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BE: MK AR B4R Pb 5 LA %R (Litopenaeus vannamei )4%- 2 2] 4 & 2 S RRCER M, R AE
B WU B ) 2R AL FLAN I X I 4 B FE K HR Pb HRBE R 0.0015 mg/L(B0).0.0080 mg/L(B1).0.0466 mg/L(B2)
F10.2302 mg/L(B3), Tk Pb ¥ 2.089 mg/kg(A0). 2.750 mg/kg(Al). 6.103 mg/kg(A2)Fl 14.520 mg/kg(A3)
PSR B b, AR . AMEER RN Po W92EW) S SRR, i Po 76 FLANIEXT R AR N 1 20 A . E AR
IERS PR LI AR, S e A PR S G S [ 3 e S R AU A5 B0 PLAN T X R X K R ) P Y 4R
HEFHK, HEHEEER K, AW EERE BCF. LW By, BEFHEAYIKRN Pb & Conn 5307
B RN (1) BBAE R EEFDRIEE, BO. B1. B2 0 JLANEEXTHRILA . S8R5 AT IR ZH 4L rh Pb & HE 1
INTFBRIEE 0.5 mg/kg, TI7E B3 WE/KRE h, Bl 5 MARLR B 1 K, 44120 Pb AR & TR {H (0.5 mg/kg)
AT ESF T HF AR B SRCB  JFFJEE A T P 118 R8T %6 5 - UL PR AN A T BRI % . (2) I SPSS18.0 X A&} Pb 5 i
KM . AR R AT = N 3 Ay 25 0 AT s, TDRRRE I K VR B R A I [ LA X R A5 4 4
Pb (5 4 2 i B S M 22 S (R T ARDRL R B X PLAN U X R AN B B L ZUrP P AR AN A B £ B (F=2.351,
P=0.071)], HAaAL. WK KB A8 BAON AT R, =F X EAERARE . 3) H SPSS18.0 X R4 Pb (5 4
ErE . DRNR B | MKV R AR I (R HEAT 2 OC BUA BT, AR R FE LN TEXTER A 412 R] Ph w AR AR, i
K Pb ¥ B TTRR S TiRDEF T Ph IR R TTIR A . (4) IAEIPEPIRS T, #08 A0 DRI, 4 K7E BO~B3 41
A, LN ESTIR LA ZH 400 Pb &8 0.128~2.981 mg/kg, HFBEMRLAZH Pb &8 0.399~4.765 mg/kg; k¥
EWB)TEE 5N 5~7 d 1 3~7 do MR A2 AR, A AE BO~B3 ik, FLANEXTEF LA AL P &
£ 0.380~1.000 mg/kg, HFBEMRLA LT Pb &84 0.288~5.355 mg/kg; kM 2F2K 2 W1(B )0 Hl 4 B4 2~7 d A 2~
5do HUSTAIE T, FFBIRALh S =R TALA.
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KA AR5 T T 32 B A R A X KR v 4
AN, R P AR Bl B g
AU A SRy 5 W LA T 0ot 0 4 T 4 R i o 1Y
PSR IR— KRBT RIERE, 56 T H 5 FLAN 0 F
AR A B 4 i O AR AT S 19 R DL ARG o AR SEgR T J
T K MR Pb AR LA MR 28R B R Y
RS S, ST VK DR X PLA
XTI N T R AR O DTSR, 6 LRI X I
IR BURIERA AR B

1 MHEFE

1.1 ##E

1.1.1 SKIEEhY  NLNEXTERER A VLI A =
M X LB, R H(0.15+0.03) g, KK (25+
3.2y mm, SEEHTHKE SR 1R, PR K R
B2y 16000 S MRBETT 5

1.1.2 K F LB ESE KN N LW
(C4HgO4Pb-3H,0), W4 [ Wi V148 W M 1 AR F+ 4k T
A

1.1.3 g7k  SLRTHFEAKCR AFREY, K
pH 7.8~8.5, R 25, 5256 W a) AK L 35 i 7E
(20£2.3)°C . ZMEAKH Pb AJRIKETLE N 1.42x
107°~1.46x107° mg/L; Cd K, #4 (h AR
LA E E AR S K bR E )(GB 11607—
89) WIHLAE o FHiZHE/K BN X BRAL(BO #EK), LA
GB 11607-89 1 Pb W FREAE 0.05 mg/L 1EH 4§

WL A1(B2) o 72 BL IR 0 46 /N K 4 45, 1R
JSCE ) Bl WEEEZH(0.01 mg/L)F1 B3 M4
(0.25 mg/L), BMWER 3 ANER ., HRUEEK
T 4 SR VR AR, BERE S d I —1R Pb Ml Cd
(R RE, A H BEAR AL I, ) R Bsf o 46 g /K (UL T
B RN BR K A R R AR ) . FLANEE
XTHRTE S50 3 & K 7 I K Je #i(5.0 mx2.2 mx
1.2 m)d 47, BO 41GfEK, X HEZH)Pb Sk B
9(0.0015+1.72x107%) mg/L, B1 #f7K Pb 52 e Ji
“41(0.0080+1.6x10™") mg/L, B2 ¥ 7K Pb S2ill ik i Ky
(0.0466+6.5x107") mg/L, B3 #E7/K Pb 52k B Hy
(0.2302+5.37x107) mg/L (£ 1), BIHrB, KI5
B 1 7K 4R A kT R A W K R A T S5

