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Abstract

Metals and polycyclic   aromatic hydrocarbons (PAHs) are ubiquitous pollutants in airborne particulate 
matter. I n order to better understand the concentrations an  d origins of metal   s and PAHs bound to particulate 
matter in Lanzhou city in northwest China, six metals (Cu, Zn, Ni, Pb, Cd, and Cr) and 16 selected PAHs in 
108 part iculate matter samples were  quantifi ed by inductively coupled plasma/mass spectrometry (ICP-MS) 
and gas chromatography/mass spectrometry. Results demonstrated that metals and PAHs in the ambient 
air of Lanzhou city showed regional and seasonal trends, and their concentrations were higher than those 
in several other Asian and European cities. The high molecular weight PAHs in winter were higher than in 
summer in both Xigu District and Yuzhong town. The principle components analysis (PCA) method was 
applied to analyze the sources of metals bound to particulate matters (PM2.5, PM10, TSP) and PAHs bound 
to PM10, and results showed that vehicle emissions, coal combustion, and oil combustion were probably the 
main sources of metal and PAHs in Lanzhou PM.
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Introduction

         Atmospheric particulate matter (PM) is an important 
  pollutant, and much research has been published 
about their morphological/physical characteristics, 
concentrations, epidemiological effects, and effects 
on climate processes [1, 2]. Atmospheric PM is also an 
indicator for evaluating air quality. Atmospheric levels 
of PM10 and PM2.5 are monitoring indicators in   the latest 
ambient air quality standards in China, while the toxic 
chemical compounds absorbed onto the particles were 
not used as factors. Actually these compounds, including 
metals and polycyclic aromatic hydrocarbons (PAHs), 
which have become a major research issue, have the more 
serious health risk [3]. Widespread metals pollution causes 
serious risks to human health, and has brought adverse 
health effects to kidneys, livers, and nervous system 
from metals exposure [4, 5]. PAHs, which are stable, 
hydrophobic, and persistent chemicals in the environment , 
have been reported to be carcinogenic and mutagenic  . 
Previous studies have shown that   the levels of metals and 
PAHs absorbed onto PM were higher in China than in 
developed countries, and also higher than the air quality 
standards of WHO and the EU [6-8]. Different routes of 
contaminant exposure cause different adverse effects. 
We fi nd that the same chemical has a lower RfD value 
in inhalation exposure than other exposure pathways, 
meaning   that humans have higher health risks through 
inhaling one chemical than other exposure pathways [9]. 
Studying the variations of concentrations and possible 
sources of metals and PAHs absorbed onto PM in air is of 
considerable signifi cance.

  This work investigates the metals and PAHs absorbed 
onto PM10 in Lanzhou city, which is an industrial city 
in northwest China. Lanzhou has serious air pollution 
because of a large number of petrifi cation and metallurgy 
industries and huge coal consumption. In addition, due to 
the special topography of the valley basin and climatic 
characteristics of the stable atmospheric layer, the air 
pollution of Lanzhou is more serious. Our previous 
work showed that the health risks of PM were within an 

acceptable scope (below 1×10-6), bu  t the health risks of 
metals were exceeding the acceptable scope of USEPA 
(below 1×10-4 ), and the risks of PAHs were exceeding 
the acceptable scope of Canada (below 1×10-5)[9]. 
The values of urinal 1-OHP in children, which is the 
indicator for assessing exposure of PAHs, were higher 
than in adults[10], and we propose taking some effective 
measures to improve this situation. Therefore, the source 
analysis of metals and PAHs is particularly important for 
making measures. Meanwhile, the manner of attempting 
to analyze the source of metals and PAHs simultaneously 
is more accurate a  nd comprehensive. 

Materials and Methods

Airborne PM Sampling 

Xigu and Yuzhong, located west and southeast of 
Lanzhou, respectively, were selected as study areas 
(Fig. 1). Xigu is the largest petrochemical industry base 
in Western China, which includes Petrochina Co. Ltd. 
(comprising oil refi neries, chemical fertilizer plants, a 
petrochemical plant, a rubber factory, a sewage treatment 
plant, etc.), Xigu Thermoelectric Co. Ltd., and New 
Western Vinylon Co. Ltd. These companies generate 
major air pollution. Yuzhong has a primarily agricultural 
economy, so its industrial pollution is minimal. 

