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Abstract The aims of this study were to assess the health
impact of PM10 on inhabitants and to investigate the trend of
PM10 concentrations in Ilam, Iran, from 2012 to 2015. For
these aims, daily average concentration of PM10 was obtained
from continuous monitoring stations in the study area.
Mortality and morbidity due to PM10 were assessed by AirQ
software developed by World Health Organization (WHO).
Based on the results, the annual mean concentrations of
PM10 in all of years were more than WHO guideline and
PM10 concentration had a decreasing trend in this study peri-
od. Total mortality attributed to PM10was found to be 49 cases
in 2012, 25 in 2013, and 33 in 2014. Hospital admission due

to respiratory diseases was the most impact due to PM10.

Increase in relative risk (RR) with every 10 μg/m3 increase
in PM10 from 2012 to 2015 years for total mortality, respira-
tory disease hospitalization, and hospital admissions were 0.6,
0.8, and 0.9%, respectively. The results of this study indicated
that air pollution is one of the major problems in this urban
area and AirQ model as simple tool can help to design pre-
ventive and controlling programs in order to reduce human
health effects of pollutants.
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Introduction

One of the main source of airborne particulate matter in the
dry and semi dry areas is the dust storm phenomena, especial-
ly in deserts where weak vegetation cover and severe winds
can cause easy transformation of particles. This phenomenon
can affect sunshine, urban traffic, agriculture, air precipitation,
as well as photochemical and dynamic processes in the atmo-
sphere. Therefore it causes crucial health and environmental
impacts (Shahsavani et al. 2012, Miri et al. 2017). In recent
decades, air pollutants caused by industries and natural phe-
nomenon such as dust has caused thousands of mortality
worldwide. Despite the fact that air pollutants in very low
concentrations (even lower than standard and guideline
values) may have not a certain negative effect on normal hu-
man, it can however be harmful for sensitive people (Downs
et al. 2007). Nowadays, the most important concerns about the
health of urban air are related to new air pollutants such as O3,
NO2 and change in trend of distribution and size of specific
particulate matters (Fattore et al. 2011).
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Based on epidemiological studies which conducted in two
recent decades, respiratory (such as chronic bronchitis) and car-
diovascular diseases in the urban areas have close relationship to
air pollution (DeMeij et al. 2009). The globalmortality related to
air pollution was found to be 1 million cases in 2000 and it was
increased to 3.1 million in 2012 and more than 50% of mortality
rate was related to the Asian countries (Wong et al. 2008,
Mokhtari et al. 2016). There are some biological mechanisms
for the impact of air pollutants on human health which have not
clearly detected. However, the most probable mechanism is po-
tential oxidation of different organs (Glinianaia et al. 2004).

According to WHO, particles with diameter smaller than
10 μm are probable cause of respiratory and cardiovascular
diseases such as asthma, bronchitis, heart attacks, reductions
in lung function, and increasing mortality rate. This is in agree-
ment with some European cities in which each 10 μg/m3 in-
crease in PM10 concentration, 6% increase inmortality has been
reported (WHO 2005). According to previous studies on air
pollution in Iranian mega cities such as Tehran, Isfahan, Arak,
Mashhad, and Tabriz, the air quality has dropped in recent years
which can be due to industrialization, urbanization, and the
development of transportation systems. In most of the studies,
PM10 is introduced as the primary cause of air pollution in these
cities (Kermani et al. 2014, Nikonahad et al. 2017). Moreover,
studies conducted in Dehli (India), Pecan (China), and some
cities in Malaysia showed that PM10 is responsible for 80% of
the annual air pollution. These cities were more or less similar
to big cities in Iran in terms of industries, transportation, and
population and industrialization and urban traffic have been
reported to be the main cause of air pollution in these cities
(Ahmad et al. 2006, Kumar and Goyal 2011, Mohan and
Kandya 2007, Mu et al. 2014).

