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(Flu) . ( Pye) . a  (BaA) Jm( Chr) . b ( BbF) . k ( BKF) . a

( BaP) . 123<ed (InP). a h (DBA) . ghi  ( BgP) ( Supelco USA) .5
PAHs (4000 mgeL™"): D8. DI0. DIO.jw-DI2. -DI2 ( AccuStandard USA) .
4 C
N ( Tedia USA) ( Tedia USA) (500 mg
3 mL Supelco USA) Na,SO, ( 450 °C 4 h ).
1.2
2009 3 0—10cm . 11 0Z01—QZ11
QZ01 Q702 Q703 N QZ04 .
0705 .QZ06 Q0Z07  QZ08 QZ09.
QZ10  QZ11 . 3 M1, M2
M3 3 N
2.5 L
( 400 C 4 h) . 100
1.3
1.000 g 10 mL 0.1 mL 1.0 mgeL™'
4 C lg Na,S0,.5 mL / (V/V 1:1)
20 min; 2.5 mL 10 mL
;10 mL / (V/V 1:3)
0.5 mL.  GCMS
1.4
DB-5 MS (30 m x250 pm x0.25 wm) ( =99.999%) ;
280 C 2 pL 40 psi 1 min ;
1 mLemin"". 50 C 1 min 25 Cemin "' 200 °C 10 °Cemin ™'
270 °C 3 Comin ' 300 °C 10 min.
(EI) 70 eV; 280 C; 150 C; 280 C;
3.5 min; / ( Scan/SIM)
1.5
N ~ !
; 20 ngeg”! 85%—115%
14%; 6% ; (R?) 0.995—1

D8:67%  D10:90%  -D10:87%
MDI12:96%  D12:115%.
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1 . (ngeg™ )
Table 1 Individual and total concentrations of 16 PAHs and source-specific indexes in

surface sediments of Quanzhou Bay ( ngeg™' dry-weight)

