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The Relationship between Arsenic Species in Paddy
Soils and Arsenic Content of Rice
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BOKTEREREARED ~ SIEB AR SRR 98.7 ~ 3.49 B 0.074 mg kg
(n=10 > §ZE8) » B bl 2 G iEE AR IR LRI R » TR
B REMER 135 mg kg (25 & 272 mg k') ¢ HIEEARHTHIR IR (As™ B AsY)
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ABSTRACT

Although arsenic content of rice tissues apparently depended on the irrigated water
arsenic quantity and the forms of arsenic in soil solution, the mechanism of adsorbed
arsenic in rice root was obscurely unclear. The objective of the present study is to measure
arsenic content in different parts of rice, paddy soils and soil solution, and eventually try
to explain the relationship between arsenic species in paddy soils and arsenic content of
rice tissues at Gaudan Plain, including its relationship to the soil. Soil samples and rice tissues
were collected and analyzed separately using field portable X-ray fluorescence (FPXRF)
and Atomic Absorption Spectrophotometer (AAS) with automatic hydride generator (HFS-3).
The arsenic speciation of soil solution in the rhizosphere was determined by the Inductively-
Coupled Plasma Mass Spectrometer (ICP-MS) with the Octopole collision/reaction system.
The mean arsenic contents in root, straw and grain were measured at 98.7, 3.49 and 0.074
mg kg (n=10, dry weight), respectively and the arsenic level in rice from root to grain
was shown to have a decreasing trend. The mean arsenic levels were 135 mg kg™ (25-272
mg kg) in soil samples via FPXRF and 30.1 pg L' (1.5-100.5 pug L) in soil solution
(covering only arsenite and arsenate) analyzed by ICP-MS. In soil solution samples, its
first and second high value of arsenic content were separately 100.5 and 68.1 ug L") and
the others were below 50 pug L. The results of this study initially indicated that the
arsenite (As™) predominates (about 89%) under anaerobic conditions of paddy soils. In
comparison, regression of soil arsenic levels with rice grains and straws were less significant
compared to that with rice roots and so did soil solution arsenic content. To figure out the
fact regarding arsenic poisoning in rice tissues through these soil-plant pathways in the
extremely polluted soil by arsenic, intensive investigation on a complete transformation

mechanism is needed, which is our future interest.
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e HAT R Lzt BIREFREEY
Bz o &L~ FRERRE ~ HIEE - 8205 - e
TERR ~ U5 T B 08 5 R R U RPF 92 e o5 i O T 7K
B e U D e B AR (R R TR Y f
(Chowdhury et al., 2000; Smith et al., 2001; Anawar
et al., 2002; Mitra et al., 2002; Pandey et al., 2002;
Meharg et al., 2003) ° 1980 = EZEVGRGIEE (G

2~ Bre) BRI HbIE CEC R i R ERH &
Tt K T S S e o 2 ZE B A S MR 32 4 (Hsu. e
al., 1999; Tseng et al., 2000) ° L5 B R
& 8#ES 10 mg kg'(Das et al., 2002) © F AL
— i - SRR I RS 4-8 mg k! o (HRTEK
HH 5 [ ek s » IR BB T IR S & &
i 83 mg kg'(Ullah e al., 1998) ° Chang et al.
(1999) 5317 188 M1 ot —fie S22 FH - Bt 2 R 2
5 4.54 mg kg + IREBIE(2007) BB BATE T L
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FHAZ RS G EIfEE 128 ZALE » S HEHIEL R R (R A
FHAR | RS 2 A RELR AR TR 7
Gt R R 113.5 mg kg ©

VYA R AT — MY I BRI i g R A
BERTERERE Y o 2RI > BT TS B R
M T AR R OV 3 B LA 3 9 foft & 2 DH B
& (Larsen et al., 1992)° Li et al. (1994)U5E &
i 16 e % I R S BRI E RS 0.41 mg kg
(=341 f£F) : Lin et al. (200435 G T E R
SR I E AR 55 0.10 mg kg (n=280 »
fiE e AREIEIEE(2008) 50T RS R R — I Efa R
fifi & BB ERIRS 0.23 mg kg (n=80 » HZH) :
PRI S (2006) 78 1 I I T £ R PR & &
% 0.20 mg kg ° Rahman et al. (2007a,b)//>15 == Bl
HH RS MK EAaR ~ S HE B AR AR (e
& 53 BIA 2 0.2-0.720.9-23.7 ¥ 46.3-51.9 mg kg
(FZER)Z[H] o TP A IR fE S % 68 mg kg
(7K S FAR R & B AT 0.7 mg kg (Xie et
al., 1998) o i ML 5Z & L K75 G 7K H
B H AR & 20 &5E 1.835 mg kg (H2H)
(Meharg et al., 2003) © 15 {8 1] 2 i 2 SR R
(RS2 B BN E T 2 i B P AR R e 2 B AR (1.0
mg kg')» (AT AR BB EUKAE RAE S RE
ST TR RS R B A
R B = o

