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Abstract
Air pollution is considered the most prominent public health. Economically, air pollution imposes additional costs on gov-
ernments. This study aimed to quantify health effects and associated economic values of reducing  PM2.5 air pollution using 
BenMAP-CE in Qom in 2019. The air quality data were acquired from Qom Province Environmental Protection Agency, 
and the population data were collected from Qom Province Management and Planning Organization website. The number 
of deaths due to Stroke, Chronic Obstructive Pulmonary Disease, Lung Cancer, and Ischemic Heart Disease attributable to 
 PM2.5 were estimated using BenMAP-CE based on two control scenarios, 2.4 and 10 μg/m3, known as scenarios I and II, 
respectively. The associated economic effect of premature deaths was assessed by value of a statistical life (VSL) approach. 
The annual average of  PM2.5 concentration was found to be 16.32 μg/m3 (SD: 9.93). A total of 4694.5 and 2475.94 prema-
ture deaths in scenarios I and II were found to be attributable to  PM2.5 in overall, respectively. The total associated cost was 
calculated to be 855.91 and 451.40 million USD in scenarios I and II, respectively. The total years of life lost due to  PM2.5 
exposure in 2019 was 158,657.06 and 78,351.51 in scenarios I and II, respectively. The results of both health and economic 
assessment indicate the importance of solving the air pollution problem in Qom, as well as other big cities in Iran. The 
elimination of limitations, such as insufficient local data, should be regarded in future studies.
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Introduction

Environmental pollution is a global concern with enormous 
potential to negatively influence the population. Over the last 
decades, there have been increasing concerns over the public 
health effects attributable to environmental pollution, espe-
cially in developing countries like Iran (Khan and Ghouri 

2011; Mojarrad et al. 2020). Air pollution is considered 
one of the most prominent public health (WHO 2021) and 
environmental hazard in the world (Ansari and Ehrampoush 
2019), primarily arising from traffic as well as industrial 
and residential activities (Tohid et al. 2019). The range of 
the adverse effects of air pollution is wide, exerted in direct 
and indirect ways (Fouladi-Fard et al. 2018a; Ansari and 
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Ehrampoush 2019; WHO 2021). Exposure to air pollution 
increases the risk of death and hospitalization due to cardio-
vascular and respiratory diseases, type 2 diabetes, hyperten-
sion, and various types of cancer (Yousefi et al. 2019; Tainio 
et al. 2021; Zhao 2022); in addition to effects of air pollution 
on physical health; recent studies have shown the possibil-
ity of negative effects of air pollutants on brain and mental 
health, such as cognitive decline, neurodegenerative disease, 
and Alzheimer’s disease (AD), (Alemany et al. 2021; Bal-
boni et al. 2022). Also; some recent studies on the associa-
tion between air pollution and COVID-19 have shown long-
term exposure to air pollution did not increase the number 
of cases, but the amount of antibodies was higher in infected 
and exposed individuals. This means that body was facing 
a severe disease or infection (Kogevinas et al. 2021) and 
one study found a relationship between increase of COVID-
19 cases and NO2 pollution in Italy (Filippini et al. 2021); 
of note, 90% of the world’s population live in areas where 
air pollution exceeds World Health Organization’s (WHO) 
guidelines (Tainio et al. 2021).

The major sources of emissions from human interventions 
regarding suspended particles are road traffic (10–25%), fuel 
combustion (55–40%), and industrial activities (15–30%) 
(Wark k, Warner CF, Wayne D, 1981). The WHO reported 
seven million deaths from outdoor and indoor air pollution 
in 2016 worldwide (World Health Organization, 2018), and 
4.2 million deaths occur each year because of exposure to 
ambient air pollution (Yousefi et al. 2019). Research shows 
that among air pollutants, particles in the form of total sus-
pended particles (TSP),  PM2.5, and  PM10 (particulate matter 
with aerodynamic diameters less than 2.5 and 10 μm) can 
lead to the most harmful consequences among other air pol-
lutants (Kan and Chen 2004; Fard et al. 2016, 2021; Rezaali 
et al. 2021).