QZ01 QZ02 QZ03 QZ04 QZ05 QZ06 QZ07 QZ08 QZ09 QZ10
( Nap) 23.37 19.32 25.56 16.25 19.05 16.54 18.47 17.64 13.34 20.77
(Acy) 13.00 12.43 13.32 12.84 12.56 12.84 12.45 12.27 12.17 12.68
( Ace) ND ND ND ND ND ND ND ND ND ND
(FI) 7.72 4.78 11.76 5.56 5.39 7.91 5.82 7.22 4.99 8.68
( Phe) 75.70 65.35 92.07 72.07 64.72 94.19 68.72 71.51 61.87 70.98
( Ant) ND ND ND ND ND ND ND ND ND ND
( Flu) 20.26 11.96 40.09 18.28 5.57 28.78 10.38 11.59 19.59 13.06
( Pye) 37.85 19.45 64.59 27.53 9.96 46.74 17.49 14.96 23.76 16.45
a ( BaA) 49.52 32.08 135.42 46.22 27.35 54.77 28.27 41.71 37.41 31.60
H’:( Chr) 10.49 4.08 23.55 8.71 0.69 10.74 3.79 1.64 5.89 5.11
b ( BbF) 62.94 35.93 137.62 50.11 29.46 64.26 31.15 40.35 41.51 36.30
k ( BKF) 8.40 6.41 28.78 8.56 ND 9.73 6.36 9.40 8.04 7.22
a ( BaP) 16.48 10.78 32.37 14.02 8.04 20.58 9.16 8.87 11.11 10.03
12 3=<d ( InP) 14.56 10.13 47.51 13.22 ND 21.87 9.44 6.88 12.08 10.43
ah ( DBA) 10.51 ND 31.98 9.91 ND 11.43 ND 8.71 9.89 ND
ghi ( BgP) 13.46 7.77 36.47 12.08 ND 19.29 6.15 3.17 10.13 7.98
Y 16PAHs 364.3 240.5 721.1 315.4 182.8 419.7 227.7 255.9 271.8 251.3
Y 8CPAHs 193.2 111.4 477.3 169.0 71.11 222.2 98.55 129.2 145.5 113.8
LMW /HMW 0.49 0.74 0.25 0.51 1.25 0.46 0.86 0.74 0.51 0.82
BaA/( BaA + Chr) 0.83 0.89 0.85 0.84 0.98 0.84 0.88 0.96 0.86 0.86
InP/( InP + BgP) 0.52 0.57 0.57 0.52 N.D. 0.53 0.61 0.68 0.54 0.57
Ppi 1.47 1.78 1.79 1.61 N. D. 1.61 1.96 2.51 1.85 1.94
QZ11 Mi1-1 M1=2 M1-3 M2-1 M22 M2-3 M3-1 M3=2 M3-3
( Nap) 24.24 42.68 40.18 30.77 28.94 23.85 21.11 31.77 23.20 22.89
( Acy) 12.73 12.78 12.82 13.91 13.59 12.53 12.34 17.28 13.29 12.59
( Ace) ND ND ND ND ND ND ND ND ND ND
( FI) 9.48 6.94 7.12 5.87 14.00 6.86 4.62 9.78 5.73 5.72
( Phe) 90.21 91.09 90.07 79.93 87.57 64.59 62.14 98.47 70.71 87.89
( Ant) ND ND ND ND 1.69 ND ND ND ND ND
( Flu) 11.64 20.70 22.88 19.23 34.58 21.02 20.01 32.09 25.75 24.75
( Pye) 16.22 32.50 31.36 28.03 54.88 33.10 27.12 68.10 34.87 32.67
a ( BaA) 60.09 41.35 46.76 45.05 77.50 58.17 43.90 58.53 42.71 44.12
Jil( Chr) 5.83 7.50 9.77 8.93 15.96 12.57 9.44 18.00 9.70 7.85
b ( BbF) 41.33 52.62 56.05 54.95 91.16 81.03 61.69 70.39 57.70 57.81
k ( BKF) 9.59 8.10 8.34 8.38 9.19 7.97 9.07 8.20 8.31 8.32
a ( BaP) 8.99 14.24 16.42 15.26 23.56 19.21 16.23 19.19 15.51 15.23
1 2 3-<d ( InP) 6.95 13.63 14.89 13.97 20.31 18.29 15.91 29.96 13.48 13.33
ah ( DBA) 8.73 9.88 10.30 10.54 13.25 11.95 10.70 12.54 10.34 10.52
ghi ( BgP) 1.63 12.95 14.74 13.98 21.12 18.60 16.42 17.74 11.86 13.44
Y 16PAHs 307.7 366.9 381.7 348.8 507.3 389.7 330.7 492.0 343.1 357.1
> 8CPAHs 153.2 168.0 185.4 176.3 285.5 230.2 186.9 248.9 183.5 181.9
LMW/HMW 0.80 0.72 0.65 0.60 0.40 0.38 0.43 0.47 0.49 0.57
BaA/( BaA + Chr) 0.91 0.85 0.83 0.83 0.83 0.82 0.82 0.76 0.81 0.85
InP/( InP + BgP) 0.81 0.51 0.50 0.50 0.49 0.50 0.49 0.63 0.53 0.50
Ppi 3.09 1.54 1.57 1.52 1.42 1.45 1.52 1.94 1.72 1.57
ND:
PAHs . 1 PAHs
Q705 6 PAHs 2—6  PAHs. PAHs
PAHs ) 3.54% —11. 63% 7.12%; 3 16. 25% —45. 23%
29.60% ;4 23.84% —36.56% 30.63% ;5 20.50% —32.00% 25.22% ;6
0—11.65% 7.43%. PAHs 3—5 PAHs 81.13% —

