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Characteristics and Sources of PM,,-bound PAHs During Haze Period in

Winter-Spring of Xiamen
QIAN Ran<+an YAN Jing-ming WU Shui-ping WANG Xin-hong

( State Key Laboratory of Marine Environmental Science Environmental Science Research Center Department of Environmental
Science and Engineering Xiamen University Xiamen 361005 China)

Abstract: PM,, samples were collected at Huli ( industrial zone) and Dadeng Island in Xiamen from December 2008 to March 2009.
Nineteen polycyclic aromatic hydrocarbons ( PAHs) during haze and non-haze periods were determined by GC/MS. Combined with the
meteorological data the differences of chemical composition and source of PAHs were compared. During sampling periods the
concentrations of PM,,-bound PAHs ranged from 12.93 to 79. 27 ng*m ~* with the average of 42. 28 ng*m > which were almost three
times higher than those in the winter of 2004. PAHs concentrations were much higher during the haze periods than those in the non—
haze periods. Meanwhile during the haze periods the percentages of lower molecular weight PAHs such as Phe Fluo and Pyr
decreased significantly on the contrary individual components of BbF BkF BaP Per Icdp BghiP and COR were more abundant.
The main sources of PAHs were estimated by the Principal Component Analysis method and the contributions of various pollution
sources to PAHs were calculated by the Multiple Linear Regression method. Results showed that the main pollutant sources of PM,,—
bound PAHs in winter-spring of Xiamen during the haze period were vehicle emission plus natural gas coal combustion and coke oven
their contribution rates were 62. 7% 28. 1% and 9.2% respectively. During non-haze periods the main pollutant sources identified
were the same and the contribution rates were 48. 6% 36.9% and 14.5% respectively. In winter-spring of Xiamen PM,,-bound
PAHs were more influenced by local emission sources during the haze periods; coal combustion emissions in north China had a big
contribution to PAHs during the non-haze periods.
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Table 1 Recovery ratios and method detection limits of 19 PAHs
/% /ngem 3 1% /ng*m 3
Nap 104. 10 0. 009 BbF 96. 30 0.027
Ace 84.70 0. 004 BkF 93.90 0.013
Acen 93.90 0.012 BeP 82.50 0.022
Flu 99. 10 0. 009 BaP 77.90 0. 020
Phe 104.70 0. 006 Per 86. 40 0.018
Ant 93. 30 0. 003 Tedp 84.20 0. 056
Fluo 102. 40 0. 008 BghiP 91.50 0. 043
Pyr 101. 90 0. 008 DBA 93. 60 0. 041
BaA 93. 40 0.014 COR 89. 60 0.035
Chr 102. 20 0.010
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Table 2 Meteorological conditions during sampling periods in Xiamen
/km /% /kmeh ™! /°C PM,q/pgem > API
6.5 72.8 13.9 18.0 139.0 71
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Fig. 1 Visibility relative humidity and wind speed during sampling periods
2.2 PAHs ng*m’)  27.82 ngem ’(19.35 ~43.83 ng*m )
( 24.3
2 PMIO ngem 73) ?
3. NaP PAHs PAHs
PM,, 18 1.4~1.6
PAHs 48.87 ngem’(28.13 ~79.27 15 2004
ng*m )  45.70 ngem >(20.09 ~76.44 ngem ) 15 PAHs (15.86 =4.99) ngem >
6 PM,, PAHs 0.5~ 4 a ( 15 PAHs)
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3 PM,, /ngem 3
Table 3 Average concentrations of PAHs in PM,, samples collected from two sites/ngem ~
PAHs
Ace 0.11 0.05 ~0.20 0.09 0.04 ~0.18 0.09 0.04 ~0.15 0.07 0.03 ~0.11
Acen 0.02 0.01 ~0.03 0.02 0~0.05 0.03 0~0.09 0.02 0.01 ~0. 04
Flu 0.12 0.06 ~0.20 0.12 0.04 ~0.22 0.12 0.04 ~0.33 0. 08 0.04 ~0.13
Phe 1.50 0.53 ~2.46 2.43 0.47 ~5.51 1.15 0.53~1.79 2.31 0.78 ~3.85
Ant 0.14 0.08 ~0.25 0.19 0.06 ~0.36 0.12 0.04 ~0.18 0.16 0.08 ~0.26
Fluo 3.05 0.66 ~5.84 4.37 0.89 ~6.73 2. 84 1.45~4.26 3.75 1.83 ~6.25
Pyr 2.97 0.78 ~5.12 3.86 0.92~7.79 2.82 1.46 ~3.9 2.96 1.80 ~4.75
BaA 2.54 1.63 ~4.49 2.09 0.59 ~3.35 2.63 0.89 ~5.07 1.18 0.89 ~1.90
Chr 5.44 2.73 ~8.27 4.74 1.43 ~8.30 5.31 2.42 ~17.56 3.24 2.21 ~5.26
BbF 5.61 3.22~9.84 4.01 1.50 ~6. 15 5.21 2.52 ~9.00 2.93 2.34 ~4.41
BkF 5.95 3.85~10.26 3.93 1.44 ~6.16 5.22 2.29 ~8.57 2.62 0.3 ~4.46
BeP 4.77 3.24 ~8.03 3.50 1.19 ~5.46 4.45 1.97 ~7.71 2.69 1.96 ~3.48
BaP 4.55 2.75 ~8.53 2.90 0.73 ~4.72 4.16 1.04 ~8.93 1. 80 1.04 ~2.98
Per 1.49 1.02 ~2.73 0.87 0.35~1.39 2.15 0.47 ~5.41 0.56 0.44 ~0.91
ledp 4.81 2.93~9.23 3.02 0.87 ~4.76 4.41 1.58 ~9.82 1.98 1.51 ~2.87
BghiP 4.47 2.75 ~8.65 2.54 0.75~3.73 3.89 1.27 ~8.60 1.59 1.34 ~2.29
DBA 0.49 0.34 ~0.91 0.32 0.08 ~0.53 0.51 0.14 ~1.31 0.21 0.15~0.32
COR 1.23 0.56 ~2.00 0.50 0.18 ~0. 86 0.98 0.21 ~1.93 0.29 0.21 ~0.42
S PAHs 48.87  28.13~79.27  39.51 12.93 ~67.97 45.70  20.09 ~76.44  27.82  19.35 ~43.83
2
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19.9% 5 ~ 6 Fig. 2 Contributions of individual compounds to the sum
of all investigated PAHs at Xiamen
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Table 4  Diagnostic ratios of PAHs during two sampling periods

