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B BE RN T M.

1 MRS TTE

L1 BERSHEmRE

FEAR RS W 4 0 AL AR AE 1Y 10 4 & B oy
SRR 1A A F7 G S b BB AR N SRR ST HEA T HURE
G3HT o £ RHFE S5 BIE R XHCH AR fE ALK 7= 57
FiY7) . XF(EE ChREAK =320 ) . XZ(RE K
FEFRIE A AERL) . XM R K = R ). QS(Hi
WY AR UETL K = FR I — ) . ASCE LK = 25 )
RB(i #K K 7= FR 9 G VEAL) . PACK % 325 3%) |
CC(HRAB/K = FRIH A VEAL) . CIAR TR HE AL K 7=
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AR CRERE S . IR SORAE R R A AL
KA YEFEOK 2 2 om TR, IR 51K DT
YR b 0 0B T ¥ 48 S RE A B R S5
FEWRHRRAT

12 @O

i I USEPA 8270D { “SUAH €4 335 5 1% 12 43 #r
AR ALY ) KGR RE ) 16 i
e 4l PAHs. GC-MS 2 M &5 HEAE 1R
9280 °C, ANGri, #EFEHEEN 1.0 pL, AEURE N
I mL/min, #1480 °C £ 2 min, L) 20 °C/min
T+ % 180 °C, 44F 5 min, LA 10 °C/min J &
290 °C, fRFF 5 min, B FUEEEE R 230 °C, &+
fLRB = 70 eV, R 280 °C, PUZAT i
JEoh 150 °C, FHIEHE B T3 #2047 e A

PURAR 22 38 07 5 AF 0 W S 46 7 W 4 Tl e 4R
AR EICEE B 10 NRER I 1 A TR
FEFINbR . AERCEATRE . BEBTINAR ISR R 70%~
106%, Jikas ATk . fEnP IR, ZE-dg
H 70.3% ~113.4%, & JE-djg K 76.3%~105.1%,
3E-do M 80.14%~91.2%, FixJi &5 R4 ISR IE .
1.3 KRS

45 AE 4 T e Ah & FEAE 5> F LA 7 2
W PAHs SRR /Y H R 7M™, # I 3 B 48 b
A Ant/(Ant+Phe). Flu/(Flu+Pyr). InP/(InP+BghiP)
H1 BaA/(BaA+Chr) 4 #1 I, (£ 1),
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Fig. 1 Distribution of samoling points of grass carp ponds in Chongming Island

https://www.china-fishery.cn

R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

1234 XK, S5 S0 LA T 2 B 05 R 0 43 AR B0 B A A R 2057

%z 1 PAHs BIRIE¥| E 5 HR

Tab.1 Source determination indicators of PAHs

PAHsHI Frimikke PR IR e L ORMIREE AR
types of PAHs petroleum combustion coal combustion burning of grass and wood petroleum
Ant/(Ant+Phe) >0.1 >0.1 >0.1 >0.1
Flu/(Flu+Pyr) 0.4~0.5 >0.5 >0.5 <0.4
InP /(InP + BghiP) 0.2~0.5 >0.5 >0.5 <0.2
BaA/(BaA+Chr) >0.35 >0.35 >0.35 <0.2
RS oATE [T SPSSEAFXF 16 F TEL Al OEL 2 Ji] i ¥ 76 WU JL R 8%, A F

AR PAHSs Z (A SCPE 0 b, 5 R AR RS
PAHs & AE N — AR R, X M AT 0 —
P Ak B ] o3 o3 Ak AT IR, a8 A F
£ AT 118 35 B U R A% T2 A8 T A R 1 R
W%,

