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(17.0 0. 3) C, (2.40 % , ,
0.20) mg/ L, pH= 7.95 +0.25 80L
1.3 , 24h ,
1.3.1 5
5 50 , 80L 13 12
120L , 1.3.2 TOC
Cu 25 . Cu 10 48L Cu®*
0. 5mg/1( , 0. 5mg/ L, TOC 1
, 3, 24h s s
Cu ) 24h pH TOC 9
2 1 2 2 2
, , Metrohm 746
Metrohm 746
1 TOC (mg/ L) (mg/ L)
Tab.1 Concentration (mg/L) of TOC for the exposure experimert
0 1 2 3 4 5 1# 2 1# 2
1 1. 567 3.921 5.184 7.311 8. 768 14.27 3.677 4.043 4.116 4.503
3 1. 678 3.999 5. 456 7.351 8. 868 14.29 3.769 4.170 4.267 4.942
5 1. 836 3. 969 5.434 7.610 9. 040 14.34 4.008 4.553 4.402 5.350
7 2.226 4. 369 5.513 7.965 9. 525 14.39 4.108 4.767 5.088 5.741
1. 830 4.070 5. 400 7.570 9. 050 14.29 3.890 4.380 4.470 5.130
0 ; 1* 2t
TOC ( ) 1* TOC
, TOC ; 1—5 TOC s
L1 TOC 4
1.4 50ml ,
3, Cu M etrohm
R Oml 746 R 1ml
, , 105°C 4h , 3mol/L KCI 20ml s
« »
( , 1991) s 10% 24h 300s,
, 2ml , 120s, - 1150 —50mV,
, ) 1ml 60mV/ s
(30%), 160 —200C , 0. 5ml 1.5
, (4507 €50
( ) 2ml , .4
s s Iml (11 1) ,C ( mg/L),
. 20% 14 ( g) . Fx



2 : ( Paralichthys olivaceus) 141

cel7. 0 , 7 , )
1.6 Aacc K. : > >
6 , Christine( 199)
20ml, , 127 ,
. ; 0 ,
0 10 20 30 40 50Hg/ L 24h, Cu ; 127
> >
(Ca) r1 B3
Ccu  Co 1 ’ > ’
Con.” Acce KetA e 2 . Christine( 1999)
( mol/ L), Ca- Cc Cou
, 1/ A cuce ( )
1/K o* Acuce K.  Acucc(Chales, 1979) ) (MT)
TOC (Allen, 1995; , 1999), MT
Acuce Ke ’
2 Cu
MT
2.1 . MT
MT )
( 2, 13 13 M
’ , Cu
: 74. T6mg/ (kged),
971. 89mg/ kg i 5 ’
4 , 13 , Cu
7.23mg/ (kg d), ,
90. 04mg/ ke ,
) 5 . 12 ) , ( Suresh e
13 ) Cu al, 1993) 7
15. 77mg/ (kee d) , 204. 99 , ,
mg/ ke 2 , 7 (Allen,
> > 1995)
2 (mg/ kg )
Tab.2 Copper accumulation (mg/kg DW) in the tisues of P. alivaceus wih the elapse of tine
(d) 0 1 2 3 4 7 9 12 13
Cu 6.472 87.23 298. 0 368. 5 457.1 606. 2 937.2 892.9 971.9
Cu 3.901 15.69 43.94 60. 27 80.63 85.53 88.07 95.39 94. 04
Cu 2.612 14. 49 13.27 20. 80 52.25 59.78 126.1 221.4 203.4
2.2 3 s )

10 Cu
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3 (mg/kg )
Tab.3 Copper accumulation ( mg/ kg DW) in the tissues of P. olivaceus wih the elapse of depuration time
(d) 0 1 2 3 5 6 8 10 12
Cu 971.9 868.7 797.7 732. 4 701.8 558.2 253.6 174.8 141.6
Cu 94.04 78.72 47.85 36. 68 30. 64 22.26 9.406 12.67 12.22
Cu 203.4 138.7 84.53 91. 60 76. 68 45.89 21.58 20. 67 22.19
83. 7% , 69. 19mg/ ( kg*
d) 5 Cu ’ 8 Cu )
86.5%, 10. 58mg/ (kg* (John et dl, 1968; Charles, 1979)
d); Cu 8 9 TOC ,
Cu 89% |, 22. 93mg/
0. Smg/L 0—5
(kg*d). > ¢
> ; : > > ’ TOC ,
Christine( 1999) 0 TOC
, 127 1. 830mg/ L. ,
42 > > 689.6 80.65 65.52mg/ ke ,
’ 76.6 8.96 7.28mg/ (kg*d), 6
; 5 TOC 14. 29mg/ L, ,
( 1998) 89. 41
16. 69 9. 752mg/ kg , 9.93
, , 1.85 1.08mg/ (kg*d), 6 ;
, 35 13% s > >
: (9
’ : (1) TOC(
2 2 )
’ Cu
2.3 TOC (2TOC Cu
4 TOC (mg/ kg )
Tab. 4 Effect of TOC on accumulation (mg/kgDW) of copper in the tissues of P. odlivaceus
0 1 2 3 4 5 ¥ 2" 1* 2*
Cu  689.6 398.7 317.4 265.3 206.0 89.41 423.6 4385.4 246. 0 207.5
Cu 80. 65 66. 32 69. 65 43. 65 38.69 16. 69 68.98 72.45 45. 64 39.56
Cu 65.52 52.50 56.84 30. 86 21.89 9.752 62.48 63.10 36.98 32.89
0. Smg/ L, 0 ToOC 9. 752mg/ kg ,
1. 830mg/ L 65.52 0 0.15 ,
mg/ kg ; 5 ToC 14.29mg/ L., ,
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., TOC , TOC
) TOC
TOC (95 , ’
5 TOC (mg/ kg )

