Health Scope. 2016 May; 5(2): €31766. doi: 10.17795/jhealthscope-31766

Published online 2016 January 2. Research Article

Air Quality and Health Risks Associated With Exposure to Particulate
Matter: A Cross-Sectional Study in Khorramabad, Iran

Heshmatollah Nourmoradi, Yusef Omidi Khaniabadi,z'* Gholamreza Goudarzi,’ Seyed
Mohammad Daryanoosh,” Mohammad Khoshgoftar," Fatemeh Omidi,” and Houshang
Armin’

1Department of Environmental Health Engineering, School of Health, Ilam University of Medical Sciences, Ilam, IR Iran

Department of Environmental Health Engineering, School of Health, Lorestan University of Medical Sciences, Khorramabad, IR Iran
4Environmental Technologies Research Center (ETRC), Jundishapur University of Medical Sciences, Ahvaz, IR Iran

Vice-Chancellery of Health, Shahroud University of Medical Sciences, Shahroud, IR Iran

Department of Nursing, Imam Ali Hospital of Andimeshk, Andimeshk, IR Iran

*Corresponding author: Yusef Omidi Khaniabadi, Department of Environmental Health Engineering, School of Health, Lorestan University of Medical Sciences, Khorramabad, IR
Iran. Tel: +98-9353539648, Fax: +98-6633412309, E-mail: yusef_omidi@yahoo.com

Received 2015 July 24; Revised 2015 October 18; Accepted 2015 November 7.

Abstract

Background: Among ambient air pollutants, particulate matter (PM) has the most undesired adverse effects on human health. Many
studies have reported that there is a strong correlation between PM concentrations and hospital admissions due to chronic or acute
respiratory and cardiovascular diseases.

Objectives: The aims of this study were to evaluate the relationship between air quality and health endpoints of PM, , in Khorramabad,
Iran.

Materials and Methods: The PM, ; sampling was carried out with a high-volume sampler at a flow rate of 1.1 -1.4 m3/min from January
through December 2014. Meteorological data was also collected and evaluated. The total mortality and morbidity rates were calculated
using the AirQ2.2.3 software model.

Results: The highest concentrations of PM, ; were obtained in July, with the mean concentration 0f 136.48 ng/m3. Eastern and southeastern
winds are the prevailing and semi-prevailing winds in Khorramabad. The worst air quality was also observed in July. The total mortality
rate during the study was estimated to be 320 persons.

Conclusions: In order to diminish the health impacts of particulate matter in Khorramabad, health training for the public, especially
for persons with chronic lung and heart diseases, the elderly, and children, should be conducted by health systems to encourage them to
reduce their activities during dusty days.
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1. Background

Air pollution due to industrialization and urbanization
is one of the important issues in the current century, es-
pecially in developing countries (1-3). Air pollution is a
serious risk, so much so that even low concentrations of
air pollution can be harmful to human health (4-6). Epi-
demiological studies have shown that more than 80% of
people age 65 years and over have one or more chronic
diseases, and approximately 50% of them have activity
limitations (5, 7). Among ambient air pollutants, particu-
late matter (PM) is the pollutant with the most undesired
adverse effects on human health (8). Many studies have
reported the strong correlation between PM concentra-
tions and hospital admissions due to the chronic or acute
respiratory and cardiovascular diseases (9-11). PM with

aerodynamic diameters of less than or equal to 10 um
(PM,,) has the greatest adverse impact on human health
(12, 13). Epidemiological studies have shown that more
than 500,000 Americans die each year due to cardiovas-
cular diseases associated with PM, . Respiratory diseases
are also hazardously attributed to PM,, (14-16). In recent
years, because of the middle eastern dust (MED) storms,
especially from the Arabian Peninsula and Iraq, the areas
of south, west and southwestern Iran have been affected
by exposure to PM, ,. MED storms have led to thousands of
hospital admissions for cardiovascular and respiratory
diseases (17-19).

