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Tab.1 Exposure conditions for the interaction between Zn and Cd
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Fig.1 Uptake trends of Zn and Cd in the gill,
hepatopancreas and muscle of crab complying with

Cd exposure within constant concentration of Zn

AL AU 8 Zn W ORES A 250
T,CAWEM 0 ~0. 1 mg/L AL R, g
SRR AN PR AL Cd Bl 5 i, BBl K 3P
Firf Cd B A sE i . 5 2H A A E
H Zn FiE R T AR EBE S B

Zn FfE Cd iR EE M E (0 ~0. 025 mg/L i
N ) R BEE Cd 2% 5 ¥ B2 5 0 1M 15 i)
B BIEEIME E Cd W 0.025 ~0.1 mg/L i
FIN R IE BEE Cd 2% 5% vk B2 18 i s /b 114
F, AFEBUAE 5 5 8 BOAS [m], T JE i v Zn F0
Cd & iEblsg Cd 285 Wk AL i3 hn R B0 LE AR LIy 38
s, AR PR . LA Zn B4, 3%
A AR

Cd REHE— 7, E Zn R E ) RAIK
% T8 Zn CdRGERFRT, 4E4F Cd Wk EAL
(0.025 mg/L) ,Zn ¥ 0 mg/L # %5 2.0 mg/L
PR R BIFE 15 d J5i75E AL o B R Y T
PRANILEA H Zn F0 Cd (1 & 50K 2 R,

. 3Br 15~
0 = Lo
78 | I
o0 O S
Eg 25t é =
\\/9 7 3 ~ 9
sF 20p ° "k
41 e 12 U E
= o 15+ < @
N £ =
T3 10t 11 £ 3
m=a © B ©
& &
5 4 . . . P
0 05 10 15 20
InZFEWRE / (mg /L)
Zn exposure concentration
40 "hepatopancreas % 1° ¥
~ = N - ~ T
o0 N 14 o0 O
g g%
~ = ~ o
S 13 = e
Qi &1 <
<: £ 12 % g
N g ©3
i g + 2
% 8 20 ——Cd 1] 1 % 3
% 15 0 £
0 05 10 15 20 &
InFZEBEIR A / (ng /L)
Zn exposure concentration
~ 38 Mmuscle e 7n ] 0.050 ED
~ = ——Cd <3
o 10045 2
E 2 Sg
> % 10040 3 E
Pigs g
= = (SN
N 10.035 5 e
#+ = <}
) = o
=% gl o =
= 0 05 1.0 15 20

InFFEIREE / (g / L)
Zn exposure concentration
2 CdREATHEMGThEGEENE FFERMN
A HE Zn, Cd R EHE Zn RFRETLER
Fig.2 Uptake trends of Zn and Cd in the gill,
hepatopancreas and muscle of crab complying with

Zn exposure within constant concentration of Cd



8 4 HRIEEE S R VR R B SR A Hh AR 8 R A N R R AR A LA T 1273

Kl 2 FTLUE Y, 7E Cd MR BEEDRFEAS , Zn YR FE
MO ~2.0 mg/L AL AR R, B K B H Zn
TR ER R I I, vh AR SRR () SRR T Zn
P et Bl 2 3805 LA T Zn 5 o YA W) g AR
AL, BErh Cd )& &, 76 Zn /91K 28 B8 Wk i
(0~0.1 mg/L) & Z, BE Zn W B2 34 I 3
BRI A1 RN 5 7 Zn 1) 2 BB EE W B2 (0. 1 ~ 2.0 mg/
L) R ZR Bl Zn v B2 oD, R0 F5PUak
BEo FHBMRH Cd & bl K BR BT Zn Y B2 11
Hehnsg i, F B0 W B E RO . L Cd
o, WA WL AR LA
2.2 InfCdiRBEBERSP, hiEGEEN
BE&ERRIL

%% 7In Y, BE AR Cd R &K A H
T Zn F Cd 2 55 )7 4 FLAE rh AR g8 B B R N
FRE RGO, & Soks i AR o B B B 5% T —Fb
[l e @ (Zn 5 Cd) ,8 d LU, FRfg Ho %
BEy—FESE(Cd 5 Zn) A5 5EE 15 d,
I o WS P b 42 & e h AR g B A H A B P Y
RGN

