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Abstract 

Background: Dust storm is one of the most important natural sources of air pollution in the Middle East that has 
caused a major concern in recent years. The aim of this study was to evaluate the respiratory tract function of 
people living in Ilam city (Iran) during dust storm.  

Methods: A sample size of 250 people was selected and the cluster sampling was randomly used from 13 health 
centers in Ilam city. Pulmonary function test (PFT) was determined via a standard spirometry apparatus. Vital 
capacity (VC), Forced Vital capacity (FVC), FVC in first second (FEV1), FEV1/VC, FEV1/FVC, peek expiratory 
flow (PEF), forced expiratory flow (FEF25-75%), forced expiratory flow (FEF25–75%), forced expiratory flow 
(FEF75–85%), forced mid flow time (FMFT) and maximum voluntary ventilation (MVV) were measured.  

Results: Mean values of respiratory capacities measured in all participants excluding FEV1/VC and FMFT were 
less than predicted mean values by ECCS reference. 21.6% of the population suffered from obstructive lesions. 
This value among males (24.1%) was more than females (19.6%). This could be related to more exposure 
(outdoor jobs) of males with dust storms.  

Conclusion: The results also showed a negative significant relationship between duration of inhabitance in Ilam 
city and all respiratory capacities. Further studies are needed for confident confirmation of whether reduction of 
respiratory capacities among Ilamian people is only related to dust storms.  

Keywords: Iran, Ilam, air pollution, dust storm, lung function 

1. Introduction 

In recent decades, air pollution in many parts of the world has caused increasing concerns about adverse effects 
on human health (Teather et al., 2013). According to the World Health Organization (WHO), about 1.4% of the 
total mortalities in the world have been allocated to air pollution (Evans et al., 2013). Although human activities 
such as industries and transportation have mainly caused air pollution, but natural sources can also play 
substantial role in the creating air pollution (Teather et al., 2013). Dust storm is one of the most important natural 
sources of air pollution that has introduced 800 trillion grams of particulate matter (PM) in Asia annually 
(Shahsavani et al., 2012). 

The health effects of dust storms especially in the Middle East are a major concern in recent years (Teather et al., 
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2013; Shahsavani et al., 2012; Chan and Ng, 2011). PM10 and PM2.5 (particle matter with diameter equal or less 
than 10 and 2.5 μm, respectively) are the important constituents of dust storm (Li et al., 2010; Meng and Zhang, 
2007). An increase of the airborne particles concentration (PM10 and PM2.5) over dust storm phenomenon, due to 
their deep penetration into the lower respiratory tract (alveoli), has resulted in a range of illnesses and deaths 
(Geng et al., 2006; Chen et al., 2004; Meng and Zhang, 2007; Bourotte et al., 2007). It is commonly believed 
that PM2.5 creates the most dangerous inability to lung performance (Teather et al., 2013). Most current studies 
reported that 3.5 million cardiovascular and 220,000 respiratory tract cancer deaths due to PM2.5 are being 
annually assigned (Evans et al., 2013). Epidemiological studies also indicated that ischemic heart diseases, 
respiratory diseases such as asthma, rhinitis and pneumonia, lung dysfunction, daily mortality and hospital 
admissions were increased during 2 days after dust events (Geng et al., 2006; Kang et al., 2012; Hong et al., 
2010; Chien et al., 2012; Meng and Zhang, 2007; Teather et al., 2013; Wu et al., 2010; Pal et al., 2010). Cheng et 
al. 2012 reported a significant relation between Asian Dust Storm (ADS) episodes and daily morbidity because 
of pneumonia during one day after the event (Kang et al., 2012). Many researchers have also shown the 
significant increase in hospital admission due to pneumonia, ischemic heart diseases, and other heart diseases 
within dust events (Chien et al., 2012). 

Lung function is considered as one of the major markers of safety for respiratory and cardiac systems (Downs et 
al., 2007). Lung performance can be affected by air pollution, especially by suspended particles (Rinne et al., 
2006; Moini et al., 2010). Several studies have been conducted on the relation between suspended particles 
exposure and lung function in young and elderly people (Mölter et al., 2013; Curjuric et al., 2010). The 
improvement in air quality was resulted in diminishing cardiopulmonary deaths and an enhancement of lung 
function in children (Imboden et al., 2009). Schwartz et al. (2009) indicated that the dwellers of more air 
polluted regions have worse lung functions (Imboden et al., 2009). They also reported that long term exposure to 
air particulate matter decreases the lung function (Imboden et al., 2009). 

The west (such as Ilam city) and southern west of Iran appear to be influenced by dust carried by the Shamal 
wind, a hot northwest wind that is dominant during the spring and carries large quantities of dust from Iraq 
deserts (Middleton and Goudie, 2006). In recent decade, Ilam city has been generally experienced dust events 
originating from the above mentioned source. Despite of its importance, this phenomenon has not been studied 
so far. To the best of our knowledge, there is no published document about the status of the lung function among 
general population in Ilam city. Therefore, the main objective of this study was to evaluate the respiratory tract 
function of people living in this region during dust storms. 

2. Methods 

This study was conducted from August to September 2013 in Ilam city with population of 172000 people. 
Including criteria in this study were: 18 years old persons and more with at least 5 years inhabitance in Ilam city, 
no hereditary and familial history of respiratory diseases, no history of addiction and smoking, no direct contact 
with job inhaling pollutants, no history of acute respiratory infection in last two weeks and no usage of 
bronchodilators (Golshan and Nematbakhsh, 2000). A sample size of 250 people was selected based upon the 
average and standard deviation values of previous studies (Moini et al., 2010). Then, the cluster sampling was 
randomly used through 13 health centers located in Ilam city. A standard spirometry questionnaire including 
demographic characteristics (age, height, gender, marital status, education, job, residence duration in Ilam city), 
respiration status and other physical symptoms and problems during days with and without dust storms, past 
medical history, familial history of respiratory diseases, drug usage and smoking for each participant was 
completed (Jafari & Assari, 2004). Stand height and weight without wearing shoes was measured by using 
calibrated scale and stadiometer. 