Khorramabad is the capital city of the Lorestan prov-
ince, in southwestern Iran. It has been exposed to
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large amounts of PM,, as a result of MED events. The
air quality health impact assessment (AirQ2.2.3) soft-
ware is a program that has been applied to assess the
health impact of PM,, (19-21), and several studies have
been carried out to examine the relationship between
health impacts and PM,, concentrations. Fattore et al.
showed a relationship between health impacts and air
quality using AirQ software in two municipalities in an
industrialized area of Northern Italy (22). Shahsavani et
al. reported that high concentrations of PM due to dust
events caused adverse effects to human health during
dust storms in Ahvaz, Iran. The longest dust events in
their study happened in July, lasted five days, and had
a peak PM,, concentration of 2028 ug/m3 (20). Zhou et
al. showed that there was a significant association be-
tween PM,, concentrations and mortality from cardio-
pulmonary diseases in middle-aged Chinese men (7). In
another study, Zallaghi et al. demonstrated that cardio-
vascular and respiratory mortalities, as well as hospital
admissions due to such diseases, were increased by ex-
posure to PM in Ahvaz, Iran (2). Similarly, Jeong report-
ed the relationship between PM,, concentrations and
total mortality, cardiovascular and respiratory mortal-
ity, and hospital admissions for cardiovascular and re-
spiratory diseases (23). Mohammadi et al. showed that
the largest numbers of deaths occurred because of an
increase in the number of dusty days (24). Also, several
similar studies, such as Gharehchahi et al. (25), Brook et
al. (26), Schwartz et al. (27), Brauer et al. (28), Dockery et
al. (29), and Gholampour et al. (30) were conducted to
assess air quality in terms of PM and its health risks to
humans.

2. Objectives

The aims of this study were to evaluate the relation-
ship between air quality and health endpoints of PM,, in
Khorramabad, Iran using the AirQ2.2.3 model.

3. Materials and Methods

3.1. The Study Area

Khorramabad is the capital city of the Lorestan prov-
ince, in southwestern Iran; its coordinates re 33°29'16"N
and 48°21'21"E (Figure 1). Based on the latest census report,
from 2014, the city has a total population of 540,000.

3.2. Air Sampling

The PM,, sampling was carried out using a high-vol-
ume sampler (Anderson Model) at a flow rate of 1.1- 1.4
m3/min and located three meters above ground level.
The sampling station was located in the center of Khor-
ramabad. Six samples were collected every week for a pe-
riod of one year (January to December 2014). PM, ; levels
were recorded every 30 minutes during a daily 24-hour
period.

3.3. Meteorological Data

The wind speed and direction, relative humidity (RH),
and ambient air temperature during the sampling peri-
od were obtained from the Iranian meteorological orga-
nization’s website (www. Weather.ir).

3.4. Air Quality and AirQ2.2.3 Software Model

In this study, PM,, concentrations were investigated
to determine air quality according to data provided by
the environment protection organization of Iran (31).
Air quality is categorized to six types, good, healthy, un-
healthy, very unhealthy, and hazardous. Table 1 shows the
relationship between PM,, levels and air quality condi-
tion for a 24-hour period (17, 31).
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Figure 1. Location of Khorramabad and the Sampling Point
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Table 1. PM, ,Concentrations and Air Quality

PM,, g/m3p Condition
0-50 Good
51-150 Healthy
151-350 Unhealthy
351-420 Very unhealthy
420 < Hazardous

The AirQ2.2.3 software model, developed by the WHO Eu-
ropean Center for Environment and Health, Bilthoven Di-
vision was used in the present study (5, 22). This program
is used to approximate the effect of exposure to definite
air pollutants on the people living in a certain time and
region (32). The assessment is based on the attributable
proportion (AP), which is described as the portion of the
healthresultin a certain residents attributable to contact
with a given air pollutant (22). The AP is easily calculated
using Equation 1:

) AP = 2ZARR()=1xP(c))}
 2[RR(e)xP(e)]

Where AP and RR (cc) are the attributable proportions of
the health impact and relative risk for a certain health
effect in the group c of exposure, respiratory. Also, P (c)
is the proportion of the target population in group c of
exposure (21). The amount attributable to the population
exposure can be determined by the following equation, if
the baseline frequency of the health impact in the stud-
ied population is identified (33).

(2) IE=1x AP

Where IE and I are the rate of the health impact attrib-
utable to the contact and the baseline frequency of the
health impact in the population, respectively. Finally,
considering the population size, the total number of
excess cases attributable to the exposure is specified by
Equation 3.

