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Abstract 
This study was conducted to examine the impact of vehicular traffic emissions on the seasonal 
trends of polycyclic aromatic hydrocarbons (PAHs) concentration in particulate matter in Beijing. 
The PM10 and PM2.5 samples were collected at an urban site near the Third Ring Road in Beijing, 
China, from July 2009 to March 2010. Individual PAH concentrations at urban traffic site ranged 
from n.d. (below the detection limit, 0.2 ng/m3) to 558.49 ng/m3 of benzo(b)fluoranthene in PM10 
samples and from n.d. to 177.93 ng/m3 also for benzo(b)fluoranthene in PM2.5 samples. Seasonal 
variations of PAHs compounds indicated that PAHs concentration in autumn and winter was higher 
than those in spring and summer. Results of PCA give four and five significant factors, which could 
explain 83.1% of the variation for PM2.5 and 85.3% of the variation for PM10, respectively. 
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1. Introduction 
Industrialization and urbanization have promoted socio-economic development. This has, however, led to varie-
ty of environmental problems in urban areas, including contamination by polycyclic aromatic hydrocarbons 
(PAHs) via various pathways [1]. Airborne PAHs, either in gas or particle phases, are found to have a direct 
impact on human health [2]. PAHs are resistant to degradation and bio-accumulate through the food chain, thus 
they also may pose threat to human health over a long period. Considering the high toxicities of PAHs, it is ne-
cessary to study the concentrations, profiles and sources of PAHs in the particulate matter (PM). PAHs come 
from two main sources. Natural PAHs are mainly from volcanic eruptions and natural fires. Anthropogenic 
PAHs are mostly generated during the combustion of carbonaceous materials such as coals, gasoline and diesel 
[3]. Previous studies suggested that PAH concentrations increased significantly in the urban PM parts since the 
1990s [4]-[7]. 

Beijing, the capital city of China, located in the Northern China, is a fast developing city with over 1000 years 

 

 

*Corresponding author. 

http://www.scirp.org/journal/gep
http://dx.doi.org/10.4236/gep.2015.32002
http://dx.doi.org/10.4236/gep.2015.32002
http://www.scirp.org
mailto:liuyanju@hotmail.com


Y. J. Liu et al. 
 

 
11 

of history. PAH pollution in the particulate matter of Beijing has been reported [8]. The city consists of 14 ad-
ministrative districts. As one of the busiest traffic routes in Beijing, the Third Ring Road built in the 1980s 
crosses five central districts, named after Haidian, Chaoyang, Chongwen, Xuanwu and Fengtai. The five dis-
tricts contain the majority of the commercial, industrial and traditional areas of Beijing. Both districts of Xuan-
wu and Chongwen comprise the old historic centers, while Haidian, Chaoyang and Fengtai, located in the north-
ern, eastern and southern region, and are the centers for high technology, central business and industrial district, 
respectively. The PM near the road was the focus of this investigation as they serve as an important reservoir of 
PAHs generated by traffic emission [9]. The chemical analysis of PM samples can, therefore, provide a useful 
and convenient initial measure of environmental quality. The aims of this work were to: 1) determine individual 
concentrations of PAHs profile in the PM samples including PM10 and PM2.5 collected from the Third Ring 
Road, 2) identify seasonal variations of PAHs to track their possible influencing factors. 

2. Methods and Materials 
2.1. Sampling Site and PM Mass Measurement 
Influenced by the summer monsoon, Beijing experiences cold, relatively dry winter, hot and humid summer. 
The sampling site was located near a busy traffic line in Beijing (116˚18'10''8E, 39˚56'50''7N) (measured by 
GPS Etrex Vista HCX, made by GARMIN). Sampling equipments were set up on the roof of an office building 
with a height of 30 m aboveground and a distance about 30 m from the road/traffic. This is a very busy ring road 
with 6 fast tracks and 4 voeux roads; with 230 - 270 vehicles at the speed about 50 km/hour passing through per 
minute in the morning rush hour. 24-h PM10 and PM2.5 were collected onto 90 mm diameter quartz microfiber 
filters (QMA, Whatman) at a flow rate of 100 L/min, using the Smart TSP Volume Air Samplers (TH-150A 
type, made by Wuhan Tianhong Instrument Co.,Ltd.), equipped with different PM head for PM10 and PM2.5 re-
spectively. The filter was replaced at 10:00 a. m. Beijing time daily through the whole sampling period, and the 
measurement was carried out for one month every season. In detail, samples were collected from June 10 to July 
10 in summer 2009, from September 10 to 30 in autumn 2009, from December 1 to 31 in winter 2009, and from 
March 1 to 31 for spring of 2010. 

