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Stabilization of As Contaminated Soils using a Combination of Hydrated Lime,

Portland Cement, FeCl;-6H,0O and NaOH

Deok Hyun Moon', Da-Yeon Oh’, Seung Je Lee’ and Jeong-Hun Park?‘( Department of Environmental Engine-
ering, Chosun University, Gwangju 501-759, Republic of Korea, Depariment of Environmental Engineering,
Chonnam National University, Gwangju 500-757, Republic of Korea and *College of Agriculture and Life Sciences,
Chonnam National University, Gwangju 500-757, Republic of Korea)

The purpose of this study was te investigate the effectiveness of a stabilization treatment for As
contaminated soil. A combination of hydrated lime, Portland cement, FeCl;:6H;0, and NaOH were used as
stabilizing agents. The effectiveness of stabilization treatment was evaluated by the Korean Standard Test
(KST) method (1IN HCI extraction). Sequential extractions were performed to investigate the As distribution
after treatment. Following the application of the treatment, curing periods of up to 7 and 28days were
investigated. The experimental results showed that a combination of hydrated lime/Portland cement was
more effective than treatments of hydrated lime or Portland cement at immobilizing As in the contaminated
soil. The treatment of 25wt% hydrated lime and 5wt% Portland cement was effective in reducing As
leachability less than the Korean waming standard of 20 mg/kg. However, the treatments of hydrated lime
and Portland cement failed to meet the Korean waming standard even when up to 30 wt% was used. The
treatment utilizing hydrated lime and FeCly6H:O was not effective in properdy reducing As leachability.
The addition of FeCly6H,O was negative in terms of pH condition. Moreover, the treatment with hydrated
lime/NaOH was effective in reducing As leachability but not as much as hydrated lime/Portland cement.
The sequential extraction results indicated that the residual phase was greatly increased upon the treatment
of hydrated lime/Portland cement. It was concluded that the hydrated lime/Porttand cement treatment was
the best among the other combinations studied at achieving trace As concentrations.

Key Wonds: Arsenic, FeCly6H,0, Hydrated lime, NaOH, Portland cement, Stabilization
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2004). A f7H| A9} FrIH1AE &ZH%M Uk oE
F718l A7t Fo18lAe) vlE] 5A4o] B Aoz FAtESIc
(Lee et al,, 1988). F7]H|&E -3, 0, +3 © +5712] 3jeks

”EEM AAAAME -0, 37F vl A vehA]
4T o2 43, +57F AEE EAOremland and Stolz,
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1995). Hlat §o)23 AsS st Jen 27 F553
di2 Abslgh ez A E 42548 A3 Q] Wi
thabst FEgo) E3E B4 A9 At Hle ol
(Lee, 2006) HlZeERS] A3t gl Aorls e vil¢-
AAlslt) E8) v AEo] 1FER £HHY = FulF
i Lee, 2006) EAFA LAEYF HE A & 7}
T 71e/Ee AlFEth

- JellA] AMgERs B vlaAeiRlos R
Y], BRI Bo) F& ARSE T Qlont olejgk Wl E
of &%t HuAl A7IElE oRFe] ARVE b, Al
ol o] wiav) EAste] 230 Ajol] e nlgo] AR
2 4 9k £ AFeAE oyt BAES Besl] 3
13sl/3 TS AESIATHKIm et al, 2005; Legiec
et al., 1997).

183}/ 93} (solidification/ stabilization, S/S) &4
& tokst 57 2 f71H ERE AVHE Y] 298
oe] Zi)- 3teha AL HEAA, LHEAY olF5dE
ZaA7) 248 vehA AEE PSS 71eEA
g2 el v)s] B AEE 7RI Yt Lee, 2006). 53
ulFA £F% U FFE0T 0GH EWNEY A B
o] 2l 71&¢] shlo|H(USEPA, 2004) A 20d F<¢
19822002y 7Fg &7HH o.9E MY shtE 4
HHAE A 24%7} §/SE A EUCHUSEPA, 2004).
S/5E AA ulF AARITF| g EAAREY n5A4dA
o] tjsle] Best Demonstrated Available Technology=
X759 3(Singh and Pant, 2006) & 2847 i
o e Aguges Q) wmoht FydrME Hold
AARE 7PA chekst edEAle] Ade] B2 x¥E 1%
olx gtk

Bl A0 QEe] gt Aol dA ARRE I Yl o
7H) QHFEA Fele 2Asel AXE F AE e R
i oler oA g Aol Aol F& Hdg Y3tk
A8g 7o g 3 vlAedEge) eHdd el 2. 7
e BaA B9 Ca-As Ao 7]<dgkc).

