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TEE : SC00 He U B A —— I 7R LA MO Ostreococeus tauri FIRPRE  DALTEHEEER N =B (As( 1) ) AR, RS 4l 55 32 1 0F 50 08 PR
Xt As (D) PfF L. 25 R R, As( D) 48RS O. tauri (RN EZEHTPARFEHLN]. 5% T 30 wmol - L™" I 1.67 pmol - L' As( Il ) A9 ¥EFRIE
I, A e TR 60 h F1 72 h PPRREEEFREE T 90% LA i As (D) EAHBEMERLRI TN TR (As(V) ) . BEE R IR I, 3597 6 d 5
FEVRIN 30 pmol - L= As( ) 15 3% 503804 Py 57600 3 — H LAl ( DMAs (V) ), & B 20305 P 1308 ) i B Al R AR SR8, E 0. tauri R PIRIHR
FEACTTVE N 5 —Fi B AL T O 45 Wk BE RN M R B T 2. 3 0. tawri WSSTIEE R REFTWFST R, mﬁiwzﬁﬂmﬁﬂﬁtﬁmb A3 5
PR & RSN HEA TR 20 40 80 pmol - L' As( 1) 3555 4 JHUS , 0. tawri AT43H177 L2500 16.7 4.0 T 1.3 ng. 0. tawri 3833 X5 Y 2 AL 3K
FAAER 200t ) ) B85 A b i | 30 o oy Y SR B 5 A A AT 2 A e P e e 2
SRR VTR AL R As (D) B Ak ; T T L4k R
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Abstract; Marine phytoplankton is able to accumulate arsenic ( As) , but the resistant mechanisms are unclear. Microalga Ostreococcus tauri ( O. tauri) ,
a model organism of natural marine phytoplankton assemblage, was chosen to investigate its As detoxification mechanism. O. tauri was cultivated in pure
culture with different concentrations of arsenite (As( Il ) ). The results showed that As( Il ) oxidation was the main As resistant mechanism. When the
microalga was exposed to 30 wmol-L ™! and 1.67 wmol-L~'As( Il ), more than 90% was oxidized to arsenate ( As(V)) after incubation for 60 and 72
hours respectively. After exposed to 30 wmol-L~'As( ) for 6 days, dimethylarsenate (DMAs(V)) was detected both in culture medium and algal
cells. The study of As biovolatilization by O. tauri showed that this marine microalga was able to biovolatilize As into atmosphere for As detoxification.
After exposed 1020, 40, 80 wmol-L~"As( 1) for 4 weeks, 16.7 ng, 4.0 ng and 1.3 ng volatile As was detected respectively. The results indicated that
the As detoxification mechanisms of O. tauri were a combination of As oxidation, methylation and biovolatilization. This study expanded the understanding
of As resistant mechanisms of marine phytoplankton and implied that marine organisms might play an important role in As biogeochemical cycle.

Keywords: marine eukaryotic microalgae; detoxification; arsenite oxidation; methylation; volatilization
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EEWA : FHKHARHS (No. 21077100)

Supported by the National Natural Science Foundation of China ( No.21077100)

1EEE N KEF(1989—) , %, 114, E-mail : syzhang_st@ rcees. ac. cn; * BIFEE (FEIEE) , E-mail ; gxsun@ rcees. ac. cn

Biography:. ZHANG Siyu (1989—), female, Ph. D. candidate, E-mail: syzhang_st@ rcees. ac. cn; * Corresponding author, E-mail ; gxsun@ rcees.