1.1.4 AR W H RO A\ AR
F14) 15 988 BT o7 8 78 X R R et 3 Sk X R
(A0), LA NY 5072-2002 { Jo/N 3£ dh s F i A 7]
kh 2z 4 pRa ) b Pb PR 5.0 mg/kg 1E N
FURE A (A2), LB —FHREQ2.S mgke)lEN
SCUR T AL VREEZ, 3 f5 UL (15.0 mg/kg)VE N SR
A3 MR, HAWIER 3 AESE, #T5mH
TR A=, A0 TR IR AL P B S 75
9(2.089+0.23) mg/kg, Al faklH Po AL &
9(2.750+0.58) mg/kg, A2 Tkt Pb Sl & i
$9(6.103+0.25) mg/kg, A3 falklh Pb S & =
1(14.520+0.28) mg/kg (% 2). BEBTEL, B hkt
Gl ke X A ARl R A T S

=

F1 BKPhIREMEHRE

Tab.1 Pb concentrations of sea water

mg/L
Wg/K4 sea water group
WiH item
BO (control) Bl B2 B3
il {H designing value 1.42x107°~1.46x103 0.01 0.05 0.25
SEINAE/(x107%) measured value 15+1.72 80.0+1.6 466.0£6.5 2302.0+£53.7
F2 1A P kEHEHIEE
Tab.2 Pblevel in diets
mg/kg
Tkt diet grou
IiH item grotp
A0 (control) Al A2 A3
BEITE designing value 5.0 5.0 15.0
SE{E measured value 2.089+0.23 2.750+0.58 6.103+0.25 14.520+0.28
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S AR FURE MR 4, Hoh e Al
1130 d, B o 27 do B FLANTE IR BT
SE YL R K JE (5.0 mx2.2 mx1.2 m)
FIHEFT, 29 16000 5 {5 M4 X IR O 2k 521 )
BEMLEL LR 16 A SLIK e (G5 R 1#~16#), I
BE AR 16 Ak e it (R A 4 R4, oK Hi R
T BFK 6 W, 12 BF, 18 BHEME R, A05086
Kt B R A M ) e AR (], AR R S PLGA I X
IR H BHARE R 5%~6%.

ABFFERTPIIR ZR DU T g 5 g, 4t 16
21, BFFEiE K AR R Pb A Cd AE FLAR T R Y
WL . BFBREAR . AMEEE 3 LU I 4 SR
FEME, FHSCE0 MR EE T B TR K FVRDAE X FL 4 72 %
AT FRAE, BRI IR . AhE- B FUILA KT Pb A4
Vs SRUE B

A SIS 12 9k, T EENS
0.3, 6, 11, 17, 24, 30 K, B 3. 7.
13, 18, 27 K, M4 S gt i BURE (RORE B DG %
IRRESEAE O, FEMEE R AT o
1.3 Hmath

FLERTEXTERR Y Pb 9 22 bR ifE ik 0L GB
5009.12-2010 { & b & 2 E FbrifE £ b e i il
EY, BREMHSE GB 2762-2012 (L2 HE
PR i R ) MRLE .
14 HEZRITFHE

12 RS 3 77 2 A U2 R4 p 8 S R 25
T H 42 JE 3 1% 280 >R JH SPSS18.0.,OriginPro
8 HATHHR A T4 -

2 ERESW

21 AAEITRHAEHARST Pb MEESEM
i

211 NMEXIMERNAAEL S Pb 2E2TH
BT OhE LA, B A0 IR (B 1-A0), L
YREXTUF LA T Pb SR AR AT £E 0~6 d
W Z, HEaHAL 6~17 d, MR AR 2,
17~30 d, B3 W/KWEE T, JLAH Pb & & FKA
BORWREERG N, B1 WE/KFN B2 HE7K i B2 H LA Hb
Pb & TS, 30~33 d N, 2518 FREHTF

%%, B0, Bl. B2 M7k LA ZH Pb & &
A B AR B IR T IR i A 0.5 mg/kg, B3
K ETEE 17 dE, NAHAZH P S &EKT
0.5 mg/kg.

HME AL TR 1-A1), FLYAE X ER LA
HPb F AR B0, B /KA B2 K
W LA P AR S A0 414H{; B3
MKW EE T, 0~30 d N, WLIAH Pb & &t i 234,
TEBEMSE 6 K A, NMNAZH Pb S AT
0.5 mg/kg, 30~56 d FF IR/ # T 2% .

PR A2 FRREET (] 1-A2), FLAYEE TR P
Pb SEASLBEARAT: 0~11 d NIEIEEEK,
ANTR) R 7K B B K s AN [R], b B3 /K AT B2
VKBS R R AL, BO WK B1 K H
AHAL; 11~30 d N, B3 TEEZK R L Pb 2 i AR 2238 i,
At Vg K U B R, BE G2 48 IF B ks T T 47
30~33 d, L1 TR, 33 d B TFLR; B3 MK E
W, FEE LM 4 RAEAGNRAZUH Po F KT
0.5 mg/kg, #&AFEHLBTBL Pb &2 KT 0.5 mg/kg.

PR A3 AR (] 1-A3), FLAYEE TR L P
Pb & B ARLEAFANR . XF B3 K, 0~3 d, Pb &%
WM Z, 3~24 d N, B2HRE - KRR -4
KAk, HAEE R 24 FRIRFIW (Y, 24~56 d,
FFRENE T %, XFF B2 #E/K, 0~6 d, KA,
6~30 d, HKZEEZEKT 2. Bl M BO K
WeEEh Pb & AR A — S B3 WK IR R, W
LR 3 RILA 4219 Pb & 8 KT 0.5 mg/kg; M
BN 3 RIS BB As ), NN
Pb F IR TR EE 0.5 mg/ke.