B AFolxiE vaz eod B9 Eelgsy sAE
BXata, HAae9d B 243 [Ca(OH)], TEAE A
WE, FeCly6H,O, NaOHE t}oFdt ASAR ARE-Slo]
n¥3l/ergst e AEgith B3 A43E Ve R
& oj7] eHdakxlg £3 o]l HlAeq Eqke AH A
2perg A skt sict

71E9 Fo 3t af Wk T2 SHYSHEENE
(toxicity characteristic leaching procedure, TCLP)S: ©|
g8 37} Foik et £ d7elMe s 2 wUkE
TCLP7} ohd 2] B ST (2009 7],
20109%E geio® w7 Aldel wet IN HCl &5
AMgEte] srlelgich ol IN HCIOl Q% n)la €3]
TCLPET} pH7L ol$- W& A 35 24 o]FoiA)

B2, o] 270 st mao] Frid AA SeelA 2o]
T ol H7} 7|eele A Aoz Adsy] wEolrt

ME W U

HIAHEY

2 Aol AREE A A FdA FakselM AR
1209 B ) AlER AAsa L9Ek AHRAA
& A2 Az 18] el o8t 3 fA|O)BE, W 7]
#(20 mg/kg, 201058l 37) |08 WA Alg)ye 18
glof gsioinh EvEt B A3 AR IS(MOE, 2002)
of wel 753 el ARIAZ F, FE3E 2 mm(10
mesh) ] EZAE THS EOS FYsH £dsto] #4948
ANBE AMEE L) Ao dEke] EelsletE BAS B4
7] §1ete) B d e AT wet ulAgEs ks, v
AHg B %, pH, v88%, TH7ead®, d5i4, X
FAEAN7E AN L AF 24E S
EoF Y HlA9 3% EE 100 mLAA S~ By
£ A5 10 g ¥ IN HC 50 mLE 93 325 J97(LSB-
045S, Labtech)S 30CZ #X3}% 100 rpm .2 30%-7t
g F 5B oA 2 ofFsle] o4& ICP-OESE E43I3
th HlA A s AP 100 mesh®E A& &
A8 A= 025 g9 FAE WTs] FHslod ¥ A4 1 mL
9} dAt 3 mLE 4o 70C M 1 A 884 5 TF/
6 mLE Yol SNAIA FepidEoR HEsk] B ET}
7 Aolng shiste] dAAIZE F 5 mL FAP)E o] §8to]
AEAe Ay o3 F FEATELZeHESA(Optima
7000DV, PerkinFlmer)E o]-&-&to] E483ict,

pHE 50 mLujo|A #44 A& 5 g& Hekn 57T
25 mLE o] fEeE # Aolg & 1Az Fo pH
meter(Orion 2 Star pH Benchtop, Thermo Scientific) &
B8l Fdsisich

FEEFL v Z7AAE 105~
ZAI vk SAbdAAlolE] qlellA st FAlE H7ds
i 7)o A ARE FH3lo] FAE A HAsith
ool 105~110C 2 AZx7] <ol A 2413 AZAT] v 3
AHgiAAlolE el 3087 WA ¥ FAE 24

YEFAE AZUERA7I(PSA, Sedigraph 5100)F ©
£33l FHIAL  FHVI4(Total organic carbon,
TOC) T3 A2AMPAS o) 43le] FENTC)S F7)%tka
(IO)FS 47 73 F FR7ISAE A A2E 14
AR 47191 TOC-SSMS Aol AR & 7184
S e T8l XAHFEAZXRE, ZSX100e,
Rigakw)E ©]43te] AlZe] 13} XA & ZAbsle] BAske
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AM3, TEUE AYE, FeCly- 6H:0, NaOHE o] 4% vl4 2B 3 49