ac. cn



2880 I

N

33 &

W R ICHLA 2 DO RREh (As( D) ) A1
PPRER (As (V) IEAFAE. X T AWk Ui, w2k
AR TR ICER , 3l BB v B i A A K Y
HEAL I R R Rt — RS R i B AL, LR
XHA SR E. AT, As(I) 7T Rl
JKGEIE A K B H M A% 12 8 1 GlpF iz 2K M
(Sanders et al. , 1997) ,As( V) 0] DL o TCHLBEFRER
12 2250 ( Phosphate inorganic transport, Pit) FITER
ERFRIR 5 32 22 45 ( Phosphate specific transport, Pst)
W W E 4 L ( Rosenberg et al. | 1977) ; 7E HAZ 4
Yranwerkh  AsCI) B9 =2 GlpF 1Y [
iz 51 Fpsl /5 ( Wysocki et al. , 2001) ,As(V)
I i 3 B3 i Pit R 4 B B % 32 T ( Yompakdee
et al. , 1996). B FAs( D) X4 i HA B, H HF
PELE As (V) 5R2 100 A%, A4l 3 5o 4 HC A2 s 4 i
SIRMATRRE R AEEA YT, As(T) 18 7] 5 GSH
ZEE NN As(GS) AL, TRt A7 W LAIK
2@ 5 H 1 (Rosen et al. , 2002). oM, As( 1) AY
ALY AR Ry 2R W X Tl 1 i BE AL 22— (AR
&, 2009) . BFFEAEE, As (1) %A AL R H AT AT 23 9 4k
RETCHL F = BUMAL BE A HL 5 72 24, Hovh fLBETE L
A AL As(ID) S AL B AE 9% LA CO, o T Z AR,
As(ID) VS e AR T AR K il b As (D) %Ak
A As (V) [a] i 30 i 1 A 1 A BE AT BL 5 5% Y
As (I AL AU R As (T ) 59 2R A R i AL
il B I 4 M FE R Y B R M ( Oremland et al. |
2005) . AP 19 As (TI1) 34 v 7 6t Y BE 4 8 il 1) £
FATR 38 Y A 7 A B TSR e e R — T R I R
TR T 28 5 h i a2 T R e AR R
PERY = LA TMAs. 84138 , 200 | 20 T O 2 3l
KEMAT PR SE - EIENMLSD
( Bhattacharjee et al. , 2007 ) , il i S S0 A B )&
AW %t Te AL = A B i BE I — > 2R AR (Bently
et al. , 2002) . TE VA P R oy — B 3L i i T A sk
— AR A B Rk | A 5 R R OB 45 1L 5 )
(Francesconi et al. , 1998a) , 5% 55 I 45 15 i) JCHL A
AL N TEVERA A LA, X SRR o N Y
Xof TCHILA g B 1 B SR AR

TEKA RGESOoK A B BE b, SR HA
TEsh &) S A8 A0k IR, B G B2 MAER. B4
N FRE L KB A, i T HK A ISR
KR, RIS M B WA T W) Jo B 35 RN, S B
TEEAE Ry — oK A B P %) F 28 W DU A= 3% Bk TR

WFATER. A SZ56 Bride WY Ostreococcus tauri J=— R
TEREAZIOBE, T 1994 4F 18 I 15 00 P 2 B, 9F T
2006 AF5E A FE NIy, FEor A )32, A5 335 A
T R ACRPUVE BN TE ORCETR AR A K
i ( Courties et al. , 1994 ;Derelle et al. , 2006 ) . %3
S AN BRR S, 2 H AT MY AT LL A i A
I EAZAEY IR R AR W) )z O ] T 4%
i N ERE N PSS R 3 DO R NSRRI R S U 4
. R, RS LL 0. tawri MR, LLAs(TD) AR
WL PR X As (I ) A W W RN 2 Ak ik 72
B L Ve T i R HL A

2 ##EFAF % (Materials and methods)

2.1 EMAEEREAMS

T B ¥ B Ostreococcus  tauri W T 325 &
Roscoff Culture Collection ( RCC). ¥ Fh % A Keller
medium A T ¥ 7K ( ASW) 1 3% 2 (Keller et al. ,
1987) BT ICHUEFRAA P9, pH = 8.1, NTTIREK
WO NG TR AL KASW W 1E UL 1 0 2. 453 35 57
AT GRS Rl 16h: 8h, O IR R B 280

Fx1 AIiBKES
Table 1  Artificial Seawater ( ASW)

D%y Fht/ (g L")

NaCl 24.55

KCl1 0.75

MgCl,-6H,0 4.07

CaCl,»2H,0 1.47

MgSO,-7H, 0 6.04

NaHCO; 0.21

%2 Keller medium 3EFHEER S

Table 2 Keller medium stock solution

3 RYURIE/ (mol- L)
NaNO, 8.82x10°*
NH, Cl 5.01 x10°°
Na, beta-Glycerophosphate -6 H, O 1.00 x10 73
H,Se0, 1.00x10 78
Tris-HCI (pH =7.2) 1.00x10 3
Na, EDTA-2H,0 1.12x10"*
FeCly-6H,0 1.17 x10 73
Na, Mo0O,-2H, 0 2.60 x10 78
ZnS0,7H,0 7.65 %1078
CoCl,-6H,0 4.20x1078
MnCl,-4H,0 9.10x10~’
CuS0,+5H,0 3.92x1078
Vitamin B, ( cyanocobalamin) 3.69 x10 10
Biotin 2.05%x107°
Thiamine. HCI 2.69x10 77
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pmol -m s~ B IRIE 22/20 °C IR ¥ 60% . B
A lLA 250 mL B3 — A, B0 ) AR iR
2 WP K B EUE K, 4% 1010 L flEe A 2]
AN AT T R IR P B 5.