TSP, PM10, and PM2.5 samples collection was 
completed in July 2010 and January 2011, and followed 
ambient air quality technical specifi cation HJ/T194-2005. 
Samples were collected using quartz fi ber fi lters (Diameter 
90 mm, Whatman Inc., Freiburg, DE) with high-volume 
air samplers equipped with a cutting head for 2.5, 10, 
and 100 μm particle sizes, respectively, at each sampling 
site (Qingdao Laoshan Mechanical Corp, CN). Air was 
sampled at a fl ow rate of 100 L/min for 24 h, and three days 
each season. A total of 108 Airborne PM samples were 
collected from Lanzhou city corresponding to 54 samples 
(18 TSP, 18 PM10, 18 PM2.5) in A1, A2, A3summer, A4, B1, 
B2 for summer, and 54 samples (18 TSP, 18 PM10, 18 
PM2.5 ) collected in A1, A2, A3winter, A4, B1, B2 for winter. 
Every sample detected heavy metals concentrations. The 
samples of A2, A3, A4, and B1 in winter and A2, A3, and 
B1 in summer detected PAH concentrations.

All   the quartz fi lters were wrapped in aluminum 
foil, preheated at 550ºC for 6 h, kept in a desiccator for 
24 h, and weighed by micro precision electronic balance 
(0.00  001g, CP225D, Sartorius Inc., German) befor  e use. 
After the collection of samples, the fi lters were kept in the 
desiccator for 24 h and weighed again. The fi lters, which 
detected both metals and PAHs, were cut into two pieces 
accurately. The weight of each piece was determined 
for calculating calibration coeffi cient. Then we used the 
precleaned aluminum foil to wrap the fi lters, and the 
samples were stored at -29ºC until detection.

Fig. 1. Sampling points are set in areas A and B.
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Pre-Treatment and Instrumental Analyses

The concentrations of copper  (Cu), zinc (Zn), nickel 
(Ni), lead (Pb), cadmium (Cd), and chromium (Cr) on 
particulate matters were measured based on relevant 
national standard methods (HJ657-2013). 

The method of PAH detection was similar to 
previous research [10]. The sample fi lter was cut into 
strips, 2.00g Na2SO4 was added, and it was spiked with 
naphthalene-d8 (d8  -Nap), acenaphthene-d10 (d10-Ace), 
phenanthrene-d10 (d10-Phe), chrysene-d12 (d12-Chr), 
and perylene-d12 (d12-Per) as per internal standards (LOT 
No. 7033-22, WIBBY Environmental Inc.). First, samples 
were extracted by shock with 30cm3 dichloromethane for 
1.5 h, and separated by centrifuge. Then the samples were 
extracted by ultrasonic 1.5 h with 30 cm3 dichloromethane 
for 1.5 h, and separated by centrifuge twice. The combined 
extracts were concentrated to approximately 2 cm3. 

Combined extract was evaporated. The concentrated 
extract was transferred to a Bond Elut SI SPE column 
(500 mg, 3 cm3, Agilent Technologies). The column was 

then eluted with 8 cm3 of dichloromethane: hexane (1:1, 
v:v). The eluent was concentrated to 1 cm3, and added 
50 μL (20 μg/cm3) injection internal standard (benzo[a]
pyrene-d10 and fl uorine-d10) fo  r analysis. 

