SZAEGFESSAESA] Vol. 9, No. 1, pp. 104~111, 2004 TFEED>

Application of Soil Washing Technology for Arsenic Contaminated Soil
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ABSTRACT

Several tests were conducted to optimize design parameters of soil washing technique for arsenic contaminated tailings
and soils. Arsenic contaminated tailings and soils have been sampled from the N mine, Kwangwondo and the K mine,
Kyungsangbukdo, respectively. According to the result of sequential extraction procedure, total arsenic concentratiors
were 21,028 £ 190, 443 £7, and 37 3 mg/kg, for mine tailings, dry field, and river sedimentary soil, respectively. The
subtotal of weakly bonded and easily releasable arsenic concentrations which were 2,284 = 100 (10.9%), 151 £5 (34.0%),
15 £3 (39.5%)mg/kg for mine tailings, dry field, and river sedimentary soil, respectively. Kinetics of arsenic extraction
using NaOH showed that arsenic was extracted more than 90% after 6 hours for all samples. The optimized concentration
of NaOH were 200 mM for all samples while the optimized dilution ratio were different to have 1:10 (mine tailings) and
1:5 (dry field, river sedimentary soil), respectively. Results of sequential soil washing tests using NaOH showed that
arsenic concentrations obtained by Korean Standard Test Procedure were decreased to meet the regulation for both river
sedimentary soil and dry field while they were not decreased largely for mine tailings, even though NaOH had much
higher efficiencies of arsenic extraction than other extractants.

Key words : arsenic, soil washing, NaOH, sequential extraction method, sequential soil washing

HAE QA Eqdl dis) EMAEIEE 288t % HHe s TESA 43S 5T A
Ex s Ngate] gulo) AART KAk s v BT SIE A B AR A2 49 29,
Hi&ol &shako. 21,0284 190CFT]), 443+ 70 EY), 37+ 3GHFIEA E)mgkge E EAs1.on, 28] o}
I GA €& 7Fss vl TEE HE 49 552 oS FHOE 2284+ 10017871(10.9%)), 151£5[E¢ E
F(34.0%)], 15+ 3[BFIEZ] EY(39.5%)Img/kgl® UERTE G ESRS o183 Azl wE 85 43 23
VA B BF FHE-5E(50, 100 mM)elA 6117F o[ FHE] 90%01de] Bl & E88 HPor, A
e BE 49 dis] 200 mMela JEHlE 282 110680 15 B, SRER Byt 23 230l
o} B EF odh A4 B A3 A, SE Edm F BEYS A4 BERAH o) MHE ES
o] ZE L T2 AATEE o £ Ao, Brje] Aee A & wakt iRl

FHO] : va, BRI, SASHES, AS5FEN, I5 B

*Corresponding author : jumbback @kw.ac kr
VALY :2004.3.5 AL :2004.3.22
zle} 1l E9) :2004. 6.30 71X

104



H A2 QG Eqk

1. M e

Sl A] Bkl tigt AE)E Filo] F71E7)

All}ﬂ A7 1990 o] Folr, HT SHERe] ui
S0l ek HaA A2 F - w55

Zlc’f’ 5o B FAll g T4lo] theE RAE}

A2 Fdolls 191040 o] FRE MAERE FE5%
Ab 900NAT, FEES THRF SRS F- #8Le] 894
Mazt At k. F - H3Re A JEEeR
218 24 glo] WX A=A 2 HEn])e
et} T fEoll sl X[sker, FHEAA | )
AESo] FH& o) Eoﬂﬂﬁ A,

ol F-oAg 4 A7 \EE 8l 5 W
&, 7l=F, 749, 3, 7, EL% = o o}k g3l g
G 58] Hlast S4e] AR Aol Selsl, A

oA F-71E<21 arsenate[ As(V)Sﬂr arsenite[As(IID)], ~12]
Il 712921 organic arsenic compounds(As-C-y3¢]
B2 EAsi].

Yukz oz FrM)Ae v ARsPdE] ) ok &
Q) FHE T2 BT 5 Ao EAsiH, ol
g HIAIRT} 25~608 71 T it

Bl tigh QIZMe] FE =E2AEE WA 2 E9ER
ze5he B9, &, 245 A7, nAasEe] £, ¥
AR fYE vkl g 34

"

1= 1:0 =~ 0
== = = ]

jé W o Jt fio

A%, 537, 2370, A4 5 e 718l 2
] e, S8 A A e, W)