Economically, air pollution imposes additional costs on 
governments. The annual costs of health insurance, treat-
ment of diseases, and rehabilitation are just some of the neg-
ative economic effects of air pollution (Ansari and Ehramp-
oush 2019). Low- and middle-income countries incur high 
costs each year due to non-communicable diseases such 
as cardiovascular and respiratory diseases (Kalantari et al. 
2018). The results of a study in Chile showed that air pollu-
tion has a negative impact on welfare, and Chileans are will-
ing to pay a monthly fee to reduce 1 μg/m3  PM2.5 pollution 
(Ahumada and Iturra 2021). On the other hand, economic 
growth is known as one of the causes of air pollution (Chen 
and Chen 2021).

Various methods have been used to estimate the concen-
tration of ambient air pollution and health consequences 
such as concentration–response functions (C-R), linear and 
logistic. There are several pieces of software for estimating 
the health and economic effects associated with air qual-
ity changes, such as AirQ , BenMAP-CE, EBD, GMAPS, 

SIM-AIR, and IOMLIFET (Anenberg et al. 2016; Bayat 
et al. 2019). BenMAP-CE (Environmental Benefits Mapping 
and Analysis Program-Community Edition) programmed by 
the US Environmental Protection Agency can be considered 
one of the most comprehensive software and can be used to 
calculate both mortality and costs associated with changes 
in air quality (Bayat et al. 2019; Kim et al. 2019a, b). Since 
the release of this software, various studies have employed 
the software to assess the health and economic effects of air 
pollutants (Ding et al. 2016; Sacks et al. 2018, 2020; Bayat 
et al. 2019; Meng et al. 2019; Mirzaei et al. 2021).

The quantification of the effects of air pollution clearly 
defines the public health implications of poor air quality. 
Informing people and governments on the effects of air pol-
lution on human health and convincing authorities to imple-
ment policies to reduce air pollution to reduce morbidity, 
mortality, and economic costs are among the benefits of such 
studies. Iran is facing rapid industrial growth, having a large 
number of old vehicles and confronting environmental cri-
ses such as the Middle East dust storm. The Environmental 
Protection Agency has developed programs and measures 
to control air pollution including the replacement of fuels in 
mobile sources and power plants, replacing worn-out cars, 
and using dual-fuel and smokeless cars. Monitoring and con-
ducting health effects of air pollutants can be an effective 
measure to evaluate the implemented interventions (Hopke 
et al. 2018). Although some research has been conducted on 
air pollution and its negative effects in other cities of Iran, to 
the best of the authors’ knowledge, no study has been car-
ried out in this regard in Qom thus far. Consequently, this 
study aimed at quantifying health effects and associated eco-
nomic values of the four major health endpoints attributable 
to  PM2.5 air pollution including Stroke, chronic obstructive 
pulmonary disease (COPD), lung cancer (LC), and ischemic 
heart disease (IHD) using BenMAP-CE in Qom in 2019.

Materials and methods

Study area and data collection

Qom is the capital of Qom Province with eight munici-
pality districts and 26 sub-districts.(as shown in Fig. 1) 
(Safari et al. 2021); it is located in the central region of 
Iran, 130 km to the southwest of Tehran. It has a dry and 
semi-dry climate with an annual rainfall of 161 mm (Khaz-
aei et al. 2013; Fahiminia et al. 2016; Fouladi-Fard et al. 
2018b). Similar to some cities in Iran, Qom is facing the 
phenomenon of dust, which is due to having desert space 
(15.7% of the province) and wind erosion centers. Two of 
the most important centers of dust in the city are Masileh 
plain and Qom salt lake (Raoufi-fard and Ramouz 2017). 
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Qom Province is one of those provinces that will be nega-
tively influenced if global warming enhances (Basiri et al. 
2021).

