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Fig. 1 Methods of trace element analysis
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Table 1 Mecan concentrations of trace metals in scawater (pg/L)

TE 1965 4E 1975 1982 4¢ 1986 £ 1991 4¢

Al 10 2 0.8 - — -
Mn 2 0.2 0.2 - -

Ni 2 1.7 0.4 - -

Cu 3 0.5 0.2 0.4—0.6 0.3—2.1

Zn 10 4.9 0.4 3.0-5.0 0.9—12.5

Pb 0.03 0. 03 0.01 0.01—0.03 0.1—4.5

Cd 0.11 0.1 0.08 0. 05—0. 06 0.01—0.13
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Fig. 2 Differentiation of chemical species of trace metals in sea water
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Table 2 Effects of copper and zinc ions on growth of Isochrysis galbana

ARTRE AT R ARER
(mol/L) (cell/mi, J7) (mol/L) (cell/ml, i)
0 499.1 + 7.6 0 434.2 + 6.0
10—10. 80 511.6 +14.6 10—8. 00 442.8 £ 7.5
10—9. 80 522.4 £ 9.7 10—7.00 454.4 + 4.3
10—38. 80 509.3 + 4.1 10—6. 00 443.4 + 7.8

10—7. 80 463.0 + 6.0 10—5. 00 367.9 £19.7
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Fig. 3 Evaluation of the change in chemical species Fig. 4 Conceptual diagram for the interaction
of selected trace metals from a seawater between trace metals and marine algae
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Fig. 5 Schematic giagram

for the interrelationship

between trace metal speciation in seawater and cel-

lular metal ion uptake
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Fig. 6 Effect of the increase of concentration of
competing ”txoic” metal ions on zinc limitation of
growth rate and the decrease of nutrient metal ion

concentrations on zinc inhibition of growth rate.
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Table 3 Some enzymes and redox proteins containing tracc metal cofactors
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Gillespie I Vaccaro[ 1978 4Rl , A 7EMKT 1 —2ug/L B EXTEFEMN B 7= A B4k, (0 th R 40 8 A 1 A0 (R4
LB/, IIAREEARBES TEERNATERAEY. Sunda M Gillespie[1979 1138 T I Eh B X
FRTEES R, R BERE N 107 mol /L Cu®*, TiZE 10~ mol/L B AREAETE, T 10~ mol/L B, 7F
AHTEH. FHEL AEYRE, RS THEESRX, SHMESHRARETLE.

4 JREFEXL BRI

Stocker ZE[ 1986 BT T4 BE R TR B REUFAT £ MR M, —FRM SN (Favella sp. ), B—FhiE
BreF B M (Balanion .). WRAR=ZZRESTFIRBIFEBEFIEE. UHEBTFEER 107 mol/L B, {15
AN TR, MIEERTES; FEFEEN 107 mol/L, R KM TR PAEKEERE. FENFEY
LRFERTASAEEMMARSERNESES, 55 EN, 0 BOHEER., KRR
HERK, MECRAERMEETHREEERN 107 mol/L, £ 10" mol/L # 107" mol/L, & THIEERE
SANHIAFBROERK . A—FERRT B R Balanion . ) MREEKEFEHEFIEER®Y 107 mol/L,
HEEN 107~ 107" mol/L.
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T, BBHR . RERS[1988]. B E % (1982) 3 EXUF (Penaeus chinensis) it — e THE, HR1E
KPP HEMASRENE FREHRTH. IEMERTEAEE, —REKERE, IMEEES, &
WIS ; —RIMAEEAEFSE, RERARABXARETHE;: ZRBM THEKHLE, BR
FIEES KT SREVI R I E B ERAKR, EESARARRH. qUURMAIIFRA/ S, H
A REHEAG KRR TR FAE SRR, A, B DR, M Lawrence 25[198118F
REBEXURCP . sty lirostris) SZ40 48 FRBY W .

HTHFHRER EETEREMIFP. chinensis) BH AL RER, BES[1993.19951FF 5 T § 8
B IS BEX XUR O AR B, S RT AR TVEME T s, 3Kk 7 T 2 HE R . K ag &b
BESATMILEBELTE X E i BRI, REELEARIBREBETE A%
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Table 4 The cffects of activity of cupric ion on the egg

hatching and metamorphosis of P. chinensis

#35 BE (mol /L) LR D) TEhEESECG)
0 75.24+11.2 85.6+11.0
10-10.00 83.4+11.4 94.6+8.2
10--80 83.8+12.3 91.8+7.4
10— 75.14 9.2
10-8% 80.61+11.3 92.4+7.4
10780 55.7+16.1 0.040.0
10-6:8 0.040.0

(WYFEES, 1982, Zn? XUFL KL TR W & EDTA WEMBRREN . £EBRKREEFHRITHERS R
XiREILH. FEKF¥L.
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Table 5 The cffcets of activity of zinc ion on the cgg

hatching and nauplius mctamorphosis of P. chinensis

B TE (mol /L) LR (%) TR TEERED
0 50. 0+6. 8 96. 0+5. 2
10-10-00 53.3410.5 93.845.7
10—2-00 51.4+8.8 95. 65. 1
10500 47.145.0 97.7+6.7
10-7-3 41.3+5.2
10-7-00 27.743.6 10.8+3. 4
106 w 2.542.5 0.0+0.0
10-5.00 0.0+0.0
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