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Abstract

When an environment-improving material that uses steelmaking slag as a raw material is constructed in a sea
area, the lack of nutrients in the sea area can be resolved. As a result, marine plants such as algae grow, and the
environment of the sea area is improved satisfactorily. In this initial process, a biofilm is formed on the surface of
the material. Whether the seaweed grows up depends on the amount of biofilm formed. That is, the quantification
of the biofilm formed on the surface of the slag-based environment-improving material is an important factor for
the biofilm forming conditions. In this study, the authors investigated a new method of quantifying biofilms formed
on the surface of glass substrates and slags by measuring the total organic carbon (TOC) and the bioluminescence
of adenosine triphosphate, adenosine diphosphate and adenosine monophosphate (the A3 method).

The greater the amount of biofilm formed on the surface of the glass substrate, the larger the amounts of
bioluminescence of ATP and of TOC are detected. From these results, positive correlations were observed between
the amount of biofilm and ATPs and the amount of biofilm and TOC. Furthermore, from this viewpoint, the
amount of biofilm produced on the slag surface can be evaluated from the amount of bioluminescence of ATPs and
the amount of TOC. However, quantifying biofilm by the A3 method is a supplementary position for TOC. From
the results, we conclude that it is possible to quantify biofilms by measuring TOC and ATPs.
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Table 1. Chemical compositions of slag used for this

study [mass %]

Total CaO  f-CaO  Si0,  AlLO,  MgO

Slag 5-2 37.6 - 22.6 4.2 6.5
Slag F 52.2 15.9 14.1 3 2.8

Fe MnO P,0s S C/S
Slag 5-2 4.7 12 5.4 0.02 1.67
Slag F 12.2 4.3 2.9 - 3.71

-: not measured
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Fig.2. 590nm absorbance of crystal violet detecting
biofilm on glass substrate.

When the absorbance is high, it means that there are

many biofilms stained with crystal violet. The higher

the medium concentration is, the higher the absorbance

is detected.
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Fig.3. Correlation between brightness and saturation

of crystal violet-dyed glass substrate When
measured with a color measuring instrument.
A glass substrate on which a large amount of biofilm

is formed has low brightness and high saturation.
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Fig.4. TOC detecting biofilm on glass substrate.

When the TOC is high, it means that there are many
organic carbons in the biofilms. The higher the medium

concentration is, the higher TOC is detected.
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Fig.5. RLU detecting biofilm on glass substrate.

When the RLU is high, it means that there are many ATPs
in the biofilms. The higher the medium concentration

is, the higher the RLU is detected.
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Pure water slag 5-2 slagF slag 5-2 with  slag F with
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biofilm biofilm

Fig.6. Attempt to quantify biofilmon slag surface

by TOC measurement.
Slag 5-2 with biofilm and slag F with biofilm are
samples adapted for biofilm formation in LBR. In these
samples TOC was detected, it was shown that a biofilm
was formed on their surface. Since TOC is quantitative
possible to discuss

numerical values, it s

numerically the number of biofilms.
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8000 &
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2]
O 4000
-
o
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O Y D /s
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without without biofilm biofilm
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Fig.7. Attempt to quantify biofilm on slag surface

by A3 measurement.
Slag 5-2 with biofilm and slag F with biofilm are
samples adapted for biofilm formation in LBR. In these
samples RLU was detected, it was shown that a biofilm
was formed on their surface. Since RLU are quantitative
possible to discuss

numerical values, it s

numerical ly the number of biofilms.
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Fig.8. RLU detection results of biofilm on slag 5-2

when crushing time was changed
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Fig.9. RLU detection results of biofilm on slag F (b)
when crushing time was changed.

RLU showed a tendency to increase until the crushing
time was 3 minutes. However, the ultrasonic crushing
treatment for 5 minutes did not show the increasing
tendency of 0 to 3 minutes. From the viewpoint of
operation, it is considered that ultrasonic crushing

treatment for 5 minutes or longer is unnecessary

4 -~
3 -
jry
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o -~
e
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Fig.10. TOC detection results of biofilm on porous

material when crushing time was changed
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—
o
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Fig.11. RLU detection results of biofilm on porous

material when crushing time was changed

Both showed a tendency to increase until the crushing
time was 1 minutes compared than 0 minutes. However

the ultrasonic crushing treatment for 5 minutes did not
show the increasing tendency of 0 to 1 minutes. From
the viewpoint of operation, it is considered that
ultrasonic crushing treatment for 5 minutes or longer
is unnecessary. @ and M: ultrasonic crushing was 0,
1, 5and 10minutes. A : ultrasonic crushingwas0, 5
10 and 15minutes. However, No TOC data for 5 minutes

because the measurement was not successful. RLU data

is average of three measurements
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3 LBR I & > THIERMREIIK LT AT 1L
LA AR, Z LT, 2.3.2 &£ 2.3.3 R L=FIEIC
U, EEWRLIRE 04y, 147, 54y, 1043, 156 3RS
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Table 2 The relationship between ultrasonic crashing

time and Total Carbon (TC) :Results of TOC analysis of

|akes containing suspended components[11].
ultrasonic crashing time, [sec] TC,[mg/L] SD  CV,[%]
10 13.6 4.1
1 134 026 199
I e Sy
[T 25 132 o2 178
n=3

Table 3 The relationship between ultrasonic crashing

time and Total Carbon (TC): Results of TOC analysis of

wastewater containing suspended components[12].
ultrasonic crashing time, [min] TC,[mg/L] SD  CV,[%]
0 1.25 0.09 7.0
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