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Introduction: A broad spectrum of adverse health endpoint has been reported 
because of short- and long-term exposure to particles. Furthermore, various 
studies which have been indicated correlation between health effects and par-
ticle matter characterization such as chemical composition and heavy metals.
Materials and methods: PM2.5 samples were collected in the ambient air 
of Sina hospital in Tehran, Iran, during the springtime 2013. The concentra-
tions of target heavy metals (Pb, Cd, Cr, Ni, Hg, As and Zn) in PM2.5 particles 
were quantified. The PM2.5 levels were determined by gravimetric analysis 
and sample analysis for their heavy metals was done by ICP-AES (Arcous 
model, Germany) after total digestion. 
Result: The results showed that PM2.5 levels with an average of 41.19 µg/
m3 were higher than outdoor PM2.5 standard of 35 µg/m3 recommended by 
USEPA. Total target heavy metals accounted for 0.3 % of PM2.5 by mass. 
The mean values in 31 PM2.5 particles samples also were found to be: Pb: 
38.05 ng/m3, Cd: 18.2 ng/m3, Cr:4.24 ng/m3, Ni:4.19 ng/m3, Hg: Not detec-
tion, As:1.34 ng/m3 and Zn:69:92 ng/m3. Correlations between PM2.5 concen-
trations and toxic elements in various days of the week including: holidays, 1 
day after holidays, and the other days have been extracted.
Conclusion: This work describes the levels of PM2.5 and their heavy metals. 
The average concentration of PM2.5 were higher than PM2.5 standard that rec-
ommended by USEPA. The mean concentrations of PM2.5 and heavy metals in 
1 day after holidays were found higher in comparison with other two groups.
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INTRODUCTION

Epidemiological literature of the recent decades 
disclosed surprisingly large public health effects 
related with the pollution levels in the world. Es-
pecially, the health effects of PM10 and PM2.5are 
more serious than previously assumed [1-5]. than 
previously assumed. Particles with smaller size 
due to their greater ability to penetrate deeper 
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into the airways and lungs of a person who is 
breathing have serious health impacts [6-8]. In 
this regard, in the past decades, PM10 and  PM2.5 
have attracted much attention because they have 
been shown to be harmful to human health [9, 
10]. However some epidemiological studies have 
demonstrated a rise in risk of lung cancer par-
ticularly associated with exposure to PM10 and 

Please cite this article as: Kermani M, Arfaeinia H, Nabizadeh R, Alimohammadi M, Aalamolhoda AA. Levels of PM2.5 - associ-
ated heavy metals in the ambient air of Sina hospital district, Tehran, Iran. Journal of Air Pollution and Health. 2016; 1(1): 1-6.

Journal of Air Pollution and Health (Winter 2016); 1(1): 1-6



M. Kermani et al., Levels of particulate matter2.5 – associated …2

http://japh.tums.ac.ir

PM2.5[11, 12]. The other studies  have shown an 
increase in respiratory disease is associated espe-
cially with PM2.5 or secondary particles such as 
sulfates [13-15]. Moreover,  many other studies 
have attempted link health impacts or toxicity 
measurements with certain features of particles 
such as particle size, number , concentration, and 
chemical composition, including relations with 
PM chemical constituents such as sulfate, trace 
elements and metals such as Si, V, Fe, Pb, Cd, Ni, 
and Zn and elemental carbon [16-19] At the same 
relationship, it has been demonstrated that heavy 
metal contents of aerosols can be toxic to humans 
and other organisms at certain concentrations and 
there are many studies on Pb, Cd, Hg, and other 
heavy metal levels in air and their toxic impacts 
[20, 21].The nature of the PM could be Metal 
ware, organic, or a mixture of them. Among the 
mineral constituent of PM, heavy metals are an 
important group that have caused more and more 
considerations because they have been shown to 
be detrimental to human health. These pollutants 
are formed from various environmental Resourc-
es. Some of these metals, such as As, Pb, Cd, Hg, 
Zn, Ni and Cr are remarkable due to their toxic-
ity. Considering there were no available data con-
cerning these elements for Tehran atmosphere, 
the purpose of this study is to assess for the first 
time the air quality of Tehran, regarding the PM2.5 
and its trace elements content. Therefore, in the 
work reported here, seven heavy metals including 
Pb, Cd, Cr, Ni, Hg, As and Zn   related to PM2.5 
particles in the Ambient Air of Sina Hospital Dis-
trict, Tehran will be reported. Furthermore, cor-
relations between PM2.5 concentrations and toxic 
elements in various days of the week including: 
holidays, 1 day after holidays, and the other days 
have been extracted.