(3) NE=IE x N

Where NE is the number of people attributed to the expo-
sure,and N is the total number of evaluated residents (4).
The RR gives the increase in the possibility of the adverse
endpoint relationship to a given change in exposure lev-
els and comes from time-series studies where day-to-day
changes in air pollutants over long periods were associ-
ated with daily mortality, hospital admissions, and other
public health indicators. The RR values used for PM,
analyses were derived from the studies by Fattore et al.
(22) and Gholampour et al. (30).

3.5. Inputs Adjustment

The average diurnal concentrations of PM,, were ap-
plied in the study. The mortality and morbidity rates asso-
ciated with the PM,, were calculated using AirQ Version:
2.2.3. Finally, the numbers of persons for total mortality,
cardiovascular mortality, respiratory mortality, hospital
admissions because cardiovascular diseases, and hospi-
tal admissions due to respiratory diseases were estimat-
ed by relative risk and baseline incidence (1, 22). Figure 2
shows the schematic plane of the estimate of mortality
and morbidity rates using AirQ2.2.3.
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Figure 2. Schematic Plan of Estimation of Mortality and Morbidity Rates
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4. Results

4.1.PM,, Concentrations

In this study, 312 samples were collected. The PM,, con-
centrations across the different months of the study,
from January through December 2014, are presented in
Table 2. As shown, the maximum concentration of PM,,
was obtained in July, with an average concentration of
136.48 pg/m3. The highest and lowest seasonal mean con-
centrations of PM,, were observed during the summer
and winter, respectively.

4.2. Meteorological Parameters

The meteorological parameters, including wind
speed, RH, and ambient air temperature are shown in
Figure 3. As seen, the peak wind speeds increase from
September to February and then reduce. The highest
wind speed occurred in July, with the mean of 7.19 m/s.
Seasonal wind rose plots over the sampling period are
presented in Figure 4A and B. Eastern and southeastern
winds were the prevailing and semi-prevailing winds
in the Khorramabad are during the sampling period,
respectively.

Table 2. Summary Statistics of PMlo(pg/m3) Concentrations

Month Average? Maximum
January 46.80 £31.80 119.2
February 47.25133.84 140.5
March 57.27+35.66 13.9
April 56.03 +34.89 158.6
May 54.64 £42.08 200.1
June 88.54 £49.98 421.0
July 136.48 +86.25 265.2
August 117.7£100.55 476.0
September 110.52 +55.54 183.3
October 119.52 £ 62.33 212.9
November 65.78 £ 48.08 42222
December 69.04 £39.66 156.0
Overall 80.59+49.91 476.0
dData are presented as mean = SD.
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Figure 4. Wind Rose Plots: A, Spring and Summer and B, Fall and Winter
for the Study Period

4.3. Air Quality

The seasonal air quality in Khorramabad, in terms of
PM,, concentrations according to the environment pro-
tection organization of Iran in 2014 are illustrated in
Table 3. As can be seen, according to the National Ambi-
ent Air Quality Standards (NAAQS), the most days with
air quality ratings of unhealthy, very unhealthy, and haz-
ardous (with PM,, concentrations higher than 150 yg/m?
during the sampling period) were observed in the sum-
mer. Of course, the number of days with dangerous air
quality was equal in the summer and fall seasons.

4.4. Health Impact Assessment

The annual, summer, and winter averages of PM,, con-
centrations were obtained and equaled 80.59, 102.90,
and 85.28 ug/m?3, respectively. The total mortality, cardio-
vascular mortality, respiratory mortality, and hospital ad-
missions resulting over the study period were estimated,
and the results are given in Table 4. The total number of
mortalities related to the PM,, concentrations was 320, at
the upper end of relative risk.

Figure 5A demonstrates the total mortality for people
exposed to different levels of PM,,. The greatest percent-
age of person-days was in relation to concentration inter-
vals of 60 - 69 pg/m3 of PM, ,, which shows the maximum
exposure days to PM,, observed at these concentration
ranges that led to total mortality. In addition, Figure 5A
also indicates that 89.4% of all mortalities occurred on
days with PM,, concentrations not exceeding 200 pg/m?3.
According to Figure 5B, the maximum percentage of per-
son-days occurred at level intervals 40 - 49 pg/m?3 of PM, .
In addition, 84.38% of the cardiovascular mortalities oc-
curred on days with concentration intervals less than
200 pg/m? and, as a result of it, 304 people died (Table 4).

