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Study on Measurement and Influencing Factors of Inorganic Arsenic with use of Diffusive Gradients in Thin
Films Technique in Waters
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(Institute of Agricultural Environment and Sustainable Development, Chinese Academy of Agriculture Science/Key Laboratory of Agro—Envi-
ronment and Climate Change, Ministry of Agriculture, Beijing 100081 )

Abstract: The performance of Diffusive Gradients in Thin Films Technique(DGT) for the in situ accumulation of bioavailable metals such as
copper and cadmium in nature waters, sediments, and soils has been investigated in recent years. To evaluate the feasibility of using DGT for
the measurement of inorganic arsenic(As) under natural conditions, hydroponic experiments were conducted. They enabled the study of the
ability of As to adsorption to the iron—hydroxide gel in the DGT device. Various factors that may affect the adsorption of the As species to the
iron—hydroxide adsorbent were investigated. The results indicated that the maximum and effective As adsorption capacities of iron—hydroxide
gel were limited to <42 pg and <13 pg As, respectively. The implication for practical measurements is that the deployment time used
should be carefully considered to ensure the accuracy of the measured value. Under laboratory conditions, pH and As species in solutions
were demonstrated not to affect the concentration measured by using DGT. For each sample, the concentration was obtained using DGT and
additionally by direct measurement using hydride generation atomic fluorescence spectrometry(HG—-AFS). Good agreement was obtained be—
tween the two measurements. We can conclude that for the conditions used in this study, DGT was a reliable and efficient method for pre—
concentration of total dissolved As, enabling its measurement at environmentally relevant concentrations.
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HREY B R (Diffusive gradients in thin—
films technique, DGT ) J&— 30 FH F/K A& . GLF 4 A £ 3
HEYSESERMNEEN T EY, DCT SR F
i1 Davison Fl Zhang 7& 1994 SE4& H W, Z 5 B A0k A5
ETREMB A il 2 B 71 BRI E APk,
JEHGE T BB SR IR B R G R B &5 Hr
IRERGERRMN EEY, DCT RBEHTKEFEREE
THIMAE , FEE BFIE AR WIR A, Ry IS B A
K, BRIAESEE % DL H BS54 T AR TR
T3P E R KA R A E Fh A AR, R IR
ARATLIETTRY S TP A YA RS ELRE T
AT AR B 4 JR FE DU A/ 1 338 v DA AH 2= R R
#I3 J12#13 F2(Zhang et al., 2002 ; Motelica—Heino et al.,
2003 ; Ernst Berger et al.,2002), Zhang %£(2001 )%
DGT HARN HEH W ESE Cu #HATIE, 3 5HA
JURPEGE R SR E J7 EEAH UL, B DGT £k
W5 /Y -3 Cu & B SHEYENTIH Cu BFCH:
T T HA 7 45 B Y45 2R 5 3875 55 (20063 2008 ) F]
F DGT HEARXS RALT K RRBETIRY H Y Cd FE
&R IR BN 12 A AR HATIIR 18 1 R
WK RARBIRY D EESEN LSS & RMFESH
SYARRHE . LA DGT % 385 o LA B B
IREFERRESBILR As WITAZ RN EM (Fitz et
al., 2003 ; Panther et al., 2008 ),{H /& F%:F DGT il
FE I A A SR A TR B, R 5 T
AP W R E— 2D R o A8 SOF| IRV A T Y
B, WESE DGT W KB e % T AL By W FA 2
DGT Yl & ¥ B X 7K A4 Hh TCATL A T 52 MR FEE 154 i oy 5
KAFIA B pH, B4 A% DGT P %E 45 SR A2,
B 7ENF A DGT RAEFFE h A WA SR L3S
et

1 #BE57FE

1.1 DGT RiX5& & KKy B

ARE PR DOT 2 B (& 1)M3K T3 =
DGT BF A BRIV, 555 B ik i) 7 DRI AR 3.14
em?, I HBERZ R N 0.096 cm , PIERI FHERIE A 3
PR TERE SR -

