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(L AL AR, L5 Ma 210017,
2. ZEE R (REYERA R, i 200080)

RE: I H AT ELRBEPERERL UL NN EEERIEYE, VALENEE
WA H AR, PP AR 4 R EPbE & 410210 22.01. 40.81 mg/kg, Cdé &
#1178, 2.80. 4.48 mg/kgth A Bl st A2 p, H AL IR AL XPOACA £ E &
ERprt, APbECIEFEREBEANIN . EEMEBREBLKE, FPER
TR ErRERT. BT EXENSGGE S P EEEE AN FPofCAdN g &%
RE Bk HHEFRE . EWE ERBBCF. AW ¥ EWB,, BETHEEMEN
PofiCde ECamnF st I ¥ 5 8. R BT OF LK EEXN AR FHWPbCAEF W B
WE %, B, FREANA FPoE & &5 F & oo fid B #Poly AR n B R ILW TR
MIEMX, EEENFER, FUALBEFPONEGELRRA, ERTHNEELIN
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WBRKEEHTBRMK, H176mgkg, EZANAFCIEERAFARNAE. QF A%
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JE A EEORM . B2, HATMHECIEy, E4
JEHEA YA N R AR A2, SRR
(B G RTE A E Y L ) Fik R B &R P
H Ok Z Mo, RIET RN E SR
EHAARNE SR AEYE LN EZORE, X T—
SE B I A Y R e i TG HE B P ok A
Bz EEAW oL B, e
ARk ok AR AR il T X sh
iR, H iR A AOK 2 i R @R Y
A FE R R POk SRR IEA S YR
W, IEERTHURS HA ST, B s pf
ZRG . HBRACH MRBENLRESE . IR Z A
B L TAEEMITRE T REXTES BN
ViRt EalmAYEE. TRHRENESR
A WA RO A5 T TR IR, AR A A 56 Tl
W HE SRR EEESE T AT RIE . A%
56 M2 Wi r e Y 2 A T R A R GOk U
Z— B GERE Y S, aE a A R R RS AN ] R
MPb5Cd, s #r HAE AR o2 B A H AU Y
S REREE, TR RIS e Gl
WNESGE SRR ICHR, HPbSCAIE T RE
BRI A AT R PR A KA,
ARG B e R S

R U E SRS RES

1.1 #H
Sy BRI YR (VLN A

DK PR IRAE Y, BUR450 ., MERESE, 6H L,
BT (67.6£2.3) g, 761K (45.243.9) mm, 5T
(49.7+4.3) mm, SLISHTA KR FE A, Phik iR
(AR G B B S S )

il LAY (AR, C,H(O,Pbx3H,0, #iiT.
AN T AR T TR ). AL (AR, CAClyx
2.5H,0, bifga sl Tuln ), H TRl
TR PbAICd, 65.0%~68.0% i iR (AR, HNO;,
25 4 Ak 2= X0 A IR AR, TR 0 T
AL B

FIRAKEHw BUHILIE IRKIK ™ i
G T S 6 e A 5 ] 2 v Ml K BT A A 1Y)
At I 7K AR Ay v e B Y SR SE 0 K . i
KRR TR [Na133mg/L, [Ca™]71 mg/L,
[K']18 mg/L. [Mg*] 15 mg/L, [CI'] 112 mg/L.
[SO, 162 mg/L, [NO;]5mg/L; LI 55EE 4
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PbAIZAS JIE U B H2.3%107* mg/L, CARYZS ISk &
8x107° mg/L; pH 7.3+0.6; 7K (21.2+2.3) °C, 5¢
A TE HARIRBE N AT . A IR R I R AR S
U5 BE Hh 75 S 6 & FH Y 1E 7 B /K I8 (2.4 mx2.4 mx
1 m)fh 47,

BRI S R Y B IR R B R A
BT B, A PSR RL, R X R,
5 AN E FE R AR R A 2y 32H A RO B AR E 4R
WAL, BARICH, HHINFAT, TR
PR A= o AR R 1

x1 AR

Tab.1 Feed formulation

JEE TE%

ingredients content
#1$) fish meal 35
{1 bean pulp 23
14 peanut 8
TH#; flour 25.5
a3 fish oil 3
K oxhide gelatin 1.5
MR B]: beer yeast 2
TVl premix 2

