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Combined remediation of As(III)-contaminated soils by pre-oxidation,
stabilization and solidification
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Abstract: The solidification/stabilization (S/S) is the most popular method for treatment of heavy metal-contaminated soils,
however, the S/S treatment of As(IIl)-contaminated soils is not effective due to the high mobility of As(IIl). A combined
remediation technique is proposed, in which As(IIl) is first oxidized to As(V) by the Fenton reagent, then stabilized by FeCls
and finally stabilized by cement. The unconfined compressive strength tests, toxicity characteristic leaching procedure (TCLP),
synthetic precipitation leaching procedure (SPLP), pH measurements, sequential extraction procedure and spectroscopic
investigations are carried out to investigate the effects and mechanism of the proposed technique. The results show that the
Fenton pre-oxidation process significantly improves the remediation efficiency. Under an Fe-to-As molar ration of 1:1 and a
cement dosage of 10%, the leaching toxicity of As in TCLP and SPLP is as low as 2.51 and 1.33 mg/L, and the immobilization
efficiency reaches 97.46% and 98.53%, respectively. The hydration degree of the cement and the pore structure of the curing
body are improved by FeCls and therefore the strength increases. The combined remediation can transform As to more stable
phases and effectively reduce the potential environmental risk. The majority of As is bound to hydrous oxides of Fe, but an
increase in pH due to the increasing cement dosage will affect the Fe-As binding and cause potential release of As. The
spectroscopic investigations show that the proposed remediation can transform 92.5% of As(Ill)to As(V) and immobilize As by
the encapsulation of calcium silicate hydrate and the ion exchange of ettringite. This study provides a new insight into the
effective remediation of As(III)-contaminated soils.
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10~50 mg W Bl 51 R ANFFEEE ) As HEF LA, 1A 2
60~300 mg I} & FEIET-P, As EEREKH 1A
PRI AT HEF o i DL R AR 2 G 55 Tl
AFEEENC L As DL As(IID) AT As(V) PR 7
A, W E, L AsQIDshE & T As(V),
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As [PETERS BN o 7K R 0 A2 7= 4 B 2 s R s HE s 1)
(RRBUK Y774 0.66~0.82 t CO2) , KEAF /KA
NE AT G B kg, I HoKJe I 5 4E H
2 FEIAMAN B AR K, AR TR RE.

A 2R R VA A 3 B R B . D S A FE R
TR Y, W R ZRE SRl . AL
BB itz i PR R R I K
P, OWZHT As B EMRERIEE . SR HE
ROWFFL R A A Bk Eh il A TR &, W
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5 R R FeSO4 i TREME S, (IR H
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gk OKMERM 28k, JH, X4
T As {53 HRE s S — B3 X5 As IPIIE T
A, SERR b As(UIL)AR AR ER 16 K A= W Bt s DAL
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AN/ BN s $5d 3 pH I 2 YNYT 1121.
2-2006) WIS HFE pH N 7.45; K EAR TR AL F
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Table 1 Metal contents in test soil ~ (H.437: mg/kg)
&BILE As Mn Al Fe Ca Mg
G 89 679 67700 13100 9650 2470

26, R R As S EN 8.9 mg/kg, AN
Tl g% As(I)i5 G, [m] R FR IR I E 255 1) NaAsO»
W7 iR BRI e H 3 NS 3 A8+
120 d, SERR As FIEALIEFE . 2 JE R A 205 e+
HOAs RN 2300 mgkg, HPEEN AsIID, &
90.2%. A8 ) Fenton iRX7#% M H,0, 5 Fe**
PIEEREEN 10 0 1 il . ST P24 R85 1-OH LA &
AALEEJ, 7E Fenton A7 I ARG HaSO4, K5I pH
WE 4 GXOHOIE R BN R BAERD o Y
TERERR SR K VR ME N LA, KRR S SCER[2 1A ]
ARICHTA WA i at, Fra s A 281
IKHCH -
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LI G R ED, I\ — 8 & 258 /KA R P
N1 HRAHE, #E 24 h SR T, A
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BA, R abr 3 d; MAae b E i g+ 5K e TE
W2 IR G5, RIG T RIARTE R )R
H (N Scem, & 10 cm) FIFESEFRY 24 h{FH HAE
b, HAKIRAINE S W 10%, 15%, 20%, 25%,
30% (P AR AL FR 5 Y+ T 5D, KK AR HIE 0.35;
e, FREAL AR B R R, ARAEFRYT (20£1 °C,
OSUAXTESE) 14 do AT XA FABENIE, HiT
e PR KR B ALER, ZKYR I EMFRY LA
KA AR 3 AN PAT IR, S RECEIIIE.
1.3 WMEFFE

Fl CTM 8050 /3 ReM BHRIEHLI 2 LFE1) UCS
B, N REHIZE 0.01 mm/min, JESEINEEH R
FEBGIR, SRJE ISR RE I R, BT HFE pH JIHEFI
2 ARG . pH I I R R R S 0k 2 mm i, Y
10 g A 50 ml 2 & FoKH, 285 B TEEIRG 7%+,
PL 180 r/min [I%5#E R 3 min I E 30 min,
FE28-Standard 7 pH 11| 5% ) pH.

