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Extraction and detection of inorganic arsenic in the environment using nanometer LDHs-DGT

ZHANG Rungi, WANG Zhen, TIAN Peining, ZHANG Chuangchuang, DAI Lihong, WANG Yujiao, ZHAO Yujie”

(Agro—Environmental Protection Institute, Key Laboratory for Environmental Factor Control of Agro—product Quality Safety, Ministry of
Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: For the effective measurement of arsenic (As) contamination in soil environment, a gradient diffusion thin film device (LDHs-
DGT) based on nano—layered bimetallic hydroxides (LDHs) as a binding film was developed in this study. The basic performance of the
LDHs-DGT device and the applicable conditions were explored. Furthermore, the dynamic changes of soil As (Il ) and As( V ), and
morphological changes of As at different depths under different moisture conditions were explored. The experimental results showed that
the novel device was able to measure As over a wide ranges of pH (4-8) and ionic strength (Cxixo.<0.7 mol+L™") for the effective extraction
and detection of As( Il ) and As( V). The adsorption capacities of LDHs—bound membranes were 30 pg+cm™ and 85 pg+cem™ for As( 1)
and As ( V), respectively. The bound membranes achieved total dissociation within 6 h. The LDHs-DGT had good anti—interference
properties, and As( Il ) and As( V) on the bound membranes. There was no obvious competitive adsorption effect. The results of the actual
sample determination reflected the practicality of the DGT device. The findings demonstrate that the LDHs=DGT device enables simple
preparation, good detection, and is widely applicable. The device may be valuable for environmental monitoring and assessment.

Keywords:layered double hydroxide; thin film diffusive gradient; trivalent arsenic; pentavalent arsenic; dynamic monitoring

WiEEHA:2023-03-22 R AH:2023-05-25

YEE BT R E (1998—) U3, KEEA WL 0F 5 A=, WFFE 0 1 R PR KUK PEAL o E-mail : 1739236493@qq.com
FAE 5 BRI AT I ST 2 TR

“BEEER B EAR E-mail: zhaoyujie@caas.cn

B &I : P4 AR K7 AR el 1277590 H (XZ-NYHJBZ-202205)

Project supported : Tibet Autonomous Region Local Standards Revision Project(XZ-NYHJBZ-202205)



m@g 1894

VRETS Rt Y F 4255 81

5 Yoz AR R HE IR 2 — R
TE T3 2 A A T R O AL £ 0 A 2SR R A (A
J 3 B N AE R SRR A e R T AR U
K R R A B R 10 g - L2, T [ b 32 K 3R 455
JF AR ) (GB 3838—2002) #HL 5 Y 1K FH ZK i £y R A
h 50 pg- L7, T 28 A4 FH i - 398 v e 54 0 20 (AR 4 1
BEIREE R AR FH M A 39S g KU A A v R T) )
(GB 15618—2018) 2y 20~40 mg - kg™, & 75 1 1 B
{8 E 85+ EIREE A0 M - s A TS RIAR O . [AII,
398 B R 23 5 KA SRR RIS K A AR
PR AR S A T8 B T X% A B A A , 25 DR 1)
B R R AL e K A A IRTR S K A 461
BRI A% T G TG S RE R SR W, TE AR
IRt i 3 B DA R £ A R R ER IR TS BT
SAFAEN, G B F A R A E R, ARl —
il (MMA ) 1 — H LA (DMA) . TCHLASREE M LA Bl
A0, 1 As (D Bk As( V) & 605 A2 457, 1B
H AR BT, B A0 25 R 25 2 pH B AL I8 5 7
(Eh) J A P (SOM) Bl Wi 5 S 3R 55 R %

DR, DT AR B2 A, ok e 2 R R SRR
PRI, o 0 B BB I 5% v 3 25 TE ML 3 SR S A
T2 285 28 A ol R Xof e e A 2 DR T Aty A gt R IR
PR HA S Y,

o6 E ™ BOHE R AR (DGT) S — b J A7 3 45 - 45
(R B IE ST A | RE AT H ikt 5 5507 $2
AL RIEA A AL B, T B HLA 1R
FNE, DGTH AR 12 b FH F AR AR A 3800 i
P (28) &R I PRSI ECE R . Hoh g A
MEHE D E DCT 8 2 AR L T b fn A skt
(]38 A S B R, DGT 45 & T & J& DGT i A
TR e & R A . Fits 2505 ARG TR K
VE R 254 B DGT Wi I AE P AR 2 e it 1 25728 A iy 5
], W5, Tan ZE020F R T CeOAF 45 A A DGT %
B W K K R R K R B L . S,
Z R AT LR IBCEHLE 49 DGT 45 4 B W 4 38 4ok, 1
4 Nafion™, Metsorb! , ZrO," 55 3& — SR AL iEl94E |
{HAFTE PR SCRAL A B A5 Jm B, IR T & —
TR A0 PR i, A AT e i AT B

AR R4 8 S AR (LDHs ) AT i 8 1 B2
A FE S B LR AR, X As(ID AT As( V)3
e 5m W B A T L AT e 4 i B A s AR AT, AR
TF 5% 2 S0 Bk B 0 K Mg—AlJZ R W4 i A A ALy
(LDHs)/E A DGT 456 15, ASE BT S EE v As (L) #0

1% WHART]

As( V) [Al25 S22, 5 )5 A F HPLC-1CP-MS Xif
PR R AsCID) A As (V) BEAT 43 B RGN, AR 5256 2R
Zii5E T LDHs-DGT %} As (1) F1 As (V) 0 BiHPEBE
i A S BR F, 9F8 LDHs=DGT 1+ 3 fp
WA SHZS WM e, DU A A5 2 A 38 XU
A HRAAS I Jr vk 30

1 #MREFE

1.1 Zm5HR

As(V) AT As CTD) A5 o9 o A b 5t b 7 flk
TH i B AR 58 B F 350 5 M 7 VR BC 1 L NasAsO;
NaAsO, W [ b 504K i IR A BR 2 &), B e
As(ID AT As (V) IXE W . MgCL I AICL - 6H,0 1
W B A e AR A B A . ERZG I
e ati . B BEIE [ Sigma—Aldrich , 3 42 4k H- i ik
BEATERCPENS S SR Milli-Q 4l /K 2 45 (35 [ D 4
) B B K
1.2 LDHs-DGT 3£ &R HI1E
1.2.1 MgAl-LDHs 14

