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ABSTRACT 
PM10 emissions are defined as PM emissions that are less than ten microns in diameter. Long exposure of 

suspended particles as showed in his personal life. PM10 can cause harmful health effects such as the prevalence 

of bronchitis and reduced lung function in children and adults. Major sources of emissions are causing by 

human intervention particulate road traffic, stationary combustion and industrial processes. The aim of this 

study was to evaluate health- effects of carbon monoxide exposure in Ahvaz city (located in south-western Iran), 

during 2012. PM10 data were collected through Ahvaz Meteorological Organization and the Department of 

Environment. Raw data processing by Excel software includes (instruction set correction of averaging, coding 

and filtering) and after the impact of meteorological parameters was converted as input file to the Air Q model. 

Finally, respiratory mortality, cardiovascular death and hospital admissions respiratory disease of PM10 

exposure was calculated. The results showed that the approximately 17% of total respiratory mortality, 

cardiovascular death and hospital admissions respiratory disease happened when the PM10 concentrations were 

more than 30μg/m
3
. The results showed that the concentration of PM10 was related to Ahvaz with an annual 

average 321 μg/m
3
. Sum of cardiovascular and respiratory death attributed to PM10 were 1055 and 189 cases in 

2012. The higher percentage of these deaths perhaps could be the result of higher average PM10 or because of 

sustained high concentration days in Ahvaz. Therefore, the higher relative risk value can depict mismanagement 

in urban air quality.  
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INTRODUCTION 
Health effects of air pollution on human since the 

past have been considered by epidemiological 

researchers, government and people [1]. 

Epidemiological Researches of air pollution has 

been a consistent increased human health and the 

rate of death toll attributable to the air pollution [2-

8]. The most important effects of air pollution 

include: increase rates hospital admissions, asthma 

attacks, cardiopulmonary disease, death and 

number of the years of life lost [9-13]. United 

States National Ambient Air Quality Standards 

(NAAQS) list air pollutants as carbon monoxide, 

ozone, particulate matter, sulfur dioxide, nitrogen 

dioxide, and Lead [14]. Particulate matter or PM is 

the term for particles found in the air, including 

dust, dirt, soot, smoke, and liquid droplets [1]. 

Short and long term exposure to PM10 can cases 

irritate the lungs, immune responses, lung 

constriction, producing shortness of breath, damage 

cells, aggravated coughing, aggravated asthma, 

increase hospital admissions, chronic bronchitis, 

cancer and deaths [9-13]. 

The major sources of Particulate matter are 

resulting from human intervention particulate road 

traffic, stationary combustion, transportation, 

power stations, heating plants and industrial 

processes. Particulate matter is classified by size, 

which is directly linked to the distance it will 

penetrate into the lung; the smaller the particle, the 

further it will penetrate. PM10 implies an air 

pollutant consisting of small particles with an 

aerodynamic diameter less than or equal to a 

nominal 10mm. The result of studies of short and 

long term effects of air pollution was estimated in 

the form of hospital admissions in excess cases, 

increasing in a number of consultations with a 

physician, asthma attacks, cardiopulmonary 

disease, death and number of the years lost [18-24]. 

Over the last two decades, a large number of 

epidemiological studies have been conducted 

around the world to highlight the health 

significance of ambient particulate matter [3-5]. 

WHO study showed that increased by 10 µg of 
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particle, can cases increase 1 to 3 percent of the 

mortality rate [1]. In recent years, several studies 

have shown a relation between the health effects 

and short and long term with particle matter in 

regional respiratory air among the population [6-8]. 