Tab.5 Relationship between concentration of TOC and accumulation (mg/ kgDW) of copper in the tissues of P. olivaceus

TOC (mg/ L) 1.830 4. 070 5. 400 7.570 9.050 14.29
Cu 689.6 389.7 317.4 265.3 206.0 89.41
Cu 80. 65 66.32 69. 65 43.65 38.69 16. 69
Cu 65.52 52.50 56. 84 30. 86 21.89 9.752
2.4 Accc K TOC (
1" 2 1" 7 1 ) Accc Ko, 6
TOC : , 12 , pl ALK
5 1 2 , R TOC , A cucc
; 1 , TOC (1
y = 9. 262x + 76. 595, R* =
; > > 0. 9563,
: <
1< , Cu '
Cu
c 229. 25nmol/ L. leK . =
u
0 7.36 (K.= 2.29 x 10) (197)
Cu Acce Ko,
3.46 x 10" —4. 76 x
2.5 TOC Aqcc 10° mmol/ L. ,
1.6
6 TOC Acuce K.

Tab.6 Relationships among the concentration of TOC and A cucc and K

1* 2* 3* 4* 5*
(C) 20 21 21 22 2
H 8.12 8.32 8.62 8.76 9.1
(mg/L) 2.33 2.38 2.41 2.46 2.51
TOC(mg/ 1) 1.25 4.65 5.64 7.46 9.34
Accd nmol/L) 229.3 474.6 563.2 676. 9 997.7
IgK. 7.36 7.03 7.48 7.65 6. 87

1* ,2F —5* TOC



144

36

1200 - p=90.262x + 76.595 210

1000 R*=0.9563 T
800 .

lgK,

400 + |
200 | |

0|||||||||
01 23 456 7 8 910

TOC ¥R AE/(mg-L™")

Acuce/(nmol-L™h

&~ ;N e O

1 TOC Age lgK

c

Fig. 1 Relationships among TOC and A cucc and IgK .
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ACCUMULATION, DISTRIBUTION AND EXCRETION OF MARINE
COPPER CONTAMINATION IN THE TISSUES OF PARALICHTHYS OLI VACEUS

7HAO Yuan Feng, L Jine-Cai, WU Y+Chun , SONG Xiae-Yang , WANG Fan ,
LIU Chang-Fa, ZHAO Chong', ZHENG Wei
(Key Laboratory of Mariculture and Biotechnology, Minisiry o Agriadiure, Dalian, 116023; College ¢ Life
Science and Technology, Dalian Fisheries University, Dalian, 116023)
“(College  Ljfe Science and Technology, Dalian Fishaies Unveasity, Ddian, 116023)

Abstract The authors studied the behavior of marine contaminant copper in biological insights of the accumula
tion, distribution and excretion in or from visceral mass, muscles and gills of Pardlichthys olivaceus. Effects of total
organic carbon (TOC) and its concentration in seawater on the accumulation of wpper in P. olwaceus, and the re-
lationship between TOC and the apparent complex capability of seawater to copper (Acucc) were studied. It was
demonstrated that when copper concentration is 0. Smg/L., the copper wntent in every party of the tissue increase
with time. In the 13th day, cpper accumulation in the tissues reached equilibrium with the figures of 971. 89mg/ kg
in visceral mass, > 204. 99mg/ kg in muscles and > 90. 04mg/ kg in gills. During purification days, the copper
concentration in the animal body decreased with time. In the 8th day of the cleaning, the equilibrium reached. The
percentages of Cu excretion were 89% in muscle, > 86.5% in gill and > 83.7% in visceral mass. Concentration
of TOC in the seawater had significant effect on copper accumulation. It was found that at the same TOC concentra
tion, Uva pertusa secretion could reduce the copper accumulation better than that of P. olwaceus. In the same
species, the cmpper accumulation decreased significantly with increasing TOC. This is because that TOC in seawater
can reduce the bioavailability of copper. On the other hand, the A cucc has linear positive relation with the TOC.

In this experiment, sample P. olivaceus are in average (4. 77 £0.98) cm long and (4. 13 0. 12) g weight.
They were raised for 5 days before the experiment for the purpose of totally expelling the faeces. To avoid the effect
of diets and faeces on the distribution of heavy metals, the fish were ot fed in the period of experiment.

Experiment on copper accumulation in P. olivaceus: 5 days after being raised, every 50 P. olwaceus are
placed indoor in two 120L glass jars with 80L Cu-poisoned seawater solution; the Cu concentration was 0. Smg/ L.
Recharge the solution daily with the toxicant to keep the original concentration. At the same frequency, 3 animal -
dividuals are sampled. Sampled fish are dissected in to part of gills, visceral mass and muscle. Each part is dehy
drated, weighted, dissolved and neutralized; the copper accumulation is then measured on Metrohm 746 VA Trace
Analyzer. When equilibrium of copper accumulation in the fish body is reached, transfer the remaining fish to two
the same jars in 8L pure seawater. Refresh daily with the pure seawater daily. Sample is taken every two days.
The copper accumulation and samples are measured in the same manner. The experiment lasted 13 days.

The measurement of A cucc and K.: 20ml water sample are placed in 6 clean and dried small beakers by pipet,
then the copper standard liquid are placed in each beakers by microsyringe to make the cncentrations of pper to
be 0, 10, 20, 30, 40, 50Hg/L.. 24 hours later, cpper and ligand were fully complexed, and then free copper ions
in each beaker were measured. A relational formula was established based on the 1: 1 ratio of Cu complexation and
organic ligands. A cuce and K .. of pure seawater and seawaters with different TOC culd be measured according to the
above method.

Key words Copper, Pardlichthys olwaceus, Accumulation, Total organic carbon (TOC)