% W8 Hossain S5V 4F )7 3%, # MgCl, F1 AICI; -
6H,0 Fi B m(Mg™) :m (AI*)=3: 1 AR 2 L LB 7K
W AR R MR IR F] 0.5 mol - L7, 7E E IR T A Wk
FFBEHE I AGE f 20K, R R 5 RN .
SV gt E L h e, LB B, X SON S 7
Jei RV A AgNOs T WU A7 A ATt vE A k)
PEATHE , S5 0CE AE-80 CUKAR P 12 h R k2 % T
P o KR UR TR T DM RE R AL S I A TR
(IR £ 450 °C, IFIA] : 90 min) J5 {81 FH 200 H 7 7 3647
i1 , 2B U A% 5 .
1.2.2 P HUE E5G BERHIAE & DGT 24 3¢

DGT ¢ B F 2 HUB 255 AR B2 AL .
PR RS R BE IS , AR 15% TN I b R , 28 166
IR 0.3% SCPEBENEWE , 42 & 710 105 L 3 i iR 2 il
75 WL VU H 3 Z, — 2 (TEMED)™, il £ 35 #2 22 B8 Zhao
SER T

GG REEBRE I ) 45 7 % - BRI A 48 O s 5 91
FEEAH [, ] B 345 o it 02 S 6, K5 3.0 ¢ LDHs in A F|
15 mL P M R e 15 0 v 3 TR 5 TR A B A3 A
JEFE A 0.3 mm A3 RS 25 45 P, 14 3 B8 Al A 1 I 1R
MRS FRAE IR - 42.5 °C 1R :70%) P E 1 h i fF
B B AR L AE 258 T /K P 30 min, B 45 G BRI
TEEE TR PRI 24 h( =) B Rk 18
JC AR & 8 e R TR AR D) R 53 R i 7



AL, % 9K LDHs-DGT I T SR BE AL IHE A B 5 1895

F£0.01 mol - L™ A FR AN A W b £ Y,

F HHLAR 0.45 wm, JEFE 0.15 mm B RS IR 41 4E %
FEE A PR R (3 ) A BR S R WE R R4, W AR
P OG5 A B 3 HIOBE AR 37 JEE G 20 28 % DGT %%
i FH iR ER Al K 3 P 2 /0 33, LA 25 S L T R
1.3 LDHs #F fHEgE R
1.3.1 W Bt 2l g 2 R B 45 o

i F NasAsO; . NaAsO, fig il i& s AR FL, #e 4 100
peg LAY AsCID) AT As (V) IR, FEZE T T (25 C) %
LDHs 254 BE I R i E T 50 mL =3, I A 20.0 mL
) As(TDFI As (V)W CE FE IR H (180 remin™) il
AW Bk s 7, St AS TR Bsf 1) (5,10,20 .40, 80, 160,240
360 min) I H AT As (D FIAs (V)W JEEFEF Il F2121
P AR As (L) A1 As (V) 5 508 AP e B SR
2 THRORTRIE ] R 25 A BE A As (T F1 As (V)
P4 B, AN [ BsF [ £ R B 15 A 2

C-Co) XV

le-G)xv Xz (1)
A M AR E] R LDHs 45 4 %%t As (1)
1 As (V) I B, ng s € SRy AN [) W B BsF 1) 79 95 9 b
As(CID) AT As (VO WREE , pg - L Co 2 JE AR V5 W
AsCID AN AsCVOWREE , wg- L5 VIR = A B il
WAL, mL; A 85 G BER R, em®s 0 MEE G BEIR
TETCHURH Y W CE s 8], min

[ 45 A B R As (T ) B As (V) 152 i 13k %
75 Ak, I 45 5 5 S DA B Tk B B A5 0l /2 DGT
it SR A TPPAR W B SR 38 3R < A7 B[]
N EERE BT As (T ) &% As (V) WZRHAE Ak 2 (1 1

# LDHs 25 4 8 i AE 15 mL ¥R B4 5,10, 20,
50,100 mg- L' As (D) 8% As (V) B3 P fE =
T TR 24 h, o 25 5 B Xt TR0k A 5 78 40 IR B o
B e IR As (D) B As (V) 3 BE BEA 790 5 , fa
Langmuir F Freundlich W B 25 i 26 XF 25 SR b 17 05
XoF 85 A M e R B A T B, AR R 45 5 B
i 7E A5 i v 3k f At 25 TP i A R 2%
W 485 BRI OB AR R BE M 0.01 mol « L™ A fil R #M i
B 90 d T , 22 LDHs 455 B B 25 f 2 A s O .
1.3.2 ¥R

ARSI WO B E 27 Ding SR Y
DGT W, LW EESHM T R3S LIRES N
100.0 pg- L' As (D) A1 As (V) IR 1A WAE N S5
VS, SR FH 0.01 mol - L™ NaNOs 45 A Wi 15 5 55 19

M =

R T B B0 A2 W S5 R 7 A R e IR
T 7 B FE 2 5% 39 2 800 1 min™', i FH HNO, 18 5 ¥ i
pH % 6, K DGT 3 & B 50 4 ARl N , [ HAETIR &
W T4 TR TT AR o R v R UERE ) B P RS Rk
TAF, N DGT £ii & ) 2~14 h i5F 0] N, 45 F% 2 h B
DGT %5, W 45 45 8 e O A7 VR, R F HPLC -
1CP-MS 43513 As (T AT As (V) & i, SE0 5 B —
ANEE AR Q)T AR TR

_ _Slope x Ag (2)

AX Csn X 60

KD AEFAEY BT Y BREL, em®-s™'; Slope
4 A BRI TR OT R AR M (ng) BERT ] (min) (1) FL 2
A HH 7 FR AR 5 Ag 4 BB AN R A I A S
JEHEE.0.072 6 em; A N DGT 25 B A H TR : 4.0 em?;
Cson N DGT 2 B TR FE , wg - L'
1.3.3 25 P15 s BRIy A Hh B A