L4 ESREEMN

BT TR AL Long %1995 442
H G 8O DX B I 32 (effects range low, ERL) Al
BN X 8] (B 5 (effects range median, ERM) J&
HHAUURY R, YAy RENT
ERL, W= mASS N AT REEA KR, #%
4T ERL Ml ERM Z [i], DU B AT I AE Y A2 25X
s nE KT ERM, sias =A™ E A 8400
KT S M ERL (bR R K (LR
KIEMUURYIH PAHs ARSI, AT
K = c(PAHs) /ERL
Krf, KIEKEIRRE; «(PAHs) RR LAY
PAHs M E (ng/kg)o 24 K<0.1 if, PAHs X} 3R5%
TCWEFE RS 5 0.1<K<3 I}, T 7E AU JL 3R BAIK
3<K<T W, HAEREG LA A, 7<K<10 I, ¥
FERU LR s K>10 BF, ] BEA7AE A S KU
AR 2 A A R DURR ) o £ o o 1
(SQG) & — iz JH TIF M UL o PAHs A4 25
S 18 77 5 21, 2006 45 il & R gL b v 48 i A 1)
LR o7 & b U A 55 UL S0 R B {HL (the rare
effect level, REL). Ilfs 5550 #¢ B {H (the threshold
effect level, TEL). {8 &R & Vi ¥ & {8 (the occa-
sional effect level, OEL). HJ HE % v ¥ B {H (the
probable effect level, PEL) FIJi ZX5% b e FE A (the
frequent effect level, FEL)™, 475 ¥k i KT
FEL I , ZH B TE o A S W, AT
PEL #I FEL 2 [0] i ¥ 76 WKUBS LR &, v T
OEL FiI PEL Z [a] i ¥ 75 U JL R 45, 4r F
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REL F1 TEL 2 [a] B 8 76 KU JL R fe /R, 249 %K
B /T REL B0 JG 78 78 JRURS: B2 40 vz BRAE A 1
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2.1 PAHs BER7THIFR

X 55 W5 B0 3 3 3R )2 U0 AR W i AT HRURE
EHT, KB 16 FPAR SE IR 1 PAHs YA K i
YPAHs 7% & 35 [l 0 K Kt (ND)~1 654.09 pg/kg,
S 95.13 pglkg.

ZH A4k I, PAHs & L . B2 1.44~
1 654.09 pg/kg, k7= ND~246.27 ng/kg, 47 ND~
180.33 pg/kg; V¥ & &AL LA S 2 (204.56
ug/kg)>tk 2% (43.36 ng/kg)>%7% (37.47 ng/kg).

23R A A b, 5% BT AN TR) X 3R £ b 35 T
Y Y PAHS (1978 Ak BE B, I PR IX i
J (RB. PA. CI) % YPAHs B & % F W A2 vt 3
(QS. XZ. AS F1PA), TEWTEIBIET, SP0HH
X g0 P (XH, XZ. CC) Y PAHs & & B i}
T ARERUT R s o S B b WE Y PAHSs B
oA, R R, EVEEOOE TR (€ 3).
2.2 PAHs HY4H AR $FAE

I3 R B, AR FREC PAHS A S e A STk
MK BN 50 R 4 3K (62.50%)>5 FF (18.22%)>3
R (17.86%)>6 ¥ (1.28%)>2 ¥ (0.15%), 7~ B
At 3 AR TS Y ) £ B 4~5 3R PAHS
(1 2). 2 2R F1 6 PR PAHSs X 7F 52 BH 13 VG 30 R AE A5
gl . AR, {XFERKER 2 38 PAHs & &=
T 6 (3 3),

