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B 4% 1986 4E7L A eI R T AR (Crassostrea gigas) BRE o FEETRIUA S
AREREITT s 2k (Hung, 1988; Hung et al., 1987) ER BT IR EER
R B R R o -

SR ERNRILR ) L EEBR A EELR L ° it Saward, et al. (1975) 5
sEEEAR 0001 = 0.1 mg/l EFER (Pleuronectes platessa) %5 Okazaki (1976) ZEH
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Fig. I. Sampling stations along the Erhjin Chi estuary and Charting coastal area
(S: Oyster cultural stations).
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Fig. 2. Scheme for the classification of copper forms and species in seawater.
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B e EERRLy: (Differential Pulse Anodic Stripping Voltammetry » f§ 8 DPASV)
SRR CRURMESAERAIS ISR SRAYWE (E%KES (Labile Copper) » 7G4
(Nonlabile Copper) » JEftE$H (Nonpolar Copper) » ¥4 (Polar Copper) R#A#+
(Cut))8H - 5475 BB = (Hung et al, 1989A, Han & Hung 1989) o #g/k B EEEAS 17
PRI o ERAEYFTFIAMSA (Bioavailable Copper) {Rif st RERE IRYESHZ 70

2.2 MRS HBREKSFERILENZ SR

RLUERSIRE > B2 0 IIRSMARGEAE (111, V/V) REW » SAMREEILEEt  HLEsE
RO FRAAE (Perkin Elmer 703) 54780 (Su et al, 1983) o ERMEK &2 RS
JUGREEH DPASV ¥ (Chen et al., 1988) 4347 o

3 BWREF®
3.1 B4 RBHREMT AR

R—E 1986 £ 12 B 15 A HALYE (Crassostrea gigas) $hili » MR HAE 8
b (S1) B7RER (S2) #E » EMSHIBESELE (D56 - & SHE) REKSEHE -
HebA YR a s ~ MEHZ SRR HRAL » SRR TFREEST (Su ef al, 1983) o &
M AE RERBUFE R HL B 4 & SRBREY R 5 518 100 ppm 82 150 ppm (LI FHSEE) » %= 1987
F4R 24 BECCRD BAERRY MBS RS ES €T 2,722 ppm 5 508 ppm & 1,296
ppm 52 531 ppm ; FZ_MISHEKESITRAE (RS AR 1.52 ppb 8 9.65 ppb B 5.23
ppb 5% 8.64 ppb) » FIERESAIKPHLERYE » LIRS SRESE o TREGEHHIES
SnEEE (DFINMH 824 B 136 ppm B 2.60 §1 6.85 ppm) 2 1980 4E 3 B 1983 4E 3 § &K
MR R B 0 5 1980 4E 3 A = 1983 45 3 A M St/ BN B I IS 20y » BIEE (F)
BT BB S 47 ~ 4% ~ SR BB S JIEHEN R 61.22423.87 5 361.58 +93.62 ppm 72.19+
19.28 82 1,499.89+53.26 ppm » 9.76+1.82 1 27.08+1.23 ppm E 1.16+0.19 84 3.66-+0.28 ppm
(Su et al., 1983) o .

B 1986 FEE M B HIE » ERENAEEZASEERE ; R 1987498 30 g#FE—
RECETAF o [HEEERFBRASHE » MUAERE SR E2CB 0 EHE R ; Tz

Table 1. Heavy metal concentrations (ppm, dry wt.) for oysters (Crassostrea
gigas) cultured in seawater from two station along the Erhjin Chi
© coastal area

Station Sampling date Tora(lpgibsj -(VZu Cu. Zn Cd Pb
Tung-Shih Dec. 15, 1986 S e 100 150
S1 CJan, 21,1987 | . 6.59 910 C300 |
Feb. 21, 1987 1.52 1,711 676 ©3.50 8.89
Mar. 21, 1987 3.92 © 1,855 970 6.47 8.24
Apr. 24, 1987 9.65 2,2 1,296 4.33 13.60
S2 Jan. 21, 1987 100 150 ,
Feb. 21, 1987 0 5.23 497 396 2.60 8.74
Mar. 21, 1987 5.7 693 618 4.64 9.20
Apr. 24, 1987 8.64 508 531 6.85 11.90
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Table 2. Copper concentrations (ppb) in seawater of the Erhjin Chi estuary
and Charting coastal area

