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Background: Sulfur and nitrogen dioxide can have harmful effects on human health. This pollutant can penetrate into sensitive parts
of the respiratory system and cause or worsen Chronic Obstructive Pulmonary Disease (COPD), emphysema, bronchitis, and other
respiratory diseases leading to increased hospital admissions and premature death.

Objectives: The purpose this study was to evaluate the effects of sulfur and nitrogen dioxide exposures on the incidence of health
endpoints in Ahvaz City during 2012.

Materials and Methods: We collected data from Ahvaz Department of Environment (ADoE). Sampling was done in 4 stations of Naderi,
Behdasht'Ghadim, Havashenasi, and Mohitzist for 24 hours. Method of sampling and analysis were according to US Environmental
Protection Agency (EPA) guideline. Raw data processing was done by Excel software and meteorological parameters were converted as
input file into the Air Quality model (AQM). Finally, the rate of respiratory induced mortality and COPD attributed to sulfur and nitrogen
dioxide in Ahvaz were calculated utilizing relative risk (RR) and baseline incidence (BI) related to health endpoints of sulfur and nitrogen
dioxide in 2012. Descriptive statistics i.e. average and standard deviation was used for data analysis.

Results: Results showed that Naderi and Havashenasi stations had the highest and the lowest sulfur and nitrogen dioxide concentrations,
respectively during 2012. Maximum annual concentrations of sulfur and nitrogen dioxide were 173 and 58 ug/m3, respectively, which
observed during winter 2012. Approximately 5.6% of the respiratory mortality and COPD cases happened when the sulfur and nitrogen
dioxide concentrations were more than 20 ug/m?>.

Conclusions: Air pollution resulting from motor vehicles and industrial emissions has drastically increased in Ahvaz. The lower level of
RRvalue might be achieved if some control strategies for reducing sulfur and nitrogen dioxide emission were implemented.
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1. Background

Epidemiological studies have been asserted a consis-
tent increased in the rate of morbidity and mortality
due to the air pollution (1-4). Based on different studies,
air pollutants have harmful effects on human health
and hence they considered seriously by researchers,
government, and people (5). The most important effects
of air pollution include increasing the rates of hospital
admissions, asthma attacks, cardiopulmonary diseases,
death, and the number of the years of life lost (6-9).
United States National Ambient Air Quality Standards
(NAAQS) lists air pollutants as carbon monoxide, ozone,
particulate matter, sulfur dioxide, nitrogen dioxide, and
lead (10). Sulfur and nitrogen dioxide can be dangerous
to the respiratory system and can also lead to irritation
of eyes (11).

In the developing world, one of the common sources
of air pollution is motor vehicles and industrial emis-
sions. Long-term exposure to these irritants causes an
inflammatory response in the lungs resulting in the nar-
rowing of small airways and breakdown of lung tissue
known as emphysema (12, 13). Several studies have dem-
onstrated the association of short-and long-term effects
of exposure to air pollutants with human health. Study
results showed that chronic obstructive pulmonary
disease affects 329 million people or nearly 5% of the en-
tire world population. In 2011, it ranked as the fourth-
leading cause of death, killing over 3 million people (14).
Results showed that increase in hospital admissions for
chronic obstructive pulmonary disease, cardiovascular
disease, and respiratory mortality were attributed to
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the increase in the sulfur and nitrogen dioxide concen-
tration (15). Katsouyanni in a study in 12 European cities
estimated that increase in daily mortality were 3% and
2%, for an increase of 50 pg/m?3 in concentrations of sul-
fur dioxide and particulates, respectively (16). In anoth-
er study conducted in Taiwan, there was an association
between nitrogen dioxide levels and hospital admission
in patients suffered from ischemic stroke, COPD, and
asthma exacerbation (17). Goudarzi et al. in their study
estimated the number of myocardial infarction and car-
diovascular death cases associated with sulfur dioxide
exposure in Ahvaz, Iran during 2014 (18). Dockery et al.
in a cohort study has shown the adverse health impact
of long-term air pollution exposure in the 6US cities.
This study demonstrated that chronic exposure to air
pollutants was independently related to cardiovascu-
lar mortality (19). In a similar work by Mohammadi et
al. they studied the association of daily mortality with
sulfur and nitrogen dioxide levels in Ahvaz City in 2009
(20). In another study, Zallaghi et al. showed the effects
of nitrogen dioxide in urban air on the health of citizens
of west and southwest cities of Iran (21). Also Goudarzi
et al. studied the association of daily mortality with sul-
fur and nitrogen dioxide levels in the Tehran in 2009
(22). Zallaghi et al. studied the association of daily mor-
tality with sulfur and nitrogen dioxide levels in Ahvaz,
Bushehr, and Kermanshah cities in 2010 (23).

