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By SeE R AT S AT A E T 08 5 1 o0 A ) 25 4 RO - 2 T R AR A Y ik
AU EFYRE LT Y NAuw-2 B, & TR Fe(l)-NAu-2 Flif J& 25 Fe(Il)-NAu-2 3 ifi W% ff 25
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Study on the simultaneous extraction method of As (lll) and As (V)
adsorbed on the surface of iron-bearing clay minerals
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Abstract Arsenic (As) is a typical toxic pollutant, and its migration and transformation in the
subsurface environment are closely associated with the redox processes of iron (Fe). Iron-bearing
clay minerals are widely distributed in sediments. Unlike iron oxides, iron element exists as structural
iron within the mineral framework, and changes in environmental conditions can’t lead to the
reductive dissolution of structural iron. However, the redox reactions of structural iron in iron-

bearing clay minerals not only affects the mobility of arsenic, but also has a significant impact on the
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valence state transformation of arsenic. The efficient extraction of arsenic in different valence states
adsorbed on the surface of clay minerals is a prerequisite for studying the migration and
transformation of arsenic with clay minerals. Nevertheless, there is currently no established method
for the simultaneous extraction of different valence states of arsenic adsorbed on the surface of clay
minerals. In this study, using nontronite NAu-2 as an example, a method for extracting the valence
states of As(Ill) and As('V) absorbed on the surface of oxidized Fe(Ill)-NAu-2 and reduced Fe( 1l )-
NAu-2 was established. The results indicate that using 1% (V/F) of phosphoric acid as the extractant
for 10 minutes, the extraction rates of arsenic in the Fe(Ill)-NAu-2-As(Ill) system and Fe(Ill)-NAu-
2- As(V) system reach 88.0% and 95.2%, respectively. With 1% (¥/V) of phosphoric acid as the
extractant and 100 mmol-L" hydroxylamine hydrochloride as the reducing protectant, the extraction
rates of arsenic in the Fe(Il )-NAu-2-As(Ill) system and Fe( Il )-NAu-2-As(V) system can reach
93.9% and 87.8% respectively, with an extraction time of 10 minutes. This study addresses the
difficulty of valence state changes during the extraction of adsorbed arsenic in iron-bearing clay
minerals, achieving the efficient simultaneous extraction of As(Ill) and As('V) on the surface of clay
minerals. This has significant implications for further studying the impact mechanism of iron-bearing
clay minerals on the migration and transformation of arsenic in the natural environment.

Keywords arsenic speciation, nontronite, phosphoric acid extraction, reducing protectant.

fe AT K TE AR BRI FEL N )2 00 A, R R AR K 22 4 7™ B B2 3 R K R (As) T8
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iF, R AsCID w4 Ak, 30 AsCID) MDA B AARALA 20%. [A]FF, Thomas 252 7E $ AN [F] A Y5 A 75 i
FEM PSR TR LS, TEA L IREE LI As( V) BB A 52520, 7RI S5 PR 55 00 ] 3 T AR
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R T AR IX — [R), AT SR FH A BRI b A 55 300 JEE P 68 << D P47 700 10 SEUR, 10 ekl 4 BB R Y
AN & A, A FE A0 R W BT S LA U S SR IR VAW R, DR ) S T RS e AL AL R A Y
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Fe( 1) -NAu-2 Flik 52 Fe( 11 )-NAu-2 1 W9 AsCTD FT As( V), LG R4 UL R Jeml, 455
PR ZR b gk | B R O] 8] F) 40P S HIAIL AR, 07 2t o (SR BORI R 2 | SR IBOGRI IR | 42 I 1],
i I T NAT RO B R, S R Y R T W R A AsCIID) AT As( V) B[R] 2B SR J, Sy BE R A
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1 M5 77 (Materials and methods)

1.1 SCEe kR

Wi m2 (H;PO,) . i 2 (H,S0,) . #h 1R (HCD . & % 1k 84 (NaOH) | V. i2 £ ( NaAsO,) 1 fifl iz £
(NayHAsO,- 7H,0) I i [5] [ 24 52 A A 230 A PR F). 1,4-DR %8 — LR (LA T & FR 4 PIPES) | B R
A B (KH,PO,) | W2 & — 41 (Na,HPO,) | #7415 R B ( CeHsNaO;) . FLFR 84 (C3HsNaOs) | £k R 72 ik
(NH,OH -HC) Fill & fL 8 (KBH,) W A BT T A AL R 0 A BN w25 fh ¥ R e B sl sk e 4 4.
SEUS FH K 4 A 467K (18.2 MQ-cm ).

