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ABSTRACT

This study was conducted to investigate the in situ formation of amorphous Fe oxides as a stabilization technology in As-
contaminated soil. After addition of ferric nitrate and the neutralizing agent, most of extractable fractions of As in soil (i.e.,
SO,* and PO,*-extractable As) was converted into As bound to amorphous Fe oxides. In addition, results of solubility
bioavailability research consortium (SBRC) test indicated that a significant amount of As in untreated soil changed to a
non-bioaccessible form after stabilization. The reason was attributed to the newly formed amorphous Fe oxides in the
stabilized soil, which was confirmed by linear combination of fitting (LCF) using X-ray absorption spectroscopy (XAS)
analysis. Interestingly, after five months of aging of the stabilized soil, ferrihydrite and schwertmannite newly formed in
the soil were transformed to crystalline Fe oxides such as goethite, and further decrease in SBRC extractable fraction of
As was observed. The results suggest that co-precipitated As with amorphous Fe oxides can be further immobilized with
time, due to the crystallization of amorphous Fe oxides.
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o] =& sandy loam ©&2 EF%A O™, CEC & 2731
cmolkg, F718 THS 8.9%E I}, w3k oFg3}
A B AlZolMe] HaskEe) e 2,527 mgkg T
o=z Rl

=
=

2=

T

2.2. H| A EQF 219X oHE s} AH

ES oA vZ2gd ZislES 371 B v
Aoe] TS FEat] S8l EGAIR EF tinl 2%
2] 37} H(ron (III) nitrate nonahyrate, Daejung,
+98.0% purityyS T3 ILHB] 30%(viw) 7HEo]
T2 SHth. Eqkolxe] vagd Hilsh
Fr=str] sl 24 A|2ke] NaOH
T2 A% T 2487 TR AdRellA
EYARE “9PH3} EU(stabilized
stem, A714Q1 HlAe] g3t avE
B oA ofo)dS Yt
g3} & o] E(aged soil after

Fslsic.

=z 22 20
) = T

]

stabilization)” 2=

Table 1. Physicochemical properties and As concentrations of the soil used in this study

. Cation Oxides (mg/k; Texture (%
Organic (mg/kg) %)
As conc. exchange I
Sample pH matter . . Classification
(mg/kg) o capacity Fe Al Mn sand silt clay
(%)
(cmol/kg)
soil 1,014 5.9 8.9 27.31 2,527 280 74 55.2 315 133 sandy loam
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Table 2. Method of sequential extraction of As in soil used in this study
Fraction Chemical form Extractant Extraction conditions
1 Non-specifically bound As 0.05 M (NHy),SO, 4 h shaking at room temperature
2 Specifically bound As 0.05 M (NH4)H,PO4 16 h shaking at room temperature
3 As bound to amorphous Fe/Al oxides 0.2 M NHj-oxalate buffer (pH 3.25) 4 h shaking at room temperature

As bound to crystalline Fe/Al oxides

Residual As

0.2 M NHj-oxalate buffer +
0.1 M ascorbic acid (pH 3.25)
9mL HNO; + 3mL HF + 1 mL H,O,
+ 1mL dH,O

(in the dark)
30 min in a water basin at 96 + 3°C

Microwave-assisted acid digestion
at 180°C for 15 min
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As: F2)5 F=31] 918 22 (NH,).S0.8F (NH,)H,PO,
BlE ARESIGATE. Ridol] HikskEo] §3F e 338t
of EAlshs WA A9 HIARHd A HIA(As
bound to amorphous Fe oxides: F3), A& A3k
H|Z~(As bound to crystalline Fe oxides: FH)Z= T2
¢ A=, o= 27 NH,-oxlate buffer(pH 3.25) &<
I} NHg-oxalate buffer/ascorbic acid(pH 3.25) =
olgsle] FZsIAct. HFTHOE R4 HIA(Residual
As: F5)°] F%= USEPA 3052 ®3dl we} FE31%ich
(USEPA 1996). 2t @A =5 ¢kush 84S A4
2](14,000 g, 15 min)d}3L 0.45 um(Pall, Port Washington,
NY) ¥HZ AE F ICP-OES(inductively coupled plasma
optical emission spectrometer(iICAP7000 Series, Thermo
Scientific, USA)E ©|-83}] 5ol HlA TEE H4
stttk SAE FE] ois] Bk AAE e
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317] Y8l HCES: o€l pH 1.5+0.05 5508 =4
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ray absorption fine structure(EXAFS) H|oJE1e] H&=%
I8 (Linear combination fittingys E3l B W] #124
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AlE W H]A9] A8l= 371 BlA(iAs(I), arsenite) 2
57} HlA(iAs(V), arsenate)?] XANES S~HEZ EAS
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0.5H,0) % schwertmannite(FesOs(OH)s(SO4)-nH,0)E
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3.2. |22 Eko] YL|X| oHdst St

