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A B S T R A C T   

In big and industrial cities of developing countries, illness and mortality from long-term exposure to air pol-
lutants have become a serious issue. This research was carried out in 2019–2020 to estimate the health impacts of 
PM10, NO2 and O3 pollutants by using AirQ+ and R statistical programming software in Arak, Isfahan, Tabriz, 
Shiraz, Karaj, and Mashhad. Mortality statistics, number of people in required age groups, and amount of pol-
lutants were gathered respectively from different agencies like Statistics and Information Technology of the 
Ministry of Health, Statistical Center, and Department of Environment and by using Excel, the average 24-hour 
and 1-hour concentration and maximum 8-hour concentration for PM10, NO2 and O3 pollutants were gathered. 
We used linear mixed impacts model to account for the longitudinal observations and heterogeneity of the cities. 
The results of the study showed high number of deaths due to chronic bronchitis in adults, premature death of 
infants, and respiratory diseases in Mashhad. This research highlights the importance of estimation of health 
impacts from exposure to air pollutants on residents of the studied cities.   

1. Introduction 

Air is one of the most basic needs for the continuation of human life 
and other living creatures [1]. Inappropriate air quality in big cities 
causes harmful damage to people’s health and environment [1–3]. 
Various researches have shown that short and long-term exposure to air 
pollutants cause a wide range of acute and chronic complications, 
reduction of public welfare, decrease in gross domestic product, and 
mortalities [4–16]. Pollutants like (PM) particles, sulfur dioxide, carbon 
monoxide, lead and nitrogen dioxide have been presented as criteria air 
pollutants by Environmental Protection Agency (EPA) [7,17–19]. PM10 
is one of the most significant air pollutants that plays an important role 
in air pollution in European countries. Complications from exposure to 
PM10 can be lung cancer, Cardiovascular and respiratory diseases, 
Chronic obstructive pulmonary disease, lung inflammation, and asthma 
[19–22]. Furthermore, increased deaths from respiratory diseases leads 

to reduction of life expectancy [7]. Research has shown that with an 
increase in PM10 concentration of 310 μg/m3, the death rate increases by 
almost 1% [20]. Compounds of nitrogen are another types of atmo-
spheric pollutants. Motorized vehicles are important sources of NO2 and 
NOx emissions. Exposure to these pollutants can cause cough, wheezing, 
virus infections, inflammation of lungs and bronchi, asthma, and early 
death [19,23]. VOCs are precursors of ozone layer [24]. In their study, 
Medina-Ramon et al. and Burnett et al. found that exposure to ozone 
causes asthma and increase in hospitalizations [25]. 

In recent years, different programs like Aphekom, BenMAP, AirQ, 
and AirQ+ have been used to measure the health impacts of air pollut-
ants [16], but AirQ+ is the most suitable in terms of measurement in 
anti-health impacts of exposure to atmospheric pollutants on people’s 
health in specific time period and location [7,26,27] that can measure 
the mortalities related to pollutants by using total population statistics, 
population at risk, basic incidence rate, and relative risk [3,28]. 

Abbreviations: WHO, World Health Organization; BI, Basline Incidence; RR, Relative Risk; PM10, Particulate Matter Less than 10 µm; NO2, Nitrogen dioxide; O3, 
Ozone; EPA, Europ Protection Agency. 
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Although various studies have been conducted around the world to es-
timate the health impacts of exposure to pollutants affecting people’s 
health [5]; however, few studies about the mentioned topic have been 
conducted in important metropolitan cities in Iran, which are among the 
most polluted cities in the world [29]. Therefore, considering the 
importance and sensitivity of the issue, the purpose of this research is to 
estimate the health impacts of long-term exposure to standard air pol-
lutants (PM10, NO2, O3) and evaluate the changes of pollutants over time 
using linear polynomial mixed impacts regression models during 
2019–2020 in Arak, Isfahan, Tabriz, Shiraz, Karaj, and mashhad. 

2. Methodology 

In this study, the evaluation of health impacts caused by exposure to 
PM10, NO2, O3 pollutants was calculated by AirQ+ software and evalu-
ation of changes in pollutants over time was done with the help of linear 
mixed impacts model method. 

2.1. Data gathering and processing 

The amount of hourly concentration of PM10, NO2, O3 pollutants, the 
total population and over 30, and mortality statistics were respectively 
received from Department of Environment, Statistical Center, and Sta-
tistics and Technology of Ministry of Health during 2019–2020. Then, to 
validate the pollutants, zero and negative data were removed and 24- 
hour average concentration of PM10 pollutant, 1-hour average concen-
tration of NO2 and 8-hour maximum concentration of O3 were obtained 
according to WHO standard by Excel software [30]. Fig. 1. 

