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SYNOPSIS : In order to investigate stabilization effect on As-contaminated soils treated by zero-valent
iron(ZVI1) and industrial by-products, batch tests and column tests were carried out with As-contaminated soils
collected from farmland around the abandoned mine site. In batch tests, ZVI and industrial by-products(blast
furnace slag, steel refining slag and oyster shell powder) were used as treatment materials to reduce As.
Industrial by-products were mixed with As-contaminated soils, in the ratio of 1%, 3%, 5% and 7% on the
weight base of dried soil. After incubation, all samples showed the reduction of As concentration and it was
expected that ZVI and steel refining slag were effective treatment materials to remove As among treatment
materials used in batch test. In column tests, columns were made by acrylic with the dimension of
diameter=10cm, height=100cm, thickness=1cm and these columns were filled with untreated soils and treated
soils mixed with ZVI and steel refining slag(mixing ratio=3%). Distilled water was discharged into the
columns with the velocity of 1 pore-volume/day. During test, pH, EC, Eh and As concentration were
measured in the regular term(1 pore-volume). As a result, ZVI and steel refining slag were shown 93%, 62%
reduction of As concentration respectively by comparison with untreated soils. Therefore, if ZVI and steel
refining slag are used as treatment materials in As-contaminated soils, it is expected that the As concentration
in soils is reduced effectively.

Key words : arsenic, zerovalentiron, ZVI, heavymetal contamination, stabilization, industrial by-products
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ol gd A% W 9 e 2AolA oF WAF] ¥ Aow WuHI glon], WRZAs, ALUA,
Ty 5 7% WRAe, 4448 2 557149 52 flet AowE 294 Ao

HA(AS)E Ak Af)l 2N ol FHm EASne ol FHE EAs: TE giie %

& o9 BARE Jold ARG ey fhzel wet ke FulE 2@k 55 Folus

=

b |

o] 9l arsenate(As(V))E AF327(E, = 200~500mV)atell Al pHol wel HaAsO,, HASOS 2 AsO.>
So7 EAeta, SAZXAE, = 0~-200mV)oll A = arsenite(As(l))7F A4 o7 ¢rA o] pHol| wha}t
HoAsOs, H2AsO; 2 HAsO” So8 ZEAgth 123l arsenite(As(I))E  arsenate(As(V))Eth &3 %
(solubility) 2 o] (mobility)e] 1 =4o] 73k Aoz oA Qlth(Christ AG, 2003).

gk f-Evhel S FA 20061 29 ol AbAlE #H= 53 067 5 AE A B AAIE 687
A Bs oz BEY 2 FAAA digk AFRALE A Aol ESLAdsHIIE o
Z3FAE 2457) F FlE e & Ao] o}¢d(166)>H] 4 (165)>H A (144)>7H =8 'F(93) AE co7 AEd
Ao @ el Syl AfolE vart T8 EYd AR AMES A £
2006.), 53] #HF4F FH 2
of gk Ak tfAo] AlFE Ao ot

= arsenate(As(V))<} arsenite(As(Ill))e] FeNZ =¥ A o EAstH, Astsd A o Est=
3

(Chunming Su, 2001; Todd A, 2003; Christ AG, 2003).

=
T ATdM s HaARARR ol ATHal s G7HEI v FRAAYES dreta = AdE
3

o, axsYa aga 2974 22 T3 22 AHAVIEES AUARRE o] &ste] A HEES <t
43k Aol o] 1 muel AFA LA dolry] 93 MY AHEEAFES B9 AEsU

2.1 3=
2.1.1 CHL2HEY

AT AgH waeg
w, olu) WX AW} A

AN FEE OOFAAY FHe WELGS giador 3to AFHs o
] = | S 2
qo] FEZ oF 100kgo] S A F 3k L)

7] Aste] A4S ol &t hEEEA

A EFA R dHalHe TS5 LA9=E dotry] fd Ad A2 T EFTAANE Y 8t
of EAson, AU oR= MR UldE4(Cu, Cd, Cr, Ph, As) 10mesh(2mm)& ApE3}o]

