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Abstract: The chemical compositions of samples of particulate matter up to 2.5 pwm in size (PM, ;) collected from Dingling,
Chegongzhuang, Fangshan, and Yufa sites in Beijing, China from August 2012 to July 2013 were analyzed to determine the
spatiotemporal characteristics of 15 chemical components, including nitrogen- and sulfur-containing air pollutants and
organic carbon (OC) and elemental carbon (EC). The concentrations of OC, SO; , NO;, and NH; were the highest among
the 15 chemical components analyzed, and the annual mean concentrations were 22.62 + 21.86, 19.39 + 21.06, 18.89 +
19.82, and 13.20 + 12.80 wg/m’, respectively. In general, concentrations of the 15 chemical components were highest in
winter and lowest in summer, and concentrations were higher in southern areas and lower in northern areas. Concentrationsof
NH; observed in this study were significantly higher than those reported in previous monitoring studies. Concentrations of OC
and EC in winter were 3-times and 2.5-times higher, respectively, than the corresponding levels in summer, which was
attributed to higher rates of coal consumption in winter. The average ratios of OC/EC in spring, summer, autumn, and
winter were 4.9, 7.0, 8.1, and 8.4, respectively, which are indicative of serious pollution levels in Beijing throughout the

year. The proportions of secondary organic carbon to OC at the Dingling, Chegongzhuang, Fangshan, and Yufa sites were
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57.7%, 60.0% , 45.6% , and 57.6% , respectively, which were calculated based on the OC/EC ratio. The annual ratios of
[NO; ]/[SOT ] at the Dingling, Chegongzhuang, Fangshan, and Yufa sites were 1.01, 1.25, 1.08, and 1.12,
respectively.These data imply that both stationary and mobile sources are important contributors to the poor air quality in

Beijing.

Key Words: Beijing; PM,; chemical characteristic; organic carbon ( OC)/elemental carbon ( EC) ;secondary organic
carbon; [ NO;1/[SO> ]
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Table 1 Annual concentrations of the 15 chemical compositions of PM, s/ pg/m?

ik

Chemical compositions Ep FRE pili fin i
N* 70 58 73 55
0oC 15.61+15.46 18.87+13.24 24.38+21.77 35.71+33.71
EC 2.18+1.72 2.66+1.54 4.54+3.37 4.87+3.20
K* 0.66+0.85 1.79+6.77 4.45+28.79 2.06+4.99
NH} 10.07+12.07 14.99+15.75 13.00+12.08 15.55+13.37
NO3 15.61+22.61 20.80+24.96 20.26+21.76 21.28+17.88
SOy 14.55+16.96 19.28+20.49 20.54+24.00 22.43+20.86
Cl 1.44+2.18 3.59+4.68 4.77+9.54 4.35+4.42
Al 0.48+0.34 0.64+0.83 1.09£2.72 1.05+0.92
Ca 0.73£0.42 1.29+1.08 1.28+0.97 1.69+1.40
Fe 0.68+0.47 0.87+0.85 0.84+0.55 0.93+0.66
Mg 0.26+0.19 0.38+0.60 0.61+1.94 0.61+0.57
Na 0.40+0.39 0.89+1.06 0.63+0.64 0.81+0.56
Pb 0.13£0.17 0.27+0.44 0.26+0.41 0.31£0.35
Si 1.60+0.91 2.32+1.59 2.72+1.83 4.15+5.34
Zn 0.21+0.23 0.44+0.61 0.41+0.40 0.52+0.55
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Fig. 2 Seasonal variations of concentrations of the 15 chemical compositions in PM, 5
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2003 R E A Wik i 4 120 5.20
2008 TRHBE R S HEIT SRR Pk 2] 7.70
2008—2009 Hh [ BB RITEIEHE AR 8.35
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& 100} TR T 4]
® %0 TNFE E)
3 3
o m
g B
3£ =
s =
2 2
3 S
5 g
&) &)

Z=45 Seasons Zx45 Seasons

6 &ifiS OCFECIRENSZHEN
Fig. 6 Seasonal variations of concentrations of OC and EC in the four stations
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Fig. 8 Scatter plot and fitting line of annual concentrations of OC and EC
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OC/EC WA BAA N , 75 YL IR 2 A HER 10 BURL Y v OC 5 BC He B (82— AR a5 R AR, &2 5 HE
RN 56 SR BRI OC/EC H (Bt LR, FRA SOC LR, H4EIX —FiE  Turpin'* 2542 H
SOC M8 TJr ik,

SOC = TOC - EC x (OC/EC) pri
X, TOC RFEBA WK, (0C/EC) |, Frmis YT OC/EC WA AR5 5 12 L (H 75 2 548 DX 15 e T Y
HEBURRAE , 38 B2 2% & HE I H AR AT I3 L SR 40, B SR BUXERE RIS /2 . PRI IE Castro' ™) 2548
HARTE OC/EC s AR B R AL A SOC .
SOC = TOC - EC x (OC/EC) min
AR I A K H 5 T 4 215 & 3l A1 SoC

® 100
OC LA, WP 9, AT HE, %% SOC Xt S o0
16, Fofth = A2 15 HSEAS PRI AE 50% LA b 433 g% o L
KT BB EATE B LA A4E SOC 5 0C SF# 1 18; 0 g 0 v A
153330 57.7% 60.0% 45.6% F1 57.6% , Lt 8E $ 2 30|
I, Hoft = A 0 LB BRI, FLA R 50% 2 ol |
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JINOS1/[SOy JHefE, T LLE H, [ NO; /[ S0; 1 HefH

1EE BRA TR B ARG . A TR R S5 SO, HHER I8, B 75 I 10 26 T 26 D T 5 5 B 45
T SO KR, T NO; 7EA RN SOH J0ROH 1 AR R RS O ORI - 04 10 BRR B8 RGO L T 0
B SO YR FE ATHL S TE 2 UM FE A VIR 96 R0 e TR R 5 & v AL 5T [ NO; 1/ S02 ]
HOAH BR TR 22 RRER . 433 ORTR , b A Bl R R 4R 39 [ NO; 1/ SO 1433154 1.01,1.25 1.
08 il 1.12, 25 T A ] 7+ 145 0 DX SR S5 57 A1 T HAZ LS8 M 1 WA 425 3R, 5 2013 4R 7E |- ¥ i O WL 45
LT, Fe P AL 5T A H R A B 2 RS B U T AR

F3 1988—2013 F[E & H[NO3 1/ [ SOF 1LLfE
Table 3 The ratios of [ NO3]/[SO? ] in some cities during 1988 and 2013

2% \ B \ SR
Rt Vo ol st [N03 /1507 ]
Huebert et al.[*] 1988 B[ 0.30—0.50
Xu et al.[*] 1999 Kir =M 0.50—0.70
Wang et al.[4] 2001 P 0.40—1.00
Hu et al.[4] 1997—2000 T8y 0.35
Fang et al.[*] 1998—2001 HBl 0.20
Kim et al.[#4] 1999 AN 2—5
FHEIHS Wang et al. 15! 2009 Jeat 0.60
IMIIZ Sun et al.[!] 2001—2002 PN: 0.50
JAE4 Zhou et al. %] 2013 g 1.05
Y LI4EZE Xiao et al.l>] 2012 I 0.12
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