HF T 41 % 1) DGT %6 B 76 85 1 75 5o R 0.01
mol + L' NaNOs %) 7 7 58 38 24 h, X 45 FRE S I 3
10 %, #¥ Bk DGT %¢ &, B LDHs 45 45 &€ i If X H:
PR, X Pk LR R As CID) AT As (V) &5 4
HPLC-ICP-MS #4743 7 , 1158 45 & Bk 25 1A
T T (B S PR 22 I EUHSCER A Hh B
T PPAL AR At B 38 3 43 A i A e AT 422 32 Wk B
FIRE S AT H 5, foeJe AR SR A i PR DA % 285 5
JE Y 28 11T SHIE RHZ DGT J5 kB AS: Y BR R A 4
FLAE DGT A B 18] 4 24 h, PEWE N 1 mL, AR 52
W QD F i =
1.3.4 VERACR I 2

K TR EEE ETEAR R EE T As(D A As( V)Y
VR ASCR AT 2 L K LDHs 454 B6 & 7E 50.0 mL
WeJE 239 K2 wg- L A1 50 we- L' As(IT) AT As(V)
BT LRGBS T SR T IRY 24 h,
W 3 e NI W R BBCHS 23 31 in A 10 mL 0.5.,0.1.0.05 .
0.01 mol - L™ ] HNO; X 45 - 6 I 7F % 0 T i & e
2~24 h, 53 I 0T D R R BT i TR A R e O T
A5 534, THE BRI W R Gk B — B [ f R
ZEUEI i ARG O
1.4 ERAZGSTER
1.4.1 pH X2 & )50

WEIRGHER T AsCID) AN As (V) R 4351 A
100 wg - L™, ¥ /i id £ NaNOs % & & 138 £ 4 0.01
mol - L™, {#i Jf{l HNO> B NaOH 15 % ¥ pH £ 3.4.5.6.,
7.8.9, % pH FEAT IR, I 58 HE 0 1 TR A R T

WWW.QEs.0r9.CN




VRETS Rt Y F 4255 81

m@g 1896

i VE R R BERE 3 d, ZE 3 Rk L R P ORI R Y T TR
pH {3k B A2, B I 5 4256 419 DGT 26 8l
AR R, BB I R 15 A 6 b, BUH DGT %6
B S G BERC A TR A3 AT AR Cocr/ Csa (%5 58202
B, L Con il AKX ) FATIHER, Con WU
W AsCID) AT As(VO)HREE

M x Ag
DX Axs (3)

F Coer R PR3 P AT ARSI 119 45 J A3 RISV, g -
L7t BT s s MO 4 e B TS A BERE IR
f%%,ngo

MEEREH AsCHD) Fr i/ ek E ey As(H
TR DI AT I AR R As (V)R B
ZEE AL He R
1.4.2 B9 I 024 B (1Y 5% )

FEAsCID) AT As (V) HREE 25124 100 pg - L7 TR
A VR T LRI NaN O S V815 V5 T 0 8 o i, 14
B NaNOs & B 43 5124 0.001,0.005.0.01.,0.05
0.1.0.7 mol - L™, f Ffl HNO, Fl NaOH 5375 ¥ pH 4% 2=
6o FF DGT ¢ & 75 A [m] 25 5 B 1Y I i h &85 6 h
J& B DGT %6 8 1456 BERCHEA TR 23 AT
1.4.3 THE B XT38 B A

TEHR EE /351 4 100 pg - L' 19 As (D) AT As (V)R
A VA TR T L S NaN O fff 5256 V5 1 B8 158 5k
£]0.01 mol « L™, FRUS N IE W R — U8, (9 W h
PR AR e FE 43 )35 31 0.25,1.2.5. 10 mg - L™, B DGT %%
BAERR S 6 b, B 25 A B A TR B 4347 -
1.4.4 A5 HLUTON % B 10

P m CHEALET) :m(As)=1:0.1:1,1:5.5: 11
(B0 S 56 1 T H 4 S S I s ML (HA) B8
AHUR R SR RAEZ I TR 12 h 2 A, (A PR
ATCHL T 17 7 IR A5 K DCT 25 B S 7
VS ERE 6 hm WU 25 45 BT TR A3 #T o
1.4.5 AsCID)F1 As( V) 540 [t

VB M FE 4354 20.50.80, 100,120 wg- LAY LG
HLBR AW, VA AsCID) A As (V) F 654351 4 1
2.2:1.1:3 3 1 IR GV, BN N NaNOs 1 5 5255 7%
W 50 E 2 0.01 mol - L7, 5 DGT %5 8 75 5256 14 Wk
HIRE 8 hE B 4 G e T TR 4T o
1.4.6 DGT 3 B DRA7 B[R] 22 45 5 19 52 k)

H4 DGT 2% B I B AR MR 45 50 wg - LAY As (1)
M As(V)IRGSHW T 12 h, B DGT % B B IS 43 5
T4 CHEMETIHEO0.1.3.5.7d, WE DCT &

CDGT =

1% WHART]

AE T R BsF [8] R 25 55 568 e 9 I8 W vh JC ML 5 12 7%
fE1E Bt
1.5 LDHs-DGT fESL bR T A9 Mz A

J TR LDHs—DGT SZ B AR , ARSZIHR ST
TARRIK A E AT, Sk - 3T S sh AR
AEAHFAE , S206 - FERAE S TR P T X A5 ik
P 158 (pH=8.01) , -3 L% 5 38.25 mg - kg AT
ML & o8 34.7 g+ ke FHE 7284 13.46 cmol -
ke'o SEIRIRE A RO HERFREL 5.0 kg 5250 +
B AR HAR 20 em 5 20 em B YRR N, B A
IR A8 PR, 430 R i K A PR (3R 3 em WK
JZ2,CHEY) A ab BE (4 HEORRE 80% 5 K i, e fE
P) A T G b AR B - 9 BR BT S5 B AR A X O 2
AL B2, X R JE (0~6 em) AR )Z (6~10 em) Y 1
e JCALA IR T E 5 IF N TS R Y T
A5k, % 1 DTPA-LDHs-DGT %f Fe (11 ) & AL iA J5T
HL 2 (Eh) #EF 7 % , DTPA-LDHs-DGT ELAH 5 5 1
Z: B Wang 56 77 1519, L8R % 8 3 AT, R K4
DGT 43 5#E2.4.6.11,16.21.31.41.60 d X} £ )2+
1 (0~6 cm) FIE)Z 13 (6~10 cm) B9 JCHLAH JEF 70
RE, BE U E R B R T 398K 31 1009% fie KRR K
iR LR P OCE 48 WS KL A R U T
PRI &
1.6 @S HHTIE

fifi i HPLC (1100 series, Agilent, 3% [# ) ~ICP-MS
(7700 series, Agilent, 32 [E] ) X FF S b4 700 3, £ FH 5
£ 5 mmol - L' & Be il B2 4N A1 20 mmol - L™ #7852 12 1O 7%
TAE MBI , 18 F NaOH KR 37 3 AR pH U7 £ 4.3,
St S5 ) B AT A T 4B, DA S BT it f) PR A
3B
1.7 R IE