H I3 A, rh AR GBS B AR R 8 Zn 7B,
SAFW B Cd hIFRfE , S AL E Zn Cd
THEBEHIMAFMRER, HEARR Cd kY
o B TR AR AL PR A Cd B R R AH 3G 0
M Zn & 8 M2 800 ; E AR Zn & 7R
WJE Cd(0 ~0.005 mg/L) Z 551K R b 210 &
AR EHEE CA(0.005 ~0.1 mg/L) BB T
WG LA Zn F A W AR AL

PO 1 A8 3, FETR A 5 TG PR A AN (]
HZRERIARR T, N Cd R EE R, S AL
o Cd & RS AL, SRR BT Cd Wk i
S hniyg AR JRAE R T R 5 R A &R
SR B H Cd Wk B /N TR G R &R, v LA
N, Zn B FC DR 6 I T AR g g X Cd 1Y
T

&% Cd Y, BERE Zn R EARZ &
4 W ARG B AR e 4 Cd B iR, TR AU
FE Zn YIFE5 , £ HA SR E T Zn Cd &R
AR . PREER R Zn Ve EERS I, 68 1B
BRFNLA e Zn W FE AR AR B 3G in . TMi#E Cd & &
AIBEAE Zn e 1G5 s i A R v Cd
O 1 Wi Zn Y FE 3 0 T G n, 2 B0 B 8 Y P )

PR LA R Cd & R R AULIA P Y Zn &5 &
YIRS

ORI 2 TP 4, FE TR A 5 0 2 i 3 1P
AFERPIFRARZ R, I Zn (1 B 82 W BE, 4% 4141
#nEH Zn EE AR SATL, # L BE P B Zn
Y E SIS A, (EL A 550 7 I, O 2 e A 2%
RS EIR  Zn W BRI BN TIRG IR R,
ATLAACK , Cd 1 S R R, o] T rp e gl
XF Zn BRI

~ 12 -5 o~
¥ & 4f8
~ G4 - Gd
wo 11 o
g = E =
) 13 J .8
i £ 10 i 5
41 e 1241 =
=% k=2
NE gl o2
i85 18 8
g% [} g o
8 T L L L 1 1 0
0 0.02 0.04 0.060.08 0.10
CARFTWKEE / (mg /L)
Cd exposure concentration
E" 18 hepatopancreas 114 E"
:olg 17 —oin Sl :og
- [} +Cd
EB g 110 E%
PR 108 1 §
€Ll {06 &2
N g &) 5
25 ul . 10 &L
§ S [ S 102 % g
13 L . . . . .
& 0 0.02 0.04 0.060.08 0.10 0 &
CABFEWE / (mg/L)
Cd exposure concentration
;‘\o 34 r muscle —o—ér(li - 10.12 —P‘D'U
= i ~0O
~N 4010 w0y
0 4y E o
E ©° =
= 32F ¢ 1008 I §
=2 g S
b \ 4006 47 E
SE ol "loos S8
g ' R
=g 40.02 g o
= 28

6 0.I02 0.I04 0.I06 0.68 O.Il() 0
CARBRME / (mg/L)
Cd exposure concentration
3 REIn BRE,BEARIRER Cd RYIFxE,
HRAE G BB RO BT AT RR AR AN ALY R i
Zn.Cd RIgETHBES
Fig.3 Uptake trends of Zn and Cd in the gill,
hepatopancreas and muscle of crab
within different concentration of

Cd after Zn exposure



1274 Koo

% ik S

= 1.6
Exd P
”s 411.5 = 2
E 207 114 E2
58 L 12 &2
H+ 310 o2
411.1
% ° S
5 L 1 1 L L 1.0 =
0 05 1.0 15 20
InBEFEWREE / (ng /L)
Zn exposure concentration
%0 - 2r hepatopancreas L0 %D =
N 90 L E o0 O
E% s 108 E%
~ = - ~ o
I i S
G 16f 0.6 4 £
SE 4l | o%
g Joa T 2
B3 9l ——7n |V &3
®© ——Cd ® ©
$ 10 1 1 1 1 1 0.2 E
0 05 1.0 15 20
InZBRIRPE / (mg /L)
Zn exposure concentration
£ - I muscle 0.09 =
- N ~0
ERS 008 £%
Z§% <5
i 5 007 5
= &1
4 2 0.06 & £
S g30r S g
#+ = 0.05 & =
= S ¢ —e—Zn =g
=, ——Cd {0.04 5
0 05 1.0 15 20
InBEFEWRE / (g / L)