A1 AT, BT — VR B ARDRL I, BO. B,
B2 VBT K LN XT AR LA 4 21 Pb & i34/
TR 0.5 mg/ke; MAE B3 WKWKE T, A
AR B 3 K, WU S P RRUE & T
BRAEAE 0.5 mg/kg AR [ H AR ORI
212 MNMEXIMENIMBEEEL D Pb SET
e HIE 2 AT, A0, ALK 2-A0, & 2-Al)
21 LA X R A% b P B AR S R X
F B3 fgK, AEENMKA TR, M5 B3 M,
BO. B1. B2 /K H iy Pb & HEHAK FI R FRER RN
2%, IFHAETENSE 11 KRAEAIME BT Pb &
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A0 —-B0 -=Bl1 —-+B2 -=B3 Al
HENE BRI B BB R B
1.0 P enrichment stage release phase = 1.2 ;, _  enrichment stage release phase
.?DE?OAS Tﬁoﬁ 1.0
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ﬁ ‘qa’)o 4 = EO.G
“§ & 504
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A2 F}HAl/d exposure days s IA]/d exposure days 3
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":D 038 340 ¥ 0.8
g2 o0
nﬁ 20.6 E 206
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Af{El/d exposure days FfMEl/d exposure days
1 JLANEXT AR LA L2 Pb & i
Fig. 1 Pb content in the muscle tissue of Litopenaeus vannamei
—--B0 =Bl —+B2 -=B3
A0 X " . Al
HENER BB HERE B B
- 1.0 enrichment stage release phase ~ 1.2 _ enrichment stage release phase
2208 2210
2 %06 gso8
=g =506
€s™ <804
A~ 02 A 02
0 0
0 3 6 11 17 24 30 33 37 43 48 56 0 3 6 11 17 24 30 33 37 43 48 56
A2 HfE]/d exposure days Bf[A] /d exposure days A3
i ERNE R B BB R B
~ b B enrichment stage < release phase =~ 1.6 1 enrichment stage _ release phase _
2508 2310
IJJTHT 806 ﬂlﬁ 5038
4n 504 41 § 06
= 02 R "0 m
’ 0.2
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B2 FLANEEXT AR 2 20rh Ph & i
Fig. 2 Pb content in the exoskeleton organization of Litopenaeus vannamei

o TIREE 0.5 mg/ke, B BARM, (KT R
A

A2 A (El 2-A2), FLANEXTERIME 3% Pb
T AT B3 WK RN B2 MK T Pb {5
KRR, B3 /K>B2 7K, BO /KA1 Bl
7K Pb & AR AR 22, B3 /KR,
FEEHEME 6 K, SMEEEH Pb F B AE .

PO =Ny —

R

AR ACHR B RS B AR B B AR AR T BR At AL
A3 A (K 2-A3), FLANEXTEFSME# T Pb
SRABEBT: 5 A0, Al ZHAMP, XFT B3
oK, AT BEAYIR EEERECR, 5 B3 ML, BO.
B1. B2 iff/Kh i Pb &bl AT AR A 2%
F Pl 2 AT, BT — R E AR, BOL B,
B2 Vi K FLANEXTER A5 b P Er /N T



378

Hh K R

F 24 8

FRE(H 0.5 mg/kg, MifE B3 WKW E T, FEHK
MR ARDRLAR B A3 K, 414 P B R A TR E(E
0.5 mg/kg 1] H LA Bk i

213 MAEIIMENAFEIRALAH Pb SE2T
a3t R 3 AT, AO ZH LG T B A
Pb EFRALBEHEIT: 0~3 d, WMKZE, A&
KRBT AL AELL . 7E B3 WAKRE Y, 6~
11 d, Pb & MR 11~17 d, Pb 7 R HF
FaaE; 17~30 d, FRRA B RIGIIF T &5 %4 30 K
KB 30 d J5, PR, g s T
2%, 1 BO. Bl Mg/K&EEBHEI T2, Pb &
— HARRPPRREAKT, KT IREE; B2 MK
EAEEE 6 dJa, AR Pb & & TR EE;
B3 MK E R EE 4 dJeSEES TREM.

Al LT R IF ARt Pb & B ARk 34
MR XF B3 K, 0~6 d, HEKACNLEMRE: 6~114d,
HEmREER R 11~30 d, K ERES, I TE
55 30 Rk FIMKRAE ., BB S A0 41AHAL.
M BO. B1. B2 BB L5 A0 4 AH{, B3
FEEEN 3 KR TREM.

HH ] 3 WT, A2 2 FLAN I X R R AR P %7

A0 ——B0 —=-Bl1
6. HENE R B
___ enrichment stage release phase
- 5 < » | € >
L4
=)
< g3
polt-
Sl
o
=
1t
0 Vv ¢V Vv T .—a = l:n:l_L
0 3 6 11 17 24 30 33 37 43 48 56
}/E]/d exposure days
A2 p HENE R B
[ enrichment stage release phase
~ sl < >
o o
i*)
25
= E13]
4
5]
21
a‘z Q
o \n—n——.—.—x
oJ g-%:o—-—v ,

0 3

fiiE]/d exposure days

6 11 17 24 30 33 37 43 48 56

BB 0~3 d, WK Z%E ., A2 4+ LYl
EEXTIF B P & ARk EaF AR BO. Bl
WL Pb % — HARRP R BRI AT, KT RR
HiH; B2 HEE S 3 KE THR&EME; B3 RES
TEEES 3 KET 0.8 mg/kg, A3 4Hr, FLahiExt
W P E AR bR B3 gk Pb &
AL S 1AL, B AT R IR AR EOR, BO Al
Bl Wk B K B R PR AR K, IR TR &
. B2 W/KTE 0~11 d WK 2218, 11~17 d, WK
K; 17~24 d, TREIREEER, 24~30 d, BE IR R
WK 30 dJE, ZHEREIL. B2, B3TEEEE 3 K
T 0.8 mg/kg.