FTE L3R A TR U RE 7 o SRR ot B 5
T e > R R Y U B IR (arsenate)
B ER T R (arsenite) ¢ 17 BE FH EEAAEE (MMA ) B
FHEL R (DMA) HIE J8 2 #& B (Heikens et al.,
2007) = RifAE H 2R 7 L R AR A LU R U Fg
T#1E(Johnson et al., 1969) » {H/E Abedin et al.
(2002b)# Takamatsu et al. (1982)7ERfIEFE Btk
H BRI D> B AR - HAQRHEH
FEAERRER M NRMEIEREE - fLEIRE
{7 5 B R 1 1 8 v R R O 1 BEL YA R S 2
(McGeehan et al., 1994; Onken ef al., 1996) ° HE¥)
TP 35 AL ) 5 5 2 I 2 <2 1 R LA e
iy > SEAE(EREIEH > BLE BB - IRERIRE
FIEY) BT AR BRI —(8FE35E(Weis
et al., 2004 ; il ZHESE > 2006) ° Fitz et al. (2002)

RO RS TEPIRR I 22 AR Y TR PR 8 5 B 2%
VEVIHERE PR Bl b = R R B R A ¢
K e b 2 SRR K ~ T R
SATERRR > SRR AE RN M S e e
il e —BOEER © ARFTECRETE B R R R UK R
e REE 17 i B L L S AR A - S
TRETEAR(AS" B As")RRTRZ RS

— MRIESE

2.1 BN

AW 52 55 1k A7 1 & AL T B R R (2507
35.27"N, 121°29°42.20”E) » & ¥ KB 96 4= —Hf
{'E 7K Fea L 18 B L S5 o - 898 B - B8 Y 7 0 o
SR B o ISR EERE 842 AtH - AN
FeE I SR (R KB (95 g B+
HESBWHEERTREEE] (BEEE
2007).Z A% B - S pe i P A A S SR o BV R
IR ~ W) bR R B A I M
(=60 mg kg HFlE 128 ZALH(1 ALHHERE ) - 7
TR RBET o AU B A I 1 SRR R e B M
F IR HIELE 60-500 mg kg Z[H » EREL
SRR A MEE R - T E R R R
B& DAL ~ KERE LIPS R & IR LR #iE -
% 52 B IR 32 BT RS R M ER L B2 AR ER IR TS
FOKIERIR) - b A SRR S g B Ok fE (b)) - R
FEE A LA @R g B (GREBHEIEE » 2007) ©

PRV AR R IR A RN E R 2,471 A >
WEEEFTER ~ KW= KT TR E 70%
(1998-2006 * FHHRFRF) « 5 > BTSRRI H
FEEKIR LUK EBSTZ ~ #r& FHRg A &L
mivAkEE » HER K ERIHBERTRL - £S5
HiEhAr - B R RO N KRS RRE 2 B
R o AR BEGKE S =/ 0.008-0.049
mg L (B ARERE TREMZEH0 0 2005-2006) » Hi
K& RN 0.026-0.031 mg L'GEEES
2007)  {ELLEE FAIR7(Ullah ef al., 1998)EEH[E A
FE(Xie et al., 1998) T IRV Y 4% » R LU
2 BRIV 2P I B /K BB TS 7K AT 2 b 8 1T 3
T B AN R 2 - SRR R A T L
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&1 BEFREMKRI0-15 om)2PEALBMBEDITIBR

nR WM g
) &ME K KAE F31E

% #7H (2-0.05 mm) 10.4 48.3 23.9
% 3 (0.05-0.002 mm) 5.0 35.6 25.9
% %5 H (<0.02 mm) 42.8 58.2 50.2
HIEH A Clay-loam
pH (soil : water =1 : 10) 4.6 5.7 5.1
CEC (meq/100 g) 9.4 33.5 19.9
450 8 B (mg kg 25 272 135