2.2. AirQ+ software 

AirQ+ evaluates the health impacts of exposure to air pollutants by 
using baseline incidence (BI), relative risk (RR), and doze function in 
specific time period and location [31–33]. In Table (1), according to the 
standard of the World Health Organization (WHO), amounts of RR and 
BI are presented[31,34,35]. 

In order to evaluate the health risks caused by exposure to pollutants, 
data such as annual average values of pollutants (μg/m3), total popu-
lation and population at risk (number or percentage), basic incidence 
per 105 populations (for the incidence of asthma symptoms in asthmatic 
children, the prevalence of bronchitis in children and incidence of 
chronic bronchitis in adults), and basic incidence per 103 (premature 
death of infants) are needed. During this research, the evaluation of the 
health impacts was done based on the attributable population propor-
tion [28,36]. Studies have shown that there is a relationship between 
relative risk (RR) and attributable proportion (AP), which is shown in 
Eq. (1). 

AP =

∑
[(RR(c) − 1 ) × P(c)]
[RR(c) × P(c)]

(1) 

Here, the relative risk value for specific health impacts in category "c" 
of exposure (c)RR, which is obtained from the dose-response functions, 
AP attributable proportion of the health impacts, P(c) exposed group of 
the population proportion It is in category "c". 

Rate of attributable proportion caused by exposure to pollutants can 
be evaluated when the baseline frequency of the specific health impact 

in the population is in the form of Eq. (2).  

IE = I × AP                                                                                   (2) 

Here, I baseline incidence of the health impacts is studied. IE is the 
health impact rate attributable to the exposure [37–39]. 

To calculate the population, the number of estimated excess cases 
caused by exposure to pollutants is obtained by using the Eq. (3).  

NE = IE× N                                                                                  (3) 

NE is the number of excess cases, and N is the size of the population 
under study. 

Evaluation of health risks caused by exposure to pollutants was done 
using the linear-log method. 

2.3. Statistical analysis 

To describe the amount of each pollutants during the months in 
different cities, mean (standard deviation) was used. To analyze the 
development of pollutants and the impact of time in different cities, 
linear mixed effect (LME) model with polynomial was were utilized. The 
LMEL is a regression model in which assesses the impact of predictors on 
a continuous variable. The random effect in this model considers the 
variation caused by the longitudinal nature of the data for each city over 
the time. This model is usually used when unknown sources of variation 
exist and reduces the standard error of estimated coefficients using 
random effects. According to the dynamic nature of observed pollutants 
over the time, considering nonlinear association between the time and 
the pollutants is vital [40,41]. Therefore, we used polynomial LME 
models for our dataset. For city i at time j, the model can be written as 
follows in which Yij is the response variable (the pollutant), β0 is the 
intercept, β1 is the coefficient of first order impact of covariate X1, β2 is 
the coefficient of second order impact of covariate X1, bi the random 
intercept to capture the variation caused by the presence of different 
cities which follows a normal distribution with zero mean and var-
ianceσ2

b , and εij is the error term. 

Yij = bi + β0 + β1X1ij + β2X2
1ij + ..+ εij 

The data analysis has been carried out using R statistical program-
ming software using “lme4″ package. A probability value less 0.05 was 
considered as significant. 

3. Results and discussion 

3.1. criteria pollutants concentration 

To evaluate the health impacts of exposure to standard air pollutants 
and assessing the polynomial trend of pollutants over the time and 
different major cities in Iran, the data from the average annual con-
centration of PM10, NO2 and O3 given in Table (2), were used. The 
maximum and minimum average annual concentration of PM10 is 
related to Shiraz and Isfahan with values 54.60 ± 19.36 and 29.04 
± 17.78 respectively which was above the standard (WHO, 2006)[42]. 
This increase is probably due to the combustion of fuels, transportation, 
and dust storms which matched with the findings of Todorović et al., 
Serbia and Sicard et al. in three cities (Ahvaz, Kermanshah, and Arak) in 