QH3l A2

PABHA F9le] mhE wiA e PESY HlA od3 5
Z AP Q8 ZEUE AERHANE), 24383
&A4), NaOH(th7), FeCly6HO(JUNSEI, Osaka, Japan)
& AR ARgsle] obdal ARE siglck Adbie
48 Alg 50 goll 9 sz TEUE AMES &
Agg 27 Agaigin EPeEs WS ARE +
28, 243 + FeCly6H:0, 2413 + NaOH, XEUE
ARIE + 443 + NaOHE FAMIEI(wi%)§ Eelsto]
EY § AEEEE A Hste] Aujue] Bt
oy Bga PgstA ERAEY £9 Ele 103(FEE
F 30%) 22 3to] 28U Bt HHYA AFch 4 <k
shAlol djgt A <3} Ae] AFHE Table 19 Ve
yolch B4 5d ARE S sl 19 A% F B
293N B8 we} v 4] $E5E9) pHE 53383
o 34 @ 3709 Haaks Hslslon 4zhe] 2abEY
£ 10% oMM st REHAE A2 gz 2]
ik APAAS upgoz obgslago] B AES A
Aot A&FEFATS A

Table 1. Details of treatment

AEZEAUY

2 AgeME et AFe] Bl vlae] SAFH
88 ¥A3p7) 18 Wenzel et al.(2001)] ¥ v} v]
5ol §%, 5014 ¥4, 749 3 @A A/45y
FAshE, AW A 9 dRelE Ak, AR S 57
FUz FEAG AAT vlh EAYEE SRS
Table 2¢f VERASITL

Zn o o8

HIAQHEQC] 22| SlsHy 54

vl 0 gEde] Ee. 38t 5404 Table 3¢l LRI
o} B9k BRI (2000F 71F IN HA %) e
B2 Q HEY] 555 "WAY $271E (20 mg/kg) B
o} ol 128 648.3 mg/kgoly, A FRE 20535 mg/kgo]
Atk pH & 8.98% 47N BTt vlae YRS
AuRAMAT Ba FK73.37%)0) e Ekon] niaedd
B9 XEWT AHE, Ca(OH) 94 84 2 4
A3, HAQPERE SIO; > ALOs > FeO;, LEUE Al

Portlnd o1 Ca(OH)+PC Ca(OH)+FeCly6H,O Ca(OH)»+NaOH
cement (PC) a(OH Ca(OH), PC Ca(OH), FeCly6H,O  Ca(OH). NaOH
(wit%)
0 0 15 15 20 1 15 10
2 2 20 1
20 5
; 6 0 10 i 5 2
8 3 ‘ 95 5 20 10
25 5 25 5
10 10 25 10
15 15 25 10 25 10
20 20 30 5 30 5
25 25 % ° 30 10
30 30 35 5 30 10 35 5
Table 2. Sequential extraction tests
Fraction Extractant Extraction conditions SSR* Wash step
1 (NH4)280; (0.05M) 4h shaking, 20T 1:25
2 (NH;)H,PO; (0.05M) 16h shaking, 20C 125
. NHy-oxalate
3 (NHioxalate buffer O2M); PH i in he dark, 20T 125  (0.2M); pH 3.25 SSR 1:12.5;

3.25

(NH4)-oxalate buffer (0.2M)
4 + ascorbic acid (0.1M) pH 3.25

5 HNOs/H,O0

30 min in a water basin at 96 1:25
£3T in the light

Microwave digestion

10min shaking in the dark

NH;-oxalate
(0.2M); pH 3.25 SSR 1:12.5;
10min shaking in the dark

1:50°

*SSR: soil solution ratio.
bAfter the digestion
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Table 3. Physicochemical properties of As contaminated
soil

As contaminated soil

pH (8:L=1:5) 8.98
Water content(%) 7.84
Total organic carbon(%) 0.756
IN HCl As (mg/kg) 648.3
Total As (mg/kg) 2253.5

sand ~ 73.37%
silt ~ 25.96%
clay - 0.67%

Particle size distribution

Table 4. XRF results

As contaminated  Portland

Chemi.cf"/al soil cement Ca(OH),
composition PN
(Wt%)
Na;O 0.2807 0.1197 0.0121
MgO 1.1210 3.0617 0.8598
ALO; 20.9312 4.7870 0.6939
Si0;, 60.4128 17.8517 1.4697
P05 0.1587 0.0969 0.0131
S0O; 0.6240 24234 0.4129
Cl 0.1220 0.0065 0.0003
K0 49104 1.5159 0.1290
CaO© 1.3888 65.7221 95.2809
TiC, 0.6607 0.3042 -
Va0s 0.0152 - -
Cr04 0.0132 0.0217 0.2200
MnO 0.1498 0.3221 0.0483
FexO4 8.0054 3.1814 0.6919
NiQ 0.0065 - 0.0211
CuO 0.0191 - -
ZnO 0.1389 0.0624 -
A$:0; 0.0846 - -
Rb,O 0.0173 0.0043 -
SrO 0.0088 0.0700 0.0674
ZrO, 0.0100 - -
CeOs 0.0371 - -
Au,O 0.0054 - -
PbO 0.0339 0.0099 -
LaxOs - 0.0773 0.0749
TmaO;5 - 0.1257 -
HEE Ca0 > Si0, > ALQ; T2 2 TFS A3

