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Abstract

The use of steelmaking slag as a recycled material is being progressed in coastal waters for marine environment
improvement, by exploiting the characteristics of steelmaking slag. However, regarding its use in coastal waters, there
are as yet no criteria for determining which bioassay should be used for assessing its effect on marine organisms.
As a method of voluntary quality control of steelmaking slag, we selected a suitable battery of bioassays. The acute
toxicity of steelmaking slag leachate on a copepod (Tigriopus japonicus) and a luminescent bacterium (Vibrio fischeri)
was evaluated. As a result of the bioassay tests on some types of steelmaking slag, the leachate from the steelmaking
slag with the pH preadjustment carbonation process showed smaller pH increases and no inhibitory effect on the
marine organisms evaluated. On the other hand, the leachate from the steelmaking slag without carbonation showed
an inhibitory effect on both organisms, as shown by an increase in its pH up to 12. This inhibitory effect was observed
only in T. japonicus even when the pH was reduced to 8. The inhibitory factors of such leachate on 7. japonicus and
luminescent V. fischeri were examined. No hazardous substances were detected in the leachate. However, the calcium
and magnesium concentrations of the leachate markedly changed compared with those of seawater. When the calcium
concentration of the leachate was adjusted to that of seawater, the inhibitory effect on 7. japonicus almost disappeared.
Therefore, calcium concentration changes brought about by pH changes were considered to be the main inhibitory
factors in the leachate. When bioassays with marine organisms are used to evaluate a recycled material such as
steelmaking slag, the calcium and magnesium concentrations of the leachate should be carefully considered.
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Table 1 Composition of artificial seawater

Items Content

NaCl 23477 gL
MgCl, 4981 g-L"!
Na,SO, 3912g-L"
CaCl, 1.120g-L"!
KCl 0.66 g-L"!
pH 8.0~8.1
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Table 2 Hardness, EC and pH of leachate (A~H) and artificial
seawater (I)

pH Ca Mg EC
Leachate ) (mg-L") (mg-L") (S'm’)
A 9.3 484 1160 5.0
B 12.5 3070 <0.5 5.6
C 12.5 3240 <0.5 5.5
D 8.2 344 1300 5.0
E 7.5 501 1160 4.9
F 7.8 3120 <0.5 52
G 7.7 3220 <0.5 53
H 8.0 397 1310 5.0
1 8.1 400 1330 5.1
~ 150

100 |

50 |

N

N 'x‘—l—u\-l—l-l-l-l-l‘

Relative luminescent (%

1

0 h———==y

0.1 1 10 100
Leachate concentration (V/V%)

Fig.1 Comparison of relative luminescent curves for Vibrio
fischeri by leachate (A~D) and artificial sea water (I)
(Mean+S.D., n=4)
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Fig. 2 Comparison of relative luminescent curves for Vibrio
fischeri by leachate (E~H) and artificial sea water (I)
(Mean+S.D., n=4)
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Fig.3 Relationship between relative luminescent for Vibrio
fischeri and pH of each leachate after the bacterial solution
addition
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Fig. 4 Effect of total hardness on relative luminescent for Vibrio
fischeri (Mean=S.D., n=4)

150 I
9 Ca2*=400mg-L"’
<
[0
2 )
9] ° N}
£ 100 ° - o—?°

- )

=2 o
° e
=
% Regularconc.
04

50 A L A A L a1l L L A 8 111 L L A A L 12

10 100 1,000 10,000

Mg2* concentration (mg-L")

Fig. 5 Effect of hardness(Mg) on relative luminescent for Vibrio
fischeri (Mean=S.D., n=4)
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Fig. 6 Effect of hardness(Ca) on relative luminescent for Vibrio
fischeri (Mean+S.D., n=4)
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Table 3 Average immobilization ratio for Tigriopus japonicus by
each leachate (n=3)

Leachate Concentration
100V/V% 33V/V% 11V/V% 3.7VIV%
A 0% 0% 0% 0%
B 100% 100% 100% 100%
C 100% 100% 100% 100%
D 0% - - -
E 0% - - -
F 100% 40% 1.7% 0%
G 100% 40% 3.3% 0%
H 0% - - -
1 0% - - -
100
=O—Modified artificial seawater

g —&—|eachate F

el =8| eachate G

s

5

3

o

€

E

1 10 100
Leachate concentration (V/V%)
Fig. 7 Comparison of immobilization ratio for Tigriopus japonicus

by leachate(E,F) and modified artificial seawater (Mean=S.
D., n=3)

Table 4 24hr- EC, for Tigriopus japonicus by leachate(F,G) and
modified artificial seawater

Leachate RUNI1 RUN2 RUN3
32
F 3% 0% (24~43)%
G 44% 33% 30
(23~41)%
Modified Artificial 21 29 25
Seawater (15~30)% (21~40)% (19~34)%

(' ):95% confidential limit
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Table 5 Hardness, EC and pH of leachate (F~F-®) and artificial

seawater(I)
2+ 2+
pH Ca Mg EC
Leachate ) (mg-L'l) (mg°L'] ) (Sem™)
F 7.8 3120 <05 5.2
F-©® 7.5 2510 1120 5.9
F-® 7.7 1860 1160 6.6
F-@ 7.7 940 1160 6.2
F-® 7.8 492 1180 6.0
I 8.1 400 1330 5.1
100
<
ke
s |
550}
® |
N
3
g y=0.0317x + 6.2685
£ I § R*=0.9115
0 L L
0 1000 2000 3000

Ca?* concentration (mg-L")

Fig. 8 Effect of hardness(Ca) on immobilization ratio for
Tigriopus japonicus (MeanS.D., n=3)
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Fig. 9 Effect of electric conductivity on immobilization ratio for
Tigriopus japonicus (Mean+S.D., n=3)
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