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1.1 SSIe#r#

RN R
( Dichloromethone ) | Z, Ji§ ( Acetonitrile ) | 5 7 Bk
( Petroleum ether) FIC/K £ BEEE 1A K (0 141 | 1504
B 255 M5 SEE T 5 I 650 C Ry H% 4
h, R HEHAL B TR h ORA7F . 16 Fl PAHS
AR B Z 5P (R ) A RAF BT 4 °C
VAR
1.2 #mXE

RAEARGE T 2018 4F 5 H 22 H¥ G, JF T3¢
FEI B 7 A 9 A e 4l X e %
[E B URIEFR 50 7 (8 ANURIE) 47T 2 [RIE IR Y %
4,000 AET A 12 H (436 ) .8 A 2 H (252
FB).8 H24 H(17T8 &) 9 H 14 H (111 &) 9
H 27 H(97 &) Rhfo FEah i FR5E A 53 FRFH AR
PERBENLAH BT, AR SR AR 08 B B AR
RIS 5 SORFEITTR] B R R AR RO MR AR B T
FHPINA DR AR I R ORI A o Il S =L 7R
=20 CUkFE P ORAERFIN
1.3 HmifstE

R B 22 BRI Sk RSSO RS A0 LY B
A, A5 T B 302 VR T, P D 30 3 AT K O S o
IR . KRR 3 g (K E] 0. 001 ) BFEE )5 Y
WKy BT oK O BETE BEad R 2 BUE L A 1S
mL 50 e A T I 2R B

ERE A BT B AR AR E T, S
A 4 mL ZJiEHgike 1 min 5850065, FHIN
A4 mL S IER AL i A, BER R 1
min, [ H 55 /0BG, T 3 000 r/min .0 10
min K bR A BRI B s E W, BT S
Fo ¥R TR HASKT, HMmA 2 mL £
A AW B R ER LIRSS BBk B

Al SERRE S BT D IR R K 4t
T, 1 10 mL iy G0 e o gk e IS v A AT S B
292 mL {45 N8 5 1Y 5k B V)L B REIRAE Y
10 mL Z G W Be 0y 2 AT A A B, B 4k
Je PRI T 3 B0 P AR T
ARV, d5cJe I S 3 22 Y Uk 38 3 0 0
VR E A Z 1 mL [ ShFEREm R,

1.4 #HRENE

ARG EFE S Y PAHS! (3
J&H: A DB-5SMS(30 m x0.25 mm x0.25 pum) , 3%
SREAR, TRE N 1.2 mL/min, $EAE O E 280
C, #ERE 2 pl, FERE DT N30, THIR R FF LA 15
°C/min BERTFE 190 C,FLL6 C/min 13 R
T+ 215 C,RJ5 LA 20 C/min {3 R T = 280
C,{%FF 10 min, 54 20 °C/min HJHE X T E
310 °C , {3+ 2 min,
1.5 RERHFHERERIE

PRI HCHE HE A, X LR AT AR Y B A
il , R AR E SRR iR B . 16 Fh 23105
K20 J 25 (NAP) Jg M (ANY) \Jig (ANA) (7
(FLU) \4E (PHE) (B (ANT) % (FLA) i
(PYR) | jiii(CHR) F&Jf-[a] B (BaA) FIF[b]
P (BbF) A IF [ k] 298 (BkF) (R Jf [a] i
(BaP) . #Jf[ah ] (DBA) \Eijf-[1,2,3-cd]
EE(TPY) FIATf[ ghi [ 4E(BPE)

T IR MR A Y PAHSs 5 J7 vk i AS: 3 R A% [
WeRANER 1 FT7s o FIrARE b 0000 7 24 38 42
FEas [ S50 K 2 APAT AGR BB HE R 7

F1 FRBEMFEA PAHs MEFTER
BRI m B (FRE)
Tab.1 Detection limit and recovery rate of PAHs
determination method in Macrobrachium

rosenbergii ( dry mass)
# PR Detection [A[ 3% Recovery

PAHs limit/ (ng/g) rate/ %
NAP 1.79 74.2
ANY 2.14 80. 1
ANA 1.33 82.7
FLU 1.39 78.9
PHE 0.59 85.1
ANT 1.62 90.6
FLA 2.62 91.9
PYR 0.85 89.4
CHR 3.52 93.8
BaA 2.61 88.2
BLF 2.17 83.9
BKF 1.71 78.5
BaP 1.66 110.0
DBA 0.40 78.6
IPY 0.53 82.0
BPE 1.42 85.7
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1.6 fERMMETM
R FHZ 5 BUm KR VAN 155 B DA 22 34 05 &
XFRGERRE S F RN, o HRTUCR T [a] B
AABURRERN T (Fo) , TH R PAHs £ 5K
AR BE T T 2 & A (Fop ) #2460 BaP 1955
PEY i RE AT 2 B BUE KU 9 4G 5 (R
Incremental Lifetime Cancer Risk) , Ky, 1 R B3]