W BT TR R RS AR, VA=1250 KIU; V=220 KIU;
Vp=3250 KIU; Vg3=>320 mg; Vi =110 mg; Vi, =850 mg;
Vge=120 mg; Vp,=>3.0 mg; AEHE =2000 mg; Mn=5000 mg;
Zn: 1600~2400 mg; Cu: 18 000~24 000 mg; =50 mg; ffi: 30~60
mg; K<10%

Notes: Composition index per kilogram in premix, V,=1250 KIU;
V=220 KIU; V3250 KIU; Vi3 =320 mg; Vg, =110 mg; Vg, =850
mg; Vgs=120 mg; Vg;,=3.0 mg; biotin=2000 mg; Mn=5000 mg; Zn:
1600-2400 mg; Cu: 18 000-24 000 mg; [=50 mg; Se: 30-60 mg; water
content<10%

mTHRESER TMERN, it
PoAICATE B b fRDRF TR A 38 57 B, REAE % 9 TR
RO o Bt Ak o POFI CAfy S5 5 o 0L 3R 2.

B J IO TE I (Solaar M6) . Tk
T i1 (Milestone Bthos1). ~FH R (Lab Tec
1), M4k (Elixs 5+Milli-Q Academic),

1.2 7%

T A SRAME 3T AL F PoAaCdeg g & HBAK
SLE Ay O SRR A B B, AR B B AT
48d, BB BLHETT34d, AL RS2 d,
Y5 92 50 A 282 T 5 AR WS 1 OE 5 O K 8
R, 1240 AL R Al A 80 HL i 4k
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Tab.2 Concent of Pb and Cd in feed

formulation

mg/kg, n=5
HE)R Xof A A4 B#H CH
heavy metal blank group group A groupB  group C
Pb 0.131£0.009 10.21+1.41 22.01+1.86 40.81+5.63

Cd 0.019+0.002 1.78+£0.19 2.80+0.63 4.48+0.44

D ECAE PO A 292000 LAkt 3 2K I K 91
It o BER07:00, 17:005E17 1R EHA M, R
e h A GBS T B R B F B R T B 9 5%~8% 11
B, BRI 7, RS2, FAW KD
#; BEWERET 2%, SHEMRNDR; £H0
SRR DB, R EBIREE0, 3.
7. 14, 24, 34, 45K 300 DA it rh B rh A gk B
o (MEMEA 3, LITHBRMERIZZ ), /4181488
B MIEIEE, EENBSRIG, LI IR R
PRI SR, AR B, JRTERBCE R A
0. 3. 10, 20, 34K, £ HhHagyE 86 H (M
#3H), AL E IR LR, K
K24 hsn i, SCI0 I R) T 5L I M A0 T

*) A B S0 v e gl B B, SERR
i, RIEH L lh, HE A NG )
B, OSSN RL Bk AR, e i i
WIGEERAE NI NLIA, e 45 B h AR 9 B 1 )
UL SRR AT R 45 20 AR B AR L . A — K R
TR 6 A AR g B Y W) — U5 IF L —
., ARERASV IRRAE, FERI

A 50 AT 4L 22 YHEBA AR BCRE U AE i 0.50 g F
RIWR G HEACTE S, INAS mLASER, 1 mLid
AALE, T, BHAARSEMINE, BT
Milestone Bthos1H, #2514 : 5 min, 1000 W,
140°C; 10 min, 1000 W, 200 °C; 10 min, 1000
W, 200 °C"™, JHffSEEEE , K AR S T TR
25 mLa HliRE b, AT AR, R 2K
BUE+, HEBFKERZE2SmL, LHLKDN,
[F] B 2 R o

FThBEAENE  KPEESBKNTES
L K AR ME(GB 11607—89), rhagyl 3 i
FEf P E & B E TS %GB 5009.12—2010
(B i L2 EFAME &5 P ETRIE )YFIGB 5009.15—
2014(E M E bR R S E e ), R
R 4RI E 2 % GB/T 13080—2004 (1A}
HET R R IR OGS ) AIGB 13082—91
(oAl v e 4 00 5 7)o