PAH quantifi cation was performed using gas 
chroma  tography coupled to mass spectrometry (Varian 
240-MS/431-GC, Agilent Technol  ogies), and a DB-5 
chromatographic column (30 m, 0.25 mm i.d., 0.25 μm 
fi lm thickness). Helium was used as the carrier gas, with 
a column fl ow rate of 1.20 cm3/min in constant-fl ow. The 
GC oven temperature was programmed from 50ºC for 
2 min to 200ºC at 10ºC/min, then to 260ºC at 2ºC/min, 
last to 290ºC at 5ºC/min and kept for 3 min. The 16 PAH 
compounds were naphthalene (Naph), acenaphthylene 
(Acy), acenaphthene (Ace), fl uorene (Flu), phenanthrene 
(Phen), anthracene (Anth), fl uoranthene (Flt), pyrene 
(Pyr), benzo[a]anthracene (BaA), chrysene (Chr), 
benzo[b]fl uoroanthene (BbF), benzo[k]fl uoroanthene 
(BkF), benzo[a]pyrene (BaP), dibenzo[a,h]anthracene 
(DahA), benzo[ghi]perylene (BghiP), and indeno[123-cd]
pyrene (IcdP).

Table 1. Mean concentrations of metals of other selected cities (ng/m3).
Season Pb Zn Ni Cu Cd Cr Ref.

Taiwan
- TSP 574.00 395.00 15.80 199.00 8.50 29.30

(Fang et al., 2003)
- PM2.5 37.90 283.00 11.80 11.50 4.30 33.50

Guiyu
- TSP 444.00 1038.00 10.00 483.00 7.30 1161.00

(Deng et al., 2006)
- PM2.5 392.00 924.00 7.20 126.00 7.30 1152.00

Lijiang
- TSP 46.27 39.60 1.74 10.11 - 1.92

(Zhang et al., 2013)
- PM2.5 14.21 59.74 2.79 8.56 - 4.76

Chengdu - PM2.5 132.90 323.90 3.30 23.80 - 7.20 (Wang et al., 2010)

Beijing - PM2.5 304.00 480.00 15.00 35.00 - (He et al., 2001)

Delhi(India)

Winter
PM10 420.70 612.30 15.30 36.20 9.20 128.50

(Singh et al., 2011)
PM2.5 630.80 825.10 15.30 125.30 12.60 80.50

Summer
PM10 210.50 431.50 31.20 22.30 1.80 144.70

PM2.5 630.80 825.10 29.50 65.20 2.40 74.10

Spata(Greece)
Winer PM10 19.50 - 8.18 - 0.34 - (Vassilakos et al., 

2007)Summer PM10 6.41 - 14.70 - 0.49 -

Koropi(Greece)
Winter PM10 24.70 - 7.15 - 0.35 - (Vassilakos et al., 

2007)Summer PM10 12.30 - 13.30 - 1.06 -

Thessaloniki (Greece) - PM10 6.65 - 0.70 37.40 0.05 0.68 (Samara et al., 2005)

Ceramic factories 
(Spain) - PM10 41.30 34.60 23.40 94.90 0.24 3.64 (Ana M et al., 2010)

Cantabria Region 
(Spain)

2008 PM10 6.20 - 0.90 3.70 0.30 2.30
(Arruti et al., 2011)

2009 PM10 6.90 - 1.50 6.00 0.20 8.90

barcelonam(Spain) - PM10 200.00 300.00 7.00 70.00 - 6.00 (Ouerol et al., 2001)

Helsinki (Finland) - PM10 2.00 8.00 0.80 6.00 - - (Pakkanen et al., 2001)

USA Florida PM2.5 5.00 1.00 1.00 2.00 - - (Olson et al., 2008)
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Quality Assuran  ce and Quality Control

An internal calibration procedure was used to quantify 
PAH concentrations. The correlation coeffi cients for the 
fi ve concentration gradients ranged from 0.995 to 0.999. 
The calibration standard was analyzed daily to determine 
the accuracy of the calibration curves. 

To estimate the repeatability and accuracy of the 
analytical method, every sample was spiked with known 
amounts of surrogate standard mixtures prior to extraction. 
The surrogate recoveries in the PM10 were 70.2±7.5% 
for naphthalene-d8, 84.5±5.6% for acenaphthene-d10, 
92.5±5.6% for phenanthrene-d10, 92.4±10.2% for 
chrysene-d12, and 89.0±9.4% for perylene-d12. 