0.IN HCI(As= IN HCl) €02 &% % 71 =S ICP(Inducible coupled plasma)E ©]-§3te] 4]
SRl AFFEA UG EAR] obA@Zn) @ UZA(Ni)S ESAEE 100mesh(149 gn) o] etz A3t b
(HCI 21mI+HNO; 7ml)= ¢4 %3] 5 ICP(Inducible coupled plasma)Z o] &3} & kS kel ArH(E
1). 183 AHAELS] EFES ASTM EFA S HSA(ASTMIS2H)E o] &3to] Y-S Ak &,
15T (USDA) A AlALgE A2t & ol &3te] dewfE AASHlAL, pHel A7 dEss EY
I} FHRFY HES 152 o FHH|E 200rppmo 2 30%-FoF wuHke ¥ pH&EC V] E(Thermo:
Orion 550A)& ©]&3ste] Z4st%lom, 2 A3E F 29 11 10] el
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¥ 1. EFAEY S5 2HEFTAHAA L)
. EXNZAH (mg - ke
)
iiletteiiel As Cd Cu Ni Pb Zn o™
o) 7]+ 15 4 125 100 300 700 10
-7 6 1.5 50 40 100 300 4
Soil 160.34 0.28 3.06 11.98 3.65 96.41 0.12

# 2. EGARS olgtety 54

Material Gs pH(1:5) EC(S - m ™) USDA
Soil 2.18 6.10 0.10 Sandy loam
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2.1.2 ME|xi=

_4

Aol A}ﬁﬂ z%fﬂzﬂ T F7HA(KSM 8285), AlWAe] AbdFAbER]l (RS, A S

), HE B ERE 5E BRADL W pAANA AASAL el ALEeson

OF )
ol F 47+ 9] 24ﬂXHE’°ﬂ el M= 7124l olstehE A3t $A XRFEA S AAlske] BlAAdEe] o
daatel &3 Aase dHe dvt FEESH HILOPoi rolw gtal, 1 AIE H 300 AT
AgAz W vjae] FEojAle axolzta 4R = H, dFvE, ZE oo dA FFS % 4
o Aelt ol F7Hd > FHAEE > AYEd L > AnE EH:L e ’“Of’a Uit FHESEG HAEE
A ES Bol drsta Sl Aem yenten, AFedurtezs 97H > AdEda > =29
= > ﬂi%iﬂ o £o= yeEt. uehA °ﬂ7}7é oo =HZEEI AGEY e &EAdol
¢ EE lom dqHNen, 53 ]7&%%1* HlZgE oAl 7 a3l H(Fe)o el 97t
e Ao vE Assid didoz =7 LJrE‘r”ﬂ el F2 't 71

& 3. AgARe olgtstd 54 9 XRF #4127

el = H EC XRF X2 3(%)
ateria = b @S-m™h) | Si0; | FesOs | AlbOs | CaO | MgO | MnO | Py0s
Loam = - - 67.45 | 7.49 | 13.02 | 0.69 | 142 | 0.14 | 0.16

37+ 7.86 | 8.76 0.03 0.13 | 99.06 | 0.04 0.05 0.07 0.21 0.02
AREYT | 2.79 | 11.3 2.09 34.36 | 1.13 | 11.23 | 4292 | 3.12 0.47 0.09
AZEd | 2.81 | 12.2 4.95 15.75 | 356.60 | 5.33 | 32.92 | 3.90 2.34 1.33
=948 | 243 | 8.70 0.61 13.59 | 3.10 4.40 | 73.57 | 1.66 0.17 0.61
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E 4 AGAE W aEERYR B 3

) XRF #X23H(%)
A= Fez03 AL;Os Ca0 &7
Loam 7.49 13.02 0.69 21.67
714 99.06 0.04 0.05 99.15
I2& 1.13 11.23 42.92 55.28
A< 1 35.60 5.33 32.92 73.85
= | 7 e 5 3.10 4.40 73.57 81.07
2.1.3 EEX=
S|

BEAFE i -

i 2.66

pH 6.99

EC 0.34 dS - m '
A 3.16<10" c¢m - sec’

As N.D.