Ilam, city in southwest of Iran (Fig. 1), with a population of
176,000 is facing dust storm originated from Iraq deserts and
some health and environmental problems have been reported
in this city recently (2016). With respect to occurrence of dust
storm in Ilam and health and environmental problems associ-
ated with this phenomena and specially PM10, the study was
aimed to assess the health impact of PM10 during 3-year peri-
od from 2012 to 2014 as well as to investigate the trend of
PM10 concentration in this period of time.

Material and method

Study area

Ilam with 60 km2 area, is located in southwest of Iran in
longitude of 45 41′ to 46 51′ E and latitude of 33 21′N to 33
51′N. The annual mean temperature and precipitation in Ilam
city are 14.3 °C and 30 mm/yr., respectively. Its population is
approximately 176,000 people with population growth rate of
2.6% (Iran 2016). By age category, 23.2% people are in range

<15 years old, 72.8% are in range of 15–64 years, and 4% are
>60 years. Therefore, s most of Ilam inhabitants are in the age
susceptible to air pollution.

AirQ software

In this study, according to the World Health Organization
(WHO), AirQ 2.2.3 software was used to assess the health
impact of PM10 (Naddafi et al. 2012). This software was de-
signed to estimate the effects of pollutants on human health in
a specified period and place and it is accessible in the WHO
website (http://www.euro.who.int/eprise/main/WHO/Progs/
AIQ/activities/20050223_5).

The calculation in this software is based on (1) risk estima-
tion from similar studies, to estimate the long-term effect of
pollutants, and (2) risk estimation from the chronological stud-
ies to estimate the mortality and diseases related to air pollut-
ants. This software was basically designed for the environ-
mental health of central Europe while by modifying of coef-
ficients it can be useful all around the world. According to
Table 1, relating coefficients of base incidence (BI) are calcu-
lated for the health impact of age groups. Since the age group
of Iran population is younger than Europe, therefore, the quan-
tities are smaller in Iran in comparison with Europe countries
(Naddafi et al. 2012).

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

Where AP is attributable proportion (related to the expo-
sure of a special population during a special time), RR(c) is
relative risk of health impact in the target group, and P(c) is the
population of target group. Knowledge of the base incident
(BI) in the society can help to calculate the attribution of
proportion (AP) using Eq. 2 (De Meij et al.).

IE ¼ I � AP ð2Þ

Where I represent the baseline frequency of the health end-
point in the investigated cases and IE denotes to the rate of the
health outcome attributable to the exposure.

RR reflects the amount of pollutants effects on the health
and this variable is linked to exposure to air pollutants. RR is
calculated by time series studies that survey the concentration
variations of air pollutants as well as their impacts on health in
a long-time period (Fattore et al. 2011).

Finally, using Eq. 3, knowing the number of the popula-
tion, the number of cases attributable to the exposure could be
calculated as:

NE ¼ IE� N ð3Þ

WhereN refer to number of the population investigated and
NE is the number of exposed cases.
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Exposure assessment

Figure 2 shows the study area and air pollution monitoring
stations. The daily concentration of PM10 fromMarch 2012 to
March 2015 was obtained from the environmental protection
organization of Ilam Province. There are two continues air
pollution monitoring stations in this city that measured PM10

based on beta attenuation method. The PM10 data, according
to WHO functioning, was first processed with MS Excel soft-
ware and categorized to within two levels and the annual and
seasonal average, annual and seasonal maximum, and 98th
percentile for every year were calculated. Finally after the

classification of the collected data for each year, these data
entered to AirQ software (based on 10 μg/m3) to assess total
mortality, cardiovascular and respiratory mortality, and hospi-
tal admission due to cardiovascular and respiratory disease.