UL T D0, AN [l e B e sk, 55 L PR AN
SN EEARAL, 7E BO. Bl WK, FFBEIR 4L
i Ph KT IR = (H 0.5 mg/kg, i H7E B3 ¥
JEHEIK Y Pb 195 4R 3R KT A g K K- o Bk
BB, IR P Y RO 8 T UL R S b B
)RR T R
22 NAMEMITAREALAEENSREFEDH

FH SPSS18.0 Xtk BE | MK B | & ST

——B2 --B3

Al
6 B B
_ enrichmentstage release phase
~ s5||= > 1 < >
1
28
PE
= 83|
4o §
£ 52y
tr i\‘\-n——n—.—‘
0 S - -

0 3 6 11 17 24 30 33 37 43 48 56
i}/E]/d exposure days
A3

- e FERTEL

ol < enrichment stage release phase
EZal
2,
«s
A 2t

1k

O n L L L L N

0 3 6 11 17 24 30 33 37 43 48 56

F}1E)/d exposure days

K3 FLAABERTERIFBRIELL S Pb 5 5

Fig. 3 Pb content in liver pancreas tissue of Litopenaeus vannamei
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[ AT = R R EE W a7 22001, AR AN
H4 0 P BT
221 AR, BAMEERENZEZRM S
JUGRTEEXTURFILIAL . JHF A R0 A1 i B 4 2L AL |
T 7K B B R S50 43 BT L 3. R 3 ml g, dalkt
W FE XL AP B AR P &4 UV AR R BE,
BT/ B L2 Pb B4R AN R 4
(F=2.351, P=0.071), Bl 1AEHRE A, DA
FF AR T Po (95 5 % it 1D 0 0 vk 22 7 YK
VA I B IS B FLAR I X R AILPY BB AR A1
H R 1L Po & A AUV AR F W, BEE K
W AR A0 TN AR IR A E K, L4 T X SR UL
PRI AN S B A 20 P (s S
FbE2E S, R IR R R) 5 EL RN A3 BT B,
SRR (T

1) APEMIRIMAEATER. BAkREE
Y (8] B 380 12 53 #7

(1) TEFRFARIR B BLA A 3 KA 6 RILPI 4L
AU P E S RN R E S, A EER
BIWLAEZF P G R EME R EEERE
3 K BO MK IR, B RENR 3, LA
HLUH P 15000 0.105 mg/kg .0.138 mg/kg .
0.172 mg/kg. 0.124 mg/kg; 7E&HEME 3 K B3
MK K- L, B TR B 3 R, DL 4121
H Pb B &5 0.205 mg/kg. 0.152 mg/kg .
0.499 mg/kg. 0.535 mg/kg; 7EEEME 6 K Bl
MK AKE- L, B DRk B py 38, L4
H Pb & 9 0.249 mg/kg. 2.583 mg/kg.
0.204 mg/kg. 0.152 mg/kg.

(2) BEF KT Po B, 75 A0 Tk
(R7KF- b, WL AL R Ph & 7E & 4R 1045 B BE%

A WEVERN 2, e S 5 3 K A0 PR I 7K
Vb, BEE AR, WLRAZi% Pb &
/394 0.105 mg/kg . 0.228 mg/kg . 0.271 mg/kg
0.205 mg/kg; TEE LM 17 K A0 TR KF L,
Bl 2 AR B, L4 Pb & i 25 R
B, WIAAZh Po B9 404120 0.092 mg/kg .
0.261 mg/kg. 0.333 mg/kg. 0.490 mg/kg; 1E& &
55 24 KA 30 K, BEE TG AMRBERIG R, WA
LU P i 22 R IR T4 W EKT, LR
2 Pb Y& 43510 0.109 mg/kg . 0.294 mg/kg .
0.344 mg/kg. 0.654 mg/kg, VLM 0.322 mg/kg.
0.300 mg/kg. 0.425 mg/kg. 0.781mg/kg. ML
%53 RIFGR, BR A0 TPEKSE B, fEHAbREL Pb
K EWUAAEZH Py & 22 Rk B T
KOs BE KR BE R3S R, WLIAZZ Pb 19
BN Z

(3) H&ME A0 faPELA A2 DA, 25 1K vk
PINLRZHZr Pb & i 22 AR 3, 43R A1 FiT A3
TERLET, £ AN KR EE LR A4 P & 25 5
iTE

2) FLYEFTANAFRRARBA LA R IER. BAKRE
& B 18] Y LR 43 A

(1) TEFRFEWIME B Ber S 11 K B 17 RIS
30 K B3 /KK b, AR Pb (& 5 &
25 5 W 3 (P<0.05)8 il S M 1 2 (P=0.071), HAth
B B Kk B KOE EFIEAR B P i
BEM2ES fEEEME 11 K B3 iKNKFE L,
Bl R R B SR, IR B P A R 43k
2.001 mg/kg. 3.487 mg/kg. 3.687 mg/kg. 3.988 mg/kg;
TEE LR 17 K B3 KK b, b5 R
JERBE R, FFBEAR T Pb 1 & B AR h Sk B 2

®3 FLNEMIRFEERTIEAR BKEEEE RS

Tab.3 Feed, seawater and time main effect analysisin different tissues of Litopenaeus vannamei

A(lA#L feed )

B(ifE /K seawater)

T (& 41} E] enrichment time) Ax BxT

2121 organization
F sig. F

sig. F sig. F sig.