Cu N.D.

Cd N.D.

Pb N.D.

Cr'® N.D.

2.2 Hix|AE

AfAde] A48T A AAEAL 2 AR AgFES et fste] mMAATES At A
Az 2 Z3e & vAe] AEE % %LO}EO}E} }\E];:qx PHoRE 2.1.2 AgAEAdA A5E F
47141 8] A ARE HYELFA TS & sto] ESAIE 50gol thafiA 4714 &
Gu&(1%, 3%, 5%, 7%= A ki%% lﬁo}ﬂ % %%L‘& %, 100mL &% HDPE &7]d &
T A ARE %J_ 28.6mL(2 pore volume)?] %%’Zl:% HA7bsk b AgAlse] A& EYAE
7} Hojsk wreE == 5] 98]  incubatore] 25CTE £ ]6‘}01 3YZ AHAIFH oW, 11§ Z3F A
g E9%s 77t 85mm«] No.2 filter paperd] A 547F 20~25C/day®E Ao A AZXA|
pHe A7|HEE 183 H[A(As)S] &EFEE 4 O}Oﬂﬂ} ojuf M ES] HA(As)EEAFYH S A
AR HlA A adel pHI 7 Wsld uE HA(As)EEHWIE A Lolrr] 9o &N
NH,OH®} HOAc(CH3COOH)& o] &3t pH=4¢} pH=7= ZA3lo] ALl om, A& Sgo &4
25mLS 7hske] Fmubrlel 200rpmO = 48AIZHESH WAL ¥ No.2 filter paper® o] 73t
ICP(Inducible coupled plasma)® H| A9 &&FFEE SAH A}

oﬂqo

2.3 ZEdd
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o} OAE 9 A E/ YA dolol A AEE 0cmA Holl wjEWUBE HAste] FEF L AFS) bl
=4 T =5 el

T 48} ol GHA, AEH e EFH] 3uE AEAA WHSAESGH et A9 shiol 30cm
Az AL 2 d5ols Y74 10mm~25mmAte] o Aa-g 10em 7= A Ad(la)Ts GEAZHE A
A AT 3 SAEZOREEH SR S Adste HAE AT AN EEZA fYHE
T HEFE FENToE wieAd Flojn, olgfg A i LYEFoE FYHE IFFY FFE
ARAA AT FES dAFTT l8tE JAS= VoS AT o2 ofHr) T3 AT A
emFAR AR QY HESIT a7 5t A4 APEE4Y AAANS vERd Flojt)

e A BAom Ayd Ad Wl ESECd dsiMe= pH 649 TRTE A FHZ(KEMPION:
AXI-21-FTC-Z)2 ©o]&3}o] 1 Pore-volume/day tA o2 &5A|7] 8N E AHslo] pH, AV|HEE, 4H3}-31¢
AY(Eh) LYl Bl AFEES A& o|u pHe} H7]d=XEE pH&EC W E|(Thermo: Orion 550A)Z o]-&3}
of ZA3}9la Eh= EhV|EI(FUIIWARA: PRN-41)E o]&3to] FA3glon, AFHS &&59 HAsEs

AAs(Atomic Absorption Spectrometer: Perkin Elmer(AAnalyst 400))% =7 &F3it).