Filters were weighed using a balance (CP225D, with accuracy of 0.01 mg, made in Sartorius, Germany), and 
PM mass was calculated as the mass differences before and after sampling at unit sampling volume. Filters were 
heated for 4 hours at 550˚C and preserved in desiccators with humidity of 34% for 24 hours before pre-sampling 
weighing. After sampling, filters were kept in desiccators for 24 hours before re-weighing. During the weighing 
procedure, temperature was controlled at 20˚C by air conditioning. Filters were then cut into quarters using 
stainless steel cutter for subsequent component analysis. 

2.2. Sample Analysis 
All the organic solvents were high performance liquid chromatography (HPLC) grade, purchased from Fisher 
(Fair Lawn, NJ, USA). ‘Superclean’ silica gel solid phase extraction columns (6 mL, 500 mg) were purchased 
from Supelco Inc. (Bellefonte, PA, USA). The standard with 16 PAHs (EPAM-610, 1 mL, 0.1 mg/mL in 1: 1 
methanol: dichloromethane) and the 2D-labelled surrogate standards (EPA M-525-IS, 1 mL, 2.0 mg/mL in ace-
tone), which included acenaphthylene-d10, chrysene-d12, perylene-d12 and phenanthrene-d10, were purchased 
from Accustandard Inc. (CT, USA). 

The extraction method was as follows. Prior to ultrasonic extraction with n-hexane and dichloromethane (1: 1, 
v/v), the samples were spiked with 2D-labelled surrogate standards. The extracts were completely dried in a ro-
tary evaporator and subsequently dissolved in 10 mL of hexane. Then, samples were drawn through the acti-
vated column through the clean column by gravity. Then, dichloromethane was used to elude the PAHs for three 
times (6 mL each time). The eluents was concentrated to 0.5 mL under a gentle nitrogen gas flow before being 
injected into the GC-MS. 

PAHs were quantified on a Varian 350 gas chromatography coupled with Varian 240 mass spectrometer with 
electron impact ion (EI) source. Helium was chosen as carrier gas with a constant flow of 1.0 mL/min. The ex-
tract was injected into the injector with splitless mode, and separated on a DB-5MS fused silica capillary column. 
The electron emission energy was set at 70 eV. The source and ion trap temperature was set at 280˚C and 220˚C, 
respectively. The oven temperature programs were as follows: started at 50˚C retaining for 2 min, first ramped 
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to 200˚C at speed of 10˚C/min, second ramped to 260˚C at 2˚C/min, and finally ramped to 260˚C at 5˚C/min, 
kept for 4 min. 

2.3. Quality Control 
Analytical methods were checked for the precision and accuracy. All the samples were analyzed three times to 
obtain the average level. Replicate analyses gave an error between ±15%. The recoveries were checked by ana-
lyzing soil and needles samples spiked with known amounts of labeled PAHs. The average recoveries of surro-
gates were 73.8% (acenaphthylene-d10), 92.5% (chrysene-d12, perylene-d12) and 83.2 (phenanthrene-d10). The 
spiked test showed the recoveries of 16 PAHs were from 60.2% to 114.3% with the RSD from 5.6% to 15.4%. 

2.4. Data Analysis 
The measured data was processed by SPSS 18.0 and excel software. 

3. Results and Discussion 
3.1. Total PAHs in PM10 and PM2.5 
PM10 and PM2.5 samples collected from the Third Ring Road in Beijing, each with 82 in total, were analyzed 
PAHs concentrations. The concentrations descriptions of 16 individual PAHs specie with their abbreviations are 
listed in Table 1. Individual PAH concentrations at traffic sites ranged from n.d. (below the detection limit, 0.2 
ng/m3) to 558.49 ng/m3 for benzo(b)fluoranthene (BbF) in PM10 samples and from n.d. (below the detection lim-
it) to 177.93 ng/m3 also for BbF in PM2.5 samples. Yearly average PAHs concentration in PM10 is 126.16 ng/m3, 
less than that measured as 164.6 ng/m3 in Xuzhou, a Chinese city in the middle of the country [10]. Meanwhile, 
yearly average PAHs concentration in PM2.5 is 107.18 ng/m3, much less than 712.4 ng/m3 measured in a coal 
producing northeast Chinese city of Fushun [11]. 
 