Fig. 1. The performance of steps in this study.  
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Iran. Eskandari et al., in Dezfoul, Barzeghar in Tabriz, and Khaniabadi 
et al., in Ilam [7,15,19,43–45]. Eskandari et al. in their study in Dezfoul 
reported that the maximum and minimum average daily concentration 
of PM10 were 192 and 110 micrograms per cubic meter respectively 
which was above the standard [7]. During another similar study in 
Ahvaz, the maximum and minimum level of PM10 were 420.5 and 154.6 
micrograms per cubic meter respectively [46]. Moreover, Eskandari 
et al., reported that the maximum and minimum concentration of PM10 
in Dezfoul were 192 and 110 micrograms per cubic meter respectively 
[7]. Zarandi et al. in their research from 21 stations in Tehran, reported 
the concentration of PM10 between 56–153 micrograms per cubic meter 
[47]. In similar studies in Tehran, the average annual concentration of 
PM10 were reported to be between 78.9–89.9 micrograms per cubic 
meter [48]. Barzeghar et al., found that the maximum and minimum 
level of PM10 were 86.4 and 67.5 micrograms per cubic meter respec-
tively [49]. In a study in Kermanshah, the annual concentration of PM10 
was reported to be 86 micrograms per cubic meter [32]. Furthermore, in 
another study by Goudarzi et al., in Kermanshah, the average annual 
concentration of PM10 was reported to be 85.7 μg/m3 [50]. Zallaghi 
et al., also found this value to be 90.03 in Kermanshah [32]. In a study by 
Sicard et al. in three cities in Iran (Ahvaz, Arak, and Kermanshah), it was 
reported that the average annual concentration of PM10 was above the 
standard of WHO [15]. Moreover, Khaniabadi et al. in their study in Ilam 
reported this value 78 μg/m3 which was above the standard recom-
mended by WHO [51]. Geravandi et al. also during their three-year 
research in Ahvaz found that the average annual concentration of 
PM10 was between 278–288 micrograms per cubic meter which was 
above the standard[52]. Like the mentioned study, in southwest China, 
the average daily concentration of PM10 reported to be 156.6 micro-
grams per cubic meter which was above the standard [53]. Another 
similar study was conducted in Mecca and the level of PM10 found to be 
195.5 micrograms per cubic meter that was also more than the standard 
value[30]. Also, in another study in Serbia, the average annual con-
centration of PM10 reported to be more than air quality guideline (AQG) 
(20 micrograms per cubic meter) [19]. Moreover, in a study by Sicard 
et al., in Marseille, Nice, and Perpignan in France, the average annual 
concentration of PM10 in all cities except Perpignan were reported to be 
above the standard of WHO [15]. For O3 and NO2, the maximum and 
minimum maximum daily 8-hour mean and daily mean, average annual 

concentration were reported to be 35.99 ± 9.73, 15.36 ± 9.52 and 
35.47 ± 9.01, and 2.60 ± 2.09 micrograms per cubic meter for 
Mashhad-Shiraz and Shiraz-Karaj which didn’t go above the standard of 
WHO[19,54]. It seems that the high level of O3 in Mashhad compared to 
the other studied cities is due to petrochemical industry in the region 
and increased transportation which matched with the finding of studies 
by Joaquim Rovira et al. in Catalonia, Spain, Barzeghar et al. in Tabriz, 
and Faridi et al., and Dehghan et al. in Tehran [33,42,49,55]. Also, high 
concentration of NO2 in Shiraz compared to other cities under investi-
gation is related to the emission of this pollutant from factories, in-
dustries, and increase in vehicle traffic which matched with the findings 
of Todorvocić et al. in Belgrade and Novi sad, Joaquim et al. in Cata-
lonia, Spain, and Mazaheri et al. in Tehran [49,56,57]. In a similar in 
Ahvaz by Karimi et al., the average daily concentration of O3 and NO2 
were reported to be 38.63 ppbv and 135.90 μg/m3 respectively [16]. In 
a three-year research, they reported that the average annual concen-
tration of NO2 was 4.1, 1.9, and 4.3 times more than the standard value, 
while there was no. 

such result for O3. Another similar study in Ahvaz was conducted by 
Dastoopoor et al. and the average daily concentration of O3 and NO2 
were reported to be 62 μg/m3 and 44.20 μg/m3 (31,07 bbpv) [16]. 
Moreover, in a study by Zarandi et al. in Tehran, the average daily 
concentration of O3 and NO2 were found to be 61.9 and 115.1 μg/m3 

respectively [58]. The findings showed that the concentration of pol-
lutants in south east was increased which might be due to the A lot of 
dust and vehicle traffic in that city [30]. Generally, because of the 
replacement of old vehicles with new ones and changing the type of fuel, 
the level of concentration of pollutants in Shiraz was less than the other 
studied cities [48]. 

3.2. Health impacts of criteria pollutants exposures 

Activities of people in different fields leads to the release of air 
pollutants and ultimately will have negative effects on human health 
[7]. In this study, health impacts of long-term exposure to NO2, O3, and 
PM10 are evaluated by AirQ. These impacts include chronic bronchitis, 
premature death of infants, respiratory diseases, and all causes. Ac-
cording to Table (3), Attributable proportion (AP), the number of 
attributable cases (NAC), several attributable cases per 100.000 

Table 1 
Long-term health endpoints, baseline incidence (BI) range rates and relative risk (RR) values used in this study.  