Dockery et al in a cohort study has shown adverse 

health impact of long-term air pollution exposure in 

the Six US cities. This study showed that chronic 

exposure to air pollutants is independently related 

to cardiovascular mortality [25]. In similar work 

Mohammadi et, al studied the association between 

daily mortality and PM10 levels in the Ahvaz in 

2009 [26]. Also Goudarzi et al studied the 

association between daily mortality and PM10 

levels in Tehran in 2009 [27]. Zallaghi et al studied 

the association between daily mortality and PM10 

levels in the Ahvaz, Bushehr and Kermanshah in 

2010 [28]. AirQ software was proved to be a valid 

and reliable tool to estimate the potential short-term 

effects of air pollution, predicts health endpoints 

attributed to criteria pollutants, and allows the 

examination of various scenarios in which emission 

rates of pollutants are varied [16-17]. The purpose 

of this study was to assess the potential effects of 

PM10 exposure on human health in Ahvaz city 

(located in south-western Iran) during the year 

2012. 

 

MATERIALS AND METHODS 
The present study is an epidemiological and used 

model study. In this retrospective study, was used 

to assess the potential effects of PM10 exposure on 

human health in Ahvaz city (located in south-

western Iran) during the year 2012. PM10 data was 

derived from Ahvaz Department of Environment 

(ADoE). These data were on volumetric base. 

These data were in volumetric base. Health effects 

are being related to the mass of pollutants inhaled 

and this is why the AirQ model was on a 

gravimetric basis. So, there was a conflict between 

AirQ model and ADoE data. Conversion between 

volumetric and gravimetric units (correction of 

temperature and pressure), coding, processing 

(averaging) and filtering is implemented for 

solving such problem. Raw air quality monitoring 

data were in a Microsoft Office Excel spread sheet. 

Therefore, all processing mechanisms such as 

correction, coding, averaging and filtering took 

place in this software. The temperature and 

pressure are unlikely to be standard, so we also 

need to be able to convert gravimetric units at STP 

to other temperatures and pressures. According to 

model database, it is suggested to specify the 

highest and the lowest stations before using 

secondary filtering. 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 

cardiovascular death, respiratory mortality and 

hospital admissions for respiratory disease related 

to PM10 by Air Q2.2.3 based on the relative 

utilizing risk, attributed proportion and baseline 

incidence from WHO data [16-17]. This model 

includes four screen inputs (Supplier, AQ data, 

location, and parameter) and two output screens 

(Table and Graph) [2-3]. For estimated of health 

impact attributable to the exposure to air pollution 

on the target population using AirQ model, that 

estimate this impacts to specific air pollutants on a 

resident population in a certain area and period. 

Geographical features of Ahvaz: Ahvaz city, with a 

population of 1 million approximately, with an area 

of 8152 square kilometers, the capital city of 

Khuzestan Province is located between 48 degree 

to 49°29′ east of Greenwich meridian and between 

31 degrees and 45 minutes to the north of the 

equator [2-3]. Data was taken from Ahvaz 

Department of Environment (ADoE). Stations were 

downtown “Naderi”, old building of School of 

Public Health Bureau of Meteorology and Head 

Office of ADoE. 

 
Fig 1: Location of the study area and sampling station in 

the Khuzestan Province (Ahvaz city), in the south west 

of Iran (29). 

 

Data analysis 
For estimated of health impact attributable to the 

exposure to air pollution on the target population 

using AirQ model, that estimate this impacts to 

specific air pollutants on a resident population in a 

certain area and period. AirQ model is based on 

statistical equations. Sample community was 

Ahvaz city which was considered one million 
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persons approximately. Data capture was gathered 

for criteria air pollutants. Attributable proportion is 

the fraction of health consequences in a specific 

population that can be attributed to a specific air 

pollutant exposure with this notion that there is 

proven causative correlation between health 

consequences and air pollutant exposure. 

Attributable proportion was calculated as following 

formula: [30].  

 

AP= SUM {[RR(c)-1] p(c)} /SUM [RR(c) p(c)] 

 

Where: p(c) is population of city. 

RR denotes the relative risk for a given health 

endpoint. 