Quality control for the method was maintained by 
analyzing the following controls for each batch of samples: 
method blanks (solvent), spiked blanks (standard spiked 
into solvent), matrix spikes/matrix spike duplicates, and 
sample duplicates. The method detection limit was 1.00-
6.00 ng/cm3. For data reduction purposes, masses calculated 
from areas below the limit of detection were equated to zero.

Results and Discussion

Metal and PAH Concentrations

In recent years the levels of metals and PAHs bound 
to PM2.5, PM10, and TSP have been widely investigated 
(Table 1). In this study, the concentrations of metals bound 
to PM2.5 in Lanzhou were higher than those in the U.S., 
and among them the concentrations of Pb, Zn, and Ni were 
lower than those in other domestic cities (such as Guiyu, 
Chengdu, Beijing, and Taiwan), while Cu was 1-27 times 
higher than in Taiwan, Chengdu, and Lijiang [8, 11, 12]. 
In PM10, the concentrations of metals were lower than in 
Delhi, India; 10 times higher than that in Spata, Koropi, 
and Thessaloniki, Greece; 1-18 times higher than that 
in ceramic factories, Cantabria Regio, and Barcelona 
in Spain; and 8-100 times higher than that in Helsinki, 
Finland [3, 13-17]. The concentrations of PAHs were 
higher than those in Baoji and Changsha, China; Mexico 
and Chiang Mai, Thailand; Candiota, Brazil; Naples; 
Seoul; and Delhi [3, 6, 11, 18]. In TSP, the concentrations 

of metals were lower than in Hong Kong, Taiwan, and 
Guiyu [6, 12, 19]. According to previous studies showing 
that the Cr6+/Cr average ratio was 0.13 in particulate [19], 
the concentration of Cr6+ was 91-162 times higher than 
the Chinese (0.025 ng/m3) and World Health Organization 
(0.025 ng/m3) air quality standards [20]. Therefore, the air 
metal and PAH pollution of Lanzhou is serious.

The distributions of metals and PAHs in airborne 
particulates presented a characteristic of varying with the 
time and space. In recent years, some achievements had 
been made in the study on time distribution of metals in 
particulate matter, among which a seasonal change pattern 
of metals in particulate matter was shown, including 
seasonal trends for concentrations of Pb, Cu, and Cd 
bound to PM2.5; Pb, Ni, Cu, Cd, Cr, and PAHs bound to 
PM10; and Pb, Ni, Cu, Cd, and Cr bound to TSP, which 
were consistent with other studies [3]. The concentrations 
of Pb bound to PM10 in Xigu were 10 times higher than in 
Spata and Koropi, Greece, for winter [17]; and Ni and Cu 
in Xigu were 1.06 and 2.52 times higher than their values 
in Delhi, India, for winter [3].

There are many reports for the spatial distributions 
of metals and PAHs in airborne particulates, especially 
for the metals bound to TSP and PM2.5 in electronic and 
dismantling sites and scenic tourist areas. These results 
showed that the metals bound to TSP and PM2.5 in electronic 
and dismantling sites were 2.50-604 times higher than 
scenic tourist areas. While comparing studies we found 
that values were 2-70 times lower than in electronic and 
dismantling sites, and 2- 30 times higher than in tourism 
sites [11, 18]. According to traffi c conditions, the study 
proposed that 16 PAHs bound to PM10 in high traffi c were 
higher than in low traffi c [15]. Vassilakos et al. (2007) 
reported that Pb bound to PM10 in high traffi c areas and 
in low traffi c areas had no obvious difference [17], which 
was not consistent with our studies. The reason may be 
that Pb has been phased out of gasoline in recent years.

PAH Profi les in PM10 

Possible pollutant so  urces should be revealed by PAH 
profi les. Fig. 2 shows the PAH profi les in PM10   for four 
sampling sites in winter as well as three sampling sites in 
summer in Lanzhou city. 