89. 58% 85.45% .
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Fig.1 Percentages of 2— 3— 4— 5- and 6—ings of PAHs in surface sediments in Quanzhou Bay
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Fig.2 Source diagnostic graph of PAHs in surface sediments of Quanzhou Bay
Ppi PAHs
Ppi = Flu/( Flu + Pye) -0.4 /0.4 + InP/(InP +BgP) -0.2 /0.2
Ppi >0 PAHs ; Ppi<O QZ05
Ppi (1)
2.3 PAHs
2 PAHs 16  PAHs 182.8—
721.1 ngeg™! 353.8 ngeg”! .
. N San Franciso . Santander
PAHs . . Aden PAHs
2 PAHs
Table 2 Concentrations of total PAHs in sediments for different locations
PAHS PAHs /(ngeg™")
16 112—877 433 13
16 59—1177 334 14
16 276.26—1606. 89 743.03 15
8 700—26100 5277 16
San Franciso 17 2944—29590 8195 17
Santander 16 20—344600 18
16 42.5—158.2 126.2 19
16 8—356 81 2
Aden 46 2.2—604 82.4 20
16 182.8—721.1 353.8
Baumard PAHs 0—100 100—1000 1000—5000  >5000 ng*g™'
N . PAHs
182.8—721.1 ng*g " 353.8 ngeg '
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: PAHs ( Effects range median ER-M) : PAHs
ER4. ERM
PAHs PAHs 3. b k
14  PAHs ER-L PAHs
Long b k PAHs
QZ05 b k
) PAHS
3 PAHs PAHs (ng*g™)

Table 3 Ranges of PAHs concentrations in surface sediments of Quanzhou Bay and toxicity guidelines

ER-L ER-M

160 2100 42.68 13.34 24.00
44 640 17.28 12.17 13.02

16 500 ND ND ND

19 540 14.00 4.62 7.30
240 1500 98.47 61.87 77.99

85 1100 1.69 ND 0.08

600 5100 40.09 5.57 20.61
665 2600 68. 10 9.96 31.88

a 260 1600 135.42 27.35 50.13
Jiii 380 2800 23.55 0.69 9.01
b NA NA 137.62 29.46 57.72
k NA NA 28.78 ND 8.92
a 430 2800 32.37 8.04 15.26
12 3<d 240 950 47.51 ND 15.34
a h 63 260 31.98 ND 9.56
ghi 85 600 36.47 ND 12.95
16 PAHs 3287 23090 721.1 182.8 353.8
ND: i NA:
16  PAHs 182.8—721.1 ngeg™'  3—5 . PAHs
> N > . PAHs . PAHs
PAHs
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DISTRIBUTION AND SOURCE OF POLYCYCLIC AROMATIC
HYDROCARBONS IN THE SURFACE SEDIMENTS OF
QUANZHOU BAY CHINA

ZHUANG Wane'* WANG Xiaxia' YAO Wensong' YANG Lin’
SONG Xikun® GONG Zhenbin'*

(1. State Key Laboratory of Marine Environmental Science Xiamen University Xiamen 361005 China;
2. College of Oceanography and Environmental Science Xiamen University Xiamen 361005 China;

3. Monitoring Center of Marine Environment and Fishery Resource Fujian Province Fuzhou 350003 China)

ABSTRACT

The concentrations of 16 polycyclic aromatic hydrocarbons ( PAHs) in the surface sediments of Quanzhou
Bay China were measured with gas chromatography-mass spectrometry ( GC-MS) . Source-specific PAHs
indexes including LMW/HMW BaA/( BaA + Chr) InP/( InP + BgP) and Ppi were used to identify the
potential sources of PAHs in this region. The total contents of PAHs in the sediments were in the range of
182.8—721.1 ngeg™" which were dominated by PAHs of 3—5 rings. The concentration of PAHs in the Bay
was higher in the south bank than in the north bank and higher in the inner bay than in the outer bay as well.
The indexes of source identification indicated that incomplete combustion was the dominant source of PAHs in
this study. The pollution of PAHs in the Bay was moderate compared with other regions in the world. PAHs in
the surface sediments in this area would not cause remarkably negative effects on marine organisms but
potential negative effects should not be overlooked.

Keywords: Quanzhou Bay surface sediment polycyclic aromatic hydrocarbons —distribution source.



