhad, which can be the 

most effective source of urban traffic. 
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Fig. 2. Geological map of Mashhad (modified from map of Mashhad (1:100,000 scale) (Ghaemi, 1994). 
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Fig. 3. A) The average concentration of heavy metals in the samples taken by atomic absorption method: The most 

frequent element is lead. B-F) Comparison of some elements in Mashhad and some high-traffic cities: Among the 

compared elements, nickel element is more abundant in Mashhad than in the compared cities. 
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Table 2. Average and percentage concentration of heavy metals in street dust (ppm) 
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Fig. 4. A) showing the clean filter; B) filter contaminated with dust; C, D) showing dust and pollution collected from air filters. 
The presence of carbonate particles mainly in this sample (sample N6); E, F, G) Representation of crystals with carbonate 

composition (calcite C and dolomite D) in sample J1 (using SEM iamging). 
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Fig. 5. A, B, C) the presence of euhedral crystals of feldspar (F) and carbonate (C) on the surface of the filter filaments 
(sample F9); D) Accumulation of particles in sample J1: E: feldspar, F: quartz, C: calcite (using SEM imaging). 

  

�.a P3.  �T�����_T! ICP-MS   �����G )ppm( 

Table 3. The results of ICP-MS analysis of sample G (ppm) 

  

  

  

  

  

  

�)��B Al Ba Ca Co Ce Co Cr Cu Fe K Li 

G5 ����� 36426 509 96667 9.8 54 9.8 153 171 24988 14819 16 

�)��B Mg Mn Na P Pb S Sb Ni Ti Zn Zr 

G5 ����� 19400 523 10784 672 121 5706 11.1 96 2510 442 63 
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Fig. 6. A, B) presence feldspar; C, D) orthoclase; E, F) accumulation of different compounds; G, H) the presence of 

iron oxide compounds in the sample (using SEM imaging). 
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Fig. 7. Concentration of different elements resulting from ICP-MS analysis on sample G: calcium and aluminum are 

the most abundant. 
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Fig. 8. Analysis of sample A by XRD: silica (54.9%), calcium carbonate (17.3%), clay minerals (19%) and albite (8.5%). 
(Some elements are roughly marked on the diagram). 
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Table 4. Comparison of the average concentration of heavy metals in the traffic dust of Mashhad and some major cities 

of the world (ppm) 
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Table 5. Abundance of some elements in the continental crust (Taylor, 1964) (in milligrams). 

7- �T���
��6  

$�0 J	I�� 46�	
& 1	�� �<- ) W& �8	*9 (M�? ��.�	�&

8/113 ����J�() �=�� - (M�? ��.�	�&7/311 ����J� -(

) U����.�	�& (M�? 6/502 ����J�( ) ��
 ���.�	�& 

 (M�?4/399 ����J�(  �CA$�*�	���	�  �+#& �+0 ����

�& U�>E&�0 .��'� ��� 4< �=�� -,	�& ,��*9

$����$�**2 
� ,� (M�? 42 �0 ��	�	*0 �g*9 ����

 ��@#�< 
��5& -,	+A �������� �	��+0 '� �R�< 	< 4>�	5&

�& ,	#� �
 �
 (M�? ���@72 J��2 �g*9 -�<	5& 
� .���

�7@E& .(�� �
�� -�+#& �+0 
� �%���� �	��#*& ����

(��	6� -4��5� ��	�� ���� �&	0 �	��79 4�	R
	2�	6& � 	� ,

�& ��+0 ������ -,	�& ��� 
� 42 (�� �+0 Z��P������ 

N+&$�*�	�� 
	#@�� Q;*& ����.�0	< 	�  

  

139 



�������	
 ���� 
��
������ �����                                                              $
��20 $
	70 -39 ,	@><	� � 
	+< -1405 

8- ��1��.Y � �D5!  

$�*>��� �*70'
� :��	+*#�� 	< 42 J�@E& ,�
��� '� ,	%

$����% 
	@0�� ��� ��;+< r9	< ��R ����
�F 4�	7�78 -���

�& ������ $	.#��� �C2�& $	.#�	&'� '� ��*v7� .���%

 	&'�
' $	.#�	&'� � �+#&�=#� �&���%.  
   

References 
Aghanabati, A. (2004) Geology of Iran. Geological 

Survey of Iran, Tehran, p 558. 

Al-Shidi, H. K., Sulaiman, H., Al-Reasi, A., Jamil, 

F., Aslam, M. (2021) Human and ecological risk 

assessment of heavy metals in different particle 

sizes of road dust in Muscat, Oman. 