Fig. 2. PAH profi les in PM10 for: a) four sampling sites in winter and b) three sampling sites in summer in Lanzhou.

a) b)
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Fig. 3. PCA of the PM elemental data yielding the loading plots: a) PM2.5 Urban, b) PM2.5 Urban, c) PM2.5 Rural, d) PM10 Urban, 
e) PM10 Rural, f) PM10 Rural, g) TSP Urban, h) TSP Rural, i) TSP Rural.. 
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For all the PAH profi les, the high molecular weight 
PAH (4-6 rings) show the highest fractions, ranging from 
57% to 91%, while the low molecular weight PAH fractions 
(2-3 rings) ranged from 9% to 43%. Petroleum-derived 
residues generally contain relatively high concentrations 
of low molecular weight PAH compounds, whereas high 
molecular weight PAHs are formed in high-temperature 
combustion processes. Our fi ndings, therefore, indicate 
that high-temperature combustion processes such as coal 
combustion and vehicle exhaust should be the dominant 
PAH source category bound to PM10 in Lanzhou city. This 
regularly coincided with the pollution levels in areas A 
and B. 

In winter, fractions of high molecular weig  ht PAHs 
were similar in both area A and area B, except in site A2. 
Coal combustion for residential heating was universal 
behavior in Lanzhou during winter. That was the reason, 
although industrial pollution in area A was more serious 
than in area B, and the fractions of high molecular weight 
PAHs were similar in A3, A4, and B1. In summer, fractions 
of high molecular weight PAHs were higher in area A than 
in area B. 

In winter, fractions   of high molecular weight PAHs 
ranged from 76.7% to 90.6%, which were higher than 

those in the summer, which ranged from 56.7% to 73.7%. 
In both area A and area B, fractions of high molecular 
weight PAHs were higher in winter than summer. BbF, 
Chr, Baa, and some other high molecular weight PAHs 
were more abundant in winter than in summer. These 
high molecular weight PAH species can be used as source 
markers for coal combustion [21], indicating that coal 
combustion emission s  ources may   be more important in 
the fl ooding season than in the dry season. 

Source Identifi cation

In order to derive information about pollution sources 
infl uencing the data, principle component analysis (PCA) 
has been applied to arrays of pollution variables. In this 
study, PCA was performed on several matrices to obtain 
factor lo  adings for the purpose of analyzing the possible 
source of metals bound to PM. Loading plots of different 
metals bound to PM2.5, PM10, and TSP in different areas 
were obtained. We also attempted to analyze the loading 
plots of metals and PAHs bound to PM10. One study used a 
combination of loading and score plots to identify possible 
PAH source categories, which also produced good results 
in our previous work [14, 21].

Fig. 4. PCA of the PM10 elemental data, yielding the loading plots: (a, c) season, (b, d) heavy metal and PAHs. 
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PCA was applied to th  e PM elemental data, yielding 
the loading plots presented in Fig 3. PCA revealed 
principal components with eigenvalues >1, accounting for 
total variance >70%. Based on the data of metals bound to 
PM2.5 in an urban environment, three principal compone  nts 
were identifi ed through th  e PCA method, with 92% total 
variance (Figs 3 a,b). The variances of PC1,   PC2, and 
PC3 were 51%, 24%, and 17%. Figures 3a and 3b show that 
Cd and Pb exhibited high loading for PC1, Cu, and Cr for 
PC2, and Ni for PC3. Pb was highly enriched in emissions 
from motor vehicles, and has been used previously as a 
source marker for vehicle aerosols [22]. Thus the vehicle 
source represented by PC1 may be an important source 
category for metals bound to PM2.5. Cr and Cu have been 
suggested as elemental tracers for incineration particles, 
and Ni was the marker ele  ment of residual oil combustion 
[23]. So the coal combustion and oil combustion may be 
another important source category for PM2.5 metals.

Two principal components we  re identifi ed by the 
PCA based on the data of metals bound to PM2.5 in a 
rural environment, with 88% total variance (Fig. 3c). 
This calculation did not include the concentrations of 
Cu, because of the missing values. Fig. 3c show that 
Zn and Ni exhibited high loading for PC1 and PC2, 
respectively. Thus, the two PCs can be interpreted as coal 
co  mbustion(Zn) and oil combustion(Ni) based on their 
correlations with key trace elements.

