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Abstract

Marine and fisheries organisns showed a difference of tolerance to
toxicity of conposite slag between experinental species, especially
Hem centrotus pul cherrinus and young Haliotis discus hannai were
different fromthe others.

H. pul cherrinmus and young H. di scus hannai showed |ethal effects at
the higher concentration than concentration of conposite slag in 1.0
and 0.4%respectively.

H. pul cherrinus showed no lethal effects at the |ower concentration
than that of 1.0%at conposite slag and sone differences in the rate
of oxygen consunption with the concentration of conposite slag.
Lethal effects of bitumnous coal on narine and fisheries organi sns
even at the high concentration were not observed.

. At the higher concentration than that of 500 /L(ppm) of bitum nous

coal, decrease effects were appeared in the rate of oxygen
consunption of experinental organisns.

Gonsidered that experinental concentration of conpound slag and
bi tumnous coal were inpracticable concentrations in the ocean, the
results of this experinment suggest that the conposite slag and
bi tum nous coal were safe on narine or fisheries organi sns.
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(Scullion and Edwards, 1980;

Hinton et al., 1983; Radwan et al., 1991)

, Chromis notata( 18+ 0.39g), , Chasmichthys
dolichognathus ( 0.1+ 0.02g), , Nuttallia olivacea( 24+
059), , Haliotis discus hannai ( 10+ 0.29), :
M arsup enaeus j gp onicus( 2.1+ 049), , Palaemon serrifer( 046+
0.05g) , Hemicentrotus pulcherrimus( 19+ 0.29)

, 1
05 5 o 7:3
33.0 33.5%0
5, 10, 15 20%, 05, 1.0, 30
5.0% 0.1, 0.16, 0.25, 040, 063 1.0%

20



Table 1 ( , 2001).

Table 1. Chemical components of slag used

Sample ,
ltem Composite slag Steel slag Furnace slag
pH 11.78 1179 11.23
ca’'( /L) 1457 116.3 139.6
Mg> ( /L) 54.6 58.2 45
PO -P( /L) 0.017 0.015 0.017
H.S( /L) 0.022 0.005 0.013
Cu( /L) 04 15 09
Fe( /L) 17 2.2 0.1
Pb( /L) 18 18 1.9
cd( /L) 0.1 0.2 0.1
Crer( /L) ND ND N.D
N.D : Non-detected
20 60¢ 10 20




YSI 58

20
, Palalichthys olivaceus( 12.7+ 4.29), :
Sebastes schlegeli( 236* 2.79), , Orizias latipes( 061+
0.029), , Tapes philippinarum ( 1.2+ 0.39), , Fulvia
mutica( 3.8+ 049), , Mytilus edulis( 1.3+ 0.29),

, Haliotis discus hannai ( 12+ 0.29), ,
Stichopus japonicus( 16+ 1.29) , N eomysis
awatschensis( 0.0042+ 0.0003Qg)

, 1
( ) 330 335%o,
8.0 8.1
X -
(Fig. 1A).
(Fig. 1B, 1C), ( , 2000).
T able 2

, 70.63%
69.25%
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Fig. 1. X-ray diffraction analysis of bituminous coal used.



T able 2. Element components of coal used

(%)
Element
C H N
Iltem
Bituminous coal 70.63 5.397 1.113
H.0.+HCIl treatment 69.25 5.040 1.110
50, 100, 500, 1,000 5000 /L 5
8
20
10 20 2
YSI 58 . 20

1)
50 20%
15 (T able 3).




05 5.0%

1.0% 15 80% 3.0%
10 50% 15 4
5.0% 10 (Fig. 2).

, 0.1 10% , , ,

(T able 4).
0.1 10%
0.25%
15 04% 10%

15 75 10% (Fig. 3).