A=) Shewanella oneidensis MR-1( L)L R &R A MR-1) 43K F € E AR UERL A W ATCC, MR-1 £
FRFLN A H R O R AR K S R AP (LT MR b TSB-D ¥i 3238 ), B3 3w & BRZE (A
(Bacto™ Tryptone) . K 725 [ [k (Bacto™ Soytone) . B8 & —# (K,HPO,) . & fL&1(NaCl), [ik2h 5
W [ T T AR AR B A BRA B AR ) NAu-2 IS8 T E L0 Wb 2, fh2EaUh
M’ 72[Si7 55Alg 16F € 20][Alg 34F €3 54Mg0 05]1029(OH),, He H1 My W B B FH 25 5~ . % NAu-2 #F & 7 Hi =
0.5 mol-L™" NaCl ¥ i 1, FATHE P . 875 S 44, 20 B R A2 o 0.5—2.0 um 1Y NAu-2, #2liK e 5 1%k
BEL, HE L VERCPORRERIINE] T, 60 C T
1.2 fHA WL

As( V) & th Na,HAsO, 7H,0 Fe i, AsCID fiff 2 W 1 NaAsO, ¥ 0 40 4l /K e il , fif £ i
W 1 gL, #OGE BT 4 °C IR VKAE . 205 A B R 5 T 2l K h il 4 1 mol L™
NaOH ¥ ¥ . 10 mmol-L ™" PIPES 2% #f i fi PIPES & T # &4fi /K 31 18 15 pH=7.0 il /5. NAu-2 fif % ¥
(20 g-L™") 1 PIPES %% v ifi B i 45 FH . FLAR M7 T 10 mmol-L™' PIPES 15 %] 50 mmol-L™" |72 44 i 45 .
IR WA 2o ad KO A

BC il TSB-D K732 395 pH 4 7.2, 121°C & KK 15 min, F#8E 5 R MR-1 FP, B3R 2
XTHUH, JC4 PIPES ¥ (28 a1 4l 0 AW S0 480 PR A 500 3 IR, i e B Ak VRORR e, 047 Uk B 0 e 45
. A L e (25 °C) FikfT.

1.3 iBJAA Fe(1D)-NAu-2 il &

FE 55 96 6 2 19 %% B VU OMORR RS 2 20 mL SR AR R . PIPES 2% i B0l T K iR PE IR, (R R
MR-1 % £ 4 1x10° cells-mL ™", NAu-2 B9 Ry 2 gL, B F IR FLBR 40 B 4 S mmol L, B T4 3
150 r-min! (FRIR D4R 5. AR08 B FE RS2 ] 29 60 h, K 15 385 Fe( 1) -NAu-2 #5 H. &
AL PRI AR IR T A AT
1.4 ## NAu-2-As( 1) Fl NAu-2-As( V) W fFFFE- 7K 2

B AsCID) A1 As( V) 43 50 A 13745 H A I8 R 2S Fe(11) -NAu-2 & &, #8838 U Fe( 1) -NAu-
2-As(TD) FiARJ5E A Fe( 1) -NAu-2-As( V)R ZR, o As(T F1 As( V) BRI LR EE 34 R 200 pg L7 LA
() AsCTIT) F As( V) X 44 28 JH At 4y Joi e B s o 1) 5 i ) 2208 A 1. 0 0 7 40 78 10 2 B W PR v A
20 mL LA Fe( Il )-NAu-2-As W AK R, PIPES VENZZ 0PI, K R NAu-2 W0 2 ¢ L', ZLERENTS
WH S mmol-L™, As B4R R Bk 200 pg L. A SL I R B B2 IR AT/ h iE AT, FRI W b i i ik g
R, MDA GE 1Z A 3 2 3K B W B4, ASBIFSE Az B 52 0z B 1] 100 h.

1.5 NAu-2 2 [ B 2 i $2 55 15 12

L1477 TRy s 1 TR B ST A R A S o R R BBCIR S, APE MO AZ L 0.5 mL NAu-2-As F 5 i3 A B
OB, INASEBGRAE, & TR 150 rmin! A98E R _E PR 60 min, & # 250410250 (10000 r'min™)
10 min, PV E - E R, 48 0.22 pm E MRS, AT AR R SO R, SRR BUS BRI, JE1 Tk
JEW R . SRR AR