Ahvaz has been long well-known for its industries as
well as environmental pollution. In the last decade, an-
other anthropogenic source of air pollution (dust storm)
has been added to other environmental problems (24).
Furthermore, health effects of air pollution in terms of
sulfur dioxide, nitrogen dioxide, and particulate matter
in most of the megacities, particularly Ahvaz were re-
ported. Thus, we decided to assess health effects of sulfur
and nitrogen dioxide, which has not studied yet (25-27).
AirQ software was proved to be a valid and reliable tool to
estimate the potential short-term effects of air pollution.
It predicts health endpoints attributed to criteria pollut-
ants, and allows the examination of various scenarios in
which emission rates of pollutants are varied (27, 28).

2. Objectives

In such context, this study aimed to assess the respirato-
ry mortality and COPD due to sulfur and nitrogen dioxide
pollutant in the air of Ahvaz City (located in southwest-
ern Iran) during 2012.

3. Materials and Methods

3.1. Methods of the Study

The present study is an ecological and model study. The
information with regard to sulfur and nitrogen dioxide
concentrations was taken from Ahvaz Department of
Environment (ADoE). Sampling was performed in four

stations for 24 hours. In this study, 70080 (2 x 24 x 365 x
4) air samples of sulfur and nitrogen dioxide were col-
lected in Ahvaz during 2012. Raw air quality monitoring
data were entered into an Excel spread sheet. These data
were in volumetric base parts-per-million (PPM). Health
effects are being related to the mass of pollutants in-
haled and this is why the Air Quality model was on grav-
imetric basis (ng/m3). So, there was a conflict between
AQM and ADoE data. Conversion between volumetric
and gravimetric units (correction of temperature and
pressure), coding, processing (averaging) and filtering
were implemented for solving the problem. The station
was considered as the highest when the mean value of
this station is greater than the mean parameter at other
stations and vice versa for the lowest. We calculated the
relationship between SO, and NO, exposures and respi-
ratory mortality and COPDcby AirQ, , ; based on utiliz-
ing relative risk, attributable proportion, and baseline
incidence from WHO data (26, 29). This model includes
4 screen inputs (supplier, AQ data, location, parameter)
and two output screens (Figure 1) (5, 30). The primary
and secondary standards of sulfur and nitrogen dioxide
according to NAAQS is 150 pg/m3 and 100 pug/m?3, respec-
tively in 24 hours (10, 18, 21).

3.2. Geographical Features of Ahvaz

Ahvaz, with a population of about 1 million, and an
area of 8152 km?, is the capital of Khuzestan Province
and located between longitudes 48° and 49°29 Eand-
latitude 31°45 N (25, 27, 29). Data were taken from Ah-
vaz Department of Environment (ADoOE). Stations were
located “Naderi”’at downtown, “Behdasht’‘Ghadim”at
old school of public health,“Havashenasi” at bureau of
meteorology,and “Mohitzist” head office of ADoE.

3.3. Data Analysis

For assessing of the health impacts of sulfur dioxide ex-
posure in the ambient air of Ahvaz, we need population
of city, coordination (latitude and longitude), number of
stations and their data set. As it has mentioned, the most
important part of the analysis is the data processing that
encompasses removal or recovery of missing figures,
correction of temperature and pressure on the basis of
meteorological data, which requires shifting from volu-
metric to gravimetric units simultaneously, writing code,
formulation, and filtering. In terms of epidemiological
parameters, the relative risk, baseline incidence, and at-
tributable proportion were calculated based on previous
studies and also the following formulas. For instance, the
attributable proportion was calculated from the follow-
ing Equation:

__ SUM{[RR(c)—1]xp(c)}
AP = SUM[RR(c)xp(c)

(1)
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Figure 1. Location of the Study Area and Sampling Stations in the Khuzestan Province (Ahvaz City), in the South West of Iran

Where p is the proportion of the exposed population, and
RR is the relative risk of disease (risk in exposed|risk to
non-exposed or Ri/Ro).

Relative risk (RR) is the risk of an event (or of developing
a disease) relative to exposure. It is calculated by dividing
the incidence rate among those exposed to the factor by
the incidence rate to those not exposed to the factor (31, 32).

Incidenceintheexposed

@) PR=

(Incidenceinthenon—exposed)
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Attributable proportion was multiplied by baseline in-
cidence and divided by 105. Obtained value should be
multiplied by the population (106). The results will be
the excess cases of deaths and diseases associated with
the given pollutants (sulfur and nitrogen dioxide).