Dissolved
Station | Sampling date ir(x:%)y?s?;r Total Parti- Labile BioaYail.
(ppm) culate | Total Nonlabile | fraction*
(PH 2| Total | (Curry**
Shindai | Sep. 39, 1987 214 — — 1.52 — — — —
harbor
Sl Oct. 13, 1987 443 7.93 4.33 3.60; 0.90 0.02 2.70 5.23
Nov. 15, 1987 — 27.90 | 13.20| 14.70 | 2.11 0.04 12.60 15.27
Nov. 26, 1987 — 10.50 4.63 5.87 1 0.98 0.02 4.89 5.61
S2 Oct. 13, 1987 420 4.27 1.41 2.86 | 0.42 0.01 2.44 1.83
Nov. 15, 1987 — 5.94 1.73 4.21 | 0.78 0.01 3.43 2.51
Nov. 26, 1987 — 9.77 3.61 6.16 | 4.43 0.07 1.73 8.04
S3 Oct. 13, 1987 291 5.09 2.40 2.69 1 0.79 0.01 1.90 3.19
Nov. 15, 1987 — 5.14 2.00 3.14 | 0.57 0.01 2.57 2.57
Nov. 26, 1987 —_ 3.97 1.46 2.51} n.d. n.d. 2.51 1.46
S4 Oct. 13, 1987 188 5.41 0.07 5.34 1 0.38 0.01 4.96 0.45
Nov. 15, 1987 140 - 8.04) 2.27 5.77 | 0.81 0.01 4.96 3.08
Nov. 26, 1987 118 4.08 1.65 2.43 | 0.96 0.02 1.47 2.61

*; Labile+Particulate==Bioavailable
**: Calculated by Hanson et al. (1988).

BERZRENBBRIGEGRICERLE » S RRAES FRw A REE » BHBEH (kD) &
B 5 (BRH AR BN  MRAAREAESHE (& 118 = 443ppm) » ¥K ~ BEFE (397
~ E 2790 ppb) » kuiktksAE (0.07 2= 13.20 ppb) » HMHEEHE (243 = 1470 ppb) » IEEMEE
n.d. (<0.30 ppb) 3443 ppb) » ENERMEEE (1.47 % 12.60 ppb) HR_{-¥D (S1) 4EER
PERE (S2)  mRELEER (S3) » MRV (S4) c R » Bz HRFRE L -

BARITRAREEARERERARBRRERBIE » REXHATER 5 RN 19884 12425
ARFERRAOEEHIESE WU BERHAEZLCER (S1)» fiEis (52) REEERK (S3) =
RETE ; B THIERKEREHE ; 2R (WR=) » RAEHIBEEE (& 1,280 = 4400
ppm) » WREMEAE (5 6.51 = 27.10 ppb) » ¥uikMEeEE (& 1.09 = 551 ppb) » EEHHE

(B3 497 =E 23.60 ppb) » {EHMEE (& 1.73 = 1333 ppb) » NEHWHHFEE (H 1.94 = 21.50
ppb) » BEHEEEE (& 073 X 7.82 ppb) RIFBUEEHITE (& 0.35 = 13.70 ppb) 355 1987
- 9 A 30 HEEEERSITRREL ) LR S ERREERE  BREEERMEES -

BRNHIEGEBAEREENY ; EENHLFRAXEERYE - MRANKEHERRNIEERSY
BERYHE RIS KSR BN AE » FIERSRERERER » AHIEREERIRLRER
o PIINE=EH “ & 0 REMIERBEZE &E 770 ppm/day EHRFTER 590 ppm/day °
ERPCFGEER 330 ppm/day 5 #MEE 30 K% » ZIRHIERABRERT K-