DGT TARJFEFENIE 2%, DGT 3 ER A BAT:
D FRSE R B RRE R 5R SR IR BSR4 [ 2 FE DGT 2%
BHNZERRNIGBIEER D, SR NG Gl TESS
BHGIFAEZ A —EY BB, Y HUEAE
R B BEAALAR RN, TSR BC VR

O EFhE R

1 DGT Rk EHEHE

Figure 1 DGT device structure
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Figure 2 DGT working principle diagram
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BN — AR R AR R TR B N, S A A E
EMESEERTA RN HXR, ELINESE
LB EMER ISR E RN R E 56 HH LB
FIFFI R 2 M AT LGB (D) EAR

M=C,(V AV, )IE; (1)
H: C, S FHk HNO, 1242 19 3R R M IOk e B e v 2 Y
TEIIREE , g L7V, F V, 23RN RIS 5
FIAFR , mL; E, 2278 2 HERON B A Ve 508

FE & AR BB N AR P B Tk (B AT LB i =R (2) 3
BAS N, G Fick H—4 HUE A,

Coer =M A gIDAt (2)
KA : Ag Y HUERWIRE , om; D BN YITEY HUZ
HERY BRE, om? s R E R E] 54 Y HUR
SRR AR AR, em?,

R THE SRR R AR RN S8TE DGT ¥ #
B Z P Y HLR B B Panther et al. (2008 ) A
REER, Hfh =My s8Rz a3k
5.95x10° cm?+s71.4.90x107 cm?-s', AFRMEFH LIRS
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=M 5 AR SER AT SRR E S =M
H5HMMY BRBFE AT RSB0, X T
B SR B AN BB 2 =5 B A AR AE L A1
B, — MR Y R Dave(5.45x10°6 em?+s7) i
TR

AR I F K 3R F 204 Milli-Q /Kb R G
B4tk , DGT W FH¥5E 15 W it &t M. DGT Xf 7K f& o As
VR MR R DL R W pH X DGT il 22 25 5 1 2 i ik
B F A BRVE TR Ry Fh o R R e i A B A
HEW RS54 GBW (E)080117[HE il Bt B i vk B
FORHARIING s ASREIRNZSNT DGT I 5E 45 5 5 ik
56 {5 P A VA VB £ P R R A B A B BT
BFRUEY [ 4752 GBW 08666-GBW 08669]FL il ifii
FLEIHREEA 0.1 mg- L™ B9RRFII -
1.2 REH*
1.2.1 DGT W B A i) R o 22 (M )l 8

1) PR A o 40 5 B VR B R 10 mg - L7 BB
VB, 43 BB 20 mL BT/ MR R DGT 258
TR /INGERR AR A TR BRI , 1 BEAS [R) A4 st [ 66 B 5t
#(0.25.0.5.1.2.3.4.6.8.10.12.24 h) U DGT %
BT ANTINE , I R R R R 3 N EE
1.2.2 DGT 32 {85 A5l 7K A o B 4k JBE 194 i) i 96 2R
5

1) FE b 490 5 R TRIVR BB B (01,051
2.4.6.8.10 mg-L™) MBI RF IR, AR E RS E B
3IANEE, BNELI 20 mL F/MNEMH ¥ DGT %&
B /INGERR AT S, iE 2 h SR B DGT
B BEIATHHTINE
1.2.3 ¥V pH {EX} DGT Il 2 (S 53

I PR BR ) SR BC HIE B4 10 mg - L BRI
W, HEi% 10 4> pHAEREE , FIFRER MR FIH NaOH 1y
pH B F 3.0~9.0 Z[A], B4 pH EFFE R E =15
2, BANEEI 20 mL F/NERH % DCT & A
INGEAR AR TR MRS, BCE 2 h JFEUHE DGT 368
HEAT A AT AE o
1.2.4 As(V) . As(I1)%F DGT i 5 {8 i B MR 55