g} Ay =Y ) vk SEH AR Felol g
Wsle FEdAE 208 BRI Fe 1), 248 A
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< d53 EYoXME Ft SR ko A &
SHAIE BT FYste] P83kE =g EGlAT F30)
S7HEE Zlo] ERIFJT. wepx g3t & F39] S}
= AEA ARE BIEAE HilskEl ofgt slo= gt
g 4 ok AA odslE E9F U] FilkslEe] ek
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dukdo g HilslEy A8t vlaes Fl13 F2ol His)
(Wang et al, 2017; Wang et al., 2015) 3} F&4
o] gt Ho|A|uk, 315k ZAgte] FRel w1 =St
HAHZAo] g2k & e Aew 4¥A o A
Ferrihydritecl] §2H B2 vla) FikslE9] 7o)
Al FRE WAL SRPRFEAY AESEEEAE BT
A3 2 3o = gR1E AT H(Jeong et al., 2017).

SBRC & 53l HIAe] AEsHHEAS W7kt 4
3, st A B W vl AETEHTAEL 77%A
on o]E I&FEAe} vlws] B Fl, F2 tiREy
F39] 41% A=) dF=e e & 4 AhFig. 1). ©]
£ 3EFEA0] B Aow 4ER Fiy Favt of
Uzt a4 JislEd Agsial e F3 e H]
A% o] BESHORE o] 7t FHY T e
< ofujgit}. Wb, QFg3s) A% EqgollA] Bl AES
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Fig. 1. Changes of the chemical forms and bioaccessibility of As
in soil before and after stabilization. Stabilized soil was aged for
five-months at room temperature, which sample was classified as
‘Aged-after stabilization’.
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sk ¥islE #ESI

Fe K-edge EXAFS 2~¥Ed] #48 53| g3} AT

Gol|lxe] HikslE HslE SIS0 EA As K-edge
XANES #2415 733t QFAst H$ Hliko] AslrE
RIstaA} etk Pgs) AF EYS g 7 ¢
57F vlA9] XANES ZHER Hlwet A7 s} &
HE 283 o= EY o] Hlie SEA] e 57}
H4 AR fAEs Ao® YePdthFig. 2). 3 Fe
K-edge EXAFS 2HE=S njglo 2 bgsl Ag EA
ol U3t reference B2} AP S S8+ 2
#E Fig. 39 HEIAS 83 d EGlA =
schwermtannite®} goethite’} EAISH= Zlo] RIS
SHY3}l TS 83k Jol= EolA n AR A HE S E
Q1 ferrihydrite®} schwertmannite®] MEA A== Ae
2 ERIFGIT. 1oy FY3t & EYS oA oAl
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ol goethite2] HIE°] E7lsh= Ao ®E YeEPITHFig. 4).

(B)
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(b) after
stabilization

FT Magnitude

(c) before
stabilization

R(A)

Fig. 3. (A) Fe K-edge EXAFS spectra of the (a) aged soil after stabilization, (b) stabilized soil, and (c) original soil. Dotted line indicates
the fitted results with various reference materials. (B) Radial structure functions (RSF) of the soils.
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Fig. 4. Mineralogical changes of Fe oxides in original soil, freshly stabilized soil, and aged soil after stabilization. The compositional

results were acquired from EXAFS-LCF.
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