Pulmonary function test (PFT) was determined via a Vitalograph spirometry apparatus (Compact II, England) 
(Society and Physicians, 2003; He et al., 2010; Ahmadial et al., 2006; Moini et al., 2010; Pal et al., 2010). 
According to the American thoracic society (ATS) standards, at least 3 acceptable tests were performed for each 
individual. The device was calibrated once for every three individuals by 1-liter syringe. Vital capacity (VC), 
Forced Vital capacity (FVC), Forced expiratory volume in first second (FEV1), FEV1/VC, FEV1/FVC, peek 
expiratory flow (PEF), forced expiratory flow at 25%, 50%, 75% of volume as a percentage of FVC (FEF25%, 
FEF50%, FEF75%), forced expiratory flow from 25–75% of the FVC (FEF25–75%), forced expiratory flow from 
75–85% of FVC (FEF75–85%), forced mid flow time (FMFT) and maximum voluntary ventilation (MVV) 
parameters were measured. Then, the information achieved from the questionnaires and spirometry results were 
extracted and analyzed by SPSS version 16. A p-value of <0.05 was considered significant. In this research, the 
European community for coal and steel (ECCS) reference was used to evaluate the respiratory status of studied 
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population (Alizadeh et al., 2006; Boskabady et al., 2002). T-test and Chi-square test were applied to compare 
mean pulmonary capacities data with reference scales (ECCS) and to compare the prevalence data of respiratory 
symptoms in dusty days with normal days, respectively. 

3. Results 

The anthropometric parameters values of the participants are shown in Table 1. Of the 250 participants, 44.8% 
and 55.2% were male and female, respectively. Mean age of total participants was 38.23±12.35 years. The 
minimum and maximum age of participants was 18 and 90 years, respectively. Mean habitation time (year) of 
the participants in Ilam city was 32.70±14.61 years. 

 

Table 1. Demographic and anthropometric characteristics of the participants. 

Parameter 
Males (n=112) 

 
Females (n=138) 

 
Total (n=250) 

Mean SD Mean SD Mean SD 

Age (years) 38.10 13.09 

 

38.33 11.76 

 

38.23 12.35 

Height (cm) 172.37 8.57 160.49 7.20 165.81 9.81 

Weight (kg) 76.99 13.13 67.67 11.63 71.85 13.15 

BMI (kg/m2) 25.85 3.52 26.32 4.51 26.11 4.09 

Habitation (year) 33.00 14.46 32.46 14.78 32.70 14.61 

 

The results of the pulmonary tests are indicated in Table 2. All the studied parameters were significantly different 
in males and females (p<0.05). Lung function parameters were compared with predicted values of ECCS 
reference. There were significant differences between all the parameters except for FVC and PEF in total 
participants, FVC, FEV1/VC, PEF and MVV in males and FVC in females (P<0.05). These values were located 
within 61.25%–128.95% of those derived from prediction equations values for ECCS of total subjects. The 
largest variations were for FMFT which was significantly higher (128.95%) and FEF75% which was significantly 
lower (61.25%) in males compared with the reference values. All the spirometric values (VC, FVC, FEV1, PEF, 
FEF25%, FEF50%, FEF75%, FEF25- 75%, FEF75-85%, FMFT and MVV) in males were greater than of females. 
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Table 2. Mean lung volumes and capacities in healthy adult Ilamian males and females compared with ECCS 
reference values. 

Parameter 

 

Males (n = 112) Females (n = 138) Total (n=250) 

Measured 

values 

(Mean±SD) 

ECCS values 

(Mean±SD) 

% 

difference# 
p-value

Measured 

values 

(Mean±SD) 

ECCS values

(Mean±SD) 

% 

difference#
p-value

Measured 

values 

(Mean±SD) 

ECCS values 

(Mean±SD) 

% 

difference#
p-value

VC (l) 4.32±0.89 4.66±0.88 92.70 0.000 3.14±0.67 3.31±0.56 94.86 0.000 3.67±0.97 3.92±0.98 93.65 0.000 

FVC (l) 4.41±0.90 4.47±0.81 98.66 0.196 3.30±0.65 3.25±0.54 101.54 0.159 3.80±0.94 3.80±0.91 100.02 0.974 

FEV1 (l) 3.49±0.75 3.73±0.68 93.57 0.000 2.66±0.55 2.80±0.49 95.00 0.000 3.03±0.77 3.22±0.74 94.24 0.000 

FEV1/VC 81.09±8.00 80.54±2.39 100.68 0.450 84.53±8.15 81.73±2.24 103.43 0.000 82.99±8.25 81.2±2.38 102.20 0.000 

FEV1/FVC 79.18±5.60 83.46±2.32 94.87 0.000 80.64±6.30 85.93±1.68 93.84 0.000 79.98±6.03 84.82±2.34 94.29 0.000 

PEF (l/sec) 535.87±144.35 528.19±75.92 101.45 0.491 377.79±93.16 397.66±44.82 95.00 0.002 448.61±142.4 456.14±88.91 98.35 0.222 

FEF25%(l/sec) 7.10±1.85 7.61±1.00 93.30 0.001 5.55±1.39 5.87±0.56 94.55 0.002 6.24±1.78 6.65±1.18 93.83 0.000 

FEF50% (l/sec) 3.99±1.30 4.93±0.63 80.93 0.000 3.39±1.00 4.15±0.41 81.69 0.000 3.66±1.18 4.50±0.65 81.33 0.000 

FEF25-75%(l/sec) 3.37±1.18 4.31±0.67 78.19 0.000 2.79±0.91 3.64±0.91 76.65 0.000 3.05±1.07 3.94±0.65 77.43 0.000 

