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Stabilization of mixed heavy metals in contaminated marine sediment using steel slag
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Abstract - In this study, the adsorption efliciency of mixed heavy metals in aqueous solution was investigated using steel slag.
Moreover, heavy-metal stabilization treatment of contaminated marine sediment was achieved using steel slag as stabilizing agents.
Heavy metal adsorption was characterized using Freundlich and Langmuir equations. The equilibrium adsorption data were fitted well to
the Langmuir model in steel slag. The adsorption uptake of heavy metals were higher in the order of P’ > Cd” > Cu’* > Zi* > NI
The steel slage was applied for a wet-curing duration of 150 days. From the sequential extraction results, the exchangeable, carbonate,
and oxides fractions of Ni, Zn, Cu, Pb, and Cd in sediment decreased by 13.0%, 6.0%, 1.3% 17.0% and 50.0%, respectively.

Key words : Steel Slag, Heavy metals, Adsorption, Stabilization, Capping Material, Marine Contaminated Sediment

T Agk Axoltt W=, i T AR AXFdAME £4
1. M2 B oty 2} 21l A 3H( Monitored Natural Recovery) 2 &%y
2 ¥ (In-Situ Capping)< W3t JTHMLTMA, 2010).
A 4] AzE Abguabda) 7k o] o3k theket Feje]  °lF WM T Wl 84 dAC) v WHeRe dges
FEEEL AEHo Q¢ 7 2 §A HHAER 494 TR B vk AR E eH2 &7 s 7ol
o] YH.AHow oL EAF I Y} E3), oled F ], Fdd vlE o AugoR gl edEd
F20] 93t 04 A AckA ] glojA W 9k 2 o BA7h 7hssttt m3 22bH Rl o9 Gl A A
2212 AL Sof A7be ©EE =39S B oold) Al ZEaL QIUHEPA, 2005). 1ejuh o] gt Ay ol =
AR A AE FAH G Z AA5Ae] Hawa g B M WHel $4¥an vk 2 F shih @4 wBaA
tHEPA, 2005). ojth. AF74A o9 I EAAE Ryrt F 9RAAE
2 27hA] Y Ao A S AR AR A7 WHO R A lo] Bafe] FREg Gl o iy AFH Fae
%4 (Dredging) 2 #1927 (Ocean dumping)ol ©]3F W 3 Tt 9F e LA A EIL o] A2 FHE LA
o 3 b o S0, A vhIwh1008m3), A% W Ayvh Basios Sk =4 94 ok wet
Z2h3H(230m3), A9 FEAHBIAmI), 2 F2s6Ge9 A A AETHE AFH o AANT] flsiM = o5
Am3), o5 A2(6008m3) 2 &b Wol A F(158AmI)el ]  F7IES] B Ee} e Ta4ge] /l4Ha 9
F4o] FHTHMLTMA, 2010). 3HAITH #9214 4 (2012 T A SRy ke Ao e W Fat
W) dael] wE FF T olglgol o =4 2 F% Hole= A % v FAEQ HY, &, = 97 ol
£ ol S mAE Ty 9= AAo|A Tk 1 AHL ) o FEE& EE AV|EEE F& AAstE A7 &89
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Table 1 Physical and Chemical Properties of Steel Slag

Components SiO, AlL,Os TiO, CaO Fe,Os MgO Na,O P,0Os MnO KO Surface areas (mz/ 2)