 MATERIALS AND METHODS

Sampling
The sampling was conducted in the Sina hospital 
district, Tehran (35º 45’ 20. 90” N, 51º 23’40. 40”E, 
and 1,200 above sea level). Air samples were tak-
en from an urban background area in the city on 
the roof top of the Sina hospital security building 
characterized by residential and commercial build-

ings. The emissions from public and commercial 
transportation are the major source of air pollution 
at this location. PM2.5 samples were collected us-
ing a frmOMNItm Ambient Air Sampler operated 
at 5 l/m. The PTFE filters of 47mm of diameter 
from Sartorius Stedim Biotech GmbH (Germany) 
were used. 31 PM2.5 samples were collected every 
three day from 21 March to 22 June, 2013. Sam-
pling duration was 24 h, yielding sample volumes 
7.2 m3. After the sampling, particle concentrations 
were obtained by gravimetric method. The filters 
wrapped in aluminum foil, and stored in freezer at 
-20 ºC until analysis. 

Analysis of heavy metals
In order to determine the heavy metals concen-
trations, one-fourth of each PTFE filter digested 
twice with 5mL of concentrated HNO3 and 5ml 
of HCLO4 in a Teflon bomb to solubilize the 
metals in ionic form, after that heating almost 
to dryness(4 hours at 170 ° C) and rinsing with 
2.5 ml HNO3 1N  and then rising distilled–de-
ionized water (with a resistivity of 18 Ω) up to a 
final volume of 25mL with the aim of analyzing 
their content in Pb, Cd, Cr, Ni, Hg, As and Zn 
by ICP-AES (Arcous model, Germany) [22, 23] 
.Each compound was quantified under specific 
wavelength conditions with the corresponding 
dilutions using Milli-Q water, in order to be into 
the quantification range of each compound, and 
using standards which were simultaneously ana-
lyzed with experimental samples. The instrument 
deviation was checked at the beginning and at the 
end of each measured trace elements. In order 
to determination the background values of each 
species during the study period, blank samples 
(i.e., unexposed control filters) were chemically 
analyzed routinely. Then, the real concentration 
of each species was calculated by subtracting 
the blank values from the results of the chemical 
analysis conducted on the exposed filters.

RESULTS AND DISCUSSION

Particles mass and heavy metals concentrations
Mass concentration of PM2.5 and its heavy metal 
content (mean ± SD) determined in this study are 
shown in Table 1.
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Table 1: Particles mass and heavy metals concentrations obtained urban site of Tehran, Iran 
Components Mean ± SD Median Range 
PM2.5 (µg/m3) 41.19 ± 11.9 37.98 17.98-76.45 
Pb (ng/m3) 38.05 ± 11.96 37.98 14.98-66.51 
Cd 18.20 ± 6.13 19.04 5.97-33.26 
Cr 4.24 ± 1.44 4.43 1.40-7.80 
Ni 4.19 ± 1.38 4.33 1.35-7.49 
Hg ND ND NDa 

As 1.34 ± 0.99 1.23 0.12-3.65
Zn 63.92 ± 19.94 61.33 22.24-109.27 

aNot detection 

RESULTS AND DISCUSSION 
Particles mass and heavy metals 
concentrations 
Mass concentration of PM2.5 and its heavy 
metal content (mean ± standard deviation) 
determined in this study are shown in table 1. 