The hourly  PM2.5 was obtained from Qom Province 
Environmental Protection Agency for 2019. To reach the 
maximum amount of data for evaluation (above 75%), 
missing data were interpolated by linear method. The pop-
ulation data were collected from Qom Province Manage-
ment and Planning Organization website (Qom Province 
Management and Planning Organization website 2021). 
As the latest census was done in 2016, the population for 
the year 2019 was estimated based on Eq. 1 (Mirzaei et al. 
2021):

where Pn is the estimated population, P0 is the refer-
ence population, r is the population growth rate, and n is 
the number of years between reference and future (Karimi 
et al. 2019; Mirzaei et al. 2021). According to the purpose 
of this study, the population at risk included people more 
than 30 year-old.

(1)Pn = P
0
(1 + r)n

Health and economic impact assessment

BenMAP-CE (version: 1.5.0.4) was utilized to conduct this 
study. BenMAP-CE is an EPA model to quantify prema-
ture mortality and morbidity related to air pollution (Kim 
et al. 2019a, b). This model employs concentration changes 
between control and baseline scenario and population and 
health concentration–response (C-R) functions to estimate 
the number of affected people. This tool is also capable 
of calculating the cost–benefit of concentration changes 
(Howard et al. 2019). It is a Geographic Information Sys-
tem (GIS)-based program (Chen et al. 2017) that estimates 
the effects of air pollutant concentration changes on human 
health and economic benefits of this change (Liang et al. 
2019). To do so, in addition to the air pollutant concentration 
changes (baseline and control scenario), it needs population 
data, baseline incidence rates for the health endpoints, C-R 
functions, and valuation functions. A Monte Carlo approach 
which results in 95% confidence intervals around each mean 
health impact estimate is applicable in BenMAP-CE (Altieri 
and Keen 2019). Health benefits of reducing air pollutants 
(ΔY) in BenMAP-CE were investigated by Eq. 2:

Fig. 1  Study area and popula-
tion distribution in Qom
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where BI is baseline incidence rates, the ratio of number of 
deaths to the population size in a period of time (Farzad et al. 
2021), and Pop is the given population exposed to the pollut-
ant (Bayat et al. 2019). DELTAQ is the difference between 
the current pollutant concentration (baseline scenario) and the 
target concentration (control scenario) (Liang et al. 2019; Far-
zad et al. 2020; Mirzaei et al. 2021). β, the exposure–response 
coefficient (Zhu et al. 2019), is a statistical coefficient derived 
from epidemiological analysis calculating the relationship 
between health endpoint and air pollution concentration which 
varies for different health impact functions (Yang et al. 2019) 
and is calculated through Eq. 3:

where RR is the relative risk and ΔC is the change in pollut-
ant concentration used to estimate the relative risk (Khaniabadi 
et al. 2017).

As shown in Table 1, the baseline incidences (BI) related to 
the four health outcomes were obtained from Global Burden of 
Disease (GBD) website (Global Burden of Disease, Institute 
for Health Metrics and Evaluation website 2021). The Relative 
Risks associated with Stroke and COPD were obtained from 
GBD website (Global Burden of Disease, Institute for Health 
Metrics and Evaluation website 2021) and Relative Risks asso-
ciated with LC and IHD were obtained from an epidemiologi-
cal study (Krewski et al. 2009).

In addition to mortality, the following Eq. was used to com-
pute years of life lost (YLL) in each age group.

(2)ΔY = BI × POP
(

1 − exp−�×DELTAQ
)

(3)� = lnRR∕ΔC

(4)YLL = ΔY × L

where YLL is the years of life lost attributable to  PM2.5, 
ΔY  is the avoidable mortality derived from Eq. 2, and L 
is the remaining life expectancy. In this study, we utilized 
life expectancy tables from GDB website for Iran (Bayat 
et al. 2019).