Composition (%) 10.1 2.6 0.4 30.2 21.7 3.0 - 1.1 2.1 0.04 0.188
W& i Ahmaruzzaman, 2011). 53] A7 &@ 1+ TR gMste] ApgEAth FRd wE % SR
dZelgd Ak BAEE ANE gEaAe Jtede 2ta (adsorption isotherms) A& 05 g F2A9 &3 T+
Atk AF El1E ABHAAA SAR FAEE M3 4 &9 30 mLE 50 mL FXol ¥ 25C, pH 6, 100 rpm
o] dFeR CaO AwHl7} 31, AAl E8jstets 54o= o] 27O 5 10, 25, 50, 75, 100 mg/Le] £F FH4 &9
Qlate] ol2uwd, FWEF 9 pH ol o THHE] FEOA 24 h awk 5 BASEGITE w9, dgelA EF T
v Fobe JH FE Sl o FEgol s/ s w4 F3 54 AE}7] A S 1A (Advantes No.
H&= EAo] 9tHKim and Yim, 2012). 5% AAZ 3 6, Japan)Z 3t T A S 1] 93 FHAAES 73
AZsezel e AFES BH, g F& Ao e stk pHE 2438k7] 913 1 M HNO3¢H 1 M NaOHS At
dd gl e 2 54 7HLiu et al, 2010; Duan and &3k3ich
Su, 2014), 48% =AM T FE H7HHyun and
Kim, 1997) & F&Wdel Ao & F5& 2o @3 o 2.2 MZ&eiaol ofgt 2HEHE | S35 odst Ay
T7F FE oAl Stk shARE AA G AHAEAH ot Bood o] AeE U AHAE ABE NP F=
FE FEEoR 299 Ao ARIAREAR 17T oF 10 7 30 cm 2ol9) HAEL A ko] Lo gr2 A3
A= EF Tadel dd FH 540 el 2991 Az easiit HA4Ee FedA 1 F A< Imm)E
oA FEaATE i GFE viA L QA A Abgste] olBAL AAG HABE Aol A
Fe AT7E A olof spARt opx Ar} mFE Aol okl A AdS 93 o AdEHEY} ok4gsiA] wHre
ok A 7| ERe] AREHIE TE5Y FH AR v S AEAHE 100go] talke] AU 5% ARseas =
wH FgAol = FriH L glo] EF TSR 294 g Aslstdon A7l Foji= 2R wuks =i FAg
AFE R dEagRe) Thege] wa Ao viddn ek B 5 JES sk A3 20 AeoA o]
ool F AFelld= AT ERLARA L AHFFAER] A Aerg oo Al 1502 HoF uke A7 HA A A|7kule)
dedae) ase Wrrekr] s vk 2ol 2719 dEE HNES BI.ZE75l0] Ao AR O AFHHAE o
uEstt 1A, EF 5 78 HdM AdEd A e FaEE5e EAFY o2 BAEy] 93
o e EF THE HF 54% AR oA A% Tessier(1979)7F Alke A%FFPS K4Sk 194
ok gao] AA edH A=l oM AdEUT bl w o] 23t &8 (Exchangeable fraction), 2¥ A= Ebaked 3 Ej
2 oddds Ul eugse SAGHY W 9l ks & (Carbonate fraction), 39AlE= A-43t (9)2H3tE FH
&5 HUbek T (Oxide fraction), 49Al= H#71% Z%F  FE(Organic
fraction), 5@/A1= & FEHl(Residual fraction)® &3}
2. AEiME 3 AlFd Aom, FE&e TS 19ANE 59AA Y FT T

& %S o&sAT EE TS 242 045 m A3
(PTFE syringe filter, Whatman)® A& % oIS
2.1 MgEeael a5 &5 o ICP-MS (Agilent 7500 Series, USA)E o] &3ta] 241514

4< 28 Aww w3 Tk

A4 =5 54 s

Boee 9Ae obee] AARY(NE, AU W Fae) 22 SEEHH S EA

ME BFEA 42 1831 mm)P 1002 mm) Az A2 HAE9 pH AL A58 TU3 100 ¢S T & &
dto] JARZEZF oF 1.0 ~ 20 mm L7 A7E T AHEE 79 50 mlE 7hste] ptEH o R Ao FHA AL A F
Ak AFEYIE 0|83 TEE A5 FAAEYHS pH 54715 o]&sto] SAstAtH(Park and Jun, 2008).
217 21(2013)¢] o] 83t WS AESA T AAEU 1E o] T B4e % B47)(Bluewave, Microtrac, USA)E o]&
| Tu5 a5y FAEASE A st AREE ste wAEHATE gk b StAR o] 8| ARSI F
FTFE g Ph2+, Cd2+, Cu2+, Zn2+ 2 Ni2+ (1000mg/L; QA48S  X-ray fluorescence spectrometry  (XRF,
Accustandard Inc.) 9] &3 XU NS HgFd gA & XRF-1700, Shimadzu Co., Kyoto, Japan)® ®A&1, &
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3.1 JHZE