Table 1. Summary of PAHs concentrations in PM samples at an urban roadside site in Beijing (ng/m3). 

PAHs Abbreviation Ring 
No. 

Molecular 
Formula 

PM10 PM2.5 

Mean Min Max Mean Min Max 

Naphthalene Nap 2 C10H8 6.51 0.00 75.41 7.54 0.00 69.34 

Phenanthrene PA 3 C14H10 9.15 0.00 65.12 7.95 0.00 37.84 

Pyrene Pyr 4 C16H10 24.52 3.85 126.23 25.42 3.34 111.07 

Indeno(1,2,3-cd)pyrene IND 6 C22H12 2.05 0.00 23.94 1.99 0.00 19.83 

Fluorene Flu 3 C13H10 1.42 0.00 5.66 1.66 0.00 13.88 

Fluoranthene FL 4 C16H10 16.62 0.00 126.65 15.49 0.25 103.76 

Dibenzo(a,h)anthrancene DBA 5 C22H14 0.26 0.00 12.30 0.21 0.00 8.40 

Chrysene CHR 4 C16H12 13.12 0.00 352.71 8.10 0.00 143.59 

Benzo(k)fluoranthene BkF 5 C20H12 11.27 0.00 312.57 6.68 0.00 177.93 

Benzo(g,h,i)perylene BghiP 6 C22H12 2.01 0.00 19.54 2.21 0.00 18.64 

Benzo(b)fluoranthene BbF 5 C20H12 19.44 0.00 558.49 11.89 0.00 176.02 

Benzo(a)pyrene BaP 5 C20H12 6.89 0.00 191.96 3.37 0.00 43.87 

Benzo(a)anthracene BaA 4 C22H14 6.89 0.00 58.35 7.50 0.00 78.71 

Anthracene Ant 3 C14H10 4.96 0.00 53.62 4.25 0.00 24.79 

Acenaphthene Acp 3 C12H10 0.70 0.00 3.73 1.44 0.00 31.84 

Acenaphthylene AcPy 3 C12H8 0.35 0.00 4.85 1.48 0.00 56.77 

∑16PAHs    126.16   107.18   
n.d.: below the detection limit (0.2 ng/m3); Min: Minimum; Max: Maximum. 
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3.2. Seasonal Variations of PAHs in PM Samples 
As shown in Figure 1 and Table 2, for PM10 samples, the concentrations of phenanthrene (PA), pyrene (Pyr),  
 

 
Figure 1. Seasonal variation of PAHs in PM10 and PM2.5. The same letter means no significant difference among the 
sub-groups. 
 
Table 2. Seasonal variation of PAHs in PM10 and PM2.5 samples (ng/m3). 

PAHs 

PM10   PM2.5 

summer 
(n = 25) autumn (n = 18) winter (n = 17) spring (n = 22) summer  

(n = 24) autumn (n = 19) winter (n = 17) spring (n = 22) 

Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D. 

Nap 15.97 22.15 1.37 4.43 3.13 3.88 2.57 2.13 19.84 22.64 1 1.13 4.23 6.21 2.34 1.77 

PA 4.65 8.45 2.71 1.03 23.05 15.97 8.79 4.24 3.13 4.88 2.88 1.73 19.79 10.93 8.44 6.09 

Pyr 20.48 17.9 9.98 8.54 51.9 34.93 19.86 7.28 24.56 16.15 9.99 7.92 46.92 31.3 23.06 21.48 