AA:
Epp= ici X Foy,

“Fe t R - Fy - Dy
W-T,

Rh.C, FRE | A LI IR R EE , ng/ g5
Frp R85 i MEI RS T BaP (34 Y
BHET P N BUEALRIN T, RN [a] B
R RR N T HUE 7.3 mg/ (kg + d)5R, 2
KT AR IR 15,4 ¢/dP 5 Ry R
AR, A 365 d/as Dy S SRR ],
{EH 30 a; W F2/R Rt HUE 70 ke T, 22

(1)

(2)

I HUE 70 a. B RRIREREKRIE 75% TH5E.
2 #ifHihe

2.1 BRBURERH PAHs &8 K HR ST

B % G AR N 3 PAHs S35 il
106 ng/g(%% 2), T ANY,ANA DBA IPY #l
BPF 4, Hix 11 Bt PAHs $8i6 th . 5 HAt X
FIEG ST K = f X |3 32 A MR 38 (257 ng/
) HTIL IR B AR % (120 ng/g) VT M X
(424.3 ng/g) " LW T 1 UF ( 489 ng/g) T
FIGEYIK G 25 75 AR (493 ng/g) "™ W T
VT SR A AR (56. 2 ng/g) 7 IR [T 31X S5 A AT
$:(21.3 ~27.2 ng/g) "' WL la, SafdokiE, A
FHH X B G IR MR PAHs & H 76 25 A% K 7, A
B LA IX 4k T ARG AR 75 etk 25 B AERY 7
FhEEs 1 PAHs ( BaA ,CHR , BbF  BkF  BaP , DBA
FIPY ) B2 29. 9 ng/g, 5 X PAHs [l y
28.2% , % HLAR A

*2 FERAPEPFRABANEASHRFTERE
Tab.2 PAHs content in the breeding cycle of M. rosenbergii

ng/g

E7874 4 E(07.12)

AT (08.02) F A (08.24) FMUGH1(09. 14)

B (09.27)

Ring PAHs Seeding stage Pro-stage Mid-stage Fin-stage Incubation stage

2 % NAP 7.11£0.13 8.77 £0.022 8.90 +0.21 12.1 £0.67 12.8 +1.24
JE i ANY N.D. N.D. N.D. N.D. N.D.
j& ANA N.D. N.D. N.D. N.D. N.D.

3 %j FLU N.D. 2.60 +£0.016 8.88+1.14 9.43 £0.87 9.85+1.13
4E PHE 4.35£0.27 4.97 £1.10 8.01 £0.48 8.18 £0.071 10.0+1.35
L ANT 5.12+0.63 7.55 +0.90 10.8 £0.029 12.5+1.10 12.8 +2.60
P FLT 5.92+0.32 5.93+0.13 9.92+0.19 10.7 £1.87 11.4+£1.69

4 ¥ PYR 2.16 +1.31 2.82+0.94 3.12 £0.058 3.87 +£0.43 4.05+0.72
K[ a] B BaA 8.37 +0.89 8.47 +2.01 13.9+1.42 14.5 +£0.85 14.8 £0.33
Jai CHR * 11.5+1.25 12.3 +0.085 13.8 +1.65 16.1 £0.07 16.8 £4.54
ZRIF[b] P BbF* N.D. N.D. 2.61 +0.21 3.35+1.35 3.61+1.83

5 ZRIf[ k] 7 BkF* N.D. N.D. 2.12+0.28 3.28 +0.64 3.82+1.06
ZKIf[a] € BaP* 3.02+0.33 3.49 +0.36 4.48 +0.21 5.26 +1.52 5.62 +£2.31
T Jf[a, h] B DBA* N. D. N.D. N.D. N.D. N.D.