B %l

N
o AR S LA BRI B W*E
N HETRE g
4 BBLRE
0 200

400 Meters %

1 BERTRKGERE - TRETDESRRUE D HE

22 RARE

KR5St E E IR 2007 —HAERE] 10
il R BB AE A 1 938-5000 m”) {11 THE
PEERIRIEZE - TIEMRE NS 25-272 mg kg
(L3 1) > EHERER R SRR A 1 ([EERE
25 KFRKEEEE 10 cm @ FFIREHFES
1 m’ > RERAEIERR - T - BRI E
RS - BB 1 SEYAR A0 1 s e

TR R AR 1 SR AR AR DA T SRR A AT HR
B BREEVERE 0-15 om > HEFRLL 60°C i 2= 1

BRI - RORATE - @@L 0.2 mm HY
PRUEETRY - ZE ARSI IR - ML T AR 11
AV ALBEETCRE D) -
REKTEERE - 1T HEBRTRE -~ K
HEEZ ~ BB B (RS D B - SETRACRLAVRE
5> RRFFERIR L OKTERERS > R aRaR: - FoEE
FRER) B AL T AR IR R XKL (Das e al,
2004) ° FEREGAETLERE i A pil - ATA R
BREVEIE » HE AL RALAR O ERA RN - 15
(IR A - B0 3 mL Z RIS
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b EEEERE - HAEMEAEREaRER
AEIR ETES o A gL

KRR (R AL e i (R oy T SR -
T A B A G% S GBS AR -
T, - B R TR DRIV R AN B R AR AR v
BLR - E 5T - I H BRI RR SRR K
1{IE/INRE - FELL 1HP IR ERKTE > KIBREEE
5 2.5 kg em” ETTURNE - FEBVER K E0E T
CUIRREIRE » FIRHETHVE 10 S8 o

KRR AL + SRS MR PR R AR A LK R
K& 78 (Rhizon soil moisture sampler, RSMS)f& A7k
TR ERFR A B T KRR 1 9.0 mL () T
WL 0.2 pum JEAGERER - 1A 1.0 mL 2 /%
V4 7 % —$l(Na,EDTA, 100 mM) > Fe/MEEH
EEERE ST S &

2.3 Dtk

AR Rl )7 1 B A o P B SRR ~ ¢
B ~ TR LA ERR AR - 0 IR F A (4 P I
TR EE (% (Atomic  Absorption Spectrometry,
Z-2300, Hitachi)9H-# H B {EE B X & LY

4 4% & (Automatic hydride formation system,

HFS-3) LU TR X-JEE L/ (Mobile X-50,

Innov-X Systems, Inc. USA, FPXRF) 73 H7#8 fif
(Kilbride et al., 2006) : HRE 1 3BA TR R {5 A 5
1% 2272 0 (Rothamsted Research) )/ [ £5
& BAR Y 3% (Inductively-Coupled Plasma Mass
Spectrometer, ICP-MS (Agilent 7500ce, Agilent
Technologies, Palo Alto, CA, USA))7+# Octopole
collision/ reaction system eI R R fE SE (A" BE
As") » otz @Rz fa bl ale] 2 Frr -

L NEVY 2.1 — 59~ 3B I (72%) I (65%)
FALEREE S E 175 53 W S R B e (TR e A e 2
/N F](Merck, Taiwan)) ©

= - FGREAETEH

3.1 KB EEREERD

HIT N 28 B /K R 2 B 6L EE [T T 9 3 B /K AR
HR L o2 OB e B e R ) 2 o 5 R /K AR R I
HHAYJRE JI(Abedin et al., 2002b; Fitz et al., 2002) °
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2 ICP-MS-OCRS BEEEEL : (a) TIEAKBRD
TBEEDITHER(SS01-SS06) : (b)) TIBABR
PIRERDITHER(SS07-SS10)

10 11

KGRI FPXRF Al - S0 o 0 2 P e
525 % 272 mg kg (n=10) » FEIER 135 mg kg
(FOTELS 131 mg kg') ¢ HIEEVATR IR 2 hifli
JFE(As" B ASV)EEEFS 1.5 % 100.5 ug L' (n=10)

