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Organic Pollutants in Atmospheric Particulates of Various Sizes in Beijing and Tianjin

WU Shui-ping', ZUO Qian', TAO Shu', LI Yu’, ZHANG Zhen’, SHEN Wei-ran’, QIN Bao-ping’, SUN Ren’

(1. Colledge of Environmental Sciences, Peking University, Beijing 100871, China; 2. Environmental Protection Bureau of Tianjin,
Tianjin 300191, China)

Abstract: The size distributions of atmospheric particulates sampled using a FA —3 aerosol cascade sampler from 2 locations in
Beijing and 4 locations in Tianjin was measured during heating season 2002—2003. The particulate matters were separated into the
following size ranges according to particle aerodynamic diameter dae: <0. 43 (backup filter), 0.43 ~0.65, 0.65~1.1, 1.1 ~
2.1,2.1~3.3,3.3~4.7,4.7~5.8,5.8~9.0and > 9. 0(m when the flow rate was calculated at 28. 3 L. * min~!. Bimodal
distribution of size was obtained with the first peak in the fine mode (1. 1 ~2. 1 pm) and the second peak in the coarse mode (5. 8 ~
9.0 wm). The concentration ratios of coarse mode (dae=2. 1 ~ 3.3 um) to fine mode (dae<1.1 ~2.1 um) were 1. 42 and 0. 89
for Beijing and Tianjin samples, respectively. The average atmospheric concentrations of complete size particles were 0. 261mg * m~*
(Beijing) and 0. 146mg * m~*(Tianjin) . The airborne particles from the 6 sites were analyzed for aliphatic hydrocarbons and
polycyclic aromatic hydrocarbons (PAHs) using GC/MS. The normalized distribution of n — Alkane (C12 ~ C33) was bimodal
within the range of <1.1 ~2.1 pwm and unimodal in the range of =2. 1 ~3.3 pm. The CPI (Carbon Preference Index) values
ranged from 0. 88 to 1. 19, clearly reflecting the major source of anthropogenic activities. The n — Alkane > C27 showed slight odd
homolog predominance due to an origin from natural plant wax. 62.55% ~77.61% of the four rings PAHs and 86. 43% ~100% of
the PAHs with five or more rings were associated with the particles with aerodynamic diameter of <1.1 ~2. 1 wm. The concentra-
tions of high molecular weight PAHs with four to six rings increased steadily with decreasing particle size, while this trend didn’ t
occur in the small molecular weight PAHs with two and three ring. Linear correlations were found between the ring numbers of PAHs,
the content of PAH16 in the particles and the log — transformed particle size. The levels of PAHs in atmospheric particulates from
Tianjin were higher than those from Beijing, and those from urban were higher than from suburb in Beijing.

Keywords: atmospheric particulates; n — alkane; polycyclic aromatic hydrocarbons (PAHs); size distribution
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Figure 1 Normalized size distributions of atmospheric particulates in winter
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Table 1~ Size distribution regression equation of accumulated fractional concentration of atmospheric particulates

