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Availability of Steelmaking Slag as a Source of Essential Elements for Phytoplankton

Koichi ARITA, Yasuyuki UMIGUCHI and Akira TANIGUCHI

Synopsis

: Steelmaking slag contains essential elements for growth of marine phytoplankton, such as iron, phosphorus and silicon. If these elements can

be available for phytoplankton in seawater, the slag can be used as a fertilizer in marine environment. In this study, growth rates of the marine

planktonic diatom Thalassiosira guillardii were determined under enrichment with the slag to confirm the availability of these elements in

seawater. The medium used in the growth experiments was a modified ESAW medium, in which a powdered decarburization steelmaking

slag was added. The growth response of the diatom was determined by changed in vivo chlorophyll a fluorescence. The results suggest that

the decarburization steelmaking slag can be an effective source of nutrients for marine phytoplankters.
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Table 1. Basal solutions (X10conc.) of artificail seawater
to be used for ESAW medium.

Solution I: Amount to Weight

Anhydrous salts (g/L)

NaCl 207.6

Na2S04 348

KCI 5.9

NaHCO3 1.7

KBr 0.85

H3BO3 0.23

NaF 0.027
Solution II:

Hydrated salts

MgClz2-6H20 94.0

CaClz+2H20 13.2

SrCl2-6H20 0.21

Table 2. Nutrient Enrichment Stocks (X1000conc.) for

ESAW medium.
Stock Conc. Final Conc.
Enrichment Stocks (g/L) (uM)
Stock N NaNO3 46.7 549.1
Stock P NaHPO4+2H20 3.1 20
Stock Si * Na2SiO3-9H20 15 105.6
Stock Fe FeCl3-6H20 1.8 6.6
Na2EDTA*2H20 3.6 9.8
Stock Metal % MnSQ4.5H20 0.58 24
ZnS0a-TH20 0.073 0.25
CoS04-7H20 0.016 0.057
NazMo0O4-2H20 0.13 0.52
NazEDTA*2H20 »* 19 5.1
Stock B H3BO3 38 61.5
Stock Se Na2SeO3 0.0017 0.001
Vitamin Stock Thiamine HC 0.1 2.97x 10"
Vitamin B12 0.002 147x10°°
Biotin 0.001 409x107°

* Stock Si should exceptionally be prepared as X 500 concentration.
*x Add before the trace metals.
#*x Adjust to pH 6 using solid NaCO3 (about 2 g).
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Table 3. Twelve treatments in Experiment 1 with final con-
centrations of iron or decarburization steelmaking

slag and EDTA enriched.
Enrichment (Final Conc.)

Treatment Fe (uM) or Slag (mg/L) EDTA (uM) Remarks
FeEDTA 6.6 14.9 Reference
Slag 2 2 5.1 Slag treatment
Slag 10 10 5.1
Slag 20 20 5.1
Slag 30 30 5.1
Slag 50 50 5.1
FeCla 1 6.6 5.1 FeCls treatment
FeCl3 5 33 5.1
FeCls 10 66 5.1
FeCl3 15 99 5.1
FeCls 25 165 5.1
Non Fe 0 5.1 Blank treatment
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Table 4. Five treatments in Experiment 2 with final con-
centrations of iron and EDTA enriched.

Enrichment (Final Conc.)

Treatment Fe (uM) EDTA (uM)
FeEDTA 6.6 14.9
1/10 FeEDTA 0.66 6.1
1/100 FeEDTA 6.6x107 5.2
1/1000 FeEDTA 6.6x107° 5.1 wonx
Non Fe 0 5:1

* 5.1+0.98
*k 5,149.8 x 1072
®kk 51+9.8x 107

Table 5. Twenty-four treatments in Experiment 3 to test
availability of phosphorus and silicon originated
from decarburization steelmaking slag.