6 BiF[1,2,3-cd] i IPY * N.D. N.D. N.D. N.D. N.D.
#3f[g,h,i] I& BPF N.D. N.D. N. D. N. D. N. D.
> PAHs 47.6 £2.4 56.9 +4.1 86.5 +0.98 99.3 4.5 106 +7.5
> cPAHs 14.5 15.8 24.0 28.0 29.9
Egpp 3.14 3.61 4.91 5.79 6.19
Ry 5.40E-07 6.21E-07 8.45E-07 9.96E-07 1.07E-06

TE:N. D IR RAE T, « FoRBUEVEZ 300748, cPAHs FOREUEMEZ 307 s it

Notes: N.D. means not detected, * means carcinogenic PAHs, ¢cPAHs means carcinogenic PAHs content

X B R RIKE 1T R 2 RIR R (A PAHS 2R
ot (I 1b) AT, 3,4 FREEF Y BAA 7 3 PAHS
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2% ST 2 L IX 35 Ye Y5 [R] 20, B i 3 [X R
5 Y R [ TN IR G e Ao

s 28
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HILHIX o
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HEREFREX
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101 102
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103
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FUATIHE AL PN 7, 52 A0 ik Ttk U 75 G T RE PR A
Mo REMMBKUIEIRIAT R DL 4 30 E, E
TERUR T BEAFIE M WRBE Bt 3R
PAHs 755 PR IR A S2 BRI B8 O i Al BE 5 % 3t
IX PAHs {5 YR OCA 5C, Q) BESE A A R
RRE , IR S A be i 4 A LR PAHs DL 73 14t
FpRR EY A, BT AN A T, — R
SIRYE FAZ A Al ) A= )R A R 36 PAHs U T
KR R K A A

8 2% 2-ring
wa 3% 3-ring
72 A¥f 4-ring
=3 5% 5-ring
63 6-ring

0
Lo BEGTH BTN BEUEH ERu
Seeding Pro- Mid- Fin-  Incubation
stage stage stage

stage stage

(b)

1 HftXF5EK=mikR PAHs 28 (a) R &R HAHMEFIE(D)

Fig.1 Content of PAHs (a) in cultured aquatic products in other regions and characteristics of each period (b)

2.2 FRBEFFELESR PAHs HEETWK
AR LINIOE T BN i o kIRt I = B A ]
W1 E R B S R E R, 7R H 5
51,7295 115 F1 129 d, SEH 44 i & 0. 46 .
2.30.5.90.9.86 1 12.9 g, FEXtA ] i 101 98 R 4k
W PAHs &6 (181 2) #- 47 T BRER 00T . 4
EF Y PAHs 51 M 47.6 ng/g T3] 106 ng/
g, R T 152, B BRI AE UG B PAHs
FETRERA PR B A AN K (KR53 518 19%
M 7% ) AAHPRAELE—AS TR AR Y PAHs 5 5
S BT B, B BT 2 F AT ] PAHSs B
T 52.0% o XN LG5I IR SR JE I o A K
R R FEY (B 2) ) % T AR I7 5 )
(60 d DAN) A KR 5008, 2] 3 H i AL
(60 ~100 d) Ay Ak Ky W i B, M4 o 3t 2 < 12
IR E R AR, I A 43 P A DR kA 0
B BX I 1Y) PAHSs 75 HAR P 1 22 ARG A8 3K 31 i
Ko PRI GV MR B8 & i R, Sl U5 )
BEAS B B RS UTRE R R A2 I 1 9 PAHS $47] fig
HEA YR, S50 PAHSs 55 52119 1 T, B

CER DR A, B 1k 2 22 R 5k A%, [ s i

X ZKAARFIGCRR ) ot St (%) W, S v s 0 3 o i
RKRIREE , Jdi/D 4N PAHSs 55,
— PAHsH & - (KR
E 120 PAHs content Body massZO
= >
o 15 @&
o o
8 40 IH
v 5
Z ®
[=
51 72 95 115 129 0