2.4 H|2HEFE=EYHH (Sequential Extraction)

ALEFEHE ES U 83 ES AUz SV WHoRE a5 AdY EAFHS ols=
2 ANFFEE AFsted A 851 o B dFdAE dEAE F HYESY FAHYEY
W B Ao Ay FHEITES dolrr] 9314 La Force et al.(2000)¢] oJ&] AA|E H] AL}
WS ol gate] AP Sttt AP o= 100mesh® AHES ERAI O] IM MgCLE 713k
S84 2 WA ¥4 (Water-souble and exchangeable)E &3+ 3 QAR 7S o] &3dlo] EUAH9}
AE=NS E)3kal 0.2um cellulose acetate membrane filter2 o] 3#alo] 1 FEFNS SAHL7]o] Q1 F7
T2 G EGAEE AFS F o dAe AEAE Tteke Ao R a7 69 Ve EA ke
& A2 A e v2E JEA17 ICP(Inducible coupled plasma)E ©]-§3t9] 3433},

Soil : reagent=1: 20 ‘

‘ 1M MgCI2(pH 7) shake for 1h

‘ I. Water-soluble and exchangeable fraction ‘

‘ 1M NaOAc(pH 5) shake for 5h

‘ II. Carbonate and specifically adsorbed fraction ‘

‘ 1N HCl shake for 12h

‘ I0. Acid volatile sulfides and noncrystalline(hydro)oxides ‘

F  samnaocs o5 for n

‘ IV. Organic matter associated fraction ‘

‘ 1M NH2OH HClin 25% HOAG, 95°C for 6h

‘ V. Crystalline(hydro)oxides fraction ‘

‘ 10 HF for 16h

‘ VI. Residual silicates fraction

‘ HMNO3 for 2h

‘ VI Pyritic fraction ‘

a9 6. Hae] A&R A3
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3.1.1 M2|xi= &Hotol WE pH X MIME=E W3

A2 3ol e pH¥HsE ¥ 7o Ut GUHEE ARE EYS ALt e
A ES] Az 37t S7FEsE pH7E ket A @S WEhY A Ed T AYESL 7}
=8 pH 578 &S UEvd o, A pH=8.442 YelAtt. 2 tfgo] nz&ast R
w2 A pH=7.52 Z18lal pH=7.472 YJEMAY. AgAE G wE AV A== E 1Y
8ol Lt vie}p o] o] A ES A5 F Wyt vEhbA gFskth

1z 3.0
A e —Ta=espa —+—HZE —a=ssa
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:E ) / é o
- o b
ﬁ—c’— 10
__'__'__,__.—3(
5 O
05
i it ﬁ
0.0 = T > T 5
a .
o 1 2 3 4 3 6 7 8
° 2 4 s 8 Mixing ratio(%)
Mixing ratio (%)
a9 7. AYAR 7] wE pH ¥} O 8. AgAR H7bel e A7 EEws)

3.1.2 XM2|XM=2 EEEL| H|AZ=ZU1}

f
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S

& Bl aARERs YERSTh
2 H 2 (As)7F At
Hoh Aoz

A= ES HAEE4AY 3E 5% A=
o] Wl pH=79] H]AEEEE7} pH=49] HAEEFEEHT} 3
H”EHEEP A7 EH el &= o]
pH7} =& pH=72] &&
=3 tﬂﬁ‘rOﬂ & A
REAYA RS E3H[Eo] S
et B AEEFS Aol7h ST 53 QH] 1%5-E] =435k
H| s 7) 50%0]7d 7Hastes 7 3ol UrE‘r”OU% ﬂr’ﬂxﬂ & 2.18%°] Xﬂ%éire LHE}
7 £& AYEAES BT pH=4 A= A & ng 5% 1%1‘%1 A 7HEo] 50%°] %2
el on 7% A= 56.95%2 A 7SS UERATHIZE 9(c). AAEd 1= pH=7Z AN = £
| 3%FH HlAFETF 40%01 wAsHAl FHAske AdEko] vEtsten, A Al Z3H| & 5%k 7%l A
50%2] olAate]l AES Yehl £& AYaESS B pH=4 2P E AA EFH]E 5%l
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A7rgro] 3004 =R UEL d7hHo 2 EIE W Aow UEthad o). EH7E
Fe pH=7E G A EFH] 3%5E 40%0 ool AZES UEh] £ AYTRES WA pH4 27
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%5 TAAES 3] 9 pHWsle] mE AsEEAIH AT