1) FA e o4 0 O B 1 VR E R 0.1 mg L7 B9 AN
FAs(V)/As( D) ARFR ) As(V)F1 As( D IR &5
W, DL As(V)ZETR B ¥ W P A Lo ok 3R (0.25%
50%.75%.100% ) , HFp b PR E 3 NERE , B HE
S 20 mL BB T/ MRS, B DCT B E A
BRI TR AL, BUE 6 h JRBUH DGT %% & 3
o3 HrillE

1.3 S RMNEF %
1.3.1 DGT R B FF B W BRI iR 42

R BT A DGT %% B S T3 T 4 5 B A9 BB 4R
WL, AR-FFE T 4 CAYPKFE P (Davison and Zhang,1994),
DGT i FIHT 6 h MUKAR R , S f5 AR A R
H DGT, ALK M , 7 F i ) DB AR A W
DGT & MR B R AIK T, AR 20 mL WA
INERRHR e IR KSR R AR . IS R
J&, SCENEUE DGT B8 3 Ak M bt DGT %
B, SAGTTIT DGT 38, U = R BB A T
BB, A 2 mL ¥RAYER, B2 24 h S5
HG -AFS (Hydride Generation Atomic Fluorescence
Spectrometry , S ALY & A TR T 56 AT RE
1.3.2 JE0E A A R 7 ¥

kR HEE A S KA - R F IO (HG-
AFS9120, 35 RALER , ALH0 )W E T P S
1.4 HiEsbiE

RIEIER FH Excel 2003 K SPSS 13.0 #£474#r
%41t , %l Duncan 33T 7 25000

2 GHRESH

2.1 DGT R Bft &8 B2 B R Bt 22

FIF DGT el & v TR MR, 24 DGT
RPN B SR E — 2 BT E S, DGT X A5
T MR B S E B[R] Z B — X e R P,
3R FHIE 24 B4 0T A DGT AR o &l vl AR R
FREIN P v B, AR I A A AR 3 R 5910 9 7 20 A
BORTHET, A8 DCT HEF BT X ERL
F 2 ZRP, W M A e R AR Ok B2k 10
mg-L7, % pH=2.96, 1R >0 22 °C, R [F] B JiCE B )
(0.25.0.5.1.2.3.4.6.8.10.12.24 h) F #47 9 ,DGT
W% 58 5 Xof 7K A P ST ATL A £ VR 8 5 780 1] 22 ]
FIR R A 3,

E o B AR YE A (2) TR H B TEAR B B
V) T W SRR R RO B R o 2 1, T o [t A VR O A
W B ) SEBR I E (B, R 3 AT B, & —EE
BB , IR e T A3 (>2 ), VR o e R o
FIBE N2 T 2%, FERCE 24 h J5 , BRI A IR JF R ik
B 42 wg £, S EIESHT, 0 E B E] <2 h B,
W% R 52 14 S P R B 2 5 B T H A R o =2 )
SRR ELEEE, TR

y=1.146 5x-0.254 3(r=0.999 3)

#E =2 h B A T H I R T B 13 g
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Figure 3 Measured mass of As accumulated on the iron—hydroxide

gel within DGT devices vs. time

o5 BRI R A 319% 26 47 5 240 [E] P I, 7 =3
h B, BERSEBRIR B 2290 14 pg, TTHE B BB IR
TEZ900 18 g, B R S P it B 5 30 I
Z A2 5T 10%, T H A B DGT il & ¥k
EESHERERREEZ har=ERRER, H
e, TEAIRIGIIFE 10T, DGT W B e o) bk 1) B3 K
WA <42 ng, HARMR M AR <13 pg.
2.2 DGT JURE 557Kk 4 ch# R B B i Bz 35 2
WS DGT W xE /K AR ALV B i v T4 S
WERATE, JEFTT DGT W& B 5 A K A ik B 1Y
M o7 56 2R ARG o AR I 15 B A RF I K 1Ak o TEAL
PRAYR KR 8 4, WRIEVEREILER 1,DCT 2581
FERTE 2 h, iR R P IR IR AR 24 °C, DGT
WU A A0 P TC AL R B (B 55 B HG-AFS Wl & i)
I R (LAY LA LR 1

