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Abstract There is no doubt that air pollutants have adverse
impacts on human health. The main objective of this study
was to evaluate hospital admission respiratory disease
(HARD) attributed to sulfur dioxide levels in Ahvaz during
three successive years. Data was taken from Iranian
Environmental Protection Agency (EPA). The AirQ2,2,3
model is used to quantify the impact of SO2 on inhabitants
of Ahvaz and in terms of hospital admission respiratory dis-
eases. This is a kind of statistical model which is based on

some epidemiological indices such as relative risk, baseline
incidence, and attributable proportion. Sampling was already
performed for 24 h in four stations during 2011–2013. Four
stations are good representative for residential, high traffic,
industry, and background sites which cover the whole area
of the Ahvaz city. Regarding to gravimetric scale, raw data
of sulfur dioxide was processed using Excel software.
Encoding, filtering, and processing were conducted to prepare
input file for the Air Q2,2,3 model. After running model,

Responsible editor: Philippe Garrigues

* Mohammad Javad Mohammadi
javad.sam200@gmail.com; Mohamadi.m@ajums.ac.ir

1 Air Pollution and Respiratory Diseases Research Center, Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran

2 Environmental Technologies Research Center, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran

3 Islamic Azad University, Tehran Medical Sciences Branch,
Tehran, Iran

4 Razi Teaching Hospital, Clinical Research Development Center,
Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

5 Department of Internal Medicine, Division of Pulmonology, Imam
Khomeini Hospital, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran

6 Nutrition&Metabolic Diseases Research Center, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran

7 Social Determinants of Health Research Center, Yasuj University of
Medical Sciences, Yasuj, Iran

8 Research Center for Environmental Pollutants, Qom University of
Medical Sciences, Qom, Iran

9 Department of Environmental Health Engineering, Faculty of Health,
Bushehr University of Medical Sciences, Bushehr, Iran

10 The Persian Gulf Marine Biotechnology Research Center, The
Persian Gulf Research Center, Bushehr University of Medical
Sciences, Bushehr, Iran

11 Hyperlipidemia Research Center, Department of Laboratory
Sciences School of Paramedical Sciences, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, IR, Iran

12 Environmental Research Institute, Academic Center for Education,
Culture and Research (ACECR), Rasht, Iran

13 Department of Anaesthesiology, Faculty of Medicine, Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran

14 Occupational Hazards Control Research Center and Department of
Environmental Health Engineering, School of Public Health
Environmental, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

15 Faculty of Food Science & Technology, Tehran University,
Tehran, Iran

16 Student Research Committee, Department of Environmental Health
Engineering, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran

Environ Sci Pollut Res
DOI 10.1007/s11356-016-7447-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-016-7447-x&domain=pdf


outputs presented in term of hospital admissions respiratory
cases. Based on our result, the highest mean and maximum of
seasonal and annual levels for sulfur dioxide were observed in
2013. We concluded that obnoxious quality of fuel and some
deficiencies in maintenance and operation of industries lead to
worse quality of ambient air especially in 2013. Cumulative
cases of HARD attributed to sulfur dioxide level at central of
relative risk (RR) were estimated 24, 25, and 30 persons for
2011, 2012, and 2013, respectively. The finding of this study
showed that total mean of sulfur dioxide was higher than
standard concentration. We also noticed that wintertime con-
centrations of sulfur dioxide during three successive years
were higher than of those levels in summer.

Keywords Sulfur dioxide . Hospital admissions respiratory
disease . Health . Ahvaz

Introduction

Seriousness of air pollution lies in the fact that high, potential-
ly harmful pollutant levels are produced in environments
which can be harmful for human health (Geravandi et al.
2016a; Goudarzi et al. 2015d; Taghavirad et al. 2014;
Ghozikali et al. 2015b; Soleimani et al. 2016; Neisi et al.
2016; Naimabadi et al. 2016). The most important of air pol-
lutants are particulate matter, ozone (O3), nitrogen dioxide
(NO2), sulfur dioxide (SO2), and carbon monoxide (CO)
(Peters et al. 2000; Wong et al. 2002; Zallaghi et al. 2015).
The main sources of sulfur dioxide are volcanoes, various
industrial processes, transportation, economic development,
coal, petroleum, domestic fuel burning, and vehicles in mega-
cities. Several studies show a connection between sulfur diox-
ide exposure and increased emergency departments visits and
hospital admissions for respiratory illnesses. The exposure to
sulfur dioxide is extremely risky for people’s health because
these compounds enter the repository system directly through
the airways (Geravandi et al. 2015a; Katsouyanni et al. 1997).