RYMERS 30.1 pg L (P80 19.7 pg L) o H
o ERRHEREE(AS™ RS R 1.2-89.3 pg L : fif
M B (A BT R IR 0.3-11.2 pg L (R 3) ©

HE— TSR] T IERA TR IR (A" B AsY)
B = MR AR FS 100.5 B2 68.1 pg L' $RERALE
S BINLEE SS06 B $S05 (IR 1) - HERE KR
50 pg L' o BLHIERERFE B [ it p (E b BRI Kk 8
JEE 20 om GEECHMEREE B S R K EAY
10 cm) » HEHIATHE(RSZE] LA 2 SULEFE
{ii(Takahashi ez al., 2004)8 K FEHR AT HAEY)
YEFRIIR 2 (Fitz et al., 2002; Mahimairaja et al.,
2005) ° "FE SS06 Bl SS05 HUBEEI T » Hf
FEEEEE - IRYATR IR (A" B As")&rhiE S 115
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*2

KiGEREEHE T RR TIRESRIGRERAIBR

Wk KA AR AR E (mg kg™ 3R A (mg kg!) TRBERAEFg L
G ¥ G AR & £(0-15 cm) As™+AsY
SS01 0.053 232 220.2 272 36.0
SS02 0.101 1.81 147.6 193 353
SS03 0.051 234 102.4 216 20.5
SS04 0.072 6.46 147.6 151 19.0
SS05 0.080 6.10 112.7 164 68.1
SS06 0.086 3.30 38.9 110 100.5
SS07 0.059 3.80 90.8 88 6.0
SS08 0.119 3.87 55.6 93 6.9
SS09 0.080 2.53 38.9 25 1.5
SS10 0.039 239 31.9 37 7.4
T3 0.074 3.49 98.7 135 30.1
#*3 ITEBSERTIESRPEROITGR
R _ R ERAEFQg L) _ As" /(As"'+AsY) ii%é@i‘%’
As As¥ As +AsY (%) (mg kg™)
SS01 34.0 2.0 36.0 94.4 272
SS02 31.4 3.9 353 88.9 193
SS03 17.9 26 20.5 87.4 216
SS04 16.7 22 19.0 88.2 151
SS05 60.9 72 68.1 89.4 164
SS06 89.3 11.2 100.5 88.8 110
SS07 5.6 0.4 6.0 92.8 88
SS08 6.1 0.8 6.9 89.0 93
SS09 1.2 0.3 1.5 81.8 25
SS10 6.5 0.9 74 88.0 37
S01 (20 ppb As™)* 19.8 0.0 19.8 100.0
S02 (20 ppb As")* 0.0 19.7 19.7 0.0

*S01 $2 S02 431 & 20 ppb &4 Ah B2 Bl g7 55 Ap #g B AT B 08 0%

R A i o o EMHBH R BL(R) S
0.83(p<0.01)» FLIE] 3 o K FH B —HE AT - 38R 5 -
ARG bE 2 1 SRR A =i 523 mg ke (R
BEE > 2007) 0 TIEATRIR SRR LR E
P T AEE R RE 2 MR IR Je it — D 4R
&t o

- s e b 22 AR S B L A7 B SR UG
TERPEH (Heikens ef al., 2007) o S3AFTASRFSE + 1
VAW R SER 3 LE RS - SRR RS (A" RIS
e 81.8-94.4% ¢ WhEEES(AsY)HI LA

5.6-18.2% ° NH[E TIES RS > KEME
KGR T A T AR AR AR R R (A"
AFTER T FEHIE 89% (L7 3)°Takahashi et
al. (2004)/EE SR AT > HERAE KT
A R KGR REIRE > - BEVA MR ) il B (As™)
FrAli ELBI € 30%H5 28 70% © Masscheleyn et al.
(1991) 45 Hi + A F AL & 7 E 7R KR (Eh
0~-200 mV) » F& T 1BV R () i A (A" ) IR
JEEE R FATHERER (A2 5% INEr S EUKE R Y
FH B S 2B T 5 © Heikens er al. (2007)#8%% I
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y=0.14x - 2.03
R>=0.83

0 50 100 150 200 250 300
EIE AP S F(mg ke )

