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Abstract

There are growing activities leading to emission of suspended particles. Industrialization and expanding the cities in Iran is 
an alarm of urban air pollution and the particulate maters (PMs) as one of the criteria air pollutants. The concentration of the 
particulate maters, exposure and the health risks are studied in this systematic review regarding the published literatures 
in the data bases of SID (Scientific Information Database), Science direct, and Google scholar. The results showed a high 
concentration of PMs, which was the highest concentration related to PM10 (146.39 ± 123.31 µg/m3) and then respectively 
PM7, PM4, PM2.5 and PM1. The concentration of particles in spring (136.79 ± 157.95 µg/m3) was higher compared to remain, 
it was followed by summer, winter and autumn, respectively. The particles were with higher concentrations in industrial areas 
compared to the commercial and residential areas. The risk of cancer and toxicity of PM2.5 was high for all age groups, and 
the risk levels were very high for children under 6 years old (4937.7×10-6). Non-cancer risk PM10 (2.92), PM2.5 (7.41) for 
outdoor air in most cities was higher than the guideline limit of 1.
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Abbreviations: WHO: World Health Organization; 
USEPA: Unites States Environmental Protection Agency; 
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Introduction

For the last decades the air pollution has become one of 
the global concerns that have a significant impact on climate, 
environment, human health, sustainable development and 
global economy. The air pollutants enter the atmosphere 
due to the natural and anthropogenic sources such as 
mining, explosion, drilling, construction, fire, volcanoes, 
dust storms, and sea waves. Particulate matter or PM is a 

complex mixture of very small particles and liquid droplets, 
which cause air pollution. Two main classes of the particles 
are; 1- Course inhalable particles (PM10) whose diameter 
is greater than 2.5 microns and smaller than 10 microns, 
2- Fine particles (PM2.5) whose diameter is 2.5 microns or 
less. Epidemiological studies on the relationship between 
exposures to particles they have shown the incidence of 
cancer, cardiovascular diseases and premature death. 
According to the results obtained from the studies, the 
health effects of suspended particles depend to a great 
extent on their size. After inhalation, these particles may 
have a stimulating effect on the upper respiratory tract or 
penetrate inside the lungs and cause complications in the 
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lungs that lead to the lung disorders. They particles are 
dangerous for people who have a history of respiratory 
disease. Diseases such as upper respiratory tract infection, 
heart disorders, bronchitis, shortness of breath, pneumonia, 
harm to the chest and the effect on the body defense system 
are the main effects of suspended particles on humans [1]. 
In many studies, a significant relationship between exposure 
to particulate matter and mortality has been observed, for 
example, in 2013, 87% of the world’s population lived in 
areas where PM2.5 concentrations exceeded the World 
Health Organization (WHO) guidelines. It led to the death of 
about 9.2 million people [2].

The guideline level for PM10 is (150 µg/m3) in a 24-
hour average. For every (10 µg/m3) increase in PM10 
concentration, total daily mortality increases by almost one 
percent. Therefore, study on the concentrations and the 
health effects of PMs in the cities and more populated places 
is important to better understanding the health impacts 
and sustainable development strategy design. For this 
purpose, the current research was conducted with the aim 
of investigating the concentration and toxicity of suspended 
particles (PM5, PM2.5, PM10) in different cities of Iran.

The Study Method

Description Search Articles
 This systematic review was carried out by searching in 

the selected databases in time range from mid of September 
to the end of September for the articles published between 
years of 2002-2022 in English and Persian languages. 
The applied search keywords were particulate matter، air 
pollution, dust, PM10، PM2.5، PM5 and Iran in Science Direct, 
Google Scholar and SID databases. The searched phrases were 
“particulate matter” AND “PM10” AND “PM2.5” AND “Iran” in 
the Science Direct database, the search phrases “PM10” AND 
“PM2.5” AND “PM5” AND “particulate matter” AND “Iran” in 
the Google Scholar database, the search phrases “particulate 
matter” AND “PM2.5” AND “Iran” in the first time and the 
search phrases “air pollution” AND “PM10” in the second 
in the database of SID. As a result ،16 articles were found in 
Science Direct database، 86 articles were found in Google 
Scholar database and 2 articles were found in SID database.