Figure 6A shows the highest percentage of person-days
when people were affected by PM, , level intervals detect-
ed at the concentration range of 60 - 69 pg/m?3, which led
to respiratory mortality. Figure 6A also illustrates that
10.6% of respiratory mortalities occurred on days with
PM,, levels exceeding 200 pg/m3. Based on Figure 6B,
88.54% of hospital admissions for respiratory diseases
occurred on days with PM, levels less than 200 pg/m?3.
Figure 6B also showed that the maximum percentage of
person-days was associated with concentration intervals
of 60 - 69 ng/m3 of PM, ,, which demonstrated the highest
exposure days to PM,, observed at these level ranges.

Table 3. Seasonal Variations of Air Quality, in Terms of PM

in Khorramabad?®

100
PM, , ug/m3 Classification Winter Spring Summer Fall
0-50 Good 44 (55.7) 45(48.4) 3(3.7) 19 (26.8)
51-150 Health 29(36.7) 33(35.4) 33(40.7) 28(39.4)
151-350 Unhealthy 6(7.6) 8(8.6) 30(37) 12 (16.9)
351- 420 Very unhealthy 0 6(6.5) 12 (14.8) 9(12.7)
>420 Danger 0 1(1.1) 3(3.7) 3(4.2)
Overall 79 (100) 93 (100) 81(100) 71(100)

dData are presented as No. (%).
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Table 4. Estimations of Mortality and Morbidity Rates in Khorramabad Over the Study Period

Health Effect/Indicator Estimate Relative Risk Estimated AP, % Estimated Number of Excess Cases
(Persons)
Total mortality
Lower 1.0062 5.0556 235.0
Mean 1.0074 5.9767 278.0
Upper 1.0086 6.8794 320.0
Cardiovascular mortality
Lower 1.0050 4.1182 146.4
Mean 1.0080 6.4303 93.7
Upper 1.0180 13.3918 304.8
Respiratory mortality
Lower 1.0080 6.4303 19.4
Mean 1.0120 9.3450 28.2
Upper 1.0370 24.1182 72.9
Hospital admissions for respiratory
diseases
Lower 1.0048 3.9621 229.0
Mean 1.0080 6.4302 372.0
Upper 1.0112 8.7714 507.0
Hospital admissions for
cardiovascular diseases
Lower 1.0060 4.9015 98.0
Mean 1.0090 71764 14.4
Upper 1.0130 10.0955 201.0
A B
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Figure 5. Percentage of Days With PM,o That led to: A, Total Mortality; B, Cardiovascular Mortality

Figure 7 shows the percentage of time to which people
were exposed to PM,,, which led to hospital admissions
for cardiovascular diseases. As demonstrated, the greatest
percentage of person-days was in relation to the concen-

tration intervals of 60 - 69 ug/m3 of PM, ,, which caused the
hospital admissions for respiratory disease. In addition,
6.3% of hospital admissions for respiratory diseases were

estimated on days with PM, , levels less than 20 ug/m3.
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5. Discussion

In this study, we investigated air quality and estimated
numbers of mortality and morbidity due to exposure
to particulate matter (PM,,) in Khorramabad, Iran. The
results showed that the overall mean amount of PM,,
was 80.59 pg/m3. The maximum PM,, concentration dur-
ing the measurement, with a peak 476.0 ug/m3, was ob-
served in August (Table 2). Most of the dusty days in this
region occurred during the month of July. This finding is
agreement with the results of Draxler et al. (34), Mirhos-
seini et al. (13), and Shahsavani et al. (20). Summer and
winter had the highest and the lowest 24-hour averages
of PM,, concentration during the study, respectively.
Mohammadi et al. illustrated that the average PM,, con-