_ =) pH=4 pH=7 s
AAR e As AA & As AAE As A&
(mg - kg™ (%) (mg - kg™ (%) (mg - kg (%)
A 0 2.72 0.00 3.90 0.00 3.31 0.00
1 2.19 19.47 3.58 8.21 2.89 13.84
ARz 3 1.94 28.66 2.33 40.38 2.14 34.52
5 1.85 32.09 1.76 54.96 1.81 43.53
7 1.81 33.62 1.71 56.24 1.76 44.93
1 2.30 15.37 3.68 5.64 2.99 10.51
aesaa 3 2.22 18.55 3.59 8.03 2.91 13.29
= 5 2.24 17.88 2.99 23.25 2.62 20.57
7 2.33 14.51 2.53 35.13 2.43 24.82
1 2.01 26.03 1.74 55.43 1.88 40.73
3712 3 1.94 28.72 1.30 66.62 1.62 47.67
5 1.24 54.44 1.18 69.74 1.21 62.09
7 1.17 56.95 1.09 72.18 1.13 64.57
1 1.77 34.84 2.44 37.39 2.11 36.12
Soj 3 1.69 37.97 2.15 45.00 1.92 41.49
e 5 1.69 37.97 2.14 45.13 1.92 41.55
7 1.67 38.58 2.18 44.10 1.93 41.34

As concentration (mg kg')
As concentration {mg kg'!)

Mixing ratio (36) Mixing ratio (%)
(a) A& (b) =&Y
4.5
4 ——p=7 ~
T as z
E a0 —0—pH=4 E
g 25 H
¥ E
£ §
05
00
] 1 2 3 4 5 [ 7 8 0 1 2 3 4 5 6 7 ]
Mixing ratio (%) Mixing ratio (%)
(c) 9714 (d) =dAz4Le

a9 9. AYAEE ek pHgtel wE Wi §57F

ol el A=l A s%ellA 2t AYARE HAA A& HughS vusirw, 74
(62.09%) > A& 17} (43.53%) > =W ZHED (41.55%) > A2 LY L (20.57%) -2 A AE] F
Ao yehwth wed 7bd 2L AP ads vehd e griEelen, 1 9 A&y, F

AZELLE FAE Agads vetlos ols & A4 AZAlE ddste] Al &5t Aol
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Ad e FAYEA 258 &350 pHastE 28 100 YA ARsd1e Add 44 27
pHEE 640914 Hth pH=1005714 F7he o Uehster], @7bd A2d 45E pHisst 24 e
U ersed,
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SAzzHa
10 |
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a9 10. LY ES AYEY §&F5 pHW S

30

—— 23]
!

25
s Fae ot

20 ¢
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EC(ds.m)
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k.\'—-—f- —a—u— T —n_g

0.0 Ty e P ol e | .

0 2 4 & 8 10 12 14 16 18 20 22 24 26
Porevolume

a7 11 LB AR 55 A7 =rmRE}

o AgEst FAGEANN SEF
A B QU EY A7|dEREgre] ta w2 AEE Bov O Aol mn|sigith

3.2.2 LHEL} X2|E2| Ak3}-2TS| ¥}

AelEsh PANRN §58 559 AeRAA9 WB 79 120] Ve e} o] ARF 4T ¢
o) Z71% B WRIE Aow et
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a9 12, SPES A EY &2 As-3-AH 9 (Eh) WA st
3.2.3 QAUEQ} XHI|EQ| HARE=E

SR U AR vAsEEE WatE 7Y 130 YA 97bE 2 ARsda A
AEst PAENG NALEEEsl A7%EE Aow Ueton, 9stde] Aasel F L
o= eyt AZsee 49 21 VR MasEses) da 34 Srheks Al Uebt
U pA R ma8EFEe) vlasl Ry of 43%0) AES fAles Ao Uehw,

10 >i_>4_'