3L Ca(OH)y= 95%9)4He] CaOE RITh
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Fig. 1. As concentrations upon treatment of hydrated
lime at 28 days of curing.
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Fig. 2. As concentrations upon treatment of Portland
cement at 28 days of curing,

Mzlel ZEME MUHEE 212) 0|88 Qs Xz

2228 ARIES 22k A2)’ d3}E Fig. 17} Fig. 2¢]
veRIth 243 Eeke] 25, 30wt% @ o) FAIA7E 28Y
¥ &5t 47 11798 mg/kg, 3628 mg/kg2E 1}
el AlE gefo] 25, 30wt%d W) 289 F SEF50)
235.17 mg/kg, 20648 mg/kgirt. o= Ahds)e} AlUE
B 30wt% 28] Al 242} 94.4%, 68%2) H)4 SEA0E B
ol Zo} bR Bk 998 7]#(20 mg/kg,)z;”&}~ uj
YT £9, 85550l tig IN HCl 3% pHE 573
o A7} 243 AEE 0.09~2.22, AFME A =0.09~1. 22
Abol g wig- Zhet AMEE Ao, AAE A AeTh Al
E Ay B} Ab F8 5ol Hoju} 2L dgo g A *l
2M3] A7 o] 22 e 88 48 5 Yok

_/,\_@l_a]‘_:_ ‘?‘ﬂ'ﬂ%sﬂr %/\}ojvo«ig} 217(47(40] 'yﬂg_g]_ i3

7 Zdzie]e] Qg %ié} 7159 g9} g3ld 2571
% F55Y F5-E BERECl J& n4s A7t
(Jun and Oh, 2002). i’ﬂﬁﬂ H L HES] A g5 <
AeE e F2 14E Ca-As Fejo] BEA Fdoz g
#eg RuHEJoW(Dutré et al, 1999; Moon et al,
2004; Moon et al., 2008) o|w} thAtEeke] t4uje 3
HEgo] s dold & UEE FEE ok 3} Dermatas
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et al.(2004)& AU H H AL HENFS 232 3 A
afo] BaA QtollA] HlA £EFE H7t gl SO,
ghato] w-& montmorillonite]d Rt} S0, o] o 3
& kaolinite'd H8) Eoko)Al B4 ¢HE) o A3 o
glrk o3 HAQUERS AM3E Ayl Al EET Jhof
oJ8k QY3 Brh= $2 Ca-As F40] o8 a7l 28
HAEE BT

A B 7hsbd eapil-go) BAstel gz
stell A FHES OH o sl 84 Halgtast 3%
HABT TAMHE(2Ca0S8I0,, 3Ca06i0,) 3 G54k
of g&] Ca(OH), TAHE3HE(CSHs), 253,
3HE(CAHSs), &FUAMIE P55 Eettringite) 5°
4} ¥ltLee and Kwon, 2001). ¢J7]4 ettringite®] 2]
a2 sk 2 deA lon oheat 2 ekl e Zka
ATk CagAl(SO4)3(OH)1226H0. 37114 &o]&<] +57F
H27) SO, dile] Xgug & 4 gleth mepx AHMER
A HAegEde] gsh= XEY vk B4 CSHs,
CAHs, ettringite 5ol 7]Q1gcts e} 7]& =250
A B1E Ca-As AAe o8 vlAe R AR a3t
"ojAcky ek, meba] A43eh TERE AMEE
747} A PE o 2435 M-S AT ARES AR
S v 8ot o 2 HA AZEYE BYF.
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239} AMES E3st AFE Fig. 3ol Wepglch
AlEg 2480 & ko] 20~40wt%d w 77 28
A & $E5E7F 211~198.7 mg/kgd S Bk 53], &
259} ANAEES 25wit%+5wi% 2 &3 22 9 o & &
% 30wtnollA AAREC] 98.8%R wlf wekor, ol
A EYed¢EIIEQ0 mg/ke) BT W& 45018
th A A $E55e e pHE 05~3462% T ¢
AE AMSE A B 58 ghg Balch ek AluEe}
2N 8 E4E e EED S B Ca-As FR £4
o] B5 ula 517l @ekg wlA bgshAle] whEx ek,

o2 ¥R i
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Fig. 3. As concentrations upon treatment of hydrated
lime+Portland cement at 28 days of curing.
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Fig. 4. As concentrations upon treatment of hydrated
lime+FeCl»6H-O at 7 days of curing.