Air 
pollutant 

Health endpoints BI per 105 capita RR (CI) RR references 

Arak Esfahan Tabriz Shiraz Karaj Mashhad   

PM10 Incidence of chronic bronchitis in adults (age ≥
30)  

17.79  17.65  24.30  15.99  13.46  19.85 1.117 
(1.040–1.189) 

(Héroux et al., 
2015) 

Post neonatal (age 1–12 months) infant 
mortality, all-cause  

334.34  310.55  264.64  347.02  199.22  347.11 1.04 (1.02, 1.07) (Héroux et al., 
2015) 

O3 Mortality, respiratory diseases (age ≥ 30)  40.02  33.55  53.18  27.29  21.91  48.05 1.014 
(1.005–1.024) 

(Héroux et al., 
2015) 

NO2 All natural mortality for adults > 30 years old  966.0  777.40  1003.0  797.0  549.0  936.4 1.041 (1.019 – 
1.064) 

(Héroux et al., 
2015)  

Table 2 
Statistical summary of PM10,O3,NO2 pollutants in this study (2019–2020).  

Parameter  Arak Esfahan Tabriz Shiraz Karaj Mashhad 

PM10 concentration (μg/ m3) Max 132 161.28 100.08 79.77 83.58 95.67  
Min 9.07 18.24 9.62 2.64 0.15 0.81  
Mean ± S.D 38.71 ± 11.90 54.60 ± 19.36 50.37 ± 16.86 29.04 ± 17.78 31.63 ± 14.98 49.14 ± 12.54 

O3 concentration (ppb) Max 32.72 37.46 47.16 50.93 34.29 58.89  
Min 9.17 7.44 5.02 0.27 2.09 19.83  
Mean ± S.D 24.52 ± 4.84 23.32 ± 5.86 15.46 ± 5.23 15.36 ± 9.52 17.27 ± 7.31 35.99 ± 9.73 

NO2 concentration (μg/ m3) Max 49.90 16.35 66.79 59.55 37.54 58.58  
Min 4.04 14.16 0.11 11.46 0.49 0.04  
Mean ± S.D 32.43 ± 7.79 15.41 ± 0.46 25.07 ± 14.62 35.47 ± 9.01 2.60 ± 2.09 21.76 ± 16.45  
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populations at risk (NACPR), and problems of exposure to NO2, O3, and 
PM10 are measured. Values of baseline incidence (BI) of mentioned ef-
fects are calculated based on the equation. The maximum and minimum 
excess cases is 2222 and is related to Post neonatal (age 1–12 months) 
infants and Respiratory diseases. Also, the maximum and minimum 
mortalities of chronic bronchitis (10− 73), premature death of infants 
(238–2222) in Mashhad and Arak, respiratory diseases (0− 29) in 
Mashhad and Isfahan, and natural mortality (32–1232) in Mashhad and 
Karaj were reported (Table 3). During a research that was conducted in 
Ahvaz in order to estimate mortality of short-term exposure to PM10, 
278 cases of death was reported [30]. Maleki et al. in their study in 
Ahvaz reported the death rate due to long-term exposure to PM10 to be 
630 cases [15]. Gholampour et al. reported 363 deaths due to exposure 
to PM10 in their study in Tabriz city[59]. In a research conducted in 
China and East Asia, it was shown that short-term exposure to PM10 
pollutant plays a significant role in mortality from respiratory and car-
diovascular diseases[21,22,60–64]. 

During a research in the Ahvaz, 44 and 362 natural deaths were 
estimated due to short-term exposure to O3 and NO2 pollutants, 
respectively [16]. Similar to mentioned study, Barzeghar et al. in their 
study in Tabriz found the mortality rate due to long-term exposure to O3 
to be 3–13 cases [49]. In addition, Faridi et al. in their study in Tehran 
reported the mortality rate of long-term exposure to O3 to be 54 cases 
[15]. Goudarzi et al. reported the mortality rate of short-term exposure 
to O3 to be 6,17% and 173 cases [16]. A study in 13 Italian cities was 
conducted by Martuzzi et al. and it was found that 516 people died due 
to long-term exposure to O3 [38]. The result of a research in Suwon, 
South Korea showed that the number of people who died due to 
short-term exposure to O3 was 43 cases [65]. In addition, during a study 
conducted Naples, Livorno and Rome in Italy, the number of deaths due 
to long-term exposure to O3 was estimated to be 614 and 29990, 