Environmental Science and Pollution Research, 

28(26): 33980-33993.  
Charlesworth, S., Everett, M., McCarthy, R., 

Ordonez, A., De Miguel, E. (2003) A 

comparative study of heavy metal concentration 

and distribution in deposited street dusts in a 

large and a small urban area: Birmingham and 
Coventry, West Midlands, UK. Environment 

International, 29(5): 563-573  

Dahmardeh Behrooz, R., Kaskaoutis, D. G., Grivas, 

G., Mihalopoulos, N. (2021) Human health risk 

assessment for toxic elements in the extreme 

ambient dust conditions observed in Sistan, Iran. 

Chemosphere, 262: 127835 (in Persian)  
Davoodi, M., Mohammadi, H., Bay, N. (2010) 

Analysis and prediction of some climatic 

elements of Mashhad, Journal of Newar, 70-71: 

35-46. 
Dehghani, S., Moore, F., Keshavarzi, B., Hale, B. A. 

(2017) Health risk implications of potentially 

toxic metals in street dust and surface soil of 

Tehran, Iran. Ecotoxicology and Environmental 

Safety, 136: 92-103.  

Duong, T. T. T., Lee, B. K. (2011) Determining 

contamination level of heavy metals in road dust 

from busy traffic areas with different 

characteristics Journal of Environmental 

Management, 92(3): 554–562. 

Duzgoren-Aydin, N., Wong, C., Aydin, A., Song, 

Z., You, M., Li, X. (2006) Heavy metal 
contamination and distribution in the urban 

environment of Guangzhou, SE China. 

Environmental geochemistry and health, 28: 

375-391.  

Fallah-Shorshani, M., Shekarrizfard, M., 

Hatzopoulou, M. (2017) Evaluation of regional 

and local atmospheric dispersion models for the 

analysis of traffic-related air pollution in urban 

areas. Atmospheric Environment, 167: 270–282.  

Ghaemi, F. (1994) Geological Map of Mashhad 

(1:100000).  
Huang, F., Liu, B., Yu, Y., Lv, L., Luo, X., Yin, F. 

(2022) Heavy metals in road dust across China: 

Occurrence, sources and health risk assessment. 

Bulletin of Environmental Contamination and 

Toxicology, 109(2): 323-331. 

Lu, X., Wanga, L. Lei, K., Huang, J., Zhai, Y. (2009) 

Contamination assessment of copper, lead, zinc, 

manganese and nickel in street dust of Baoji, 

NWChina. Journal of Hazardous Materials, 161: 

1058–1062. 
Mazloomi, S., Esmaeilisari, A., Bahramifar, N., 

Moenoldini, M. (2017) Evaluation of the 

presence of metals and quasi-metals in the street 

dust of East Tehran. Health and Environment 

Journal, Scientific Research Quarterly of Iranian 

Environmental Health Scientific Association, 

10(2): 281-292 (in Persian).  

Moradi, Gh., Mirzaee, R. (2015) Investigating 

spatial changes of heavy metals in street dust of 

Kashan city. Journal of Health and Environment, 

Scientific Research Quarterly of the Iranian 
Environmental Health Scientific Association, 

9(4): 456-443 (in Persian).  

Nagendra, S. S., Diya, M., Chithra, V., Menon, J. S., 

Peter, A. E. (2016) Characteristics of air 

pollutants at near and far field regions of a 

national highway located at an industrial 

complex. Transportation Research Part D: 

Transport and Environment, 48: 1–13. 
Salmanzadeh, M., Saeedi, M., Nabi Bidhani, Gh. 

(2012) Heavy metal contamination in street dust 

of Tehran city and their ecological risk 
assessment. Environmental Magazine, 38(61): 

9-18 (in Persian).  

Skrȩtowicz, M., Galas-Szpak, A. (2018) Analysis of 

the impact of motor vehicles on the air quality on 

the example of Legionow Square in Wroclaw. 

IOP Conference Series: Materials Science and 

Engineering, 421(4).  

Taylor, S. R. (1964) Abundance of chemical 

elements in the continental crust; a new table. 

Geochemica et Cosmochimica Acta, 28(8): 

1273-1285.  

Thorpe, A., Harrison, R. M. (2008) Sources and 
properties of non-exhaust particulate matter 

from road traffic. A review Science Total 

Environmental, 400(1–3): 270–282. 
Zhu, W. B., Bian, B. L. (2008) Heavy metal 

contamination of road-deposited sediments in a 

medium size city of China Environtal 

Monitoring. Asses, 147: 171–18. 

  

  

  

 

 

140 