Zn exposure concentration

B4 %£%ZCdEB,BEARREN Zn hYI5E,
rh A 4 B R B 8 T BR BR AN AT AR Y
Zn Cd R ETLES
Fig.4 Uptake trends of Zn and Cd in the gill,
hepatopancreas and muscle of crab within

different concentration of Zn after Cd exposure

3 e

REBOKAEAY T LB 51 A5
BRI OK I B Zn 1 CdMY R IGEERS
BRSO, FR M AT 2 F e s
& J@ B SR, {ELE 3 AR Y SE S x4 R
BT B T B g AR AR, — A BN
W WA A K P Y B 4 U B T, SR o Il v
BE RIS AL, s B e R e ; — 2
FESRE AT, 7K A % B8 A TR b B T 4 S g
PRI TR A B 4 R A ELAE
Xt AR AR W 9 B RS0 1 BEIE A P AR B

REMERR DL, — M TE P0G e, N &R
BT AR 5SS A0 R T 42 Ak A
A RE ) /o B R W B 4 S E A0 i 1
KR, 5 — MR 4 E M E A
( metallothionein ,MT) {55345 5 /EH, Hdp MT
R i VE S AN SR A G,
——FE A R AR R R E TR TR,
HEZAAE T AR IR E S, EEAY
MR N S DF R 48 (Zn (Cu 55) 145
B B Y 3K B 4 e B 7R AN M N IR R A
M5 A 84 J8 (Cd Hg %) By 454 ay LA
TRAP AN S s2 0, SO A e A IR N 45 R
i Bl AP RN A R A RE AR T B XU AL (R
BF MT H R ESE e R T HE SR
BT RAWEBEMI, 5 Cd MEA /81K
F Znt™

WF9E A BT A T4 Ja A B AR PR FE 7
H LR, F2 B R A B3 T A
McKim %1 72 3 £ g BF 53 o, WEEE 31 Al 1 il
PR M G R A R B, KR T — AT
PRSI LA . T SO 45T A8 ) A R 1Y
Wb & B, R P A MT G i, {22 R &Y
MT J2AAAE TR . e 1 FE 2 v g
Xf Zn F1 Cd BRI, Zn  Cd RS 1A FR i, 248
A i HE 4 S R Ak TR R IS, AR R 4 1Y
RRI UM FEAE A, X P RE 2 th T 5 — 4
BT A5G WAL AR AR IR B A, — o 5 T i 4
Jn g5 b i MT, 800 55— B E 4w ik
AR BE TIN5 T 244732 A P B <55 s ok 38 98 on 38— 8 R
I, 4G L RV, LAY T 4 s 25 58 4 1 b
ety oy —Fh G JE , (AT AL, R W]
PIFEHUVE T o BRI AT LAIA O, 5a 4 o s/ oy 22
JRH S %5 Zn A Cd A v 42 Y B B i i) AR
2, RIS 4 Jm i 5 S

JIF g Zn 5 Cd 19 ZFUE O, R B A
AR, BV D [RIRLO8E o e it Y 522K sl W 1
ey B, WRHESREENLSE, Ee R
it ZFREIE AR R AT RS 2
2 I TR A SEE K MR e ) o 4 Jim 5 v T B AT
LRSS E ™ FFIE AR Zn A Cd e 38 3 4%
S ERIEARSE, HR P & Cd 50 Zn fEAFIEH &
PR 5 FAH G MR E MT, B G 8 MT 15
Zn B Cd 454, T B E 6 8 7R 4 2 b iy 2 6]



8 4 TREEE, G5 KPR TR SRR TE T AR R R R RS A AR LA 1275

AHE L B3 B YL 5 mg/LCd IR
RFR AT A BRI 42N Y Cd al 58 42 9y
MT %54 Zn FI Cd (AR E AR FAAE A DA AR 2
AR R IR, (HARAS W A
ROER N RYE Cd \Zn A XS U L (H 2
TS MT R4 AT LA
MT [ 45 G AF Mo B2 RN, & Zn
I Cd 1 P ARSI IBe IR h R R