There are two approaches frequently used to calcu-
late the economic cost of premature death including the 
value of a statistical life (VSL) and the value of a life 
year (VOLY). VSL is based on individual willingness to 
pay (WTP) to decrease the risk of death, while VOLY is 
based on individual willingness to pay to expand the life 
expectancy by one additional year (Chiabai et al. 2018; 
Bayat et al. 2019). WTP not only considers the intangi-
ble costs including the value of suffering and the value of 
leisure time lost but also demonstrates the tangible costs 
of medical treatment (Zhu et al. 2019). To assess the eco-
nomic benefits in this study, the simplest approach was 
used, which is to multiply the predicted number of deaths 
by a locally valid estimate of VSL. In fact, local studies 
should be utilized to estimate the economic loss. Owing 
to the absence of such local studies, however, we used the 
benefit-transfer approach to transfer unit health costs from 
foreign studies to the local context by Eq. 5 (Narain and 
Sall 2016; Bayat et al. 2019):

where Y is GDP (gross domestic product) per capita and 
b is the income elasticity of VSL. For low- and middle-
income countries, b differs from 1.0 to 1.4, with a central 
estimate of 1.2 (Bayat, et al. 2019). The detailed calcula-
tions of VSL are shown in Table 2.

(5)VSLIRAN = VSLOECD ×
(

YIRAN∕YOECD
)b

Table 1  Baseline Incidences 
and Relative Risks used in this 
study

LC lung cancer, COPD chronic obstructive pulmonary disease, IHD ischemic heart disease

Health  endpoint* Baseline incidence (per 
100,000 population)

Relative risk mean 
(lower–upper)

Reference

Stroke 340 2.44 (1.60–3.44) GBD website (2021)
Krewski et al. (2009)COPD 302 1.41 (1.24–1.61)

LC 33 1.11 (1.04–1.18)
IHD 2240 1.15 (1.11–1.20)

Table 2  Value of a statistical 
life (VSL) calculation for Iran

* Organization for Economic Co-operation and Development

Parameter Value (USD) Unit (USD) Reference

VSLOECD
* 3,832,843 At 2011 market rates, PPP Narain and Sall (2016)

YIRAN 3114.623 GDP per capita Current to 2019 World Bank website
YOECD 39,412.099589 GDP per capita Current to 2019 Economic Research website
VSLIRAN 182,327.4793 (at 2011 market rates) At 2011 market rates
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Scenarios

The baseline scenario is identified as the environmental 
concentration of considered pollutant in the current situ-
ation. The baseline scenario in this study was the annual 
average concentration of  PM2.5 in 2019. The control scenario 
is defined as the ideal or target condition. Two control sce-
narios, 2.4 μg/m3 and 10 μg/m3 (the WHO annual guideline) 
known as scenarios I and II, were designed to be surveyed. 
Two point four μg/m3 is the lowest measure in Global Bur-
den of Disease calculations in  AirQ+ by default, and it has 
been utilized in some studies (Bayat et al. 2019; Evangelo-
poulos et al. 2020). In BenMAP-CE, the health assessment 
and associated economic valuation are based on the differ-
ence between these two scenarios.

Sensitivity analysis

The following two alternative approaches were applied 
to check the sensitivity of the results in BenMAP-CE for 
both scenarios. (1) We used  AirQ+ (version 2) with the 
same BI and RR to investigate premature death due the 
four outcomes. In order to check whether our evaluation 
and calculations by BenMAP-CE were correct (because 
BenMAP-CE settings and functions are set for USA by 
default, all the necessary functions and settings in Ben-
MAP-CE were done manually in this study),  AirQ+ was 
applied to this study which uses as same input function 
as BenMAP-CE (the function mentioned in “Scenarios”). 
2) Because the sum of age group estimates is expected to 
be equal to the overall estimates, we estimated premature 
deaths for a single age category (30–99). It is noteworthy 
that the sensitivity analysis was taken from a similar study 
conducted in Tehran (Bayat et al. 2019).