In the further step, all the articles including “particulate 
matter”, “PM10”, “PM2.5”, “PM5”and “Iran”, “air Pollution”, 
“Dust” in their title, abstract and keywords were selected. 
In this primitive search, 104 articles were found, after 
reviewing the articles, duplicate articles were removed. 
The including criteria for the found documents were the 
reporting the concentration of particulate matter in the air 
of Iranian cities, the toxicity of particulate matter in the air 
of Iranian cities in general. Finally, 23 articles were included 

in the study.

Health Risk Assessment

Health risk assessment is an important tool by which 
probable deleterious impacts of human exposure to a given 
pollutant is characterized [3,4]. This tool is predictive in 
nature and uses the measured exposure data to determine 
the health effects of human exposure to pollutants [5]. This 
study applied the risk assessment methodology provided 
by the Unites States Environmental Protection Agency 
(USEPA)24, which concentrated on the health risk estimation 
through inhalation route for all age groups. For assessing the 
risk to the human health upon exposure to PM2.5 in ambient 
air of Different cities Iran through inhalation pathway, Excess 
Lifetime Cancer Risk (ELCR) were estimated. As the health 
risk assessment is age–- specific, the population is divided 
into ten age–specific categories (from Birth to < 1 to 71 and 
above years olds) which is given in Table 1. T The (ELCR) was 
calculated using the following equation: 
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The slope factor ( )SF of each pollutant is presented by 

the Integrated Risk Information System ( )IRIS  of the USEPA. 

But in absence of its exact amount, Eq. ( )3  can be used as:
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.To 

calculate SF value, it is necessary to have the value of unit 
risk for PM2.5. There is no any information associated with 
PM2.5 in Iran. Therefore, in the present work, the value of 
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risk unit of PM2.5)0.008 
3
g

m
µ 

 
 

provided by Greene and 

Morris was applied [7]. But for PM10, the value of unit risk 
and slope factor has been not provided in the previous 
studies, so we didn’t calculate ELCR and carcinogenic risk for 
PM10. Risk assessment for the non-carcinogenic risk of 
PM2.5 was calculated using the parameter called hazard 
quotient ( )HQ , the ratio of LADD to reference dose ( )RFD  
by using the following equation:

( ) ( )      
 
gHQ hazard quotient LADD lifetime average daily dose RFD reference dose

kg day
µ  

= = ÷   
  

If HQ > 1, the potential risk can be serious. Furthermore, If 
HQ ≤ 1, it means as acceptable hazard [8,9]. used the value of

3
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 RFC of diesel particles to calculate the reference dose 

(RFD) for PM2.5 De Oliveira BFA, et al. [10] and 
3
g

m
µ 

 
 

RFC to 

calculate the RFD for PM10 Li F, et al. [11] in order to assess 
the probability of adverse health impacts. Risk parameters 
used for calculating HQ and ELCR for PM2.5 and PM10 in 
ambient air are given in Table 2. After the calculations, the 
resulted ELCRs and HQs were reported as mean, minimum, 
and maximum values based on the concentrations of the PMs 
[12-15].

 

 Age groups (year) Reference

 Birth 
to <1

1 to 
<2

2 to 
<3 3 to <6 6 to 

<11
11 to 
<16

16 to 
<21

21 to 
<61

61 to 
<71

71 and 
Older -12

Inhalation rate 
(m3/day) 8 8.9 10.1 12 15.2 16.3 15.7 16 14.2 12.9 -12

Body weight (kg) 9.2 11.4 13.8 18.6 31.8 56.8 71.6 80 80 80 -12

Exposure duration 
(year) 1 1 1 3 5 5 5 49 49 49 -12

Exposure 
frequency (day/

year)
365 365 365 365 365 365 365 365 365 365 -12

Averaging 
time (day) for 

noncarcinogens
365 365 365 1095 1825 1825 1825 17885 17885 17885 -12

Unit risk (UR) 0.008 µg/m3 for PM2.5 -13

Inhalation 
reference 

concentration
5 µg/m3 for PM2.5 -14

(RFC) 50 µg/m3 for PM10 -15

Table 1: Risk parameters used for calculating HQ and ELCR for PM2.5 and PM10 in ambient air.
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Results and Discussion

