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Study for the Stabilization of Arsenic in the Farmland Soil by Using Steel
Making Slag and Limestone

Minhee Lee!* and Jihye Jeon?

!'Department of Earth Environmental Sciences, Pukyong National University, Busan 608-737, Korea
Center for Atmospheric Sciences & Earthquake Research, Busan 608-737, Korea

The stabilization process using limestone (CaCO3) and steel making slag as the immobilization amendments was
investigated for As contaminated farmland soils around Chonam abandoned mine, Korea. Batch and continuous col-
umn experiments were performed to quantify As-immobilization efficiency in soil and the analyses using XRD and
SEM/EDS for secondary minerals precipitated in soil were also conducted to understand the mechanism of As-
immobilization by the amendments. For the batch experiment, with 3% of limestone and steel making slag,
leaching concentration of As from the contaminated soil decreased by 62% and 52% respectively, compared to
that without the amendment. When the mixed amendment (2% of limestone and 1% of steel making slag) was
used, As concentration in the effluent solution decreased by 72%, showing that the mixed of limestone and
steel making slag has a great capability to immobilize As in the soil. For the continuous column experiments
without the amendment, As concentration from the effluent of the column ranged from 50 to 80 pg/L. How-
ever, with 2% limestone and 1% steel making slag, more than 80% diminution of As leaching concentration
occurred within 1 year and maintained mostly below 10 pg/L. Results from XRD and SEM/EDS analysis for the
secondary minerals created from the reaction of the amendments with As*® (arsenite) investigated that port-
landite (Ca(OH),), calcium-arsenite (Ca-As-O) and calcite (CaCO3) were main secondary minerals and the dis-
tinct As peaks in the EDS spectra of the secondary minerals can be observed. These findings suggest that the
co-precipitation might be the major mechanisms to immobilize As in the soil medium with limestone and steel
making slag.

Key words : stabilization, limestone, steel making slag, arsenic contamination, soil pollution
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4 AT ASALA AT 9T A% 85 VL AT WFA2Y L AP 8P 23] A
9 37 150m, ¥° 100cm o WY ol=Y 2UL AZslgon, $20E AA2E V2 8 A7 B} A
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#71222) 50 pgll Bk S Ueht QdEgezyEel wlael evish Evke vl £ Ao vk A3y
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Wang and Mulligan, 2009), ®25-34 948 v]lh 2
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2005; Lee et al, 2009; Lee et &, 2010). = 5
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B AR HEREE: N34°5625.2/E127°37'42.5,
EE: N34%620.1/E127'3751.3)% AF tidez A
o], EFETEAEHEY EY AR AF 7Ee] 2
Fo] RES} HEES E7F3l] oF 50kg & AFHHGAL
W, &Y Ade] BEARZ AN it 29 %
AN A-ANA oF 1km Do F4at S5 AA77})
Se £2 xR v 99 EY 50kg & IR
AR ANFAST EFAES GHH BEEES AA
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¥ A1E(@230 mesh ©]3hHE FElH]=(glass bead)ol
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carbon)? S ST AH EFAIE pH 2
EC 37482 = EGudAdsel met Aalsia e,
EY Yx Exg %242 200 mesh ©)74<] ¢ 20°C
oA 24A17F B XA AR A & AEAENE
AMS-BFI AL, 200 mesh olat] silt ¢} clay YAk A%
Laser Diffraction Particle Size Analyzer(BECKMAN
COULTER, LS 13320)E o]&3le] &243r}. B
A U= B4 AdE EUE nl=574(USDAYI
"1 AN g B4R (soil texture triangle)0. 2 EA
< 248 20083 EFTAAEH wet B
]Eoﬂ sl Axe & ICP/OES(Perkm Elmer,
Optima 7500XL; ]2 §#-49] 79 HlA7|sbgx] F71)
£ olg3ld UE 29 FE49 7I=F(Cd), E(Ph),
72l(Cu), o+ (Zn), HlZ=(As) B4 AT
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of the 71841 4418 A XRF B4 44
lo] vlne] v a F-83F Al TS Hot
STt

2.2, Ms|Mn MzZkae el Y LY A TH 7|
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FTHHE AR UHA ko (“sweep precipitation
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7123 Ao Al wie Sl AR FeiA
JrhAlexandratos et al, 2007; Roman-Ross et al,
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NaAsOZ) 2g & AA7IE & A2 (20°0)014 30 rpm
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o Holls HAAES A2A A A2 F
SEM/EDS #4185 2Ajgle] £44anE o EFR
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asle] ePgdsiAe] ofgh ¥ld 34 7]12E ekt
skath
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2 AAsIsickLee er al, 2004; Lee et al, 2008)
A8 Axte) APHE el 38 WE AP S LA s
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B2 6401] 243 QHEY v HHEA HES
Table 1 o Yepgich 222 HHSAIE 27}
SR o B MR ERERHEIA+QHE)
20g & SFT 100ml (L5H]8)9 &t 20°C,
30rpme g N7 B¢t FeAGA I 3 Ae5E A
Zato] 2000 pm o2 108 Y4EE 39tk 5B F
B & 533 455 pH & S48 S Hl&
713427} 71 ICP/OES 2 BIAEA-S AAEI
th FEAIE J7IeHA] % 84 H|A F v
sAIE s %%‘EETH BE2A YA FEE D
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efficiency)E * @8}ttt
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Table 1. Amendment mass ratio (wi%) added into As
contaminated soil for the batch experiment