As shown in table 1, the PM2.5 
concentrations range from 17.98 to 76.45 
µg/m3 at Tehran during sampling period with a 
mean concentration of 41.19 µg/m3. It is 
noteworthy that in some days the PM2.5
concentrations observed in the present study 
are upper than EPA daily standards [24] that 
are used in Iran. In comparison with other 
studies, these levels fall in the low to moderate 
range [25-29]. Total target heavy metals 
accounted for 0.3% of PM2.5 by mass that is a 
small amount PM2.5. The mean concentrations 
of metals measured in this study following 
order: Zn > Pb > Cd > Ni> As. As can be seen, 
the most abundant heavy metal species in the 
PM2.5 fraction were Zn and Pb, respectively. 
The As, Ni, and Cr showed a lower 
contribution to the total heavy metal content, 
with average concentrations lower than 5 
ng/m3. Results obtained by Khaiwal Ravindra, 
Marianne Stranger and Rene Van Grieken in 
Menen, Belgium also shown that Ni and Cr 
were classified as trace elements with mean 
concentrations below 10 ng/m3 [30]. Hg was 
not found in our study. Mean lead 
concentrations were well below the both WHO 
standards [31] and EPA ambient air quality 
standards [24]. 

PM2.5-related heavy metals levels could be 
compared with other studies. According to 
Thomaidis et al. study in Athen, higher Pb 

levels and slightly lower values of other metals 
were observed. (Means in ng/m3: Pb = 190;  
Ni = 6.5; As = 2.9; Cd = 1.0). The heavy metal 
concentration in the Athens study follow in 
order Pb > Ni > As > Cd. [28]. The authors of 
mentioned study proposed that As and Ni were 
produced largely by metals industries in 
Athens such as steel industry and smelters, 
together emissions associated with diesel, oil 
and coal burning. Zn production was 
associated with abrasion and incineration of 
the tire, brake pads and engine oil [32]; Pb in 
urban sites was related to emission from 
motors and the wear of construction materials 
such as brick, metal, wood, and paint. Cu and 
Cd were related to brake pad wear, diesel 
emissions of diesel and motor oil [32]. 

Heavy metals levels in PM2.5 found were 
higher than those reported by Philadelphia and 
Phoenix in the USA in 1994 [33], Spain in 
2003-2006 [22] and Turkey in 2007-2008 [34] 
(Table 2). This variety observed, especially 
about Pb and Cd could be attributed to the large 
number of vehicles and industries in Tehran. 

Due to plenty of pollution sources and 
restricted control, it seems difficult to determine 
the particular sources of these metals. It is 
guesstimated that the emissions are associated 
with consume of fossil fuels (coal, oil, and etc.) 
for energy and the metal industries. 

Comparison the pollution various days of the 
week 
For comparison the measured levels of 
considered parameters between various days of 
the week the data from the study classified into 
the following three categories: holidays, 1 day 
after holidays, and the other days. 
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PM2.5.The mean concentrations of metals mea-
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lower contribution to the total heavy metal con-
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m3. Results obtained by Khaiwal Ravindra, Mari-
anne Stranger & Rene Van Grieken in Menen, 
Belgium also shown that Ni and Cr were classi-
fied as trace elements with mean concentrations 
below 10 ng m−3 [30]. Hg  was not found in our 
study. Mean lead concentrations were well below 
the both WHO standards [31] and EPA ambient 
air quality standards [24].
PM2.5-related heavy metals levels could be com-
pared with other studies. According to Thomaidis 
et al study in Athen, higher Pb levels and slight-