SCES I AR LY ] 125 59 HNO, 3239 24 h
& FE B PR . As(IT) (Nay AsO,) Al
As(V) (Na,AsO,7H,0) g H ZE[E Alfa Aesar /3,
Ho AR A B 4. S FH K H A G K
2.2 VEPERCR AT i b R T As () At

BOW B KT RS 0. rauri 5535 2 JA )5, 7E
TCHE ST 53 AR B R B R 53 Wb ). PR ARAE
6000 r-min "' &> 10 min J5 8, FiEWIE 0.22
wm JE RS, AN A RS 2 BT I JC B R R L. 4 ol 1) 1A
PEEE SR IR IR AN A ) BLWRE A
1.67 wmol-L~", H3% 0 .10 .20 .40 .60 .90 h g5
TRV, KT IR 3 P R S A T
2.3 iEpE st As(ID) 1y ¥ 31k

B A KA SR O, taurt 72 1: 10 F )32
AT 30 wmol - L' As( M) 1Y KASW K323 | [H]
A A () 35 32 45 1 AN B2 P i) 15 95 B4R Oy 52
Exf A, A AR A 3 A AR RS 3R 3.6.8.10
12 .14 F1 16 d BISCER 35 57 FE I, % 15 % 6 1 Al R
DIATIAE. $55% 16 d J5 WO s A X s 1k o i I
AT /BRI
2.4 HEMEMNAASWEIELR

R4 Huang 55 (2012 ) $38 09 77 1, 3 B AR
A AL B AR O. tauri 77 AE SIS, s 2
46 3 mL AR A HE O R B 4 Sk R
250 mL MO BE I = fOM. BAEL AN ek AR
}0.5~1.0 mm BYREFBURLIR LTE 10% #Y AgNO;,
W (M/V, g L") B B 05 SR )5 0B MR 70
CHET K T 10 e i T B AR vy WO A TG O
FHBE AR ZE LT, P04 % A\ % 38 42 3 1) <o
S P4k 1 A 5 RS U (ACO-9601 ) JE 4.

] KASW 35 32 5 iR nAs (D) |, i i 43 51 &
20,40 .80 wmol - L' 1y As( ) VM4 % 55 3. X %
HRKHARERLH O. tauri $% 1:10 L) 3EF T LR
Frdk B AR 4 e HR A 1T S mL 1% 19 HNO,
FERCE I AR ( CEM T RHE A R 36 ED) dhdi LR
FLFAEHL .55 °C f£4% 10 min,75 °C{#4F 10 min,95
CAEE 30 min, U R R HIFESR, RMRAG S, =
THWIL 0.45 pm AL UE R, T ICP-MS W 22 i U8
T

2.5 & RRE G A &
2.5.1 EREFELHE EREEE TIES TP
BEFR SRR, B T RIS R U O 0 SR B0
B JEHCE IS WG 0.45 um B TFL T K s B
PR TE MR T BT - 20 °C UKARBEGIAAERRI.
2.5.2  EARBIAFERH S BEIRIERIUE S
SR T, Gn ' J5 PR I . B B AN
A 15 3R BT B0 6000 remin = B0 10 min S5 UL
BEWER, 30 mL ZE48 K A #F (1 mmol - L™
K,HPO,,5 mmol «+ L™' MES A1 0. 5 mmol + L'
Ca(NO,), + 4H,0) (Abedin et al. , 2002) £ 1% 1 1K
Jo P ZE MR/ R 1 IR, LA 25 o6 A 3 i o 55 1 e
PR I A TR 70 CHEEIEE (20 h) %
G FRE. MRS R MU L5 R OB A S
mL 1% RRLESIR , 78IRS e, iCE K. ks
AR ot P B D0 T A (AR T, B ¥ 20, 0 45 i
P S mL 2%, IR AR, LIEWET 0.45 pm
FIRFLIEE BT - 20 °CUKAEIRAER .
2.6 AIBAINME T *