S5 W1 8 B A0 W B DURRY) R [R) PAHS A Y
TR (& 4), Hrh 2 PAHs 1P &
5 0.15 pg/kg, 3 ¥ PAHs ‘P& 3.44 pg/kg,
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Fz2 REN4H PAHs FIESKERE
Tab.2 Ecological risk limits of PAHs in surface sediments
PAHsFhZ SN TMEAR 80N DK () T i 2 L BOSIR A I SR80Sk B ARSI AR P BSOS JEE B A3 B A A 8 (.
types of PAHs ERL ERM REL TEL OEL PEL FEL
% Nap 160 2100 17 35 120 390 1200
J&  Ace 16 500 3.3 5.9 30 130 340
JEkE  Acp 44 640 3.7 6.7 21 89 940
B An 19 540 16 47 110 240 1100
% Fl 240 1500 10 21 61 140 1200
4E  Phe 85.3 1100 25 42 130 520 1100
HIF[a]E  BaA 600 5100 14 32 120 390 760
Ji# Chr 665 2 600 26 57 240 860 1600
WHE Flu 261 1600 47 110 450 2 400 4900
B Pyr 384 2 800 NA NA NA NA NA
#H I [ghi]tE  BghiP 430 1600 NA NA NA NA NA
HIF[a]tl  BaP 63.4 260 11 32 150 780 3200
T FF[ah]E DbA NA NA 3.3 6.2 43 140 200
s YPAHs 4022 40792 NA NA NA NA NA
#*3 ERREGMERENNY PAHs RERFET T
Tab.3 Content and seasonal variation of PAHs in surface sediments of grass carp pond in Chongming Island

ZA KFER sampling point

PAHS S;;;n Xz XH cC RB PA XF AS XM cJ Qs
23 2rings HEZ  summer ND ND ND ND ND ND ND ND ND ND
#*Z  autumn ND ND ND ND ND 4.16 ND ND ND ND

X7 winter ND ND ND ND ND ND ND ND ND ND

3% 3rings HZ  summer 11.76 257.43 32.26 14.52 6.40 2225 9.06 38.62 1.44 ND
#ZE  autumn 50.39 6.13 4.13 372 0.75 25.66 ND ND 0.72 ND

A2 winter 6.61 ND ND ND ND ND 6.06 ND 0.78 11.06

4% 4rings HZF  summer 54.90 1012.43 43.55 35.16 4.00 33.38 16.72 24.13 ND 14.62
*Z  autumn 156.84 29.63 14.46 ND 5.23 49.94 3.09 3.79 0.72 ND

K% winter 99.13 0.87 19.87 ND 6.80 ND 122.74 ND 10.13 21.43

53 Srings HZ  summer 14.90 347.72 6.45 ND ND 7.42 ND ND ND ND
*Z  autumn 39.03 6.13 8.26 ND ND 20.81 ND ND ND ND

X7 winter ND ND 17.66 ND ND ND 51.52 ND ND ND

63 6rings HZFE summer ND 36.50 ND ND ND ND ND ND ND ND
#*Z  autumn ND ND ND ND ND ND ND ND ND ND

X7 winter ND ND ND ND ND ND ND ND ND ND

SPAHs HZ  summer 81.57 1654.09 82.25 49.68 10.39 63.05 25.77 62.75 1.44 14.62
#ZE  autumn 246.27 41.89 26.85 372 597 100.57 3.09 3.79 1.45 ND

A7 winter 105.74 0.87 37.52 ND 6.80 ND 180.33 ND 10.91 32.50

H: NDFERAM
Notes: ND means not detected
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Fig. 2 Distribution of polycyclic aromatic hydrocarbons in surface sediments of grass carp pond in Chongming Island