Cd 1 Zn f£ ARG B LA PR B AR I
EFAVAT W B (R, 3 S e s AR L 1
Ui Cd 15 2 58 T A HEFS) Zn 5 78
L T LI R ) Zn S ARSI X T B
T TRPE G MT A2 L] , 6 15 2 <6 7 T
FE R, ORI T ) HoA g B AR ik
EALPA 4 Ja 110 25 A 7 G I T I SR AR R
AL IR R R R R A E R N
VR EERE ) TR A SR L s

TEMOR ZEETE LT , S HA G B X ERJE Zn

I Cd f W R B 5 IR A A R AR R, H Zn
I Cd 7EBE RN I & &, SR A A Z AR LL 2 35 08
P(P<0.05), f1gt Al ik, Zn F1 Cd (IR &
Z I T AP AR SRR R N R AR R XU T
BRI Zn B Cd ¥k BEBEAR, W] LAE & B R 0 Cd
o Zn SRAM ] ARG BRI Zn H1 Cd 1Y
FOR, PR S 2 Zn MR )G, FRIE Cd
T, BRI R Y Zn SR BEE Cd W 1T i 1
TR T A R W], MT P #idk, 5 Cd
LSS RESIRT Zn,

[l , AASBIESE 4 R AR Pl DL ),
R AERY ARG R B A PR B B A
A A S E R R AR A 5, T H 2 o 4
LA AR 2 52 1 K PR35 22 591 T 2R B LG AN [ Y
TEH.

S

(1] Roeer. Bakyh BAE p A oUB 8 b ity AU 3l )y 2%
L HARZGIARTFEL D] . 1 58 B AR L K7, 2007,

[2] Firat O,Gok G,Cogun H Y, et al. Concentrations of
Cr,Cd,Cu,Zn and Fe in crab Charybdis longicollis
and shrimp Penaeus semisulcatus from the

Turkey [ T ].

2007,

Environmental
15 (2):

Iskenderun Bay,
Monitoring and Assessment,
117 -123.

[3] Beltrame M O,De Marco S G, Marcovecchio J E.

[10]

[11]

[12]

[13]

[14]

Cadmium and zinc in Mar Chiquita Coastal Lagoon
('Argentina ) ; salinity effect on lethal toxicity in
juveniles of the burrowing crab Chasmagnathus
[J].
Contamination and Toxicology, 2007, 55 (1):
78 —85.

E22 TN, G, R R A G TR L
T B R O R I R R e [T ] s e
#%,2001,47(S1) :96 —100.

Spehar R L, Fiandt J T. Acute and chronic effects of

granulatus Archives of Environmental

water quality criteria based metal mixtures on three
aquatic species[ J |. Environ Toxicol Chem,1986,15
(S3):93 -97.

Hill C H, Matrone G. Chemical parameters in the
study of in vivo and in vitro interaction of transition
elements[ J |. Federation Proceedings, 1970,29 (4 ) :
1474 —1481.

Brzoska M M, Moniuszko-Jakoniuk J. Interactions
between cadmium and zinc in the organism[ J ]. Food
Chemistry,2001,39(10) :967 —980.

Schrey P, Wittsiepe J, Budde U, ef al. Dietary intake
of lead, cadmium, copper and zinc by children from
the German North Sea island Amrum [ J ].
International Journal of Hygiene and Environmental
Health,2000,203(1) :1 9.

Oishi S,Nakagawa J I, Ando M. Effects of cadmium
administration on the endogenous metal balance in
rats. [ J]. Biological Trace Element Research,2000,
76(3) :257 —278.

TRIEEE. rh RO T T 4 S A TN 5 1 R A AR P 1Y
IS EAID]. At MR LR, 2005,
Rainbow P S, White S L. Comparative strategies of
heavy metal accumulation by crustaceans:; zinc,
copper and cadmium in a decapod,an amphipod and
a barnacle [ J |. Hydrobiologia, 1989, 174 (3 ).
245 —-262.

IR KGR X b A SR SR AT VAR T Y
[D]. L ARZRIIE R ,2007.