Sulfur dioxide can be absorbed into your body through your
nose and lungs. In recent years, several hundred epidemiolog-
ical studies showed that increase in the air pollutant concentra-
tion can increase cases in hospital admission for pulmonary
and cardiac disease (Hoek et al. 2013; Jane and Fanny 2015;
Kariisa et al. 2015). The most important health effects of sulfur
dioxide are classified into two classes; short-term effects are
associated with maximum concentration of SO2 and long-term
impacts which are related to average concentration of sulfur
dioxide. Breathing difficulty; hospital admission rates increase
in children, elderly, and asthmatics; pulmonary edema; eye
irritation; coughing; asthma attacks; increased risk of respira-
tory disease and respiratory infections; reduced lung function;
and cardiovascular disease are the most important symptoms
of short- and long-term effects of sulfur dioxide (Lave and

Seskin 2013; Mraihi et al. 2015; Norval et al. 2011; PAGE
2003; Peng et al. 2015; Pope et al. 2002; Pride et al. 2015;
Raaschou-Nielsen et al. 2013; Woerman 2013).

Wu et al. in their study had shown a relationship between
long-term sulfur dioxide exposure and upper respiratory out-
patients (Wu et al. 2015). In 2009, in Tabriz city, Iran
Ghozikali et al. estimated the chronic obstructive pulmonary
disease hospitalizations attributed to SO2 (Ghozikali et al.
2015a). In another study in Detroit, USA, Lipmann et al. re-
ported meaningful association between sulfur dioxide level
and health effects on human (Lippmann et al. 2000). An in-
vestigation in Quebec, Canada estimates the association be-
tween daily levels of sulfur dioxide and hospitalizations for
respiratory problems (Labelle et al. 2015). In similar works,
Geravandi et al. studied the association between hospital ad-
missions respiratory disease attributed to the sulfur dioxide
(Geravandi et al. 2015a; Goudarzi et al. 2014).

In the previous studies, we estimated the health endpoints
related to SO2 or other pollutant just in 1 year, but we designed
the present study to evaluate the health effects of SO2 during
three successive years regarding to the hospital admission re-
spiratory disease (HARD). Therefore, a descriptive statistics
of sulfur dioxide concentration, its fluctuation, and different
attributable proportion were also shown in this study. It is
noteworthy that calculating the number of hospital-admitted
individuals attributed to air pollutants in a well-known pollut-
ed city is very crucial for medical sciences university as an
organization that is responsible for providing health in
Khuzestan province especially Ahvaz.

Material and methods

The present study is an epidemiological study. From exposure
to outcome is the sign of cohort study in epidemiological
classification. Using the Air Q2,2,3 model and considering
three successive years could be other differences with cohort
studiers.

The HARD cases attributed to sulfur dioxide in Ahvaz city
in 2011 through 2013 were calculated based on the utilizing
relative risk and attributable proportion and baseline incidence
from WHO data.

Sampling was already performed for 24 h at four stations
by the Iranian Environmental Protection Agency (EPA).
Stations were Naderi, Behdasht Ghadim, Havashenasi, and
Mohitzist. Therefore, in the present study, 24 × 4 × 365 × 3
samples in ambient air of Ahvaz were taken. These raw data
then were processed by Excel software using encode, moving
average, filter, and other techniques. AirQ2.2.3 software was
proved to be a valid and reliable tool to estimate and predicts
the health endpoint of criteria pollutants. This model includes
four screen inputs (Supplier, AQ data, Location, Parameter)
and two output screens.
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Geographical features of Ahvaz

Ahvaz city, with a population of 1 million approximately,
the capital of Khuzestan province is located between 48
to 49° and 29 min of the eastern longitude in the
Greenwich meridian and 30 to 32° and 45 min of the
northern latitude from the equator (Dobaradaran et al.
2016; Geravandi et al. 2015d; Goudarzi et al. 2015a;
Zallaghi et al. 2014b).

Ahvaz is located in the dry area of Iran with an area of
140 km2 and its average yearly rainfall is about 213 mm. To
perform this study, data was taken from Iranian EPA. Location
of the study area and sampling station in Ahvaz are presented
in Fig. 1.

Statistical model

In the present study, we used statistical model based on epi-
demiological investigations to find relationship between sul-
fur dioxide concentrations and hospital admissions respiratory
disease.

The impact of sulfur dioxide on the HARD can be
assessed by calculating the attributable proportion (AP)
(Mohammadi et al. 2015). The AP implies to that part
of health effects which can be attributed to the sulfur
dioxide exposure in Ahvaz population. Attributable pro-
portion was multiplied at baseline incidence and divided
to 105 (Geravandi et al. 2016b; Zallaghi et al. 2014a).
Obtained value should be multiplied at population (106

as population of Ahvaz). We applied some coefficients

as model parameters that attribute the HARD cases to be
exposed to sulfur dioxide (Goudarzi et al. 2015b). In the
parameter screen, we calculated attributable proportion
regarding the concentration of pollutant, baseline inci-
dence (BI), and relative risk (RR).