Results

Descriptive results

The annual average of  PM2.5 concentration was found to be 
16.39 μg/m3 with a standard deviation of 9.93. The mean 
concentration was about 1.6 times more than the WHO 
annual concentration guideline (10 μg/m3). Moreover, our 

analysis showed that daily  PM2.5 concentrations were more 
than 35 μg/m3 (EPA daily concentration guideline) in 16 days 
and more than 25 μg/m3 (WHO daily concentration guideline) 
in 42 days in 2019.  PM2.5 concentration statistics, including 
mean, SD, minimum, maximum, and 75 and 25 percentiles 
are demonstrated in Table 3. To study the process of decreas-
ing or increasing  PM2.5 concentration,  PM2.5 concentration for 
2 years before the study year was also reported. It should be 
noted that the data for 2017 and 2018 were calculated from 
hourly data and have not been interpolated. Detailed concen-
tration of  PM2.5 from April to March 2019 which is based on 
Iranian calendar is shown in Fig. 2. The highest concentration 
occurred in August, September, and October in 2019.

Health and economic impact assessment

The estimated number of premature deaths attributable 
to  PM2.5 using BenMAP-CE by defined scenarios in 
2019 is presented in Table 4. In addition, the total valu-
ation results are given in Table 4 as well. According to 
Table 4, in scenario I (2.4 μg/m3), 1498.6, 711.57, 27.74, 
and 2456.59 deaths for stroke, COPD, LC, and IHD, 
respectively, attributable to  PM2.5 were estimated using 
BenMAP-CE. The total cost associated with total mortal-
ity in each cause of death was 273,227,013, 129,732,870, 
5,047,581.61, and 447,894,726 USD, respectively. In sce-
nario II (10 μg/m3), 2475.94 premature deaths attribut-
able to  PM2.5 were estimated in overall. The total cost 
associated with total mortality calculated by BenMAP-
CE was found to be 451,390,599.72 USD in overall. In 
fact, if the annual average concentration of  PM2.5 were 
10 or if the annual average concentration of  PM2.5 had 
decreased to 10, 2,475.94 premature mortalities due to 
four defined health endpoints would not have occurred 
and the economic benefit of this reduction would have 
been 451,390,599.72 USD in 2019.

Figure 3 demonstrates the percentage share of each out-
come in terms of health effects in both scenarios. Figures 4 
and 5 show mortality and associated cost for each health 
outcome in municipality districts for scenario I and II, 
respectively. Bold colors indicate higher mortality or greater 
economic impact.

Table 5 demonstrates the results of YLL for each 
age group. 40,255.33,  26,362.32,  1027.12,  and 

Table 3  PM2.5 distribution in 2019 and population

* Standard deviation

Year Mean (μg/m3) SD* Max (μg/m3) Min (μg/m3) 25th 75th Population Exposed pop.(> 30 years)

2017 43.41 17.66 94.35 9.05 29.48 55.88
2018 16.09 13.14 87.61 0.01 6.15 24.08
2019 16.39 9.93 74.27 2.04 10.02 21.30 1,286,617 617,346
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91,012.29 years of life lost were estimated for scenario 
I (2.4 μg/m3) due to stroke, COPD, LC, and IHD mor-
tality, respectively. In scenario II (10 μg/m3), years of 
life lost due to stroke, COPD, LC, and IHD mortality in 
adults were found to be 33,837.27, 13,617.77, 488.63, 
and 30,407.84, respectively.

Sensitivity of results

Table 6 shows the difference between main results and 
results of alternative approaches. Using  AirQ+, − 0.07% 
and − 0.11% differences were observed in scenarios I 
(2.4 μg/m3) and II (10 μg/m3), respectively. A slight vari-
ation discovered in applying 30–99 age group estimation.