o e 243 BES B RO YA

2M3|9} FeCly6H0 & 2183} X2

243]9} FeCls6H,0F &8 43t Aejgt 29E Fg.
4o VERSIT FeAl F7163A7F 560 F{lE9 7krE
o uke BN FEEE £ 21 AlE, AFE)olE
o] nlxstel w0z uHAFH(FeAsOs) 2 ZEo] E43)
A7t Lee, 2006).

24 3]e] FeCly6H 08 &3¢ 3t Aelet B3 &4
3] ko] 20%, 25%0]3 FeCly6H,0 T3o] 22}t 1%}
5% A W 7179 F §E55E7F 22548 mg/kg, 225.33
mg/kg L& AARE 52%% W& E&E HIon, 243
glzko] 30%, FeCly6H,O &0] 5% U wf 126.5 mg/kg 2
7 AAEEC] 80%E F FEHI7} 30% ojstyd wirrt Sk
Ak moke ey Eolls A v)A)A] Rk §EE 50
gt pHE 0.6~1288 7d AMJos uyeldrh FeCly
6HO ©5 A7k Q1E B pHE dAsHA sobxl(1wt%
o 2,85, 5wi% U o 1.88)& & 4 gllon o= we
pH #70 gzl ot @S uvizlvh wiehr B84 B2
wAbdo] B4 =rfEts IN HCl 249904 FeCly6H,0E ©]
48 3k A1E35(acid neutralization capacity)©]
e ko ulast A avE Vg ¢ 4 oy
SEch

B o

AM3[9} NaOH 28 oHg3l Az

2213]9} NaOH &3 AHelet 272 Fig. 50 el
Oh &3] EFE 20% oPFeESL NaOH @32 5,
10wt%® & A¢ 9d SAIAEZ ARSI AR A
o) ZAERI. B9, 2459 NaOHY % 3§l
30~40wt% & ® Y71 289 F SEFEI 3.99~42.85
mg/kg 2% AALEO] 93.3wi% OVFOE Hlf m¥Ae]
glon], 2489} NaOHS) %330] 35wi% o4l A4
IR NREA HlA: 52 EYLGETERT W
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1000.00; __ 135 A Ca-As JAEH, XS BF T ol G £
o | M oy v memom s Tl 49 IN HCl 3% 22NE o= A% A9 &
SRUTUS RS B ° 25 o] QHgst 71ztel] Z1eig 2o R Pt o= 7]E =
& e 20 (Moon et al., 2009)e14 A8}Z lukog & nj2o e}
L T o eV B A8 A dehis T2 ksl el Cads
§ EENE » Aol EF EEL S %@5 g 7lfathe B
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Fig. 5. As concentrations upon treatment of hydrated B oolFolx vj4g o9E Bk gg vlhE ki3]
lime+NaOH at 28 days of curing. AF)7] A5to] 45 PFAZ o] Helsto] e 7
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Fig. 6. Relative proportions(%) of total As content in
individual fractions for control and treated soil samples.
NEA: non-specifically adsorbed As; EA: specifically
sorbed; AM: As associated with amorphous Fe and Al
oxyhydroxides; CR: As associated with crystalline Fe
and Al oxyhydroxides; RD: residual As.
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< ZAEE Ak OWQ Aol ARgE QHEE ok
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APk 33 A A7 A5/ ZEASANE TF O
sAe7h RE g3l Al vim e o e &
Boon F ¥ 30%% EX2Y F271€ 20 mg/kg(H¥
A E 7 alSich 248)/FeCla6HO &5 ]84 &8
Al HlA AFEHE 7|E + Aden] £43]/NaOHE
a0l o} 243/ TEUCAME Hij= a84o] A
33 o|Gith AN/ ZEUTAHUE EF st A &
A&FEEANE AY A LPEY vaRE 9 S8 FF
3} AFES Z71E Btk B3] 25wid%+10wt% A AR
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