For urban PM10, two principal components were 
  identifi ed as shown in Fig. 3d, with 74% total variance. 
Pb and Cu showed high values for PC1 and Ni for urban 
PC2. For rural PM10, three principal components were 
identifi ed with total variance of 80% (Figs 3 e,f). The 
variances of PC1, PC2, and PC3 were 38%, 23%, and 
19%, respectively. Figs 3e, and 3f show that Cu, Cd, and 
Pb exhibited high loading for PC1, Zn, Ni, and Pb for 
PC2, and Cr for PC3. The possible sources represented 
by principal components were vehicle emission  s, coal 
combustion (Zn), and oil combustion (Ni) in both urban 
and rural environments based the on their correlations 
with key trace elements.

Based on the data of metals bound to TSP in an urban 
setting, two principal components were identifi ed through 
the PCA method, with 79% total variance (Fig. 3g). For 
PC1, the variance was 59% and the high-loading element 
was Pb. For PC2 the variance was 20% and the high 
loading element was Ni. The fi rst   possible source was 
vehicle emissions and the second was oil combustion.

Three principal components were identifi ed by PCA 
based on the data of metals bound to TSP in a rural setting, 
as shown in Figs 3h and 3i. The variances of PC1, PC2, and 
PC3 were 48%, 26%, and 19%, and the total variance was 
93%. Figs 3h and 3i show that Pb exhibited high loading 
for PC1, Zn for PC2, and Cr for PC3. We propose that 
vehicle emissions and coal combustion may be important 
sources. 

As particulate matter generally absorbed metals, 
organics, and other types of pollutants, their sources may 
be the same or different. Separated sources analysis of 
organic matter or metals bound to PM were common, 

but it is hard to see the simultaneous analysis of common 
sources of pollution of metals and organic articles. The 
reason may be that the nature and adsorption patterns of 
different types of pollutants were different. Some studies 
report that there was some correlations between metals 
and PAHs [11], and we also found signifi cant correlation 
between some metals and PAHs in the previous analysis. 
So in this research the we attempted to jointly analyze 
sources of metals and organic compounds.

We also use the PCA method to analyze the possible 
sources of metals and PAHs bound to PM10. Three 
principal components were identifi ed with 81% total 
variance, as the plots shown in Fig. 4. The variances of 
PC1, PC2, and PC3 were 59%, 14%, and 8%. Factor score 
plot was displayed in Fig 4a, which showed that winter 
data were positively correlated with PC1 and PC2. Fig. 4b 
was a factor loading plot of PC1 and PC2, which showed 
that some PAH species and elements had high loading for 
principal components. BaA, BbF, Ant, and Pyr had high 
levels for PC1, and Cr had high levels for PC2. From F  igs 
4a and 4b the PAH species levels that positively correlated 
with principal components were associated with that 
winter data, which positively correlated with the same 
principal components. 

According to literature, this source appears to be from 
vehicles and coal, Baa, BbF, Ant, and Pyr have been 
identifi ed as tracers of coal combustion [24, 25]. Elevated 
levels of BkF relative to other PAHs have been suggested 
to indicate that they are from diesel vehicles [12]. Thus, 
in winter the source represented by PC1 was a mixture 
source of coal combustion and vehicle emissions. Cr and 
Cu have been released through the progress of industry and 
incineration. So we proposed that the source represented 
by PC2 was industry burning in winter. In addition, some 
of the data points for the summer also positively correlated 
with PC2, revealing that these data have contributed to the 
industry burning source. 

Fig. 4c was a factor score plot of PC1 and PC3, which 
showed that some summer data were positively correlated 
with PC3. Meanwhile, Fig. 4d was a factor loading plot 
that showed Ni and Zn having high loadings. Ni was the 
marker element of residual oil combustion. Oil combustion 
was the source represented by PC3. 