SRR Excel 2021 #E4 T, 3% Bl ik
77 B F 22 KK (P<0.05) , 4 i Origin 2023 1l
Bl AR s 5 5 Hs 35 o 3 W 2 S BT 3 M
2.1.5~2.1.9 7 SL B EHE (5 Cocr/ Csan [EPEA 152 25 2 HL
R, B Coor/ Conn THAE 0.9~1.1 22 [A] 13 R £ SR

2 FRMTIE

2.1 LDHs-DGT & M EE 5 #rillik
2.1.1 ¥HLREK

ASZEG A DGT i % As( L) A1 As( V)ZEDGT
by SR A R O B ) SR B R A R 2
PESCE WA s, ffF Origin 2023 Zad 26 M L&



AL, % 9K LDHs-DGT I T SR BE AL IHE A B 5 1897

A5 AsCID) A As (V) TEZS A BERE | 285 & bl s
] 22 AL B A5 7 BR R IR A 20 (D) T3] 15
AsCID) A1 As (V) ZEZE R (25 C) Y8R E 5k
(3.25+0.25)x107° em?+ s F1(7.37+0.31) X107 em?-s™',
55 YRS T T OB TR BN R TE 1x
10 cm?®-s " JE N, 75 T ECK

DGT 2 2l R AP 1 HORE I AN 4 & e I 4
o T B A AETE , g/ B b oT Rk
G55 BRI UMk BE 0 B, A2 Tk BE AR B I 2 T, el
JU M P BB B3 5 4 Ve i 2% T i Rl A 3
I, 9 EEE R B4R At 1B T O 1A (W] S i L
728 BELT A PR AN 2 A P W L T 36 R0+ A BIL S
AP

P TBORSEE A TS T e e R (kg SCHR S TR M
P Foie R SV B R Ry SR PRl ) B i W B i by
AL Y, H AR AN [R], X TCALAR 9 HRE )
FAEZES AsCID) A As (V) ZE KR B8 85 Z 505 51
H11.6%107°.8.75x10° em?®-s™", Lh_FFF iR DGT ¥ #Ui
FHDCT Haxt As (L) 1 As( V) FIril 52 194 85 22 500>
B T (5.95~10.5) X 10 em?® » 57", (4.90~7.02) X 10°°
em?esP

As(ID AT As (V) FEAKE S BEBE 6 MBI
SRy AR TR %) TR A TR B 58 e Hh B 4 B R 4 As (D)
KFAs(V) AL A As( V)P ERECRT As(T)
EAs(ID) 227 /5. AR, As(ID)F1As(V)
TE 25 CAUK I B B 310 10.34x107°,18.28x%
107 em®« ™™, 0] DA™ B3R Bh0ny KN S2 56 By AR
AR R OC R AR L R B KN AT 1L
JEEER 1 R X% LA T R ATHE

35007 m As(V)
3000} ® As(Il)

25007 y=2.333x
2000

y=0.848x+151.63

15001 R=0.995 8

1000

As(TD L As( V)R

As(Ill) or As(' V) accumulation/ng

500

O I 1 1 1 1 1 1 1 1

0 200 400 600 800 1000 1200 1400 1600
B[] Time/min

Bl 1 LDHs &5 & EEALFERT ] As(TD)FAs(V)IRRE
Figure 1 LDHs—-binding gels accumulate over time

As(Il) and As( V)

2.1.2 WL Bl Sy FEs S RE )

SE A EEE 0 25 iR TE ) DCT 22 B MR Y ¢
FRARAR 2 — , FLAT i W B 2 0 1) 45 5 5 JUE BB 08 1t IR
DGT Ay 1S e ¥4 38 RO ff I 52>, A< F 52 X LDHs
SEABERRT AsCIL) F As (V) A0 B 75 5 iE 47 1 U
%€, 2K ] Langmuir Fll Freundlich 455 78 X 5256 45 I JEF 7
A, G5 AR 2 TR, LDHs 25 45 B et As (1) Al
As( V) B9 474 Langmuir B8 Al Freundlich 2 7
Langmuir*ﬁﬂ@%fﬁ%ﬁ R*¥°090.99, Freundlich #5571
ST FREUR 53010 0.68 #10.87, 1 W LDHs % As (1) Al
As (V) 1YW R RIVAF7E 9 BRI R AEFE AL 27 W B 3
W] LDHs 256 BEXT As CIL) A1 As (V) 14 e A B
ZER BN 199 g F1564 wg, Hofh 25 45 W B 75 &
LR T, Horh LDHs 5 & X As CID) f9 W B BE g 02
TiO [ 1.224% ;%5 As( V) (YW B fiE 77 /2 Ferrihydrite /)
35745 TiOL M 2. 114, 02 Ce 02 19 1.5 1475, R I 45
BT AsCID AT As (V) BATES R W B RE ), 055K
PR T A4 30,85 pgeem ™, LDHs XF As( V) By
B RE T K22 As(ID Y 3 4% . TRek e b e g ik
B 454 BEHEAE 0.01 mol - L™ A AN AR M U E 90 d )
LDHs 255 BERE A 25 70 0A W1 2284, Ui W] LDHs 254
BEE AT R A RS E 1

F 1 AREKBLE G IR X0 Y IR PR R R EE B ()
Table 1 Comparison of adsorption effects of different types of

binding membranes on arsenic(g)

ERey g As(I) As(V)
Ferrihydrite 324 163
TiO, 158 268
7r0, 159 434
94 152
Ce0, 682 375