Preadded Concentration (uM) Slag enriched

Medium _Treatment P Si Fe EDTA (mg/L)
P1 FeEDTA 20 158.4 6.6 149 0
Slag 20 20 1584 0 5.1 20
Slag 50 20 158.4 0 5.1 50
Non Fe 20 158.4 0 5.1 0
P05 FeEDTA 10 158.4 6.6 14.9 0
Slag 20 10 158.4 0 5.1 20
Slag 50 10 158.4 0 5.1 50
Non Fe 10 158.4 0 5.1 0
PO FeEDTA 0 158.4 6.6 14.9 0
Slag 20 0 158.4 0 5.1 20
Slag 50 0 158.4 -0 5.1 50
Non Fe 0 1584 0 5.1 0
Sil FeEDTA 30 105.6 6.6 14.9 0
Slag 20 30 105.6 0 5.1 20
Slag 50 30 105.6 0 5.1 50
Non Fe 30 105.6 0 5.1 0
Si0.5 FeEDTA 30 52.8 6.6 14.9 0
Slag 20 30 52.8 0 5.1 20
Slag 50 30 52.8 0 5.1 50
Non Fe 30 528 0 5.1 0
Si0 FeEDTA 30 0 6.6 14.9 0
Slag 20 30 0 0 5.1 20
Slag 50 30 0 0 5.1 50
Non Fe 30 0 0 5.1 0
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20 X35 K UF Slag 50 X &%, Zh o 25 7 RMK & g
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Fig. 1. Expt. 1: Variations of in vivo chlorophyll a fluorescence of Thalassiosira guillardii under different amounts of decarburiza-
tion steelmaking slag or FeCl, in PSi 1.5 medium (a modified ESAW medium with 30 uM of phosphorus and 158.4 uM of

silicon).
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Fig. 2. Expt. 2: Variations of in vivo chlorophyll a fluores-
cence of Thalassiosira guillardii in PSi 1.5 media

added with different amounts of FEEDTA.
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P 155 (Fig. 3(a)) (2351 % Non Fe KO NIEIZ—H L
TOBRPIZID LD LT, FeEDTA X, Slag 20X
B &V Slag SORDHHAAITZHZH 690 (18HH), 700
(1sHH) B&U 810 (17HH) IZEL, WThd BRifk
WHEAAONT, Thabb, DAD 20uM fFET 5L X
123 A7 THRO D ADHRIEA L, A7 7EFICHE
ELUTHBEEL CWzEWE 5, PO.5SEHE (Fig. 3(b) Tid,
FeEDTA [X., Slag 20X % & TF Slag 50 X TOEAHHAEIE
ZFhEN 590 (11HH), 560 (14HH) XU 720 (15H
B) &0, 27 7 FWMEICEI BRBED SNz, 2D
EFIZPIEICERBOERSAONIDT, X7 7HMIC
KBDADHBPEHITH S Z LATREI NS, POKEH

1000
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0.01

1000

01

001 b

In vivo chl. a fluorescence

1000

100 | A

10

1

0.1

001 L Time (d)

—O—Non Fe —{J—FeEDTA —0O—Slag 20 —&—Slag 50—’

Fig. 3. Expt. 3: Variations of in vivo chlorophyll a fluores-
cence of Thalassiosira guillardii in modified
ESAW media containing excess silicon and three
different concentrations of phosphorus with addi-
tion of two different amounts of decarburization
steelmaking slag or FeEDTA. (a) P 1 medium with
20 uM of phosphorus and 158.4 uM of silicon; (b)
P 0.5 medium with 10 uM of phosphorus and
158.4 uM of silicon; (c) P 0 medium with no phos-
phorus and 158.4 uM of silicon.
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(Fig. 3(c)) 2%\ % FeEDTA X DB KA TGO 4 578
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Fig. 4. Expt. 3: Variations of in vivo chlorophyll a fluores-
cence of Thalassiosira guillardii i modified
ESAW media containing excess phosphorus and
three different concentrations of silicon with addi-
tion of two different amounts of decarburization
steelmaking slag or FEEDTA. (a) Si 1 medium with
105.6 uM of silicon and 30 uM of phosphorus; (b)
Si 0.5 medium with 52.8 uM of silicon and 30 uM
of phosphorus; (c) Si 0 medium with no silicon and
30 uM of phosphorus.
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