1. summer, 2. autumn, 3. winter

®x4 TEPAHs RFAFHEEREHEEFDEN

Tab.4 Seasonal variation of average content and detection rate of PAHs

SEY) & &/(ng/kg) average content i 2/%  detection rate
PAHs ik H7 B X7 FEE HE e X7 A
monomer summer autumn winter average summer autumn winter average
238 2rings Nap ND 0.46 ND 0.15 0 10 0 3.33
33 3rings Ace 1.08 0.80 ND 0.63 10 30 0 13.33
Acp 0.58 0.23 0.09 0.30 10 10 10 10.00
Ant 9.90 1.96 ND 3.95 70 20 0 30.00
Fl 3.09 0.24 ND 1.11 80 10 0 30.00
Phe 24.73 6.94 1.90 11.19 90 60 30 60.00
435 4rings BaA 19.13 3.94 3.58 8.89 90 70 40 66.67
Chr 24.74 8.05 4.61 12.47 90 60 40 63.33
Flu 39.56 8.43 6.64 18.21 70 50 60 60.00
Pyr 40.46 8.88 5.37 18.23 50 60 60 56.67
53 5rings BbF 13.71 3.34 2.50 6.52 40 40 20 3333
BkF 8.38 2.65 3.25 4.76 30 40 20 30.00
BghiP 6.72 ND ND 2.24 10 0 0 3.33
BaP 8.26 2.26 1.94 4.15 10 30 10 16.67
DbA 0.58 ND ND 0.19 10 0 0 3.33
635 6rings InP 3.65 ND ND 1.22 10 0 0 3.33

VE: ND. ARt

Notes: ND means not detected

4 3K PAHs V- & B0 14.45 ug/kg, S PAHsF 3£ (17.33%). 2 ¥ (3.33%) il 6 3F (3.33%)., Hif,

YI& R 3.57 nglkg, 6 3 PAHs FXI& 0y 122 R E 1 PAHs 54K N BaA, HAlH H &8

ng/kg. it 50% A PAHs 43 %4 Chr, Phe. Pyr fil Flu, 7£
SR R IE IO T PAHS SEIRG IR ST HE th A 3 B 4 R 205 IR

MR E MK R 4 28 (61.73%) . 3 35 (28.67%). 5 ki i (3% 4).
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2.3 PAHs KR

SR FHAFAE 43 HOAEL I 0 52 BH 15 w0 b B DT AR
Yrrh PAHs (R IRHEAT LB AT, RIS B L
4.3t JE A P BaA/(BaA+Chr) BB JE N 0~
0.59, “FHE R 0.42, Hrb CJ s BaA/(BaA+
Chr) f5<0.2, XF &7E 0.2~0.35, HA4 s AT
035, XFHEE 1 BE, vTUAE HBR CIh i 2
TH R F X SR AE s A R B U5 A, A b 3 1)
PAHs ¥k B A= Y1k be s F S IARY) o PAHS
5 fF {5 Ant/(Ant+Phe) 9 71 Bl & 0~0.32, “F 14
015, H A ERAE A Ant/(Ant+Phe)< 0.1 ) PA .

FrE FmRGE  ERRR
petroleum petroleum biomass
combustion combustion
. CC
03 | : - fex
XZ PRI UR
— - combustion
O XF ! =
£ 02 . RB XM
+ | ]
g
<
E 01 F--------J----taoos
< AS
: - i
0L C_J , , Pf_ Qs petroleum
0 0.2 0.4 0.6
BaA/(BaA+Chr)
(a)

AS. CJ QS s PAHs FE AR, XM,
XZ. RB, CC. XH il XF % 6 N3 1 PAHs &=
Bk ARG UR , L LA A T BR B A AR A
(&l 3) HEAf 3t JE DAY T PAHSs 1Y Flu/(Flu+Pyr)
U 0~0.62, “FH{E A 0.45, Flu/(Flu+Pyr)<0.4
1) XM, PA Fil XZ ¥ 9 PAHs 2k B T4 IR,
Flu/(Flu+Pyr)>0.5 fi) AS. CJ il QS it 3 H (1) PAHs
SRR WA, A4S RAE ALY PAHSs S A1 il
PRPEUR . 27 b HeAr, mT LA KT 42 0 0 o £ 3l 3

UURRY o PAHs 1Y 2R AR, HrDiAE
YREh 3, Uitk be
FIR FMRE  AERRE
petroleum petroleum biomass
combustion combustion
1.0 [ :
; LS "
08 | : : s
iomass
CJ : ., AS combustion
206 *® i Lo S
[} ! XF CC XH E {mw‘ﬁm
g ””””” . petroleum
B 04 - - e - -RBLoL combustion
\5 i XZ
[ i
027 . EERiY
i PA XM petroleum
0 Ff ! (]
0 0.2 0.4 0.6
BaA/(BaA+Chr)
(b)