The rate attributable to the exposure can be 

calculated as the following equation if the baseline 

frequency of the health endpoint is known in the 

population: 

IE = I AP 

 

Where: (AP) is the fraction of health impacts which 

can be attributed to the exposure to a given 

population at a certain time period [30]. Of 

statistics and mathematical epidemiology, relative 

risk (RR) is the risk of an event (or of developing a 

disease) relative to exposure. Relative risk is a ratio 

of the probability of the event occurring in the 

exposed group versus a non-exposed group. (I) is 

the baseline incidence attributed to select health 

effects [31].  

 

exposed-non event when ofy probabilit

exposed event when ofy Probabilit
=RR

 

The number of cases attributable to the exposure 

can be estimated as the following equation 

knowing the size of the population: 

 

NIE=NE  
 

Where: NE denotes the number of cases attributed 

to the exposure. N denotes the size of the 

population investigated. 

Attributable proportion was multiplied at baseline 

incidence and divided to 105. Obtained value 

should be multiplied by population (106). The 

results will be the excess cases of mortality or 

morbidity attributed to give pollutant (PM10). In 

order to verify and compare the results with the 

actual results were referred to the registration 

center for disease But unfortunately because of lack 

and was not database quantities we used values of 

parameters required calculated by the from WHO 

(in Middle East). 

The primary and secondary standard of particulate 

matter according to national ambient air quality 

standard (NAAQS) for 24-hour is 150µg/m
3
(14). 

World health Organization (AQG WHO) has 

recommended 20 and 50 µg/m
3
 as annual and 24-

hour means of PM10 guidelines, respectively [32].  

Ethical considerations 

Sampling and collection data’s don by Ahvaz 

Department of the Environment and we analysis of 

PM10 data by use of Excel software and AirQ 

model. Estimated of health impact attributable to 

the exposure to air pollution on the target 

population using AirQ model, that estimate these 

impacts to specific air pollutants on a resident 

population in a certain area and period. 

 

RESULT AND DISCUSSION 
In view of PM10 concentrations, Havashenasi and 

Naderi had the highest and the lowest PM10 

concentrations during 2012, respectively. The 

annual average, summer average, winter average, 

98 percentile, Annual Max, Summer Max and 

Winter Max of PM10 concentrations in these 

stations has presented in Table 1. Table 1 shows 

that the annual mean of PM10 in Ahvaz was 321 

µg/m
3
 in 2012 which is higher than EU AQS and 

also much higher than NAAQS standards. 
Table 1: Highest and lowest concentrations of PM10 

(µg/m3) corresponding to stations 

 

Stations 

 

 Parameter 

 Average 

Ahvaz  

lowest 

stations 

(Naderi) 

highest 

stations 

(Havashenasi) 

Annual mean  321 284.22 368.23 

Summer mean  438 389.46 501.65 

Winter mean  276 211.12 324.14 

98 percentile 2132 1426.47 2314.89 

Annual Max  6743 5986.32 6743 

Summer Max 6743 5986.32 6743 

Winter Max 4361 3861 4635 

Relative risk and estimated Attributable proportion 

percentage were estimated in table 2 for 

cardiovascular deaths. As mentioned earlier BI was 

taken from model's default which is 497 per 105 for 

this health endpoint. Therefore, estimated number 

of excess cases were calculated 1055 at centerline 

of relative risk (RR=1.008 and AP=12. 6962%).  

Cumulative cases of cardiovascular mortality 

attributed to PM10 concentrations have illustrated in 

Figure 2 with three ranges of relative risk (down, 

mean, up). 1987 persons were estimated by model 

as total cumulative number of cardiovascular death 

within one year of exposure. 48% of these cases 

have occurred in days with PM10 levels not 

exceeding 200µg/m
3
. Also, Show that despite the 

relative risk of health effects of PM10 

concentrations below to 20μg/m
3
 due to lack of 
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contact with the population concentration is zero In 

other words, no one day in 2012 has been reaches 

the PM10 concentration below 20μg/m
3
. It should 

be noted that 82 percent of above number are 

corresponding to the days with concentrations 

below 400µg/m
3
. 

