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Numerical Model Analyses on the Effects of Steelmaking Slag Addition to Growth of
the Marine Diatom Skeletonema costatum: Importance of pH Effects

Masami Suzuki and Tamiji Y AMAMOTO

Synopsis : Numerical model analyses were made on the experimental results in order to determine the optimum amount of dephosphorized

steelmaking slag addition to enhance the growth of the planktonic diatom Skeletonema costatum. In the batch culture experiments,

the growth of S. costatum was optimally enhanced by an addition of 100mgL ™" slag due to dissolution of phosphate and silicate from the

slag. However, increase in pH due to the effect of calcium oxide, which is the major constituent of the slag, negatively affected on the
growth. The model outputs explained the processes underlying the batch culture experiments. Further, the sensitivity analyses provided
the appropriate amount of slag addition that should be applied to enhance the growth of marine diatom populations under the influence of

pH increase.
Key words: diatom; nutrient; pH; phosphorus; steelmaking slag; silicate.
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Fig. 1. Framework of the numerical model constructed in
the present study. The growth rate of Skeletonema
costatum is depending on nutrient (DIP, DSi) con-
centrations and regulated by pH as well.
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Fig. 2. Suppression of the growth rate of Skeletonema

costatum by pH. Case II: the run considering pH in
addition to DIP and DSi concentrations in the
model. A, B, and C,, were the cases of which

ref?

pH effect 1s cited from references 17, 18 and tuned
between them to reproduce optimally the experi-
mental results.
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Fig. 3. Dissolution of (a) DIP and (b) DSi after an addition
of 100mgslagL ™" to natural seawater.
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Table 1. Physiological parameters of Skeletonema costa-
tum used in the present model.

Symbols  Values Unit References

TR 1.25 at Tarutani and Yamamoto (1994)
Pomax : 12 a Yamaguchi (1995)

Pruax P 0.0384 pmol cel™ h! Tarutani and Yamamoto (1994)
Kp 0.68 M Tarutani and Yamamoto (1994)
Quirp 0.0028 pmol cell Tarutani and Yamamoto (1994)
Quax 0.07 pmol cell”’ *

Puna si 0.095 pmol cell* h* Tarutani (1997)

Kesi 08 M Tarutani (1997)

Quinsi 0.043 pmol cell” Tarutani (1997)

Qunax si 1.075 pmol cell* *

Sosi 0.32 pmol cell” Paasche (1973)

* scalculated from Py =1 max(Qumax-Qumin)/Qumax(Morel,1987)

1326 ugSiat L™' d™! & U 7z (Fig. 3(a), 3(b))o
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BEU727-8%, Bia LORKIIEEEE TH 5y, DEE
FRELTCF 22—V U7z, b, FEFANTHALX
INT A —ZDFEMAE Table 1 1IZF LB 7=,

¥, BAEETSE 213 STELLA(R) Research J 5.1.1 (High
Performance Systems, Inc.) % F\ 7z, AWf%E Tid Blackman
O BEHEE B HI PRI AR 4 R O B EDEFE TMINBIE 2 Fuv 7
#%, STELLA(R) Research J 5.1.1 Tid, € 7 L& H MIN
BRI L T BBAIIEA 1 5 - HAllTAZ L %
HRELTHWEDT, BERTFEIIIA A 7 -FEEAW,
B4 LZTy TG 1/488R (1.254) & L7z,

2.3 REERBN
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M TROM®EE L5t EHB P O DS RE O RIKIE % &%
fiEE & UTREA 7 7 RMEDORE 2ilAal, 22T,
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Fig. 4. Simulation outputs for cell density of Skeletonema
costatum, and concentrations of DIP and DSi. Case
I (P, Si): the run considering DIP and DSi concen-
trations. Symbols are the experimental data.
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and (c) C,. See Fig. 2 caption.
Symbols are the experimental data.
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{{E F L7 (Fig. 6(a), Table 2), 7=, FLUE[ED 5% DFE
HEPHIUL, FIEE %25 4.5%10° cells mL™! (S, costa-
tum DAHHEERE) SR T2 L8R THE I L
Mo H - 7= (Fig. 6(a), Table 2), &FEHARIHIZI51F % 108h
IZH 6N D DSiREOY — 7 LIEIZE S M7 DS IBED
B/MEIX, DIP, DSi ¥ H3# & & HUEME D 60% 12 £ 72354
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Fig. 6. Responses of (a) cell density of Skeletonema costa-
tum and (b) DSi concentration to changes in DIP
and DSi loads from slag. Case II-C,, (see Fig. 2).

100% is the outputs with standard values.

Table 2. Mode! outputs for the maximum cell density, the
final cell density, and the minimum DSi concen-
tration with different DIP and DSi loads from the
steelmaking slag.

Maximum cell density Final cell density DSi concentration
% ( cells mI'") (cells mI™) (pgatl’)

100 26380 14364 33.90
90 25382 14278 27.44
80 24231 14172 21.34
70 22916 14037 15.20
60 21408 13862 8.94
50 19806 13625 1.82
30 15390 12774 0.42
10 7795 7434 0.37

5 4789 4541 0.36
0 1499 247 5.79

T 1opugSiat L' LITF & A, HEED30%LL T T
lugSiatL™! BIF & % - 7= (Fig. 6(b), Table 2),

4, BE

BT 7L (Case [I-C,,) {23\ T, DSi B8 ORF%E
{LOBBRMELTRE B2 > 72, Case I-C,, Tl S. costatum
DP & Si T BWRERAFYEIIN A, pH I2X9 5 Bl
GHAEMKEU7ZED Case ] EB LB, DED |, S costatum
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tum DIEFEHEBER O EIZDNWT, FRZF R Fig (a),
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pH PHEEHER TH D, Case [I-B,; Tid, (FIXEIHH
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2T ERMT BBETE, 25 7»ofiEEhs
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HETER-LE415,
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Fig. 7. Time changes in limiting factor of the growth of
Skeletonema costatum. Case I1. (a) A, (b) B, rand
(c) C,, (see Fig. 2).
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