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Abstract: The objectives of this study are to investigate the concentrations of heavy metals in two 
selected industrial areas. Airborne heavy metal pollution represents a persistent environmental and 
public health problem in rapidly urbanizing cities. This research assesses the seasonal distribution 
of lead (Pb), cadmium (Cd), and zinc (Zn) associated with airborne particulate matter in two selected 
industrial areas including Al Bayaa on the Karkh side and Al Shurta Tunnel on the Rusafa side of 
Baghdad and a rural control site. Samples of air were collected during four seasons autumn, winter, 
spring, and summer and then analyzed using atomic absorption spectrometry AAS. The results re-
vealed pronounced seasonal differences, Lead concentrations varied across the four seasons, with 
the highest concentration recorded in the summer at the Al Shurta Tunnel, reaching 5.8 µg/m³, while 
the lowest concentration was recorded in the same area during the winter at 0.0185 µg/m³. Cadmium 
concentrations were recorded at their lowest value of 0.0294 µg/m³ in winter in the police tunnel 
and at their highest concentration of 4 µg/m³ in the Al Bayyaa area in spring. As for zinc, its concen-
trations ranged between 2.257 µg/m³ and 43.8 µg/m³ in the winter and spring, respectively, in the 
police tunnel area. In general Cd levels remained low but exhibited episodic increases, particularly 
in Al Bayaa. Although most measured concentrations were below commonly cited health-based 
guideline values, the consistent detection of heavy metals highlights their persistence in Baghdad 
industrial atmosphere. These findings provide baseline data for Baghdad and emphasize the neces-
sity for continuous monitoring and strengthened air quality management strategies. 
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1. Introduction 
pollution in urban and industrial environments is a major global concern 

1, 2]. Among atmospheric 
pollutants, heavy metals 

tissues 3, 4]. Unlike many organic 

posing long-term risks to exposed populations [5
cardiovascular disorders 1 . 

Cadmium (Cd) is recognized for its 
trace element, can cause respiratory irri-

tation and inflammatory responses 
that these metals are commonly associated with air-

borne particulate matter
]
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variability in airborne heavy metal concentrations has been 
meteoro-

logical conditions, and resuspension of contaminated dust 7, 8

] rapid urbanization and industrial 
growth, systematic monitoring ]

]
this gap by quantifying the seasonal concentrations of Pb, Cd, and 

provide valuable baseline information to support environmental 

 

 
monitoring locations were selected:  

 Al Bayaa: A densely industrialize

 Tunnel: An area strongly influenced by industrial activities and intense 

 
particulate samples were collected seasonally during autumn

at different times of the day to 
account for diurnal variability. Sample of air was collected on filter served in plastic petri 
dish and tightly sealed, then all samples transported to the nano laboratory of the minerals 
research office at the Iraqi Ministry of Science and Technology and central laboratory in 
college of science- University of Baghdad for analysis. Filters before sampling, were dried 
at 40 °C for 30 minutes and then weighted to record initial weight (Wi) by using sensitive 
balance, then 

using atomic absorption spectrometry, a widely accepted 
and reliable control 
procedures included instrument calibration with certified 
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measured seasonal concentrations of Pb, Cd, and Zn exhibited clear spatial 

 
Table 1. The concentration of heavy metals in the air at the various locations and across seasons is 
as follows (all values are in µg/m³) 

Verablies  Al Bayaa Al Shurta tunnel 

 Autumn 
2020 

Winter 
2021 

Spring 
2021 

Summer 
2021 

Autumn 
2020 

Winter 
2021 

Spring 
2021 

Summer 
2021 

Pb µg/m³ 0.0237 0.0289 6.5 10 0.0194 0.0185 4.2 5.8 
Cd µg/m³ 0.0667 0.0801 4 0.45 0.0318 0.0294 0.35 0.43 
Zn µg/m³ 2.915 3.844 37.7 42.8 3.108 2.257 43.8 33.4 

 
values 

were recorded during autumn and winter, while pronounced increases were observed 

summer in Al Bayaa and Al Shurta Tunnel, while the control site shows 
comparatively 
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Cadmium concentrations remained generally low throughout the study period. 

industrial or combustion-related emissions. Other sites displayed relatively stable and 
  a distinct springtime peak in Cd at Al 

Bayaa, whereas 

 
Con-

centrations increased markedly during spring and summer in both industrial locations. I

from natural dust and soil resuspension. Figure 5 demon-
strates strong seasonal fluctuations in Zn, with pronounced peaks 

 

 
Cd 

peaks are concentrated in Al Zn displays high variability in both industrial 
areas
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 heavy metal concentrations periods in industrial and arid 
regions [12]. in-
creased industrial activity, emissions, and atmospheric conditions that 
favor ]

The relatively low Cd concentrations from other urban environ-
ments [14]. 
emission sources [15] with global data suggests that although 

persistence of these metals in remains environmentally significant 
[16] assess-
ment. Nevertheless, chronic metal concentrations may still pose 