Table 2: Estimated relative risk indicators and the 

component exposure to PM10 cases attributable to 

cardiovascular deaths (BI= 497) 

 

Indicator 

 

Estimate 

RR 

(Mediu

m) 

Estim

ated 

AP 

(%) 

Estimated 

number of  

excess cases 

(persons) 

Down 1.0050 8. 

3318 

621.3 

Mean 1.0080 12. 

6962 
1055.1 

Up 1.0180 24. 

6538 
1987.2 

 

 
Fig. 2: relationship between cumulative of 

Cardiovascular deaths related to PM10 

 

Relative risk and estimated attributable proportion 

percentage were estimated in table 3 for respiratory 

mortality. BI of this health endpoint is 66 per 105, 

the estimated number of excess cases were 189 at 

centerline of relative risk (RR=1.0080 and AP=12. 

6962%).  

Respiratory mortality versus particulate matter 

concentration has shown in figure 3. Estimated 

cases which attributed to PM10 for respiratory 

mortality at lower, central and higher of RR were 

89, 189 and 324, respectively. 

Relative risk and estimated attributable proportion 

percentage for Hospital Admissions Respiratory 

disease were estimated in table 4. According to 

model's default, the baseline incidence (BI) of this 

health endpoint for PM10 was 1260 per 105 so the 

number of the estimated number of excess cases 

was estimated 2675 at centerline of relative risk 

(RR=1.0080 and AP=11. 8569%). 
Table 3: Estimated relative risk indicators and the 

component exposure to PM10 cases attributable to 

respiratory mortality (BI= 66) 

 
Indicator 

 

Estimate 

RR 

(Medium) 

Estimated 

AP (%) 

Estimated 

number of  

excess cases 

(persons) 

Down 1.0050 8. 3318 89.3 

Mean 1.0080 12. 6962 189 

Up 1.0180 24. 6538 324.5 

 

 
Fig 3: relationship between cumulative of Respiratory 

deaths related to PM10 

 

Table 4: Estimated relative risk indicators and the 

component exposure to PM10 cases attributable to 

Hospital admissions respiratory disease (BI= 1260) 

 
Indicator 

 

Estimate 

RR 

(Medium) 

Estimate

d AP(%) 

Estimated number 

of  excess cases 

(persons) 

Down 1.0050 7. 4158 1551.7 

Mean 1.0080 11. 8569 2675 

Up 1.0180 22. 8965 3864 

Hospital Admissions Respiratory Disease versus 

particulate matter concentration has shown in 

figure 4. Estimated cases which attributed to PM10 

for Hospital Admissions Respiratory disease at 

lower, central and higher of RR were 1551, 2675 

and 3864, respectively.  

In this study, we estimate cardiovascular death, 

respiratory mortality and hospital admissions 

respiratory disease was associated with short and 

long term fluctuations in concentrations of PM10, 

using AirQ model in Ahvaz, Iran. Sum of 

cardiovascular mortality attributed to Carbon 

monoxide in Ahvaz was 1055 cases in 2012. 

Results show that approximately Ahvaz with 4 

percent is one of the most polluted cities. The 
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higher percentage of these deaths perhaps could be 

the result of higher average PM10 or because of 

sustained high concentration dusty days in Ahvaz. 

 
Fig 4: relationship between cumulative of Hospital 

Admissions Respiratory Disease related to PM10 

 

Table 1 shows that the maximum 24-hour 

average of summer and winter of Havashenasi 

and Naderi was the highest and the lowest 

stations during this year respectively. Relative 

risk, the percentage, attributed ratio and the 

cardiovascular death, respiratory mortality and 

hospital admissions respiratory disease 

attributed to the PM10 are estimated in Table 

2-4. Figures 2 to 4 have illustrated PM10 

concentrations versus related health endpoint 

and average concentrations in during years. 