LDHs Xt As (I ) A1 As( V) BN B s 24 an el 3 B
7, LDHs £ & BE I ELE 50 min T As (D) FI As( V)
HEA T HRHR B, A 45 5 B SR B IS B . FERI B
BE,LDHs % As (D) F1 As (V) 5 KW B3 43 51y
1.53 ng+cm™+min”' F15.68 ng-cm™-min™", Fifi i [A] 19 &
o, W B AR T R, E WG 50 min J5 W B %
B R 0o ¥ As (I R As (V) B W B3k 4 51 5
K — 2 i, 2838 LDHs 2545 B et As (I ) Al
As (V) 1 W B 3 22 43 51 24 0.98 ng + em™ » min™
3.33 ng-cm’z-minfl,&iﬁiﬁﬁlmmgﬁzﬁigﬁ
AETE] A As (D) AT As(V ) HRBES A 100 pg- L,
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As CID) FT As O V) ZEY™ HUEE I b 9 4™ HoE £t 230 4
0.26 ng-cm™?+min' #10.62 ng-cm - min™' , #2 P& ik IT
S P  PE AS A E o  HIOEE TN T A R
XA PR R B R B . L 1 AT A DG 2 B AR I W Hh
24 hJ5 A5G REROS As (D) A As (V) 1y B JoT
Ir 50 R 1.25 wg M13.25 pg, 8 i T e R B B —F
L2555 B I35 30 e R W Tt — 2 s L X TE ML iy
B0 2 ATH R BB M X A g B G R, R T
DA E 7E DGT e B4 & 22 3 6] , 47 HUBE I 5 45 & BE

2001
150
;;_D 100 f/;
S :
50 B ACID
-- As(I )Langmuir i<k
0 ——  As(IIl ) Freundlich i £&
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C./(pg-L")
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__@-- T
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100r @ ---- As('V)Langmuir fh £
® — As( V)Freundlich fth £k
or_® . . . . .
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Figure 2 Adsorption isotherms of LDHs to As( Il ) and As( 'V )
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Figure 3 Adsorption rate of LDHs for As(1ll) and As( V)

mixed solutions

1% WHART]

Ji 22 18] (1) S5 T 36 4 285 JC AL (1% 4 BE AR 7E 0, DA
T PR VIR A 3 3RS R 000 T2 e B 6 B, 3 2 DG T %6
T 7 Y AR Jir 02261,
2.1.3 25 I sl A T ek R

DOTHE A mEEEFEEN —IHE, TR
(K R 2 80— 2 0 RN 2 (E A VEA , 50 X R 8
HE RN R ICIER o W P A 2 A
B As (V)25 1A M (0.21+0.01 ) ng, RAESS FAFE S
Kl As (D) B9 A AE . HPLC-ICP-MS X A b Hh
BRGNS (L A W s i S 3%, AR SI2 56 Al AL 88 ) e
MR PR A 0.5 pg- L7, S BR M 1.5 pg- L7, 25 A
HE AR IRA BE IR F 1.5 g LA REMER S i, BLIT
A R BB N 1.5 ng, 225 FEB 7465, 359
25 AT BRI 23 X AR o i DA R R I et 1 = A
5, BIFE As (V) REE A 0.023 pg- L 7K 443K
B 24 h BIRTXFK AR As (V) & 5 MERG 2 1, >R A AR
B 720, 18 As (I HRJE M 0.055 g - LAY KA Fp s 2
24 b BTt KR As T ) 55 St o 2 o, T % /K AR 11
o B AT DVEEAR . 5540, i R Byl e ik FE v, DGT
BB BT ] Ry 2 i, XF AsCID A1 As (V) B2 B
AT IN 352,258 ng, 78 R A5G EE A S 1 R E,
PR 2 11 15 S (802 BRI o T (B 25 5 )
2.1.4 BEMIACE

ARSI DARR S RRAE e B, AN (HEE O T Bt ik
TP B 55 1 v AR A AR e, e AR
BN, A0 AT LAk As (I ZE 3R M 72 rp 2 A S8 Ak o
SR FHAS [ 0% 5 7 A R X 245 75 B J A 7 R 8, Y 8 )
2 b, X TR BV TR ISR AN 3R 2 B, e v
T,0.5 mol - L™ HNO; PRI RCR Fe i , As (D A1 As(V)
#£ LDHs - 4 3k 56 280 2% 53 1l o8 90% +2.3% Fi1 87% +
2.5%, [AIAEHE IRV BE 4548 T, 0.5 mol - L™ HNO; /i
SRR, As(ID F As (V) 7E LDHs _F A PERE R 4
WK 88%+1.6% Fll 89%+2.1% . ¥y IS 1] 34 738 4

F2 REIREHEIT As(D L As(V ) BERRERE
Table 2 Elution efficiency of different concentrations of nitric

acid for As(Ill) or As( V)

TR Ve BE/ As(1I)/% As(V)/%

(mol-L™) 2ug- L' 50pg-l! 2pg L' 50 gL
0.50 90+2.3 88x1.6  87£2.5 89:2.1
0.10 80+4.0 8124  79+40 75124
0.05 70£4.0  72+14 75530 7313
0.01 65:2.0  66x22  70£2.0  68£12




AL, % 9K LDHs-DGT I T SR BE AL IHE A B 5 1899

FEA S5 & B S PR LA (Rl 3% 2 6 h )5, LDHs 25 &
IS XoF 2 v B 1 As (D) T As (V) B BE B 2 26 45 1) |
Tt & 98%+2% F1 97%+2% , XF 1% ¢ £ i As (10 ) Al
As( V) FEEIRECE 23 51 BT 2 96%+1% F196%+2% ,
A UL Bk W B ) 4 6 b, LDHs 25 4 i AT DL S 0% J A
As(ID) AT As( V) FEAS S E0 4 15

VRMERCR A R E S W DG 2% B Rl 0% E B )
TCHLA A bS5 2 — | DRI A3 OB e 45 5 i
e, 24 R 5E ROk £ DL SR R (HCL, HNOs) |, 58 i
(NaOH) 1 Ak 71 (K105 H,0,) k38 B8V , 2 4 b 4%
(Zr0,) 5545 B30 3248 FH 1 mol + L™ NaOH ¥ ¥ 25 45 Ji5t
PEATIRIE , As CID) AT As (V) FITE R SSCR 4331 R 86%
88.4%, [A] Ff HlL , S AL 4 (Ce02)"™ K H 2 mol - L'NaOH
550.5 mol« L™ HyO TR FIVR X 25 /5 BEHEA T it , 45 % (2.
75 As( V) BEI AR IAF] 103.79% , As (1) Ky 81.45%.,

