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Objective: Airborne particulate matter, especially the fine particles, is known as a potential source
of potentially toxic elements (PTEs) for people living in urban communities and can lead to adverse
effects such as adhering to the surface of pulmonary epithelial cells and lung alveoli, acute
inflammatory reaction on human health through inhalation, oral, and dermal contact routes, and also
oxidative stress. Therefore, concern about the quality of dust and atmospheric depositions is vital.
Since the similar studies in terms of the ecological risk assessment of arsenic (As), cadmium (Cd),
chromium (Cr), manganese (Mn), and lead (Pb) in atmospheric dry deposition have not been
previously conducted in the city of Hamedan, this study was performed to assess the spatiotemporal
variations and ecological risks of PTEs in the dry deposition of Hamedan Megacity in 2023.
Method: In this descriptive cross-sectional study, a total of 144 dry deposition samples were
collected from 12 sampling sites across four seasons. Following sample preparation and acid
digestion, the concentrations of As, Cd, Cr, Mn, and Pb were determined using inductively coupled
plasma-optical emission spectroscopy (ICP-OES). Additionally, various indices, including the
pollution index (PI), integrated pollution index (IP1), ecological risk (Er), and the comprehensive
potential ecological risk index (RI), were calculated to assess the pollution and ecological risks
associated with these elements. Statistical analyses of the results were performed using SPSS
statistical software.

Results: The results of determining the content of the elements revealed the significant impact of
human activities, particularly those of industrial origin and traffic. The PI values indicated that the
pollution levels of As, Cd, Cr, Mn, and Pb ranged from "low" to "high." Furthermore, the average
IPI value of 1.73 suggested "moderate” pollution conditions in the study area. Ecological risk
assessments demonstrated that in all sampled regions and seasons, the Er values for As, Cr, Mn, and
Pb were categorized as "low risk," whereas Cd exhibited a "moderate” to "high" risk level.
Additionally, the average RI value of 113 indicated a "moderate” level of hazard posed by dry
deposition in the studied area. Notably, Cd, accounting for 68.3% of the ecological risk, had the
most significant contribution to the overall ecological risk assessment.

Conclusions: In conclusion, it is recommended to conduct regular monitoring the concentrations of
PTEs and perform ecological and health risk assessments of contaminated dry deposition. Such
measures are essential for safeguarding the health of both the environment and the residents.
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Introduction

Atmospheric dry and wet depositions are the interfacial interchange mechanisms in the air—soil/water through
which atmospheric aerosols or particulate matter (PM) enter terrestrial and aquatic ecosystems. Potentially
toxic elements (PTES) contents in wet and dry atmospheric depositions, particularly respirable dust particle
pollution, have been significantly affected by human activities. Notably, atmospheric deposition is one of the
important pathways for the transport of metal pollutants from the atmosphere. On the contrary to wet
deposition, dry deposition is a dominant process, particularly in urban environments and also areas with little
precipitation. The dry deposition not only leads to PTEs pollution in the environmental media (such as plants,
soil, and water) and continuous damage to urban ecosystem, but can also present a serious and potential threat
to citizens' health through inhalation, ingestion, and dermal contact. Hence, given the importance of
atmospheric dry deposition as the primary source and carrier of PTEs as well as the serious and significant
impacts of toxic elements associated with it on the ecosystem and public health, the evaluation of the
concentration and contamination levels of dry deposition PTES, as an effective and excellent indicator of urban
air quality, has been receiving increasing attention. The level and abundance of PTEs may act as a mirror of
existing pollution scenario in a specific area. Due to the fact that the presence of high amounts of PTEs in the
environment leads to a potential risk for human health and also for the environment, the main purposes of the
present study were: (1) to assess the spatiotemporal variations of PTEs (As, Cd, Cr, Mn, and Pb) levels in dry
deposition samples, (2) to determine the PTEs contamination and the ecological risks resulting from them by
measuring common contamination indices (i.e. PI, IPI, ER, and RI), and (3) to evaluate the spatiotemporal
variations and of analyzed PTEs in the dry deposition of Hamedan Megacity, in the west of Iran in 2023.