  
Air temperature plays a significant role in the creation and removal of pollutants in 

the air, during winter and due to decrese in temperture obsorbed increses in pollutant 
concentrationand vice versa is true [18]. About wind speed, generally, rise in speed of 
wind accompanied with a reduction in the levels of pollutants such as heavy metals and 
when wind speed decreses concentrations of pollutants will increse [19]. The wind speed 
has an important role in the spread of pollutants where the wind transported 
contaminants from emitted sources toward the prevailing wind. Therefor, when built 
factories must become within prevailing wind through the year to spread among large 
area and then dilute these pollutants [20]. The elevation of moisture causes the negative 
influnces of damaging air pollutants because it aids to collect and compressthem in the air 
and this negatively affects population health [21].  

 
Significant seasonal variation in Zn concentrations was ob-

served, with peak levels occurring Al 
Bayaa consistently metal concentrations, indicating strong industrial 
influence. 

metals highlights the need air quality sur-
veillance in Baghdad. 
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Establish continuous monitoring heavy metals in industrial 

zones of Baghdad. The 
implement emission control 

strategies are important to activities and vehicular sources. The study 
results showed a clear increase in the concentrations of the heavy metals under investiga-
tion in the studied industrial areas. The presence of residential areas near industrial areas 
poses a real risk to the public health of the residents of these areas. 

Supplementary Materials: Not applicable. 

Author Contributions: The author solely contributed to the conceptualization, methodology, vali-
dation, formal analysis, investigation, resources, data curation, writing—original draft preparation, 
writing—review and editing, and project administration of this study. The author has read and 
agreed to the published version of the manuscript. 

Funding: Please add: This research received no external funding. 

Data Availability Statement: The data supporting the findings of this study are available from the 
author upon reasonable re-quest. 

Acknowledgments: Not applicable. 

Conflicts of Interest: The author declares no conflicts of interest. 

[1] Q. Zhang, H. Liu, F. Liu, X. Li, Z. Li, W. Chen, and Q. Zhao, "Release of cadmium, lead and zinc from surface soil to the atmos-

phere via wind erosion at medium-low wind speeds," Atmospheric Pollution Research, vol. 17, no. 5, Art. no. 102871, May 2026, 

https://doi.org/10.1016/j.apr.2025.102871.  

[2] U.S. Environmental Protection Agency, Integrated Science Assessment (ISA) for Particulate Matter (Final Report), EPA/600/R-19/188. 

Washington, DC, USA: U.S. Environmental Protection Agency, Dec. 2019. [Online]. Available: https://www.epa.gov/isa/inte-

grated-science-assessment-isa-particulate-matter. 

[3] W. T. Al-Mayah, Z. Z. Al-Janabi, and I. H. Hameed, "Ecological health risk assessment of some heavy metals in dust from some 

nursery and primary schools of Al-Kut City, Iraq," Baghdad Science Journal, vol. 23, no. 5, pp. 1592–1606, 2026, 

https://doi.org/10.21123/2411-7986.5289. 

[4] World Health Organization, Global Air Quality Guidelines: Particulate Matter (PM₂.₅ and PM₁₀), Ozone, Nitrogen Dioxide, Sulfur 

Dioxide and Carbon Monoxide. Geneva, Switzerland: World Health Organization, 2021. [Online]. Available: 

https://www.who.int/publications/i/item/9789240034228. 

[5] S. Liu, J. Xing, D. M. Westervelt, and S. Wang, "Global patterns of heavy metal air pollution," Atmospheric Chemistry and Physics, 

vol. 21, pp. 12385–12402, 2021, https://doi.org/10.5194/acp-21-12385-2021. 

[6] N. Sabbagh-Kupelwieser, H. Horvath, and A. Hoffer, "Long-term trends of atmospheric heavy metals," Aerosol and Air Quality 

Research, vol. 20, pp. 1559–1571, 2020, https://doi.org/10.4209/aaqr.2019.11.0562. 

[7] R. Caggiano, M. Macchiato, and M. Ragosta, "Trace elements in airborne particulate matter of urban environments," Atmospheric 

Environment, vol. 224, Art. no. 117307, 2020, https://doi.org/10.1016/j.atmosenv.2020.117307. 

[8] H. Li, Q. Wang, M. Yang, F. Li, and J. Wang, "Chemical characterization and source apportionment of PM-bound metals," Chem-

osphere, vol. 247, Art. no. 125839, 2020, https://doi.org/10.1016/j.chemosphere.2020.125839. 

[9] R. García, I. González, and N. Galindo, "Urban atmospheric heavy metals and seasonal trends," Environmental Research, vol. 183, 

Art. no. 109195, 2020, https://doi.org/10.1016/j.envres.2020.109195. 