(1.4 ngem ) * BaP
BaP 4.37 ngem "’
1.9 Fluo/( Fluo + Pyr) 0.45~0.54 0.49 0.48~0.58 0.53
Iedp/( Iedp + BghiP) 0.50~0.56 0.53 0.52~0.57 0.54
2.3 PAHs
PAHs PAHs
. ( principal
. component analysis and multiple linear regression
PAHs PCA/MLR)
= PAHs
PAHs
Fluo/( Fluo + Pyr) >0.5
PAHs <0.4 SPSs PAHs
PAHs 0.4 0.5
: >0.8
ledp/( Iedp + BghiP) >0.5 PAHs
2 4 PCA PAHs
2 0.5 18  PAHs
PAHs
( BbF. BkF. BeP.
. PM,, BaP. ledp. BghiP. DBA. COR PAHs
BbF . BkF
5
Table 5 Rotated component matrix
PAHs
1 2 3 3
Ace 0. 233 0.799 0.297 0. 498 0.701 0.471
Acen -0.212 0. 365 0. 880 0. 180 0.311 0.923
Flu -0.062 0. 638 0.739 0.670 0. 603 0. 385
Phe 0. 043 0.971 0. 168 0.240 0. 897 0.327
Ant 0. 355 0.797 0. 156 0. 505 0. 841 -0.039
Fluo -0.001 0.948 0. 053 0.454 0. 831 0. 300
Pyr 0. 035 0. 945 0.117 0.536 0.778 0. 296
BaA 0.903 0.133 0. 099 0.915 0.372 0. 141
Chr 0. 663 0.529 0.210 0. 808 0. 559 0.185
BbF 0.921 0.235 0. 137 0.877 0. 444 0. 154
BkF 0.923 0. 198 0.173 0.907 0.391 0.130
BeP 0.969 0. 158 0. 069 0. 828 0. 467 0.263
BaP 0. 964 -0.046 0.039 0.879 0.432 0. 186
Per 0.267 0.032 0.931 0.953 0.243 0. 104
Tedp 0.948 0.073 -0.110 0. 899 0.393 0.189
BghiP 0. 947 0. 062 -0.095 0.922 0.308 0.231
DBA 0.922 -0.033 -0.101 0.924 0.317 0. 163
COR 0.558 0.510 -0.153 0. 810 0. 475 0.271
1% 50.7 27.6 9.6 85.4 8.9 3.8
1% 50.7 78.3 87.9 85.4 94.3 98.1




2944 33
BghiP. COR 3 87.9% .
BaP. ledp. BghiP PM,, PAHs
ne BaA. Chr PM,, PAHs
20 .
1 +
50. 7% . 2 27. 6%
Phe. Ant. Fluo. Pyr 18  PAHs SPSS
29 30
0. 05
2 0.10
PAHs . 3
Acen. Flu 6
e 9.6% .
( " R> =0.993 :R> =0.998)
0. 05
PM,, +
N 62.7% ~ 28. 1%
3 Per 9.2% . 3
48.6% « 36.9% 14.5%.
3 + PAHs
PAHs : 1
+ 85. 4% ; 2
; 3 . PM,, PAHs
3 98. 1% 3 PM,, PAHs
98. 1%
6 PM,, PAHs
Table 6 Sources and contribution rates of PM,y-bound PAHs in winter-spring of Xiamen
R 1%
p =0.902 xf, ( + ) fi162.7 0. 000
2 pans 0.993 £128.1 0. 000 0. 000
+0.404 xfo( ) +0.132xf( ) £:9.2 0. 000
7S nan R : ) 0.998 ;‘:22 0.000 0. 000
+0.588 xf,( ) +0.231 xf5( ) fi14.5 8: 888
1.4 . BaP
3 -3
4.37 ng*m 2
(1)
PM,, 1.6 (3) phe. Fluo. Pyr 3
API BbF. BkF. BaP. Per.
Iedp. BghiP  COR
(2) PM,, PAHs
12.93 ~79.27 ngem > 2004
PM,, 4 a (4) PM,, PAHs
2. 54 PAHs + . .
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