12 R 5655 TCLP A1 SPLP, H: 71 TCLP % ¢
WY R EER R BEERE RV TEY (HI/T
300—2007) RIFANEIRSEAE T As IR, R FHUKES
% (pH=2.88+0.05) VRAE NIZFEM: SPLP KM ([l
Y 2 HEER R RERAHIRIE) (HI/T 299—
2007) SRVPANERN 2 EE AT As (IR, T BRER/
THIRVE (L 6 @ 4; pH=3.20+0.05) 1F IR I .
¥ AR 9.5 mm 0, $ e 1 E W L (TCLP
N1:20; SPLP N 1:10) 5—EEMRERERS
W RS, REE TGRS REE L, A
g N (30£2) t/min, T (23+2) °CFiE¥ 18 h,
F 0.45 um (3R 8 f5, FH ICP-OES & % Hif
As WKIE . ARBFFAE A EESE E 22T R SR

Ll [
E:[I—L—}GOO/O . (1)

A ENERE As RIBERE; Lo, L ANER

A Ja LR As B IR (mg/L).
NTWHREERE LT As FIRARE, KA

Wenzel SR FESEAE U 5K As 73 AR IR

A (FD. BHWRINE (F2). JToE Mg A ss
a& (F3). BBmERYEaS (F4) MEES
(F5) 5 M. B HIUA XS R ARG 2T %
WK 2 Pon. KSHIRHGOE 0.45 pm I3ERHE, H
ICP-OES | As #KJ%
® 2 EEERRELR
Table 2 Sequential extraction procedure

JEA FEEGH EEM FEREL Vel b IR
(NH4)280s 7B 4h, i
Fl 1:25
(0.05 mol/L) 20 °C
(NH9)H2POs  7E# 16 h, )
F2 1:25
(0.05 mol/L) 20 °C
3 TR E (0.2
R R
(0.2 B RE Y 4 mol/L): pH
i Co. B R
F3 1:25 3.25; B 1
mol/L); pH h, 20°C ) N
D12.5; BEAbRE
3.25 .
¥z 10 min
R R
. R
(VA -V (S
N (0.2 mol/L); pH
mol/L); +P1 HHKMHT, . i
F4 . o, 1125 325 [
RIFR(0.1 96 °C/KiAL . N
) D 12.5; BEAbRE
mol/L) H 30 min .
vz 10 min
pH 3.25

F5  HNOyH:0: TH¥iHEME 1150

Fl XRD 73t - I My AES TAE AN
Cu FHARHE, IR 25 mA, HLE 35kV, SHEAHDK
0.02° , HIVEHE 10° ~80° , FHIEHE Y 10°/min,
{4 FH§ High Score Plus v3.0 4341 XRD Elif. F XPS 7
Mt As T AS: EEMEH 150 eV REE T 215
4, RJE1E 30 eV FIRERXT As 3d BT 4 i
4, 1 284.8 eV IR C 1s R HESS G RE, fd A
26 0L & B fF XPSPEAK41 L& 3K 10061E, 2%
Shirley JE28f5, 14 FHIEAE 25— UG IK 80% U
FeRERAT e/ LA, B E A4 A e Uk
W B EAT R LG T, AT f R 170 06

2 AEER5IHL
2.1 ##9 pH 1 UCS

B RN pH B 1 Fr. KK
FErR A T RERR ER AT Ca(OH) 25— R FIIIBRMEYI IR,
TR pH B /KR SR A3E im0 . 7EAR R K
FHET, BABE TR pH HACH KV BT+
FEAK, X2 T Fe()/KMEF=4T HY, —ERHE LR
ik 7 pH.
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C-S-H F AFt, It4h, Fe(11l)-5 /K K40 7= 4 1] Ca(OH)»
SEWRME DT e AR BT AN T K e R, AR FLIR
BN TSR, S EUCS s . & BT
N7 75 Je L [E AR 1) UCS ZLRANA], Hrh3EE
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A1 SPLP ¥ Hi M 23 514 98.9, 90.45 mg/L. HAXA#
KRB AL BEZE B (B 3) /T4, Hidsin 10%H7K
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BE KV SR m (B D, miE s ik
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Fig. 3 Leached As concentrations after cement treatment
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Fig. 4 Leached As concentrations after combined remediation
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Fig. 5 Speciation of As after different treatments
MEAHKRALRE, BaBEEE (K5 (b)) Fl
MUF2 RIEIRCN,  10% 807K e & T ECA 21K F1 A
F2 S0 & 434%, 13.38%, R As [ EIREE
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KPR Srkul, BEEEE R LUK As(I)i5 4
THIARES As FANEREMES, MR
BEAIG As MIFREE X, X5 RTERR BRI 45 18—,
2.4 THRIIESFME

