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Characteristics and Sources of Particulate Polycydic Aromatic Hydrocarbons

(PAHSs) During Haze Period in Guangzhou
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Tsinghua University, Beijing 100084, China; 3. State Key Laboratory of Organic Geochemisry, Guangzhou Institute of Geochemistry, Chinese
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Abstract: PM | ( particulates matter with aerodynamic diameter < 10 Bm) samples were collected at Liwan and Wushan site in Guangzhou city
between March 2002 and June 2003. Polycyclic aromatic hydrocarbons (PAHs) were studied during haze and nor haze periods in both summer
and winter. PAHs pollution was serious in haze period compared with that in nor haze period, especially in winter. Compared with nom- haze
period, Phe, Ant, Flu, Pyr, BaA, Chr, lcdP, DahA and BghiP were more abundant in haze period in summer, and Bal', BeP, BaP, Pery, lodP,
DabhA and BghiP were more abundant in haze period in winter. The BEQ values were 3. 5ng*m™?, 3.35 ng'm *, 1.43 ng"m™ > and 13.0
ng* m ° in now haze in sunmer, in haze in summer, in norhaze in winter and in haze inwinter, respectively. The BEQ values i nomhaze
in summer, in haze n summer and in now haze in wirter in Guangzhou (average: 2 76 ng*m™ ") were relatively low in Chinese cities, and
comparable wih oversea cities. However, the BEQ value in haze in winter was relatively high in Chinese cities. It indicated that haze n winter
would impair human healh seriously. The diagnostic ratios suggesed gasoline and diesel vehicle emission were main sources of PAHs in
sunmer, and diesel vehicle and coal combustion emission were main sources of PAHs in winter; PAHs may come from both local sources and
long-range transportation in now-haze in winter.
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, mm X (.25 Hm), . :
PAHs 290°C, 300°C, 70 eV;
, 60°C, 5min, 3 Cemin '
290 C, 20 min. ,
m/z: 50~ 300, "
1
1.1 14 (QA/QC)
2 )
(20 m), (25 PAHs : D16 Acenaphthene 59. 3% ~
m), 96.4%, DI10-Phenanthrene 62.4% ~ 98.5% , D12
Anderson PM;o(Model GUV- Chrysene 73.5% ~ 123.2% , D12 Perylene 63.7% ~
16HBL) , L 13mmn '. 24 1143%,
h (QM- Whatman, 20.3 ) )
an x 25. 4 an), 450°C : PAHs (Phe,
4 h, 25°C 50% 3)  (An, 3 ) (Fu, 4 ) (Pyr, 4
24 h, 2002 ) (Ch, 4 ) (BaA, 4 ) [b
03-12~ 2003-06-31, 1 PMo +k]  (BbKF, 5 ) [a]  (BaF, 5 )
. 10: 30~ 10: 30, [a] (BaP, 5 ) [e] (BeP, 5 )
(Pery, 5 ) [ah] (DahA, 5 ) [1,
1.2 2,3cd]  (IedP, 6 ) [ghi] (BghiP, 6 ).
, , PAHs , US EPA 610
30 mlL s 30
min, 500 il , 3 2
, , ] 2.1
1.0 mL , : 20~ 2°C,
0.4mlL, -27C 0C 1
1.3 s
: ( Plateform I, , SO,  NO,
VG ), DBS (J&W Scientific, 30 m x 0.25 ) )
1
Table 1 Meteorlogical conditions during sampling periods in Wushan site
( ) c S0, NO, PM,,
/km /C | % Jme s ! /Hgom™3 /Hgem? /Mgem™?