FFEH# Culture time/d

B2 FREMASHAETELIEZURGREETN
Fig.2 Changes of PAHs content and body mass

in M. rosenbergii

2.3 FRIBMMERN PAHs BRIRS
ORI M AR PR ) PAHs SR 207

B K AE X 4> F i (low molecular mass, LMM,

2 ~33% {9 PAHs) F1 #& A X 2 7 JBit & ( high
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molecular mass, HMM ,4 ~6 ¥ [ PAHs) f¢ Ho{H—
SEREHE b A A 4R R PAHs O B0 5 4R
LMM/HMM > 1 E/R{&0 T i PAHs |5 L&
2, BTG g TSR IR T A il s LMM /HMM <
1 Fonm o+ PAHs 5 H 2, W75 g = SOR A
FRRBEUR 2 B 1 AT LU 45 B0 LMM/
HMM B/NT 1, 0025 R P [RIHEFA N PAHs 3
SR BRI . S T — N X 5 PAHs
FRRIE, SCR T T PRI A ) 43 S AB K LU A VR R 47 50
HES S — A ARG TR PAHS 5 4 EEORJET
FR A AR SE A BE (18] 3) o BRI AT
RER IR T HAR AL Tl XA 715 3l , 1% Tk IX i 47
Tl A G B 2 A {H X PAHSs V5 G AH 3¢ A 31 3¢
AT b i A58 35, AR 7 R b Y i 2%
TR LA S A A A S5 A 7= T2 (S DA Ry E 1k
AURREE, AT R RARE A R 15 Y 2 L RIS
WM EAR L, P, ROR Al BB S Y IR A
e AR SIS IR YE PAHs By 2R YR,

% (l;etrogenlc Combustion

2n

g : o sk, BHRE
> 0.8 : Og Grass, wood and
) 3 O coal combustion
—~ 0.6} = g

ifj .. .- ............... Ell)elzaatetets ljD . 4 Etrﬁeum

flé 0.4}-- T R REII A el
SR AR,

" 2 etrogenic

R ool—

0 0.2 0.4 0.6 0.8 1.0

3 HHiH 8 NMRYES KB UF PAHS kiR
Fig.3 Source of PAHs from 8 shrimp ponds of
M. rosenbergii during the breeding period

2.4 FRABTRARRRE TR
RIEAK (L) F0(2) 5D IR UM 7 F
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PR BE AR 51 H R B SE A 52 BT B
11 Ry (1.07E-06) 55 F P % 1 8 b 4 55 7 &
FRTRERY Ry (1. OE06) PR 255K A0S (K T
S A A 2015 A PR X SR AT 2 11
oSO KR 25 5L (3. 69E-05) FI % 7 %7 1
2013 4F0J 5L 18y DX S5 58 /K 7 i 00 XU DF- 45
H(3.73E-05 ~9.59E-05) , 5 EPA #lEnyn] 2
52 MBAEL (1. OE-06) #2475 n] 4235 [ , 15 B i AR
YEZ RIAUME 2 21, fEIE R R 00 T 2 iz X
FRIHEI D IR IR A 20 AN R T U o
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Bioaccumulation characteristics and risk assessment of PAHs in the breeding
cycle of Macrobrachium rosenbergii

ZHANG Li', CHEN Yiqin', DAI Xilin>**, YANG Ming’, LI Juanying', PENG Ziran'

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai ~ 201306, China; 2. National
Demonstration Center for Experiental Fisheries Science Education,Shanghai Ocean University, Shanghai 201306, China; 3. Key
Laborratory of Freshwater Aquatic Germplasm Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean University,
Shanghai 201306, China; 4. Aquatic Animal Genetic Breeding Center, Shanghai Collaborative Innovation Center, Shanghai

Ocean University ,Shanghat 201306, China; 5. Shanghai Shen Cao Special Aquatic Development Company ,Shanghat 201516,
China)

Abstract; Polycyclic aromatic hydrocarbons (PAHs) are carcinogenic organic pollutants composed of two or
more benzene rings and are widely present in various environmental media. In order to understand the health
risk of PAHs in Macrobrachium rosenbergii ( M. rosenbergii) in the culture ponds in Jianguo Road, Caojing
Town, Jinshan District, Shanghai, 16 PAHs collected from M. rosenbergii in Jinshan District from July to
September 2018 were determined. Concentrations were analyzed for cumulative characteristics over time and
their potential food risks were calculated. The results showed that except for ANY ,ANA,DBA,IPY and BPF,
the other 11 PAHs were detected in different degrees. The concentration of Y, PAHs in M. rosenbergii in
different periods ranged 47.6 — 106 ng/g dw. The dominant components of PAHs were 3- or 4-ring structure,
of which 4-ring compounds accounted for the highest proportion,and the dominant monomers were ANT,BaA
and CHR. Traceability analysis showed that the PAHs in the pond are mainly derived from the combustion
sources. Using the US Environmental Protection Agency’s ( USEPA) recommended health risk model to
evaluate the health risks caused by the consumption of Macrobrachium rosenbergit ,the ILCR value of PAHs in
M. rosenbergii culture farms in Jinshan District was at an acceptable level and would not have impact on the
human health.

Key words: Jinshan District; culture pond; PAHs; biocaccumulation; risk assessment
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