R AL A BRER R AR e (1) BLUEER - 1B > BUBBEERE 0 () RARWNEIREEY 0 R () WA
BRRB AR B & (Chen, 1989) ZFERE » MIF—EHRNBEANGS BREREEBESR  £2E8HR
EERRESBIRES » SSEBREARE BRAEBEARE) REETREREREERY

(MnEEEERL » humic acid > %88 » EDTA %) ®&AWNES TLEMBEERS (Bernhard 8
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Table 3. Copper concentrations (ppb) in seawater of the Erhjin Chi estuary

and Charting coastal area

| Dissolved
Sampling Coipnper P'\rti-" ~ " 77| Bioavail
Station date ?ysteg Total culatei Total Labile Nonlabile Fraction*
i ppm | (pH 2) ! i Polar [Nonpolar
e 1 Total‘(Cu“)** Toml}organic organic E
Tung- | Dec. 25, 1988 100 —_ — — — — — — — —
Shih
S1 |Jan. 11, 1989] 3,528 | 27.1 |3.52| 23.6 2.04) 0.03 (21.5 7.82 13.7 5.56

S2

S3

Jan. 25, 1989| 4,400 |23.9 | 2.11| 21.8 |13.3 | 0.23 | 8.48} 0.80 7.68 15.4
Feb. 16, 1989| 4,265 | 15.3 | 3.98 | 11.3 | 2.36| 0.04 | 8.91| 2.39 6.52 6.34
Mar. 15, 1989 — 1 10.6 | 5.51 5.12 1 1.73| 0.03 | 3.39] 2.83 0.56 7.24
Jan. 11, 1989| 2,501 | 9.11] 1.25 7.86 1 3.24; 0.06 | 4.62} 2.03 2.59 4.49
Jan. 25, 1989} 2,749 | 10.2 | 5.16 4.99 | 2.12| 0.04 | 2.87/ 1.09 1.78 7.28
Feb. 16, 1989| 2,824 | 10.2 | 2.49 7.71 | 2.15| 0.04 | 5.56| 3.81 1.75 4.64
Mar. 15, 1989 — 1 9.22/3.19 6.03 | 2.50| 0.04 | 3.83| 2.64 1.19 5.69
Jan. 11, 1989} 1,280 | 11.4 | 1.09| 10.3 | 2.76] 0.05 | 7.55| 2.81 4.74 3.85
Jan, 25, 1989 1,735 9.34] 3.10 6.24 | 2.87) 0.05 | 3.37| 1.59 1.78 5.97
Feb. 16, 1989| 1,478 | 6.51] 1.54 4.97 | 3.03| 0.05 1.94] 1.59 0.35 4.57
Mar. 15, 1989 1,568 | 9.68| 3.06 6.62| 2.42, 0.04 | 4.20| 0.73 3.47 5.48

*%
Si:
S2:
S3:

. Labile+Particulate=Bioavailable.
: Calculated by Hanson et al. (1988).

Erhjin Chi estuary area.
Charting coastal area.
Outlet of Shindai coal-fired power plant.
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Fig. 3. Bioaccumulation of copper (ppm, dry weight) in oysters (Crassostrea gigas) cultured

from the Erhjin Chi estuary (S1), Charting coastal area (S2) and Outlet of Shindai
Power Station (S3). The initial bioaccumulation rate, V1=770 ppm/day, V2=590 ppm/
day and V3=330 ppm/day for Sl, S2 and S3, respectively.
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Table 4. Correlation coefficients between copper in oysters, complexing
capacity and copper species

Total | Particulate | Dissolved |Labile| Nonlabile| Polar | Nonpolar |Bioavailable

Cu in oysters? 0.6017%  0.5149 0.4822 (0.3596
Complexing capacity** — — 0.36 0.14

0.3687 10.235] 0.3873 0.6143*
0.76* 0.32 | 0.56 —

%: Data obtained along the Charting coastal area in October 1988,
#4; Data obtained along the Charting mariculture area in 1989.
*: p<0.05.