Table1. Particles mass and heavy metals concentrations obtained urban site of Tehran, Iran

ly lower values of other metals were observed. 
(Means in ng/m3: Pb=190; Ni=6.5; As=2.9; 
Cd=1.0). The heavy metal concentration in the 
Athens study follow in order Pb>Ni>As>Cd. [28]. 
The authors of mentioned study proposed that As 
and Ni were produced largely by metals industries 
in Athens  such as steel industry and smelters, to-
gether emissions associated with diesel, oil and 
coal burning. Zn production was associated with 
abrasion and incineration of the tire, brake pads 
and engine oil [32]; Pb in urban sites was related to 
emission from motors and the wear of construction 
materials such as brick, metal, wood and paint. 
Cu and Cd were related to brake pad wear, diesel 
emissions of diesel and motor oil [32].
Heavy metals levels in PM2.5 found were higher 
than those reported by Philadelphia and Phoenix 
in the USA in 1994 [33], Spain in 2003–2006 [22] 
and Turkey in 2007-2008 (Table 2) [34]. This va-
riety observed, especially about Pb and Cd could 
be attributed to the large number of vehicles and 
industries in Tehran. 
Due to plenty of pollution sources and restricted 
control, it seems difficult to determine the par-
ticular sources of these metals. It is guesstimated 
that the emissions are associated with the con-
sume of fossil fuels (coal, oil and etc) for energy 
and the metal industries.

Table 2. Mean concentrations (ng/m3) of 7 heavy metals measured in urban background PM2.5 in Tehran over the period 
March to June 2013 and compared with other studies.
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Table 2: Mean concentrations (ng/m3) of seven heavy metals measured in urban background PM2.5 in Tehran over 
the period March to June 2013 and compared with other studies 

??? Pb Cd Cr Ni Hg As Zn 
Our study 38.05 18.2 4.24 4.19 ND 1.34 63.92 
Urban USAa 28 - 1.4 8.5 - 0.4 56 
Urban Spainb 26 0.5 6 6 - 1.1 103 
Urban Turkeyc 32 1.3 9.4 7.7 - 4 215 

aPhiladelphia, USA in 1994 [33]. bMetal concentrations in PM10 in Barcelona, Spain during 2003-2006 [22]. cMetal concentrations in PM2.5 in 
Bursa, Turkey during 2007-2008 [34]

Table 3: The differences between concentration and content of ambient PM2.5 in holidays, 1 day after holidays, and 
the other days 

??? Components Mean ± SD Median Min-Max 
The other days PM2.5 (µg/m3) 36.91 ± 7.46 37.65 24.67-52.12 

Pb (ng/m3) 35.74 ± 9.58 37.79 21.46-58.68 
Cd 17.87 ± 4.79 18.90 10.73-29.34
Cr 4.19 ± 1.12 4.43 2.52-6.88 
Ni 4.03 ± 1.08 4.26 2.42-6.61 
Hg ND ND ND 
As 1.23 ± 0.92 0.98 0.12-2.98 
Zn 66.99 ± 17.37 70.37 39.97-109.27 

Holidays PM2.5 (µg/m3) 38.68 ± 12.37 39.10 17.98-52.93 
Pb (ng/m3) 37.23 ± 13.73 37.32 14.98-57.76 

Cd 14.03 ± 6.2 14.16 5.97-21.07 
Cr 3.29 ± 1.45 3.32 1.4-4.94 
Ni 3.16 ± 1.4 3.90 1.35-4.75 
Hg ND ND ND 
As 1.21 ± 0.83 1.29 0.23-2.45 
Zn 52.26 ± 223.10 52.72 22.24-78.46 

1 day after holidays PM2.5 (µg/m3) 57.99 ± 11.63 57.34 47.87-76.45 
Pb (ng/m3) 44.62 ± 16.76 42.06 20.70-66.51 

Cd 20.70 ± 7.70 21.03 12.32-33.26 
Cr 5.14 ± 1.96 4.88 2.54-7.8 
Ni 4.92 ± 1.96 4.74 2.14-7.49 
Hg ND ND ND 
As 1.74 ± 1.48 1.23 0.23-3.65 
Zn 58.87 ± 18.41 54.92 37.92-78.31 

The results of grouped data for PM2.5 and 
total metal concentrations are presented in 
table 3. As shown the PM2.5 and their heavy 
metals concentration in 1 day after holidays 
were found higher compared other two groups. 
This can be attributed to the accumulation of 
vehicles in these days. 