Result and discussion

The descriptive statistics of PM10 concentration were shown in
Table 2. The annual 24 h average concentration of PM10 in all
of years was more than the WHO guideline so that the average
andmaximum concentration of PM10 in the 2012 and 2013 was

Fig. 1 Map of study area and air
quality monitoring station

Table 1 Relative risk (RR) with
95% confidence interval (95%
CI), and rate of baseline incidence
(BI)

Outcome Health endpoint Incidence Relative risk (CI 95%) per 10 μg/m3

Mortality Total mortality 543.5 1.006 (1.004–1.008)

Respiratory 48.4 1.013 (1.005–1.020)

Cardiovascular 231 1.009 (1.005–1.013)

Morbidity Hospital admissions 1260 1.008 (1.0048–1.0112)
Respiratory disease

Hospital admissions 436 .009 (1.006–1.013)
Cardiovascular disease
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almost 5.6 and 88 times more than the WHO guideline
(20 μg/m3) (Europe and Organization 2006), respectively.
In 2014, the annual mean and maximum were 3.35 and 24
times more than WHO guideline. The maximum concen-
tration of PM10 was observed in summer (Fig. 2), in a
way that the mean concentration of PM10 in winter was
more than summer and this result was in agreement with
PM10 concentration reported by Maleki et al. in Ahvaz city
which it is close to Ilam province (Maleki et al. 2016). The
main cause of high concentration of PM10 is dust storms that
occurred frequently in southeast of Iran especially in this city
during summer. Because of the windy condition and the dry-
ness of the study area, particle distribution in high concentra-
tion happens all the year, and urban and industrial activities
like oil and petrochemical industries have intensified
this trend.

In the other studies, the average annual PM10 concentration in
cities of Yazd (103μg/m3), Arak (78μg/m3), Tehran (90μg/m3),
Tabriz (85 μg/m3), Shiraz (102 μg/m3), and Ahvaz (385 μg/m3)
were reported (Mokhtari et al. 2015, Shahsavani et al. 2012,
Fazelinia et al. 2013, Gholampour et al. 2014). In two cities of
Ahwaz and Yazd (Miri et al. 2017), the main source of particles
were soil dusts and in Tehran (Naddafi et al. 2012), Tabriz and
Shiraz the source of particles are due to the burning (Ghanbari
Ghozikali et al. 2014, Gharehchahi et al. 2013).

The numbers of days that inhabitants exposed to different
PM10 concentrations were shown in Fig. 3a–c). Population

were exposed to expose to 50–59 μg/m3 of PM10 in 13.2%
of days in period of 2012–2013. For period of 2013–2014 in
17.5% and for 2014–2015 in 23% of days PM10 concentration
was 40–49 μg/m3.

RR reflects the increased risk originated due to exposure to
a pollutants which is gained by time-series studies. It assesses
the effects of air pollution on health (mortality and morbidity
due to cardiovascular and respiratory diseases). With every
10 μg/m3 increase in PM10 concentrations during 2012–
2015 period, RR was increased by 0.6, 0.8, and 0.9% for total
mortality, hospital admissions due to respiratory disease, and
hospital admissions due to cardiovascular diseases, respec-
tively. In the other words, the effect of increased cardiovascu-
lar disease RR was more evident.

In previous study, (Miri 2016) the increase of RR was
found to be 1.5% for total mortality due to every 10 μg/m3

increase in PM10 concentrations inMashhad, Iran, with annual
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Fig. 3 The percentage of days in which people exposed to different
levels of PM10 from 2012 to 2014

Table 2 Summary of the concentrations of air pollutants (μg/m3)

PM10 concentration Year

2012–2013 2013–2014 2014–2015

Average annual 112 71 57

Average summer 88 54 53

Average winter 135 88 61

98 percentiles annual 950 194 522

Maximum annual 1773 491 770

Maximum summer 1773 491 770

Maximum winter 561 221 195
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Fig. 2 Trends of average monthly PM10 from 2012 to 2014
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average (24 h) of 83 μg/m3. The main reason is, maybe, dif-
ference in source of PM10 in Mashhad with heavy traffic in
most of the times and industrial activities in contrast to Ilam.