BE G LFER XRD BREWIE 6 fror. tRE
ek B A EA NS As B RCRHER], W%
FERE g/ As Rsshte, HRSGEER, #igHik
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Fig. 6 XRD patterns of specimens

RGN AL, KIEMBAEE LR
XRD FEHELE 12° ~14° (20) F130° ~32° (20)
A BLT C-S-H HIHFIEIE . C-S-H B AT R UF I Pk,
AT ISR A AR SR, FE EL AT LU ik IR B AN s [ FH R
ik As M. SCHKER LML, BREBE
+FE XRD Bl C-S-H FrfEE 1 sa i Hmy, BAH
U ZE R, X2 RS ER IS I T /K Yel H i
VRIS, Lk 1 RERRAS AR 45 [ /KA S B0, 3x
AR TEAFERIKIEHE TS, BREBE LR UCS
KT KPeERE (B 2),

BE G LFEM XRD BEAE 17° ~19° (20) 4t
HILT AFt [HRRAEIE, AFt 2 HEIRES (C:A) IR
FRIR (SO ) Z5AT=EMa K EY. AFt AT
)15 RN S A 4 e 71, T DUERRFLER, 2 [
PR ARSRFE . [FlI, D AFt(3CaO- ALO3-3CaS04-32H,0

—CeAS;H3p) & —Fi e SO w4, @i fk
454800, AFt 111 SO & 2 ¥ AsO) B, ik
As-AFt 3414 (3Ca0- ALO3-3Ca(S04+As04)-32H,0),
MIMEE As; 34h, /KA FRE T SO S &AE
i), AsO) W[ 5HERIRE: (CsASH1) 4K As-AFt.
FEVL BoKAG I R e R A TR B S g SR 12,
C,A+CaSO,2H,0+H,0 - C,ASH,, , 2)
C,A+C,AS,H,,+H,0 » C,ASH,, 3)
AsO} +C ASH,, > C,A(S+AsO] ) Hy, +807,  (4)
AsO} +C,ASH,, +H,0 — C A (S+AsO} ) Hy o (5)

BA B E LR XRD B H 1 AFt RRAEIER T
KRl LA, HAZARAE WIS b AT AR 22 30,
KATRER T RAE T ER RSB, S5 AFt RHiEIE
AR AL B3, BFFE B, Fe(TI) AN K Y8 7] DL T &
Fe-As UTUER Ca-As UUUERE E As, FR1fT, EAWFIT
HRVE A K 3 Fe-As ¥IAHAN Ca-As ¥3AH, X 7K 8 &
fht#E, XA T As(IDAE S 5 Fe(IDE /K Ik
K= R GTE s X TECAIEE L, R E
Fe-As YIHI 7] B X Fe(IIN [ 5 As i E 5 A28
TR =PRI, G AT IR SRR A R BT iR, 1B
G EE NI AN F3. 1M Ca-As PSR AT A
SEHT As T AR [E L B E 2k S A/ A E A
by XS IR AR S IR K Ca-As PIAH

ANE FER XPS a1 7 Fros . BTl &5 gt
IR I AME As N NaAsO,, R R 418 5 1) 1R
7 (@) FEREER As & As(II)-O (ZEREN 42.2
F144.01 eV), H 9.8%M) As L As(V)-O(45 & fEN 45.2
eV) KBS HBIBY, Ui+ rp 5L o a4 vl AL /N
5 As(Ill). 7EH 10% MK AT G, As(IID)fY)
EL T ik 90.1% (7 (b)), FHAKIRRE LA ik 4E
As NS, ARG As(I) P EEHERI R B,
WEE EA AR B ER SR XS A B E G (
7 (), 92.5%M1 As N As(V)-O (45E R8N 44.9 F1 46
eV) B3, B TS A AL B ] DA S0 R A e As(TIT)
FALEE As(V). BERLEB, As(IIDEAL R As(V)& 4t
FLEF ) As(IV)TEAS ) (A F200), GX — ik 78 K REH o
AMEYR (W-OH, Eo(-OH/H,0)=2.730 V) 3Kz,
Fenton 777242 1 -OH 7 PAIKZ) % fz W BT
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