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FEE. RETHEITH 4422 (2008-12-04 ~2009-03-20) 5L Toll X R K I8 & i i X KA, PM, B2 5, FH GC-MS E i T PM, fit
I 19 FhZ IR I5 8 (PAHS) |, IF 45 G R A I S G 00OREX K58 BA TN AR K5 1A 22 A 05 R 1) 22 S Rp AR AR AT 00 L 4B, 25 SR 3R
K FRFEREEMAN T KR P, PAHs AYR EEASABIE RN 12,93 ~79. 27 ng-m -1 42. 28 ng-m | H 2004 4EA et K
I3 5. KFEBIN] PM,, H PAHSs S04 BT v B2 BH 5 5 TR RS, 91 HOR SR A IS /i 4 43 3E | D RURN 6 19 o 2 A 400 b 3
TR, T RAS I DI BT k]PE, AIF[aleE . Fb. BIF[1,2,3-cd 88 AT ghi ] JERIE IR0 T & 3 BOR X 7+
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SZERAHE + RIRTIREE . BB AR HE i, FEBTIR R 53T10 62.7% | 28. 1% F19. 2% 5 AE Wi I H] R RE R ) X 3 28
V5 YRR LT R 48. 6% | 36.9% Fl 14.5% . R T FZ RS ] PM,, ' PAHs 527 b U HE RO e AH X 48 22
Ak 5 1A ) 32 A1 5 BA AR B B A s e B 25
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Characteristics and Sources of PM,,-bound PAHs During Haze Period in
Winter-Spring of Xiamen

QIAN Ran-ran, 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, lcdp, 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.

Key words: Xiamen city; PAHs; haze; meteorological condition; principal component analysis and multiple linear regression
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(B N 2031 4 B8 AL KU & TSP-PM,, SR EE A, BiL 45
PM, DIk RAEJE N 1,05 m® »min ™', BEANFE 5L
KA 24 h,08:00 EIKH 08:00. AFIEA (203 mm
%254 mm, Pallflex 2500 QAT-UP, Pall Life Science,
USA ) IR i , 8 FH A7 08 B5E 1 600°C 5 offs v e
588 h, B E BRG], UEREAE R AL FT R R AR LS
WG PR, & T UK (- 20°C) #OGIRAF 257
Br. RAERTTE] A 2008-12-04 ~2009-03-20 , k4L K
SRR 18 A, AR s WAL 5 10 A~ RAEI ] Y
WEBT A5 5 OB K A hitp ://www.  underground.
com/ , J& | 1= U6} [ PR B (DL BRI HLIX S km |
FERIE I 15 km Z247).
1.2 FESETAL 3 AR A

V8 U8 B A R B0 A R I R AR ORI I A
5 AR AL PAHs ( Z5-D8 ., JiE-D10., JE-DI10. 75-D12 .
J6-D12) 1 Ry SRR /R W, e F @ W e 43 3

U AL 30 min. A& UV 46 J5 i S J2 B A
(FEFEHS .45 em x 1 em) H 4k (10 g,60 ~ 80 H,
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IECHE, 50 mL IEC e/ S H BE(6: 4, EBLLL)
PEMMUEA PAHs 4. IEC ke, A h @
T4, PAHs VEBIBUK A e e 28 R i . R FAE R
£ 0.2 mL, R ZEFEOAST LY. PAHs 4
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BbF;ﬁ#[b]}'_‘*{%\ BkF:ﬁ#[k]?ﬂ_’t%\ BaP;i',JE#
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223k [IAE Y 23 B 20 B S5 LR AT PP, 45
FW | [ISCRTE 77. 9% ~104. 7% Z[0]. ASLH )5 1%
FEMBR A 3.0 x107° ~5.6 x10 *ng-m ™, HAKEL
PR 1. SCrh gy BRI 28 DR S B R IE.
T 28 A e e HL 2 3 v a] BB 75 YL R AR
SCEA IR ZE RS 45 R
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Table 1  Recovery ratios and method detection limits of 19 PAHs

ey ul A/ 9% B/ ng - m 3 &Y W%/ % KB/ 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 Iedp 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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1.6 . ARHEE T A SR H R, A58 K 5 )
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A G TR R ER T, R R SR I W 22 s R

