
 
 

Seasonal variation of airborne particles characteristics and sources in Beijing during 
2010/2011 

 
Rongrong Shen1, Klaus Schäfer1, Jürgen Schnelle-Kreis2, Longyi Shao3, Stefan Norra4,5,6, Utz Kramar5, 

Bernhard Michalke7, Gülcin Abbaszade2, Thorsten Streibel8, Mathieu Fricker10, Yuesi Wang9, Yuan Chen5, Ralf 
Zimmermann2,8, Stefan Emeis1, Hans Peter Schmid1 

 
1)Institute of Meteorology and Climate Research, Atmospheric Environmental Research, Karlsruhe Institute 

of Technology, 82467 Garmisch-Partenkirchen, Germany;  
2)Joint Mass Spectrometry Centre, Comprehensive Molecular Analytics, Helmholtz Zentrum München, 

85764 Neuherberg, Germany; 
3)School of Geoscience and Surveying Engineering, China University of Mining and Technology, Beijing 

(CUMTB), 100083 Beijing, P. R. China; 
4)Institute of Geography and Geoecology, Karlsruhe Institute of Technology, 76128 Karlsruhe, Germany; 

5)Institute of Mineralogy and Geochemistry, Karlsruhe Institute of Technology, 76128 Karlsruhe, Germany; 
6)Institute of Mineralogy, TU Bergakademie Freiberg, 09596 Freiberg, Germany 

7)Research Unit Analytical BioGeoChemistry, Helmholtz Zentrum München, 85764 Neuherberg, Germany; 
8)Joint Mass Spectrometry Centre, Chair of Analytical Chemistry, University of Rostock, 18059 Rostock, 

Germany; 
9)Institute of Atmospheric Physics, Chinese Academy of Sciences, 100029 Beijing, P. R. China. 

10)Research Center Human Biometeorology, Air Quality Department, Deutscher Wetterdienst, 79104 
Freiburg, Germany 

Keywords: haze, seasonal variation, source apportionment, PMF, back trajectory cluster analyses. 
Presenting author email: Klaus.schaefer@kit.edu 

 
A lot of emission reduction measures to improve the air 
quality in Beijing were performed during the Olympic 
Summer Games in 2008, which has cut down coarse 
particles largely. But high air pollution has become more 
frequent (Du et al., 2014; Gao et al., 2014). 
 In order to find out the long-term characteristics 
of airborne PM in different seasons, a continuous one-
year daily mean PM sampling from June 2010 till June 
2011 was performed on the ground at the campus of the 
China University of Geosciences, Beijing (CUGB). To 
discriminate the composition of PM2.5 source attribution, 
particle characteristics and external impacts on the PM 
levels were investigated. Two sequential High-Volume 
Samplers (Digitel DHA-80, Hegnau, Switzerland) were 
operated to collect PM4 samples.  
 The inorganic elements, inorganic water-soluble 
ions, EC and OC as well as Levoglucosan, eleven 
hopane substances and eleven PAHs of PM were 
analysed from PM samples by PEDXRF, ICP-MS, IC, 
thermal/optical carbon analyser and in situ derivatisation 
direct thermal desorption gas chromatography time-of-
flight mass spectrometry (IDTD-GC-TOFMS), 
respectively. Positive matrix factorization (version 3.0, 
U.S. EPA) on the basis of the chemical composition 
analyses and back trajectory cluster analyses were 
combined together to perform source apportionment. 
The results show that the main sources of particles 
during haze are different from season to season (Figure 
1): secondary inorganic ions formation and biomass 
burning for summer and autumn haze, coal combustion 
for winter haze and mineral dust emissions for spring 
haze. Sources of PM during clear days were dominated 
by mineral dust emissions and traffic while haze was 
characterized by secondary inorganic ions formation 
during the whole year. High air pollution was found to 

be always accompanied by southerly air flows (industry 
and cities are about 100 km away), high relative 
humidity, low mixing layer height and low wind speed, 
i.e. stagnant weather conditions (Liu et al., 2014). 
 

 
 

Figure 1: Mass contribution of different sources to PM4 
during haze and clear days in different seasons. 

 
This work was supported by scholarships of the China 
Scholarship Council and the KIT Centre for Climate and 
Environment. Thanks to Prof. Kuang Cen, CUGB, for 
offering the sampling place and logistic support, MSc. 
Jing Wang and MSc. Jianying Wang, CUMTB, for 
assisting with collecting PM samples and MSc. Regula 
Muther, Digitel, for cooperation during QA/QC work.  
 
Du Z.Y., He K.B., Cheng Y., Duan F.K., Ma Y.L., Liu 

J.M., Zhang X.L., Zheng M., and Weber R. (2014) 
Atmos. Environ. 92, 514-521. 

Gao J.J., Tian H.Z., Cheng K., Lu L., Wang Y.X, Wu Y., 
Zhu C.Y., Liu K.Y., Zhou J.R., Liu X.G., Chen J., 
and Hao J.M. (2014) Atmos. Environ. 99, 257-265. 

Liu Z.R., Hu B., Liu Q., Sun Y., and Wang Y.S. (2014) 
Atmos. Environ. 96, 359-369. 