BI is defined as the event incidence in the population in
its place as the baseline (Nelson et al. 2015). Term of AP in
percentage was calculated as the following formula:

AP ¼ SUM RR cð Þ−1½ �p cð Þf g=SUM RR cð Þp cð Þ½ � ð1Þ

Where RR(c) is the relative risk for category c of exposure
and p(c) is the proportion of Ahvaz population in category c of
exposure.

The relative risk is a measure of association between expo-
sure to dangers agent and health endpoint (Geravandi et al.
2015b; Goudarzi et al. 2015c). Amount of RR was calculated
using the following equation (Goudarzi et al. 2015b, 2015d;
Mohammadi et al. 2015):

RR ¼ Incidence in the exposed population=Incidence in the nonexposedpopulation

ð2Þ

Results

Based on result of our study, the annual average sulfur
dioxide concentrations increased from 2011 through
2013. Table 1 shows that annual average of sulfur dioxide
concentration in Ahvaz which is higher than the national

Fig. 1 Location of the study area and sampling station in the Khuzestan Province (Ahvaz city), in the south west of Iran
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ambient air quality standard (NAAQS). The primary and
secondary standard of sulfur dioxide according to
NAAQS are 75 ppb (1 h) and 0.5 ppm (3 h), respectively
(Geravandi et al. 2015a).

The yearly mean, spring mean, summer mean, winter
mean, autumn mean, the annual 98 percentile, summer max-
imum, and winter maximum of sulfur dioxide concentrations
in these stations are presented in Table 1. Wintertime levels of
SO2 during three successive years were higher than those
concentrations in summer. As seen, the highest annual aver-
age, seasonal average, as well as the maximum of season
occurred in 2013.

Number of HARD cases related to sulfur dioxide con-
centration is shown in Table 2. Estimated number of ex-
cess cases attributed to sulfur dioxide at central RR (1.01)
during 2011 through 2013 was 24, 25, and 30, respective-
ly. Term of BI implies to cumulative cases of outcome
that happened in 100,000 of population. Central RR can
be a good representative of real situation in view of sulfur
dioxide health effects.

The HARD versus sulfur dioxide concentration during
2011 until 2013 is shown in Fig. 2. As seen, percentages
of attributable proportions at central RR were 3.9, 4, and
5.63 during 2011, 2012, and 2013, respectively. It is ap-
parent that 52 % of excess cases associated with SO2 level
occurred in days that concentration of sulfur dioxide not
exceeding from 110 μg/m3 (Fig. 2). A linear trend was
observed between SO2 levels and cumulative of hospital
admissions respiratory cases. The more concentrations we
had, the more hospital admitted individuals we observed.
Smoothed line above 180 μg/m3 showed that there were
no extra cases afterward. In the other hand, by an increase
in SO2 level, the number of excess cases is incremented
but increasing would be halted in a certain level of SO2

and then it would be shifted to a smoothed line (remain
constant).

Figure 3 shows the relationship between the cumulative
hospital admissions respiratory disease versus sulfur dioxide
level during three successive years. Keep inmind that in 2011,
65 % of this number has occurred in the days with concentra-
tions lower than 140 μg/m3. It should be noted that 49 % of
these cases have occurred in days with SO2 levels not exceed-
ing from 100 μg/m3.

Discussion

In recent decades, air pollution is considered as a major
concern for nowadays communities. In this study, we
estimated the effects of exposure to sulfur dioxide
among citizens of Ahvaz. It should be noted that high
density of industries (steel, oil, and gas) makes Ahvaz as
one of the most important SO2 emitter (Geravandi et al.
2015c).

Based on the results of this study, an increase of 10 μg/
m3 in sulfur dioxide level was associated with an increase
of 3.4 % in the HARD. Ahvaz has been well known due
to industries such as oil, petroleum, steel, gas, and power
plants.

Sunyer et al. in their study had shown the association
of daily sulfur dioxide air pollution levels with hospital
admissions for cardiovascular diseases in Europe. They
demonstrated that an increase of 10 μg/m3 in sulfur diox-
ide levels was related to an increase of 0.7 % in hospital
admissions for cardiovascular diseases (Sunyer et al.
2003).

As mentioned earlier, high percentage of the observed
hospital admissions in our study was related to high con-
centration of measured sulfur dioxide in Ahvaz. In an-
other study in Detroit, USA, Lipmann et al. reported a
meaningful association between sulfur dioxide and health
effects on human. It was observed that an increase of
10 μg/m3 in the sulfur dioxide was associated with an
increase of 2 % in hospital admissions (Lippmann et al.
2000).