Table 3. Survival rates of young C. dolichognathus and N. olivacea with
concentration of composite slag

(%)
Conc. of | No. of Exposure time(days)
slag test
(%) | animals 0 5 10 15
0 10 100 100 100 100
5 10 100 100(90)" 100(90)" 100(90)"
10 10 100 100 100 100
15 10 100 100 100 100
20 10 100 100 100 100

a : N. olivacea
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Table 4. Surviva

rates of

C. notata, young C dolichognathus, M.

japonicus and P. serrifer with concentration of composite slag

(%)
Conc. of | No. of Exposure time(days)

slag test
(%) animals 0 > 10 15

0 20 100 100 100 100
0.10 20 100 100 100 100
0.16 20 100 100 100 100
0.25 20 100 100 100 100
040 20 100 100 100 100
063 20 100 100 100 100
1.00 20 100 100 100 100
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T able 6
0.1 1.0%
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Table 5. Survival rates of H. pulcherrimus and young C dolichognathus

with concentration of composite slag

(%)
Conc. of No. of Exposure time(days)

slag test
(%) animals 0 5 10 15

0 30 100 100 100 100
0.10 30 100 100 100 100
0.16 30 100 100 100 100
0.25 30 100 100 100 100
040 30 100 100 100 100
0.63 30 100 100 100 100
1.00 30 100 100 100 100

Table 6. Rate of oxygen consumption of H. pulcherrimus with concentration

of composite slag

( Odg dw/hr)

Conc. of Exposure time(days)
slag Decrease Decrease Decrease
(%) > rate(%) 10 rate(%) b rate(%)
0 0.058 0 0.062 0 0.064 0
0.10 0.053 8.6 0.059 48 0.061 4.7
0.16 0.060 +34 0.055 11.3 0.059 78
0.25 0.054 6.9 0.062 0 0.068 +6.3
040 0.055 52 0.067 +8.1 0.064 0
0.63 0.054 6.9 0.061 16 0.058 94
1.00 0.052 10.3 0.056 9.7 0.054 156

- 10 -




Table 7. Rate of oxygen consumption of young C. dolichognathus with

concentration of composite slag

( Odg dw/hr)

Conc. of Exposure time(days)
slag Decrease Decrease Decrease
(%) 5 10 15
rate(%) rate(%) rate(%)
0 1.076 0 1.022 0 1.046 0
0.10 0.949 118 1.029 +0.7 1.049 +0.3
0.16 0.897 16.6 1.112 +88 1.118 +6.9
0.25 1.027 46 1.180 +15.5 1.012 3.3
040 1.028 45 0.985 3.6 1.024 2.1
063 1.003 6.8 1.041 +19 1.090 +4.2
1.00 0.924 14.1 1.003 19 0.996 48
1)
T able 8
50, 100, 500, 1,000 5,000 /L
20 8 (192 )
50 /L
4 1 1,000 /L

- 11 -




Table 8. Survival rates of P. olivaceus, S. schlegeli, T. philippinarum, F.
mutica, M. edulis and young H. discus hannai with concentration
of bituminous coal

(%)

cone. No. of ,

of Exposure time(days)

test

coal
( /L) |animals; 1 2 3 4 5 6 7 8

0 20 100 100 100 100 100 100 100 100
50 20 |100 100 100 100(95)* 100(95)* 100(95)* 100(95)* 100(95)*

100 20 100 100 100 100 100 100 100 100
500 20 100 100 100 100 100 100 100 100
1000 | 20 100 100 100 100(95)° 100(95)° 100(95)° 100(95)° 100(95)°

5000 20 |100 100 100 100 100 100 100 100

a : S. schlegeli, b : T. philippinarum

T able 9
50, 100, 500, 1,000 5,000 /L
20 8 (192 )

50

/L 2,3 7 1 8 2

100 /L 3 1 8 1

500, 1,000 5000 /L 8
2,4 4
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Table 9. Survival rate of S. japonicus with concentration of bituminous

coal
(%)
Co:(;; of Ntoe'sto f Exposure time(days)
( /L) |animals| 1 2 3 4 5 6 7 8
0 20 100 100 100 100 100 100 100 100
50 20 100 95 90 90 90 90 85 75
100 20 100 100 95 95 95 95 95 90
500 20 100 100 100 100 100 100 100 90
1000 20 100 100 100 100 100 100 100 80
5000 20 100 100 100 100 100 100 100 80