Researchers showed the association of daily 

mortality and morbidity with short-term 

variations in the ambient concentrations of air 

pollutants [33-34]. Based on the results of this 

study, 15% of all cardiovascular death, 

respiratory mortality and hospital admissions 

respiratory disease were attributed to 

respiratory concentrations over 20µg/m
3
. A 

study commissioned its cooperation on North 

American was conducted to among infants 

aged one month to one year 20 µg/m
3
 

increases in average 24-hr PM10 the risk of 

deaths was increased by 82 percent. However, 

these estimates were based on only 41 deaths 

[35]. Review and meta-analysis were 

conducted to determine the effects of short-

term exposure on mortality that increasing 

10µg/m
3
 showed estimated by the Bangkok 

1/7 percent, Mexico 1/83 percent, Santiago 

1/1 percent, inchoan, 0/8 percent, Bryson 

Australia 1/6 percent [36-40]. High 

percentage of the observed health endpoints in 

this study was associated with high 

concentration of measured PM10 and 

phenomenon dust storm in Ahvaz. In similar 

work Zallaghi and Associates to evaluate the 

health effects of PM10 by using of Air Q 

model in south west of Iran (kermanshah-

bushehr) during 2010. Based on the results of 

this study, in Kermanshah 12 percent of 

cardiovascular diseases and 17 percent 

Respiratory diseases was attributed to PM10 

concentrations over 30µg/m
3
 [28]. The results 

this study shows that concentration of PM10 in 

Ahvaz is very high compared to Kermanshah 

and bushehr city. Also Zallaghi exploited 

AirQ model to estimate the PM10 hygienic 

effects in bushehr during 2010. Based on their 

results, almost 14 percent of cardiovascular 

diseases and 19 percent Respiratory diseases 

were attributed to PM10 concentrations over 

20µg/m
3 

[42]. Based on the results of my 

study health effects was the relatively higher 

because of concentration was higher than in 

Ahvaz city. Tominz and Associates to 

evaluate the health effects of PM10 by using of 

Air Q model in Trieste city during 2005, Italy. 

Based on the results of this study, 1/8 percent 

of all respiratory mortality and 2/5 percent of 

all deaths were attributed to respiratory 

concentrations over 20µg/m
3
 [43]. Results of 

this study are different to compare with Italy 

because of the geographic, demographic, and 

climate characteristics. In another similar 

work Goudarzi and Associates to evaluate the 

health effects of PM10 by using of Air Q 

model in Tehran city during 2008. Based on 

the results of this study, 4 percent of all 

respiratory mortality was attributed to PM10 

concentrations over 20 µg/m
3 

[27]. In another 

similar work Zallaghi and associates evaluated 

the health effects of PM10 by using of Air Q 

model in bushehr city during 2011. Based on 

the results of this study, 15 percent of 

cardiovascular diseases and 20 percent 

Respiratory diseases was attributed to PM10 

concentrations over 10µg/m
3 

[43]. Also 

Zallaghi et al evaluated the health impact by 

using AirQ Model in Tabriz. . Based on the 

results of this study, 6 percent of all 

cardiovascular and Respiratory mortality was 

attributed to PM10 concentrations over 

10µg/m
3 

[17]. 

 

CONCLUSION 

Although the results of this study are in line with 

results of other researchers around the world, since 

the geographic, demographic, and climate 

characteristics are different, there is still high need 

to further studies to specify local RR and BI. 

Larger relative risks for air pollution were mostly 

found in the elderly except for PM10 and for death-

cause cardiovascular, respiratory and Hospital 

Admissions respiratory disease which showed 
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larger relative risk. High percentage of the 

observed health endpoints was associated with high 

concentration of measured PM10. Unfortunately, 

due to lack of databases and the lack of indicators 

amounts, to estimate the health effects of air 

pollutants actually are required epidemiologic 

studies for accurate calculation of RRs and BIs. 

Also Careful monitoring of particulate matter, 

public education, control and optimization of urban 

traffic, application of technical methods for 

decrease PM in purpose source such as use mulch 

in Iraq and regulations urban development will 

have an important role in controlling air pollutants 

including particulate matter. 
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