Health Scope. 2016;5(2):€31766

centrations in 2012 and 2013 were 111.95 and 70.6 pg/m?3,
respectively in Shiraz, Iran. In their study, the maximum
PM,, concentration was also observed in the summer,
during 2012 (960.88 pg/m3) and 2013 (192.49 ng/m3),
while the maximum PM,, concentration of 476.0 pg/m?3
occurred in our study (24). Gholampour et al. reported
that the maximum and annual average concentrations
of PM,, in Tehran (Iran) were noted at 230 and 85.3 ng/
m?3, respectively (30). The results of this study showed
that maximum and annual average concentrations of
PM,, in Khorramabad were relatively high, compared to
Tehran. Zallaghi et al. reported that the annual, summer,
and winter average concentrations of PM, in Kerman-
shah were 89.54,117.91, and 60.06 ng/m?3, respectively (21).
Shahsavani et al. showed that the mean and maximum
annual PM,, concentrations noted in Ahvaz in April and
September 2010 were 319.6 ng/m?3 and 2028 pg/m?3, respec-
tively, which were higher than the maximum and annual
average concentrations found in the present study. (20)
In addition, most of the dusty days in Ahvaz occurred
in the spring and summer seasons, which is consistent
with the results of this study. The high wind speeds cor-
responded to the sharp peak in maximum levels of PM, ,
observed during the month of July. The temperature
gradually increased from February through August, and
then decreased from September through January. In
contrast, the RH increased from October through April,
and subsequently continued to decrease thereafter. Both
the maximum temperature and minimum RH were ob-
served in July. This phenomenon can create ideal condi-
tions for the observation of maximum concentrations
of PM,, and the occurrence of dust storms. In addition,
there was an attractive relationship between increases
and decreases in wind speed, RH, and temperature. These
winds can be considered in relation to the sources of
dust events in Iraq and Saudi Arabia, which are particu-
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lar sources of dust storms in Middle East. These storms
transfer large volumes of mineral dust and, subsequent-
ly, cause several kinds of adverse health endpoints in
Khorramabad. This may be due to unstable meteorologi-
cal conditions during different time intervals, which had
a determining role in the formation of powerful winds
(Figures 3 and 4). Shahsavani et al. reported that western
and southwestern winds were the most common winds
in Ahvaz, Iran, and the primary sources of Ahvaz’s dust
storms are origin points in Kuwait, Iraq, and Saudi Arabia
(20). The total number of non-standard days (PM,, >150
ng/m3) in this study was calculated at 90 days, while the
greatest number of non-standard days occurred during
the summer, with the amount of 45 (Table 3). Pirsaheb
et al. (31) reported that the most non-standard days oc-
curred in the summer in Kermanshah, Iran. The results
of this study showed that the number of non-standard
days (PM,, > 150 pg/m?3) in Khorramabad was lower than
the numbers for Kermanshah (31) and Tehran (30) during
2014. Increases in PM,, concentrations over the summer
in Khorramabad can be in associated with MED storms
from arid areas of Iraq, Kuwait, and Saudi Arabia, which
are the particular sources of dust events in the western
and southwestern parts of Iran.

This paper is a cross-sectional study in which the health
endpoints of exposure to PM,,, such as cardiovascular
and respiratory mortality and hospital admissions for
cardiovascular and respiratory diseases, were estimated.
AirQ2.2.3 software assumes that the first six months of
the year are summer and other six months are winter (2).
According to Figures 5 - 7, with increasing PM,, concen-
tration intervals, the number of exposure days with PM,
was reduced. In a study by Guo et al. (35), In another study,
by Chen et al. in North China, there was a 0.036% increase
in hospital admissions per any 10 pg/m? increase in the
PM,, concentration (36). Shakour et al. in Egypt, showed
a 4% increase in hospital admissions for respiratory dis-
eases per 10 ng/m® increase in PM,, concentrations (18).
Martuzzi et al. showed that total mortality as a result of
exposure to PM,, levels above 20 pg/m3 was 677 persons
in Milan, Italy. Goudarzi et al. illustrated that 4% of the to-
tal mortalities occurring in Tehran, Iran were associated
with PM,, concentrations above 20 pg/m? (37) (38). In a
similar work, Hosseini et al. showed that the number of
excess cases due to respiratory mortality was 23 persons,
and the number of excess cases for hospital admissions
because of respiratory diseases was 118 persons in Sanan-
daj, Iran (4). Gholampour et al. (30). Tominz et al. report-
ed that 1.8% of natural mortalities, 2.2% of cardiovascular
mortalities, and 2.5% of respiratory mortalities in Trieste,
Italy were due to exposure to PM,  levels exceeding 20
pg/m?3 (19). Mohammadi et al. showed that 25.3% of total
mortalities, 1.1% of cardiovascular mortalities, 0.3% of re-
spiratory mortalities, and 3.3% of hospital admissions for
cardiovascular diseases in 2012 in Shiraz were in relation
to PM concentrations higher than 40 pg/m3 (24). A com-
parison between the results of the present study with

other studies showed that higher mortality rates in Khor-
ramabad can be a result of higher average PM, levels or
higher numbers of exposure days. Studies of 29 European
cities and 20 American cities showed that the mortality
rates there increased by 0.5% after PM,, daily increases of
10 pg/m?3 (39, 40).