A4l ol 9ol 7530l ek, el 4
QuEs, el 2848 9% ol Uehte Ao

2 RuET Qo) E=E H2ot QA B, R 5 ol
SN S APl M B Pl gon?,
ule] S4ol tiE e Holgt, Ael, MR, B
Zelo}, olzalEle} 3 Lol X3k 2% ) BF
& we et AT Folod Leid do. olsk 2
o] Hla 4Ze B aNoR Frlsln glom, U
Hol Mepleme THHRIYS, YA, B AR,
01:'/]3?:]_ }\1‘3;(4:5:].1:1—1 E_Obq 55]1]:13 Eo] olr/]ﬂ,s)
B AT vk HE PBl] o Bl ogtals
A A 5 Gom, SPBA Fe TR B
G S FH A Y REAIE D2l TR B
P S AT BRI B §2 5
AR SYERE A 2, ), AR, 2
24 5 J1AH wlae) o) §247)E Thgolt
AFAZ b olgA], e pHel €18 olest Bgos

| 3 EXAIH 7] 844 AT 105

A3 Eh)) iR FEEEC] §EFH] AU F
& 2 AA7} E7HEA At =3 AFELS o83

Fakel Sae AN, EoRR Fa49 e
= 3REe G 50 Aesemel Eob o
3] etk ©3o] ok 289 Ake] Hide 11 o]
pHEZA T4 FtEel F3fo] 719] ol FofAA| &
= 3o %}EV% At wEbA, B Al pilot Tt
22 Ao yjgt ¢H AFQ A 4PE It A
grel vk 25 2 AAZ 98] olewd Al o)E
S sl sjeEAel FBhbEEe A8sdr. g
H2 QB st EGAAIPE HAl ZAAA]
Hejo} Ao SJste] 85 The Hlie] EAFEE
SGolr 72} Thekdlt FEAuE o]8-3 A&EFE
(sequential extraction method)S F3SIAT). ©|& ulgr
o2 Bk A7 7R 03 AFAN AR w

a4

5 27 HHg} ) 2R 00

iy

e

2. A

o

HE 2w

2.1 MR

A gt AlEeE HlA 0 tIA7IECEY: 15 mg/ke,
UA1: 50 mgkg) 2 AEQ] A= NgLke] Falet
EE KAt SR v Bol BN EoRS AR
satt. A EY F 940l E 44 2 EREHE A
At & Eoko] #UAS ¢8l #5 A) #20(0.833 mm)
S Zkle BEUTRS Al ARSI 7T BEYe] )
EX% pH, EXRIAF D% (particle density), -F-87 (effective
size D10), ﬁ—o‘ﬁ]—r(uniformity coefficient), 715 &

(organic content) EFEFEHEA ] 2Jslo] sl om,

[e]

Table 1. The Characteristics of the soil

Measurement
Property Mine Dry S dllilvert
Tailings Field ~|>emenany
Soil
pH 2.50 6.18 6.66
particle density
. 1.67 .
(afem’) 1.82 6 1.82
effective size
0.33 034 0.26
(Dyp)
uniformity coefficient
6.96 2.65 2.31
(Deo/D1o)
organic content
%) 33 1.0 22
CEC
(meq/100g) 21.3 8.2 14.2
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Table 2. Sequential Extraction Scheme for Fractionation of Soil-Fixed Arsenic

Step Fraction Extraction procedure
1 soluble 025 M KC1 (2h)
2 adsorbed 0.1 M Na,HPO, (pH 8, 20h)
3 carbonate 1 M sodium acetate (pH 5, 1+4 h). then 0.1 M Na,HPO, (pH 8, 20 h)
4 soil organic matter 5% NaOCl (pH 9.5, 0.5h boil, repeated once)
5 easily reducible oxides 0.1M NH,0H (pH 2, 0.5 h) followed by 0.1 M KOH (20 h)
6 amorphous oxides 0.25M NH,OH/HC1 (0.5 h at 50°C) followed by 0.IM KOH (20 h)
7 crystalline minerals aqua regia (HCl + HNO;)

Fol2 X &8 (cation exchang capacity, CEC}> EPA
Method 9080[1986]°1 £13le] “Falalint. Eqke] xwhy
0l 7]2 BAL Table 19 YERNAE. 3w, & E, s}
A Boke] 27] vk LEEEE EYLETANEY
o oAt SAgstH e, 2 984116, 141+4, 17+1
AS A 5 ATk

=

mg/kg

2.2. AEEEHO| o8t QA Ao EX S me}
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24 2 A48 HPE 93 vk EA| BHE F A
9] A4;3ZH (sequentail extraction method)ell 2J3}e] 4
alget. w3k Aol FEEE 8l FESl uig A
£2H9) EPA Method 3050BZ 371#] E] thsld]
sl YRkEo® EPA Method 3050B= 79HA ]
8= aqua regiadl BBl 10~30%8% © &F0]
e A0 dei I, 7+ el AEEe thea
2om, Table 20 Q¢F A2lslaTt.

Step 1: 0.25M KCI ©]8-¢t “soluble fraction”®| =

EY 25g2 250ml AtEERTY Helo Alxd
025M®] KCK: 25 ml B2 ¥, 22K =t gt sisit.