Fig. 2  PM2.5 concentration dis-
tribution during study time

Table 4  Estimated premature deaths attributable to  PM2.5 by age in scenarios I and II

Age range Stroke COPD LC IHD Stroke COPD LC IHD
Control scenario I (2.4 μg/m3) Control scenario II (10 μg/m3)

30–34 341.96 162.37 6.32 560.57 208.41 83.87 3.01 269.68
35–39 274.28 130.23 5.07 449.61 167.16 67.27 2.41 216.30
40–44 213.71 101.47 3.95 350.32 130.24 52.42 1.88 168.53
45–49 177.17 84.13 3.28 290.43 107.98 43.46 1.56 139.72
50–54 141.31 67.10 2.62 231.64 86.12 34.66 1.24 111.44
55–59 115.96 55.06 2.15 190.10 70.68 28.44 1.02 91.45
60–64 85.64 40.67 1.59 140.39 52.20 21.01 0.76 67.54
65–69 52.58 24.97 0.98 86.19 32.05 12.90 0.47 41.46
70–74 36.07 17.13 0.67 59.12 21.98 8.85 0.32 28.45
75–99 59.92 28.44 1.11 98.22 36.52 14.70 0.53 47.25
Sum 1,498.6 711.57 27.74 2,456.59 913.34 367.58 13.2 1,181.82
30–99 1498.56 

(1,012.93–
1729.09)

711.53 
(484.68–
906.87)

27.69 
(11.09–
42.13)

2456.55 
(1,879.17–
3114.49)

913.28 
(545.33–
1147.87)

367.53 
(239.53–
489.22)

13.15 
(5.15–
20.46)

1,181.77 
(892.42–
1,521.39)

Total valuation result 
(USD) (× 100,000)

2732.28 1297.33 50.48 4478.95 1665.16 670.10 23.98 2154.69
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Discussion

This study was confirmed to discuss a serious public health 
issue, air pollution. It was limited to conduct health assess-
ment of stroke, COPD, LC, and IHD mortality attributable 
to  PM2.5 and evaluation of associated economic cost in 2019 
in Qom.

An increase was observed in  PM2.5 concentration during 
summer. The increase in this period may be due to the dry 
climate and the presence of dust centers (Raoufi-fard and 
Ramouz 2017). According to available data and statistical 
analysis; the  PM2.5 mean concentration in 2017 was much 
higher than standard concentration. But this amount was 
close to each other in 2018 and 2019; with the difference 

Fig. 3  Percentage share of each 
outcome in terms of health 
effects

Fig. 4  Total mortality (red range) and associated cost (purple range) (USD) in scenario I (2.4 μg/m.3) for stroke (a), COPD (b), LC (c), and IHD 
(d)
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Fig. 5  Total death (red range) and associated cost (purple range) (USD) in scenario II (10 μg/m.3) for stroke (a), COPD (b), LC (c), and IHD (d)

Table 5  Estimated age-specific 
YLL attributable to  PM2.5 for 
2019, based on IHME life 
expectancy

Age range Stroke COPD LC IHD Stroke COPD LC IHD
Control scenario I (2.4 μg/m3) Control scenario II (10 μg/m3)

30–34 1696.60 8053.73 313.47 27,804.90 10,337.37 4160.04 149.29 133.76.43
35–39 12,298.97 5839.64 227.34 20,160.90 7495.61 3016.45 108.07 9699.09
40–44 8569.38 4068.76 158.38 14,047.20 5222.38 2101.94 75.39 6757.74
45–49 6272.44 2978.50 116.12 10,282.25 3822.87 1538.63 55.22 4946.58
50–54 4351.02 2066.05 80.67 7132.33 2651.68 1067.20 38.18 3431.30
55–59 3053.13 1449.69 56.60 5005.18 1860.94 748.80 26.85 2407.80
60–64 1890.49 897.78 35.09 3099.09 1152.30 463.79 16.77 1490.93
65–69 950.46 451.37 17.71 1558.01 579.35 233.18 8.49 749.45
70–74 517.19 245.61 9.60 847.69 315.16 126.89 4.58 407.93
75–99 655.65 311.19 12.14 1,074.74 399.61 160.85 5.79 517.02

Table 6  The results of sensitivity analysis in both scenarios for adults (> 30 years)

Item Control scenario Conjecture Total deaths 
(Main results)