R 1DGT 5 HG-AFS HEMNER KD LML RILE

Table 1 Comparison of concentration of As measured with use of

DGT and directly by HG-AFS
Crears/mg - L* Cpe/mg - L7 Cror/ Crgais

0.114 0.112+0.006 0.987+0.049
0.576 0.642+0.019 1.114+0.033
1.166 1.207+0.045 1.035+0.039
2.306 2.393+0.146 1.038+0.063
4.592 4.630+0.209 1.008+0.046
6.946 7.040+0.587 1.014+0.085
9.091 9.617+0.531 1.058+0.058
11.548 11.728+0.700 1.084+0.061

¥E : ¥Cue_ars(mg - L) : HG-AFS I 52 A TCA LA ¥ E {H ; Concentration
of As measured directly by HG-AFS.( R [A] ; The same below ).**Cper (mg-
L) :DGT ] %€ #) T HL M ¥ B {H ; Concentration of As measured with use
of DGT.("F[A]; The same below )

253 MM, A DGT W% H B9 W
e B 5 B B HG-AFS 1l 52 A ¥ W i il vk
JEEZ B2 BELEAR, KRN

y=1.025 9x + 0.011(r=0.999 5*%)

DGT W % A9 v TCALA R B (6 5 HG—-AFS i
FE B W TCAIL AR B (B ZE A RIS oo ok B 7K
B HAESITE 1.0£0.1 YU Z A, B L HG-AFS H#%
22 B ¥ WP A TC LB VK B O TL{E , DGT Wl 5 9%
W TC ML VR B (RS A X R 25 43 00 R -1.78%
10.28% .3.40% .3.64% .0.82% .1.34% .5.47%%11.53% ,
Vb2 RFREARB RS T ,DGT W & A7
Y TEHLA VR B 55 A I KA H T AL MR B A AT
FmN e FR, I DGT B A X 7K A Hr T HLa Y
W
2.3 &% pH 3t DGT IE L RN

IR AR KA TR X+ 5809 pH (H22 7 1R
K,DGT 7E 3 i R i 2 B4 32 2R Y B Y pH {H
MRS R B IRz HIFEZEST pH E
X DGT (A o AR K A H pH {E7K
S35 2k 2.95.4.05.5.18.6.11.6.39.6.95.7.37.7.60.,
7.95.8.18, MIEIREE K 24 °C.1=2 h K P ICHLRHHk
B2k 10 mg-L7,

% 2 A pH KFET DGT IR Bt i B Xt e i R, B 2

Table 2 Measured mass of As accumulated on the iron—hydroxide

gel at different pH level
pH Myc/ug* P SD BRFRCVI%
295 12.236 a 0.218 1.78
4.05 12.251 a 0.456 3.72
5.18 12.348 a 0.884 7.16
6.11 13.087 a 0.693 5.29
6.39 13321 a 0.376 2.82
6.95 12.737 a 0.574 4.50
7.37 12.638 a 0.484 3.83
7.60 13.543 a 1.067 7.88
7.95 13.328 a 0.024 0.18
8.18 13379 a 0.820 6.13

V- M ) DT EE B BT i Measured mass of As aceu—
mulated on the iron—hydroxide gel.( T[] ; The same below )

% 2 HA[FE pH T DGT X5 wk Hh TC LA Y 1%
Rt o 7RISR 1Y pH Y8l A (2.95~8.18 ), W FFHEE X At
HW R AR R 12.236~13.543, 720k, AR
pH Y5V HF I R e Xof At 19 TR A 22 ) 22 SO
(P<0.01), PLBAZEIR I i pH 38 BBl P (2.95~8.18) ,pH
(B AL B R B P IR A SR T
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HEARTE pH {EF ,DGT il /& ¥ Wi vk FE (5 5 HG-
AFS BEHE Ik B Z A LU L3R 3. FEANTR]
pH KT, DGT %8 ¥ W Mk & {5 HG-AFS Ul 2 ¥
VROV FE B UM 39 7E 1.020.1 YEREIZ . RIZLIHG-
AFS F 0 22 B9V W B TTAL A IR b B, DGT
W22 B R) pH BV W P TCHLAH VR BE 5 008 A AR X
1R 2 43 51 H-4.69% . -3.38% 1.14% .4.59% .8.49% .
4.21%.2.69% .9.27% 11.69%F1 9.69% , ZAHF5% %5
0, 7E pH 2.95~8.18 fZE (L TE Bl YA WK pH X%
B B B IR B AN E S5, B DGT Mg 45 5R%
REAS AR A7, S B H 3 R e ) B SE VR E 1L