Wood C M, Adam W J, Ankley G T, et al.
Environmental toxicology of metals [ C] // Bergman
H L,Dorward-King E J. Eds. Reassessment of metals
criteria for aquatic life protection; Priorities for
research and implementation, Pensacola ( Florida ) :
SETAC Press,1997:31 —56.

Vasak M, Riodan J F, Vallee B L. Metal removal
and substitution in vertebrate and invertebrate
metallothioneins [ J ]. Methods
Metallochemistry , Part B,1991,205:452 —458.

in Enzymology



1276 Ko ¥R 34 &

[15]  JE#C, RS, Jilisa M, 2. E4 )85 T Cu.Zn biomarker measurements in female shore crab,
Cd WA E.AE I XF Pb 7E il £ 20 25 B 2 1 52 i Carcinus maenas|[ J]. Cheamosphere , 2005,58(5) :
[J]. flh BB {347 ,2002,21 (1) ;23 —25. 615 —626.

[16] McKim J M.  Physiological and biological [19] Brzoska M M, Moniuszko-Jakoniuk J, Jurczuk M, er
mechanisms that regulate the accumulation and al. Effect of short-term ethanol administration on
toxicity of environmental chemicals in fish[ C] // cadmium retention and bioelement metabolism in rats
Hamelink] L, Langdrum P F, Bergman H L, et al. continuously exposed to cadmium [ J]. Alcohol and
Bioavailability ; Physical, chemical, and biological Alcoholism,2000,35(5) :439 —445.
interactions. Boca Raton: Lewis Publishers, 1994 . [20] Hopf G, Bocker R, Bischoff J, et al. Investigation
179 -201. into the combined effects of ethanol and cadmium on

(17] H3Cam, F22 K , 5. il R AR 4140 rat liver and kidneys [ J]. Archives of Toxicology,
BIRTE A RIK AR ERAIBETE[T]. FREERf 1990,64.(6) :470 —473.
11%,2008,28(6) :1192 - 1197. [(21]  Bohg, 68T, £, 55 Ba R 1EY JE iRk H 8

[18] Martin-Diaz M L, Villena-Lincoln A, Bamber S, et FHRAR N R EFRT]. Rl R EE (- 37,2001,20(5) .
al. An integrated approach using bioaccumulation and 357 —359.

Interaction of Zn and Cd on uptake and accumulation
by crab, Eriocheir sinensis

ZHANG Mei-qin'*, CHEN Hai-qian’, WU Guang-hong'** , CHEN Lin-zhen', PAN Dao-dong’
(1. Fishery Products Quality Supervision and Testing Center ( Nanjing) ,Ministry of
Agriculture of China,Nanjing 210017, China;
2. Freshwater Fisheries Research Institute of Jiangsu Province ,Nanjing 210017 ,China;
3. Department of Food Science and Nutrition ,Nanjing Normal University ,Nanjing 210097, China;
4. Key Laboratory of Meat Processing and Quality Control ,Minisiry of Education,College of Food Science and
Technology , Nanjing Agricultural University , Nanjing 210095 , China)

Abstract; Under the conditions of synthetic water, the exposure method of mixed system and sequential
system were adopted, the interaction of the two metals (Zn and Cd) was studied in different organs and
tissues( gill, hepatopancreas, muscle ) of the Eriocheir sinensis, in the process of absorbing accumulating
heavy metal. The results show that the interaction of Zn and Cd was influenced by the exposure
concentration, tissues and organs, the exposure time. In the mixed exposure system, Zn and Cd in the
hepatopancreas showed a clear synergistic effect. In the gills,low concentration exposure showed synergistic,
high concentration exposure showed antagonism. In the muscle, no significant change in the law. In the
sequential exposure system,compared with the mixed-exposure system,different organs and tissue content of
Zn and Cd reduced significantly ( P <0.05). The addition of Cd,will reduce the Zn concentration in the gill
and hepatopancreas of Eriocheir sinensis in the Zn pre-exposure system,Zn content and Cd concentration
have the anti-exposure-related,and Zn in the muscle did not change significantly. The addition of Zn, will
increase the concentration of Cd in the Cd pre-exposure system of Eriocheir sinensis in gills , hepatopancreas
and muscle, and hepatopancreas and muscle of Cd and Zn content were positively related to exposure
concentration.
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