The percentage of the attributed proportion as well as the
number of total premature mortality related to PM10 is present-
ed in Table 3 and describes the short-term impacts of exposure
to PM10 pollutants. Also, due to the high concentration of PM10

in the year 2012–2013, the number of excess cases related to
mortality in this year exceeded that of 2013–2014 and 2014–
2015 (49, 33, and 25 cases, respectively). The attributable pro-
portion (AP) related to total mortality for studied time period
were 5, 4, and 3%, respectively. On the other hand, the numbers
of excess cases attributable to PM10 for hospitalization related
to respiratory disease were 149, 102, and 78, respectively, dur-
ing the study periods (as described earlier). In a study carried
out in Tehran, AP for total mortality caused by exposure to
PM10 reported to be 4.6% (Naddafi et al. 2012). In a study
was done in northern Italy, the amount of AP related to PM10

was 2.5%. These results were in consistent with present study
(Fattore et al. 2011).

According to the WHO in 2000, the mean of annual
premature mortality due to airborne particulate matter in
the world was 800,000 people from which 348,000 were
related to Europe (Orru et al. 2009, Pascal et al. 2013). In
a study conducted in Tallinn, Estonia, with a population
of 390,000, about 296 premature mortality cases related to
air particulate matter has been reported. In this study, the
central area and crowded streets had more potential of
respiratory disease and premature mortality, and also the
people whose house or workplace are situated in the city
center faced more health risks and had more exposure in
comparison with drivers and other residence. In a study
conducted in industrial areas in the north of Italy, 8 cases
of premature mortality was predicted annually for the
population of 24,000 people and PM2.5 was reported
as the main pollutant with high risk potential along
with O3 and NO2 which were next in the ranking
(Fattore et al. 2011). Naddafi et al. studied four

indicators of air pollutants (SO2, O3, NO2, and PM10)
in Tehran using AirQ software. Results showed that
PM10 was the most important factor affecting on total
premature mortality and respiratory disease between
other pollutants (Naddafi et al. 2012). Other studies in
Tabriz and Shiraz reported that PM10 have high poten-
tial to affect on inhabitants health in these cities
(Ghanbari Ghozikali et al. 2014, Gharehchahi et al. 2013).
The rate of mortality in Ilam in compression with mentioned
studies is low. The most probable reason for this result may be
the source of PM10. In Ilam, PM10 originated from desert
storm dust, while in above studies, traffic cars and industrials
activity are the main source of PM10.

Conclusion

In this study, the AirQ software along with estimation of cen-
tral point of the relative risk (confidence interval 95%) were
used to investigate the health impacts of PM10 on Ilam inhab-
itants from 2012 to 2015. Results indicated that the effect of
PM10 on total mortality related to respiratory and cardiovas-
cular disease in 2012–2013 periods with 49 cases was more
than 2013–2014 (33 cases) and 2014–2015 (25 cases).

Although the concentration of PM10 was declining over the
period of 2012 to 2015 in Ilam; but the concentration was still
more than theWHO guideline. Since the dust storms caused by
climate change is natural, therefore, extensive activities such as
desertification are required to control this phenomenon that is
extremely challenging. It is obvious that such activities are
long-term and, therefore, some intermediate and short-term
strategies should be conducted to overcome this problem.

The large amount of air particulate matter is due to dust
which enters Ilam city through Iraq. Oil and petrochemical
industries also produce some amounts of air particulate matter
that are potentially poisonous and have bad effects on the
health of residents.

Table 3 Estimated attributable
proportion (AP) expressed as
percentage and number of excess
cases in year 2012–2015 due to
exposure PM10

Health endpoints in
central point of RR

Estimated AP (%) Estimated number of excess cases
(persons)

Total mortality 5 3.6 2.7 49 25 33

Respiratory mortality 10.8 7.5 5.7 9 5 6

Cardiovascular
mortality

7.7 5.3 4 30 16 21

Hospital admissions
Respiratory
disease

7 4.7 3.6 149 78 102

Hospital admissions
Cardiovascular
disease

7.8 5 4 57 29 40

Year 2012–2013 2013–2014 2014–2015 2012–2013 2014–2015 2013–2014
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Also it is recommended that people be sensitized on the use
of personal protection materials like mask in polluted days for
a short time to reduce the health effect due to PM10.
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