< 3 pH X} DGT MUZE & il iRk BRI R0

Table 3 Effect of pH on concentration of As measured

with use of with DGT
pH Ciears/mg L Cpe/mg- L Coer/ Crigars
2.95 11.126 10.604+0.218 0.953+0.017
4.05 10.989 10.617+0.456 0.966+0.036
5.18 10.580 10.701+0.884 1.011+0.072
6.11 10.843 11.341+0.693 1.046+0.055
6.39 10.641 11.544+0.376 1.085+0.031
6.95 10.592 11.038+0.574 1.042+0.047
7.37 10.665 10.952+0.484 1.027+0.039
7.60 10.741 11.737+1.067 1.093+0.086
7.95 10.341 11.550+0.024 1.117+0.002
8.18 10.570 11.594+0.820 1.097+0.067

2.4 As(V). As(Il )3t DGT fl%E &5 SRES RN

HERPHEERZ NN As(V)F As(1D),
SRR A TOHLE , BT EE™, ZEPEM IR P S
I E ATCHLASHE B PR ME . DGT 7EI E ¥h58
H Y B R B S 2 BR RN S 52, As(V) Al
As(I1)7E DGT MR FRHEERL 12 4 B R MHE
M52 DGT 7EW %€ FR3% rh TALAS AT Bk 2, [H
WA BESFARMZE As XF DGT I & TCHLH45 R AY
FMHTHIT . AR EN As(V) A1 As(IDIRA
R As(V)ZEIR S W BB 43 1433008 0L
25%.50%.75%.100%, MR EH 0.1 mg-L™ 247,
W pH 4~7 .t =6 h IAEFIRE K 22 °C,

DGT 1 BFHEE S X0 A [RI T At Ay W o it 4n 3% 4 e
Ne NERIEELBEE As(V)TE P B R 35 m
DGT %} 5 As BRI & 2w/ # 3, Panther et al.
(2008) 5548 i, As( Il ) 7E3# i DGT ¥ B &E fise J= st
AT BOR B As(V)K, Bt LLTEAH RIS [6] Py R B s
X AsCID) A% B 38 As (V) TR B &K, TR B

R4 REMHZSELBIRH AR H DGT R B R Ak 3o i £ IR, B 28

Table 4 Measured mass of As accumulated on the iron—hydroxide

gel in mixed As(V)/As(1I )solutions

As(V)/%* Mocdpg WEESD  ABREECV.I%
0 0.382 0.011 2.86
25 0.395 0.005 1.35
50 0.357 0.015 4.10
75 0.353 0.007 1.96
100 0.311 0.011 3.50

Ve £ * As(V)%: As(V )ZEIR AV RO 4 KOs % of As present as
As(V).('FTF]; The same below)
As(V)TEVE W AP LU B A3 B, DGT X 54 As AR It B
SAHDEL

ARIEE As(V) As(I )IESH W+ DGT Wil E
VWV FEME 5 HG-AFS B0 v ovk BE A 22 1] 1Y)
PR 5, TEAR As(V)/As(IDEBE 5 L)
H, DGT Wl 5 ¥ WK Mk FE {5 HG—AFS Il 5 ¥ v ok e
{ELAY HLAEASTE 1.040.1 JERIZ N RIZLL HG-AFS B
FeD 78 B9V W B TCHLRR MR BE O ELAH, DGT I % 1Y
A As(V)/As(IL ) B 43 He¥s i o TALA R B 5 JLAE
HIAERHR 224> ) K -11.81% ,-6.51% ,~6.34% .0.83%
-3.06% . W As R BEEARXTEAR, 7 0.1 mg- L7 /2
4L TR ZB K. ARG REN, EAR
As(V)/As(IDFFE 4 B H , As(V) 5 As(I)7E
#47 DCT IR BT AAEFESE S+, H DGT Yl 45 5%
REA AR G 4t S L S ¥ F i ) L SV B L
%5 As(V).As(1l)x4 DGT MZEEAI =M
Table 5 Effect of As(V).As(Ill ) on concentration of As