Alternative approach Total deaths Deviation

Tool I (2.4 μg/m3) BenMAP-CE 4694.33 AirQ+ 4691  − 0.07
Age range Sum of 5-year age range 4694.5 Total age group (30–99) 4694.33  − 0.003
Tool II (10 μg/m3) BenMAP-CE 2475.73 AirQ+ 2473  − 0.11
Age range Sum of 5-year age range 2475.94 Total age group (30–99) 2475.73  − 0.008
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that in 2019,  PM2.5 mean concentration showed an upward 
trend. This indicates the variability of  PM2.5 concentration 
in the city, which shows regular and accurate monitoring 
should be applied.

In the current study, the highest number of mortal-
ity was related to IHD as well as in a study in Abadan 
which the highest premature mortality calculated by 
 AirQ+ was due to ischemic heart disease (Fanaei et al. 
2020). In another study using BenMAP-CE, the first rank-
ing for mortality was dedicated to IHD, as well (Bayat 
et al. 2019). These results are due to high risk of IHD 
attributed to  PM2.5 derived from epidemiological studies 
in Iran. Since the highest number of deaths in this study 
occurred in IHD mortality, the highest associated cost was 
related to this outcome in both scenarios. This is due to 
the basis of BenMAP-CE and the monetary function used 
in this study that the higher the mortality, the higher the 
cost is. According to WTP, these costs include treatment 
and intangible costs. By saving it, the general material 
and spiritual well-being is achieved. The noticeable dif-
ference in both economic and health results was that  PM2.5 
reduction in the first scenario was more beneficial, because 
the difference between baseline and control scenario was 
greater.

According to the Figs. 4 and 5, in 2019, the southern 
and eastern areas have suffered lower mortality and associ-
ated cost. The central area has suffered the least damage 
in all figures. This may be due to the fact that most of the 
center area is made up of marketplaces and holly shrine 
and there are fewer residential areas. The northern regions 
and areas with bold color will be the areas that benefit the 
most from  PM2.5 reduction. YLL results show the effect 
of  PM2.5 on reducing life years. The higher the pollution, 
the higher the mortality and the greater the number of 
years lost.

As shown in Table 6, there was a very slight differ-
ence between applying the 5-year age group and single age 
group which means our expectation has been met. Accord-
ing to the results, there was a limited difference in results 
using  AirQ+ and BenMAP-CE. This shows that if the input 
functions are the same, the results are not very different 
and both software can be used together or separately as a 
tool for health impact assessment (Sacks et al. 2020). A 
slight difference was observed in similar previous studies 
comparing results in BenMAP-CE and  AirQ+ (Bayat et al. 
2019; Sacks et al. 2020; Mirzaei et al. 2021). Given the 
differences and similarities between  AirQ+ and BenMAP-
CE, the main difference in BenMAP-CE that has made 
it superior is the possibility of calculating the associated 
economic value of reducing pollutants. It is also possible 
to perform assessments by age in BenMAP-CE. In addi-
tion, different functions can be inputted and the results can 
be checked based on different functions. It is also possible 

to pool health and monetary functions. The possibility of 
displaying the results on GIS map is another advantage 
of BenMAP-CE. BenMAP-CE is not friendly use while 
 AirQ+ is a friendly use tool.  AirQ+ is very simple and due 
to the lack of GIS program, the installation and applica-
tion is faster and as the comparison showed, the results 
obtained from  AirQ+ were equal to BenMAP-CE.