IND 0 0.02 0.38 0.49 5.84 6.87 2.82 2.9 0.03 0.12 0.35 0.45 5.86 6.46 2.57 2.66 

Flu 1.14 1.15 0.7 0.25 1.83 1.22 2.02 0.72 1.54 2.7 1.1 1.3 1.52 0.97 2.4 2.63 

FL 4.88 11.89 2.37 1.68 52.82 37.43 13.65 8.33 7.15 11.85 2.77 2.45 45.72 30.14 12.23 8.75 

DBA 0.01 0.05 0 0.01 1.19 2.98 0.05 0.08 0.04 0.08 0.01 0.05 0.86 2.03 0.07 0.13 

CHR 1.52 1.53 2.02 2.34 49.17 94.41 7.51 6.11 1.87 2.58 2.15 3.34 25.47 34.39 6.63 4.49 

BkF 0.95 1.15 3.37 2.09 40.36 81.34 6.98 6.29 0.95 1.3 4.02 4.17 21.93 41.6 3.44 3.57 

BghiP 0.01 0.03 0.54 0.51 5.65 5.6 2.67 2.56 0.53 2.5 0.58 0.89 6.11 5.76 2.43 2.56 

BbP 1.69 1.09 3.6 1.34 74.62 147.01 9.92 7.54 3.26 5.5 5 4.88 36.19 43.85 8.47 6.04 

BaP 0.06 0.17 0 0 28.81 54.27 3.37 3.07 0.63 1.48 0.14 0.62 11.68 12.39 2.74 2.74 

BaA 1.24 1.19 0.69 0.68 23.56 19.21 5.5 4.73 3.92 12.19 0.82 0.73 23.69 22.12 4.67 3.91 

Ant 5.29 10.48 3.36 1.5 5.8 8.33 5.26 4.21 3.8 5.55 3.38 1.42 3.66 3.68 5.94 4.52 

Acp 0.6 0.73 0.64 0.78 0.55 0.72 1 0.55 1.94 6.4 1.63 4.34 0.81 1.41 1.23 1.66 

AcPy 0 0 0.24 1.01 1.12 1.55 0.23 0.77 2.49 11.58 1.94 8.21 1.31 3.06 0.11 0.51 

∑16PAHs 58.49  31.97  369.4  92.2  75.68  37.76  255.75  86.77  
Notes: S.D. refers to standard deviation. 



Y. J. Liu et al. 
 

 
14 

indeno(1,2,3-cd)pyrene (IND), fluoranthene (FL), dibenzo-(a,h)anthrancene (DBA), chrysene (CHR), benzo(k)- 
fluoranthene (BkF), benzo(b)fluoranthene (BbF), benzo(a)-pyrene (BaP), benzo(a)anthracene (BaA) and ace-
naphthylene (AcPy) were much higher in winter than in other seasons (p < 0.05), whereas the concentration of 
naphthalene (Nap) was higher in summer than in other seasons. Concentrations of fluorene (Flu) and benzo 
(g,h,i) perylene (BghiP) were higher in spring and winter than those in summer and autumn. In addition, no sig-
nificant seasonal trends of anthracene (Ant) were found. For PM2.5 samples, the concentrations of PA, Pyr, IND, 
FL, DBA, CHR, BkF, BghiP, BbF, BaP, BaA were much higher in winter than in other seasons (p < 0.05). Sim-
ilar to that in PM10, the concentration of Nap in PM2.5 was also higher in summer than in other seasons. Other-
wise, the concentrations of Flu, Ant, acenaphthene (Acp) and AcPy did not show significant seasonal variations 
(Figure 1 and Table 2). 

3.3. Source Apportionment of PAHs 
3.3.1. Principal Component Analysis (PCA) 
Results of PCA give four and five significant PCs (eigenvalues > 1), which explains 83.1% of the variation for 
PM2.5 data (43.5%, 17.1%, 14.8% and 7.8%, respectively) and 85.4% of the variation for PM10 data (43.6%, 
18.2%, 9.7%, 7.6% and 6.3%, respectively). As shown in Table 3, four or five factors of PAH congeners can be 
observed, corresponding to the different carbon rings, from di- to six cyclic-rings molecular. 

