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Chemical Composition and Mass Closure of Particulate Matter in Beijing,

Tianjin and Hebei Megacities, Northern China
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Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China)
Abstract: To seek an efficient prevention and control method of regional atmospheric pollution in Jingjinji area, mass concentrations
and size-resolved chemical composition of particulate matter were investigated at four urban sites and one background site from June
2009 to May 2010. The results show that the annual mean concentration of PM, was 124, 141, 151 and 183 pg-m ™’ in Beijing,
, 36%
39% and 52% , which is well above the maximum allowed limit of 150 p,g-m’3 (National Air Quality Stand Il ). As for PM the

2.5

Tianjin, Tangshan and Baoding respectively, while the corresponding percentage of daily limit value exceedances was 29% s
annual average concentration was 55, 68, 79 and 116 pg-m ~* in Beijing, Tianjin, Tangshan and Baoding, which is higher than that in
the background site with a factor of 1.5, 1.9, 2.2 and 3. 2, respectively, while the corresponding proportion of daily exceedances of
75 wgem > (WHO IT-1) was 29% , 33%

urban sites with the highest value being measured in winter. In order to reconstruct the particle mass, the determined components were

, , 42% and 65% . Seasonal variations of PM, jand PM; concentration were significant at the

classified into five groups as follows: secondary inorganic aerosol, sea salt, heavy metal, mineral matter and construction dust. The
urban-sites-averaged contribution of these components to PM, ;| was 28.5% , 5.8% , 1.8% , 14.8% and 3.8% , whereas that to
PM, ,was11.3% ,6.7% , 1. 1% , 43. 5% and 7. 6% , respectively. The particle pollution was very severe in Baoding with the major
component of secondary inorganic aerosol and mineral matter in PM, , and PM,  ,, respectively. The estimated contribution of
anthropogenic sources to PM, | in Beijing was larger than that of natural sources with a factor of 3. 5 whereas the ratio of anthropogenic
sources to natural ones was 0. 6 for PM, | ;. The contribution of secondary components to PM, , was equivalent to primary emissions,
which suggests the precursors emitted from coal combustion and vehicle exhaust should be controlled in the target area. In contrast, the
ratio of primary emissions to secondary particulate matters in PM, | jwas up to 5, indicating measures are required to reduce dust from
construction areas. Finally, the reduction of human health-related heavy metals is also necessary despite its minor contribution to
particles.
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Table 1  Location and characteristics of the five sampling sites
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Table 2 Chemical components used in the mass closure study

2% 455 N YA
WD SIA SIA =[NSS-S802"] +[NO; ] +[NH, ]
g AR Ss SS=[Na*]+[SS-Cl~ ] +[SS-Mg** ] +[SS—-Ca®" ] +[SS-K*"]+[SS-S02"]=3.246[Na*]
B4R HM HM =Cu+Pb+Zn+Cd+As+Co+Ni+Cr+V+Mo+Sb+Tl+Th+U

MIN =Si0, + Al,0; + Ca0 +Fe,0; +K,0 +Na, 0 +MgO
Ve MIN
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KA UM UM =PM - SIA - SS - HM - MIN - CD

1) ISR A B 10 S 7 i L SR 15 ], 3 [NSS = S05 ™ 1 /K ¥t SOT ™ AR BE3 4y, [SS — Na ™ Tkt &k D (R K ¥ Na ™ #8435 2)
W ARV SO R AR SCRR L1 IRl 2 B DSi, 1L [Fe, 1\ [Ca, JMI[ Mg, ] CFAR n R ARBH ) ZME N EHwH Al TR T RK
B A A B 00 AR 10T 5 3) K U 1 i AR R M SR R LU AR I Ca A Mg AL R SO SR T 5 4) RT3 b PR T 3R A 10 K SR 4 B

PR RIVAR 5 00 2 3 20 T S 1) JORE ) % 5 2 1) R 2

H29% | 36% | 39% 1 52% , d5; v 1 BIAE 3 0l ik F
558, 442 511 Fll 646 pg-m *; 4 A>3 7 0 I K
PM,, 2= 15 A2 A 245 AN A 1), AH 3 R Ik & 2 ¥ G
RE (B 1), 478 PM,, H 29 BE A i SR AR IR O]
SE (224 wgem ) L L (188 pgem ) L KR (156
pgem ) FEST (150 pg-m ™) 5 PR5E & FF PM, H 1Y
R E AR R A=A 69% , W TR 1L (55% ) . R
A (41% ) Fdb 5 (40% ).

350

PM, 5
300 + \:|PM2.5~10
250

i

BERA B BERAE IR BERAAT
R A

PMy 5 1o B8 PMo i PM, 5 19 22 18
Bl 1 GUHESEI T A PM, o Fil PM J5 R 8 i 2 A8 4
Fig. 1  Spatio-temporal variations of mass concentration of

PM, 5 and PM |, in Jingjinji mega cities
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Table 3 Contribution of various chemical components to PM , | ,PM, |, and TSP

PM i 4% uh R PM ¥R JE /g m —° IR EHLER/ % 5/ % E&R/ % W42/ % R/ % KABHT/ %
B[ 143 23.9 6.5 1.1 13.3 4.0 51.2
Kt 153 34.6 6.1 1.4 13.4 4.0 40.5
PM, Rl 128 33.7 5.5 2.5 20. 8 4.6 32.7
i g 229 21.9 5.1 2.3 11.6 2.6 56.5
[ 45 T 1y 163 + 45 28.5 + 6.6 5.8 0.6 1. 8 0.7 14.8 + 4.1 3.8 £ 0.9 453 x 10.6
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Rt 173 14.1 8.2 0.9 49.7 8.3 18. 8
PM, o JHI 151 9.7 3.7 1.0 55.6 9.2 20. 8
155 197 9.2 5.6 1.8 31.5 5.0 46.9
[ 35k 1 1y 156 + 41 11.3 £ 2.3 6.7 = 2.6 1.1 +0.5 435 = 11.1 7.6 +1.8  29.8 x 12.9
Jext 275 18. 1 8.1 0.9 25.2 5.9 41.8
Kt 376 21.4 7.2 1.1 34.3 6.5 29.5
TSP Rl 334 18.1 4.3 1.6 42.2 7.6 26.2
TR E 487 15. 4 5.7 1.9 22.9 3.9 50.2
[ 35k - ¥y 368 + 89 18.2 + 2.4 6.3 = 1.7 1.4 + 0.4 31.2 + 8.8 6.0 + 1.5 36.9 = 11.0
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Fig.2 Size distribution of chemical components in particles
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