Table 3 
Health effects attributed to long-term exposure to ambient criteria pollutants 
concentrations.  

city Parameter Health 
endpoint 

Attributable 
proportion 
(%) 

Excess 
cases 

Attributable 
cases per 
100,000 
people 

Arak PM10 Incidence of 
chronic 
bronchitis 
in adults 
mortality 

19.72 
(7.49-29.08) 

10 
(4-15) 

3.51 
(1.33-5.17)   

Post 
neonatal 
(age 1–12 
months) 
infant 
mortality 

7.49 
(3.86-12.57) 

238 
(123- 
400) 

25.04 
(12.89- 
42.02)  

O3 Respiratory 
disease 
mortality 

- - -  

NO2 All natural 
mortality 

6.67 
(3.18-10.12) 

319 
(152- 
483) 

64.47 
(30.75- 
97.71) 

Esfahan PM10 Incidence of 
chronic 
bronchitis 
in adults 
mortality 

24.21 
(9.36-35.19) 

55 
(21- 
80) 

4.27 
(1.65-6.21)   

Post 
neonatal 
(age 1–12 
months) 
infant 
mortality 

9.36 
(4.84-15.59) 

961 
(497- 
1601) 

29.07 
(15.03- 
48.43)  

O3 Respiratory 
disease 
mortality 

0.03 
(0.01-0.06) 

0 
(0-0) 

0.01 
(0.00-0.02)  

NO2 All natural 
mortality 

2.45 
(1.16-3.76) 

396 
(187- 
608) 

19.08 
(9.00-29.27) 

Tabriz PM10 Incidence of 
chronic 
bronchitis 
in adults 
mortality 

23.18 
(8.92-33.81) 

54 
(21- 
79) 

5.63 
(2.17-8.22)   

Post 
neonatal 
(age 1–12 
months) 
infant 
mortality 

9.36 
(4.61-14.89) 

648 
(335- 
1082) 

23.62 
(12.20- 
39.41)  

O3 Respiratory 
disease 
mortality 

0.16 
(0.06-0.28) 

1 
(0-1) 

0.09 
(0.03-0.15)  

NO2 All natural 
mortality 

5.22 
(2.48-7.94) 

828 
(393- 
1260) 

52.36 
(24.88- 
79.69) 

Shiraz PM10 Incidence of 
chronic 
bronchitis 
in adults 
mortality 

15.79 
(5.91-23.58) 

26 
(10- 
39) 

2.53 
(0.95-3.77)   

Post 
neonatal 
(age 1–12 
months) 
infant 
mortality 

5.91 
(3.03-9.98) 

573 
(293- 
967) 

20.51 
(10.51- 
34.63)  

O3 Respiratory 
disease 
mortality 

0.52 
(0.19-0.88) 

1 
(1-2) 

0.14 
(0.05-0.24)  

NO2 All natural 
mortality 

7.18 
(3.43-10.86) 

984 
(470- 
1489) 

57.20 
(27.33- 
86.57)  

Table 3 (continued ) 

city Parameter Health 
endpoint 

Attributable 
proportion 
(%) 

Excess 
cases 

Attributable 
cases per 
100,000 
people 

Karaj PM10 Incidence of 
chronic 
bronchitis 
in adults 
mortality 

16.98 
(6.38-25.26) 

26 
(10- 
39) 

2.29 
(0.86-3.40)   

Post 
neonatal 
(age 1–12 
months) 
infant 
mortality 

6.38 
(3.28-10.75) 

394 
(202- 
664) 

12.71 
(6.52-21.42)  

O3 Respiratory 
disease 
mortality 

- - -  

NO2 All natural 
mortality 

0.33 
(0.15-0.51) 

34 
(16- 
53) 

1.81 
(0.85-2.79) 

Mashhad PM10 Incidence of 
chronic 
bronchitis 
in adults 
mortality 

22.86 
(8.79-33.38) 

73 
(28- 
107) 

4.54 
(1.74-6.63)   

Post 
neonatal 
(age 1–12 
months) 
infant 
mortality 

8.79 
(4.54-14.68) 

2222 
(1147- 
3710) 

30.51 
(15.76- 
50.94)  

O3 Respiratory 
disease 
mortality 

3.76 
(1.37-6.33) 

29 
(11- 
49) 

1.81 
(0.66-3.04)  

NO2 All natural 
mortality 

4.42 
(2.09-6.74) 

1232 
(584- 
1879) 

41.37 
(19.61- 
63.09)  
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respectively [15]. Also, during another research conducted in Italy and 
France, 3380 and 1780 people died due to long-term exposure to O3, 
respectively [66]. During a similar study in Ahvaz by Karimi et al., the 
number of natural deaths due to long-term exposure to NO2 pollutant 
was 4391 cases [16]. In a similar study in Ahvaz, Geravandi et al. re-
ported 4.76% of natural mortality due to short-term exposure to NO2 
[16]. The reason for the difference between the results of our study and 
the aforementioned studies can be due to the study, relative risk values, 
exposure population, and period. 

