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Interactions of lead and cadmium on uptake and accumulation by

gold fish, Carassius auratus
LIU Chang—Faq TAC() Shu, [LONG Ai-Min, CAO JL]I'.I- XU Fu-Liu (Department of Urban and

Encironmental Sciencess Peking Universiey. Berjping 100871, China ). Acta Ecolegica Sinica . 2001.21011):1863--- 1868.
Abstract ; By using simultanecus exposure to Ph and Cd, and exposure to Cd after Pb acclimation the inter-
action of the two metals on the branchial uprake and hepatic and renal accumulation m goldfish (Curussias
auratus were studied. In the fish exposed to mixtures of constant Cd at 4. 448umol/L and varied Pb al 0,
1. 448, 2. 896. 1. 344. 5. 792, 7. 239. and 8. 8687 pmol/[. in artificial {reshwater for ten davs. increased
branchial upiske and renal accumulation.but not hepatic accumulation.of Pb were observed as Pb concen
tration went up. The gill uptake and kidney accumulation of Cd were not affected by Ph. The average
branchial concentrations (0. 026 £0. 111 mmol/ kg fresh weight) and hepatic accumulation of Cd €0, 0527 +
0. 0126 mmol Cd/kg fresh weight Jin fish exposed to the mixture of constant Cd and varied Pb were not
significantly different from those exposed 1o Cd alone (0. 019 mmol Cd/kg fresh weight for gills; 0. 0365
mmol /kg fresh weight for liver ;/-test,u=0. 03). The concentration of Cd accumulated in the kidney tend
toward decline. When fish exposed to the mixture of constant Pbh at 4. 344 pmol/l. and varied Cd at 0,
0. 145.0. 890, 2. 669, 4. 44%,6. 227 .and 8. 006 pmol/L (the branchial uptake and hepatie and renal accomy
lations of Cd linearly increased with increased concentrations of free ions Cd? in the ambient water, The
zill uprake and kidney acrumulations of Pb decreased with increase in concentrations of free tons (d’".
However,the accumulation of Phin the liver (0. 0103 £ 0. 0059 mmol/kg wet weight Jwas nat influenced by
Cd cxposure, which was not significant different from that (0. 0097mmol Ph/kg fresh weight Jof fish ex-
posed 1o the Ph alone (z-test.a=0. 053, For the fish exposed 1o constant Pb at 4. 344 pmol/{. for five day=
afrer adaptation to Cd exposure at varied concentrations,it was found that uptake of Cd in the gills and ac-
cumulations of Pb in the liver and kidney linearly mcreased with increased concentration of free Cd- 1 the

ambicnt water., While branchial uptake and hepatic and renal acenmulations of Ph were not significantly cil-
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ferem from 1he background concemrations of Phin the gills Jiver and kidney respectively ta=10. U5 andi-
cating that acclimation of Cd had no effect on branchial Pl uptake and hepatic and renal Pb accumulations.

Kev words; lead: cadmiums fish; speciation: accumulations interaction
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O FEAAREBREARNESEMF ERHL, B MEeEIESARPERE A HILEL
2O HUEMIsEREFOIAHMESHAR. ATHETRKNRTEEEER G 2REFIMRSAR .
BFHITHEDHREERS SN ERESAHEERARN RREBEHL AWK Y ., MFESR
St FHERAMIERARMER . X FHMER D FHIMER MBI EHST . KPUEET
R EEBEEENEDRARKER M ERBFER S LHR - HE. 4WHRETHETE AT BT
B YT -MEEREFHN TERITARNK A EZBTE . SHEPHIRWEHR FSEMERT
BHERFTHE. BUKTHEHFsBLARFTESMWREIRPREILER.

1 HES5HE
1.1 ERHHK

T8 B B (Carassius quratus) ) AL R AN K iz LR ERELE TBSHH K400 B £ i
ERNHA. . 2~3d REKMF KI5~ 6d K. FRaT od b RBHEHAEEAL . AAITAY
It dERATEE. ATHAKEREFSE M Ca™ 0-710,Mg?™ 0.324.Na” 0, 143. K"~ 0. 009, Cl 1. 121,
SO 0.324mmol/L, e HERHEARBERY.

1.2 E@xXR

EERTEAEF 10L MEA LW KMBERKERFHITOKIR23~270). BT ERBRKFHN1EE
., LR EE 01,418, 2. 896, 4. 344, 5. 792, 7. 239, 8. 687umol /L) 10d . pHY. 01 = 0. 01, W B
2,359 +0.047 mmol/L, £HEFEHAES 77 2. 72 g, WERRHEEKIT 0.0.145.0. 890, 2. 669, 4. 118,
8. 227 .8. 006pmol/Ly10d, pH B. 84+ 0. 05, 8%JE 0. 676 £ 0. 227 mmol /L., £ F LEE 23. 96+ 1.31 g, i
MERASREGCNE ) WO E 4. 448umol /L VB SRTE 0,1 148 2. 896, 4. 311,5. 792.,7. 259, &, 87 pmal’
[)10d.pH 9. 1140. 04  8&JT 0.5224 0. 151 mmol/L, &M@ T EEE 21. 06+ 1. 67 g RIBR T EFOC KR
FRY L IRIE 4 34umol/LL JREKTE 0. 0. 445, 0. 800, 2. BAD, 4. 448, 6. 227, & DOBpmol /LY 10d . pH 9. 04 &
0. 06 BEFE 0. 68940.212mmol/L, £ B FHEE 23.99+4. 33 . WYLt S BBLRERIELdEERE
F 4 3apmol /1L B P R od, L pH 7. 47 =0 11 8% 0. 446 £ 0. 074mmot /L. KR 2527 C L R
b RFREE S HH 0,0-115,0. 890, 2. 669, 1. 448.6. 227 . 8. 0W6pmol/L., £HEFHEE 5.55+1. 59 ¢
1.3 HaWik

BEBRIRERG BB G Y. 802 0. 5g HE M E T E IR L9
&S AZT Sml 3 UNOLGRYFIZ 2ml 30% HO(GR)YE %I T CEM MDS2000 ¥ ESNEKER D 7
FHm. BEEPNESEEENENPTFHEBVSER LA NP REER FAKBE®.H lmool/l. NaOH
(GROFWE pI i PHERERT Sml FREET REMESEE. HARH 303 BimHEH EGEG PAR
3R R (PAME R REE )R T8 REE. L L. omol/L. ZM-Z B HEN B R/ BRI RO 1 v/
Vo WIE FRE RS AR 180s, B BT[] 1200 -4 0 B] 30s A —0. 8~ 0. ZmV  FHEE T 4mV /s,
BB ESSHHMINTEQA: BFiTHE.

2 FRIHE
2.1 BMREAREE
MEREERE FATHEERY . ERECEFINHREFAMRFEVE L ROWEEF AN

MBS ATEEEAR.IFREF AT BB SOEE . T 4R S MMl R RBIER NS 12 0
WG RE . EE RS EREGT R ERRH SR, SE- MR AR T
FRETFIAMBE, ASAFRERES THITHESBRB IR R THRWER ML G
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Fig. 1 Lead and cadmium concentrations on the gills of fish exposed to

Pb+{d (a, constant Cd? and Cd+Th ih. constant Ph) Lwet weight)
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M HERIEHRALENLEN - RESEERR . 2HBRTYUER 002610 0O lmmol/kg (IR H) '3
HMBERLTEFHERITR O 019mmel/kg MER LB EMEE 7 (a=0.05), MAFEMEHRBIRARE
EMTERMRKRE, FH b . RN BEHE AR SHETEELAEN. B TRANEREEE
ApEE, RUBRSEKETMABR T TRERWE HER45B8WEREAT 4. Spmol/L 5 AR
WERAHXETHE. BRI NER.EH.BRAEEDPESNEERWBBXHF R W . B B U H#E R
LREEHKER. CHRRERE R AR FICFEFRESGERECd A Hg & ZREH Immol /L
MPHFE. AR . REBREKSHBEALAMEL, TENERBRRASEEN BMERRE2FHE
BTy sk AR A E M . Allen IR A RRIRS BT TH 0. 05mg/L Cd + 0. 05mg /L. Pl)ds
WP EAEBIESREET 0. Oomg/L BPRERIBHERD. BT 0.05mg/L Pb+ 0. 05mg/[. C4A
TR B EAELSENRATYEERE T 0. 05mg/l. Ph oML ERR”, AR AHTE R BLHHUEY
PlHERAR FREEHSENEYRMALESHS " HFRE5 PRI E TSRS RN
A -HEIN R — B FIT.
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Fig. 2 1.ead and cadmium concentrauons in liver of fish exposed 1o Ph+Cd (a. constany Cd?
and Cd=+Pb (b, constant I’h) {(wet weight)
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Fig. 3 lead and cadminm concentrations in kidney of hsh exposed to Ph4Cd (a. constant Cd
and Cd~+Pb (b. constant Ph) (wet weight)

B3I XA+ HEIBEOQAR-HEROPSASRAE . MERE., TR —@EF LD E 30,
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M X AFEERNEREE 5d FERE FHRRESERYD dsA@ D HE MBI E S K
WSS mE B CE. mET L, adgai @Ry B KEE R SEA 75 LA R L -
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mmol/kg IBHE) . SEHRFAF S EO. WD mmol/kg BE N FAXBEFERG-RE.«=0.05. MHH
SR KA SESERMTLESm. .5

B RS B R G DAR. Mk wREE b o o
R B RS, «i o
4T AR STFRE@WILR RS A e
Pl KR AL ok 8B AU KR RS g
MY RHE L T, B AR ke TR0
HERREEL RO BREMER LR ZH " . X ' 5
5 % ESWA THEM Free Cd in wateo(x 1 PmaliL)

T 5 R B EE 1T T A ML 18 B A B o A AL
SRS BERRTREERAUHAGIARE e hoe ey
U e E BB B R DAL R R L i e FE A @B GRE

3 Eig Fig. 6 Lead and cadmivm concentrations in the

G HEERAAREBER FEMKEAL. NG kidney of fish exposed to canstant Pb afrer aday
1y 8 %K 5 H A o0 4 (0 85 B A 58 R Rl B tion to Cd ¢xposure (wet weight)
R.ACEERERBRE IR D, £RITEIKIE AR,
TR RN TSREAER /B ARFERE LR . 124 WR DL T4 L8y
tH a1k H

-

1 = Mever ]S, Santore R(", Babbitt JP. e a/. Binding of mickcl and copper to fish gills predicts toxicity when water
hardness varies. but free-ion activity does not. Entviron. Sci. Technol, v 1999, 33:913---916.
_ D Calamari T1, Alabaster ]%. An approach to theoretical models in evaluating the effects of mixture of toxicants i
the aquatic environment, Chemasphere. 1980, 9.333~ 538,
~ 3] Pelgrom SMGJ]. Lamers LPM. Garsitson JAM, er of. Interactions between copper and cadmium during <ingle and
combined exposure mn juvenile tilapia Oreochroms mossambicns . imfluence of feeding condition on whole body metal
accumulation and the effect of the metals on tissue water and ion content, Aquatic. Tarnnl. . 1854. 30117 155
. 1} Glynn AW. Norrgren L, Mussener A, Differences in uptake of inorganic mercury and cadmium in the gills of th:
zebralish, Brachvduma revio. Aguut. Toxicol. + 1954, 30:13~26.
Tao 5. Dawson R. Liang T. #f af. Synergistic effect of copper and lcad uptake hy fish. Feota el Enveron.
Safe, . 1859, 34.190~ 195,
£ % Mason AZ. Jenkins KD. Metal detoxification in aquanic organisms. In: Tessier AL Turner DR, Eds. Metal pes
atton and hoavarlability in aguaric systerns. JUPAC, Chichester. John Wiley #. Sons. Lid. » 1943, 179 - 665,
TR O RIS S (Carassius quratus) T8 FIGE 8 U 8 7. K EAWFER 200125000341~ 310

A Allen P. Chronie accumulation of cadnium in the edible tissues of Oreochromis aurews (Sterndachner ) ; maihifica:

i 11 A

tion by mercury and lead. Arch. Enmiron. Contam. Toxicof, « 1985, 29:8~ 14,

o Allen P. Salt  ussuc accurmulanon of lead 1o the blue tilapia, Oreachromis aurens (Sterndachner). and the madi-
fving effects of cadmium and mercury. Hiol. Trace Element Res. . 1895, §0;193 - 2048,

‘10 Waod CM. Adam W], Ankley GT et af. Environmental toxicology of metals. In: Bergman HIL. Dorward-King

Fl. Eds. Reassessment vf metals criteria for agquatic fife prorection; rierities for research und 1mpdemenrarinn.



1868 2 S S A o 21 &

Pensacola (Flonda ). SETAC Press, 1997, J1~56.

J11- Dixon DG, Sprague JB. Acclimation to copper by rainbow trout (Salomo garrndnerid - A moditying tactor w0
woxwity, Can. J. Fish, Aquat. Sci. . 1881. 38: 880~ R85,

" 12 Roch M, McCarter JA. Hepatwe metallothionein production and resistance of heavy metals by rambow rrout
{Salmo garrdnersd. 11, Held 1n scrious of comtammated lakes. Comp, Biachem. Physiof, . 1981, 77077 ~ 3L

R B B F S SRR EFEREESESESESERESEESNSSTREETSRESSE SR EREESEREESN SRR NESS NSNS RS SEE YR N

(B ESEREB I E=ZRO A

£ & (LTI K F B4 . 100875)

ANECAEA 2 L FEEALBEEANBELBR ALV EXHBERAT—THmE,. B
B ERSAXBRIGAFHWHRELHATE ARSHAEMBRERRT . R/ EERIENRHEL. H
EA SR AR HARN XS E RN SEFEATEREARANTEEAAA. XF2RLE
BR B eHETIHE. TR AXCEFEANVCHIIE T S B RER . RICTIT V34 800
Mo EFHROEEEEM R L E S FEA.

ERE.CETESSERAMMIAFESFEN-TEELENERRRE. QEHF 7L 7.5F
REYE KEREFEIVFHALEFSL L,

FEHETR N IEEBEANYFERT 200 F 9 FEELAR B PEMNYYRE THREK L RFN
(R RENE SN, EBE T 198 FMI2 4T HRAF—RMPE __R.FGIRREEHBHE T
HERYHRH O RN E N EMER SR SRR EN A A ER T A REH B
Z—. 1 -EE5IEH CHEROHEFHRIIEXE.,

BT FEENE R TERDTEA,

L MEHFEFATHEEMNREEREAMNE BUANEIMEEYRARRAAE ABNEZ PR
THARAYHEXERURSR ABEULEEBMP BANERESENURERREB R A AL U,
BRI EERH B ATRA ARBALAESESF OB WL EY.

2. BEMRYATRIEMAR EAE UM T IFSMHS5RE . Lh— T EZRIE M4 IR EREE AL
WEE GEEERSALZHSTENETESG XURARESEN—TFERA. DHEME 11 K
REGAS (AEERESFNSRESEMIL)E 2 WAL SERHRM T EY SRR,
LEEEREMELERETHE -NF.

R THREMEFEARAEHIUENAN SEPEGEE - TTEHRBRAN 2 BHEALRNYES
MRUASER. XHEBBEATNMR: ML EFXALARUESTIFEN XTSRS, FH5 "R
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