The one-way ANOVA procedure was used 
to search for significant variability’s among 
these groups. Using this procedure, it was 
found that variability’s between groups 
(holidays, 1 day after holidays, and workdays) 
were significant at the 0.05 level. Exception is 
Hg (P = 0.238) and Zn (P = 0.177). The total 
levels of Pb, Cd, and Cr obtained in this work 

are lower than those previously reported for 
total suspended particulate (TSP) and PM10 in 
the in central area of Tehran [35, 36] and other 
Asian urban area [37]. 

The results of grouped data for total metal 
concentrations are presented in figure 1. 
According to this figure 1, the mean 
concentrations of PM2.5 in 1 day after holidays 
were found higher compared other two 
groups. Furthermore, the mean levels of 
heavy metals in 1 day after holidays were 
found higher compared other two groups 
(except Zn). Furthermore, the mean levels of 
heavy metals in holidays found lower 
compared other two groups. 
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a Philadelphia, USA in 1994 [33] b Metal concentrations in PM10 in Barcelona, Spain during  2003–2006 [22]
c Metal concentrations in PM2.5 in Bursa, Turkey during  2007-2008 [34]

literatures



M. Kermani et al., Levels of particulate matter2.5 – associated …4

http://japh.tums.ac.ir

Comparison the pollution various days of the 
week
For comparison the measured levels of consid-
ered parameters between various days of the 
week the data from the study classified into the 
following three categories: holidays, 1 day after 
holidays, and the other days.
The results of grouped data for PM2.5, and total 
metal concentrations are presented in Table 3.As 
shown the PM2.5 and their heavy metals concen-
tration in 1 day after holidays were found higher 
compared other 2 groups. This can be attributed 

to the accumulation of vehicles in these days.
 The one-way ANOVA procedure was used to 
search for significant variability’s among these 
groups. Using this procedure, it was found that 
variability’s between groups (holidays, 1 day 
after holidays, and workdays) were significant 
at the 0.05 level. Exception is Hg (Pvalue=0.238) 
and Zn (Pvalue=0.177). The total levels of Pb, Cd 
and Cr obtained in this work are lower than those 
previously reported for TSP and PM10 in the in 
central area of Tehran [35, 36] and other Asian 
urban area [37].

The results of grouped data for total metal con-
centrations are presented in Fig.1 According to 
this figure, the mean concentrations of PM2.5 in 1 
day after holidays were found higher compared 
other two groups. also the mean levels of heavy 
metals in 1 day after holidays were found higher 
compared other two groups (except Zn). also the 
mean levels of heavy metals in holidays found 
lower compared other two groups. 

CONCLUSIONS

As a result, the average concentration of the 
PM2.5  for the sampling  period is 41.19 μg/m3, 
which is 1.64 and1.2 times higher than the WHO 
guidelines [38] and EPA ambient air quality stan-
dards [24], respectively. This result is likely due 
to considering contribution of automotive emis-
sions and industrial and mining activities, solid 
waste burning, industrial refuse and lack of basic 

Table3.The differences between concentration and content of ambient PM2.5 in holidays, 
1 day after holidays, and the other days
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Hg ND ND ND 
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The results of grouped data for PM2.5 and 
total metal concentrations are presented in 
table 3. As shown the PM2.5 and their heavy 
metals concentration in 1 day after holidays 
were found higher compared other two groups. 
This can be attributed to the accumulation of 
vehicles in these days. 