W 25 A I, DRI & 6 h ) , 2 HPLC-
ICP-MS X B As (D) AT As (V) B &5 b A 143
BrfE B 73 6 h BEE i As(ID) F1 As(V ) & &
ESUENG2 b5 JC B AR Ak, DR AT DA e B A
T T 2 P9 AR X B ) I SN 25 1 I ), A S 3 vh
A 3 AR A Bt AR e Pk o

GEA T B — A As (D) F1 As (V) BEIBERK
REERANT 455 IR As (I W B , # 1 HPLC-
1CP-MS X e B 4 7 43 AT ), 8 PR M v mp A Rl
As (V)5 [RIBE ML, 25 5 BEXF As (V) W B 5, 3 &)
HPLC—-ICP-MS X 3¢ JI W 45 43 by BsF, 76 6 1B 9 v 9
AT As (), BRG] RAAE As (I AT As( V) 7E
W -5 5 R A A e R R RS AP AR I <
2.1.5 pH XT3 & 5200

pH J& 52 i LDHs-DGT Ml i& As (1) #1 As( 'V ) 1Y
HERE, A5 pH & AEBUE RS X IC R B A
T RAR KM, X LDHs 233 il — 2 52 . b T8
%% LDHs-DGT 7£ A [A] pH 25 14 °F % 5 v ], %
LDHs-DGT & AEA R pH F Y As (1) FTAs( V) IE
AW, SR g AN E 4 FFR - pH=3~9 i}, pH X}
LDHs-DGT M FE: ) As( V) AL 1E B, Cocrl
Csan [EIITE 0.9~1.1 Z 8] ; %} F As (TD) i 55, 24 pH 7E
4~8FLIFIN , Cocr/ Csan HIIAE 0.9~ 1.1 Z[H], M 111430
FEl () pH AEL I, LDHs=DGT XF As (D) (00 5 ¥4 25 52 5|
pH B IFE M, {8 Cocr/ Csa (ELER H 0.9~1.1 ], 35 7%,
W72 45 S AN HERf , LR U2 IRl LDHs #4 R 2 —F
SRR R, Y BREE Th A Rk 1 5, LDHs () 25 f e g
PEZ B IR, LDHs 25 G- 5E e 23 & A — e T2 B 19 1 1

P S 80E 1 B A As (D) A1 As (V) B TR
AE W LDHs xR W B ; 76 pH 4~8 AU TS UL T, As (T0) A1l
As( V) Coer/ Csan [EXITE 0.9~ 1.1 JE I, 24 pH
4~8 L, Cocr/ Cson [T 0.9~1.1, 3% & 1 F7E pH 448
=N, MgAl-LDHs 45 & &8 ¢ 23 78 & 1 B L Z A e
TUVE , 738 IS 15 B I I B 2 00 T R

[, pH A 2352 W A AE 5V P TR A5, DTS5
HE PRz, 323 R Visual MINTEQ
3B pH 40F R As(ID A As (V) IIAEAETE
A[AsCID AT As (V) MREEY 100 pg- L], % As (1)
M, HE SRS N HAsOs, 254 0, {524 pH
2 9B, 7R b B BN, 523K Coer/ Csa (ELBH 248
/N ST RE S pH B N S 20y IR T R L3 A
SR AT As (V)T , B 325 LA B T IR S A
pH B SR A 2 A8 R H A, (R 25 R 3B R pH
RE 9N As( V) BUFE M B 3%

F3 AEpHEHET As(IDFA(V)BER P EHS>HK
AR B 5 Ee 5] (9% )
Table 3 Composition and proportion of components in As( Il )

and As( V) solutions under different pH conditions (%)

As(II) As(V)

P AR, HAs0:  AsOT  HASO!  HiAsO:  HAsO:
3 10000 <001 <001 001 8476 1523
4 10000 <001 <001 001 8477 1522
5 9999 001 <001 137 9845 0.8
6 9993 007 <001 1224 8774 002
7 9925 075 <001 5825 4175 <001
8 9300 698 002 9332 668 <00l
9 5703 4291 026 9903 097 <00l

L4r O As(V)

[ B A

1.0 __1__}_‘]1_‘{‘ ++ Ay
&'g 0.8 [1
E 06

04 H

02 H

0

3 4 5 6 7 8 9
pH

4 pHXF LDHs-DGTE As(I)FA As( V) HISIE
Figure 4 Effects of pH on the determination of As(Ill ) and
As(V) by LDHs-DGT
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2.1.6 B0 S

AR S0 5 1 B AU DG 255 B A A ] 5 5 5 R
A As (D) A As (V) IROCR , LI S5 R AnKl 5 firs .
23 0 BEAE 0.001~0.7 mol - L™ 3 Bl B, % As ()
FAsCV) B2 B 2332 51 8558 B I 2 M), Cocr/
Cson [EIITE 0.9~ 1.1 YL PN , 122255 B AR B g 140 8
T AR 5 I JC LA Y DGT M BEAH
MR VAR B TR A R, SRS A R R
11 R o e R 7 T R M) 3 T KR 3 b R Sy
R, m BRI DCT %6 B N H AT B it 52 25 1 3
HIRE ST, 8 IR R A 0.01 mol - L7, Vg
K B v BE R K 2.5~3.5 ¢+ L, {4k NaCl i, ¥
&4 0.06 mol - L™, 1225 & ] LAAR 47 b v FH - 52 PR 26
B,

Lar 0 As(V)
s H o B As(I)

i SR iy [
10 7771 7771 o L

0.8

‘»——|7—|

CI)(}'I‘ /CSUI n

0.6
0.4
0.2R

00.001 0.005 0.01 0.05 0.08 0.1 0.7
Cravo/(mol - L")

ElS BFREX LDHs-DCTMZE As(M)FA As(V)HI 08
Figure 5 Effects of ionic strength on the determination of As( 1)
and As( V) by LDHs-DGT