FEF75%(l/sec) 1.35±0.60 2.16±0.44 62.5 0.000 1.11±0.50 1.85±0.33 60.00 0.000 1.22±0.56 1.99±0.41 61.25 0.000 

FEF 

75-85%(l/sec) 
0.88±0.48 1.20±0.31 73.33 0.000 0.73±0.40 1.09±0.27 66.97 0.000 0.80±0.44 1.14±0.30 70.00 0.000 

FMFT (sec) 0.71±0.22 0.59±0.05 120.34 0.000 0.65±0.25 0.48±0.03 135.42 0.000 0.68±0.24 0.53±0.07 128.95 0.000 

MVV (l/min) 130.79±28.11 133.83±19.99 97.73 0.052 99.91±20.63 104.79±12.67 95.34 0.000 113.74±28.69 117.80±21.81 96.55 0.000 

VC: Vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; PEF: peak expiratory flow; 
FEF25–75: expiratory flow from 25–75% of the vital capacity; FEF25, FEF50, FEF75: instantaneous expiratory flows at 25%, 
50% and 75% of FVC, respectively; FEF75–85: expiratory flow from 75–85% of the vital capacity; FMFT: Forced mid flow 
time; MVV: maximum voluntary ventilation. 

SD = standard deviation; n = total number of participants. 

#: Percentage difference between the measured values with reference values. 

 

The spirometric values also showed a moderate to strong positive correlation with height (Table 3). But, these 
correlation values were less severe in females. The correlation between spirometric values and weight was 
weaker but still significant for certain parameters. As it was also expected, there was an inverse correlation 
between age and spirometric values. The correlation between spirometric values and BMI (body mass index) 
was not significant in most cases (p˃0.05). However, this correlation had inverse relation among females and for 
certain parameters were significant. There was also a significant inverse correlation between spirometric values 
and duration of habitation in Ilam city (p<0.05). 

 

Table 3. Pearson’s correlation coefficients between spirometric parameters in adult residents in Ilam according to 
different variables 

Females (n = 138) Males (n = 112) 

Parameter Habitation 
(year) 

BMI 
(kg/m2) 

Weight 
(kg) 

Height 
(cm) 

Age 

(year) 

Habitation 
(year) 

BMI 
(kg/m2) 

Weight 
(kg) 

Height 
(cm) 

Age 

(year) 

-0.196* -0.233** 0.071 0.558** -0.455**-0.355** 0.006 0.417** 0.718** -0.419** VC (l) 

-0.279** -0.257** 0.084 0.629** -0.516**-0.408** 0.003 0.423** 0.734** -0.458** FVC (l) 

-0.370** -0.277** 0.034 0.570** -0.631**-0.427** 0.004 0.415** 0.712** -0.508** FEV1 (l) 

-0.256** -0.026 -0.060 -0.067 -0.350**-0.207* -0.025 -0.009 0.005 -0.245** FEV1/VC 

-0.302** -0.087 -0.117 -0.071 -0.426**-0.143 -0.035 0.001 0.030 -0.261** FEV1/FVC 

-0.276** -0.076 0.187* 0.492** -0.506**-0.217* 0.118 0.362** 0.477** -0.241* PEF (l/sec) 

-0.290** -0.046 0.171* 0.406** -0.514**-0.232* 0.109 0.345** 0.448** -0.264** FEF25%(l/sec) 
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-0.322** -0.123 0.024 0.270** -0.487**-0.305** 0.049 0.307** 0.452** -0.387** FEF50% (l/sec) 

-0.354** -0.159 0.001 0.291** -0.558**-0.334** 0.021 0.292** 0.462** -0.435** FEF25-75%(l/sec) 

-0.355** -0.258** -0.127 0.237** -0.550**-0.405** -0.105 0.172 0.434** -0.517** FEF75%(l/sec) 

-0.368** -0.310** -0.193* 0.205* -0.544**-0.354** -0.150 0.110 0.387** -0.485** 
FEF 

75-85%(l/sec) 

0.270** -0.040 0.000 0.086 0.413** 0.148 -0.036 -0.060 -0.033 0.266** FMFT (sec) 

-0.371** -0.277** 0.033 0.569** -0.632**-0.425** 0.005 0.415** 0.711** -0.507** MVV (l/min) 

VC: Vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; PEF: peak expiratory flow; 
FEF25–75: expiratory flow from 25–75% of the vital capacity; FEF25, FEF50, FEF75: instantaneous expiratory flows at 25%, 
50% and 75% of FVC, respectively; FEF75–85: expiratory flow from 75–85% of the vital capacity; FMFT: Forced mid flow 
time; MVV: maximum voluntary ventilation. 

 **. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

The frequency of respiratory complications in Ilam city inhabitants based on spirometric tests is shown in Table 
4. The obstructive pulmonary complication is the most common problem in participants. This complication in 
males and females was 24.1% and 19.6%, respectively. The frequency of respiratory symptoms in dust storms 
and normal days according to gender is shown in Table 5. These complications during dust storms were 
significantly higher than normal days (p<0.05). 

 

Table 4. The frequency of respiratory complications in Ilam city inhabitants. 

Total (n=250) 
 

Females (n = 138) 
 

Males (n = 112) 
Phenomenon 

% Frequency % Frequency % Frequency 

75.2 188 

 

76.1 105 

 

74.1 83 Normal 

21.6 54 19.6 27 24.1 27 Obstruction 

2.4 6 2.9 4 1.8 2 Restriction 

0.8 2 1.4 2 0.0 0.0 Mixed 

 

Table 5. Comparison of the frequency of respiratory symptoms during dust storm and non-dust storm days 
S

ym
p

tom
s 

Males (n = 112) Females (n = 138) Total (n=250) 

D
ust 

storm
 

days 

N
orm

al 

day 

O
R

 

P
-value 

D
ust 

storm
 

days 

N
orm

al 

day 

O
R

 

P
-value 

D
ust 

storm
 

days 

N
orm

al 

day 

O
R

 

P
-value 

F
requency 

% 

F
requency 

%   

F
requency 

% 

F
requency 

%   

F
requency 

% 

F
requency 

%   

Cough 53 47.3 15 13.4 3.5 0.000 79 57.2 14 10.1 5.6 0.000 132 52.8 29 11.6 4.7 0.000

Dyspnea 67 59.8 13 11.6 5.2 0.001 87 63 21 15.2 4.2 0.000 154 61.6 34 13.6 4.5 0.000

* P-value< 0.05. 