The one-way ANOVA procedure was used 
to search for significant variability’s among 
these groups. Using this procedure, it was 
found that variability’s between groups 
(holidays, 1 day after holidays, and workdays) 
were significant at the 0.05 level. Exception is 
Hg (P = 0.238) and Zn (P = 0.177). The total 
levels of Pb, Cd, and Cr obtained in this work 

are lower than those previously reported for 
total suspended particulate (TSP) and PM10 in 
the in central area of Tehran [35, 36] and other 
Asian urban area [37]. 

The results of grouped data for total metal 
concentrations are presented in figure 1. 
According to this figure 1, the mean 
concentrations of PM2.5 in 1 day after holidays 
were found higher compared other two 
groups. Furthermore, the mean levels of 
heavy metals in 1 day after holidays were 
found higher compared other two groups 
(except Zn). Furthermore, the mean levels of 
heavy metals in holidays found lower 
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Figure 1: Measured levels of heavy metals between various days of the week 

CONCLUSIONS 
As a result, the average concentration of the 
PM2.5 for the sampling period is 41.19 µg/m3, 
which is 1.64 and 1.2 times higher than the 
WHO guidelines [38] and EPA ambient air 
quality standards (24), respectively. This result 
is likely due to considering contribution of 
automotive emissions and industrial and 
mining activities, solid waste burning, 
industrial refuse and lack of basic substructure.
In general, heavy metal concentrations in 
atmospheric PM2.5 collected at Tehran are 
lower than several reported values for other 
urban areas with high or medium vehicular 
traffic and/or industrial inputs. Values are also 
lower than those previously reported for TSP 
and PM10 in Tehran. 
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Figure 1: Measured levels of heavy metals between various days of the week 
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than those previously reported for TSP and PM10 
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FINANCIAL SUPPORTS

Institute for Environmental Research (IER) of 
Tehran University of Medical Sciences (TUMS) 
financially supported this study (Grant No: 
21046).

COMPETING INTERESTS

The authors declare they have no potential or ac-
tual competing financial or personal interests.

ACKNOWLEDGMENTS

This study was funded and supported by Insti-
tute for Environmental Research (IER) of Tehran 
University of Medical Sciences (TUMS); (Grant 
No: 21046). We would like to also thank institute 
of water and energy of Sharif University of Tech-
nology for their help in sampling devices provid-
ing.

ETHICAL CONSIDERATIONS

Authors are aware of, and comply with, best 
practice in publication ethics specifically with 
regard to authorship (avoidance of guest author-
ship), dual submission, manipulation of figures, 
competing interests and compliance with policies 

Fig.1. measured levels of heavy metals between various days of the week

on research ethics. Authors adhere to publica-
tion requirements that submitted work is original 
and has not been published elsewhere in any lan-
guage.

REFERENCES
[1] Dockery DW, Pope CA. Acute respiratory effects of 

particulate air pollution. Annual review of public health. 
1994;15(1):107-32.

[2] Schwartz J. Particulate air pollution and chronic respi-
ratory disease. Environmental Research. 1993;62(1):7-
13.

[3] Richards R. What effects do mineral particles have in 
the lung? Mineralogical Magazine. 2003;67(2):129-39.

[4] Lipfert FW, Wyzga RE. Air pollution and mortality: is-
sues and uncertainties. Journal of the Air & Waste Man-
agement Association. 1995;45(12):949-66.

[5] Katsouyanni K, Touloumi G, Spix C, Schwartz J, Bal-
ducci F, Medina S, et al. Short term effects of ambient 
sulphur dioxide and particulate matter on mortality in 
12 European cities: results from time series data from 
the APHEA project. Bmj. 1997;314(7095):1658.

[6] Halek F, Nabi G, Ganjidoust H, Keyanpour M, Mirmo-
hammadi M. Particulate polycyclic aromatic hydrocar-
bons in urban air of Tehran. Iranian Journal of Environ-
mental Health Science & Engineering. 2006;3(4).

[7] Kiss G, Varga-Puchony Z, Rohrbacher G, Hlavay J. 
Distribution of polycyclic aromatic hydrocarbons on 
atmospheric aerosol particles of different sizes. Atmo-
spheric Research. 1998;46(3):253-61.