 Particulate Matter Concentrations

 Screening of 104 articles, which were included in the study, 
showed that 9 articles investigated the concentration of 
suspended particles of PM10 and PM2.5, 7 articles investigated 
the concentration of suspended particles of PM10, PM2.5 
and PM1, 3 articles investigated suspended particles of 
PM10, PM7, PM4, PM2.5 and PM1, 2 articles specialized in 

PM10 and 3 articles specialized in concentration of PM2.5 
in different cities of Iran. Regarding the results, the mean 
concentration of the particulate matters in Iran were PM10 
(146.39 ± 123.31 µg/m3), PM7 (97.72 ± 161.84 µg/m3), PM4 
(70.91 ± 118.5 µg/m3), PM2.5 (37.03 ± 53.54 µg/m3), PM1 
(27.38 ± 19.83 µg/m3) for Tehran, Mashhad, Karaj, Ahvaz, 
Kashan, Isfahan, Sabzevar, Yazd, Durud, Khorramabad, Arak, 
the boxplot of the results is presented in Figure 1.

Figure 1: Mean concentration of PM1, PM2.5, PM4, PM7, PM10 (µg/m3) in different cities of Iran.

https://medwinpublishers.com/ACT/
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 According to Figure 1, PM10 (146.39 µg/m3) was 
the highest concentration of the suspended particles and 
it was followed by PM7 (97.72 µg/m3), PM4 (70.91 µg/
m3), PM2.5 (37.03 µg/m3), and PM1 (27.38 µg/m3). It 
indicates that the mean concentration of PM2.5 and PM1 
are very close. They are the lowest mean levels among 
the PMs. Maximum concentrations for the PMs were 

results as PM10 (5337.6 ± 407.07 µg/m3), PM7 (580.5 ± 
80.47 µg/m3), PM4 (281.7 ± 56.84 µg/m3), PM2,5 (910.9 
± 83.2 µg/m3), PM1 (495.3 ± 34.9 µg/m3) and minimum 
concentrations of them were as PM10 (2.22 ± 35.13 µg/
m3), PM7 (58.23 ± 47.47 µg/m3), PM4 (35.84 ± 27.33 µg/
m3), PM2.5 (0.1 ± 14.35 µg/m3), PM1 (10.31 ± 10.46 µg/m3). 

Figure 2: Distribution of concentration of particulate matters in Iran.

The distribution of PMs in Iran shows higher 
concentrations for the coarse particles compared to the fine 
particles (Figure 2). Concentration of PM10 and PM7 are more 
widely distributed compared to remain. This is consistent 
with results of Ahmadi et al. They reported concentration 
of PM2.5 in 9 cities in the west and south of Iran. In their 
results, mean concentration of PM2.5 was 12.25 µg/m3 and 
Khuzestan province showed the highest mean concentration 
(15.29 µg/m3), where Hamedan province had the lowest 
mean concentration of PM2.5 (10.16 µg/m3), which were not 
considerably varied. It is proven by the previous researches 
that the particles of concern for human health are PM10 
and PM2.5. The fine particles or PM2.5 are 2.5 microns and 
smaller, which are invisible to the naked eye. It is generated 
by combustion or heating processes, generally. Moreover, 
there is a report of high exposure to PM2.5 in subway users 
compared to other transportation systems such as taxis or 
buses users [17]. After inhalation, these particles may have a 
stimulating effect on the upper respiratory tract or penetrate 
inside the lungs and cause complications in the lungs that 
lead to the lung disorders. They particles are dangerous for 
people who have a history of respiratory disease. Diseases 
such as upper respiratory tract infection, heart disorders, 
bronchitis, shortness of breath, pneumonia, harm to the 
chest and the effect on the body defense system are the 
main effects of suspended particles on humans. Prevalence 