ARHWFFE RAERF ] 4 2008-12-04 ~2009-03-20,
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DL | AFR I R A XU (8 B s . b el DU
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Table 2 Meteorological conditions during sampling periods in Xiamen

SRAERT ] AE UL /km AR/ % K3/ km+h ! BE/C PM,y/pg-m~? API
K5 6.5 72.8 13.9 18.0 139.0 71
ElE 15.6 45.8 23.5 11.7 88.3 52
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Fig. 1 Visibility, relative humidity and wind speed during sampling periods

2.2 JRFEAMEE K55 W1 PAHs Y2 A4 A AR
FRIE

2 ARAESCRFEIA A R PM, th 2380508 1 &
HOLER 3. BRI R RS MY NaP J5 , 5L TOlk X
I UE e I 1X. 2 7 2 K 5 3] [H) RS0 PM, Y 18 i
PAHs 1) & 43 9 4 48.87 ng-m ~* (28. 13 ~79.27
ng-m ) f145.70 ng-m > (20.09 ~76.44 ng-m ),
e T3CHR 6 ] K% M) PM ' PAHs i & &2 0.5 ~
29. 8 ng-m KT A F 8 kXK 5 ] (-
87.1 ng-m ™, PM,, " 14 F PAHs) ; JEKFEW 2 4
FRE SS90 39.51 ng-m (12.93 ~67.97

ng-m ") f127.82 ng-m > (19.35~43.83 ng'm ),
TN WX AE K E WY (1 24.3
ng-m ) AT UL, T T A FR 2 AR K 2R
PAHs BTG YA b T3¢ 5 K . K58 1] PAHs 975
YK RAGEAE RSN 1.4 ~ 1.6 £5.

AR AL T 98 3% B, 2004 47 4% 228 HL X
15 il PAHs 5 7 (15. 86 +4.99 ) ng-m ~* , 5 I 4
L, 4 a [A)J5 1] 980 HE DX A< 2 ([RIREAY 15 Ff PAHs) 2
IR BRI 2. 54 5 A2 Ay, R B il i IX 6 T
b, A 7R B T I A A AR K L 2 R TR A A
TG — e, SR RIRAM” {2 PAHs & i
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Table 3 Average concentrations of PAHs in PM,, samples collected from two sites/ng+m 3
PAs ) LR 5 ) HLAE IR 5 PN Y& RIS AE IR 55
H{H fiAE HfE i HfE i HfE T
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 ~7.56 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
Iedp 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
z 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
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g# (] Phe . Fluo 1 Pyr iX 3 Fh 4 431 & 43 &2 B
SBFEAK, M 204> BbF, BKF, BaP. Per, Icdp, BghiP
1 COR & AN THis. 4B Geit, Al W A 0RL 4
PAHs 12 ~3 RRA AT T RN 9. 9% , ik
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Fig. 2 Contributions of individual compounds to the sum

of all investigated PAHs at Xiamen

FdE K55 0 [E] BeP/BaP HLAE 43514 1. 10 0. 16 F1
1.47 £0.24. JE[ 1A FEEATARICENX, IE K 58
[1) 52 38 KR AU XA ], A b i Al 5 ik 2> |
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7 T J 5 3 1] S HEAH X6k 555 , BaP B OGB4k
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i ZUSOR Y , 8 B A8CA il R XURS: DT ¢ i A Ak
Y. JEZI A H R PM,, AR K5 1R BaP W
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(1.3 ng-m*)[lg: N ﬂqfﬁﬁﬁ(o 8 ng-m%)[m: N
(1.4 ng-m ) PV IE A E S BaP 15t
WH. KR BaP SR R 4. 37 ngem 2R
JRE SRR FE () 1.9 A, JE 1] T 4 35 2 K 3 0f AR
T B Y U L A ™
2.3 JREEMAEKFEIIE PAHs 1R BT
WEEh Y PAHs F 2R IE T AZKWE s b A AL
YIRS TE RS, A AR IR R | B BE 55,
DL A | BRAR IR A5 HARTE . AN [T GL il
FEAE ) PAHs HAT AN [R) 08 335 20 A AR A, Rk m] ) A
X 2E R HNBORIE. FHEALA Y & L E R
FHE—FP 3 RSP PAHSs 15 %I 1) EvE 5 k. #F
M, Y Fluo/(Fluo + Pyr) AYEL1E > 0.5 B,
PAHs Sk N BEECE AR W) AR, LU1H < 0. 4 1,
U] PAHs SR T A0l R %, LU T 0.4 F10. 5
Z AL R Wk | TS A BB R B 2
ledp/ (ledp + BghiP) MYLLMA > 0.5 B}, B PAHs
SRVE NI A WA RS L gk 4 BTN ARHIFSE
[ 2 FRAFAE FELAEYAAE 0. 5 A2y, JRs 3[R P HR A 1)
SERES R TR K58 KR BES I E X L
{22 5K, B34 s AR R SO LR SR R, BB TE 1 2
R R R SR K S R, T & BN 4R
S B A BURBESE M HE N RS PM,, th 2365
JE M) DTERECR.