4. Results

The annual average, summer average, winter average,
and 98th percentile of sulfur and nitrogen dioxide con-
centrations in these stations were presented in Table 1. It
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shows that annual means of sulfur and nitrogen dioxide
in Ahvaz were 160 and 37 pg/m?, respectively in 2012. Also
it shows that the maximum concentrations of sulfur and
nitrogen dioxide occurred in winter season.

Relative risk and estimated attributable proportion per-
centage for COPD and respiratory mortality were calcu-
lated in Table 2. Baseline incidence (BI) for these health
endpoints due to nitrogen dioxide were 497 and 101.4/10°
so the number of respiratory mortality and COPD were
calculated at 32 (RR = 1.01 and AP = 4.7651%) and 13 (RR =
1.0038 and AP = 2.0721%) at centerline of relative risk. BI
for these health endpoints due to sulfur dioxide were
101.4 and 66/105 so the number of COPD and respiratory
mortality were calculated at 24 (RR = 1.0044 and AP =
3.1724%) and 21 (RR =1.014 and AP = 3.8350%) at centerline
of relative risk.

The relation of COPD versus sulfur and nitrogen dioxide
concentrations has been shown in Figure 2. Estimated
cases attributed to sulfur and nitrogen dioxide related
COPD at central of RR were 13 and 24, respectively. About
42% of these cases occurred in the days with concentra-
tions lower than 80 pg/m?3. Sixty-seven persons were esti-
mated by the model as total cumulative number of COPD
within one year of exposure.

Respiratory mortality versus sulfur and nitrogen diox-
ide concentration has been shown in Figure 3. About 51%
of this number occurred in the days with concentrations
lower than 120 pg/m3. It should be noted that 82% of the
above-mentioned numbers were matched with the days
with the concentrations below 250 pg/m?3.

5. Discussion

Because of the shortcomings in Iranian health registry
system, it is impossible to use the health effects factors in
this study. To solve this problem, as Ahvaz is a part of the
Middle East, we used the data of the World Health Organi-
zation in the Middle East (RR and BI). The real estimation
of the health effects exposure needs a long-term cohort
study in the local community.

In this study, we estimated the respiratory mortality
and COPD cases associated with short- and long-term
fluctuations in the concentrations of sulfur and ni-
trogen dioxide, using AirQuality model in Ahvaz, Iran.

Table 1. Sulfur and Nitrogen Dioxide Concentrations (ng/m3) in
Ahvaz, During 2012

Time Period @ Nitrogen Dioxide Sulfur Dioxide

(2012) (2012)
Annual mean 37+3.4 160 £18
Spring mean 17+1.9 32£31
Summer mean 211 4.6 46t4.9
Autumn mean 50+15.4 120+24.3
Winter mean 58+7.8 173 +£18.7
Annual 98th 152 171
percentile

4 Data concentrations mean is based on ug/m3 and standard deviation
for data add in column.
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Figure 3. Relationship of Cumulative Numbers of Respiratory Mortality
WithSulfur and Nitrogen Dioxide Concentration

Table 2. Relative Risks, Attributable Proportions and the Number of People Suffering From Respiratory Mortality and Chronic Ob-

structive Pulmonary Disease Due to Sulfur and Nitrogen Dioxide

Health effects attributable to pollutant RR(Medium) AP,% Estimated Number of Excess Cases (Persons)
Respiratory mortality (due to NO,) 4.7651 32
Respiratory mortality (due to SO,) 1.014 3.8350 21
Chronic obstructive pulmonary disease (due to NO,) 1.0038 2.0721 13
Chronic obstructive pulmonary disease (SO, ) 1.0044 31724 24

Health Scope. 2015;4(2):e24318
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Results showed that Ahvaz with approximately 5.6%
incidence respiratory mortality and COPD cases is one
of the most polluted cities. The higher percentage of
these mortality and morbidity perhaps could be due
to the higher average sulfur and nitrogen dioxide or
because of emissions from heavy industrial and motor
vehicles in Ahvaz. Table 1 shows that winter and spring
had the highest and the lowest 24-hour average of
pollutants concentrations during this year, respectively.
Relative risk, the percentage, attributable ratio and the
cardiovascular death, respiratory mortality and COPD
attributed to the sulfur and nitrogen dioxide is estimated
in Table 2. Figures 2 and 3 have illustrated sulfur and
nitrogen dioxide concentrations versus related health
endpoints and average concentrations during Specify
these years. Based on the results of this study, 8.6% and 10%
of all respiratory mortality and COPD were attributed to
respiratory concentrations over 30 pg/m3.