& HUIAR T A At S 285 R P v A8 R 8 1 - R R
A8 B TR RS B R (HPLC-ICP-MS) (7500a,
FKE 2R A [ #F AT E (Williams et al.
2006) . Zr AT F A S A F 26 [ Hamilton 23 &), H1 £
PFE(11.2 mm, 12 ~20 mm) F PRP-X100 BB 752
eAE (250 mm x4. 1 mm, 10 mm) 418, FEAHK 10
mmol - L™" B iR & — % ((NH, ), HPO,) F1 10
mmol - L ™" BB AR €% ( NH, NO, ) , FHASER 8 17 pH &
6.2, W SNAHBC IS It 0. 45 wm AUTERE. PEREAFH
A 100 mL, i s AHE R 1 mL-min "', 7EEA AT
D SRR v = A oA A A 22 (8] R R A I A e 7R
2.7 BAEZIT A

S 6K b R OriginPro 8.0 T EE S STy
M.

3 Z5E (Results)

3.1 M EERR A A T B R T As () £tk

#R

& 1a AT, 76 1. 67 wmol - L~ " As( 1) b3 4%
BT, & 0. tawi B35 FE T AsCI) B H AL R
As(V) ;7E55 40, 60 .90 h i, 555 H T As (V) 433l
b B A 37.9% 92.9% 92. 2% ; % i R R
IR, B3R 3 rp As( V) (5 B SRR BT
RS E O L R A R FR P R R BEAs (D)
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N

AR As (V) BSB89 10% i h, IF (e
A AR IR R RS E (1B 1h) . R As (1) B4
P F TV PR e A I A P .l T 5 3R 2 e
FERLAR, SR (e B, Se s A v, 7RG SR O
R 2 A AL

— -
15 I.SH\{\L\‘—\‘
a —A-AS(Il) £ —a—As(Il)
z Lo —mAx(V) 2 10 = As(V)
g 2
= S
d ]
% &
E o5t Zosh
=
1 L 1 1 1 1 1 1
%% 3 6 9 %o 30 60 9

HHFRIFH /h HEFRF ] /h

E1 1.67 pmol-L~'As(Il) A BEET O tauri 35555 (a) 0
T EFRIEFE (b) hMESNELER

Fig.1  Arsenic biotransformation in the medium by O. auri (a)

and the supernatant ( b ) after exposed to 1.67

! arsenite

pmol + L.~

3.2 WEMEAAs(I) oy W L

0. tauri 725 T 30 pmol - L' As( 1) , £5 3%
50 (16 d) J5  TERCEAR AN 2] DMAs(V) &34y
7 B AR R ) 3% . K25 SR B OR 0. tauri 1K
PILL As(V) R FEERTCHLUIE A, SR Py B
Y 95% LA b, As(ID) o & & 8 AR /Y S AL a
(El2).

0.012 —

As(V)
!\
. 0.008 |- /
44:;5‘ DMAs(V)
#a MMA(V) }
> o |
0.004 i As(II) / \ /\ )/m\\
LT ) ﬁw.w/ \‘*w./ St Mot
\
| e AN ]
|
% 200 400 ooo

{REB B[]/
2 30 pmol-L~'As( ) AMBEMT 0. tauri ERBWRESE
i
Fig.2  Chromatogram of As species in algal cells after exposed to 30

wmol - L ~! arsenite

SRR (A B 1 7758 A EE 30 wmol - L™

As(ID K5FE 6 d J5 , 765 0. tawri HES 373 A
F DMAs( V) ,FF HE 323 DMAs (V) B BE Rt 5
BRI ] S b T (B 3a). FERE SR A
16 d, K7 3= 3 7 DMAs (V) ¥ B 3k 3] 5 =5 {H 0. 93
pmol « L™, Ay B F b S A A 3.3% . 1537 3 d
J5,%% 0. tawi BYEFRHET 96% LU FRTEIE SN
As(V) IR B IR R R R . I AEAS 25
AR A X IR AR IR R P As () IR Ry B
FRIEP EEME A, HAAR R e, 5 A AR
98% L) (& 3b).