FH 5 AR 6 ik [ N A 4 T8 Y
AV TEERAEY E SR D AL, Rk
A (steady-state model)!"™!, KUl 7 B 2 45 A1
(hyperbolic toxicokinetic model)!"” . X4 5fj 7] 2745t
Al (two-compartment model)!"” | A= 4 5l 2 AR HY
(biodynamic model)!"™, H:Hv LUSUAH 2 J1 2= Fi A= 4y
Bl ) 2 A K A A W) e A R E S b v
Tz . g im M AR e 5 AR 3l ) A AR A
THE IR AR S T Bl 12 240

IR R ¥ FExcel 2003, SPSS 11.50
A B A Origin 7.5,
2 R

2.1 HFIEGEELAREHELARZEXTHERFPbH
EESEMYFH

TEE ER B, A SR DR i PO R
AW BRI, 5&HLASETPOE RIYIE
BT BEERDRL O 55 A B A ZH A28 T PO R E
FHEG, 283 iR AN [R] 2 42 Po i) 4R L9 37 1 rh A
DY R N PO BB W, X AR R S
N () 5 AR B LB 3 [ S R I A R0 UL P
HIPb i 34 5 B AR B ] R B IE A G (B ). 7E
EEMEARK, FHLHE PPy & &k 3 i
K, RS ESHI80.18, 1.14, 1.27811.91
mg/kg; FFBEAR & 081,00, 2,17, 2.33F01
3.50 mg/kg; WLAH & &5350°40.18., 0.73. 1.007
1.35 mg/kg, ATFBRE T PoE R EERNR, &8
. TERLBY B, A48 E MPbAY & b
F REICRT ) () 3 ek 2>, FR B A A HEBR
R, FERCER MG —K, 4B A
LI ETDPOR AR, TS R
%0.10 mg/kg. JFBEAR 4% %20.83, 1.17, 1.50
F11.50 mg/kg. WLAH & 2R 220.18 mg/kg

B $F X BE TR O 37 A o A I B 45 2 AU
HPb& mAENS HREA, DL A k9 5% 1)
B U EPo & A FL R AS , AT BC X AR
A, BRI 4 SR 25 = i 3 (P<0.05), AT LA
INK, AR R PO AT DLBH R A A E e
POy & s [RIAS, X AN ) 52 56 41 9 5% O 1)
AR 2R B S A BUER E TH Po a E X A AR o
B, BT 4Pbar i H10.21H122.01 me/kgll koI5
() 2 i rp PO i 22 N i 3 (P=0.238>0.05), H:
ARG I 2% SR 22 S 2 (P<0.05), AT LKy, e
DK A E PO A R, 5K MER D
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Fig.1 The accumulation and release of Pb in the

— X —Pb 10.21 mg/kg
— A —Pb 40.8 mg/kg

different tissues and organs of E. siensises
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TE B BB BL, e Gl T R R 1]
B CA R AT B W g Wl 55 BRI B R
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CdF 1t 1907 e (5 RXF RG] Ak 0 75 1) 88 08 R0 T Jk
fRorCdE BAEM L, 2R nARE & 2 Cdiy i
BEYIFE Y AR gR B AR Y Ca s B B B B, X
FE AR 1 25 A B ) 5 A B0 5 3 (| 2) . [
Wf, AR R P Cd s X S AR ) e
HOIEAHDG, 7EE M 48K, 4/ 1r kel 4 4
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Fig.2 The accumulation and release of Cd in the

different tissues and organs of E. siensises
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H10.154 mg/kg; FFBEMREER T 7ECA L 40 Y 55 24K
SRR, N 1.90 mg/kghh, HiAb34HSLE,
FEEENHASR F kB mE, 458033,
1.05F11.24 mg/kg, CLTEFASK A & A Frkk
ik, M1.76 mg/kg. WLA T HCAFE &2 H AR
WAR L, fEEEMF 16K, DA P & ik
FN R, 0 51°00.026, 0.019, 0.026F10.041 mg/ke,
HXT A B & AN, ¥ A4, BE&
HBESR IR, EEEMNS24K, £LBANA T
CdF ¥ TR, 29°50.005~0.008 mg/kg, 7EFEHL
Wy B, 8 S0 R v Cd i B 22 B B R A (]
(38 R T /D, 2B B B HEBR L AR, AL
PR PP AR A AR
T B BEURRL 95 114 Hh A R B A% 41 4