By reviewing the long-term national database, research-
ers found a higher risk of death from respiratory diseases
associated with increases in sulfur and nitrogen dioxide
concentrations. According to one study in 6 Italian cities,
it was shown that with an increase in the sulfur dioxide
pollutant levels of 10 pg/m3 of daily average was associ-
ated with an increase of 2.8% in cardiovascular diseases
(33). In 2010, Zallaghi et al. studied health effects of air
pollution in Ahvaz, Bushehr, and Kermanshah. Based on
their results, approximately 3.5% in Ahvaz, 2.1% in Kerman-
shah, and 1.1% of COPD cases were attributed to nitrogen
dioxide (23). High percentage of the observed health end-
points in this study was associated with high concentra-
tion of measured ozone and existing heavy industry such
as oil, petrochemical, and steel in Ahvaz. Study of Balles-
ter et al. in Valencia, Spain showed that an increase in the
sulfur dioxide levels of 10 pg/m?3 of daily average was as-
sociated with an increase of 3% in all circulatory diseases
(34). In the United States, approximately 6.3% of the adult
population(15 million people) diagnosed with COPD have
been attributed to nitrogen dioxide (35). Results of this
study are different from other studies because of the
geographic, demographic, and climate characteristics.
In a similar work, Gudarzi et al. estimated the sulfur di-
oxide hygienic effects in Tehran (capital of Iran) in 2009.
Based on their results, almost 7.82% and 3.6% of all cases
of whole deaths and hospital admissions due to respira-
tory diseases are attributed to sulfur dioxide (22). Also,
Mohamadi et al. study showed that approximately 3% of
hospital admission for COPD occurred when the nitro-
gen dioxide concentration was over 20 pg/m3(20). Based
on the results of our study, the number of cases of the
health effects was relatively higher because of the greater
pollutant concentration in Ahvaz. In 2010, Zalaghi et al.
surveyed health effects of air pollution in Ahvaz, Bushehr,
and Kermanshah. Based on their results, approximately
4.4% in Ahvaz, 8.64% in Kermanshah, and 3.33% of total
respiratory deaths were attributed to sulfur dioxide (23).
The results of this study showed that the concentration

Health Scope. 2015;4(2):e24318

of ozone in Ahvaz is very high compared to Kermanshah
and Bushehr. Based on the results of our study, the num-
ber of cases of health effects was the relatively higher be-
cause of greater concentration in Ahvaz city. Lipmann et
al. studied the health effects of air pollution in Detroit,
USA. Their results showed that an increase in the pollut-
ant sulfur dioxide level of 10 ng/m3 of daily average was
associated with an increase of 2% in hospital admissions
(36). In 2014, Goudarzi et al. estimated the number of
myocardial infarction and cardiovascular death cases
associated with sulfur dioxide exposure in Ahvaz, Iran.
Based on their results, total number of myocardial in-
farction and cardiovascular deaths attributed to sulfur
dioxide were respectively 37 and 165 (18). Zallaghi et al.
estimated nitrogen dioxide health endpoint in urban air
on the health status of west and southwest cities, Iran;
almost 7.5% and 5.6% of all cardiovascular death and myo-
cardial infarction cases were attributed to sulfur diox-
ide (23). Nonetheless, concentration of sulfur dioxide in
Ahvaz was much higher compared to Tehran. In another
study, Zallaghi et al. showed the effects of nitrogen diox-
ide in urban air on the health status of west and south-
west cities of Iran (21).

There are many confounding factors such as socioeco-
nomic status and demographic variables affecting the in-
cidence and prevalence of health effects of air pollutants.
In this study, we used a standard model that eliminated
the confounding factors based on the default. Although
the results of this study are in line with results of other
researches around the world, as the geographic, demo-
graphic, and climate characteristics are different, there
is still need for further studies to specify local RR and BI.
The high percentage of observed health endpoints was
associated with high concentration of measured sulfur
and nitrogen dioxide. Unfortunately, the major limita-
tions of this study were the lack of databases and indica-
tors, which forced us to use the figures of WHO (Middle
East Region) for calculating health effects attributed to
sulfur and nitrogen dioxide. Also careful monitoring of
sulfur and nitrogen dioxide, public education, control
and optimization of urban traffic, application of techni-
cal methods for decreasing sulfur and nitrogen dioxide
from sources such as oil and petrochemical industry and
regulations of urban development will have an impor-
tant role in controlling air pollutants, including sulfur
and nitrogen dioxide.
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