B3 LTEMSERTEIROGRERRE

JMIH G B 13 FeOOH {917 F% B A RS B
FEAE o ARWFSHFFEAE i T R At S B o2
T E K AIR A L2 M LA - (KR K
IRF » ANHHSE o3 M7 1 VA TR R R RE) 7o {1 Bt 3]
4{-B23E (Takahashi et al., 2004; Masscheleyn et al.,
199 DA ZERG R —EK

3.2 KIGHEEETHEE D

KIFest SRR EKIA(E R 11 57)HERE >
M EARES ~ EEEHRBmBI SR - BAHFE
(BB - B S fE) 72 A 98.7(31.9-220.2) ~ 3.49
(1.81-6.46)E 0.074(0.039-0.119) mg kg'(#7 ) »
A% 2 FitR o o > TR S B R (R 0 (3 Bl
WM (Warren et al., 2003)FT2] ERIR K& &
RS #E 1.0 mg kg > JREL Lin ef al. (2004)81%12
8 [ R oK Rl 2 R A 2 R MH(0.100 mg kg™,
n=280)fH{LL » 4R » Meharg et al. (2003)1F F 1L
AZ VT YK FH A (RETE ¢ 15.7-26.7 mg kg™
HIH AR A IR & 1.747-1.835 mg kg' (B2
) 5 Xie et al. (1998)/MERI& B 68 mg ke HY
TIPS RERIRIEE 0.70 mg kg (FZE) -
U8 71 I A S b B R v 7 DR A e L o
FLIR TR HE g8 7K B 5 | FH VS8R /K 5 [ R - S
HYEG] > THETE - B RAR R b
RS RAFAE ©

IRBEATRFERE RE > FEAF G LI & &
%5 KIGIREB AL ERE 2 AR 96.8% » FIE
BLRAZE AT AL 13 73 EE RT3 RS 3.1%8H 0.1%» A011E
4 FiirR o JEHA/KTANERS R A & BN E e A
MBI ARRIMERT AR - s B gbEgmR-%
HEfAFM 2FURRIH S 8 e RS E (&
W8~ SR~ BT IE AT 2B A S A

100% 7 E QS
10% ] S E
: ELELL
5 e { o,
o 1% A ‘ o
D | 5
& | W o
0.1%+ K1 !
[ A
rw
0.019 | R i i
SSO1 SS02 SS03 SS04 SS05 SS06 SSO7 SSO8 809 SS10
RAGIR
B4 KiGEEEReESEN MO LRENEE

(Marin et al., 1993; Abedin et al., 2002a; Rahman
et al.,2007a,b) o FH{TEMIER B AL ARARES - M
RERKEEHREFELEERE > B2 HAELE
TR REHE P9 (1 PR (B 9 R BHBH © Marin et
al. (1992)¥H Shaibur et al. (2006)HR /K FiER
B B EH P TFE 22 328 00 1 [ 75 5 ) o 8 P B e e
(As™~ As' ~ MMA B DMA) & 528K Fe fRES S i
(IR BRI S (i A 2R 26 2% Rahman et al.
(2007¢) HIl 2 38 5 73 i A5 /K P RE 8 9 RO il 2 =R
TR K AR R R MR 22 58 o ot ot
HI RS PR A ek = B B W P A A BT BT - R
J& V2 R E IR R B -

3.3 KigtEls « TIRETIRERMEE R
FH 7K e A 8 B B 2 el 25 B B A5 mT DAFS
KUK TERIHIRE STRIZE R o ARWFSRRI TS A5
AitEF B+ AR S RS 0.0002-
0.0032( &R : 25-272 mg kg )EEKRE
1~ g R B 6 S B (Xie et al., 1998;
Meharg et al., 2003; Rahman et al., 2007a,b; Li et
al., 1994) S HARR A A HLE(0.01-0.05 » T3ES
BHE : 4.5-102 mg kg™) o R —72 BRI »
FIRE R AT FE S 0L B A £ 505 G mi FEE e K
Y TS S |FE KR & R (R R A A
MR KPR SR - B AKFEIRES R A
#liE (iron plaques) A AT REE EEFH BERTE A K
A SRR K 2 —(Marin ef al., 1993; Liu et
al., 2004) ° {H/ » Abedin et al. (2002a)7E = Ft
T L A (R R/ 1= 38) 1% 0.003- 0.006 » 5% fiF #f [ B
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7 60
g 501
w40+
B3