[8] Sanderson E, Raqbi A, Vyskocil A, Farant J-P. Com-
parison of particulate polycyclic aromatic hydrocarbon 
profiles in different regions of Canada. Atmospheric 
Environment. 2004;38(21):3417-29.

[9] Berico M, Luciani A, Formignani M. Atmospheric aero-
sol in an urban area—measurements of TSP and PM10 
standards and pulmonary deposition assessments. At-
mospheric Environment. 1997;31(21):3659-65.

[10]  Song Y, Xu D, Chai Z, Ouyang H, Feng W, Mao X. 
INAA study for characterization of PM10 and PM2. 5 
in Beijing and influence of dust storm. Journal of radio-



M. Kermani et al., Levels of particulate matter2.5 – associated …6

http://japh.tums.ac.ir

analytical and nuclear chemistry. 2006;270(1):29-33.
[11] Vineis P, Husgafvel-Pursiainen K. Air pollution and 

cancer: biomarker studies in human populations. Carci-
nogenesis. 2005;26(11):1846-55.

[12] Pope III CA, Burnett RT, Thun MJ, Calle EE, Krewski 
D, Ito K, et al. Lung cancer, cardiopulmonary mortality, 
and long-term exposure to fine particulate air pollution. 
Jama. 2002;287(9):1132-41.

[13] Dockery DW, Pope CA, Xu X, Spengler JD, Ware 
JH, Fay ME, et al. An association between air pollution 
and mortality in six US cities. New England journal of 
medicine. 1993;329(24):1753-9.

[14] Özkaynak H, Thurston GD. Associations between 1980 
US mortality rates and alternative measures of airborne 
particle concentration. Risk analysis. 1987;7(4):449-61.

[15]  Schwartz J, Dockery DW, Neas LM. Is daily mor-
tality associated specifically with fine particles? Jour-
nal of the Air & Waste Management Association. 
1996;46(10):927-39.

[16]  Clarke RW, Coull B, Reinisch U, Catalano P, Kill-
ingsworth CR, Koutrakis P, et al. Inhaled concentrated 
ambient particles are associated with hematologic and 
bronchoalveolar lavage changes in canines. Environ-
mental health perspectives. 2000;108(12):1179.

[17]  Batalha JR, Saldiva PH, Clarke RW, Coull BA, Stea-
rns RC, Lawrence J, et al. Concentrated ambient air 
particles induce vasoconstriction of small pulmonary 
arteries in rats. Environmental health perspectives. 
2002;110(12):1191.

[18]  Saldiva PH, Clarke RW, Coull BA, Stearns RC, Law-
rence J, Murthy GK, et al. Lung inflammation induced 
by concentrated ambient air particles is related to par-
ticle composition. American Journal of Respiratory and 
Critical Care Medicine. 2002;165(12):1610-7.

[19]  Wellenius GA, Coull BA, Godleski JJ, Koutrakis P, 
Okabe K, Savage ST, et al. Inhalation of concentrated 
ambient air particles exacerbates myocardial ischemia 
in conscious dogs. Environmental Health Perspectives. 
2003;111(4):402.

[20] Onder S, Dursun S. Air borne heavy metal pollution 
of< i> Cedrus libani</i>(A. Rich.) in the city cen-
tre of Konya (Turkey). Atmospheric Environment. 
2006;40(6):1122-33.

[21]  Babich H, Stotzky G, Ehrlich H. Environmental fac-
tors that influence the toxicity of heavy metal and gas-
eous pollutants to microorganisms. CRC Critical Re-
views in Microbiology. 1980;8(2):99-145.

[22]  Pérez N, Pey J, Querol X, Alastuey A, López J, Viana 
M. Partitioning of major and trace components in PM 
10–PM 2.5–PM 1 at an urban site in Southern Europe. 
Atmospheric Environment. 2008;42(8):1677-91.