R4 RERFERH PAHs BHHELLE

Table 4  Diagnostic ratios of PAHs during two sampling periods

. & &
FRAF H A — —
HERGE| ¥ifH FERRE| ¥ifH
Fluo/( Fluo + Pyr) 0.45~0.54 0.49 0.48 ~0.58 0.53
Tedp/ (Tedp + BghiP) 0.50~0.56 0.53 0.52~0.57 0.54

TEWAE PAHs (R IR, BR 55w B9 RRAE A
BN, F A o B B2 o0 2 1 (8] ( principal
component analysis and multiple linear regression,
PCA/MLR) 1 75 K S i5 G4 fif i b 45 3 77 2 1
FIE L S E A, B RE AN PAHs T4 4143
SA AR T L A o A b 2y A TR U ) AR X
DURRR , TR T Y4 i 2%

ARG A HGETT# A SPSS X 18 B PAHS 11
VR R SR ] 32 0 4 O S IR 7R A
FERTE 5 47 £ L4340, 42 IURRIE{H > 0.8
AR T A T D AR RO 1R B 1 87 % LA |
F PCA &K 70 M B 1) i & 4 2= UKL W) i PAHS
kIR AT Y. K5 hE A F)H T 18 B PAHS
8 A 1 2k fr 4%

PR IIA] 55— R v 224 47 LA 26 PAHS
(AR 7> 1 i =228 ) 8 32, f04% BbF, BKF, BeP,
BaP . Iedp. BghiP, DBA . COR %%. E3f PAHs k&£
K F R R UHRIL, BbF  BRF K I8 T 5890 A 58 4R

x5 HEBRKEFRBEWERFHE
Table 5 Rotated component matrix
AT JR5HE e IR 5%
FHEF 1 FHEF2 FHF3 FHEF1 FHF2 FRHF3

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
AT/ % 50.7 27.6 9.6 85. 4 8.9 3.8
FRT7 %/ % 50.7 78.3 87.9 85.4 94.3 98. 1
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VeI AR bR 4 . AR BaA | Chr ()
AR AR B, JE KRR i E B R R .
T 1 48R THLS R R AR IR + RIRZORIE,
BT 50.7% M. T2 fERE T 27.6% 1
Jr 7, Horp g fr = AP A 4 43 Phe . Ant . Fluo, Pyr
JEMR B = SR R0 HE R TR e HE
Ja. T4 AR, TG H )
ST P R 5 [ Vs N 5 A7 2 S KA T &L,
T B T T REBR S TR Y PAHs AR KR BTk, BT 3 2
TR 1) Acen | Flu 2 BN 1 EZHE LY L, 8 7
THEPHERIED . RN TFEBET 9.6% KR
2. MRYEHIEGE X 75 Y U5 A 10 25 B BT, B9 X Y
Tolr B AFAE R, PR 2 far 20Tt ofe 04 A 4 D 4
DR AT R TR, TERSAT R L B A4 F 2,
e A7 XL ) SR ) S e i X, KA T A Al
BAm AR AL T AT PR B3 A R i a8 N H R 2
HECIR. 3 Per I8 A i , HERIAHIMF B
A EiE— 25T