B3 KASE&MIEREIRY PAHs 7 FLLE

Fig. 3 Characteristic molecular ratio of PAHs in surface sediments of grass carp ponds in Chongming Island

XFAd F SPSS F AR AF B M SEBH 5 10 4
A3 E TR 16 Fh PAHS 1 BT Bk R E 1T 4
Bro @R, VURYI A PAHs £ 2 3~6 31
PAHs 405, b Acp. Fl. Flu EE R AM .
FREF YR BE R F6 /<), Thi % 28 Phe. Pyr. Chr,
BbF I BKF 32 ZER I TR b fi g @ is 4y, K
I HE B AR TR Y PAHSs 3K H BRBRTR A TR (8] 4).
2.4 PAHs XS

SR U RR ) I ik o 3 Xof 5% B I R 6t
DU AT AR SR o0 A7 o S5 R WoR, S5
HE At % th Y PAHs Fl 45 PAHs /)7 2 {H 4K T
ERL, SMAASKEEAR/N, (HEZEHAor KA S
FE— 0 PR A RS o A4 5% BH I o 3% G
Ty PAHSs - {8 i KA R M i ERL, SR
I PAHSs % A= A B0 A2 KU K311
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MZEAA5 M B, WF5E K PAHs #9425
RS 5 A BEAIR (% 5)e E BN e, Hh Ant
it 8 7 XU JL 2 rp 45 HAY 2 Ff PAHSs B4R (Nap
FFD) Jo v AE KUR: , oA 9 Fl PAHSs SR 7 78 X
B LA FKFIRZ, 5F0 PAHs HLik (Nap.

Acp. Fl. BaA. BghiP) LI7E XU ; F & 2=,
EL A 8 FPAHSs LA B JC 1 78 KU K F, Hi4y
PAHs B4 X A 25 P 358 2 ok 190 JXURS: 7K - o 28 de
fRKF-

®5 FHBESMERERRAYD PAHs EEREFETHEN

Tab.5 Seasonal variation of PAHs ecological risk in sediments of grass carp pond in Chongming Island

. e HU PAHs#{4
ecological risk level HE = A7
summer autumn winter
N L Nap, Acp, Fl, BaA, Nap, Ace, Acp, Ant,
TEEAE XU 1 risk Nap, Fl
K<0.1 TP no potential ris ap BghiP Fl, BaA, Chr, BghiP
Phe, BaP, Flu, Pyr,
N L L Ant, Phe, Ace, s
0.1<K<3 VEAE R L EAIE  low potential risk Chr, BaA, Ace, " ¢ Ace, BaP Flu, Pyr, Phe, BaP
. Flu, Pyr, Chr
BghiP, Acp
3<K<7 WEX L % medium potential risk Ant
7<K<10 WEAE RS LA E  high potential risk
K>10 A REAFAEA AR possible ecological risks
HR 5 DR o & A R, X 10 A AE I Bl r A ) A T i %, Al

PAHs 47 AE B XES A . 45538 BR{UH 2 2 XH
b 3% 77 7 Phe il BaA ¥¢ ¥ 4+ T OEL 1 PEL 2
B, fFEERAEEENK . 25 XM, #E/ XZ
I RB LA J 47 AS 5 Pyr. Ace fil Chr it i
4+ REL Fl TEL Z [H] . H 43 ith 3% ) PAHs ¥4
it REL, Joi7e XU .

MZS 534 FoRE, SRR (XZ.
XH. RB il AS) fA7E A6 WU JLR A X R s, H
55 VG b 3 P XU L R T AR . N AR ML b
B, BEXNE G, 8T S5 KK,
BRERZ, KRR F AR (K 5).