%:?"?xmm (1

— %0

A CONIMASEERAR R PR As WREE, B pg L', ALK H C, 0 200 pg L' Co ol NAu-2-As W [ F
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MR RO As WREE, PR pg L5 C ok 4R BRI 45 O B 25 i 5 IR TP ) As YR B, B pg L
bi LR,
1.6 EAbZS Fe( Nl )-NAu-2 2 11 W BfE 256 it S B s
1.6.1 $REGHEEE

2SI SR FH OO A EL A R RO SR B B R U8 (10 mmol- L™ KH,PO,) . 5% (10 mmol-L™" HCL) . #i
% (10 mmol-L™" H,S0,) . B & (7.5% HiPOL(V/V) ) | Wiz — & 81 -= % 1k # ( 10 mmol-L™' KH,PO,-
0.5 mol-L™' NaOH) 5 Fi {2235, 43 B3R HL Fe( TN ) -NAu-2-As( T 114 22 Al Fe( M ) -NAu-2-As( V) F
1A 28 T R 40 ) 2R T ) O RS S 38 AR ) .
1.6.2  $REGH e B Ak

Ao S e SR AL E 3 R 7.5%. 4% 2% 1% LKL 0.5% A 1R 4 ) o 1 B #F Fe (T -
NAu-2 REH As(D F1 As( V) BYFR IR (4 SCHBERR Wk B 348 IR R ), s S BT B AV
1.6.3 R[] 43 B

AR S B K BT R] % B A 5. 10, 15, 30, 60 min, 20 M8 LA Fe(III) -NAu-2 2 5 i (19 32 BUSCR Bl
I ] 972 AR O, ) AR B R 5 R BT i) =2 R Y O &R
1.6.4  N[RIH I e o %o B Ak 3 1) 5 il

X AR WG AsCID F1 As( V) #FE (50, 100, 200, 500, 1000 pg-L™) T BB A HEBUL R, 00
A7)y e B X Fe (T ) -NAw-2 2 17 W B 245 A £ BRI 3 110 5 W), () s Al 44 DG D %) e e 38 2 B
.
1.7 B JRZS Fe( 1 )-NAu-2 6 [ W fhf 4 412 Uy vk

7E Fe( 11 )-NAu-2-As( 1) #1 Fe( 1T )-NAu-2-As( V)44 Z v, 13¢5 B S by ik 21575 f5 14 732 O e bt
F. habE G B R B G i v & A SR IR N s AR RO A 725 & 2B AR Ak, ZEXTHA RS Fe( 1T )-NAu-2-As
A Z2 e A B AR B8 100 mmol- L' (38 B 5, 43 51 25 48 LABS R -P R IR | W IR -G IR 4 .
i -8 T2 8 e 3 R TR - 55 38 S R0 25 Ry B BB, ) g e 0 ff e LA S A1 25 B8 B F 38 JRL S Fe( 1) -NAu-2
1T ) R AR B 1k
1.8 AXER AT ik

AN TR M 25 B P R ROTOHE €633 (HPLC, LC20A, 5, H ) 5 E 7298 661 (AFS-2202E, ¥,
rb ) 356 I S VKR T FH 4 43 B KR S PRP-X100 B BS 732 # 4 (4.1 mm=250 mm) , B2 — & 80
(45 mmol-L™") Fl#E R & — 48 (5 mmol-L™") A ahAH, M K 1 mL-min'; 28 AH 7 2 f5 09 AsCI) Al
As( V)TE 5%(v/v) RN 2% (w/v) Wl A6 3 2L R T, &8 12O 06IE U 16 5 7R AT (T
S, HED B BB ST R I SRS S, 40 R AT R B AG I RSO P R R R AR R (99.99% ), B K
>4 500 mL-min"".

2 zER 5308 (Results and discussion)

2.1 AL Fe(ll)-NAu-2 Flif JRZ5 Fe( 11 )-NAu-2 5 AsCI) £l As( V) B K B £ty

AL Fe( D) -NAu-2 Flf JF 25 Fe(11)-NAu-2 XF AsCID) Fl As( V') A4 W FFFSF- 7 25 1 an & 1 . 4
ST 1) NAu-2 % AsCID F As( V) BB AW FHE T, HXT As(V) B IREEE 758 T As(T),
BT As(ID) A As( V) 726 iP M2 oS H B SRR, AsCID) T2 DURA LY H3AsO; 70 FA74E, 18
1o ¥ F e 7 A4 A2 e 1) SR B T A 2R T 2, i As( V) LU HAsO, B & 71 A7 7, A i Y
As( V)i F L 5| ) 5 BB 7 W 3 09 VR FHW BN AE 26 -0 ) 3R 18, PRI NAw-2 XF As(V) A5 5 558 14 W B
A Sy,