A 55 ) 1| — L 3B 3 A>T, 5 K5 A
) PAHs f BERIEARRL. 7 1 RETHLEIERA
+ FIRECRIR, R T 85. 4% )25, I 2 4%
FIRIEHEACIR ; T 3 AR IR, (U2, K5 ]
[ HRICH) 3 A~ Ry 2 ik 98. 1% , AR5k 3 Fil
SRt T R AARE 98. 1% DL MR R, R

FIRFERT ] 3 A F 1 BB 2 87.9%. HILHE
Wt , B 11T A4 7 22 3R K g 3 (8] KR PM, ' PAHS 1)
F= TR YR AR T ] B — 2, JKsE DI ] PM,, Y PAHs 1Y
SR UE AT R LA I g 30 2L 0 B2 2 ol B Ao 3 i
Giigie e

DAbRHESL 35 T 15 0048 i N R R AR i, R ifEfL
) 18 ' PAHs it Jy 9 i e A8 it , I SPSS i 47
ZInMEIA T, SR B A A W) J5 i, e iF
AT RIS R 5 25K 0. 05, 5 & rh il B AR
TG KA 0. 10, H L3R AS 7 R Y bR oAk 0105
FB00T LA W45 3 B PR, BRIV 4% 3 R A A X 5T
k. sE AR KSR R AR AT AR HE R R 26 6
FER. BURLA 45 T WoR |, 5 5 5 i S A AR
B (K% R* =0.993, £ K 3% . R* =0.998) , H.[1l
AR E B KR/ F 0. 05, WA R 28 0 R AR
XA B, FE AR h AR E T
RBRZEIR G WIE RS PM,, P LI RS + KR
S BERTER B () BT IR 3 0 R 62.7% | 28. 1% FI
9.2%. AEFKFII RIS H A [RARE 3 4 Sk R Y 5Tk
WIS 1K 48. 6% . 36.9% Hl 14.5% . —F L
B, RS WIS 42 B <+ KRR IEXT PAHs )
TURRER K, A 28 0 ) FREAR o o A U 194 53 ik o 1)
8. RN EIE T T &R 2 K g
] RS PM,, o PAHSs A2 7 HE BCIR A R M gk, 3k
TR IR PM ' PAHSs 52 2 b2 XUty Ik R A
FIE TR R A

*x6 EINHMEEHEZKS PM,,# PAHs HEESLIFEMTIAE

Table 6  Sources and contribution rates of PM,;-bound PAHs in winter-spring of Xiamen

KA 1] PR el 05 Jy 72 R? U/ % SRS RS D7 R B AR A
p =0.902 x f, (BLEI RS + KARS) f1:62.7 0. 000
R 2 pats N 0.993 f2:28.1 0. 000 0. 000
+0.404 x f, (F) +0. 132 x £, (FEh) £1:9.2 0. 000
b =0.774 xf, (MEERRS + RIS 7,486 -
AR 2 PAHs 0.998 £,:36.9 : 0. 000
+0.588 xf, (HE) +0.231 xfy (FH) a4 0.000
3% 0.000
3 & Fell], KRR KSEIRY 1.4 £%5. K5I E] BaP 14
=A

(1) RFEIA N, B 1] T 4 3 22 K 5 6 3007 3
PM, W BE I8 g T K g B0, 2 AR R S IR 1.6
f. RS RS- 25 05 Y de 4 APL W] i i TR K
S I s R s I A 22 i s S REIR T

(2) BT AHFFZREN ,, KA PM ' PAHSs
v BE AR ALV LA 12,93 ~ 79,27 ng-m ~*, 5 2004
R4 ZE PM, T & AR LG, 4 a M 2R 5
K 2. 54 544, IKEE I PAHS Wk B8 = TR K

WREEN 4.37 ngem >, JL-F- 2 AJE JR 55 30 1] v B2 11 2
i | 235 28 RS0 N A R 1 kol L 8 ™

(3) K5I [E] phe . Fluo, Pyr iX 3 FZH /01 H
A3 i W B BRI, 1T 41> BbF, BKF. BaP. Per,
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KGR REm K g WA 5 AN [T AR s 1 1 <
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Hewe, =3 09 o1 ok 3 53 5 62.7% . 28.1% i
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36.9% M1 14.5% . JAE K58 I E], K< PM,, ' PAHs
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