3.3. Changes in the concentration of pollutants during the time 

The descriptive statistics of pollutants are shown as mean (standard 
deviation) for each city during one year in Table 4. 

Table 5 shows the results of LME model in which the linear, 
quadratic and cubic impact of time on the pollutants are estimated via 
estimated coefficient (standard error). Time has a cubic effect on O3 over 
the time for Arak (time3 = − 102.57(12.29), p < 0.001). The mean 
difference of O3 at the baseline is significantly higher in Esfahan and 
Shiraz and lower in Tabriz in comparison to Arak (p < 0.001). Consid-
ering the third order effect, all cities except for Tabriz had higher mean 
O3 over the time. The standard deviation of the random intercept 
(standard error) is 0.92 (0.09) which justifies the considerable differ-
ence among the cities in term of O3. Fig. 2 shows the observed devel-
opment of O3 and fitted O3 (95% confidence interval) for the cities over 
the time. The determinant coefficient of this model was 0.61. 

Mean NO2 at baseline was 42.84 higher in Arak comparing to 
Mashhad (p < 0.001) while it was not statistically different comparing 
to other cities. Similar to O3, NO2 follows a cubic trend over the time for 
Arak (p < 0.001). Comparing to Arak as the reference city, all other 
cities have lower average of NO2 over the cubic time (p < 0.001). The 

standard deviation of the random intercept (standard error) for the LME 
model assessing NO2 is 10.93 (1.78). Fig. 3 shows the observed devel-
opment of NO2 and fitted NO2 (95% confidence interval) for the cities 
over the time. The determinant coefficient of this model was 0.52. 

The result of the model for PM10 indicates that cities have the same 
average at baseline, however, the trend follows a quadratic and cubic 
pattern over the time for Arak (p < 0.001). The average of PM10 was 
192.52 (p < 0.001) and 96.02 (p = 0.038) higher in Karaj and Mashhad 
comparing to Arak in a quadratic pattern over the time. In a cubic 
pattern, the average of PM10 was 278.14 (p < 0.001) lower and 253.29 
(p < 0.001) higher in Shiraz and Tabriz over the time. The standard 
deviation of the random intercept (standard error) for the LME model 
assessing PM10 is 14.43 (1.23). Fig. 4 shows the observed development 
of PM10 and fitted PM10 (95% confidence interval) for the cities over the 
time. The determinant coefficient of this model was 0.69. 

4. Conclusion 

During this research, the health impacts of long-term exposure to 
PM10, NO2 and O3 air pollutants in Arak, Isfahan, Tabriz, Shiraz, Karaj 
and Mashhad were investigated in 2019–2020. We investigated the 
trend of the pollutants over the time by considering the polynomial 
impact of time and the differences in the cities. The results of the 
research show that the concentration of PM10 and NO2 pollutants in 
most of the studied cities was higher than the permissible limit of the 
World Health Organization. It is believed that global warming, shortage 
of water, removal of vegetation and dust are the main reasons for the 
increase in the concentration of pollutants. The findings of the health 
impact evaluation showed that the number of deaths caused by pre-
mature infant mortality was the highest among other diseases. Different 
concentrations of atmospheric pollutants, diversity of culture and 

Table 4 
The descriptive statistics of pollutants as mean (standard deviation) for each city during one year.  

Pollutant Month Arak Esfahan Karaj Mashhad Shiraz Tabriz 

PM10  1  32.04 (14.1)  74.19 (21.85)  23.34 (6.16)  37.88 (4.78)  11.59 (13.17)  20.71 (6.07)   
2  32.72 (21.21)  66.49 (21.85)  33.55 (9.43)  41.75 (6.79)  10.31 (3.60)  56.69 (15.47)   
3  39.15 (15.66)  65.43 (10.04)  52.76 (9.82)  53.26 (9.19)  15.15 (2.10)  63.43 (18.00)   
4  47.01 (13.26)  67.05 (21.70)  36.04 (15.2)  55.18 (8.26)  18.60 (4.64)  56.58 (17.04)   
5  42.36 (15.8)  66.08 (11.96)  6.78 (5.23)  41.87 (5.54)  15.06 (2.95)  64.05 (13.60)   
6  38.04 (8.57)  54.62 (8.65)  11.01 (12.81)  40.62 (5.85)  28.88 (14.98)  38.82 (8.73)   
7  39.41 (5.64)  53.53 (8.66)  42.41 (13.03)  50.14 (6.10)  47.32 (5.17)  52.89 (15.62)   
8  37.93 (5.24)  59.24 (11.81)  34.23 (4.44)  60.46 (17.78)  50.07 (8.60)  43.67 (15.76)   
9  38.82 (5.48)  39.08 (12.30)  35.86 (4.50)  41.22 (21.8)  46.21 (7.75)  49.99 (9.97)   