High percentage of the HARD in Ahvaz can be related to
existing heavy industry and high sulfur dioxide emitters par-
ticularly in wintertime. Previous study showed that an

Table 1 Sulfur dioxide concentrations (μg m−3) in Ahvaz during 2011
to 2013

Parameters Study years

Ahvaz city
(2011)

Ahvaz city
(2012)

Ahvaz city
(2013)

Annual mean 91/07 92/75 112/30

Spring mean 30/18 32 39/20

Summer mean 53/12 46 55

Autumn mean 108/65 120 146

Winter mean 172/32 173 209

Annual 98 percentile 192/71 281 330/60

Summer maximum 75 82/32 100/79

Winter maximum 242 267/10 322

Table 2 Estimation of relative risk, attributable proportions, and cases
of people suffering from the HARD (baseline incidence = 1260 per 105)

Estimate Indicator

RR (Central),
95 % CI

AP (%) Attributable excess
cases (persons)

Ahvaz city (2011) 1.01 (1.006–1.014) 3.9261 24.6

Ahvaz city (2012) 1.01 (1.006–1.014) 4.0350 25.8

Ahvaz city (2013) 1.01 (1.006–1.014) 5.6354 30
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increase of 10 μg/m3 in SO2 was associated with an increase
of 2.4 % in hospital admissions respiratory cases in six Italian
cities (Biggeri et al. 2001).

The results of this study showed that the concentration
of sulfur dioxide in Ahvaz was higher than Italian cities.
Based on the results of Jiangbei, Ningbo study, an in-
crease of 10 to 18 % in SO2 level was associated with
an increase of 0.44 with the excessive risk in respiratory
diseases (Wu et al. 2015). It should be noted that

changing stability condition from super adiabatic to sub
adiabatic, decreasing maximum mixing heights, and more
fuel consumption in cold season could be possible reasons
for increasing sulfur dioxide levels in wintertime during
this study.

Replacing gas fuel instead of petroleum residue
(mazut) in industries during cold seasons particularly for
power plants could be a reasonable strategy to diminish
levels of sulfur dioxide in atmosphere of megacities like

Fig. 2 Relationship between
cumulative numbers of HARD
versus sulfur dioxide
concentration in Ahvaz,
2011–2013
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Ahvaz. Using low sulfur gasoil (S < 50 ppm) in trucks
and high-duty vehicles can be a feasible measure to in the
ambient air of Ahvaz city. Model based works scientists
try to simplify the reality. It is impossible to find a com-
munity to allow us to evaluate health outcomes when they
are breathing a certain pollutant. So, the perfect health
effect model such as AirQ2,2,3 would allow us to predict
health endpoints which are attributed to that certain pol-
lutant for any specified meteorological conditions, at any
location, for any time period, with the total confidence in
our assessment. The knowledge about predicted number
of cases for respiratory diseases can be helpful for author-
ities, health care centers, medical services, and decision
makers in the field of urban air pollution.

Frankly speaking, in terms of limitations, there would
be an old belief on using all kind of models from numer-
ical to statistical, and it was written in Bair pollution con-
trol engineering^ book that Ball models are wrong; some
models are useful.^ It is because of this fact that models
reflect a simulation of the mechanism or process which
happened in reality. So, it is not reality, and it is a simpli-
fication of the fact to have a better understanding of the
reality. We assumed that concentrations on these stations
in some cases represent the exposure to all people living
in the study areas. Also in Ahvaz which is affected by
other pollutants as well as catastrophic phenomena such
as Middle Eastern Dust (MED), events with the same RR
as one applied in the normal days was used for quantifi-
cation of the health impacts attributed to SO2.

It is obvious that people inhale a mixture of pollutants in
megacities like Ahvaz.

Therefore, we estimated outcomes attributed to SO2 which
may be underestimated or overestimated due to existing other
pollutants into the air.

Future investigations in collaboration with interna-
tional scientific teamwork are needed to explore more
details for this kind of studies toward mitigating the
impact of sulfur dioxide or other pollutants on inhabi-
tant in megacities.

Conclusion

In megacities such as Ahvaz, the dilution capacity of atmo-
sphere is limited due to emissions from industries, transporta-
tion systems, and adverse weather conditions. We concluded
that obnoxious quality of fuel which was enrich in sulfur and
benzene content led to worse quality of breathing air particu-
larly in 2013. In our study, increasing the relative risk of
HARD was a function of SO2 concentration, and we would
expect to observe higher cases of HARD due to higher AP
resulted from increased level of pollutant in 2013.

Careful monitoring, control of urban traffic, application of
technical methods for decreasing sulfur dioxide entering to the
atmosphere from sources such as oil and petrochemical indus-
try, and strict regulations to develop green area will have an
important role in controlling and decreasing sulfur dioxide.

We recommended to authorities in field of urban air quality
to perform several feasible strategies toward producing low
sulfur and benzene fuels, modern automobiles and trucks, as
well as manipulating in industries processes, to reduce level of
SO2 in ambient air.
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