Mass ratio (wt%) added

Amendment type . Steel
Limestone .
making slag
Without amendment 0 0
Limestone 1 0
Limestone 2 0
Limestone 3 0
Steel making slag ] 1
Steel making slag 0 2
Steel making slag g 3
Limestone+steel making slag 1 {
Limestone+steel making slag 2 |
Limestone+steel making slag I 2

24. et¥s fE 2E 4

HlX) AEe A% CHEWGS oides kgl
& HE A (equilibrium)® 7Fg3le Faisinz, 4
Al 2 oA kA3 Aoet e £ ik o}
A B AgoME dE ZHL o8l AF7ksol
23k 9 EckoRHE Y HlA 458 TARBIGOH,
71E9] A7g Faskd IAHIAE olgsl] dA &
d A EY B0 A48 & e BE 2 4@
ANEMS H83 tiE 29 £& A48 dAEN
tHlee et al, 2008; Son et al, 2009). ¥Wjx ¥
ADERE ¥l& £F A7 Gt 7P $2 A3y
2%+A7FEE 1 1%FE 3% A A7hE 9% &
& dY HLsidon A Heo @A 434z
AZEA2E Q-2 mm A7R)E AL&Eh uls
AlzE] 9@ Axpge] s 23] Ax1" A7 15cm,

150 mm

<Top plan view>

=ol 100cm, T4 1cemd o128 Z-E A
o Ay AR JAFTALE FUY F e &=F
HE AXI, sl MEUEE A3l
Ul eEEYSeE Hele] fE iEE T
Aok 2 W FUY] YT 558 980
8ol glass beads(37 1mm)E 3cm %I
& & 2 ol FgsiAlel S QAERANE)E
30cm Eol2 25T g EHE 5 oA
glass beads & 1cm ol S48l AF44 &
43 5L FAEIEeY 2 fo BEEEILEE)E
30cm ®olE FRIH BE FA= TEANEAL
JAAIEAANZGH, © "AAARNEH &
FAz3l 30cm 2 AASINTHMAE 1983). 2H33HA)
E ek ¥ 0 EUE o83 A¥e] A,
vk oF Ede ZH] & glass beads F9)ol
30cm FAR 2R F 2 9o} b glass beadsE
3cm FAFAEE ¢9) 2 A4S vk AAEHA
th £ Vo ZHRCRIAIE HreA ¥ 29 E
o AT HERZ ARNES F U eHES BE
s 23) A8e dsigon, 23 A3 ARE Fg 1
of Jehdit). 213795 FUs7] A pH 622 3
A3 SFTE o8l BEYS I FY ¥
NRoH, 2417 BAAZ F APE A F
ke AT e AR Q8 A7AY FH
o] Ak 10d7F A% el 14617 mm £ 7)E
28 Fol, 29 AE ddo sl s BEuge
FYEE A5 ved ) 50%2 /R 19
A5 1291iter & ZR ARERE 2ZHFHE
ol&3l 100 mymin & F&o2 FUsAc A

[

b ool o

Fig. 1. Schematic and photograph of the column experiment ((a): column with amendments and (b): column without

amendments).
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3.1, 2 =2 MzEn, AMsMol 2BaiEEty
B4 7Y M8 2o

o BEd BEEeEE) EusEE B4S
295l Table 29 Table 39 HJERNQITh XRF
ol&g EYAE R 94 B4 FH Sio, 7t ﬂ
A9 53%, ALO; 7t 16%2 AASAOH, FeAlshE
 CaO 7} 4t 6%} 4% <02 vyERdTh(Table 2).