Conclusions

This study measured the levels of six metals bound 
to PM2.5, PM10, and TSP, and 16 PAHs bound to PM10 in 
ambient air collected from urban and rural Lanzhou during 
winter and the summer. The concentrations of pollutants 
were higher in the winter than in the summer, and were 
higher in the urba  n than rural environments. The pollution 
level in Lanzhou was higher than in cities with a thriving 
tourist industry, but lower than in a contaminated region 
and the cities with e-waste recycling industries. According 
to the analysis of PAHs profi les in PM10, we demonstrated 
that fractions of high molecular weight PAHs in winter were 
higher than in summer in both areas A and B, showing that 
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coal combustion emission sources may be the dominant 
source. The PCA method was used to analyze the sources 
of metals bound to particulate matters (PM2.5, PM10, TSP) 
and PAHs bound to PM10. The results showed that the fi rst 
source of metals bound to particulate matters was vehicle 
emissions, the second coal combustion, and the third oil 
combustion. Moreover, the sources of PAHs bound to 
PM10 were mixture sources from coal combustion and 
vehicle emissions (fi rst), industry burning (second), and 
oil combustion. 

Acknowledgements

The present work was supported by the National Nature 
Science Foundation of China (No. U1401233,21377045).

References

1. ZHAO L., CHEN C., WANG PING., CHEN Z.G., CAO S.J., 
WANG Q.Q., XIE G.Y., WAN Y.L., WANG Y.F., LU B   . In-
fl uence of atmospheric fi ne particulate matter (PM2.5) pollu-
tion on indoor environment during winter in Beijing. Build. 
Environ., 87, 283, 2015.

2. LEQUY É., CONIL S., TURPAULT M.P., Complementary 
methods to distinguish organic and mineral matter in 
atmospheric particulate deposition and their respective 
nutrient inputs to temperate forest ecosystems. Aeol. Res., 
12,101, 2014.

3. SINGH D.P., GADI R., MANDAL T.K., Characterization 
of particulate-bound polycyclic aromatic hydrocarbons and 
trace metals composition of urban air in Delhi, India. Atmos. 
Environ., 45, 7653, 2011.

4. PELED R., Air pollution exposure: who is at high risk? At-
mos. Environ., 45, 1781, 2011.

5. JIRIES A. Vehicular contamination of dust in Amman, Jor-
dan. Environmentalist, 23: 205, 2003.

6. FANG G.C., WU Y.S., HUANG S.H., RAU J.Y., Review of 
atmospheric metallic elements in Asia during 2000-2004. 
Atmos. Environ., 39, 3003, 2005.

7. KONG S.F., HAN B., BAI Z.P., CHEN L., SHI J.W., XU 
Z., Receptor modeling of PM2.5, PM10 and TSP in different 
seasons and long-range transport analysis at a coastal site of 
Tianjin, China. Sci. Total Environ., 408,4681, 2010.

8. HE K. B., YANG F. M., MA Y. L., ZHANG Q., YAO X. H., 
CHAN C.K. The characteristics of PM2.5 in Beijing, China. 
Atmos. Environ., 35, 4959, 2001.

9. YU Y.J., WANG Q., NAN Z.R., ZHANG Y.P. LIN H.P., 
WANG S.L., Distribution Characteristics and Risk Assess-
ment of Heavy Metal Pollutants in Air Particulate Matters in 
Lanzhou City. Adv. Mater. Res., 518, 961, 2012.

10. YU Y.J.,LIU Z.E., HE Y., Analysis and risk assessment of 
air benzo(a)pyrene and children urinary 1-hydroxypyrene in 
Lanzhou City. Acta Sci. Circumstant., 32, 2332, 2012.

11. DENG W.J., LOUIE P.K.K., LIU W.K., BI X.H., FU J.M., 
WONG M.H. Atmospheric levels and cytotoxicity of PAHs 
and heavy metals in TSP and PM2.5 at an electronic waste 
recycling site in southeast China. Atmos. Environ., 40, 694, 
2006.

12. FANG G.C., CHANG C.N., CHU C.C., WU Y.S., FU 

P.P.C., YANG I.L., CHEN M.H., Characterization of 
particulate,metallic elements of TSP, PM2.5 and PM2.5-10 aero-
sols at a farm sampling site in Taiwan, Taichung. Sci. Total 
Environ., 308, 157, 2003.