10  40.8 (4.15)  34.39 (7.58)  35.04 (4.53)  55.90 (5.88)  40.87 (18.92)  53.09 (7.63)   
11  38.11 (5.03)  36.02 (7.55)  33.66 (5.29)  56.58 (6.30)  24.86 (12.75)  52.28 (7.32)   
12  38.21 (5.22)  36.32 (6.51)  36.01 (4.72)  55.92 (6.65)  42.52 (12.12)  52.44 (7.54) 

O3  1  25.49 (1.63)  25.73 (1.83)  20.65 (1.86)  24.86 (2.34)  26.6 (3.49)  15.27 (1.78)   
2  27.09 (3.48)  26.08 (2.77)  20.16 (1.96)  24.87 (3.40)  30.63 (6.62)  11.19 (1.43)   
3  23.82 (1.66)  24.65 (3.18)  19.16 (1.86)  25.84 (2.82)  25.73 (11.01)  15.67 (9.77)   
4  16.08 (5.84)  28.11 (2.93)  20.63 (2.44)  26.19 (2.61)  16.86 (5.55)  13.14 (2.26)   
5  17.01 (5.72)  27.90 (3.38)  18.44 (2.52)  29.44 (7.60)  15.25 (5.54)  16.40 (3.38)   
6  24.56 (1.65)  25.25 (6.16)  19.96 (3.06)  44.42 (4.65)  12.21 (3.58)  18.28 (2.94)   
7  26.61 (1.67)  24.10 (3.25)  24.78 (3.30)  45.79 (3.50)  11.52 (5.19)  20.65 (2.78)   
8  27.12 (2.02)  24.04 (3.40)  24.50 (4.67)  42.24 (3.66)  12.34 (3.99)  17.45 (3.92)   
9  26.87 (1.56)  23.11 (2.21)  9.86 (6.66)  40.85 (5.15)  11.49 (4.35)  18.44 (3.37)   

10  27.65 (2.01)  23.20 (2.50)  6.48 (1.97)  40.6 (3.760)  7.48 (4.52)  18.05 (4.45)   
11  26.46 (2.50)  14.66 (6.45)  15.92 (9.14)  41.12 (4.40)  6.57 (2.61)  11.53 (4.03)   
12  26.01 (2.61)  12.10 (1.63)  5.85 (2.50)  47.42 (6.93)  6.24 (3.32)  9.35 (2.81) 

NO2  1  39.84 (2.15)  27.14 (12.98)  11.27 (8.25)  8.49 (1.35)  43.84 (5.56)  31.24 (8.27)   
2  40.35 (2.52)  27.89 (12.93)  9.19 (1.46)  8.70 (0.87)  42.97 (4.01)  40.89 (10.4)   
3  37.9 (2.11)  34.89 (12.94)  13.31 (1.96)  6.91 (1.64)  43.19 (3.63)  46.06 (12.1)   
4  38.79 (2.63)  35.01 (12.79)  6.49 (3.06)  4.76 (1.63)  42.05 (7.94)  16.73 (13.4)   
5  41.08 (5.05)  33.04 (13.82)  9.78 (3.38)  5.42 (4.92)  30.95 (3.08)  3.68 (1.24)   
6  27.3 (4.38)  22.24 (16.76)  7.88 (1.16)  14.79 (2.76)  35.86 (3.02)  7.39 (1.05)   
7  24.74 (3.27)  17.76 (3.87)  13.16 (1.89)  15.90 (3.03)  36.03 (7.72)  12.28 (1.71)   
8  20.74 (1.36)  35.9 (5.54)  11.46 (9.03)  31.83 (12.2)  32.12 (5.97)  23.8 (6.02)   
9  24.6 (9.78)  27.82 (6.52)  8.08 (1.16)  43.54 (4.67)  33.54 (3.12)  34.56 (7.63)   

10  30.75 (1.01)  28.33 (5.61)  13.39 (1.94)  42.4 (5.96)  38.73 (8.36)  28.46 (6.42)   
11  30.98 (1.02)  23.35 (6.56)  12.44 (7.71)  40.84 (5.32)  22.95 (6.10)  28.23 (5.04)   
12  31.02 (0.88)  15.63 (0.24)  9.16 (1.35)  41.01 (6.58)  22.18 (5.53)  27.87 (5.42)  
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customs, and duration of exposure were effective reasons on the dif-
ference in number of deaths. The results of this research can provide 
policymakers with appropriate solutions such as replacing new and 

electric cars with scrap cars, proper dust control, and reducing the 
consumption of harmful fuels to control the amount of pollutants. Due to 
the necessity and importance of estimating the health effects of exposure 

Table 5 
The results of LME model in which the linear, quadratic and cubic impact of time on the pollutants.  

Parameters O3 NO2 PM10 

Estimate (SE) p-value Estimate (SE) p-value Estimate (SE) p-value 

Intercept.  22.205 (1.065)  <0.001  40.157 (10.965)  <0.001  37.124 (14.499)  0.010 
Esfahan  7.356 (1.506)  <0.001  -7.736 (15.507)  0.618  40.136 (20.505)  0.050 
Karaj  1.625 (1.506)  0.281  -30.113 (15.507)  0.052  -8.082 (20.505)  0.693 
Mashhad  0.934 (1.506)  0.535  -42.845 (15.507)  0.006  4.609 (20.505)  0.822 
Shiraz  5.95 (1.506)  <0.001  5.63 (15.507)  0.717  -27.554 (20.505)  0.179 
Tabriz  -6.52 (1.506)  <0.001  -12.224 (15.507)  0.431  10.069 (20.505)  0.623 
time  0.013 (0.002)  <0.001  -0.042 (0.004)  <0.001  0.009 (0.007)  0.189 
month2  57.222 (12.296)  <0.001  123.758 (20.594)  <0.001  -97.438 (32.697)  0.003 

month3  -102.57 (12.296)  <0.001  125.175 (20.594)  <0.001  76.078 (32.697)  0.020 
Esfahan× month  -0.047 (0.004)  <0.001  0.015 (0.006)  0.010  -0.133 (0.009)  <0.001 
Karaj× month  -0.048 (0.004)  <0.001  0.044 (0.006)  <0.001  0.005 (0.009)  0.558 
Mashhad× month  0.058 (0.004)  <0.001  0.176 (0.006)  <0.001  0.032 (0.009)  0.001 
Shiraz× month  -0.083 (0.004)  <0.001  -0.014 (0.006)  0.017  0.098 (0.009)  <0.001 
Tabriz× month  -0.014 (0.004)  <0.001  0.027 (0.006)  <0.001  0.009 (0.009)  0.354 
Esfahan× month2  -180.115 (17.39)  <0.001  -235.083 (29.125)  <0.001  32.165 (46.24)  0.487 

Karaj× month2  -173.49 (17.39)  <0.001  -108.953 (29.125)  <0.001  192.527 (46.24)  <0.001 

Mashhad× month2  -136.947 (17.39)  <0.001  19.369 (29.125)  0.506  96.023 (46.24)  0.038 

Shiraz× month2  22.818 (17.39)  0.189  -159.971 (29.125)  <0.001  -107.719 (46.24)  0.020 

Tabriz× month2.2  -167.393 (17.39)  <0.001  216.24 (29.125)  <0.001  -61.987 (46.24)  0.180 

Esfahan× month3  71.06 (17.39)  <0.001  -100.838 (29.125)  0.001  -12.443 (46.24)  0.788 

Karaj× month3  85.856 (17.39)  <0.001  -173.161 (29.125)  <0.001  -49.572 (46.24)  0.284 

Mashhad× month3  46.545 (17.39)  0.007  -358.683 (29.125)  <0.001  3.797 (46.24)  0.935 

Shiraz× month3  105.011 (17.39)  <0.001  -177.876 (29.125)  <0.001  -278.147 (46.24)  <0.001 

Tabriz× month3  17.779 (17.39)  0.307  -213.947 (29.125)  <0.001  253.29 (46.24)  <0.001 

SE: Standard Error, P: p-value 

Fig. 2. The observed (dots) and fitted (line) (highlighted: 95% confidence interval) trend of O3 for the cities over the time.  
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Fig. 3. The observed (dots) and fitted (line) (highlighted: 95% confidence interval) trend of O3 for the cities over the time.  

Fig. 4. The observed (dots) and fitted (line) (highlighted: 95% confidence interval) trend of O3 for the cities over the time.  
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to pollutants on people’s health, more extensive research is needed in 
this field. 
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