& 301
= 20r . N
i 10F
\.% 0 A s s s
+ 0 50 100 150 200 250

RAGARARAY & F (mg kg™)

Bs5 KieREHSEETIRERNBRERE

A a

A

KBTS FARHLT - #EFR - Warren et al. (2003)3815%
FETE I B2 B 7 A 8 TR T (i AR B B B A 1
0.0007 B 0.032 Z[H » [HEFHEEYH AN IS
TKIE o B T AT T R B S AT - kS
AR B - R Rl R R A AR 1 A B 1 (R7=0.87,
p<0.01) 3% =1 /> B BE R TR 7 B 1 SR b s 85 (PO A 1
FHRE - BAEREE % (2008)F1 Rahman ef al. (2007b)
BB K RN HE R R o0 i i R A A — 2 -

7K e e R LA e ) 22 B 2 32 B AR IR i Y
- SR BRIV A TR AR B R B ) 5
%fﬁﬁﬁéﬁ(Maﬁn et al., 1992; Shaibur et al.,
2006) ° TE/KAEREDI(EL & 7K R AR AR nl B 2 5
JERIELE » ARSI E A S i A2
JEE$736 E B A (fy(Meharg et al., 2004) » TEANEE
SS06 B SS05 [ELHE - AR Fe#BUKIERES & i
B EREE TIBATRIE B (AS" B AsM)ME T
AIEINPREE > HAHBRE(RYFS 0.79 (p<0.05)
FLE 5 o AR FERE A0 = R R nT RE R AT 5
SRR AETT I (LR 7 1 2 s L B 2 B i o8
oo N LIBAWR S A" B AsY)
BHK FA e SE B AR B R & I RARR T - AT S I 4
SIS AR FERAMETETE o IRRTER AT
FeH —HEFARERERE - I EKRERE
R#) 125 K) » #SESEUKTEIRBIT T - 8AR
T P A B SRR R ik e A RIIRE
4 REIEARUER - TRFRE—HIRTFRE 6 [EE
A A o

IR

TR 7 Ik R i HE R e & B (71 & A
RHARHIANFIMA R ESR - ARS8 TSR %
TEHIRE - K TAIRET G & S EAY 96.8% »

L FRB TS E LRI AR 3.1%8E 0.1% »
BT & 2 O R TR - - Tad T 2 BUR Y
BUG + TRV IR & TR (As™ BEL As") A&
B 1.5 2 100.5 ng L o FFFEEIRA K FHIER /K 15
T W SR (S AIRE LA (R DL e
AS"YITERGFEBE - FEKIMG 89% o L
RS FEE B K R AR I e 5 R PRk A R 1 v A B
TERITER R A R ARR MR - SRR
(As" B As“)EL/KFATEBE R & IR AR (B |-t
BUGR—E0 o RN FE0 1 2 S Bh5 38 B T S A v el
ER(As" B ASH BRI AR & =R
PEFERRIEREE BT > RO LIRS L &
RIREEE > FFFERTE LR B RRIRE 2
MR i R HAREE — P T KRR BT
AT T SRR G AE SRR -
ET |

AHffFE2 FPXRF {#es(Mobile X-50, Innov-X
Systems, Inc. USA Y&H &R EHTEEE](TechMax
Technical Co., Ltd.)F& it o {FE &S K AL R
EEPIZHR LK RS 2 5 e
o MRS KR R TR g o O PR L B
7 Je VR VB K O AR A R o

2E3 R,

1 ARG ~ BTRIE - EIEK > 2006 0 [ &
HEBEELETIRE] - BRGREIEEY
HYIERAT > DOH90-FS007 °

2. JRAAEE ~ S0 ~ B ~ TRAREE > 2006 » 1EH
VIR G S LB IR B S A RE VR > 4
REIRIEE » 15(6): 1380-1384 ©

3CBREE - REHT ~ EEUA ~ MRRAT > 2007

M2t R+ R E e B f S S
at#] - BACHBUFERR)S » DEP-95-056

4 REE ~ FS0E 0 2008 0 [ JCHBERRVE R R A
eRAE BB ZMIGIE] - &
JCTHBUR R R R » 96-3058

5. Abedin, M.J., Cresser, M.S., Meharg, A.A.,
Feldmann, J. and Howells, J.C., 2002a. Arsenic

accumulation and metabolism in rice(Oryza sativa
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