In a study conducted by Hadei (2020), it was observed 
that the annual concentration of  PM2.5 was 1.5–6 times more 
than 10 μg/m3 in 25 Iranian cities in 2017. Qom was one 
of the aimed cities in this study. Health impact assessment 
was conducted using  AirQ+, and associated economic val-
ues were estimated by VSL approach.  VSLIran was estimated 
equal to 373,819.62 USD in 2017. The estimated number of 
COPD, LC, IHD, and stroke deaths attributable to long-term 
 PM2.5 exposure exceeding WHO level in Qom was 532. The 
total associated economic value was estimated to be 5.8 bil-
lion USD in 25 Iranian cities. A study conducted by Bayat 
et al. investigated avoidable mortality burden attributable 
to  PM2.5 using BenMAP-CE in Tehran in 2017. They uti-
lized global exposure mortality model (GEMM) to estimate 
the health and economic burden of air pollution. Based on 
their results, 7146 deaths were related to  PM2.5 in total, 3437 
mortalities due to IHD, 886 due to stroke, and 531, 364, and 
274 due to LRI, COPD, and LC, respectively. The estimated 
YLL due to ambient  PM2.5 exposure in Tehran in 2017 was 
equal to 109,168. The total economic benefit of the control 
scenario to 2.4 μg/m3 was estimated to be 2.894 billion USD 
using VSL. In addition to VSL, they used another approach 
(VOLY) to calculate the economic benefits of morbidity. 
Through this approach, the economic benefit was calculated 
to be 0.591 billion USD in the same scenario (Bayat et al. 
2019). We did not consider this approach in our analysis. In 
one study in the USA, BenMAP-CE was used to estimate 
the reduction in preterm birth (PTB) due to  PM2.5 depletion. 
According to previous studies, one of the causes of PTB is 
air pollution. The results showed that a 10% reduction in 
 PM2.5 concentration from 2008 equaled a reduction of 5016 
PTB and 339 million USD in economic benefit in 2014 (Kim 
et al. 2019a, b). Similarly, a study in Tehran compared the 
two software. They analyzed  PM2.5 changes to 10 μg/m3 and 
its effects on health in 2016–2018. The estimated number of 
deaths using both  AirQ+ and BenMAP-CE were the same, 
and the number of mortalities was assessed to be 4383, 412, 
and 96 for all causes, IHD, and LC, respectively. The reason 
for exact results may be because of the same input functions 
and variables (Mirzaei et al. 2021).

Sacks et al. indicated that BenMAP-CE and  AirQ+ well 
align in the calculation of health impacts. They utilized same 
input function and data to compare the results of all-cause 
mortality based on control scenario of 10 μg/m3  PM2.5. 
Based on their results, 965 and 966 all-cause mortality 
was estimated using BenMAP-CE and  AirQ+, respectively 
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(Sacks et al. 2020). In China, BenMAP-CE was used to 
assess health and economic benefits attributable to  PM2.5 
for reaching the annual concentration of 35 μg/m3 in 2014. 
The avoided deaths for cardiovascular disease, respira-
tory disease, and LC were found to be 89,000, 47,000, and 
32,000, respectively. Total economic benefits for this control 
scenario were estimated to be 260 billion RMB using the 
WTP approach. Also, the mean concentration of  PM2.5 was 
51.69 μg/m3 (Chen et al. 2017). The high number of deaths 
is not unlikely due to the high  PM2.5 concentration in a year 
as well as China’s large population.

Conclusions

The results highlight the importance of solving air pollution 
problems in Qom, as well as other big cities in Iran. Due 
to the fact that with development of industry and societies, 
air pollution will also increase; if a solution is not consid-
ered, it can turn into a disaster. Due to global warming and 
recent droughts, some dust centers around Qom are expected 
to intensify, which could locally exacerbate particulate air 
pollution. The economic effects of air pollution impose a 
burden on both societies and governments. Also, the reduc-
tion of spiritual costs makes people enjoy higher welfare. 
Performing assessments by age, entering different health and 
monetary functions, pooling health and monetary functions, 
and displaying the results on GIS map are the advantages of 
health and economic impact assessment using BenMAP-CE.

Limitations, strengths, and suggestions 
for future research

The lack of local studies for both health and valuation func-
tions was the limitation. Future studies need to remove this 
limitation. On the other hand, the novelty of the subject is 
the greatest strength of the current study. To date, no study 
has been conducted to survey the health and economic 
effects of  PM2.5 in Qom.
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