13. SÁNCHEZ DE LA CAMPA A.M., DE LA ROSA 
J.D., YOLANDA GONZÁLEZ-CASTANEDO Y., 
FERNÁNDEZ-CAMACHO R., ALASTUEY A., 
CASIMIRO PIO X.Q. High concentrations of heavy metals 
in PM from ceramic factories of Southern Spain. Atmos. 
Res., 96, 633, 2010.

14. PAKKANEN T.A., LOUKKOLA K., KORHONEN C.H., 
AURELA M., MAKELA T., HILLAMO R.E., AARNIO P., 
KOSKENTALO T., KOUSA A., MUENHAUT W., Sources 
and chemical composition of atmospheric fi ne and coarse 
particles in Helsinki area. Atmos. Environ., 35, 5381, 2001.

15. QUEROL X., ALASTUEY A., RODRIGUEZ S., PLANA 
F., RUIZ C.R., COTS N., MASSAGUE G., PUIG O. PM10 
and PM2.5 source apportionment in the Barcelona Metropoli-
tan area, Catalonia, Spain. Atmos. Environ., 35, 6407, 2001.

16. ARRUTI A., FERNÁNDEZ-OLMO I., IRABIEN A. Impact 
of the global economic crisis on metal levels in particulate 
matter (PM) at an urban area in the Cantabria Region (North-
ern Spain). Environ. Pollut., 159, 1129, 2011.

17. VASSILAKOS C.H., VEROS D., MICHOPOULOS J., 
MAGGOS T., O’CONNOR C.M. Estimation of selected 
heavy metals   and arsenic in PM10 aerosols in the ambient air 
of the Greater Athens Area, Greece. Journal of Hazardous 
Materials, 140, 389, 2007. 

18. ZHANG N.N., CAO J.J., XU H.M., ZHU C.S. Elemental 
compositions of PM2.5 and TSP in Lijiang, southeastern edge 
of Tibetan, Plateau during pre-monsoon period. Particuol-
ogy., 11, 63, 2013.

19. DAI T.G., LUO Y.H., LIANG K. Contents and form of 
heavy metal in PM10 of different diameters. Journal of E  arth 
Sciences and Environment, 28 , 87, 2006 [in Chinese].

20. WHO, 2005. Air Quality Guidelines Global Update. World 
health Organization. On the internet at. http://www.eurowho.
int/document/E87950.pdf.

21. LIU Y., WANG S.Y., LOHMANN R., YU N., ZHANG C.K., 
GAO Y., ZHAO J.F., MA L.M. Source apportionment of gas-
eous and particulate PAHs from traffi c emission using tunnel 
measurements in Shanghai, China. Atmos. Environ., 107, 
129, 2015.

22. WATSON E., COOPER D. Ventricular tachycardia associ-
ated with ondansetron and phenylephrine administration 
d  uring spinal anaesthesia in pregnancy. International Journal 
of Obstetric Anesthesia, 23, 293, 2014.

23. KULSHRESTHA A., SATSANGI P.G., MASIH J., TANEJA 
A. Metal concentration of PM2.5 and PM10 particles and sea-
sonal variations in urban and rural environment of Agra, In-
dia. Sci. Total Environ., 407, 6196, 2009.

24. KHILLARE P.S., JYETHI D.P., SARKAR SAYANTAN., 
Health risk assessment of polycyclic aromatic hydrocarbons 
and heavy metals via dietary intake of vegetables grown in 
the vicinity of thermal power plants. Food. Chem Toxicol., 
50, 1642, 2012.

25. JUNG K.H., YAN B.Z., CHILLRUD S.N., PERERA 
F.P., WHYATT R., CAMANN D., KINNEY P.L., MILLER 
R.L. Assessment of benzo(a)pyrene-equivalent carcinoge-
nicity and mutagenicity of residential indoor versus outdoor 
polycyclic aromatic hydrocarbons exposing young children 
in New York city. International Journal of Environmental 
Research and Public Health, 7, 1889, 2010.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice


