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7K 15ml, H7K ERRE 34 33%0, e iR 4E 4 6.5—7.0mg/L,pH {4 8.1, 7KiE 15—16°C, &5 — I8
BRAZEIR 10, RHESBERRREZESHR: Cu(H CuSO, 5H,0 EH#l): 0,
0.2,0.4,0.8 F1 1.6mg/L; Zn (8 Zn RIEI&L): 0,2.0,4.0,8.0 1 16.0mg/L; Cd (F Cd %
FED. 0,2.0,4.0,8.0 f116.0mg/L; Cr (H K,Cr,O, ). 0, 10.0, 20.0, 40.0 £7 80.0
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Fig. 1 Percent cumulative mortality of Fig. 2 Percent cumulative mortality of

P. olivaceus embryos continuously expo- °
sed to different Zn concentration

P. olivaceus embryos continuously expo-
sed to different Cu concentration

(2) Zn R0 Cu WRAR—B, B I 1 /RHIAT 30h, 2, 4 F18mg/L Zn RETH
BRERERRNNRARFRSES; B4 16 mg/L Zn RETFIIFE LM, 8 meg/L
InRETHEERG 0%, EH 42h, 2mg/L In RETEEWSINTHL, BLEY
20 % > A A T AE 4mg/L Zn RET RV T BEFH; HNTE 8 me/L Zn 3
ETHRBRNEERCHEZE 30%2 (BB 2), RREL 48h, 2,4,8mg/L Zn IRETITFH
FEALE AN 90%,60% F110% o HREH, EEERMPMAEL, 2mg/L Zn KEA
SXBAHTHEER, WRIAERNE L EERER. BE In RENHES, TR
FEREEMBCE T, WEERBEMEE, fCu %R %S RSN LR, R
A Zn 3REE T B RO &, A IER , W 3h7E R, RILES MK o

(3) Cd  7£ 16mg/L CdRET 6h NIRRT (LE 3), HE 3 MRETE
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Fig. 3 Percent cumulative mortality of P. olivaceus embryos
continuously exposed to different Cd concentration

() PbFICr  FLRA3MEEMLL, PbR Cr X HRENTEERE, LHE
Cro ZEREAVAT 30h, EFHMEBARNRETRERXFHLMRERSNRAMEA, 2
% 42h, 1.0 0 2.0mg/L Pb JREE A 20 55 40me/L Cr RECF 5y BIAE I8 F WL, A5
WRAREBARERES (UE Do HEEREAREBRILTRESEM. B8 48h,
JLP I, B R R R R 53 REME. R4 RV, Pb M1 Cr REZII T
fe R RIR R s , W R RIS R AR E A ERIIE Mo HRFE 80mg/L Cr M18mg/L Pb.
RETRLOTFAEENE2EM, BEELBA 11% R 66.7%, BTRMHEERRE
BEEEMEE 1 MER T Cr M F SRR EFHILE P WERES,

FIF Cu,Zn F1 Cd X F SR MG B R BB E MBI K L, HEXKNEERE
3 ’&EX T FEARRG 48h LCs B4y 1% 0.48.6.55 1 9.01mg/L,

S PR REARSEXN T SRR BRI SR EEE%R?WK$H‘J%UF]T§&,
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TN EBNE TR AKEN, ERHFETIUBERRARIGFZEET. LSS
5 80 kZ&EA o & RBEFERINT R RO BD, 8 LI EF T K, EEHERN, FaEY
E IR WENT AR IRE A KW S 8Tk & 1k Z ik, 2E UL G e R 2, R ARIZE .
5 FhE BN A 48h BHRRLERIITR 2, ZRERV.CuMFANERRER,
REF 455 24h, 0.8mg/L Cu JRETH 80% MRS, BT, 1.6mg/L
CulRETHEFRM 20%, Cu X EF{Ff 48h LCx fH2% 0.36mg/L,  Cd XIFEHFATS
HEEHEME,7E 8mg/L CAIRET,24h WA 40% MATET, REHNBTEFKE,
Hih2 BffatkE2E#IR, Cd X FEF(Ff 48h LCy H24 2.0mg/L, FATE 16mg/L Zn
REET 24h NFET- 40%, HIMNEH 5 RMUENTRRER, H 1 BAR2%lo Zn X
1 48h LCso {24 6.7mg/Lo REITHA/E 48h 7L 8mg/L Pb JREETFIETIHK 40%, &
1 RFACNEBNTASES, ARESDE 16mg/L Pb RETTACLIET, B
Hit, Cr 3 F ST AR R K, 48h N,40mg/L Cr KB T AT HRMNA 20%, HE

5 BIFAMENTKEE, M7t 80mg/L CriRETIRTHEEX70%, Cr XWf{THA 48h LCy fH -

4 62.3mg/L,

%2 FHEGFE8h BERBRER

Tab., 2 Results of 48h toxic test of P. olivaceus larvae

#wer (mg/L) x H 0.2 0.4 0.8 1.6
o HrEB) | -0 20 60 90 100
. WKEE (mg/L) %t H 2 4 8 16
ST (%) 0 0 20 60 100
cd WE (mg/L) Pog] 1 2 4 .8
T %(%) 0 0 50 70 100

KB (mg/L) b 10 20 40 80 °
o (%) 0 0 -0 20 70
Pb KE (mg/L) pogi| 2 4 8 16
T H(%) 0 10 20 50 100

LR, MESRN FEFEFERNIFX: Cu>Cd>Zn>Pb>Cr, M
IR ES BN SRR B W R 4 /A, RIBk Zo Sh, Cu F1Cd 3¢ 7 & 48h
LCs ELLX SR TR EMRIF L , B iFie, AF& % Cu M1 Cd WEBRHELLINF &, &1t
B18 Cu,Zn,Cd 0 Pb T AR ZLREEIITE 3. HEHEHNE, REHEN Cu %
EREEERE R KRRES Co &S DIFKRE (0.01mg/L) R,

McKim, J. M.¥ SR T REVEE M 34 FhBWR0 4 FhEvEIT 56 AETE RMHHIR
RHR ARG —F AR & A VE b B A IR B R S BURI B 2 — o B
B FAEZRRHERRATORAATFENRESEIEL R ENBRREEFE RN
MBS RB T REBNER Ko WEFEEW Rice, D. W. J. SHBETAEKRITEN
MABXRKRE—TARERTEERBNERE,
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Tab. 3 LCy, and safety concentrition of 5 heavy metal for P. olivaceus

s B 24hLC,, 48hLC,, RERED
’ (mg/L) (mg/L) (mg/L)

Cu 1.4 0.36 0.007
Zn 21.0 6.7 0.205
cd 8.0 2.0 0.038
Cr 62.3
Pb 11.3 8.0 1.203

® KFRES: .£%m§= 48BLCy, X 0.3

(Z4hLC,,/48hLC,0)"

RO KBS REY, FOTHNTE NEYRBER, REREFNVFIES RN

XA R FHERBLEHE S5, HOFBATRE, ESZH?E% BATAGFT AR A
E@Eﬁ%ﬁ?ﬂ*ﬂﬁ@ﬁ%%ﬁﬁ%m BB R
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EFFECTS OF HEAVY METALS ON EMBRYOS AND LARVAE
OF FLAT FISH PARALICHTHYS OLIV AC EUS*

Wu Yulin, Zhao Hongru and Hou Lanying

(Institure of Occanology, Academia Sinica, Qingdao)

ABSTRACT

This paper deals with the effects of heavy metals on early life stages of flat fish. P. olivaceus
embryos were exposed to seawater containing the different metal concentrations (Cu, 0.2—
1.6 mg/L; Zn, 2—16mg/L; Cd, 2—16 mg/L; Pb, 1—8mg/L and Cr, 10—80 mg/L) 12h after
fertilization (Germ ring stage) till hatching. Larvae were exposed to different metal concentra-~
tions (Cu, 0.2—I1.6 mg/L; Cd, 1—8 mg/L; Zn, 2—16 mg/L; Pb, 2—16 mg/L and Cr, 10—
80 mg/L) for 48 h.

Development retardation of embryos exposed to different heavy metal occurred. Embryos
exposed to Cu, Zn and Cd showed significant decrease in hatchability and survival. Deforma-
tions observed for larvae exposed to Cu, Cd, Cr and Pb. The 48 h. LC: of heavy metals for
embryos were Cu, 0.48; Zn, 6.55 and Cd, 9.01 mg/L, respectively. The results showed that fish
embryos exhibited sensitivity to five metals in the following order: Cu>Zn>Cd>Pb>Cr.

The 48 h LCso of heavy metals for larvae were Cu, 0.36; Cd, 2.0; Zn, 6.7; Ph, 8.0 and Cr,
62.3 mg/L, respectively.

*Contribution No.1614 from the Institute of Oceanology, Academia Sinica.
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