[23]  Wang Y, Zhuang G, Tang A, Zhang W, Sun Y, Wang Z, 
et al. The evolution of chemical components of aerosols 
at five monitoring sites of China during dust storms. At-
mospheric Environment. 2007;41(5):1091-106.

[24] EPA. EPA’s Office of Air Quality Planning and Stan-
dards (National Ambient Air Quality Standards). Envi-
ronmental Protection Agency,Washington DC. 1997.

[25] Chaloulakou A, Kassomenos P, Spyrellis N, Demokri-

tou P, Koutrakis P. Measurements of PM  10 and PM 2.5 
particle concentrations in Athens, Greece. Atmospheric 
Environment. 2003;37(5):649-60.

[26]  Rodrı́guez S, Querol X, Alastuey A, Viana Ma-M, 
Alarcón M, Mantilla E, et al. Comparative PM10–PM2. 
5 source contribution study at rural, urban and indus-
trial sites during PM episodes in Eastern Spain. Science 
of the Total Environment. 2004;328(1):95-113.

[27]  Putaud J-P, Raes F, Van Dingenen R, Brüggemann E, 
Facchini M, Decesari S, et al. A European aerosol phe-
nomenology—2: chemical characteristics of particulate 
matter at kerbside, urban, rural and background sites in 
Europe. Atmospheric Environment. 2004;38(16):2579-
95.

[28]  Koçak M, Mihalopoulos N, Kubilay N. Chemical 
composition of the fine and coarse fraction of aerosols 
in the northeastern Mediterranean. Atmospheric Envi-
ronment. 2007;41(34):7351-68.

[29]  Glavas SD, Nikolakis P, Ambatzoglou D, Mihalo-
poulos N. Factors affecting the seasonal variation of 
mass and ionic composition of PM2. 5 at a central 
Mediterranean coastal site. Atmospheric Environment. 
2008;42(21):5365-73.

[30] Ravindra K, Stranger M, Van Grieken R. Chemi-
cal characterization and multivariate analysis of at-
mospheric PM2. 5 particles. Journal of Atmospheric 
Chemistry. 2008;59(3):199-218.

[31]  Regional W, Ser PE. WHO Air Quality Guidelines for 
Europe. Regional Office for EuropeCopenhagen, Den-
mark. 2000;No. 91.

[32]  Tanner PA, Ma H-L, Yu PK. Fingerprinting met-
als in urban street dust of Beijing, Shanghai, and 
Hong Kong. Environmental science & technology. 
2008;42(19):7111-7.

[33] Agency) UUEP. Air quality criteria for Particulate 
Matter (PM). US Environmental Protection Agency, 
Research Triangle Park, USA. 2004;I.

[34] Kendall M, Pala K, Ucakli S, Gucer S. Airborne par-
ticulate matter (PM2. 5 and PM10) and associated met-
als in urban Turkey. Air Quality, Atmosphere & Health. 
2011;4(3-4):235-42.

[35]  Leili M, Naddafi K, Nabizadeh R, Yunesian M, Mes-
daghinia A. The study of TSP and PM10 concentration 
and their heavy metal content in central area of Tehran, 
Iran. Air Quality, Atmosphere & Health. 2008;1(3):159-
66.

[36] Kermani M, Naddafi K, Shariat M, Mesbah A. Chemi-
cal composition of TSP and PM10 and their relations 
with meteorological parameters in the ambient air of 
Shariati Hospital District. Iranian Journal of Public 
Health. 2003;32(4):68-72.

[37]  Fang G-C, Wu Y-S, Huang S-H, Rau J-Y. Review of at-
mospheric metallic elements in Asia during 2000–2004. 
Atmospheric Environment. 2005;39(17):3003-13.

[38] WHO. WHO Air quality guidelines for particulate 
matter , ozone, nitrogen dioxide and sulfur dioxide: 
Summary of risk assessment, Global update 2005. 
World Health Organization. 2005.