7E Fe( M )-NAu-2-As( 1) #1 Fe( ) -NAu-2-As( V) {4 £ 15 21 0 B} S A7, AsCT) F0 As( V) Fiéy 5z ff
WP 66.8 pg- L' A1 161.5 ng-L ™', Fe( M) -NAu-2 %t AsC 1) F1 As( V') i W B 553 51 Ky 33.4% F0l
80.8%. i NAu-2 # 3 4 #1388 5 , if A Fe( 1) -NAu-2 % AsC IT) F1 As( V) 1% W B = 43 551 A
14.3% F1 21.4%, 1560 NAu-2 25 380 J5 2 S SCH 0 1% W BFEBE 1 T B LA B6FSP- 465 B5F f 14 2 4 b 8%
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A1 2 TR W B S AR BRI R G AR A, 43 A% X Fe( 1T ) -NAu-2-As 1 Fe( 11 ) -NAu-2-As 1A Z th g i 45
TRPEA T RS BG:, A4 I B S ) v R B U T 1

180 -
1 As(I)
EEAs(V)

160
140
120
100
80
60 -

Arsenic concentration/(ug-L™")

40
20F

Fe(II)-NAu-2 Fe(1I )-NAu-2

1 A3 Fe( ) -NAu-2 AL s Fe( 1) -NAu-2 XF AsCTD) Fl As( V') I B e JiE

Fig.1 Adsorption concentration of As (1l1) and As (V) by oxidized Fe (Il )-NAu-2 and reduced Fe ( II )-NAu-2
2.2 SAALZ Fe(lD)-NAu-2 Zifii As(HD AT As(V) 1
22,1 ARBGAIFIZEXS Fe( ) -NAu-2 £ As(ID 1 As( V) #2 BRI 5200

A Te) 48 SO X 285 ™ 1y 4 i W2 o 28 10 4l RO A AN [] . A 52 30 30 BB AR i P )t 2 JBGR), 9 B
“157 T I ) W B S AR SR IBOT VR, AR — 2UE (KHPO,) ™7 #h R (HCD P, iR (H,S0,) | MR
(H;P0,) 27, Bk — A A - A A AL 81 (KH,PO,-NaOH) " Xt 4 Ak 25 Fe( ) -NAu-2 F 1 As( 1) Al As(V)
MR IBCICR I 2 s S BUAS SRR B, BEIR . B IR A ER RS 3 bR M 42 JORI XS W B2 As( V) B UK
Rt HorP B IR BUR IE P As( V)R R 185.6 ng L', X 5h + 0 9 2 10 W B2 As( V) B
A, 1k 91.1%, Bl AR PR AR HOICR IR Z , $R R0 84.5% A1 81.0%; AR — S #1 - A1k
B BEIR U D £ S SR ORI SR U VI As( V) WRBEEAUA 152.8 pg- L Fl 164.1 g L', F2 IR
BT 80%, BORE 2. FR & BGHTESR G R P 5ok KA As( V) M SRy FE L.

120 -

72 As(I)
O As(V)

(=3
(=]

2
=]
T

=
=
T

Extraction efficiency of As/%
(=)
o

553
f=}
T

KH,PO, KH,PO,-NaOH ~H;PO,  H,SO, HCI

B2 RFEFRBGN NAu-2 LS AsCIDH As(V) BB K
Fig.2 Extraction efficiencies of adsorbed As( V) and As(1ll) by different extraction agents

B2 HJEIR T 5 PR BGR X A AL Fe( M) -NAu-2-As (I 4 58 AR B2 AsCID) B4R BUSCR. Bz
FIVB PR ) W B 2 AsCTID) B 4 BORICR 43 1) 36 2] 81.3% Hl 84.7%, 5 R £2 U5 i M 2% AsC D) ¥k &k
163.9 pg L™, $- PR 72.9%, ML T BRI POICRIEAR T 11.8%, B — S0 -2 /L AR — =
B AsCHD) A9 $2 OB /N T 60%, 28 /I T B R FAR IR 1 4 B3 ARG B o 2 2R, Wl 19 RV 2 xof
AsCID) F1 As( V) B FE PR 8 T 81%, HARBUI AR K A B 2 19544, W4 N Fe( Tl -NAu-2-As
TR PR S AsCID) F1 AsC V) 4 s BRG]