(8) 5.7%x07 27.7%1.2 73.6%9.4 L4%0.2 68.1%5.3 45.4%6.3 170.2£23. 6
(7) 3.3%f14 19.2+2.3 71.8%7.4 09%0.3 8.6%7.8 102.2£16. 8 259.0%27.2
(10) > 10 2.6%1.2 68.7%2.2 26*0.6 HU.5%9.5 23.6%6.4 62.3%6.4
(6) > 10 13.2%2.2 57.3%5.2 4512 16.8%+7.2 32.1%7.9 66.7%5.4
2.2 PAHs PAHs ;
2 3 PAHs PAHs
PAHs 8~ 106 ng*m , ,
PAHs R ; PAHs
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2 PAHs /ngem™ 3
Table2 Seasomal concentrations of PAHs in Liwan sit¢ ng*m™ 3
( ) ( ) ( ) (
mean min max mean min max mean min max mean min max
Phe Q17 Q07 0.25 0.37 0.06 1 46 (VT3 0. 08 1. 05 2.40 Q45 5.38
Ant Q02 Q01 0. 04 0.04 0.01 Q11 Qo4 0. 01 0.07 0.21 Q0 08 0.36
Flu Q18 Q07 0. 37 0.5 0.06 243 116 0. 07 1.17 4.44 145 9.21
Pyr 02 (N0 0. 43 0. 66 0.09 314 142 0. 10 2.50 5.02 2 35 9. 65
BaA Q27 Q14 0. 60 0. 69 0.11 2 44 Q78 0. 11 0.99 3.64 214 5.94
Chr 130 Q57 1. 8 3.23 0.59 8 49 2% 0. 40 3.40 11.8 525 15.0
BbkF 390 165 6. 52 5.71 1.47 941 414 1. 61 6.30 12.2 8 87 17.0
BaF a2 (N0 0. 30 0.52 0.13 1 24 ax 0. 13 0.79 1. 66 a79 2.47
BeP 450 153 5. 48 4.58 1.24 7. 49 330 1. 27 5.43 9.79 7. 05 14.8
BaP 28 Q45 3. 66 2.18 0.77 5 89 200 0. 76 3.16 7.93 510 11.0
Pery Q28 Q11 0. 36 0.45 0.13 Q97 ax 0. 12 0. 66 1.34 Q076 2.23
LedP 3N 1L 0 4. 0 4.03 1.47 7 88 3 46 2. 14 7.78 12.5 670 20. 1
DahA 1M Q31 1. 74 1. 09 0.40 219 120 0. 66 2.80 4.06 2 05 6.74
BghiP 4 53 1 88 5. 66 5. 54 1. 58 8 96 2 62 1. % 7.38 10. 1 4 80 17.0
ZPAHS 233 929 26. 0 2.6 811 62 1 24 3 10. 9 43.5 87.1 637 106
3 PAHs /ngem™ 3
Table 3 Seasonal concentrations of PAHs in the Wushan site/ ng® m~ *
( ) ( ) ( ) (
mean min max mean min max mean min max mean min ma
Phe 0« a0 0.23 0.28 0.08 Q0 89 026 0. 11 0.78 L9 023 4.22
Ant (1§1) Q01 0. 03 0.03 0.01 01 003 0. 01 0.08 Q19 0 04 0.38
Flu Q17 Q04 0. 27 0.46 0. 14 1 99 1 28 0. 15 2.03 2 83 03 5.07
Pyr a2 (N13) 0. 38 0.6 0.2 2 65 137 0. 21 2.4 302 Q38 4.33
BaA Q33 Q07 0. 58 0.77 0.26 297 08 0. 17 1.7 362 119 6.0
Chr L2 023 2.8 3.53 2.1 9 82 197 0. 2 5.32 112 62 16.7
BbkF 37 211 5. 34 6.89 4.89 10 81 363 1. 59 4.73 105 651 14.5
BaF 039 01 0. 66 0. 69 0.2 1 36 029 0. 14 0.4 1. 57 052 2.19
BeP 521 1. 61 4. 13 5.44 3.77 7 41 2 46 1. 18 3.77 797 452 11.3
BaP 28 Q71 2.9 2.48 1.59 6 49 14 0. 81 2.52 8 94 312 16. 1
Pery x4 Q15 0.5 0.59 0.31 1 04 a2 0. 14 0.43 L 31 0 45 1. 81
LedP 472 17 8. 15 4.12 2.35 8 28 2 5 2.55 2.72 101 3 64 14.5
DahA L6 Qs 3.02 1.09 0.54 2 36 Q65 0. 46 0.8 381 076 6.96
BghiP 454 257 6. 54 5.47 3.27 8 64 145 1. 15 1.8 72 2 65 1.1
ZPAHS 255 156 27. 0 2.4 24.8 627 18 6 9. 59 2.5 745 44 9 99.2
2.3 PAHs BbkF Bak' BeP BaP
Pery
PAHs BaF BeP BaP Pery ledP DahA  BghiP
PAHs , Phe Ant Flu Pyr BaA Chr  BbkF
1 PAHs 3~ 4 PAHs BbkF