——oxz|

g7z
i

As(ug.L?)
w
15
2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Pore volume

19 13. LYES AYES] HAgEEE

HlAaR odd Ao 99} 22 AARE A
At AAE 1 AH9 AgEd seR o). 2
Olﬂo}c’% AEFE 748 1 Pvoe] 9F 113mmo] i, %ab}a}g o
W 24 PV 7HA] Ha® o] Ade o pudzhe] gk S
AgQ G7hd B AAZENIE dFLdESd] AT Ao AEA A oF 2:d3F v AAFENT

o
L il

2]
A&E Aor B o, ‘jx%a}; 374 :Lﬂﬁ AdEd 2z A A E mpxut 24 Pvﬂ
4%5 W vlasErh 7h7h 185ug - LY 29ug - LY, 79ug - LTSl A getelE ), GrbE Y AL s

2d olake] A%AA FH7F ) oE A,
3.2.3 2HE9} HEES = HABSEE

a9 e AR FAECAN PP S vl F EEF E% uekd 740111} FAYE B

ANAY AFEYg1E Y AYE] HlA F &5F%EE Z47F 2879ug - L7, 196ug - L, 1120ug - LR ¥
A Eol nla] A2ES HlidE: st 4R AdHE o Yo, FAy E¢Y F HAEEE
Zob vl ), G7HEe A 93.2%, AFEUW L] Feol= 62%0 HIAAGES el Aoz YEk

o
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3000

2500

2000

centration As {ug L)

1500

1000
500
o

Total extraction con

HAE 5 A9 W FAHAYES AYEE AMFAS AEFES AAT A% FAHYE 2 AYE Y

TEEAS £ 63 2 FAHYUE B AHYEY HAZAIEH T 784 FES AEo] o] &7}
& Ell( Water-souble and exchangeable+Carbonate and specifically adsorbed phase)® wi-¢- £=0] Z3+=
~2dA o] m]&gteFo] FA]EE 2.38mg - kgt (0.8%), %7+ 0.61mg - kg? (0.23%), AH<EP L 0.9mg -
kg' (0.34%)2 43 Aol7t BAH o, FAES] HATFS VFor PUIER A EF
B 745%, AFEU R A2 EEY A= 62.2%°] W] AAZHEo] UERRT

i

-

¥ 6. AESA RO H2AEZE A}

. Hl&(As) 2FHIEE 3 (mg - kg )
Step(Fraction) CEE 3713 ARSI
I . Water—souble and exchangeable 0.59(0.2%) 0.13(0.05%) 0.24(0.09%)
II. Carbonate and specifically adsorbed 1.79(0.6%) 0.48(0.18%) 0.66(0.25%)
Subtotal 2.38(0.8%) 0.61(0.23%) 0.9(0.34%)
151.98(57.20%

II. Acid volatile sulfides and
noncrystalline  (hydro)oxides 154.44(52.4%) | 150.41(56.6%) )
IV. Organic matter associated 20.84(7.1%) 18.88(7.11%) 17.63(6.64%)
V. Crystalline (hydro) oxides 42.56(14.4%) 35.47(13.4%) | 34.98(13.17%)
VI. Residual silicate 64.89(22.0%) 53.37(20.1%) | 52.41(19.73%)
VI. Pyrite 9.90(3.4%) 6.7(2.52%) 7.78(2.93%)
Total 295.01 265.44 265.68
Wb EodAFo HEAgR AgY GrtE AdEdas BEY oW S84 2 kA A &
AstE B9k WeSte] HASES AFAYIE AR AAE o, HAA dAFHEA] HALE F

OOHAAGe] Folol A AT FOARFS Fow G72, A&, nesda 2en 2
AR 5 ol 67bd AARE Aol 47k A EFuE%, 3%, 5% T HAAFEE
AEsh A5 EPUS Sohwy] Ald MAAY L ARAYL Al @Y AP Wrsgon,
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Ad8EddolA= 17}*& 3% AP 4 pHAUSZE A vehA] ko AFEUT 3%E AT
Z7] pH=6.40°1A Hth pH=10.057}4 =7 F7ksk= Aoz yekwtr] witel, Aded1s A
SATE 9‘r pH°ﬂ gk e ek e Jow ddE:
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