measured with use of DGT

As(V)/% Crgars/mg- L7 Coc/mg - L™ Coor/ Cogars
0 0.103 0.091+0.003 0.910+0.025
25 0.105 0.098+0.001 0.935+0.013
50 0.099 0.093+0.004 0.937+0.038
75 0.096 0.097+0.002 1.008+0.020
100 0.093 0.090+0.003 0.969+0.034
3 g

DGT HFARMEIF R AT E MWK E, B
Wi EEFELS &M BRI R E M, B AR
Cocr =M A g/DAt THEASH o DA IR B & 9 BFFR AT
DI, RATE—E R &CEBOR M E)EREN,
DGT ) % {E A REHERS i 7235 H AR P b 19 JT S0k
FEAE o 38 3 15 H A VR T O A 288 R A £ T DA e
DGT 3¢ & 7 55 1 A CE BT ] o PR e SERR N A
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PIARYEERIE Fh AL AV AR, B DGT 3B ik
BT, AR T DGT W BFHEERE A 25 b i
B, AREE MAEHE R EER SR T EEE. Xt
DGT W BFHE RS W i 2 ORI ST 25 SRR B, LA R
W B30 BRI 25 DGT 25 v 34 W B B A 0T TE ML A 11
AR MR <13 pg, A HEREMARK 31%%
Ao BHETHRERAT LR S, T BEEE
27 0.096 cm ) DGT % '8 , 75 H W M BE ek 2 A 380%
B} B 2 A, DGT 3% w] LATE 25 CF i B ER IR B LY
910 pg- L™ B7KFEH 10 do AT ZEKF DGT A TR
KR ESEHWER, HFAREFHBEFR
HABY BTSSR, B0 A RO Y B 2
A P RS,

R R AR L B S, Y BRE D
(em’s™) | BEMRRER E, SFHR B THRIA MBI RS R
(Zhang et al, 1994 ; Panther et al,2008), A #fF5XFHH,
VMR S AT HURAS B 5 I %€ ) o S R 3
B RS FIUE A R A fr 2 575925 1 mol - L™
HNO;(Zhang et al, 1995 ) . HNOs( Garmo et al,2003) .
1 mol - L' HC1(Mason et al,2005 ) . % HCI(Panther et al,
2008) SEETA] AFSRUEME DGCT W BHEERS b M B A7
WYL, BEARX TR E R IR, UL BCRAEAF
AR AR T e PR, (EX T2 8a R kUL,
TEE A HNO; /R AR 5N, HIEBBCREGE T
100%™, RIHAEAIRI FPIRATR HHk HNO; /IR 4R
o A X EESHETEAS H DCT W E B 577
TR AR BE B DG 2R, 5 AR ERH, DGT 2 B9
VR TEALR MR B 5 E 32 A HG-AFS 1 2 R 7K fA
TeATLR BE 22 (6] A BT M N 6 2R , AT R F KR
BB 4 BE AR E

A5 E T T X DGT L i F2 H A —LE 7T REAY
MR R IEAT TS . W pH X DGT M EL5RAY
B RM , EIA% K pH JEH N (2.95~8.18),pH
AR IR FFHEERE B B EAFFE B, 2T pH
AL SR SN IZE DCT § BRI 2 Y B R 3K
PR, TEAE I BA HEATIRARIERDT, T2 AR
3 Panther 47(2008) BT 45 R , 7 pH 5.0 244+ T 1
FERIBITE DGT ¥ BB J2 Hh A4 HUR #07E pH 3.0~
7.0 {EE N AT T DGT WitHE . /KIKFHIBEE pH
BRI E R & R A A R 24k 78 pH E
N5 ZERRIEHE, PR As JLP 584 L HAsO
AFAE; 76 pHAEN 3 BFAE 83 % LA H,AsO T 77
£ 17% VL H:AsO, TR AFHE; 76 pH AR 7 A B %