PAHs (10% ~ 35%), 5~ 6 ledP BOkF
PAHs (65% ~ 0%) PAHs 2.4 PAHs
. Phe Ant Flu ( diagnostic ratios)
Pyr  Chr PAHs PAHs
10.6 6.08 125 848 297
Phe Ant Flu Pyr BaA Chr IecdP DahA  BghiP PAHs
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Fig. 1 Contributions of individual compounds to the sum of all nvestigated PAHs at Liwan site
4 PAHs
Table 4 Diagnostic ratios of PAHs in PM,,
Fly (Pyr+ Flu) 0.42%0 01 0 46%0.02 0.43%0. 2 0.45%0.02
BaA/ (BaA+ Chr) 0.16x0 @ 0 15%0.04 0.19%0. 4 0.31%0.05
IedP/ (IedP+ BghiP) 0.40%x0 05 038%0.01 0.58%0. (3 0.56%0.03
BaP/ BeP 0.54%0 11 03610.10 0.61%0. 07 L 130. 28
BghiP/ BeP 1.61%x0 37 L 13£0.23 0.95%0. 14 0.56%0.15
BaPE” 3.69% 1 43 371152 2.36%0. 41 17 51%4.16
1) BaPE= BaAx 0 06+ BF x Q 07+ BaP+ DahA x 0. 6+ IedP x 0 08
Flo/(Flu+ Pyr)  0.41~ 0.51, IedP) 0.31~ 0.45, PAHs
, i , IedP/ ( BghiP+ IcdP)
, 0. 49~ 0.59, , PAHs
_ 0% , TedP/ ( BghiP+
BaA/ (BaA + Chr) . IedP)
0. 16 X0. 08, BaP , BaP/ BeP
e PAHs .2 PMy BaP/
BaA/( BaA+ Chr) BeP  PAHs/PMno 4 )
: (0.31£0.05) BaP/BeP :
: , BaA/(BaA 0.36~ 0.64 0.25~ 0.49 0.53~ 0.66
+ Chr) OB/ 0.80~ 1. 42
(BaA+ Chr) 1 Hm 0.2~ 0.3, BaP/ BeP ;
1 Um 0.1~ 0.2, . BaP/BeP . BaP/
< 1 Hm BaA/  BeP .
(BaA+ Chr) : < 1Um , BaP ;
. , BaP/ BeP
ledP/ (BehiP+ TedP) 0. 18 0.37 0.56 ,
[14
: (
, BaP/BeP ),
IedP/ ( BehiP+ ( BaP/BeP ).
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, BaP 515~ 12.9ng'm”°,
PAHs : 8 64 ngem” . BaP :
) 3. 64 ng*m
Duan ' 5 PAHs tm
T 12 1.2 Table 5 Toxic equivalence factors of PAHs
o0 - .
:'o 7 8 PM;o 0PAHs/PM;o & BaP/BeP
£ of % 110 PAHs TEF PAHs TEF
K % i BaP 1 Chr 0. 03
3 08 % 108 % Phe 00005 BKF 01
- 061 % 7 Jdos6 é’ Ant 0 0005 BbF 0. 05
2 i . 7 s Flu 005 ledP 0.1
g 04r % % 7 ‘ 04 & Pyr 0 001 BehiP 0.0
s o / / / / i BaA 0 005
1 1 P s
2 LN 7 <71 NV ~ 711,
= AFKRE AFPRE HFERE HFIRE BaP (BEQ) . BEQ= ( ;
2 PAHYPM,, Bal BeP PM, ) X ( i TEF). 5 PAHs
Fig. 2 Comparison between the values of PAHs PM,,, BaP/ BeP and PM,, PAHs TEF. 6
PAHs  BE)
Behil/BeP 0.8  2.02
el BghiP/ BeP BEQ 35 335 143 13.0
0.47~ 1.76, ng'm” 5.3 ng'm .
, BEQ ( 2.76 ng*m )
, TedP/ ( BghiP + TedP) ) .
BEQ )
, BEQ ;
BEQ BaP 68% ,
. BaP , )
2.5 PAH .
S 6 BEQ [18]
PALL ’ ’ Table 6 BEQ level and its contribution in different
S cities in China and abroad
BEQ/ng m™3 BaP /%
’ PAHs I 16 19 .94
. 120 712 25.90
21 1577 37.30
BaP PAHs (19 01s o
. 20 90 122 199 55.58
(TEFS) PAHs (18] 1 58 55. 06
BEQ/ ng m™ 3 BaP | %
’ ’ 23 1.91 61. 16
PAHs 124 3.71 84.92
, Larsen [17] BaP [24] 2.70 76. 63
24 2. 88 58.40
PAHs (toxic equivalence fadors, (24 206 71.81
TEFs), 5. 29 0.99 51.52
PAHs BaP
! 3
ngem, . (WHO) . 10.ng*m” . (1) PAHs 8~
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