George, 1984) » &S TAHBSAET 5 B2 ALLIBEE - Bolie: - AHERSHE MY M
ERRENWERREYFIAMES (Bioavilable Copper) » JRENRZRIARMSRSIZ B LA o &
POsRE IR R IR R SRR P DRI R » SURRHE - WDRMAE - BREEE » BRETR
ERVERE » B RIEEEEZ ARMMRE - BRERFATEERR - DAIERERR AT A

EZMAAE (F& 06143, p>0.05) R > BEHEKZ (0.6017, p<0.05) » LA BRI
0.2305

3.2 FMLREN

» %Fﬁiﬁfﬂ s SAEETF (Cutt) H¥SBEAYaiEHteE (Okazaki, 1976) s B 3% (Calabrese et al,,
1977) HAEBURBBIES 5 BRNEFARTERARYESE » MAEVENESDE (Bern-
hard & George, 1984) FREVRAEBHEZAEMLET » B K EBYEEHEEE DRI R
FRMLENHERHIE B S IER SR CZFERT o

FEx% (Chen et al., 1988; Hung et al., 1989A) L1 DPASV Ju:eRstFHimiEEK
B BRI INETY (REARAEEZE 0.999) (MEBEW) THEMAREKFEERYFELED o £
ERBREE D RIOKEFRLE N RS EEERRKEEREILFIBRLR (Chen ef al, 1988) o FERHh
RS BREIMS 3 ARENBCEAE S2 shigKERRELEE N EE 7.07 pg Cu/l o FE (& RINEN

100 +
Y=2.72X-19.24
= R =0.999

80} CC.:7.07,ugCu/I
< | _®
<
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Fig. 4. Copper complexing capacity of sea water collected from the Charting coastal area
at Station 3, October 1988 - (X=copper added and Y=current response during the
copper titration).
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SOERRYE (9520345556575 8) RS (FHHB 424 4g Cu/l) HHEH—(Z
AR (9 510011512 8> 735 373 pg Cu/l MMEE) B o BARMSEE (NN 3+ 4,
5292 10) IALE (Wi 556 57 28 2111 12) EHES o PFMLAENS PIBTIEEIL A1
» TRV B o BRSSO MRV IR S AR R BRI ER A B RN R S
(0.76, p<0.05) 5 LUFHEHEMMIARIE (0.14 > f1skpy) o LRGSR SRR 1L B 0 BN IE T M A W A
HOIRRSR 5 SBRRBE R i RIS A MM A B SR AE (ligands) A7 LS ¥EA YR i
HUSIER S o ST — 2 P IS A = MRS R A M SR (R A 575 5 T sty (IpEER% >
humic acids » 8% » EDTA %) #2484 VB 22 58 % WO BE A7 26 7T LI BT B Mg K Hh vk
RUSIERS & > BOESMAET (M Ren) TREEHE (LERREEY) WA HIERC
TR RIATE B AR R S A AR AL B o

2 £ x ®
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Green Oysters: Bioavailable Copper and Copper Assimilative
Capacity in Seawater

Tsu-Chang Hung'? and Bor-Cheng Han!

1. Institute of Oceanography, National Taiwan University
2. Institute of Chemistry, Academia Sinica, Taipei, R.O.C.

ABSTRACT

Copper is not only an essential trace element for biological metabolism but
also a very toxic substance to aquatic life. Unfortunately, the first incident of
green oysters was observed in Taiwan at the Charting coastal area in January
1986 and a mass mortality was reported three months later. Immediately after
the incident, the cause of green oysters was identified as the copper pollution
due to the discharges from the local copper recycling operations. The relation-
ships among the species (complexed by inorganic and organic anions, labile and
nonlable, polar and nonpolar) and forms (dissolved and particulate) of copper
and the bioaccumulation of copper in oysters in the Charting coastal area were
also studied. The results indicated that the bioaccumulation of copper in oysters
was influenced by the concentrations of particulate copper (ranged from 0.07 to
13.20 ppb) and labile copper (ranged from <0.30 ppb to 13.3 ppb). Nonlabile copper
(ranged from 147 to 21.5ppb) was the major factor to influence the copper
assimilative capacity. Based on these data, the cause of greening and mortality
of oysters in relations to bioavailable copper (sum of particulate and labile
copper) and copper assimilative capacity (detoxicant) are discussed.