BRIR FIBRIR & T 5mIR, 26 L™ W TE s BRI S5 1 T 53 R AR B3 A SO ). T Ak B o e 34 n ek ™
W2 T 1Y) T LA, BRI As( V) (8 W BRFAE D7 B0, [ B R Ak T 5 ) A 286 - 00 0 T A R 1 R R BR
BT AsCID) B ] REME A7 A5, A S BUW R AR 2 LA W) i b AsCIID) AT As( V) B >0 B &
B, BERR AR S A AR B AT AR LB AL 27 AT, RE AR S P I B - S i, Y - B A A R AR ke R 1



1388 B78 5% 1t 2 44 %

i, e AR A W O S 3 A W o e i 3 AR R %, T R A i A 2 Tl R AR 5 B S R B 4 R R 7
S AN IR AR 7 J2 R Rk R R T ) 3 T G S R D 5 T R AR B, A R T g L 3 1w e A R
DRI, AR RRAE R SRR, T 38 ok o A R 5 4 R R 198 A e 120 0 1 286 ™ 0 2 1T 1 R o 285 JSE B, 50 )
P HU R A R A W BREAS A PRI i R AR A i 2 S 5 B
222 $EHGAMREEXT Fe( ) -NAu-2 SR A AsCID FT As( V) $2 HGRLEEAY 52 1

FR 4 DA b S 56 T B R ot b i 3 T W B S e LA o A 1 R BORICR L IR R R
7.5%(V/V) , BB P A, AR IR T2 i E AsCID) A As( V) {55 5 i PR B 19 R B 42, ™ Y
M) AsCI) A1 As( V) ¥ BE I A2 A E R DRI AS SR 408 55 o 20T 1 B ARl R AR B VR B2 (0.5%—7.5% ) X
Fe( M) -NAu-2 2 W) AsCID) F1 As( V) R 52 M (I E] 3) . 45 53 B, Wi 08 vk 52 174 A1 %o
As( V) B BURC R I /N, R FRUEE N 0.5%—7.5% FOTEIR 2 AT S0 %F As( V) B s R B, 4R BCR
TR 90.0%—92.5%, BRI A 1% 1 2% Bif, Xt As( V) #EBUCR AR AT 55 92.5% Fil 92.0%. SR 1,
TR W A Ak 25 2 2 i) AsCTIT) A SR BB, VR IR 1% MR X AsCTID) A4 BUBCR B, R 0GR
85.0%, MR UL BE Ry 2% BiF, X AsCID $R-ECRALN 79.4%, HAYUR BE B BRIA RO AsC T #-BUK %1
T 82%. DRI, MR BE Ry 1% AR AR 2 H12 ERC R, T 245 A 14y B A 3

1201 7 As(I)
EAs(v)

—_
= (=) [ f=3
o (=} (=} =]

T T

Extraction efficiency of As/%

553
[=}
T

0.5 1 2 4 75
Phosphoric acid concentration/%

0

B3 AFEBEmRA T As(D AT As( V) i F R
Fig.3 Extraction efficiencies of As( Il ) and As( V) under different concentrations of phosphoric acid

2.2.3 R EDF Fe( ) -NAu-2 A AsCID A AsCV) S BUECER A

S FRGR) 55 A5 it S T AR 1 4 T [ 2 2 00 2 BOAA R A O B AR5 R B, e 8 v i ) i BB 1] — iR 15
A 60 min® >, $i WU ] KA {EL 5 0 2 58 B R0, 8 BT RE S R AR A O A TR 4R I ) 47 R X
AsCID) A1 As( V) 1R BCECR G FZ M NP 4 Bt 7. 255K, 4R R R £E 5—60 min Y7 FI, AsCID) Al
As( V) FRBUHHR S 51 82.1—88.0% 1 92.6%—95.2%. B R 42 HU T W B A5 A (14 B JU — > PR i ik
e, AR Z I AR, K H B HE A ZR, (A2 Mg B A4 6 e i) Al AR B B 7 o e R s/, [
P2 3 oS 3 P R OO ) ST A R 3 - DR R TR T, 4 B SR g A R, FE SR U [R] S 10 min B, As(D)
1 As( V) A48 B E ] [ ik 3 5 8, 4090k 88.0% il 95.2%, DRI Je HE 2 B ] 48 5 4 10 miin.

120 Pz As()

EDAsV)

—_
(=
(=}

W

N
W

q

Extraction efficiency of As/%

3%
(=}
T

P
/
%
%
.

2

0

5%

t/min
B4 RIS AsCID AT As( V) B HURCR A 520

Fig.4 Influence of different extraction time on the extraction efficiencies of As(1ll ) and As( V)
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224 PIGGERHEEXT Fe( 1) -NAu-2 KA AsCID F As( V) S2BGRCE A 521
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