44% ) HASOXTEZTEAE .56% DA HoAsO: T SAEAER 1,
AT, 78 pH 2.95~8.18 JuFE N R A pH 5.0
ZAE T IE MY BR BT, 45 5R% 9 DGT il
EVE PR S HG-AFS 1l 8 7 W Mk BB 2 6]
RIFHXTIRZETE 10% VA . Mason Z£(2005 )5 T A
7] pH 254 F LUK B VE R 50 9 DGT 2% &%
FRER IR FRHE T, S5 R BRIITERRYEE R pH I,
DGT 3 BN BRI R I WA 25, AMBAE A K&
H;PO, Fl HPOTFAFE MR L T 18 B — B 45 R .
P, pH % DGT 3 HUR B =2 2 i) DL Z0mg 9™, B
pH Xf DGT ZE/K A F i 0 TR 8.3 700

AFEH AR SR R DT iEa =M, As(V)
N AsCID) AFAAESE SR BAE A L ERH T As(V)H
As(ID) g5 R T RN, As (V) F As (I ) 38 3
DGT " HUBE I M B R EOR [FP, As (D) 9 B R
BORTF As(V) B9 HUR B, AT S BU7EAH [ ik ek 1)
W DGT Xt As(V )M &R T As(I) AW ft & , 3RATT
BIF o /8 B IR RO 45 5 . Panther et al(2008 )X As
(V)FI As(ID) 3 B R BGHEAT TR, G5 R R I As
(ID)F1 As(V)TE DGT ¥ HUEEI = H Y R 8535
K 5.95%107 cm?+s7'.4.90x107° ecm?s7!, TXTTF As(V)
1 As(ID IR &V, HAE DGT 3B HUZH Y-
BRBOFA XN HFSE ; Panther et al(2008)# i E
1 As(V)F As(ID )IRA HBI BB T AT SR A As(V)
1 As(IDY BR B IMBCE 81T, ZEK R
RN As(V)FIAs(ID) He B 1B 5L T , A DGT il %
ToALB BT SR As(V)F1 As (D §™ B R By -F 34 1E
Dyo(5.45x107° cm?+s™), FH LIS H 945 R KK
Reh As(V)RHIRZ 10%, gk rp 4 As(IL)
B2 10% , 47Kk As(V)F As( D) FALERE
BT, L= A IR 2ZESFE 10978 R AN . FEARBFFE
e As(V)FT As(ID IR A LBl 15 5L F R A As
(V)F8 As(ID Y B R A A B %0 4T11H55, DGT
WES B EE RS HG-AFS H#EME MVE R+
MLBRHR B 2Z [ A RHR 2 HE 10% 2, Ui DGT 7E
KA B 1 2 B 25 A 2 T A 2B

e BRI LRI R E S, i THAAE
BLGT BY R FME AR — LAl 2P SO L B S =
PRSEAFAE , AT RESTE—ERE b5 Ml IR B 590 A 280K
M QKA PRI T B HER X 254 KR Y
JHR AT 2520 DGT BN FRCR , T H—LLfH B+
BIANBERRER AR EREL RERRERDS S TE— 8 1 SR A AV
FET 23] As(V)FT AsCII ) By I o162, ‘g i R A,
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D) P T8 S0 MR R 29, AT, S HERR o BB I
EEZRHHE As(V)F As(I), 2 FHIERERE |6
FLEA BB 2, AT As BRI . LA,
ABTFERI, As(V)F As(ID) ] LUE s Fe( ) AT Al
()55 BRRE G —E, B U Fe(I)-5 2
PRI 65 T B W T RE 2 SR A A g R MR P, TR, 7
A Fe BT E RRAATEREILT, WRPHTRESIY
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4 i
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