Method

In this descriptive cross-sectional study, a total of 144 atmospheric dry deposition samples were collected
during the spring to winter seasons in 2023 from 12 selected sites in the three functional regions of the city of
Hamedan including industrial (IND), commercial (COMM) and residential (RES) areas. The atmospheric dry
deposition sampling at all sites was conducted in three replicates using high density polyethylene bottles with
an opening diameter of 30.0 cm fixed at a height of 1.50 m above ground level. After preparation and acid
digestion of samples in the laboratory, tested element contents were determined using inductively coupled
plasma-optical emission spectroscopy (ICP-OES). The concentrations of As, Cd, Cr, Mn, and Pb were obtained
at wavelengths (nm) of 188.980, 226.502, 267.716, 257.610, and 220.353, respectively. Also, the pollution
index (PI), integrated pollution index (IPI), and ecological risk index (RI) were calculated. Moreover, all
statistical analyses including Shapiro-Wilk, Leven, One-Way ANOVA and Duncan Multiple Range Tests were
performed using the SPSS statistical package. The quality assurance (QA) and quality control (QC) were
evaluated using reagent blanks, duplicates (15%), and certified reference materials (RTC, SQC-014, Sigma-
Aldrich, Spain). The relative standard deviation of the duplicate specimens achieved less than 5%, and the
recovery of the standard materials ranged from 91.2 to 98.7%, indicating good accuracy. The obtained values
of limit of detection (LOD) for As, Cd, Cr, Mn, and Pb were 0.061, 0.076, 0.068, 0.065, and 0.058 mg kg,
respectively, and their limits of quantification (LOQ) were found to be 0.185, 0.227, 0.206, 0.197, and 0.172
mg kg, respectively. To assess PTEs contamination and ecological risks of dry deposition samples, pollution
index (PI), integrated pollution index (IP1), ecological risk (Er), and the comprehensive potential ecological
risk index (RI), were calculated using equations 1 to 4:

Csample
Pl = —%P= 1
Cbackground ( )
1
IPI = 52?2.1 PI; 2)
Ery = Try(= 3)
Cp

RI =Y En; 4)
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Results

The concentrations of PTEs based on the ANOVA test results varied significantly among seasons and
functional regions. The greatest quantities of As, Cd, Mn, and Pb with 5.12, 0.655, 12.6, 73.1 mg kg™ were
seen in the fall samples; however, the highest concentrations of Cr with 41.6 mg kg belonged to the spring
samples. It has been proven that the variations in climatic conditions and also human activities have a
significant role in temporal variations of PTEs in dry deposition. Therefore, the greatest amounts of As, Cd,
Mn, and Pb in the fall may be related to the increase in fuel consumption (particularly home heating) as a result
of lower temperatures. Besides, with the beginning of the academic year in this season, traffic increases
significantly, which can cause an increase in the content of PTEs in fall dry depositions. Similar findings were
also reported in some previous studies (Sobhanardakani, 2018a; Kermani et al., 2021; Ali-Taleshi et al., 2022).
Also, the highest content of Cr in the spring could mainly be attributed to construction activities as also reported
in similar studies (Men et al., 2021; Ariapak et al., 2022). On the other hand, the industrial regions contained
the greatest concentrations of As, Cd, Cr, (5.92, 0.794, and 49.9 mg kg™, respectively); whereas, compared
with the other two regions, the commercial areas exhibited the highest levels of Mn and Pb with 15.6 mg kg™
and 91.5 mg kg, respectively. Besides, the amounts of all the analyzed PTEs except Mn and Pb in various
land uses decreased in the order of industrial > commercial > residential, while for manganese and lead, they
ranked in the order of COMM > IND > RES. The remarkable variation of PTE contents between the functional
regions could be attributed to the considerable effects of human inputs and the diversity of their emission
sources, which was consistent with the findings of another similar study (Li et al., 2021). Meanwhile, the
higher contents of As, Cd, and Cr in dry deposition samples of IND regions could be attributed to the local
industrial activities including leather products, food and beverage, vehicle repair centers, consistent with
findings reported in similar previous studies (Chen et al., 2019; Cai et al., 2022). However, the elevated levels
of Mn and Pb in commercial regions would indicate their association with vehicle emissions, as also noted by
other researchers (Weerasundara et al., 2018).The mean values of Pl (average of whole areas) for the
investigated PTEs decreased in the following order: Cd > As > Pb > Cr > Mn. Also, the cumulative mean Pl
values indicated that the pollution levels of As, Cd, Cr, Mn, and Pb ranged from "low" to "high." Furthermore,
the average IPIl value of 1.73 suggested "moderate” pollution conditions in the study area. Overall,
spatiotemporal changes in pollution indices (Pl and IPI) for PTEs in dry deposition would indicate the strong
impacts of variations or oscillations of human inputs. These results are consistent with those obtained by other
researchers’ findings who reported that the spatiotemporal changes in the contents of elements in dry
deposition are seriously affected by human activities (Kara et al., 2014; Schiavo et al., 2023; Vizuete-Jaramillo
et al., 2024). Also, the Er values for As, Cr, Mn, and Pb were categorized as "low risk," whereas Cd exhibited
a "moderate" to "high" risk level. Meanwhile, the Rl value of 113 indicated a "moderate" level of hazard posed
by atmospheric dry deposition in the studied area. Notably, Cd, accounting for 68.3% of the ecological risk,
had the most significant contribution to the overall ecological risk assessment.

Conclusions

This study emphasizes the need for preventive and corrective measures to mitigate the level of pollution and
potential adverse effects on the urban ecosystem. The findings can guide future measures, including
implementing strategies such as improving and optimizing traffic management policies and strategies and
industrialization process, all of which could play pivotal roles in controlling and reducing PTEs pollution
within the studied area. In conclusion, it is recommended to conduct regular monitoring of the concentrations
of PTEs and perform ecological and health risk assessments of contaminated dry deposition. Such measures
are essential for safeguarding the health of both the environment and the residents.
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