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ABSTRACT

The effect of blast oxygen furnace (BOF) slag used as filling materials on the soil environment was studied using column
tests that simulated the flow of the BOF slag leachate through the soil layer. The Cu, Mn, Zn, Ni, and F contents of the
leachate affected soil were similar to that of the controls (i.e., soils that were not affected by the leachate). The As, Cd, and
Pb contents were lower in the leachate affected soils than the controls. The changes in these contaminants contents can be
attributed to the interactions between anions such as alkalinity generating anions (e.g., CO;*~, HCO5~, OH") or calcium
ions with heavy metals or F, which consequently affected the fate of heavy metals and F in the leachate affected soils. The
germination and growth of Spinapis alba in the soils affected by the leachate and the controls were also similar. However,
the proportion of alkalophilic bacteria in the soils affected by the leachate significantly increased, and this can be explained
by the increased soil pH due to the alkaline leachate. Overall, this study shows that the alkalinity of the BOF slag leachate,
rather than the presence of heavy metals and F in the leachate, needs to be considered when the BOF slag is to be reused
as structural filling materials.

Key words : Basic oxygen furnace (BOF) slag, Structural filling material, Leaching, BOF slag leachate, Toxicity

http://dx.doi.org/10.7857/JSGE.2016.21.3.006
ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

rhu

1. M
S B Wade A7 AsE F12 )

© £dlae 12&Hae) AEU R Jdo AdE
A1 o EeES AlASks 34l et HEAGE
2 L(Basic oxygen furnace slag) == Z7]|2A17&1
(Electric arc furnace slag)@ T-E3H}. 2010d% A&l
w= AT BAE= 1 Z2E P (Converter slag)
= oF 11HREECIUAL APFSHolA B == APdEe1
(Steel slagy= oF 9MREEC|ITHKISA, 2010). WHA¥gH &
ZEdae ArEREEl dete] ARFHTER T

*Corresponding author : ehjho@hufs.ac.kr

=, A7 ISR Al oJsle] 88418 Ve
T HH Aol rhseit. Aldge] 7Fse S
T Ae] Mok AE-EEF1e] Bk HE| 25|
ARRAER FEo] HY, HAEH T 9 AeA] wiE
AR AEEAF ] W S AeE3k o= ik

a2EH I, AT F A2AEE S} A=A
BEde] F8 74 AES Table 13 At} 12&3
Ie 5744 2 AAJARYGE A e 29 54
< 7HAL o] BEES EAIR B o] AR 1A,
WN2ZAREY L= KS 40l uE 23E Az &
& 715sl=E FAEe] Atk(Na et al, 2011; Kim,
2002). SHAIT A2AEEH 1= Adagel AHgsks A

Received : 2015.10. 6 Reviewed : 2015. 11. 6  Accepted : 2016. 3. 3

Discussion until : 2016. 8. 31



4 - BERo® AME ARAIEY L = B vlA|

fr

J&k 7

Table 1. Major chemical composition of converter slags and steel slags

Steel slag (%)

Component Converter slag (%)
Basic oxygen furnace slag Electric arc furnace slag
Ca0 4244247 36-5023-79.11-13.15 14-52168.13.14
8102 33_362»4,7 8'1 52‘3,7,9‘1 1-13,15 15_3 1 1,6.8,10,13,14
ALO; 1420247 1-4239.11-13,15 4-13168.10.13,14
Total Fe 0-1247 3382370111315 0-471-5:68.10.13,14
MgO 47247 1210237911315 310168101314
MnO 0-1247 0-92391L13,15 1-8168.10.13,14

'Barra et al., 2001; 2Choi et al., 2007; *Das et al., 2007; “Ahn et al., 2003; Kim et al., 2009; °Kim, 2002; "Lee et al., 2011; *Luxan et al.,
2000; *Mahieux et al., 2014; '°Manso et al., 2003; ''Poh et al., 2006; '>Shen et al., 2009; '*Tossavainen et al., 2007; '*Tsakiridis et al., 2008;