of chronic obstructive pulmonary disease (COPD) increases 
due to exposure to air pollutants such as carbon monoxide 
and suspended particles [18]. According to the report of 
World Health Organization (WHO), for every 10 micrograms 
increase in the concentration of suspended particles, the 
death rate increases by 13 percent. In 2015-2016, the lung 
cancer mortality rate attributed to exposure to PM2.5 in 
people older than 30 years was conducted in 15 cities of Iran, 
and the total lung cancer mortality caused by PM2.5 in these 
15 cities was 120 cases for the study year. Aziz et al. reported 
that in Lahore, Pakistan, an average of 1250 people die 
annually due to air pollution [18]. The next category is PM10 
which are the particles with an aerodynamic diameter of less 
than 10 microns. These particles are produced as a result of 
industrial activities in greater amounts compared to PM2.5. 
Gilmour and his colleagues reported that PM10 particles lead 
to oxidative stress in macrophages by producing hydroxyl 
radicals [19]. The guideline level for PM10 is (150 µg/m3) in 
a 24-hour average. For every (10 µg/m3) increase in PM10 
concentration, total daily mortality increases by almost one 
percent [20].

 Seasonal Variation of the PMs 

Seasonal variations of the concentrations for PMs are 
reported in the 4 Out of 23 studies. All of them reported 
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PM1, PM2.5, PM7, and PM10 for summer, 2 studies reported 
PM1, PM2.5, and PM10 in spring, 2 studies reported PM1, 
PM2.5, PM7, and PM10 in the winter, and 1 article reported 
PM1, PM2.5, and PM10 in the autumn. Respect to the 
results, the mean concentrations of PMs in spring are as 
PM10 (318.03±212.64 µg/m3), PM2.5 (63.88±42.46 µg/
m3), PM1 (28.47±17.7 µg/m3), for the summer they are as 
PM10 (184.62±90.54 µg/m3), PM7 (85.23 µg/m3), PM2.5 
(66.46±39.41 µg/m3), PM1 (29.72±13.18 µg/m3), for autumn 
they are as PM10 (37±50.11 µg/m3), PM2.5(27.5±35.92 µg/
m3), PM1 (29±28.75 µg/m3), and for the winter they are as 
PM10 (116.41±110.18 µg/m3), PM7 (125.83 µg/m3), PM2.5 
(48.41±33.11 µg/m3), and PM1 (21±2.82 µg/m3) (Figure 3). 
Kianisadr, et al. reported PM2.5 (138.8 µg/m3) and PM10 
(202.1 µg/m3) in the summer of 2017 in Khorram Abad city, 
and the PM10 was higher than PM2.5 which is consistent with 
our results [21]. Miri, et al. reported PM10, PM2.5 and PM1 
particles in the fall and spring seasons in Sabzevar city, and 
the concentration of the PMs was higher in the fall, which is 
not agree with our findings [22]. Shahsavani, et al. stated the 

concentration of suspended particles in the spring of 2010 in 
Ahvaz city, and the average PM10 (319.6±407.07 µg/m3) was 
higher than PM2.5 (69.5±83.2 µg/m3) and the concentration 
of PM2.5 was higher than PM1 (37.02±34.9 µg/m3) which is 
consistent with our results [23]. Shahri, et al. reported the 
PMs of Khash cement factory in Sistan Baluchistan province, 
that the highest concentration of PM10 (64.92±3.76 µg/
m3) was in autumn and the highest concentration of PM2.5 
(24.32±2.51 µg/m3) was in spring. Unlikely, our findings 
showed that the highest concentration of PM10 is related 
to spring and the highest concentration of PM2.5 is related 
to summer [24]. Almasi, et al. during a period of 4 years 
(1390_87) reported the air quality of the city of Kermanshah 
in terms of PM10 concentration, the highest concentration of 
PM10 was related to the winter (21.96 µg/m3) and the lowest 
concentration was related to the summer season (4.81 µg/
m3), our results showed that the highest concentration of 
PM10 was related to the spring and the lowest concentration 
was related to the autumn [25].