[10] S. Sharma, T. K. Mandal, and S. Jain, "Influence of meteorology on airborne heavy metals," Urban Climate, vol. 41, Art. no. 101052, 

2022, https://doi.org/10.1016/j.uclim.2021.101052. 

https://doi.org/10.1016/j.apr.2025.102871
https://www.epa.gov/isa/integrated-science-assessment-isa-particulate-matter?utm_source=chatgpt.com
https://www.epa.gov/isa/integrated-science-assessment-isa-particulate-matter?utm_source=chatgpt.com
https://doi.org/10.21123/2411-7986.5289
https://www.who.int/publications/i/item/9789240034228
https://doi.org/10.5194/acp-21-12385-2021
https://doi.org/10.4209/aaqr.2019.11.0562
https://doi.org/10.1016/j.atmosenv.2020.117307
https://doi.org/10.1016/j.chemosphere.2020.125839
https://doi.org/10.1016/j.envres.2020.109195
https://doi.org/10.1016/j.uclim.2021.101052


Nahla Shadeed Ajeel 66 of 66 
 

 

[11] R. M. Al-Khafaji and R. S. Al-Tameemi, "Seasonal variation of trace metals in atmospheric particulate matter of arid cities," 

Atmospheric Pollution Research, vol. 11, no. 9, pp. 1590–1601, 2020, https://doi.org/10.1016/j.apr.2020.06.012. 

[12] F. M. Hassan and J. S. Al-Hassany, "Air quality challenges in rapidly urbanizing Iraqi cities," Environmental Challenges, vol. 12, 

Art. no. 100698, 2023, https://doi.org/10.1016/j.envc.2023.100698. 

[13] A. M. Al-Abadi, A. M. Al-Shammaa, and F. M. Hassan, "Assessment of airborne heavy metal pollution in urban areas of the 

Middle East," Environmental Monitoring and Assessment, vol. 193, no. 4, pp. 1–15, 2021, https://doi.org/10.1007/s10661-021-08915-

6. 

[14] R. Chen, B. Hu, Y. Liu, J. Xu, and G. Yang, "Seasonal variability and sources of heavy metals in PM₂.₅," Science of the Total Envi-

ronment, vol. 755, Art. no. 142582, 2021, https://doi.org/10.1016/j.scitotenv.2020.142582. 

[15] "Seasonal variation of trace metals in particulate matter," Atmosphere, vol. 13, no. 3, Art. no. 412, 2022, https://doi.org/10.3390/at-

mos13030412. 

[16] S. Basha, J. Jhala, and R. Thorat, "Seasonal dynamics of heavy metals in ambient air and health risk assessment," Environmental 

Science and Pollution Research, vol. 28, pp. 40215–40228, 2021, https://doi.org/10.1007/s11356-021-13543-2. 

[17] S. K. Al-Mamoori, E. A. Al-Heety, and N. D. Hassan, "Heavy metals associated with PM₁₀ in industrial and traffic areas," Sus-

tainable Environment Research, vol. 32, Art. no. 18, 2022, https://doi.org/10.1186/s42834-022-00134-9. 

[18] S. Kumari, M. K. Jain, and S. P. Elumalai, "Assessment of pollution and health risks of heavy metals in particulate matter and 

road dust along the road network of Dhanbad, India," Journal of Health and Pollution, vol. 11, no. 29, Art. no. 210305, 2021, 

https://doi.org/10.5696/2156-9614-11.29.210305. 

[19] Y. Wu, S. Liu, X. Li, and S. Wang, "Sources and health risk assessment of heavy metals in PM₂.₅ in Beijing, China," Environmental 

Science and Pollution Research, vol. 23, no. 11, pp. 10383–10393, 2016, https://doi.org/10.1007/s11356-016-6208-9. 

[20] J. Duan, J. Tan, S. Wang, J. Hao, and F. Chai, "Size distribution and sources of heavy metals in particulate matter at urban and 

rural sites in Beijing," Journal of Environmental Sciences, vol. 24, no. 1, pp. 87–94, 2012, https://doi.org/10.1016/S1001-0742(11)60729-

4. 

[21] A. S. Shihab, "Assessment of air quality through multiple air quality index models—A comparative study," Journal of Ecological 

Engineering, vol. 24, no. 4, pp. 110–116, 2023, https://doi.org/10.12911/22998993/159398.  

https://doi.org/10.1016/j.apr.2020.06.012
https://doi.org/10.1016/j.envc.2023.100698
https://doi.org/10.1007/s10661-021-08915-6
https://doi.org/10.1007/s10661-021-08915-6
https://doi.org/10.1016/j.scitotenv.2020.142582
https://doi.org/10.3390/atmos13030412
https://doi.org/10.3390/atmos13030412
https://doi.org/10.1007/s11356-021-13543-2
https://doi.org/10.1186/s42834-022-00134-9
https://doi.org/10.5696/2156-9614-11.29.210305
https://doi.org/10.1007/s11356-016-6208-9
https://doi.org/10.1016/S1001-0742(11)60729-4
https://doi.org/10.1016/S1001-0742(11)60729-4
https://doi.org/10.12911/22998993/159398

	1. Introduction