BSWaligora et al., 2010
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Table 2. Heavy metals and fluoride concentrations of the soil and the steel slag (blast oxygen furnace, BOF) used in this study and major

chemical composition of the steel slag used in this study

Heavy metals/metalloid concentration (mg kg™)

Chemical composition of slag (%)

As Cd Cu Ni Pb Zn F CaO SiO, ALO; MgO MnO
Soil  94+013 1.1+£0.18 2616 52+30 61+62 170+49 220+31 - - - - -
BOF slag 23+£0.26 0.58£0.12 7.9+14 6.6+35 7.1£045 35£8.6 2900+360 32 16 4.0 3.7 3.7
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Table 3. Effect of the basic oxygen furnace slag leachate on soil heavy metals and fluoride concentrations

Element Control soil (mg kg™) Soil affected by the slag leachate (mg kg™) p-value (t-test)
As 94+0.1 6.5+0.1 <0.001
Cd 1.1£02 0.7+£0.0 0.013

cr® ND ND NA
Cu 26+ 16 11£0.20 0.081
F 220+31 250+£32 0.19
Hg ND ND NA
Ni 52+30 42+0.8 0.29
Pb 6162 1804 <0.001
Zn 170 £49 140+24 0.22
pH (unitless) 53 11 NA

ND: Not detected (detection limit: Cr"®<0.05 ppm, Hg < 0.3 ppb), NA: Not applicable. All the measurements were done in triplicate

except pH (single measurement).
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Fig. 1. Changes in pH and oxidation-reduction (redox) potential
(ORP) of the eluates from the column containing the basic
oxygen furnace slag layer and the soil layer.
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Fig. 2. Cumulative concentrations of (a) As, (b) Ni, (c) Pb, and (d) Zn in the basic oxygen furnace slag leachates that passed through the
soil layer (BOF > Soil) and in the control soil (Soil) during the column test.
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Fig. 3. Effect of basic oxygen furnace slag leachate on plant toxicity (a) Germination of Spinapis alba seeds. (b) Length of the shoot in the

soil affected by the slag leachate.
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Table 4. Effect of the basic oxygen furnace slag leachate on the soil microbial community

Control soil Soil affected by the slag leachate

(Sub)Class Species Accession#t % (Sub)Class Species Accession#t %
Alphaproteobactetia  Aquamicrobium defluvii Y 15403 68 Bacilli Brevibacillus limnophilus ~ AB112717 41
Gammaproteobacteria  Pseudomonas caeni EU620679 9.2 Actinobacteridae  Arthrobacter oryzae AB279880 12
Alphaproteobactetia  Reyranella massiliensis EF394922 4.8 Bacilli Aeribacillus pallidus 726930 11
Betaproteobacteria Methylibium petroleiphilum CP000555 3.4 Betaproteobacteria Massilia aerilata EF688526 9.1
Betaproteobacteria Aquabacterium commune AF035054 3 Actinobacteridae  Arthrobacter pascens X80740 64
Actinobacteridae Arthrobacter oryzae AB279889 2.8 Actinobacteria Cellulomonas carbonis HQ702749 5.7
Actinobacteridae Arthrobacter humicola AB279890 2.5 Betaproteobacteria Herbaspirillum canariense HQ830496 4.1
Alphaproteobacteria  Afipia broomeae U87759 2.1 Actinobacteridae  Arthrobacter humicola AB279890 4
Bacilli Paenisporosarcina macmurdoensis AJ514408 2 Betaproteobacteria Massilia brevitalea EF546777 3.5
Gammaproteobacteria  Pseudomonas abietaniphila AJ011504 1.9 Actinobacteridae ~ Arthrobacter defluvii AM409361 3.3

A2, 23Rl 8- HeUE EWIEAR AR wf A
Ao} Zo] CaO o] &2 HVIES o] AMSske=
ATellA AeR] EI7E S71eel wEk B9 pHt
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AS ol th(Samara et al.,, 2008). HZAF<EE 10
] 8= IS e EY pHY
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A7), & B9 FE5she 3ol IS BS 5 IS

3ok STH(Lekakh et al., 2008).
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Garcia-Gil et al., 2013).
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