LA muscle 6.893*** (0.000
JiF IR hepatopancreas

S exoskeleton 2.351 0.071

72.323%%*
629104.887*** (0.000 23910225.857***
66.062%**

0.000 41.029%** 0.000 7.426%**  0.000

0.000 4499038.603*** 0.000 36106.767***  0.000

0.000 28.837%** 0.000 6.079%**  0.000

kR 0.05 KB <xx2 0.01 K 3 cxxh 0.001 KF

Note: “*” means significant difference at 0.05; “**” means significant difference at 0.01; “***” means significant difference at 0.001.
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5(P=0.071), 439K 2.029 mg/kg. 3.620 mg/kg.
4.071 mg/kg. 4.066 mg/kg; 765 &M 30 X B3
WK |, BEE R P KRG, FTFREAR
H Pb 1Y 22 R 2 (P=0.000), AR Pb
A B M 4.636 mg/kg . 4.999 mg/kg ., 5.094 mg/kg |
5.765 mg/kg.

(2) TEF LM 3 K A3 FRIKFE B, I B
1 Pb RS EESF B, BEE KR K,
JHFERR R Pb (A5 553900 0.168 mg/kg . 0.242 mg/kg
0.8 mg/kg. 0.892 mg/kg; EEEMNE 6 K Al fi
BEF A3 GBI LR P MR E S R E S
W i 2 (P<0.05), BEE KW EE ISR, Al /i
BUKF FFEERR S Po &S5 0228 mgkg.
0.345 mg/kg. 0.575 mg/kg. 0.989 mg/kg; A3 Tk}
K- _ERFERR R Pb B &4 0.212 mg/kg.
0.47 mg/kg. 0.837 mg/kg. 1.082 mg/kg; 7E& HE M
1R, 1T R, 24 K530 RAEGRIY
KT LR S Py S EEFHEFE
(P<0.05).

(3) 1E B2 gk A3 R K- b, B R
Pb WM& 2SS EE, RS Pb &S5
0.128 mg/kg. 0.8 mg/kg. 0.837 mgkg. 0.839 mg/kg.
1.936 mg/kg. 1.074 mg/kg. 1.680 mg/kg; £ B3
WEAOKE ERFBRAR S Pb (8 F i 25 2 ok gk
(P<0.05), 7£ B3 #/K . A0 FARIAY K b, HFEEAR
HLUH Pb (50000 0.148 mg/kg . 0.23 mg/kg
0.707 mg/kg. 2.001 mg/kg. 2.029 mg/kg. 3.686 mg/kg.
4.636 mg/kg; 7F B3 /K. Al TR L, B
JIRALU Pb 7 535104 0.112 mg/kg . 0.770 mg/ke .
0.989 mg/kg. 3.487 mg/kg. 3.620 mg/kg. 4.040 mg/kg.
4.999 mg/kg; 7F B3 7K . A2 TR AKE L, R
A2 Pb A 5390k 0.222 mg/kg . 0.811 mg/kg
0.840 mg/kg . 3.687 mg/kg. 4.071 mg/kg. 4.959 mg/kg.
5.094 mg/kg; 7E B3 /K, A3 fREHG/K L,
HREHZH P [ 50310 0.209 mg/kg . 0.892 mg/kg
1.082 mg/kg. 3.988 mg/kg. 4.066 mg/kg. 5.432 mg/kg.
5.765 mg/kg.

3) MEMIRIMNEERBALRER. BAKEE
SR (8] B9 B R 43 4

(1) BRAEw ERE 3 K B2 KKK E, L
YRR AN A SR P W EE SRR E

P22 5 (P<0.05), HAbKS- B340 JC 2 22 5
TEE Y5 3 K B2 i /KHKF- b, B R
(RBER, AME BRI P (&M 2.472 mg/kg
0.145 mg/kg. 0.265 mg/kg. 0.374 mg/kg.

(2) TEBHEME 3 K, 1L A0 R A
BRA1ZUh P e A B i B M 25 R (P<0.05);
Bl AR B R, AN L2 P Y B
% 0.142 mg/kg. 0.134 mg/kg. 2.472 mg/kg.
0.306 mg/kg. 7E & HEMEH 6 K, {UIE A3 FEIKF-
FAMEER SR Pb M EE SR ID E R
(P<0.05), Fifi % g 7K Mk B2 3G K, A g A 4
Pb 51439 0.245 mg/kg . 0.393 mg/kg. 0.351
mg/kg. 0.606 mg/kg, TEEEME 11 X, SME#
LT Pb 1Y & 4R & i 25 7 Ik B i 3 (P<0.05) 5%
N% W EP=0.071); FEEEMNSE 17 K, (UFFE Al
TR EAMEEE 2 P M E SR
FEES, EEENE 24 K, SMEEALP P
MR SR I B R R 30K,
BRTE AL TARDKE B, ShE#sd2in Po & £ &
HEFADE, ALY B EEES 7 AL AR
KL, BEEEKIREERIER, SMEHELH2UH Ph I
43910 0.357 mg/kg . 0.368 mg/kg. 0.467 mg/kg.
0.686 mg/kg,