In present study, health endpoints of exposure to par-
ticulate matter (PM,,) were assessed using the AirQ2.2.3
software model. The results revealed that 5.66% of total
mortalities in Khorramabad were related to levels of
PM,, above 20ug/m3. In order to diminish the health
endpoints of PM in Khorramabad, health trainings led
by health systems officials should be carried out for the
public, especially for people with chronic lung and heart
diseases, the elderly, and children, so they will know to
reduce their activities on dusty days. In addition, these
efforts should be conducted at the government level, in
order to control the dust events sources.

Acknowledgments

The authors wish to acknowledge the invaluable coop-
eration and support of the Vice Chancellery for Research
at Lorestan University of Medical Sciences.

Footnotes

Authors’ Contribution:The study concept, design, and
critical revision of the manuscript for important intel-
lectual content can be attributed to Heshmatollah Nour-
moradi, Yusef Omidi Khaniabadi, Gholamreza Goudarzi,
Seyed Mohammad Daryanoosh, Mohammad Khoshgof-
tar, Fatemeh Omidi, and Houshang Armin. The drafting
of the manuscript, advising, and performing experimen-
tal studies can be ascribed to Yusef Omidi Khaniabadi
and Heshmatollah Nourmoradi.

Funding/Support:Lorestan University of Medical Sci-
ences supported the present study.

References

1. Goudarzi G, Geravandi S, Vosoughi M, javad Mohammadi M,
sadat Taghavirad S. Cardiovascular deaths related to Carbon
monoxide Exposure in Ahvaz, Iran. Iran | Health Safety Environ.
2014;1(3):126-31.

2. Zallaghi E, Goudarzi G, Geravandi S, Mohammadi MJ. Epidemio-
logical Indexes Attributed to Particulates With Less Than 10 Mi-
crometers in the Air of Ahvaz City During 2010 to 2013. Health
Scope. 2014;3(4). doi: 10.17795/jhealthscope-22276.

3. Omidi-Khaniabadi Y, Rashidi R, Goudarzi G, Zare S. Measurement
of mass emission values of gaseous pollutants from the stack of
Doroud Cement Plant. ] Health Field. 2014;2(2):36-42.

4. Hosseini G, Maleki A, Amini H, Mohammadi S, Hassanvand MS,
Giahi O, et al. Health impact assessment of particulate matter in
Sanandaj, Kurdistan, Iran. | Adv Environ Health Res. 2014;2(1):54-62.

5. Mohammadi M], Geravandi S, Vosoughi M, Salmanzadeh §,
Goudarzi G. An Association between air quality and COPD in
Ahvaz, Iran. Jundishapur | Chron Dis Care. 2015;4(1). doi: 10.5812/
jjcdc.26621.

6. Kelly FJ. Oxidative stress: its role in air pollution and adverse
health effects. Occup Environ Med. 2003;60(8):612-6. [PubMed:
12883027]

7. Zhou M, Liu Y, Wang L, Kuang X, Xu X, Kan H. Particulate air pol-

Health Scope. 2016;5(2):e31766



Nourmoradi H et al.

12.

13.

14.

15.

16.

17.

19.

20.

21

22.

23.

24.

25.

lution and mortality in a cohort of Chinese men. Environ Pollut.
2014;186:1-6. d0i:10.1016/j.envpol.2013.11.010. [PubMed: 24333659
Mentese S, Rad AY, Arisoy M, Gullu G. Seasonal and Spatial
Variations of Bioaerosols in Indoor Urban Environments,
Ankara, Turkey. Indoor Built Environ. 2011;21(6):797-810. doi:
10.11771420326X11425965.

Taiwo AM, Harrison RM, Shi Z. A review of receptor modelling
of industrially emitted particulate matter. Atmospher Environ.
2014;97:109-20. doi: 10.1016/j.atmosenv.2014.07.051.

Wang S, Feng X, Zeng X, Ma Y, Shang K. A study on variations of
concentrations of particulate matter with different sizes in Lan-
zhou, China. Atmospher Environ. 2009;43(17):2823-8. d0i: 10.1016j.
atmosenv.2009.02.021.