Table 2. Results of XRF analysis for As contaminated soil
and amendments

Mass ratio (%)

Component  Contaminated Steel o
soil making slag Limestone

SiO, 53.46 18.41 0.68
Al Oy 15.62 14.50 0.21
TiO, 0.85 - -
FeyO4 5.69 30.49 0.45
MnO 0.15 4.62 0.14
MgO 1.86 5.89 1.30
Ca0 3.54 22.77 96.92
Na,0 0.54 - -
K,0 2.54 - .
P,04 0.60 0.26 -

* represents<0.1%
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B NS & $7) BT 2%, EC 2 1963 s,
pH k& 748 VERIITH B Y= B4 2 w5
FA BER o3t EA(soll texture)S ‘SandAHEY
o sEEo] 2 A EXUE & & I EY
o 24 BNAH As o7t EYQESEHYIEX ¢
:6mgkg)ys oF 2 236 12.30 mgkgelom,
2 Aes O FE4E A o8l weE
Epfo R ThE FE&o] 9% 2de A9 gle
o vEh} B dFMe As £F A7 &8
e g 48 AN
Aol ARgSE AFE 2ot M35jae ojstehy
T 94 B da MEde] As 1A
] ¥4 3 ZF 22 e B30 9%
AREG e, A7jede] e va £ A4
-'JJr i g, A, $FHE E vkdlge] el
A2 70% ©)de JIABACHTable 2). APdgen
«] 5‘:‘“‘* FEg ksl flsled B EFAd o
& TR B4L AAS du AteHoe] F
7NEX R w§- 2 Fle
2 Jeh(Table 3), &9 EYS] AR A7fE
a5 AMgehs e a8 §20 9% 292 AY
& Aoz A=At tE A A AHEE B
EWQLHE)Y olFed B4 Fu% v ¥4 2

P >E L

oftt Jg'ﬂ

o?t, O‘u[l.l
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/\}» L

fN

k)

(i)

I HAFEE 007mgkg OF %k o e
EHd BT B EST SR ol$ we A
oz veht, 2 A48E A% REAZ HEY Ao

2 ekt

3.2, MajMul Mzkaae E W via T 7|
=y MY Ha

AN (Ee AZFER ) ocMIES &3 vt
S3lo] 4w HzEe SEM/EDS 24 Z#et o]
JEETS B A AN EEE AdEde 4
A3E Fg 29} Fg. 3ol epligich vjast whgsl]
A A58 Aol $1P9A vFERE (thombohedron)

Table 3. Physicochemical propetties of contaminated soil, uncontaminated capping soil, and amendments

EC TOC  CEC Soil Heavy metal concentration (mg/kg)
P ) %) (emolg textre Ay o Ca G4 Zn
Contaminated soil 74 1963 2.0 8.9 Sand 1230 150 450 0.15 17842
Uncontaminated capping soil 6.0 47.7 1.9 7.1 Sand 0.07 0.05 1.96 3.31 81.38
Steel making slag 163 1553 ND ND ND 0.14 0.01 0.02 0.00 ND
Limestone 8.4 274 ND ND ND ND ND ND ND ND

*ND: no data
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(a) before the reaction with arsenite (x 14,000)

Weight % Atomic %

59,67
40.33

78.75
21.25

o] 1 2 3
ull Scale 1005 cts Cursor: 0.000

(c) before the reaction with arsenite

- %149

SEMHV: 15.00KV  SEMMAG: 1400k Lo i lici (/]
sum

(b) after 7 days of the reaction (x 14,000)

Element | Weight % Atomic %

0 27.57
38.45
33.98

54.95
30.59
14.46

(d) after 7 days of the reaction

Fig. 2. SEM photographs ((a) and (b); I represents the point for EDS analysis) and EDS results ((c) and (d)) for limestone

stabilization experiment.

o] WA ARRPEE VERNAIRHEG. 2@), ¥4}
WhE-3le] FAE ARES Wels AR A 1=
e TS TINE 23 FEEYE HAFT
(Fig. 2(). MBA BAE W48 FEE59 EDS 24
Az} ¥AE 4% Tl JE AeE JehhFg.
2(d), 2] ¥4 7o) o] 23 FEFAE)
o] FA ofgt AL ¢ & U A&
79 g oz PR H)Ae) kg Ax 5
o B FE AATHA W= YehiAe gont
PA7E A ARECl ¥ Bol Yehhs FeHE YEt
W, o] 2E-S EDS 2 243 A3 v)av) 29 &
AR e A o2 YERsthFig. 3(d). 43143} H)de]
gl of3) FAE HAEe XRD 24 FAARE 1E
CaCO; 27 2ol 3439 ZETe] E(portlandite;
(Ca(OH)y), B4 EAEAE 9] A4 (calcium-arsenite; Ca-
As-OAE =0 3l2-& BRIsI e o)= 71¥ Moon
et al (2008)%] ATAFAE dA|ght,