(3) 7 A0 falk}, B2 Mgk KA1 AO K} B3
M AKK AR A2 Pb M EESEHEIE
FE2 H(P<0.05), 1E A0 faKl. B2 #iKKF |,
Bl A & SRR R RE K, SN2 P Y By
A 0.121 mg/kg. 2.472 mg/kg. 0.333 mg/kg.
0.379 mg/kg. 0.445 mg/kg. 0.489 mg/kg. 0.349 mg/kg,
A0 L B3 MK K- Bl = AR RIS, s
U Pb YA EAMR 0.106 mg/kg . 0.306 mg/kg
0.357 mgkg. 0.673 mg/kg. 0.762 mg/kg. 0.800 mgkg.
0.868 mg/kg; 7 Al ¥} B2 g /K/K-F-F1 A1 T}
B3 WK KV EAME AL S P 1Y AR B
B35k 25 5(P<0.05), 7E Al ik B2 ik AKF |,
Bl % & SRR R RE L, SME 2T P I
54 0.139 mg/kg. 0.145 mg/kg. 0.344 mg/kg.
0.361 mg/kg. 0.369 mg/kg. 0.464 mg/kg. 0.467 mg/kg;
e A1TARE B3 KK b, Bl & SR ] e K
ShEHEAH ST P WS RN 0.154 mg/kg.
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0.145 mg/kg .. 0.595 mg/kg . 0.630 mg/kg. 0.897 mg/kg .
0.965 mg/kg . 0.686 mg/kg; 7E A2 ¥} B3 #EsKiK
b, AME R L Po 1 AR a2
5, i B R R TR, SMEERAZ Ph B
M0 0.142 mg/kg. 0.190 mg/kg. 0.606 mg/kg .
0.623 mg/kg. 0.739 mg/kg. 0.996 mg/kg. 0.884 mg/kg;
7E A3 TR B1 KK A3 TPk B3 VKK
I, AN ESALZUR P Y At B S 2
5 (P<0.05),
222 AR, BKFE £/ B3 LRI ERME R
Pb S EMTmEESM H SPSS18.0 X A[FZHZ
HPb B E S TR B | KR B R E AR
1) 47 22 50 181 JH 43 A (L v R AR it R oK [R] 2 8
Pb MEE S =, AR NEET Po MIKRE . i
KT Pb VR BRIV E SEEF ) o AN[RIZH 2 Pb A [l
VA5 BT 5 2255 B L3R 4. ANRIZEZLH P A9 R 4
Br-FIH R 5.

H1 3% 4 AT, Pb V& EE RIS SERFRIXT LA . T
JHE IR A AN A 4 P B AR I B E
(P<0.0001).

M2 5 A0, FaRl R Pb R LA R A B
P Pb & AR BRI AN T35 (P>0.05), XTI
PP Pb & E R B (P<0.05), HEKH Pb
W B AN AR ET X AL A2 Pb & AR RSN b
#(P<0.05).

1) FaAE . 3 K R A Rk ML A X MR Py
WLIA A4 Pb % 12 1Y 5T kR At

Tk P VR R R B B fHM 0.048, gk H
Pb WJE IR B M 0.265, & HEMH 1R % B
H4 0.298, BN, fakls P ¥ EEXTILAZHEZIH Pb
BRI TTIE N 0.048, HEKH Pb X HLA
HAH Po HAERMTTEE N 0.265. Al UL, 7EAL
I Pb BT, WK Po WE ST R T
Tk P v BE B DTERR o PRI, AR LA AR
FITEBL T, WEKH Pb RIS, NLA4ZH Pb
B AR R oK

2) Tk . KRN SR [R]X LA X R AR P
JH IR AR ZH 2 P & 8 19 BTk 0 B

TR K o Po VR BE, DA K SR R[] JHF J
Jlif b Pb & SR i 2 (P<0.05),  [a] )45 7

x4 NAEMAREERA G Po HEANHTHZED

Tab. 4 Variance analysis of Pb regression analysisin different tissues of Litopenaeus vannamei

04 organization SEJ5 1 sum of squares df Y¥]J mean square F sig.
LA muscle 19.671 3 6.557 48.686%*** 0.000
AFI#EHE hepatopancreas 566.003 3 188.668 271.674%%%* 0.000
ST exoskeleton 19.070 3 6.357 50.965 *** 0.000

s #*005 0.001 K L2557 3%

Note: “***” means significant difference at 0.001.

®5 NAEMIIARELR G Po FEYASTH-EVIHREK

Tab.5 Regression analysisof Pb in muscle-regression coefficients in Litopenaeus vannamei

AEFRuEIL 2238 non-standardized coefficient #nifEifk 2% standardized coefficient

P . .
organization T . constant EIEES 4§} bR 2 EIEES -4 t sig.
egression coefficient Standard error egression coefficient
Akl feed 0.017 0.012 0.048 1.459 0.145
LA muscle #§7/K seawater 0.095 0.012 0.265 8.035 0.000
MFIA] time 0.065 0.007 0.298 9.032 0.000
Tkl feed 0.119 0.027 0.112 4.433 0.000
el 17K seawater 0.573 0.027 0.536 21.321 0.000
hepatopancreas
Bf[E] time 0.295 0.016 0.460 18.264 0.000
Tk feed -0.008 0.011 -0.024 -0.736 0.462
Hh B .
MiK seawater 0.101 0.011 0.293 8.901 0.000
exoskeleton
FffE] time 0.059 0.007 0.284 8.605 0.000
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H, fEDEHT Pb MR R EL B (ESH 0.112, K
Pb HRIEM AL B M 0.536, & MM R% B
4 0.460, HI, Rk Pb M B X HFIEE b P &
SR TIBREE N 0.112, WK Pb e B X e A
H Pb &SR A TR N 0.536, RIIL, F7EAFEE Pb
EELRES, WK P MR TTERE K TR
Pb MR BTk, IR, FEfs il L AR s I BT,
7K Pb Bk, SRR Pb (954 B bl
3) FARE L K R R AR R A ML A R X R P
HhEEE L2 Pb F i (K STER R AT
Tk rf Po ¥R BE XS AR AR 414U P A Y
M AN 5 35 (P>0.05), TEE7K Y Pb ¥ B e 4 B[] X
HhE B2 P B4R BRI 3 (P<0.05), A
BRI A, AR Pb M R %k B (BN —0.024,
K H Pb YRR B E K 0.293, & AL A Y