Step 2: 0.IM Na,HPO,pH8)S ©]&3%+ “absorbed
fraction”®] =

Step 19] E9ko] 0.IM Na,HPO, 25 mlE
20~12F FRF Rk ST

Step 3: 1M sodium acetate(pHS)S ©]-8-8
fraction™®] F&

Step 22] E%o] 1M sodium acetate 25 miE
%, SARE Rk S

3-2. 0.1 M Na,HPO,; 25 ml
Fack
Step 4:

o)
flo
o

“‘carbonate

&3
ol

5% NaOCI(pH9.5y2 ©}-8%} “soil organic matter
fraction™®] F2&
Step 32] E%o] 1 M sodium acetate 10 miE %

(o]

o)
oI
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Table 3. Sequential Extraction Concentration for Arsenic in the Soil

24, A% EQIMIA AF

24.1 FBBREFC 23 94 EHE A3

A EYAE e iR EYO tigh AlHaEe-S
HT} 3PAID 4 e Wehe AR S8l 38514
o}, FABRER 200 mME o83k ZF Bl sl
2 Al 1:10, 1:5, 23T 1:58 4 EQRHS §
At AT AL A BEAE AEL F 530
A rgsla e, Zt Fjajo] ue} AIHE &Sk vl
9] U EURATINTTHOR 53 T 4, v
3. 252 20+£0.5°CE FAI3H 300 pmollA] 64
B2 AolAZ BT}

O
-

S STR DM

3. AEdst 9 E9f
3.1. & o8t EQHLY HlAo| EX) 84 mef
o),k B9 SIAEA B0 tisle] Hlie] EA B4

S YolRr| 9%t H&EFZ% (squential extraction method)

A3 2= Table 300 AN ule} 2ow, AL

o3l 8% BlAo] F ok ZZh 21,028+ 190, 443+7,

T2]3 3743 me/kg®E BRI7} 71 =940 EPA Method

3050Be} A&FEH0l oJsle] £ Ao A S

Hl 2% A3} go|, & B, SRR BEoke] %0t

= 242 2k 13%, 16%, 19%2 9&FEH 23] vlu

2 JEH| o|FoABSE & 5 AT AEFEHe 9

3l 4o Byrrs ww gu) W B9k SRHER

EY 2% 7 (crystalline minerals)?l] A48 A7}

18,53+ 281(88.1%), 276+ 1(62.3%), 20+ 0(53.1%)mg/kgS]

FEZ A EABIT F oAAE B vl ek

ool & Eoke] 79 4HA|(soil organic matter®llX] Z}

7} 1,262+75(6.0%)%F 55+3 mgkg(124%)2, 153

. Mine Tailings Dry Field River Sedimentary Soil
Step Fraction - - -

mg/kg dry soil % mg/kg dry soil % mg/kg dry soil o

1 soluble 4x0 0.0 1£0 0.2 3%t1 6.9
2 adsorbed 552+0 2.6 460 10.5 41 11.6
3 carbonate 466t 25 22 48+2 10.9 51 13.7
4 soil organic matter 1,262+75 6.0 55+3 124 310 73
subtotal 2,284+ 100 10.9 151£5 34.0 15£3 395

5 easily reducible oxides 180+9 09 101 2.2 2+0 4.6
6 amorphous oxides 32+0 02 710 1.5 1+0 2.8
7 crystalline minerals 18,532+ 81 88.1 276%1 623 20+0 53.1
total 21,028+190 100 44317 100 37£3 100

EPA Method 3050 24,239 528 46
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Fig. 1. Arsenic extraction kinetics of arsenic-contaminated soif using NaOH, citric acid, and HCI [mine tailings {a), dry field (b}, and river
sedimetary soil (¢), solution conc. = 50(A}, 100(B)mM, dilution ratio = 1: 20, shaking time = 24 hr, temperature = 20 £0.5°C, Rpm = 300

rpm}.
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Fig. 2. Arsenic extraction tests of arsenic contaminated soil with
various concentrations of NaOH[mine tailings (A), dry field (B),
and river sedimentary soil (C), dilution ratio = 1 : 20, shaking
time = 6 hr, temperature = 20 £0.5°C, Rpm = 300 rpm].
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Fig. 3. Remaining arsenic tests of arsenic contaminatied soil washed
with various concentrations of NaOH[test = Korean Standard Test
Methods for Soil, mine tailings (A), dry field (B), and river
sedimentary soil (C), dilution ratio = 1:5, shaking time = 30 min,
temperature = 30+ 0.5°C, solution = HCI(IN)].
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Fig. 4. Ratio effect on the soil washing with NaOH [mine tailings (A), dry field (B), river sedimentary soil (C), dilution ratio = (A) - 1:5,
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Fig. 5. Sequential soil washing of arsenic-contaminated soil using
NaOH at 200 mM [mine tailings (A), dry field (B), river
sedimentary soil (C), dilution ratio = (A) - 1:10, (B)&(C) - 1:5,
shaking time = 6 hr, temperature = 20 £0.5°C, Rpm = 300 rpm,
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