HCAFEBAENSHRA, LI AT R ISR
BB E CAy AR LAREAS , HEAT BEXT AR
AR B, T AT T R R D 5 AR 2 S
(P<0.05), ML HCde &I i & k22 7 (P>
0.05), AT, Gk EsinCdn] DL 3 i
8RN IR B TR Cd iy & it [FIA, XA IR C
et FRDRE ISR ok ) AR B AN BUER T Hh Cd
B AR FEAS R B, BT LA Cd iy i T
W22 5 (P>0.05), HoAh A A I 25 R 25 e b
E(P<0.05), FILAINCH, oA 4l 28 e il i i A
FCdf i, SYIFRmEE T CA & EA X, HR
IEAHE

2.3 PbMCAEFEREBEFRANEALARE+TH
M

] — £ 2 Pk CA il R} 9l 35 S 14 v A 0 5 1
F AL E T Posk Cd Bk AT 20T, 4
BoR, AR S i kLR SR A B S8 — 1Y o A
., HPoMICARY & &t oA HUE AR [A], R >
BE>WLEA .

2.4 HPEGEEITEARPPOANCIHNEESE
BN hFSHELR

B T LA X CAE 4 5 R0 B0 R B A
P, A G B G At 2 20 2% B o IR LR
G TR EI A Y sh S SR A TR R
POAICAR fRLRE I35, e 0 58 48 68 X Pb 2% 20 HY
THCAE P & EEE, FBERYCARIE T
FEPORE PRI W AR B . P AR R S X PO AT CA Y
R LB 248, BT R O T S 2
S(P>0.5), A= o B L BE AR f b i X —

MG (K3). EEERETITIH, PoILCIR S HE
TESS R, T CAHEPOIE 7 by B S AE T B

3 iR

ARSEFRY], PR LGE S H R,
BHAETY T HPOIIC, [H 2T IHE R L R
B LBN, EERBUER /N T, 5hegis
X6t 7K I 5% H PO I CA Y & 48 55 B I 9 45 SR A
F UM S B e 48 B S K AR B PO I CA LA
B EERRT), EBENSHSSRE B RE
HE, PoRICAEA S B E RN EYE £ R
(BCF)3t Bl 73 51 M 5~51F16~3148,  H1HE 4 B 1 %ok
Cdiy & #6811 W .55 T Pb(P<0.05); PbAICATE H
HE O B A L U3 B W A 2 = W (B o) Y L4y
A 4~9 dF18~57 d, HiAER g B AR XF CAHEH g
HEALFPb, FHERET, 88, FEER. LA
S H A E T PO CARY & 153 H 6.47~38.19
4.37~10.13, 2.12~4.04 mg/kgHfi20.50~47.32
78.69~157.25, 0.16~0.50 mg/kg. T SL8
POAICA7E L 2L B ALY & 5 R BU(BCF) [l
4351 490.03~0.48F10.03~0.87,  H1 A 45 B i % Cdir)
A AE B T Pb (P<0.05); PbAICATE A4y
B AL ZUER B W A2 = (B )38 B 43 51
9~67 dF18~48 d, ARG E B X PO i HE i E 1
BALTCd, FHARS THE . FFBAR . MALSA
LB PPOE E 2 H1.07~1.69, 4.87~4.95,
0.79~1.28 mg/kg, 8. JFHRAR T CdE &5 50N
0.06~0.14F111.25~2.66 mg/kg, TEASZI %METF,
AR T ARG B A SV PO BN T
NY 5072—2002  Jo2A 3 & b o B A kL2
A PR FRUERLE (5.0 mg/kg), TR CdE &N
TNY 5072—2002 { JoN 3 & ah i Ak
AR ) FRIE0.5 mg/kg), AFIEEAR T CdE &
FNY 5072—2002 { JonFE & & i B A Ak
LR ) e, LR CAE RAEA L
EN LR DI 28