®6 A[E PbKEIBKIRTE T FLAERTERA [E]4H 4

FECBAE N 0.284, HP, Tkl Pb ¥k XTI E %
M Pb & EEATIHRE H-0.024, #KH Pb
WeFE T IVE B P P B SRR A TORE N 0.293,
AL UL, FESMEH Pb &SRR, MoK Pb WREE
BTk R K TR P YR STk R . RIL, 16
P A AR RS BLR, WK P WG, Ab
B E AL P (a4 S R
2.3 FLANEXIMER Pb WEESBMI NESH

iz A A WU Bl ) 2 R e T
BRI T W8l 12280, 2R o &R A1 M
A3 TR FLANEXT RS 41408 P B £ 5B
WEBEAE FLHEE; e A0 FI A2 fRRE, HULA Sk
E’%ﬁéﬂé}l%ﬁ By 38 1 AR LR 4B A T A B A sl Sy 2

. K6,

M 6 A%, ML EXTERA P P 4 SRR

IBRENEMHNNFESH

Tab.6 Litopenaeusvanname under different seawater concentration of varioustissues and organs biological kinetic parameters

137K 415

[ZE Sit

HE A WA ek

BB i oreaniga —
feed group A% organization seawater group enrichment rate k; discharge rate k; BCF Camax/(mg-kg™) FRA B
BO 78.6396 0.0923 852 0.1278 7.5092
Bl 28.9112 0.1026 281.7857 0.2367 6.7553
WLA muscle

B2 12.9112 0.1165 110.8258 0.4965 5.9493
B3 17.9629 0.1375 130.6397 2.9812 5.0407

A0 A% * exoskeleton* / / / / /
BO 473.9214 0.1783 2658 0.3987 3.8872
I A B1 72.9241 0.1236 590 0.4956 5.6076
hepatopancreas B2 20.9545 0.0983 213.1696 0.9558 7.0508
B3 33.1392 0.1587 208.8168 4.7652 4.3673

Al* / / / / / /
BO 410.872 0.1624 2530 0.3795 4.2678
Bl 121.0346 0.2543 475.9523 0.3998 2.7255

WLA muscle

B2 33.3793 0.2873 116.1830 0.5205 24124
B3 4.7877 0.1093 43.8036 0.9996 6.3412

A2 AME % * exoskeleton* / / / / /
BO 267.7281 0.1392 1923.3333 0.2885 4.9791
JHF B1 177.5719 0.2985 594.8809 0.4997 2.3219
hepatopancreas B2 84.0468 0.3019 278.3928 1.2472 2.2957
B3 47.2132 0.2012 234.6581 5.3549 3.4448

A3* / / / / / /

T 7 RR Xt Po B RS RO A5 S B,

Note: “*”means the regulation of Pb enrichment and releasement cannot confirm the model.
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5 Pb ZE TR JE IR 4L 5, BT AL
i P B R A [R]RN 4 R R VR R A A
X%, HIE PR T RS Comax TR
FERCEADC . FENLIA T, & AR 0K K B Pb 28R
W B S RN, 5 Pb R R A G, BCF bl
& Pb BEEWE KM/, ®EREE Pb Ik
RGBTk
IR 2 R TR AL R R B B Pb FE LN
XPURAAR N PR B B A 2L B, AR A4
() & 4 AR 0 22 57 18 3% (P<0.05), 7E JL4N 2
X URAA N AL R ) S i R IR . AR
BN R AR K, HERE BCF, #itY
B E Camax BIRK TN . Pb 78 LN EXTEFILA
H1 i BCF 3 R 43~2530, 166 o BCF 1 [l
1 208~2658, Pb 1 FLYHTE X IR L PR AL g i o 1)
W (B ) HRIE, N 2~T do

3 itig

ABEFE I, R OR TR Pb vk B K AN
] Pb ¥ XA [RIZH 2N Ph & 2 34 iR /] 22 5
LY X IR XK R P HAT B 1) & 4 g
FEMRR IR R 238 B Koo & 4, FLAN B XT AR
K Pb i E SRR S Pb FE R R RIS R 4140
B, FFEIEFINLA T Pb & . Cama 5 & R
[ FNEE 4R R R R S RIEAM G, BAEMR ., &4
FE5 Po Wk ER AN, PR & 4E P AR )
., BESTEREZNNE, AR NXRRH
YRR Laura ZEUONRRIFSY —2k, BT R 2
HEXNYMEEMEHRE, BEELEEEN
MEE, EAeEEEZFREIE AR ST AR
AT, (AR RN K, B
(TR 4 TR o T ER LA 4R .

R/ A ) WS B AL NN N = 52 1
%, RIFE—HLUhH cd 1 Pb A& R/ A:
H A TR s> >, JCJR PR R df | % DL
WEE K Z PR A e R s Wl 2L 1 4
JE HAFRIR AR X, TERN, XEEEE
AR SR T R . IR, s,
KRN E SR & BT A Rk, N
b 4R R R KT ILA, TR R 5 A