 

The frequencies of abnormal symptoms during dust storm days are indicated by Figure 1. The most common 
physical symptoms reported by participants during dust storms were fatigue, dyspnea and cough. 
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Figure 1. The frequency of abnormal symptoms during dust storm days 

 

Table 6. Comparison of lung volume values obtained in the present study with other studies 

FEF75%(l/s) FEF25-75%(l/s) FEF50%(l/s) FEF25%(l/s) PEF(l/s) FEV1/FVC FEV1(lit) FVC(lit) 
Study  

FemaleMaleTotalFemale Male Total Female MaleTotalFemaleMale TotalFemaleMale TotalFemaleMale Total Female Male TotalFemale Male Total 

1.11 1.351.222.79 3.37 3.05 3.39 3.993.665.55 7.106.246.30 8.937.4880.6479.1879.98 2.66 3.49 3.223.30 4.41 3.80 Present study 

1.65 1.98- 3.36 4.35 - 3.88 5.1- 5.27 7.22- 5.59 7.49- 88.1 86.61- 2.88 3.88 - 3.27 4.48 - 
(Golshan et al., 

2007) 

- - -  - - - - - - - - 5.61 7.54- 88.1886.41- 2.92 3.9 - 3.33 4.52 - 
(Amra et al., 

2006) 

1.71 2.25- 3.74 4.94 - 4.6 6.02- 6.77 10.58- 6.77 10.58- 88.0286.76- 2.78 4.05 - 3.17 4.68 - 
(Golshan et al., 

2003) 

- - - 3.59 4.92 - - - - - - - - - - - - - 2.72 3.94 - 3.03 4.47 - 
(Razi et al., 

2005) 

1.96 2.28- 3.54 4.39 - 3.93 4.96- 5.68 7.98- 6.12 8.99- - - - 2.77 3.78 - 3.13 4.4 - 
(Boskabady et 

al., 2002) 

- - - 3.04 4.45 3.68 - - - - - - 4.5 7.6 5.95- - - 2.61 3.74 3.123.0 4.33 3.60 
(Sharifian et al., 

2007) 

- - - 3.95 5.16 4.54 - - - - - - - - - 91.2390.2290.74 2.99 4.12 3.543.27 4.58 3.9 
(Alizadeh et al., 

2006) 

- - - 3.43 4.46 3.98 - - - - - - - - - - - - 2.8 3.9 3.383.22 4.59 3.94 

(Etemadinezhad 

and Alizadeh, 

2011) 

- - -  - 3.69 - - - - - - - - 6.74- - 84.68 - - 3.25- - 3.84 
(Moini et al., 

2010) 

- - -  - 3.65 - - - - - - - - 6.48- - 85.60 - - 3.17- - 3.69 
(Moini et al., 

2010) 

VC: Vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; PEF: peak expiratory flow; 
FEF25–75: expiratory flow from 25–75% of the vital capacity; FEF25, FEF50, FEF75: instantaneous expiratory flows at 25%, 
50% and 75% of FVC, respectively. 

 

4. Discussion  

Pulmonary function among various communities considering genetics, environmental factors, and nutritional 
status is different (Ahmadial et al., 2006). Comparison between pulmonary function measured in this study and 
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results of other studies from other communities because of difference in anthropometric characteristics of 
participants is difficult (Bandyopadhyay et al., 2013). Some of the important factors influencing on pulmonary 
function include: ethnicity, race, gender, age, weight, height (Razi et al., 2005; Ma et al., 2013), physical activity 
level (Bandyopadhyay et al., 2013), nutrition status (Ahmadial et al., 2006) and environmental factors (Ahmadial 
et al., 2006) such as air pollution especially air-born particles (Downs et al., 2007; Imboden et al., 2009; Moini et 
al., 2010; Pala et al., 2012; Bandyopadhyay et al., 2013). 

Mean values of respiratory capacities measured in all participants of the current study excluding FEV1/VC and 
FMFT were less than predicted mean values by ECCS reference. Also, mean FVC is equal to the predicted mean 
value. Mean values of respiratory capacities measured in males and females was the same, except for FVC that 
was lower in males but it was not significant (p=0.196). FEV1/VC values in the current study among males did 
not show significant relationship with the predicted reference values (p=0.45), but they were significant among 
women as well as total participants. FVC, FEV1, and FEV1/FVC are pulmonary function parameters which are 
used in medical estimations for diagnosis of respiratory dysfunction (Downs et al., 2007). In the current study, 
the measured FVC in participants did not show a significant difference with the reference value, although this 
value in men was 1.34% less than the predicted value. FEV1 and FEV1/FC values obtained from all participants 
showed the significant decrease compared to the predicted values. Spirometry changes showed evidences in 
support of mild pulmonary lesions, because in pulmonary lesions, FVC value either is normal or it is increased 
(Neghab et al., 2012). According to the findings, 21.6% of all studied population suffered from obstructive 
lesions (Table 4). This value among males (24.1%) was more than females (19.6%) and this could be related to 
more exposure (outdoor jobs) of males with dust storms. Therefore, it could be concluded that exposure to air 
contaminants such as suspended particles (dust storms) could lead to chronic obstructive lesions (Neghab et al., 
2012). 