2)

Table 10

50, 100, 500, 1,000 5,000 /L
20 8 (192 )
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Table 10. Survival rates of N. awatschensis and O. latipes with concentration

of bituminous coal

(%)
Conc. of | No. of :
coal test Exposure time(days)
( /L) |animals| 1 2 3 4 5 6 7 8
0 20 100 100 100 100 100 100 100 100
50 20 100 100 100 100 100 100 100 100
100 20 100 100 100 100 100 100 100 100
500 20 100 100 100 100 100 100 100 100
1000 20 100 100 100 100 100 100 100 100
5000 20 100 100 100 100 100 100 100 100
3)
62
Table 11
100, 300, 500, 1,000, 3,000 5000 /L
20 8 (192 )
300
/L 7 8 1 500, 1,000

- 14 -



3,000 /L

5000 /L

5000 /L

Table 11. Survival rates of P. olivaceus and S. schlegeli with concentration of
suspended bituminous coal

(%)
Conc. of | No. of .
coal test Exposure time(days)
( /L) |animas| 1 2 3 4 5 6 7 8
0 20 100 100 100 100 100 100 100 100
100 20 100 100 100 100 100 100 100 100
300 20 100 100 100 100 100 100 95 90
500 20 100 100 100 100 100 100 100 95
1000 20 100 100 100 100 100 100 100 95
3000 20 100 100 100 100 100 100 100 95
5000 20 100 100 100 100 100 100 100 100(90)*
a : S. schlegeli
4)
)
Table 12 13
50, 100, 500, 1000 5,000 /L 4 8
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Table 12. Rate of oxygen consumption of P. olivaceus with concentration

of bituminous coal
( OJdg dw/hr)

Conc. of coal Exposure time(days)
Decrease Decrease
(/L) 4 8
rate(%) rate(%)
0 0.97 0 094 0
50 0.92 8.2 083 18.1
100 082 18.6 0.78 234
500 0.85 155 0.77 245
1000 0.76 247 0.77 245
5000 0.70 30.9 081 20.2

Table 13. Rate of oxygen consumption of S. schlegeli with concentration

of bituminous coal
( Odg dw/hr)

Conc. of coal Exposure time(days)
Decrease Decrease
(/L) 4 8
rate(%) rate(%)
0 051 0 059 0
50 048 59 058 17
100 0.50 20 062 +5.1
500 040 216 045 237
1000 041 196 057 34
5000 0.37 275 047 20.3
4 50 /L
8.2% 500 /L 15.5% 5000 /L

- 16 -



30.9% . 8 50

/L 18.1% 500 /L 245%
5000 /L 20.2%
4 50 /L
5.9% 500 /L 21.6% 5,000 /L
275% . 8 50
/L 1.7% 500 /L 23.7%
5000 /L 20.3%

Table 14, 15 16

Table 14. Rate of oxygen consumption of T. philippinarum with

concentration of bituminous coal
( OJdg dw/hr)

Conc. of coal Exposure time(days)
Decrease Decrease
(/L) 4 8
rate(%) rate(%)
0 0.37 0 0.34 0
50 0.36 27 0.32 59
100 0.35 54 0.37 +8.8
500 031 16.2 0.25 324
1000 0.30 18.9 0.23 324
5000 0.22 405 0.30 118

- 17 -



T able 15. Rate of oxygen consumption of F. mutica with concentration

of bituminous coal
( Odg dw/hr)

Conc. of coal Exposure time(days)
(L) 4 Decrease g Decrease
rate(%) rate(%)
0 047 0 043 0
50 0.36 234 037 139
100 0.37 213 0.46 +7.0
500 0.34 277 0.39 93
1000 0.30 36.2 031 279
5000 0.29 383 0.29 326

Table 16. Rate of oxygen consumption of M. edulis with concentration

of bituminous coal
( Odg dw/hr)

Conc. of coal Exposure time(days)

(L) 4 Decrease g Decrease
rate(%) rate(%)