FE R [l ) 7 MMD / wm dg /pm R? OB B BE /mg - m P
E 1 y =26. 188In(x) +31.00 2.07 3.68 0.961 3 0.239 1
N y=28.294In(x) +27.24 2.24 3.34 0.974 0 0.282 6
2IH5F y =26.898In(x) +32.212 1.94 3.56 0.973 6 0.067 9
Y y =24.766In(x) +37.175 1.68 3.97 0.969 5 0.191 4
T ¥ =26.63In(x) +35.943 1.70 3.60 0.970 6 0.176 1
B y =26.214In(x) +35. 679 1.73 3.68 0.981 3 0.146 8
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Figure 2 n - Alkane relative distribution with respect to particle size expressed as
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Table 2 Comparisons of CPI and Cmax/sub among different size particulates
¥ RS BN ER P T B
CPI Cmax/'s, CPI Cmax/ se CPI Cmax/ see CPI Cmax/ sce CPI Cmax /s CPI Cmax/'s
0% 0.94 Ciy 1. 01 Cis 0.85 Cir 0.90 Cuiy 0.94 Ciy 0.96 Ci7
19 0.89 Ci7 1. 04 Ci7 0.94 Cis 0.91 Ciy 0.96 Cir 0.98 Cir
29 0.90 Ci7 0.94 Ci7 0.92 Cir 0.92 Ci7 0.95 Ci7
3% 0.88 Ci7 0.94 Ci7 0.94 Cis 0.89 Cis 0.99 Cis 0.94 Ci7
49 0.95 Ci7 1.06 Ci7 0.99 Cis 0.97 Cis 0.97 Ci7 0.96 Ci7
59 0.99 Co2/17 1.19 Cas/7 1.00 Cis/22 1.00 Coi/17 1.02 Coz/17 1.06 Caz/29
6 % 1.01 Ca2/17 1.10 Cas/17 0.95 Ca2/16 1.03 Ca2/16 1.02 Ca2/17 1.06 Cao/23
7R 0.99 Ca2/17 1.09 Cas/17 0.96 Ca2/16 0.98 Cai/1s 0.98 Coz/17 0.98 Ca2i7
8 0.98 Ci7/m 1.14 Cas/17 0.92 Cie/22 0.98 Caa/16 1.03 Cas/7 1. 00 Ciz/2
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Figure 3 Concentration distribution of PAHs with respect to particle size
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Table 3 Regression equations of different ring PAHs fractional concentration on different size distribution

o ml = J7 & MMD/ um dg/pm R
PAH;s 2~33%% PAHus 2~3 5% PAH s 2~3 % PAH s 2~3 3
EF 5y =25.201In(x) +47.3  y=25.448In(x) +37.943 1. 11 1.61 3.87 3.82 0.951 0.978
Jbk y=25.207In(x) +49. 133y =26.711In( x) +34. 733 1.03 1.77 3.87 3.59 0. 949 0. 987
ZIHF 5 =25.396In(x) +50.388 5 =26.207In(x) +38.513 0.98 1.55 3.83 3.68 0.921 0.991
PNy =26.245In(x) +44. 157y =27.406In( x) +32.075 1.25 1.92 3.67 3.47 0. 962 0.981
T y=24.959n(x) +53.187  y=27.642In(«x) +41.201 0.88 1.37 3.93 3.44 0. 880 0. 970
W y=25.816In(x) +47.506  y=26. 5691n(7c) +34.503 1.10 1.79 3.75 3.61 0. 929 0. 982
4 3R ~6 4 3 5~6H 4 35 5~6% 4 3% 5~6%
By =25.359In(x) +49.531  y=60. O36ln(x) +74. 055 1.02 0. 67 3.84 1.77 0. 944 0.988
JbK y=26.236In(x) +43.615 y=42.001In(x) +66. 782 1.28 0.67 3.67 2.25 0.978 0. 940
ZIHMF 4 =25.813In(x) +50.662 y=27.477In(x) +59.514 0.97 0.71 3.75 3.46 0.910 0. 836
PNy =26.014In(x) +46.201  y=27.436In(x) +56. 527 1.16 0.79 3.71 2.09 0. 945 0. 860
T y=23.682In(«x) +52.854  y=46.175In(«x) +66. 247 0. 89 0. 69 4.23 1.70 0.923 0. 894
By =25.659In(x) +49.884  y=64.308In(x) +73.512 1.00 0. 67 3.78 1.77 0. 899 0.977
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Table 4 Comparisons of the concentrations of PAHs with different

rings in atmospheric particulates from different sampling sites

FERL 2~3 % 4 ¥ 5~6 PAH;s
ERE 60. 82 95.23 24.20 180. 25
BN 61.97 160. 46 132. 44 354. 87
AN 183. 15 337.96 234. 81 755. 92
YTl 209. 89 267.19 161.32 638. 40
T 243.90 365. 20 377. 85 986. 95
B 107. 57 164. 40 78. 45 350. 42
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