35 g KL
30 L 30
2 25t Lot
z E
2 20+ +Sls\§£)(v) 2 20k —A—As(I)
—— S|
% 12k “mAs(V) Bial —m-As(V)
= =
0.8 [ =08k
04 L e um g u oy g
0 _I 1 1 1 1 1 1 0 —l 1 1 L 1 L 1
4 6 8 10 12 14 16 4 6 8 10 1214 16
REEtE)/d K FEatE)/d

B3 30 pmol-L 'As(I) R IBEH T & 0. tauri (a) F L
O. tauri (b)EFEPMBEEHNRLER

Fig.3  Arsenic biotransformation in the medium with O. tauri (a)

to 30

and without O. tauri ( b ) after exposed

! arsenite

pmol - L.~

3.3 BHMEMENELER

0. tauri 7E55 20 .40 80 pmol - L' As( I ) &
RGP R SR 4 JA 5 PRI B4 A 1 A R
B 0. tauri BEESSMEES (K 4). 78 20

20 0

R B/ng
T

51
0 - - |
20 40 80

TALFE /(umol-L71)

B4 RERE As(IN) REBEHTEFR4EFE 0. tauri Bih
BREFELWMEE
Fig.4 The content of biovolatilized As by O. tauri after exposed to

different arsenite concentration for 4 weeks
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pwmol + L' As (1) Z&F&4MF T, AAEMMEL & (N
EEREPH SRS R ) K, "3k 16. 7 ng. Fifi
AsCI) #2388 hm , il 3R B0 S S 0 i 1 T %
40 80 wmol - L' YA 8557 4 5, A&
T A i 433k 4.0 ng F1 1. 3 ng. A SCA3HIXFAS
R EEAs (D) AL BREAE R, O, tawri WRHE K & 5
BrFR I S Y LU T b, AR RIA (R 3),
As(IID) b BEZEAF S, BEHR BE O3S0, O. tawri X TR 4%
KA T R 20 .40 80 wmol - L~ As( 1) 4b
AN, B L WA 530 0. 113%o,
0. 015%0.0. 003%o.

R3 FEKEAs(I)LBEEHTE 0. tauri RIFFFEHIEL T
LE £
Table 3 Percentages of volatile As in the total As added to the medium

with different arsenite concentration

T B/ (wmol + L) KAEIE K L)
20 0.113%o
40 0.015%o0
80 0. 003%o0

4 1% (Discussion)

UEAEAR A SR TR AR W A N v A e R B 5 |
BT TZE. AR, BRI S
il & R ARAK, 294 2.6 pg - L' ( Mukhopadhyay
et al. , 2002) fHHT As(V) SRR EA 1L245
PRI, R R i (2 ~3.5 pg- L") WARMK
(Takahashi et al. , 1990) A& A ifE/K i = ZAIE A
As(V) LI 3 5 IR ER 1Y) 3 A MR MSOR 5 AR 2R = it
FEAEYIA N ( Edmonds et al. |, 1987) i AYIAN
AR R BE AT R K S B BT A ( Slejkovec
et al. , 2006 ). R , 5 AR AN AT iR 52 o v L A A
W T WE ST R B AR S R AR 2
0. tauri , LTEMEE R I As( D) 22, WF5E H 6 A )
i BEBILAR %k T LR TV A 0 AT T 52 4 P e Ik
PR EA B2 . TR BT 0. tawri A
e, Hixd | TOCRE A R 2 A=Wy, Jo ik Al
As(ID) 75 20 W 7 BEAR HEAT ARG, D3 B 75 B ) 2R
5i,0. tawri AL 1 — Z2 5 0 i 25 B9 HLAD , DARE AR 3R
b R R DO EE NI i

MRET T As(ID) MBE R E IR, 0. tauri
L e R As (D) 2804 0 F PERAR Y As (V)
KA. 1. 67 pmol - L' As( 1T ) AbHEAT, 0. tauri
AITEREFRIVER 60 h PUREIEFRRET 92.9% HyAs (1)
FA4bH As (V) ;30 pmol - L' As(Il) 4b 38 1},

0. tauri V] 7£ 72 h N 85 3% 2 P 96% L I 1)
As(ID) AL As (V). MAEZL ST 0. 22 pum JE AL
PR EREAN AL 3 W 0 B WD BROTE TG A AN
2 EX R As(ID) — E oA 3 3R A EZ W E
BARLEIAs(I) AL G A5 45 R KT,
0. tawri F A As( 1) %8 AL BE J7, AT L) i o )
As(I) %Ak K B AR 2R B3 b /9 &b 3 M. Yin 5%
(2011a) B9 BF 5% 32 W, 4E M 3 ( Synechocystis sp.
PCC6803) L B A As(M) A fbfE 1, 76 & 2.67
pmol + L™ As(IN) I FRIL KT FE 72 h J5 , SE AL 2
A 83% Y As (1) AL As(V) . Fe il , 78 3R
KgAK b TopLa 2 LUEARDS As(V) Y
JE X AFAE ( Francesconi et al. , 2005b) , #fE ] H. 7] g
SRR AL E A K.