teeiael =2|-3sy 54

A7dEefre] FAARELS Si02 10.1%, CaO 30.2%, Al203
2.6%, Fe203 21.7%%= ©]&°] & 64.6%= B4 =A YE
WTHTable 1). A< LolAe] Fa48< Si02, Al203,
Fe203, CaO°ll 9l&] F5% SHAZA e &4 7HeAdS 7}
A3l 9l o P & (Weng and Huang, 1994), A7<e 17} 43+

& FHE5 AR dddnh AN AtEY e HEd

Fig. 1 SEM image of steel slag (a) before heavy metal
adsorption and (b) after heavy metal adsorption.
All magnifications are 5000x
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Fig. 2 FT-IR spectrum of steel slag before heavy metal

adsorption

TEE #ET A9E veha vk AREd s 29l
unlstal & AN SA4E v Jow e 22

T8E Fotr7|7F FEth ol B4 wiEo] vxw Al
Ao Aoz vyttt gtk Fig. 2% 400~4000 cm’
A AT PR 2959 Wste e 2

JJr“/P T8 J%ﬂ M= 3400 em' !, 1630 em!, 920~1000
m!, 520 cm ' € oll A b}E}b}i’ 2,\1:} ™ A 3400 cm 9k
1630 cm ' FE2 H-0 =2 yeha 9lo] o]eldt 19
PHEL Eo o) g3 wfolgtn AR "t Wang et al,
2014). 183 7P Ag I35 Holi e 920~1000

cm-15 Si-0-Si¢t 0-Si-O Z2¥¥ #A#o] Arh(Yang et

al,, 2014). ®3%F 520 cm ! I3+ 44 #gA Y 0-Si-0 2
Ca-09] A3#} #&o] rh(Yang et al, 2014). X H F5
& F2el 9lelA Si B Cadl &2 7lolE A A A FF
& FHA AL ALE THe S BT AS5S & 5 A
ot
3.2 Mzgseae S35 8% 54

= TuHe 25 FEYP2 Freundlich w223

|

(e}
Langmuir 295 A835te] 4319tk 1 35 Fig. 3¢
Table 26 YelAT. AdEH 1 H

<9 Langmuir 9] &
AT EQO 7131 gl 7 o o

< & 4 IStk Langmuir
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do] Ag3 Ay HWFHFQm)S Pb* (8299 mg/g),
Cd* (7803 mg/g), Cu® (5927 m/g), Zn® (3.099 mg/g),
Ni** (0.791 mg/g) & Pb* > Cd* > Cu® > Zn* > Ni¥" &
o= Pb¥o] thE TFSol vE HlwE =& A4S I 5 3
Atk ol# 3 A= Xue(2009)7F S AFA el fALE
AeS YeRaL otk siget BE o]dste] AAEY

Adsorbed (mg/g)

Ceq (mgL)

Fig. 3 Equilibrium adsorption data and model for
mixed heavy metal ions. Symbols: (&) NiZ, (W)
n*, () Cu”, () Pb”, and (@) Cd*. Lines:
Freundlich model (dashed line) and Langmuir
model (solid line)

Table 2 Parameters for Freundlich and Langmuir

Model Obtained from Equilibrium Sorption
Experiments
Freundlich model Langmuir model
Heavy K ) Q. K. )
metals 1/n R- R*
(L/g) (mg/g) | (L/mg)
Ni** 0.423 0.266 0.856 0.791 1.012 0.952
7n”* 0.281 0.370 0.896 3.09 1.052 0.956
Cu? 0.247 0.432 0.867 5927 1.253 0.953
Pb** 0.216 0.556 0.909 8299 1.598 0.948
cd* 0.158 0.407 0.854 7.803 0.857 0.932

pH —&—MNi ——In —@-Cu —3-Ph —@—Cd

100 - O— 1z
Py
S os 10
2 .
Eoo - =
E Lo =
S5 | B
5 L4 &=
~

80 - X

75 T 0

SW FW

Fig. 4 Removal of heavy metal in sea water and
fresh water by steel slag
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o] &3 WFe =
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A= W £ a5 dAsE

ok

4). oleglgt A= AAse 2ol 93k pHO| o] F AL
2 A5 ¥ HKim and Yim, 2012).