FEV1/FVC shows obstructive or restrictive lung disorders (Pal et al., 2010). On the basis of medical evaluations, 
FEV1/FVC less than 70% is considered as asthma (Downs et al., 2007). Various studies have shown that 
reduction in exposure to airborne particles improves the pulmonary function. Downs et al. 2007 showed that 
improvement of air quality reduces the annual rate of pulmonary function in adults (Downs et al., 2007). Downs 
et al. 2007 also reported that improvement of small airways of lung is occurred as a result of the reduction of 
PM10 concentration. They indicated that 109 µg/m3 decrease of PM10 concentration led to 22% decrease in 
FEF25-75%. This effect was also seen for FEV1. Their study was also presented the negative relationship between 
exposing period to airborne particles and FEV1 (Downs et al., 2007). 

As seen in Table 1, reduction in FEF25-75% towards FEV1 in comparison with the predicted values was significant 
(p<0.05). Also, values of FEF25-75%, FEF75-85%, FEF50% and FEF75% showed the most reduction compared to the 
predicted reference values. Results of spirometry tests showed that in 150 participants, FEF25-75% value was less 
than 80% and for 24 participants, it was less than 50% of the predicted reference values. In medical 
examinations, FVC is usually used to evaluate the large airways of lung and FEV1 shows the blockage of the 
small and large airways, while FEF25%, FEF50%, FEF75%, and FEF25-75% are used to show the function of small 
airways of lung (Pal et al., 2010; He et al., 2010). Albert et al. 1994 showed that FEF25-75% can be applied as a 
suitable parameter to predict the presence of extreme reactions in the airways (He et al., 2010). Ferguson 1988 
also introduced FEF25-75% as a more valuable spirometry factor with respect to PEF to estimate chronic blockage 
of the airways (He et al., 2010). Considering the above mentioned topics, results of current study could act as a 
confirmation on previous studies and also as a warning for chronic disorders in small airways due to exposure 
with dust storms. 

VC values obtained in the current study for all participants were not significantly different from VC values 
reported by Arak and Khomain studies in central Iran (Moini et al., 2010). Arak is considered as an industrial 
city with high air pollution and Khomain as a non-industrial city with low air pollution (Moini et al., 2010). 

FVC value measured in our study for all studied population was not significantly different from FVC value 
reported by Khomain study (Moini et al., 2010), but more than Arak (Moini et al., 2010) and Kurdistan 
(Sharifian et al., 2007) studies and less than Sari and Mazandaran studies (Alizadeh et al., 2006; Etemadinezhad 
and Alizadeh, 2011). Mean FVC value in other studies was ranged from 3 to 3.3 liters which was not 
significantly different toward values achieved in our research (3.3 lit). Kurdistan province is located in the west 
of Iran in proximity of Ilam city and it is affected by dust storms similar to Ilam city. Also, Sari and Mazandaran 
are located in the north of Iran and beside to Caspian lake with wet mild weather and far from air pollution (dust 
storms). 

Mean FEV1 calculated in our study was less than results of studies conducted in Mazandaran (Etemadinezhad 
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and Alizadeh, 2011) and Sari (Alizadeh et al., 2006) and it was slightly more than Kurdistan(Sharifian et al. 
(2007)) and Arak (Moini et al., 2010) but in accordance with calculated values in Khomain (Moini et al., 2010). 
Mean value of FEV1 among males was less than of other studies (Alizadeh et al., 2006; Boskabady et al., 2002; 
Golshan et al., 2003; Razi, et al., 2005; Golshan et al., 2007; Sharifian et al., 2007; Etemadinezhad and Alizadeh, 
2011; Li et al., 2012). The same results were also obtained for females, except for Kurdistan study (Sharifian et 
al., 2007) which our study results were in accordance with the results obtained by Kurdistan study. 

Mean value of FEV1/FVC measured in this study was less than some studies from Iran (AMRA et al., 2006; 
Golshan et al., 2007; Alizadeh et al., 2006). Also, mean values of this parameter among all studied population 
were less than mean values from Sari, Arak and Khomain studies (Alizadeh et al., 2006; Moini et al., 2010). 
FEV1/FVC ratio in our study among females was more than males which was consistent with other studies. 
Mean PEF values for all studied population in this research were more than values reported by Arak, Khomain 
and Kurdistan studies (Moini et al., 2010; Sharifian et al., 2007). Mean PEF values in this study were also less 
than Golshan et al. study in Isfahan (Golshan et al., 2003) and in accordance with Mashhad study (Boskabady et 
al., 2002). Mean PEF value among females was similar to other studies.  

Hong et al. 2010 reported that PEF is considerably reduced among asthmatic patients during dusty days with a 
high level of PM10 particles in South Korea. But, there was no significant relationship between PEF values and 
PM10 and PM2.5 concentration among non-asthmatic participants (Hong et al., 2010). Park et al. 2005 reported 
that PEF was significantly reduced by increasing PM10 particles airborne among participants with mild asthma 
(PARK et al., 2005). Watanabe et al. 2011 also reported that there was a significant correlation between PM10 
concentration and PEF among patients with worsened symptoms in Asian dusty storms (Watanabe et al., 2011a). 

Mean FEF25-75% values in this research for all studied population was less than other studies (Alizadeh et al., 
2006; Moini et al., 2010; Etemadinezhad and Alizadeh, 2011; Sharifian et al., 2007). Mean FEF25%, FEF50% and 
FEF75% values calculated in the present study among males and females were less than other studies conducted in 
Iran (Boskabady et al., 2002; Golshan et al., 2003, 2007) except for mean value of FEF25% which was slightly 
more than mean value in Isfahan study (Golshan et al., 2007). This difference may be related to the variety of 
environmental and geographical conditions of different cities in Iran. 

Similar to other studies, all pulmonary capacity values showed a negative relationship with age in males except 
for FMFT that showed a positive correlation with age (Etemadinezhad and Alizadeh, 2011; Rahimian et al., 2001; 
Ahmadial et al., 2006; Boskabady et al., 2002, Ma et al., 2013; Bandyopadhyay et al., 2013). 

Pulmonary function parameters were increased with age increasing during puberty period and then were 
decreased with age increasing. Golshan et al. 2003 also showed that before age of 20 years, pulmonary function 
parameters were increased with age and after age of 20 years, these parameters were decreased with age 
increasing (Golshan et al., 2003). The reason of increase or decrease of pulmonary volumes in various studies 
may be related to selecting studied populations among different age groups (Bandyopadhyay et al., 2013; 
Khalilzadeh et al., 2009). Also, like many other studies, all pulmonary capacities in males except for FMFT 
showed positive significant correlation with height (Bandyopadhyay et al., 2013, Etemadinezhad and Alizadeh, 
2011; Ahmadial et al., 2006; Boskabady et al., 2002; Ma et al., 2013; Rahimian et al., 2001). This relationship 
for females, with less intensity, was the same as males in most pulmonary capacities except for FEV1/VC and 
FEV1/FVC parameters which did not show correlation among either males or females. Also, there was not 
significant correlation between FMFT and height in men and women. This result was presented by other studies 
(Etemadinezhad and Alizadeh, 2011; Ma et al., 2013; Rahimian et al., 2001). 

Pearson's correlation coefficient showed a positive significant relationship between pulmonary function 
parameters including VC, FVC, FEF50%, FEF25-75% and MVV with weight. This correlation was positive for 
FEV1/FVC, FEF75% and FEF75-85% and it was negative for FEV1/VC and FMFT parameters, but all were not 
significant. 

In the current study, there was no significant correlation between BMI and pulmonary function parameters for 
males. But, VC, FVC, FEV1, FEF75%, FEF75-85%, and MVV showed negative significant correlation with BMI 
among females (p<0.05). Other respiratory function parameters in females had reversed non-significant 
correlation with BMI. This may be related to higher BMI in participated females toward males. Ahmadial et al. 
2006 presented a negative and non- significant correlation between respiratory parameters and BMI among 
people with BMI less than 30 kg (Ahmadial et al., 2006). Many other researchers achieved reversed relationship 
between BMI and respiratory parameters (Bottai et al., 2002). But, Fleg et al. (2001) reported that positive 
correlation between BMI and respiratory parameters was obtained in youth persons (Harik-Khan et al., 2001). 
This difference may be due to the muscular strength in youth in comparison with overweight effects in elderly 
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(Harik-Khan et al., 2001). 

The results of this research showed a negative significant relationship between duration of inhabitance in Ilam 
city and all respiratory capacities. Evidences implied that pulmonary functions have been affected by long-term 
exposure with even relatively low levels of air pollution (Downs et al., 2007). A negative correlation between 
FEV1 and long-term exposure with PM10 was also reported in a cross-sectional study in California (Downs et al., 
2007). Therefore, reduction of pulmonary functions of Ilamian people could be related to long-term exposure 
with dust storm in recent decade. The results of this study, Table 5, showed an increase in abnormal respiratory 
symptoms such as cough and shortness of breath during the dust storm days compared to normal days in either 
female or males. Also, Fig 1 showed that 68% of the participants during dust storm days felt fatigue and 16% of 
them suffered from eyes irritations. Fatigue and eye irritation, as the main symptoms of suspended solids in air, 
have been presented by many studies (He et al., 2010; Li et al., 2012; PARK et al., 2005; Watanabe et al., 2011b). 
Yamasaki et al. 2011 reported that the number of patients with serious symptoms during Asian dust storms has 
been significantly increased (Watanabe et al., 2011b). Also, Li et al. 2012 showed that 16-33% of asthmatic 
patients experienced worsen conditions in their upper and lower respiratory tracts during ADS days (Li et al., 
2012). Considering that no study about pulmonary function status in Ilam city, therefore, further studies are 
needed for confident confirmation of whether the reduction of respiratory capacities among Ilamian people is 
only related to exposing with dust storms.  

Acknowledgements 

This work, a part of PhD thesis, was funded by Tarbiat Modares University. We wish to thank of chief's of13 
health centers in Ilam city for their cooperation in carrying out this project. 

References 

Ahmadial, N., Khamnei, S., Abedinzadeh, M., Najafi, H., & Mohammadi, M. (2006). Lung function reference 
values in Iranian adolescents. East Mediterr Health J., 12, 834.  

Alizadeh, A., Etemadi Nezhad, S., & Mohammadpour, R. (2006). Comparison of measured spirometric values of 
nonsmoker healthy adults in Sari city with some standard predicted equations. J Mazandaran Univ Med Sci., 
16(55), 65-71.  

Amra, B., Asadi, M., Salehi, H., Zamani, A. R., & Golshan, M. (2006). Normative reference values for lung 
transfer factor in Isfahan, Iran. Respirology, 11, 477-481. 
http://dx.doi.org/10.1111/j.1440-1843.2006.00876.x 

Bandyopadhyay, A., Bhattacharjee, I., Dalui, R., & Pal, S. (2013). Pulmonary Function Studies of Healthy 
Non-smoking Male University Students of Kolkata, India—Revisited. Malays J Med Sci., 20, 17-24.  

Boskabady, M., Keshmiri, M., Banihashemi, B., & Anvary, K. (2002). Lung function values in healthy 
non-smoking urban adults in Iran. Respiration, 69, 320-326. http://dx.doi.org/10.1159/000063271 

Bottai, M., Pistelli, F., Di Pede, F., Carrozzi, L., Baldacci, S., Matteelli, G., Scognamiglio, A., & Viegi, G. (2002). 
Longitudinal changes of body mass index, spirometry and diffusion in a general population. Eur Respir J., 
20, 665-673. http://dx.doi.org/10.1183/09031936.02.01282001 

Bourotte, C., Curi-Amarante, A. P., Forti, M. C., A Pereira, L. A., Braga, A. L., & Lotufo, P. A. (2007). 
Association between ionic composition of fine and coarse aerosol soluble fraction and peak expiratory flow 
of asthmatic patients in Sao Paulo city (Brazil). Atmos. Environ., 41, 2036-2048. 
DOI:10.1016/j.atmosenv.2006.11.004 

Chan, C. C., & Ng, H. C. (2011). A case-crossover analysis of Asian dust storms and mortality in the downwind 
areas using 14-year data in Taipei. Sci. Total Environ., 410, 47-52. 
http://dx.doi.org/10.1016/j.scitotenv.2011.09.031 

Chen, Y. S., Sheen, P. C., Chen, E. R., Liu, Y. K., Wu, T. N., & Yang, C. Y. (2004). Effects of Asian dust storm 
events on daily mortality in Taipei, Taiwan. Environ. Res., 95, 151-155. 
http://dx.doi.org/10.1016/j.envres.2003.08.008 

Chien, L. C., Yang, C. H., & Yu, H. L. (2012). Estimated effects of Asian Dust Storms on spatiotemporal 
distributions of clinic visits for respiratory diseases in Taipei children (Taiwan). Environ. Health Perspect, 
120, 1215-1220. http://dx.doi.org/10.1289/ehp.1104417 

Curjuric, I., Imboden, M., Schindler, C., Downs, S., Hersberger, M., Liu, S., ... Thun, G. (2010). HMOX1 and 
GST variants modify attenuation of FEF25–75% decline due to PM10 reduction. Eur Respir J., 35, 505-514. 



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 3; 2015 

 

307 
 
 

http://dx.doi.org/10.1183/09031936.000443-2009 

Downs, S. H., Schindler, C., Liu, L. J. S., Keidel, D., Bayer-Oglesby, L., Brutsche, M. H., ... Leuenberger, P. 
(2007). Reduced exposure to PM10 and attenuated age-related decline in lung function. N. Engl. J. Med. 
357, 2338-2347. http://dx.doi.org/10.1056/NEJMoa073625 

Etemadinezhad, S., & Alizadeh, A. (2011). Spirometric reference values for healthy adults in the Mazandaran 
province of Iran. J. bras. Pneumol, 37, 615-620. http://dx.doi.org/10.1590/S1806-37132011000500008  

Evans, J., van Donkelaar, A., Martin, R. V., Burnett, R., Rainham, D. G., Birkett, N. J., & Krewski, D. (2013). 
Estimates of global mortality attributable to particulate air pollution using satellite imagery. Environ. Res. 
120, 33-42. http://dx.doi.org/10.1016/j.envres.2012.08.005 

Geng, H., Meng, Z., & Zhang, Q. (2006). In vitro responses of rat alveolar macrophages to particle suspensions 
and water-soluble components of dust storm PM2.5. Toxicology in vitro 20, 575-584. 
http://dx.doi.org/10.1016/j.tiv.2005.09.015 

Golshan, M., Crapo, R. O., Amra, B., Jensen, R. L., & Golshan, R. (2007). Arm span as an independent predictor 
of pulmonary function parameters: validation and reference values. Respirology, 12, 361-366. 
http://dx.doi.org/10.1111/j.1440-1843.2007.01070.x 

Golshan, M., & Nematbakhsh, M. (2000). Prediction equations of ventilatory function in non-smoker adults in 
Isfahan, Iran. IJMS, 25, 125-128.  

Golshan, M., Nematbakhsh, M., Amra, B., & Crapo, R. (2003). Spirometric reference values in a large Middle 
Eastern population. Eur. Respir. J., 22, 529-534. http://dx.doi.org/10.1183/09031936.03.00003603 

Harik-Khan, R. I., Fleg, J. L., Muller, D. C., & Wise, R. A. (2001). The effect of anthropometric and 
socioeconomic factors on the racial difference in lung function. Am. J. Respir. Crit. Care Med., 164, 
1647-1654. http://dx.doi.org/10.1164/rccm2106075 

He, Q. Q., Wong, T. W., Du, L., Jiang, Z. Q., Gao, Y., Qiu, H., ... Yu, T. S. I. (2010). Effects of ambient air 
pollution on lung function growth in Chinese schoolchildren. Respir. Med., 104, 1512-1520. 
http://dx.doi.org/10.1016/j.rmed.2010.04.016 

Hong, Y. C., Pan, X. C., Kim, S. Y., Park, K., Park, E. J., Jin, X., ... Song, S. (2010). Asian Dust Storm and 
pulmonary function of school children in Seoul. Sci. Total Environ., 408, 754-759. 
http://dx.doi.org/10.1016/j.scitotenv.2009.11.015 

Imboden, M., Schwartz, J., Schindler, C., Curjuric, I., Berger, W., Liu, S. L., ... Probst-Hensch, N. M. (2009). 
Decreased PM10 exposure attenuates age-related lung function decline: genetic variants in p53, p21, and 
CCND1 modify this effect. Environ. Health Perspect., 117, 1420-1427. 
http://dx.doi.org/10.1289/ehp.0800430 

Jafari, A. J., & Assari, M. J. (2004). Respiratory effects from work-related exposure to welding fumes in 
Hamadan, Iran. Arch of Environ Health., 59, 116-120. http://dx.doi.org/10.3200/AEOH.59.3.116-120 

Kang, J. H., Keller, J. J., Chen, C. S., & Lin, H. C. (2012). Asian dust storm events are associated with an acute 
increase in pneumonia hospitalization. Ann epidemiol 22, 257-263. 
http://dx.doi.org/10.1016/j.annepidem.2012.02.008 

Khalilzadeh, S., Khalilzadeh, Z., Emami, H., & Masjedi, M. R. (2009). The relation between air pollution and 
cardiorespiratory admissions in Tehran. Tanaffos, 8, 35-40.  

Li, S., Williams, G., Jalaludin, B., & Baker, P. (2012). Panel studies of air pollution on children's lung function 
and respiratory symptoms: a literature review. J Asthma, 49, 895-910. 
http://dx.doi.org/10.3109/02770903.2012.724129 

Li, Y., Gibson, J. M., Jat, P., Puggioni, G., Hasan, M., West, J. J., ... Serre, M. (2010). Burden of disease 
attributed to anthropogenic air pollution in the United Arab Emirates: Estimates based on observed air 
quality data. Sci total Environ, 408, 5784-5793. http://dx.doi.org/10.1016/j.scitotenv.2010.08.017 

Ma, Y.-N., Wang, J., Dong, G. H., Liu, M. M., Wang, D., Liu, Y. Q., ... Zhao, Y.-D. (2013). Predictive Equations 
Using Regression Analysis of Pulmonary Function for Healthy Children in Northeast China. PLoS ONE, 8, 
e63875. http://dx.doi.org/10.1371/journal.pone.0063875 

Meng, Z., & Zhang, Q. (2007). Damage effects of dust storm PM2.5 on DNA in alveolar macrophages and lung 
cells of rats. Food Chem Toxicol, 45, 1368-1374. http://dx.doi.org/10.1016/j.fct.2007.01.014 



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 3; 2015 

 

308 
 
 

Middleton, N., & Goudie, A. S. (2006). Desert dust in the global system. Springer.  

Moini, L., Fani, A., Eshrati, B., & Talaei, A. (2010). Effect of concentration of air pollutants (PM10, O3 and H2S) 
on lung capacity in the cities Arak and Khomain, Iran. Feyz J KAUMS, 13, 285-293.  

Mölter, A., Agius, R. M., de Vocht, F., Lindley, S., Gerrard, W., Lowe, L., ... Simpson, A. (2013). Long-term 
Exposure to PM10 and NO2 in Association with Lung Volume and Airway Resistance in the MAAS Birth 
Cohort. Environ. Health Perspect. 121, 1232-1238. http://dx.doi.org/10.1289/ehp.1205961 

Neghab, M., Khodaparast Kazerouni, F., & Hasanzadeh, J. (2012). Evaluation of lung function of municipal 
garbage collectors in Fars province in 2012. tkj, 4(1 and 2), 42-52.  

Pala, K., et al. (2012). Evaluation of respiratory functions of residents around the Orhaneli thermal power plant 
in Turkey. Asia-Pacific Journal of Public Health, 24(1), 48-57. 
http://dx.doi.org/10.1177/1010539510363622 

Pal, P., Robert, A. J., Dutta, T., & Pal, G. (2010). Pulmonary function test in traffic police personnel in 
Pondicherry. Health Sci J., 6(4), 703-713.  

Park, J. W., Lim, Y. H., Kyung, S. Y., An, C. H., Lee, S. P., Jeong, S. H., & Ju, Y. S. (2005). Effects of ambient 
particulate matter on peak expiratory flow rates and respiratory symptoms of asthmatics during Asian dust 
periods in Korea. Respirology, 10, 470-476. http://dx.doi.org/10.1111/j.1440-1843.2005.00728.x 

Rahimian, M., Ziyaei, F., & Moeininia, F. (2001). Determination of natural indices for lung capacities and 
volumes in healthy and non-smoker adults in Yazd city. J Shaheed Sadoughi Univ Med Sci, 9(1), 3-10.  

Razi, E., Moosavi, G., & Akbari, H. (2005). Spirometric Standards for Healthy Iranians Dwelling in the Centre of 
Iran. Tanaffos, 4, 19-26.  

Rinne, S. T., Rodas, E. J., Bender, B. S., Rinne, M. L., Simpson, J. M., Galer-Unti, R., & Glickman, L. T. (2006). 
Relationship of pulmonary function among women and children to indoor air pollution from biomass use in 
rural Ecuador. Respir Med., 100, 1208-1215. http://dx.doi.org/10.1016/j.rmed.2005.10.020 

Shahsavani, A., Naddafi, K., Haghighifard, N. J., Mesdaghinia, A., Yunesian, M., Nabizadeh, R., ... Ghani, M. 
(2012). Characterization of ionic composition of TSP and PM10 during the Middle Eastern Dust (MED) 
storms in Ahvaz, Iran. Environ. Monit. Assess., 184, 6683-6692. 
http://dx.doi.org/10.1007/s10661-011-2451-6 

Sharifian, A., Sigari, N., Rahimi, & Yazhdanpanah, K. (2007). Survey of normal indices of pulmonary function 
test by use of spirometry in the people of Kurdistan province. SJKU, 12(2), 1-8.  

Society, A. T., & Physicians, A. C. O. C. (2003). ATS/ACCP Statement on cardiopulmonary exercise testing. Am. 
J. Respir. Crit.Care Med., 167, 211. http://dx.doi.org/10.1164/rccm.167.2.211 

Teather, K., Hogan, N., Critchley, K., Gibson, M., Craig, S., & Hill, J. (2013). Examining the links between air 
quality, climate change and respiratory health in Qatar. Avicenna, 9. http://dx.doi.org/10.5339/avi.2013.9 

Watanabe, M., Igishi, T., Burioka, N., Yamasaki, A., Kurai, J., Takeuchi, H., ... Fukuoka, Y. (2011a). Pollen 
augments the influence of desert dust on symptoms of adult asthma patients. Allergol Int, 60, 517-524. 
http://dx.doi.org/10.2332/allergolint.10-OA-0298 

Watanabe, M., Yamasaki, A., Burioka, N., Kurai, J., Yoneda, K., Yoshida, A., ... Takeuchi, H. (2011b). 
Correlation between Asian dust storms and worsening asthma in Western Japan. Allergol Int, 60, 267-275. 
http://dx.doi.org/10.2332/allergolint.10-OA-0239 

Wu, T. Y., Lin, Y. C., Chen, Y. M., & Chang-Chien, G. P. (2010). Impacts of dust storms on PCDD/Fs and 
regulated harmful matter in a basin area. Atmos. Res. Lett, 97, 279-293. 
http://dx.doi.org/10.1016/j.atmosres.2010.03.012 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 

 