3 iR

SER SR — AN X B ST B B 0, BERRAR R
% H 0 4 DX 3R ) A R AT WE SR e A, AT
LWL . 4 1ar s £ B PAHSs Y5 YL 00, A
FIF 43 M7 75 e B DR RN GHE B 355 0 AN F 5% TP A2 B
1) AR 7 B U Y PAHS & K OSF 5 K TR UL
N £ [ L (S8 e o /A N Ml @ - S T R
A IR Y JE I P e K
W, B TRICAP Y b PAHs &, 2
5 5 X da vt 3 S PAHSs & B, V5 DU A )3t
o, JUHUR B VEE R X YE S s
HMERZ, SUSITHEED P8 BoR, S0
VG T L Tk & RE T, AN IR

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

DA B 252 B 15 5% 58 o 9% v /9 PAHs 825 5 Y Ab
TArTE A 56, WAL b, #F5% X PAHs &
FEHERE, KELFEZFHWMD, X5EFH
HR UG, R )AE Tl iR it 7 A 1) PAHS 38N AE
FEAH M

. B4R PAHSs BiK MESR, B 5 TR
TRy h, SEUUEY S PAHs i . &4
TR PAHs 9 11, @& 4r TR PAHSs 18 13 K
A K 2% S RS U R AL 4R B RE 8K, i A F 5%
K BLAE W B A0 b Y UURU T PAHS L 4~5 35K
¥, REME ST PAHs E 0T P AR H B,
5 FEE PP T ) PAHs PRECAT AR A
FHAL, FIREZ 50 5 SR E SRR, A
47 F i PAHs 75 YL IR/ o i o 3 4 o
KL, SR s R Z VIR b PAHSs A £ R
A#RREUR, Horp DLA kb £, R £l
IRBEUR, Horp B A VE R X LAA IR o R
X LUR IR A . B AN ED 5T 5
A< H £ 58 v PAHs (195 U5 % 30 H: 5= 247 A i R A
PRPER 2 T, HL MR B U5 T B DA AR B R
ARG R IZ VU Y PAHSs 1k U5 R BT AH 2
L, U6 3% PAHSs 1R IE 5 & 9 HAb AR S R
SR, WA LA, BB AR
Wr ETF, TEL BB, X154 R0 HUmE
Ao WIS RIEEGIRA , DY S E E
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Fig. 5 Ecological risk of PAHs in surface sediment of

grass carp pond in Chongming Island

KSR S5 B B [RGB, R 3 DT T HE Y
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gical risk assessment of polycyclic aromatic hydrocar- 4275(in Chinese).

Distribution and ecological risk of polycyclic aromatic hydrocarbons in
sediments of Chongming Island grass carp ponds

LIU Yunfei ?, LIU Xingguo "', GAO Zixin >, CHENG Feng "’
(1. Institute of Fishery Machinery and Instruments, Chinese Academy of Fishery Sciences, Shanghai 200092, China;

2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
3. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China)

Abstract: In order to investigate the polycyclic aromatic hydrocarbons pollution of pond aquaculture in Chong-
ming Island, the contents and distribution of 16 PAHs in the sediments of 10 grass carp ponds in different areas of
Chongming Island were analyzed by GC-MS. The sources of PAHs in ponds in different areas were analyzed by
principal component analysis and characteristic ratio method. At the same time, the ecological risk was evaluated
by sediment quality standard method and quality standard method. The results showed that the total PAHs content
in the aquaculture sediment of grass carp pond in Chongming Island ranged from ND to 1 654.09 ug/kg, with an
average content of 95.13 ng/kg, of which the contribution rate of PAHs in the 4-5 rings was high; the PAHs con-
tent in the sediment of grass carp pond in different areas of Chongming Island was quite different, the content of
pond in the middle of island was low, and the content of pond around the island was high, especially in the west
coastal area of of Chongming Island. PAHs mainly come from biomass combustion and oil combustion, which are
generally at the lower middle pollution level, and the ecological risk is low, but there are potential ecological risks
in the ponds along the west coast of the island, which should be paid attention to.
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