Nourmoradi H, Goudarzi G, Daryanoosh SM, Omidi-Khaniabadi
F.Health Impacts of Particulate Matter in Air using AirQ Model in
Khorramabad City, Iran. ] Basic Res Med Sci. 2015;2(2):52-44.
Menetrez MY, Foarde KK, Esch RK, Schwartz TD, Dean TR, Hays
MD, et al. An evaluation of indoor and outdoor biological par-
ticulate matter. Atmospher Environ. 2009;43(34):5476-83. doi:
10.1016/j.atmosenv.2009.07.027.

Mirhosseini SH, Birjandi M, Zare MR, Fatehizadeh A. Analysis of
Particulate matter (PM 10 and PM 2.5) concentration in Khorram-
abad city. Int | Environ Health Engin. 2013;2(1):3.

Abu-Allaban M. Impact Assessment of Ambient Air Quality by
Cement Industry: A Case Study in Jordan. Aerosol Air Qual Res.
2011;11:802-10. doi: 10.4209/aaqr.2011.07.0090.

Krzyzanowski M. Methods for assessing the extent of exposure
and effects of air pollution. Occup Environ Med. 1997;54(3):145-51.
[PubMed: 9155775]

Hassanvand MS, Amini H, Yunesian M. The evaluation of PM,,
PM2.5, and PM1 concentrations during the Middle Eastern
Dust (MED) events in Ahvaz, Iran. J Arid Environ. 2013;97:1-2. doi:
10.1016/j.jaridenv.2013.05.001.

Heidari-Farsani M, Shirmardi M, Goudarzi G, Alavi-Bakhtiarivand
N, Ahmadi-Ankali K, Zallaghi E, et al. The evaluation of heavy met-
als concentration related to PM,  in ambient air of Ahvaz city,
Iran. J Adv Environ Health Res. 2014;1(2):120-8.

Shakour A, El-Shahat M, El-Taieb N, Hassanein M, Mohamed A.
Health impacts of particulate matter in greater Cairo, Egypt. |
Am Sci. 2011;7:840-8.

Tominz R, Mazzoleni B, Daris E. [Estimate of potential health ben-
efits of the reduction of air pollution with PM10 in Trieste, Italy].
Epidemiol Prev. 2005;29(3-4):149-55. [PubMed: 16454406
Shahsavani A, Naddafi K, Jafarzade Haghighifard N, Mesdaghinia
A, Yunesian M, Nabizadeh R, et al. The evaluation of PM10, PM2.5,
and PM1 concentrations during the Middle Eastern Dust (MED)
events in Ahvaz, Iran, from april through september 2010. ] Arid
Environ. 2012;77:72-83. doi: 10.1016/j.jaridenv.2011.09.007.
Zallaghi E, Shirmardi M, Soleimani Z, Goudarzi G, Heidari-Far-
sani M. Assessment of health impacts attributed to PM10 expo-
sure during 2011 in Kermanshah City, Iran. ] Adv Environ Health
Res.2015;2(4):242-50.

Fattore E, Paiano V, Borgini A, Tittarelli A, Bertoldi M, Crosignani
P, et al. Human health risk in relation to air quality in two mu-
nicipalities in an industrialized area of Northern Italy. Environ
Res. 2011;111(8):1321-7. doi: 10.1016/j.envres.2011.06.012. [PubMed:
21764052]

Jeong SJ. The Impact of Air Pollution on Human Health in Su-
won City. Asian ] Atmospher Environ. 2013;7(4):227-33. doi: 10.5572|
ajae.2013.7.4.227.

Mohammadi A, Azhdarpoor A, Shahsavani A, Tabatabaee H.
Health Impacts of Exposure to PM10 on Inhabitants of Shi-
raz, Iran. Health Scope. 2015;4(4):e31015. doi: 10.17795[jhealth-
scope-31015.

Gharehchahi E, Mahvi A, Amini H, Nabizadeh R, Akhlaghi A,

Health Scope. 2016;5(2):€31766

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Shamsipour M, et al. Health impact assessment of air pollu-
tion in Shiraz, Iran: a two-part study. | Environ Health Sci Engin.
2013;11(1):11. doi: 10.1186/2052-336x-11-11.