3.3. otdsl uix| AE A
HIE PR AUk QAR WA 4
A7 §&99 pH & 6673 Al SANEHE U

o] 4314 Aol wE 7|E E9e] pH Hge=
X Wk (Fig. 4), oleig Avhs 71E AlA
23|18 AR Hrle A9 EYL] pH 7t 549
27814 pH 1104s fAstke A3t & 2jol& et
WlthSon er al, 2009). A7rEY 3L AL 5%
A7l 23] 4&A9) pH 7t 6.9 & VER)S 434
Z171el 213k pH Wsle} fAREE A o2 Ueh(Fig. 4),
3|93 AdE2E AR Frkske A5 71
Zo] A3 H7ll 28 2% pH o 4% 7 8%
o] VERLA] o}, A vlh §& A7 284S v
ErichE A3 E AMSsle ZRT B9 88 SHA
29 f Aoz Ad=dn

A3 9 AREU2E QHIFAR 0|43 2EE
ol obdst vz 4¥ AAE Fg 59 epAATh
SHEFOTHE LEHE HA FEE 1% A3 A
7R 2 S 50% o Ao Asg AdE
1529 50 pgl. 2ot 2t 3% 5% A34E
A7kt 28 B vid &EFEe 77 62, 67%
Asldn. AgEH2E HUKe A 399 5% A7t
o oJsf 27t 52%% 63%2] BlA A7 g3t v
wom, N3Mx A& s ERsle s B¢
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SEM HV: 15.00 kv SEM MAG: 14.00 kx VEGAW TESCAN

sum

(a) before the reaction with arsenite (x 14,000)

Element 'We)ght Atomic|
% %
[9) 45.2766.60
Mg 2.66 | 2.58
Al 6.06 | 5.29
Si 8.34 | 6,99
Ca 15,37 9.04
Ti 0.56 | 0.27
Mn 3.66 | 1.57
Fe 18.13| 7.65

SEN HV: 15.00 SEM MAG: 14.00 KX Lbotdoodorkdonk o]

Sum

VEGAN TESCAN

(b) after 7 days of the reaction (x 14,000)

Element[Weight Atomic
% %
47.811 69.02
1.88 | 1.88
4.66 | 3.99
9.02 | 7.42
1251 7.21
0.85 | 0.41
3.42 | 1.44
1145} 4.74
6.38 | 1.97

n 1 2 3 4 B 7 8 9 10
ull Scale 1122 cts Cursor: 0.000 ke

(¢) before the reaction with arsenite

0 1 2 3 4 5 8 7 8 9 10
ull Scale 1010 cts Cursor: 0.000 key

(d) after 7 days of the reaction

Fig. 3. SEM photographs ((a) and (b); O represents the point for EDS analysis) and EDS results ((c) and (d)) for steel

making slag stabilization experiment.

10
Cwithout amendment
limestone
8 B steel making slag
jus
[=3
6
4

0 1 3 5
Amendment added (%)

Fig. 4. pH change of soil by adding amendments in batch
experiments.

ol 434 2%+A7EH T 1% A7 A QEES 1)
& $EFETE 2% TSR X A7 A A3
F AdedaE £ AR AMERE Aol
g 7 2T AR AMERE AR oY
B vla 34 a3 o 52 20E Yeisth

34. st oY ZE MY An
72 sre E vizd 855 pH 2 ECR7I

HE%; electric conductivity) 7] H3E Fg. 634
Fig. 7ol Yepisich A48 7124a0d 228 717h 5
Sk PSS AES ZY wiETY] pH € 67419
g At EYe] B3R FAE AW Bt F9
FA FEFE A g Ao FE ATRHACKFg. 6).
Hl&e) EC 2% A, HeAE vt 44 &
Zd9] EC Ftol SHIAIE A/IskA] &2 LEE &
o &9 EC B} &2 g viehlo] Hrisk o
sA7E B W2 AT ¥ A9l o8 AL
2 295 g & F UHFig. 7). HBEAE
713t EgoziE £&5E ¥4 FHE dolry)
AN z+ 24 SR wiEe] pH ¥ Eh 38 Eh-pH
diagram(Welch et al, 1988)%] ©A]3led Eh-pH 373
o &l EABIE Hl& S A5 4, 29
W o EYoRRE &EHE H4 A2 9luE =
o) A Soleideie) srmlAR HAE HyAsO,
7F AujA el (Fig. 8), M3kl 7k 5 9d &
oF f2oho) W4 gL FA WA e ALE el
et

Zy oz REe] Al gk vdk 8% A7 2
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lLS :Limestone  SS : Steel making slag I
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W
>

Stabilization efficiency (%)
(-3
3

3

L51% Lsi% L55% §81% §83% 885% 1 % L 1 58
Amendment added (%)

Fig. 5. Results of batch experiments by using amendments.

14 350
12 | | —®—Withoutamendment g 300 —8—without amendment
b =O- limestone 2% -+ steel making slag 196 .
§ 10 - gsag £ 250 1% | O~ with limestone 2% + steel making slag 19%
g 84 5 \
@ - e e T - - o o o™ an om - o™ n E “
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Fig. 9. Results of the column experiments to immobilize
As in the soil.
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