Bl AT As (I ) ¥ 5 R 3% 5 I T) 1) 38, A
FEFR BB A4 o KA I ) B BT DMAs (V) , R B
0. tauri XF As( 1) HA P EAL DI RE. an HAb W5
B AYEEEE (Yin er al. , 2011b) , H AN AT REAEAE RN H
FEECRE T T i) YRR AL A T Y B2 B g 1) A A AR
I B4 o BRI Ay A O AL 7E A W 44 P i
TR A —DEBERE. TE 0. tauri RN EALR]
VE Ry o5 —Fhai i B AL, i 2 HLAE ik BE A A5 A T
HOfEBETT 2. 0. tauri X = As () A9 £ 25 0 7
BRI hEvR FE  As (D) TR AR AR O 7
PEBAR Y As (V) , LUK 40 A J 20 5 v i i 2
P W BEE BREANUR N AR 2R | 0. tauri $41A N
ik i B TCAILAP A Ak Ry 25 M TN T R DMAs (V)
NS BT B 1) 7, R R TG As (L) L As (V) A0
DMAs (V) i AT i HE H AR R AR 200 e Py g .
P18, HABOGRE B 772 o vl g HE e A Y
LB f 5 B B9, W0 45 B B ( Synechocystis  sp.
PCC6803) 7EAs (1) MM 1557 24 h &, Al Y
As( D) F1 As( V) HEHAKRSR (Yin et al. , 2011a).

WA ARWFFER 0. tauri 36 AT 38 1505 15 57 5
HigAs (1) DASESER I 2 4 AR S 2R 17 ik 25
AR B B9 As (D) 15 5% 4 J4 K00 2 0. rawri
REAE P A= 4 R MERAL Y , 2R 0. tauri BATTIIE K BE
71..0. tawri 7R 5 5 4G B AP L IR A OC,
TESERRAE B BE ML N (20,40 .80 pmol - L7")
Bl BV BE A9 3G TN, O. tauri W R 5 K i 1 AR
Karadjova 55 (2008 ) #ff 5% % BH | Mg ¥ fL 3 Chlorella
salina X As (1) 85I, 76 & B =F & 19T K
H AsCID) BRIl B2l (13 £4) pmol - L7
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33 &

YT 0. tauri B T BRI SRS, HE W 24 85 37 L
As( D) HeE#EaT 20 pmol - L' BEE As (I He &
BN, BXF 0. tauri BIREYERE TN, WTREID ] T i
B AR, RECREME LG T TR X
0. tauri FTRAE K 8 Ttk — 2 M1 260,20 wmol - L™
As(ID) BT, HOH A ) #8 & Eo 9 de X, B 9%
Frf 0. 113%c AP RENS LS A TE XN B 57 56 h
FEA. Yin 55 (2011b) W58 K B, 5 3 7 55 VR B2 1Y
TR EE ST (100 wmol - L") | 44 PN 4y HY 34k Bz
A S, PR AR RIS AL A W A R ARSI 3.
s R R AL B4R, 0. tawri 1Y
SR K e B

5 £5i18( Conclusions)

BEERCR I As () fE AL, 2 0. tawri G 2
e i B AL, NS 3k X e 4 A St AR A1 200 ik )& 6]
IRBE RO REPE | 18 1T 38 J A R e Ak S % R 40 e
AP B 35 . 2% T A P T 1 e 2 1L o
As( D) Ak, B As (D) AL B 3B R Y As
(V) AT IRRE ; M PREE vl BER &, B R i) 1
st A R TJC AL AR Y A AR B R
FLA (30 pmol - L™ "As(II) Hi5F 6 d) , B4 E
it o A FL AR S A S ok R AT % 75 (20,4080
Mmol-L_lAs( Im) Higk 4 Ji).

REMEEE I A EH (1972—) , F L, 7507 | A IR
Ay HER AL % . E-mail ; gxsun@ reees. ac. cn.
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