2SI 5 R R BT A AR T 0 42, Bk B T
RJFEIN S £ R 4R T EEa, AP EER
AT P 4 R R BCR WA T LA B . 4 %
7 AU ¥ Ye g Bk i e T B lie i a2k
IR BRI DL R SRR R TR L2 4R P SRR
TR IAT TG YR, S5 R BN, ARKAshY
PRI ] B8 00 5 4 B 25 A 15 YK OF h s BRI
L > 42 > oF >, H kb R4 R B R R
TS NIIE > B8 > BE I > WLIA o BRIAT SR 5t %
B, Pb 7E H AR E M A 20 1 o A B A B >
JRRAE > WLP > Ipk e, H5es . 2k DI
SR EEEIAA S, X EEZ AR AR,
AN TR A R 2 Rk 9 o 4 B AR I PLRE 45 5%, B
D ELBRESIAR . HEfIds I, Wik
SR | WF . EEKAEYRNESREEN
FEHAL, EAXNESENEERTHE ST
R S VA NN = B v SO < I 1y
BEANHEME B AT, R SR E A A
MEZG T, MaEmEaTUSESRES S,
PRI LG AT DA o 4 i 7 T i v A R 2R DAk 3] i
BAEM . MEEREEARR, BA Y45, B
SRR, At ULA R
DL SR FE LA — MR S R B B G 1Y AR
Fpfk, XRHtE—E R L ARE T K R
JULPRR o A 28 4k
KTFHERELBEEMRARE, EhE
B TR JFEARC O H AR O
3l o BRIEAT S g & AR R B X Pb A
Cd HAW WM EE, BRIMAkE s, BEn. R
WL P 1 Cd 197 55 5 AR s ] 1 4
T B E ARG . BES P HRIRAS T ARF 41419 P
Fl Cd % i Camax 52 #8 W BIEAHIC, S5AGFST
FHL. Pb Al Cd 7E P ARG B A R H 230 B h iy
BCF JLFE 3510 5~51 F1 6~3148, % Cd i 4 fE
J1H1 B 5 T Pb(P<0.05); Pb I Cd 75 Hr A 4% B g N
R 238 B AR 2 2 30 (B o) JE B 0 0l ok 4~
9 df18~57d, WMiFILAT LAE i, Haegi Bt cd
fHE L BE B AR T Pb, 3R KR! Cd F1 Pb
() B R K SABIEGT AR, JTFRBERR b Pb ) & 46
HERTFNA, DLAT Cd 1 a5 8 R T I
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F 24 8

JR o VTR 5 00 T BG R AR X GRDR R Y P
M Cd BwERBI/NT 1.5, keI vk
JRELHRXF KRBT H Cd MR 4E R B, s BCF fH
225.69, iRBHTHEMIRE % REUW 150 245,
UL KA YR IERRE, B4R E RN ES
K

T8, R MBS N E A E A Y
RNMEREZEA 20, 252 EY(EREIKTE M
BB ) FA K5 5 1 7R P, HobOk bk &
IWFFEIE R, SRR FEY N ES & e RN ES
B E R E ORI, X — e A
ol H e 0 JC B AE sh kUl B E R AR
Jr B BRMARBE IR, A, K
PRI WSS FLANTEE XA P SR U 14 B 7%, ASBF
Y, FLARTEXTERST Pb AW . HE H 5 =R 5 0 7
124 (Mytilus edulis)®! | ¥EvER I (Macoma balthica)*®!
FE#E A7 (Balanus amphitrite)?1 4250, Al A K
FLANEEST IR 54 2K A —FE, TLGES EY
W 4, A X il 2 7E ML i o i i o
& JE W BEA AR R R R o PLYRTE X IR K
ISR Pb Fl Cd FEAE R P & 4 1 s L ATt
IR 2 . T HAR SR BoR, WK E SRk
FEAE FLANIEXTER & A v o =R
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L ead enrichment and release characteristics in seawater and
Litopenaeus vannamei feed

ZHANG Meiqin', LU Yuanling®, WU Guanghong', ZHANG Wen’, SHAO Junjie'
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2. Nanjing Normal University, Nanjing 210097, China;
3. Fisheries College, Ocean University of China, Qingdao 271000, China

Abstract: Kinetic parameters were determined for the biological accumulation and release of lead (Pb) in muscle,
the hepatopancreas, and exoskeleton of Litopenaeus vannamei to assess the enrichment and release characteristics
of Pb in seawater, feed, and tissues using a two-compartment bioconcentration model. Shrimp were exposed to
seawater with Pb concentrations of 0.0015 mg/L(B0), 0.0080 mg/L(B1), 0.0466 mg/L(B2), and 0.2302 mg/L(B3).
Shrimp were provided a diet with Pb concentrations of 2.089 mg/kg(A0), 2.750 mg/kg(Al), 6.103 mg/kg(A2), and
14.520 mg/kg(A3). The heavy metal uptake rate constant (k;), extraction rate constant (k;), bioconcentration factor
(BCF), biological half-life(B;,,), and the equilibrium concentrations of heavy metals in vVivo (Camax) Were obtained
by non-linear curve fitting. The results showed that muscle, exoskeletal, and hepatopancreatic tissue contents were
less <0.5 mg/kg after feeding Pb. Pb in all tissues increased to >0.5 mg/kg after exposing shrimp to the two lower
Pb concentrations in seawater as the Pb concentration in feed was increased in shrimp in the B3 seawater treatment.
The Pb release rate by the hepatopancreas was higher than that by muscle or the exoskeleton. A three factor re-
peated-measures analysis of variance with feed concentration, seawater concentration, and enrichment time as the
factors showed that all three factors had significant effects in the different tissues. In addition, the Pb accumulating
effect in the exoskeleton based on feed concentration was marginally significant (F=2.351, P=0.071). A feed,
seawater, and time interaction effect analysis resulted in a significant interaction among the three factors. An
analysis of Pb feed and seawater concentrations, as well as Pb duration in different tissues showed that the contri-
bution of Pb concentration in seawater was greater than that in feed during Pb enrichment in each tissue. At steady
state, the Pb concentrations in muscle of shrimp in the A0 and BO-B3 groups were 0.128-2.981 mg/kg, and those
in the hepatopancreas were 0.399-4.765 mg/kg. The B;,, values for Pb in the muscle and hepatopancreas were 2—7 d
and 3-7 d, respectively. The Pb concentrations in muscle of shrimp from the A2 and B0-B3 groups were
0.380-1.000 mg/kg, and in the hepatopancreas were 0.288—5.355 mg/kg. The B, values for Pb in muscle and
hepatopancreas were 2—7 d and 2-5 d. The steady state concentration of Pb in the hepatopancreas was higher than
that in muscle.
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