A B B i 8 44 79 P AT CARY 5 B B/ Tk
W RGP R, H 225 83 (P<0.05),
A LLE A 8 S 6 K R 55 AR RL P A
CAi & R PEAEAE 2251

HWRERAKEAYEEESRNEZR
PRV, ARSIEIA R, AHECE IR, K IRBE I
JE P AE G B E E EPOIICAIN B R AR, ALK
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Tab.3 The kinetic parameters of bioconcentration of lead and cadmium in feed by
different tissues and organs of E. siensises at the different concent
Ko ERES MY ik} & B/(mg/kg) Coima/ Byl
. ky k, BCF
heavy metal tissues and organs concent (mg/kg) (mg/kg)
Pb [ 10.21 0.006 45 0.061 74 0.104 47 1.066 64 11.226 87
gill
22.01 0.004 0.076 01 0.052 62 1.158 27 9.119 16
40.81 0.002 59 0.062 48 0.041 45 1.691 71 11.093 90
JHF Pk i 10.21 0.004 93 0.010 33 0.477 25 4.87273 67.1004
hepatopancreas
22.01 0.004 01 0.029 99 0.133 71 4.942 98 23.112 61
40.81 0.002 55 0.021 04 0.121 20 4.946 07 32.944 26
NG| 10.21 0.002 66 0.034 21 0.077 76 0.793 88 20.261 54
muscle
22.01 0.002 69 0.064 68 0.041 59 0.915 38 10.716 56
40.81 0.002 69 0.085 66 0.031 40 1.281 57 8.091 84
Cd il 1.78 0.002 02 0.056 07 0.036 02 0.064 13 12.362 17
gill
2.80 0.001 51 0.048 33 0.031 24 0.087 48 14.341 97
4.48 0.001 91 0.059 539 0.032 07 0.143 71 11.641 90
JHF Pk i 1.78 0.016 21 0.023 12 0.701 12 1.248 00 29.980 41
hepatopancreas
2.80 0.012 51 0.014 41 0.868 14 2.430 81 48.101 81
4.48 0.021 14 0.035 54 0.594 82 2.664 81 19.503 29
WA _ _ - - - .
muscle

e, ARG BB X PORICAR T IR . HE R S
LRI (Mytilus edulis)P" . EEEME (Macoma
balthica)* VM S 4% (Balanus amphitrite
amphitrite)*SEIRAL, TN RGBS 2
KAEAY—F, ATLLEdEYRIESE, H
S 3 B 5 2UTE v A SR WU R 4 T R R
R ORI . b A Y B S e K PR B i
PO CAIF 74 N & 4 1Y it L LR i 22
PRHE 2 S 2% 7K 7 il v CA i A7 AR T 285 K
HAEF Wik BRAR AT 758, KW
K7 it TE G ek B H: OB Y Cd 32 2 D) B 1 4
GRFE, HUBME AN FIRGA LGS
X 7K Bl 4y ) BN AR E I 5 R AR
(CENVFIEEW B2 5%, WMEHEK™ P
WER B R, B kMXT IR Y 05 H
YEMAICAR) RRRCRAEH o AT UL, K™ Akt v
CAAR S K\ ELAEFR Y IR N . TEASE
P AR R DIFR IS, AR R PO
CAEARZE DL THIE A, (B AR i f by
et T REEAR, A ] BB I BOH LY
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R i CHL S A A LS SRR E R

4

N

DLAE W) 6 SRR 3l ) 2 1R A= W) Bl g 2
B Ry B A, PR T rh AR G S N AE PO i
910.21, 22.01, 40.81 mg/kg, Cd#& & M1.78,
2.80. 4.48 mg/kgh AR YIFEIS R, BEHE . T
i B AL XS PO A CAY A ) & 4R 5 B SE 8
I 38 2 2tk LA 15 B b AR ol A kL R
PoFICAIY 5 4 i Bk, . HE s R w Kk, . R
Ve REBCF. AW EWB,,. &% LMt
YR PORICAH 7 C S 8N T2 B 80 25
F0 . O Ao X AR I P AT Cd H A B
W E S, BE . FBRARFANLA T Po & RS
A ][] AR R P PO S N i R B T AR A
TEAE G, SRR JBE AR R Cd i R P
MR, ERENA T CdE B%A BRI,
QPbAICATE T e B AR E T E L RA
M, 7EL AN & B PO CARY 1 R I 5 5 15
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PG —F A RS>, O
A0 GBS T X A B RUK A B R PRI Cd S £ e E R
AR IS, TR FE 585 4 A~ B B i B8 1A
PbMICAI & &M /N T KA RELR, HER
i3 (P<0.05), FILLIAK, Ao B w 4L P Al
Cdmig MK IR A N T, HEKERRE
BEABE L