0 0.72 0 0.73 0

50 0.63 125 0.67 8.2

100 049 319 0.71 2.7

500 0.50 306 051 30.1

1000 047 347 0.63 137

5000 048 333 048 342

50, 100, 500, 1,000 5000 /L 4 8

- 18 -



4 50 /L

27% 500 /L 16.2% 5,000 /L
40.5% . 8 50
/L 5.9% 500 /L 324%
5000 /L 11.8%
4 50 /L
23.4% 500 /L 271.7% 5000 /L
38.3% . 8 50
/L 13.9% 500 /L 9.3%
5000 /L 32.6%
4 50 /L
125% 500 /L 30.6%
5000 /L 33.3% . 8
50 /L 8.2% 500 /L 30.1% 5,000 /L
34.2%
)
Table 17
50, 100, 500, 1,000 5,000 /L 4 8
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4 50 /L

8.6% 500 /L 2.9% 5000 /L
14.3% . 8 50
/L 13.5% 500 /L 13.5%
5000 /L 21.6%

Table 17. Rate of oxygen consumption of young H. discus hannai with

concentration of bituminous coal
( Odg dw/hr)

Conc. of coal Exposure time(days)
Decrease Decrease
(/L) 4 8
rate(%) rate(%)
0 0.35 0 0.37 0
50 0.32 86 0.32 135
100 0.33 57 0.34 8.1
500 0.34 29 0.32 135
1000 0.32 86 031 16.2
5000 0.30 14.3 0.29 216
)
Table 18
50, 100, 500, 1,000 5000 /L 4 8

- 20 -



4 50 /L

5.0% 500 /L 20.0% 5,000 /L
25.0% . 8 50
/L 5.9% 500 /L 11.8%
5000 /L 17.6%

Table 18. Rate of oxygen consumption of S.japonicus with concentration

of bituminous coal
( OJdg dw/hr)

Conc. of coal Exposure time(days)
Decrease Decrease
(/L) 4 8
rate(%) rate(%)
0 0.20 0 0.17 0
50 0.19 50 0.16 59
100 0.17 15.0 0.15 118
500 0.16 20.0 0.15 118
1000 0.16 20.0 0.15 118
5000 0.15 250 0.14 176
)
Table 19 20
50, 100, 500, 1,000 5000 /L 4 8
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Table 19. Rate of oxygen consumption of P. oivaceus with concentration

of bituminous coal

(

O g dw/hr)

Conc. of coal Exposure time(days)
Decrease Decrease
(/L) 4 8
rate(%) rate(%)
0 0.97 0 094 0
50 094 31 0.87 74
100 091 6.2 0.90 43
500 0.92 52 0.85 96
1000 0.80 175 0.82 1238
5000 0.69 289 081 20.2

Table 20. Rate of oxygen consumption of S. schlegeli with concentration

of bituminous coal

(

O g dw/hr)

- 22 -

Conc. of coal Exposure time(days)
Decrease Decrease
(/L) 4 8
rate(%) rate(%)
0 051 0 052 0
50 045 118 051 19
100 050 20 047 96
500 0.38 255 046 115
1000 040 216 047 96
5000 0.39 235 040 231
4 50 /L
3.1% 500 /L 5.2% 5000 /L




28.9% . 8 50 /L

74% 500 /L 9.6% 5,000 /L
20.2%
4 50 /L

11.8% 500 /L 255% 5000 /L

23.5% . 8 50
/L 1.9% 500 /L 115%
5000 /L 23.1%
litaka  (1973) : :
: 80 9.0%
05 5.0%
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01 10%
, 01 1.0%

01 10%

(1999) 5.0%
(2001°, 2001°)

50 5000 /L 0.5%

Collins and Jensen (1992, 1994, 1995)

, Greenfield and Ireland
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(1978)
Scullion, Edwards (1980) Radwan et al. (1991)

. Hilton et

al. (1983)

( ) 126 140
85 90% ) , ) ,
2
0.79%

500

5000 /L . 100 /L
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04%
1.0%

500 /L
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