Figure 3: Concentration of PM1, PM2.5, PM4, PM10 (µg/m3) in different seasons.

 Regional Changes of PMs 

The concentration of the PMs is reported in various 
environments in the studied literature. In this regard, in 3 
studies the concentration of PM10, PM7, PM2.5, and PM1 
reported for the official environments, 3 studies reported 
PM10, PM7, PM4, PM2.5, PM1 in the residential areas and 
2 studies reported PM10, PM7, PM4, PM2.5, PM1 in the 
industries. Given the reports, the mean concentration 
of the PMs for the official environments were as PM10 
(307.85±179.58 µg/m3), PM7 (104.54 µg/m3), PM2.5 
(67.84± µg/m3), and PM1 (17.16 µg/m3). For the residential 
environments they were PM10 (37.23 µg/m3), PM7 (4.3 

µg/m3), PM4 (2.5 µg/m3), PM2.5 (31.45 µg/m3), and PM1 
(27.93 µg/m3). And for the industrial environments they 
were PM10 (185.43±168.54 µg/m3), PM7 (284.56±58.84 
µg/m3), PM4 (207.74±19.4 µg/m3), PM2.5 (75.17±93.61 
µg/m3), PM1 (22.37±24.61 µg/m3) (Figure 4). Peihan, et 
al. reported the effect of air pollution on the kids’ liver in 
the residential areas of Sabzevar city. The concentration of 
PM10 (53.8±36.1 µg/m3), PM2.5 (46.8±33.2 µg/m3), and 
PM1(41.7±29.1 µg/m3) is consistent with the order in our 
finding as PM10>PM2.5>PM1(25). Karimi, et al. reported 
similar results for PM10 and PM2.5 in Arak industrial town 
as the PM10 (49.78±35.13 µg/m3) > PM2.5(22.92±14.35 
µg/m3), is also agree with our findings [26]. Barjoee, et al. 
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reported the PMs in a textile industry in Yazd, and the highest 
concentrations were PM10 (175.15µg/m3), PM7 (164.38 µg/
m3), PM4 (132.95 µg/m3), PM2.5 (98.5 µg/m3) and PM1 (7.74 
µg/m3) respectively. Our findings showed that PM7 is higher 

in the industrial areas compared to remain and the rest of 
them are consistent with our findings [26]. Similar results 
are reported by Kioumourtzoglou, et al. and PM10 >PM2.5 > 
PM1 is declared in their report [27].

 

Figure 4: Mean concentration of PM1, PM2.5, PM4, PM7, PM10 (µg/m3) in three administrative, industrial and residential 
areas.

 The Quality of the PMs

Today, megacities and industrial areas, especially in 
southwestern Iran, frequently suffer from heavy smog, 
which is mainly caused by heavy metals attached to PM10. 
Goudarzi, et al. reported the concentration of heavy metals 
in the ambient air of the city of Ahvaz, the highest and lowest 
concentration of heavy metals is reported in the industrial 
and residential areas, respectively. Zinc and lead were the 
most abundant elements among the heavy metals reported 
as PM10, followed by chromium and nickel. They reported 
that the combined carcinogenic risks of children and adults 
through inhalation and dermal exposure exceeded 1×10-4 
[27]. Leili, et al. reported the concentration of heavy metals 
related to PM10. They reported Pb (132.53±109.34 ng/m-3), 
Cr (9.12±2.14 ng/m-3), Cd (6.87±2.22 ng/m-3) and 79% of 
PM10 samples contained Cd levels higher than WHO annual 
average guideline (0.005 µg/m-3) and Cr in all samples was 
higher than 2.5 ng/m-3, that corresponds to an excess of 
lifetime risk of 1: 10,000 [28]. Shahswani, et al. reported 
the quantitative estimates of the elemental compositions of 
suspended particles, in which the percentage of elements, 
respectively: Silicon (41.28%), Aluminum (13.56%), Calcium 
(12.62%), Magnesium (5.76%), Iron (3.37%), Potassium 
(2.93%), Sulfur (2.73%), Barium (1.65%), Copper (1.65%), 
Chlorine) 0.82%), Zinc (0.58%) [29].