3.3 Mz=2iol oet S5 otdst 54

() MAZ HAZe) G Fase] EARNY FEs) v

Table 3 Fractional Compositions of Ni, Zn, Cu, Pb,
and Cd of Contaminated Sediment (unit: mg/kg)

. NOAA
Fraction

Standards
Metals R

I 11 I v \% Total | ERL|
M
Ni* 099 1.71 7.80 741 20.03 3793 209 | 516
Zn* 1.00| 2851 64.86 17.23 92.14 203.7 150 410
Cu? 3.01] 0.20 4.05 40.75 19.28 67.28 34 270
Pb* 518| 574 14.32 3.59 1355 42.38 46.7 218
Cd* 0.07]  0.08 0.61 0.08 0.09 0.93 12 9.6

el
o5 AWM (L%, pH, "J@r@r%ﬁ%
W g o R §Fo] hseta oA al
Aoz a3te] FAHE AeAd 43S = 5 JrhBacon,
2008: Batjargal, 2010). WA ST5% 297

T54% S s 29, Pb (42.38 mg kg-1)3 Cd
(093 mg kg-1)= A<k Ni (3793 mg kg-1), Zn (203.73
mg kg-1), Cu (67.28 mg kg-1) & NOAA(1999)2] ERL”]<+
Bt} =A% ERM 7RG v SA4S Hela gl
(Table 3). g+ Zn, Pb, Cd2 9|4 279 wislel] 234 1]

AA Doy &= 9= 63};]10] ol 23l ek

JT—El ‘Q‘ZO] 2 T M

e FeES g3 EA7F 42 46%, 60%, 82%S AA]
star itk &, pH Wshel Abstede] 93] A fdy=+e
548 zk3 glo, S niste] wg} o]ejgl B Fa&ol
FH FFor §54 VMeAe =S Ao gy

(2) AZFEY e o3 e w3t

= FodEHE W s A
dE Az AZENIE HHE F L9EA= W pH
=

A
HstE #Ee 235 Fighell Yehiith pHE A5 8.3¢]
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A 30d % 8874A] A5Ek T Azke] A 3tol| uiE} %
o}A 150l &= 8671A ol = A b
FEgas H4E 3 1509 FoF 33 Aol v
AEHHEH] HaE T TFE A Ik A&
o] &S HIIsIYtHFig. 6). vAE] LAEHHENA N
7n, Cu, Pb @ Cde] olemstag e ety 2 A3lsE
ko] EAu) = 2F7F 289%, 46%, 10.7%, 60% L 82%= L}E}
Wi ot} skAwF 1509 3oll= Ni, Zn, Cu, Pb & Cdol| A
90 -

5 1 salES
8.4 4
pH 82 4

80 A

7.8 T T T T
Oday 30day 60day 90 day  150day

Time (day)

Fig. 5 pH changes in contaminated sediment during
stabilization experiment

7r 7y 15%, 40%, 8.0%, 43% R 32%= Wt oH, 5%
WE et ge st EaE RYTHNE 13%, Zn: 6%,
Cu: 1.3%, Pb: 17%, Cd: 50%). o]t A= 7Aoo =
GE gl ABLUTE GO RA HAE W pH 83
~ 88 Abol& frAlstar 9l7] wiel pH 4ol hE JFE
W girha g % 2 Adeld BAE FFEEN
Zn, Cu, Pb 2 Cd)< 2 ¥ A= W pH % =9

: e

A PbCO3(S), Pbi(CO3)2(0OH)2(S), Pb(OH)(S) 55 it
T dvtal Hasta dthHatje et al, 2003: Misak et al,
1996). & AR BHel 48 Fa We Sl o
s Fud 239 3 T ATt
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