3.3.2. Ratio Analysis Methods 
According to previous opinion [12], both PAHs of PM2.5 and PM10 in winter mainly originated from fossil fuels 
burning based on the ratio of Ant/(Ant + Phe) < 0.3, while in other three seasons, Ant/(Ant + Phe) > 0.3, imply-
ing PAHs were possibly from biomass fuel combustion (Table 4). Pankow [13] thought that PAHs originate 
from combustion source at BaA/(BaA + Chr) > 0.35，mainly from oil at < 0.2, and from both at 0.2 - 0.35. Ac- 
 
Table 3. Principal component analysis of PAHs in PM samples. 

PAHs 
Components in PM10 Components in PM2.5 

1 2 3 4 5 1 2 3 4 

Nap   0.307  0.862   0.05 0.739 

PA 0.879 0.231  0.11 0.053 0.942 0.131   

Pyr 0.778 0.156  0.137 0.337 0.818 0.088   

IND 0.652 0.572 0.041   0.602   0.156 

Flu 0.517 0.419 0.414 0.15 0.14 0.258 0.837 0.044 0.088 

FL 0.869 0.21  0.056 0.161 0.948 0.002   

DBA 0.587  0.077   0.641  0.622 0.052 

CHR 0.786  0.134 0.074  0.846  0.478 0.012 

BkF 0.743  0.118 0.126  0.673  0.661  
BghiP 0.642 0.613    0.637   0.256 

BbP 0.773  0.135 0.082  0.887  0.392 0.066 

BaP 0.787  0.135   0.763 0.033  0.144 

BaA 0.866 0.203   0.064 0.79 0.033   
Ant 0.106 0.048  0.516 0.125 0.175 0.345   
Acp 0.089 0.388 0.629 0.625  0.165 0.929 0.227 0.146 

AcPy 0.463 0.54 0.213 0.263  0.165 0.883 0.193 0.167 
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Table 4. Ratio between typical individual PAHs concentrations. 

PM Ratio Summer Autumn Winter Spring 
PM

10
 

Ant/(Ant + Phe) 0.53 0.55 0.2 0.37 

BaA/(BaA + CHR) 0.45 0.25 0.32 0.42 

IcdP/BghiP 0 0.38 5.84 2.82 

BaP/BghiP 6 0 5.1 1.26 

FLA/(FLA + Pyr) 0.19 0.19 0.5 0.41 

PM
2.

5 

Ant/(Ant + Phe) 0.55 0.54 0.16 0.41 

BaA/(BaA + CHR) 0.68 0.28 0.48 0.41 

IcdP/BghiP 0.03 0.35 5.86 2.57 

BaP/BghiP 1.19 0.24 1.91 1.13 

FLA/(FLA + Pyr) 0.23 0.22 0.49 0.35 

 
cording to this, PAHs of PM10 in autumn and winter, together with PAHs of PM2.5 in autumn were sourced from 
both combustion and oil, while PAHs of PM10 in summer and spring, together with PAHs of PM2.5 in summer, 
winter and spring were from combustion. PAHs in both PM10 and PM2.5 were from coal combustion based on 
BaP/BghiP of 0.9 - 6.6 in all seasons except autumn, when the BaP/BghiP ratio was even less than 0.3 - 0.44, a 
traffic source range [14]. Based on the opinion of Kavouras et al. [15], the Fla/(Fla + Pyr) of PM10 and PM2.5 in 
this study is around to 0.4, representing for oil source in spring and winter. In addition, IcdP is a marker of diesel 
combustion and could tell the type of vehicle fuel [14]. IcdP/BghiP value near 0.22 implies PAHs sourced from 
gasoline combustion, 0.50 from diesel and 1.30 from kerosene. In this study, PAHs in autumn is between 0.22 to 
0.50, implying mixed sources of gasoline and diesel. While in winter, IcdP/BghiP value is much higher than 
1.30, implying other PAHs sources involved, which agrees with fossil fuels combustion source in winter. 

4. Conclusion 
In this study, individual PAHs concentrations in PM samples at an urban roadside site in Beijing were analyzed 
through seasons. The results show that the inputs of potentially toxic contaminants increased because of rapid 
economic development. Seasonal variations of PAHs compounds indicated 68.7% individual species of PAHs 
concentrations in winter were higher than those in other seasons. In contrast, Nap concentrations in both PM10 
and PM2.5 were highest in summer, but the source is uncertain. In addition, four and five significant factors were 
identified to influence the variations of PAHs concentration in PM10 and PM2.5, respectively. 
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