Brook RD, Rajagopalan S, Pope CA, Brook JR, Bhatnagar A, Diez-
Roux AV, et al. Particulate matter air pollution and cardiovas-
cular disease: An update to the scientific statement from the
American Heart Association. Circulation. 2010;121(21):2331-78. doi:
10.1161/CIR.0bo13e3181dbecel. [PubMed: 20458016]

Schwartz |, Slater D, Larson TV, Pierson WE, Koenig Q. Particulate
air pollution and hospital emergency room visits for asthma
in Seattle. Am Rev Respir Dis. 1993;147(4):826-31. doi: 10.1164/ajrc-
cm/[147.4.826. [PubMed: 8466116]

Brauer M, Ebelt ST, Fisher TV, Brumm ], Petkau A], Vedal S. Expo-
sure of chronic obstructive pulmonary disease patients to par-
ticles: respiratory and cardiovascular health effects. ] Expo Anal
Environ Epidemiol. 2001;11(6):490-500. doi: 10.1038/sj.jea.7500195.
[PubMed: 11791165]

Dockery DW, Pope CA. Acute respiratory effects of particulate air
pollution. Annu Rev Public Health. 1994;15:107-32. doi: 10.1146/an-
nurev.pu.15.050194.000543. [PubMed: 8054077|

Gholampour A, Nabizadeh R, Naseri S, Yunesian M, Taghipour H,
Rastkari N, et al. Exposure and health impacts of outdoor partic-
ulate matter in two urban and industrialized area of Tabriz, Iran.
J Environ Health Sci Engin. 2014;12(27):10.1186.

Pirsaheb M, Zinatizadeh A, Khosravi T, Atafar Z, Dezfuline-
zhad S. Natural airborne dust and heavy metals: a case study
for kermanshah, Western iran (2005-2011). Iran | Public Health.
2014;43(4):460-70. [PubMed: 26005656]

Gurjar BR, Jain A, Sharma A, Agarwal A, Gupta P, Nagpure AS, et al.
Human health risks in megacities due to air pollution. Atmospher
Environ. 2010;44(36):4606-13. doi: 10.1016/j.atmosenv.2010.08.011.
Lawrence MG, Butler TM, Steinkamp ], Gurjar BR, Lelieveld ]. Re-
gional pollution potentials of megacities and other major popu-
lation centers. Atmospher Chem Phys. 2007;7(14):3969-87. doi:
10.5194/acp-7-3969-2007.

Draxler RR, Gillette DA, Kirkpatrick JS, Heller J. Estimating PM,
air concentrations from dust storms in Iraq, Kuwait and Saudi
Arabia. Atmospher Environ. 2001;35(25):4315-30. doi: 10.1016/s1352-
2310(01)00159-5.

Guo Y, Tong S, Zhang Y, Barnett AG, Jia Y, Pan X. The relation-
ship between particulate air pollution and emergency hospi-
tal visits for hypertension in Beijing, China. Sci Total Environ.
2010;408(20):4446-50.  doi: 10.1016/j.SCitOten\L2010.06.042.
[PubMed: 20638709]

Chen R, Pan G, Kan H, Tan ], Song W, Wu Z, et al. Ambient air pollu-
tion and daily mortality in Anshan, China: a time-stratified case-
crossover analysis. Sci Total Environ. 2010;408(24):6086-91. doi:
10.1016/j.scitotenv.2010.09.018. [PubMed: 20889186]

Martuzzi M, Galassi C, Forastiere F, Bertollini R. Health impact as-
sessment of air pollution in the eight major Italian cities. WHO.
2002.

Goudarzi G, Naddafi K. Quantifying the health effects of air pollution
in Tehran and the third axis of the comprehensive plan to reduce air
pollution in Tehran [Persian]. Tehran: Tehran University of Medical
Sciences; 2009.

Katsouyanni K, Touloumi G, Samoli E, Gryparis A, Le Tertre A,
Monopolis Y, et al. Confounding and effect modification in the
short-term effects of ambient particles on total mortality: results
from 29 European cities within the APHEA2 project. Epidemiol-
0gy. 2001;12(5):521-31. [PubMed: 11505171]

Samet JM, Zeger SL, Dominici F, Curriero F, Coursac I, Dockery
DW, et al. The National Morbidity, Mortality, and Air Pollution
Study. Part II: Morbidity and mortality from air pollution in
the United States. Res Rep Health Eff Inst. 2000;94(Pt 2):5-70.
[PubMed: 11354823]