2.1.7 AHUSTEE B AR

JEFERR (HA) 2 FREE b3 DL —Feg pLs ™,
S I A AL 2 S, HA R 5 T AL
FISEIG IR, S5 R 6 TR o FEA & HA 52
BT, DGT 28 B BT A 19 Cocr/ Coan [HAE 0.9~1.1 1
SN, SIE W PR HA S, oo/ Csan [T 0.9,
E_IZ;@ HA {E’l\iij}ﬂ , AS( ]]I )%ﬂ AS( V )E/‘J CDGT/CSOln{Elﬂjﬁ
P F RS X —25 R S Wang 251 BF 52 45
SRS, A8 Visual MINTEQ 3.1 X5 A [7] 45 #L
Ji i R IR ORI R A R4 TR S & B (3%
4) UG DL S T B 28 8B LA oA R A=
BAME . PTREAAAE LR B R 3 Coer/ Csan [E 1 T R,
— 7 TR 4 7K T Bk 5 ) B O ST Y LA
30 nm™, HA 43 T KR ZA1E0.01~1 pum Z [6], A S2 56 I
FHAR A I ALAZ K 0.45 wm, R HA 25 S 80 HLAR 25
TAEY BB A B 2R 1% O —Jr il A L A7

1% WHART]

TE2: SR LA U BB RE G, A e
LY HOUBE, S5 DGT 2 B 1 HE s L

TE J5 S 1) SEBRRE ARSI F, — T T 3 A AL
B R, B m LR R 2 5 A o 4 S
I8 AL, m] AR IR B B, H - Se g
DGT 3% B Ak T 85 5E 19 AL s AR, L IR BE A
S5 , R I - PR o A AL X e I E 4G
DR A TR NS

Lar O As(V)
12t O As(ID)
1.0
G 08t W
G 06f T 1
041 I I
] I
2 D i [T

0
1:0 1:1 1:5 5:1

m(As) :m(HA)
6 AHLEX LDHs-DGTIE As( ) F1 As(V) B 5508
Figure 6 Effects of humic acid on the determination of As(Ill)
and As('V) by LDHs-DGT

R4 FAEBIREET As(IDFA( V)BTRS
BHEDERARFT G EEF (%)
Table 4 Composition and proportion of components in As( Il )

and As( V) solutions under different humic acid contents(%)

As(II) As(V)
m(As):m(HA) 2
H;AsO;  H»AsO; AsOi H,AsO;  HAsOi
1:1 91.86 8.14 0.02 6.93 93.05
1:5 91.96 8.04 0.02 7.03 92.95
5:1 91.83 8.17 0.02 6.91 93.07

2.1.8 THLEFXF %8 B A5

LDHs J&—Fl HAT 2R G540 19 1F 251180 B85 1 50 4
AR, X 9 - ELAT AR i 4 W BRI B SR EREE TR A
162 R B 7 Al RE 23 % LDHs—DGT 2% B i I & it i i
2, Hop i S oC R4 F A — 0, A AR 251
Wu ZEBF] Ff XRD .SEM . TEM 54 A % LDHs W% Jff fifh
VB (R IO S5 M4 264 T T AR5, & B LD Hs S if (10 Wi Bt
TR A AR ) A5 BRI b, XoF B A R o o R A
TE R THT R LN )22 (8] 2 B r e Rl LA A [) A R o 47
ST L PR 35 v ol 19 A R G T DR IR O W X
DG 2 B i () s i 35O A T B

i 2 LDHs—DGT 78 3 A A [F) e J5 il P A 1) I
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PLAR TR G i ot AsCID) A1 As (V) BEF 70 2 | 5250
S5 AT BT < AN ) B W R AR X DGT ¢ & U
i As(ID AT As( V)R =AM, Coer/ Csan [EIITE 0.9~
11 A3 BN AR 4l 8 1 b 7K 5 & A o) (GBY/T
14848—2017) Fi 22 il W2 AR 72 — 25 /K T 1 b Mk 0.2
mg - L, FESEBR N A, B AE B TS Yook R i e
AT AN FREE ) As I A As (V) BEA FHERR N A2 .
2.1.9 As(ID)F1 As( V) 54+ [t

DGT HEE AN « 2150 B 7 il 9 B I I, B
SIS TRGAT I B, 5 SO I A BT ) TR B A
AV S 9 THT 28 VR B AE — IS T B 1 8 U
FEZE Ml kP OB A AR B8 T N RE LS A AR PR
W B, S SOT g Tk, DT 5 | A iR 222,

H DGT e B 73 5l il B A8 57 AN TR VR 1) JC AL
W, 0] LR B Coer/ Csan (H I TE 0.9~1.1 1175 Bl N
(11 8) , 2 BH AN 25 BB X 125 A5 O A7 A8 I i

Lar 0 As(V)
! O As(I)
Lob—— [ _}—Jh—TTT}r
N i
U 0.6
0.4}
02}
0
0.25 1 2 5 10
Cm}'/(mg'Lil)
B 7 FHETF(BEEEHR )X LDHs-DGTMIZE As(1l)
FAs(V)BISS

Figure 7 Effects of interfering ions(phosphates) on the
determination of As(Ill ) and As('V) by LDHs-DGT
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Figure 8 Effects of different concentrations of As(Ill ) and
As('V) on LDHs-DGT determination

() 5 A W B, SR AsCID) A As (V) B Tk
ARV, SEG A5 AN 9 T/, 24 Can : Cav)= 1:2.2:
1.1:3.3: 18], Coor/Csan (I E 0.9~1.1 11 [ 1Y,
As(ID) A1 As (VO ZEATR] Ho B AN 2577 A 55 4 %
MG . F [ b 2 7K 2055 57 5 A ) (GB 3838—
2002 ) HL 2 19 PR K B i) BRAE R 50 pg - L7, AR 525G
As (I AT As (V) e B 243K 31 b 3 7K b o B AEL 11 2
F5 A b AN SR 2S B 1 14 38 4 i IS )
2.1.10 DGT 2% B AFAF s [a] X0l 5 45 SR i 52 i

FESZBRR A, DG 258 B0 FR35E Hh i T LA E A 7
P J5 AN BEXT A RPZI RS 7 AR BE, 9 X DGT
BB MFUE T THFY . SCIRZE SR AN 10 fis 4
FRMAEE R As(ID) A1 As( V) TRBUR , DCT % &
B As(ID AT As (V) Er i 7E 1 d G ARk, ER 3
KIFIRIERE BN AsCID A #2840, 1 As(V ) &5 &
WA kA AR,

14r O As(V)
O AsCID)
121

S R e oo o S EUL

081
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Figure 9 Effects of different ratios of As(Ill ) and As('V) on
LDHs=DGT determination
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Figure 10 As(Ill ) and As( V') contents in the eluate at different
times when LDHs=DGT was stored