 Health Risk Assessment

Recently PM2.5 and PM10 are considered as Group I 
carcinogen by the International Agency for Research on 
Cancer [30]. According to the World Health Organization 
(WHO), ELCR values considered as “an acceptable limit for 
humans” in range from 1×10-5 to 1×10-6, but ELCR values 
< 1×10-6 are recommended by the USEPA [8,31]. Table 1 
summarizes the mean ELCR calculated for PM2.5 in ambient 
air of cities in Iran air quality monitoring stations for 10 
different age groups. As can be seen in the table, the ELCR 
values were higher than Iran the standard recommended by 
the EPA for all the studied groups.

 The expected cancer risk for all age groups were high, 
and unfortunately, these levels were much higher for children 
under 6 years old, indicating that these age groups are in risk 
of PM2.5 exposures in cities of Iran and therefore proper 
mitigation procedures should be used to decline the expected 
cancer risks to the children. Similar result is reported in the 
ambient atmosphere of Tehran which the expected cancer 
risk for all age groups were high, and the risk was much 
higher for children under 3 years old. Moreover, the level 
of cancer risk was higher in 2017 compared to 2016.It is 
reported that a range of 2.6–4.4 million premature deaths 
annually are attributed to air pollution [32].

https://medwinpublishers.com/ACT/
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Age groups (year)

 Birth to 
<1 1 to <2 2 to <3 3 to <6 6 to <11 11 to <16 16 to <21 21 to 

<61 61 to <71 71 and 
Older

ELCR 4936.2 4702.9 4187.2 4937.7 4644.2 4844.2 4844.3 4625 4726.8 4720

Table 2: Cancer risk (ELCR) related to PM2.5 concentrations in air of cities for Iran [10−6].

In order to assess non carcinogenic risk for PM2.5 and 
PM10 in air of cities of Iran in this research, the values of HQ 
are estimated for all age groups. The HQ values calculated 
are provided in Table 2. The values higher than 1 represent 
unacceptable exposure conditions with high chronic non-
cancer risks for the target organs (58,59). As shown in the 
table, the mean of HQ in study period for PM2.5 (7.41), shows 
an unacceptable risk. It was also found that HQ calculated 
for PM10 was higher than 1 (mean HQ=2.9), indicating a 
slightly elevated risk. HQ values for outdoor air of most 

cities are higher than 1, indicating high non-carcinogenic 
risk in the cities. Similar results are reported in the ambient 
atmosphere of Tehran, which mean of HQ in study period 
for PM2.5, 6.1 (2016) and 6.4 (2017), indicating high non-
carcinogenic risk [10]. Jafari, et al. reported the QH value 
of PM2.5 (0.81) and PM10 (4.96) in a hospital of Tehran. 
Exposure to PM can lead to some health effects such as lung 
inflammation, lung function reduction, deleterious impacts 
on the cardiovascular system, increased hospital admission, 
and sometimes death [33].

 
Age groups (year)

 Birth to <1 1 to <2 2 to <3 3 to <6 6 to <11 11 to <16 16 to <21 21 to <61 61 to <71 71 and Older
PM2.5 7.4 7.4 6.6 7.4 7.6 7.5 7.4 7.4 8.1 7.3
PM10 2.92 2.92 2.92 2.92 2.92 2.92 2.91 2.92 2.92 2.92

Table 3: Hazard quotient (HQ) related to PM2.5 and PM10 concentrations in ambient air of cities in Iran.

Conclusion

According to the results, the concentration of PM10 was 
higher than other PMs in all cases, also pollution caused by 
suspended particles is more in spring and summer than in 
autumn and winter. The concentration of these particles in 
industrial areas is more than in office and residential areas. 
The amount of PM10 and PM2.5 pollutions for all age groups 
is higher than the set guidelines and leads to an increase in 
the risk of cancer and non-cancer in people at risk. It seems 
that stricter inspection and regulations for controlling health 
risks is needed.
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