B E R
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In vivo absorption and release characteristics of Pb and Cd in
diet in Eriocheir sinensis

ZHANG Meiqin', CHEN Haiqian’, WU Guanghong'"

(1. Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing 210017, China;
2. Agilent Technologies Co., LTD in China, Shanghai 200080, China)

Abstract: To learn more about the enrichment and release characteristics of heavy metals in the feed and the
tissues of Eriocheir sinensis, kinetic parameters were gained for biological accumulation and release of two heavy
metals Pb and Cd in gill, hepatopancreas and muscle of E. sinensis, by using two-compartment bioconcentration
model to carry out the experiment in which the crabs were exposed to the feed with Pb concent of 10.21 mg/kg,
22.01 mg/kg, 40.81 mg/kg, and Cd concent of 1.78 mg/kg, 2.80 mg/kg, 4.48 mg/kg, so as to provide theoretical
basis for the distribution, migration and enrichment, and provide guiding significance for safe production eriocheir
sinensis for Pb and Cd in E. sinensis. Heavy metal uptake rate constant (k;), extracting rate constant (k,),
bioconcentration factor (BCF) and biological half-lives (B;,,), equilibrium concentration of heavy metals in vivo
Camax Were obtained by non-linear curve fitting. The results showed: (1) The concent of Pb in crab gill,
hepatopancreas and muscle exhibited an apparently positive correlation to the accumulation time as well as the
concent. On the forty-eighth day of enrichment, the content of Pb in each tissue reached the maximum, the content
in gill was 0.18 mg/kg, 1.14 mg/kg, 1.27 mg/kg and 1.91 mg/kg respectively; Content in hepatopancreas was 1.00
mg/kg, 2.17 mg/kg, 2.33 mg/kg and 3.50 mg/kg respectively; Content in muscle was 0.18 mg/kg, 0.73 mg/kg, 1.00
mg/kg and 1.35 mg/kg respectively; The accumulation of Cd in gill and hepatopancreas presented the similar
results to that of Pb.On the forty-eighth day of enrichment, the content of Cd in gill reached the maximum, the
content of was 0.026 mg/kg, 0.073 mg/kg, 0.107 mg/kg and 0.154 mg/kg respectively. In addition to the twenty-
fourth day of the group C, the content of the hepatopancreas reached the highest,was 1.90 mg/kg; The other 3
groups of experiments, the highest content was reached in the enrichment of forty-eighth days, it was 0.33 mg/kg,
1.05 mg/kg and 1.24 mg/kg respectively. In group C, the content of forty-eighth days decreased, it wsa 1.76 mg/kg.
But there was no obvious rule of Cd in muscle. (2) The accumulation and release of Pb and Cd were both slow in
tissues and organs of E. sinensis. At steady state the concentration of Pb in crab gill, hepatopancreas and muscle
ranged from 1.07 mg/kg to 1.69 mg/kg, 4.87 mg/kg to 4.95 mg/kg, 0.79 mg/kg to 1.28 mg/kg, the concentration of
Cd in crab gill, hepatopancreas ranged from 0.06 mg/kg to 0.14 mg/kg, 1.25 mg/kg to 2.66 mg/kg. The
bioconcentration factor (BCF) of Pb and Cd in the tissues and organs ranged from 0.03 to 0.48 and 0.03 to 0.87,
respectively, indicating that the absorption of Cd was much more higher than that of Pb in E. sinensis. The
biological half-lives of Pb and Cd in the tissues and organs (B;,;) ranged from 9 to 67 d and 8 to 48 d, which
signified that the release of Cd is significantly slower than that of Pb. (3) Pb and Cd were accumulated selectively
in the major organs and tissues in E. sinensis. After feeding with the feed, Pb and Cd were distributed in the same

way, namely, hepatopancreas > gills > muscle.
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