WWW.Qes.019.CN




m@g 1902

VRETS Rt Y F 4255 81

2.2 LDHs-DGT $&ill + 3 m L 25 sh 4L 2 F

i T 99k LDHs-DGT Ay PR FHECR , AT e
T AR K 4 AR AL AR S 5, S5
ERME 11 s, fERKAFET , RZLHEA(V)
FTAs CI ) 5 5 P V8 7K B[] 9 2B K T3, 76 60 d 7Y
T oK, RE BB ASCV) & &N
41.95% , H 5 5 1E 4.55~6.46 pg-kg' Z 0] 284k, 78 0~
21 d 5 FRI R, As( V) R B n, B J5 PR 45
R s xR 2 3 As(ID) S ARk A &
e As (I ) 55 5 i v 7K ERF ] A9 S22 4 52 30X B0 K
PO AERABEIRM AT, RE L3 As(ID S50

10

Coorav/( pe ke )
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12 FE0F 0] Incubation time/d

Coerpml ng: kgﬂ )
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15 FE 0 [E] Incubation time/d
160 1
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80

Cocrrem)/( wg* kg‘1 )

40

HAMA] 2.56 pg-kg s RZE LI AS(V) TR fE4.15~
4.86 pg kg Z AR AL, IV 7K I R] B SE KA A= B
WAL RZE B AsCID) % 5 1.2 pg - kg 35 £
4.62 wg-kg'; IRl , 322 FITRJZE £ 3 b a5 545
M 4.55 wg kg HMF] 9.03 wg-kg ! FIM 6.05 pg- kg
BN 9.31 we kg™, 433G AN T 98.22% F1153.88%
TR AT, K2 I AS(V) FREBER K
B[] 4 S 4 T 20, R )2 B As (V) % kb
22.59% , Hi 5 BHAE 2.73~4.96 wg- kg Z 18] 284k, 7E 0~
21 d B85 FRIH R T, As (V) S 30 5 25k /b | Bl s 4
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Figure 11 Changes of arsenic, iron and Eh at different depths under soil moisture content of 80%(P) and soil flooding(Y)
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AL, % 9K LDHs-DGT I T SR BE AL IHE A B 5 1903

A, B 7R ] 1 SE AR B d A8 Ak As CHID) Bl g 7K
B[] ) B S W R A AN B R i ], 3R
2 As(ID) & & N 0BG 2) 2.25 pg- kg, )2
3 AsCTD) 75 5 M 038N 5 3.20 pg-ke's FIAT, %2
AR 2 A 58 v G % 5 40 0 N 4.54 g - kg 1 0 )
5.77 pg-keg ' FIM 4.75 we-ke ' BEME] 7.78 we ke, 43
WA T 63.78% F126.93%.,

PLEBFR R EMOK AT, R)Z As(V) i
AR SN, FL ) RUR AR K AR T Al b
EARDY, 3R 2 R As( V) Sl hn s Wik 2%
PR HIE L As( V) FIEIE 244 T2 LHEAS(V)
WA AR, R R 2 7 T, — Rk e T8k
e pH T & (M 7.87 T &2 7.69) , il 16 1 T R, [R] Bt
Eh FEAE (N 148 mV FREZE-30 mV) , e HEAf A I8 J5
Wi As( V) B i MR, [l B ik 5t 25 2 80k id
Ji[Fe ( 10 ) He B M 22.34 g - kg 841 %) 107.82 wg -
kg, S HER AR, S SRS P BT, AR 2R
W2 T AS(V)O AW B2, DL EIRR G
YEMIRZE R . TR Rl b, RZE T As(V)
TRRZ , XA A2 HIES KRN SR L EERT
R Bl As (V)R I Y ERZ As(V) SR T
)2, RN 2R NC)ZE LA R R Fe id JRad 72
FHUE 2019 As(V ),

PIRIK - B4R IRZFER)Z L HEAS ()
T R T JERR AR SR R, 1 ER
TR ARHET AsCV ) 1] As CIT ) 55 4k A0k (38 S5 3 19
AR e As CID) B85 F ) ] ) A T kG . ey [
AT LB W 7ESE SR ol AR P As I ) % & 4R A PR HF
Y-RE>P-TRZ>Y-K)Z>P-3RZ X L3 1 Eh Fl
Fe (1) A2 ARAF LA T 00 2 J5 & 0, 135 Eh T B R 32
R Y-B)Z (M 139 mV T [ £ -35.89 mV) >P-% )2
(M 146 mV FFEZE-21.65mV)>Y-%/Z (M 132 mV
F 2 345 mV)>P- £ JZ (M 138 mV T % £ 13.58
mV) , [Al %] Fe (1) 284k Q&1 9 il - Y -T2 (A
22.34 pg- kg AN E 107.82 png- kg >P-E)Z (M
44.2 pg-kg BN % 99.25 pg-kg ) >Y-F )2 (M 19.46
g - kg B & 96.83 pg - kg!) >P-FJZ (M 16.89
pg - kg AN 65.86 wg-kg ™), PRI AT L By G R [R]
i Eh N B RER B A IR AR B A As (I By & 5.

g5 b, BRI A LUK AR R
TR JF AL AR R, 3 Bk S AR e A A D
S B [ E N - S ORI, I HAE IR SR - R
B As(V) B4k As (I , 338 53 % LDHs -

DGT N FH T2 brtifi 5 G 3 vh K B0 - 1220 B T LIAT B%
b X 35 Gt - 3 R JCATURAE AN [R] K 7045 3R S e AL
HEHEATRTT , DR I3 R X i {5 YL BRI A4 IXUBS DAk 4
BB E R

3 #ie

AR 58 T AN K 2R AU A AL 9 (LDHs) 5978k
B AR (DGT) - F T4 &, FF & T — Rl LAY 26
B ARG AR . 20k — RISLH A 4T, 15
U458

(1)LDHs &5 & BEI R AsCID) A1 As (V) (85 K%
Ff 1A 30 wg s cm > F185 g+ em™?, 7E 6 h PN AT SE B X 4%
B EEIE I 2 A B8 IR AT AE pH Ry 4~8 (B -5 B /)N
F0.7 mol - L™ Y BREE o xF As (L) A1 As (V) 4T HER
AE .

(2) 1225 o T s et + AR R K 43
PR MRS 1 sh B R F T, 45 R &£ 9 LDHs—
DGT BEJEALE i I 2 TCHLAIE A& 12 4k .
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