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Arsenic contamination, uptake and metabolism in rice ( Oryza sativa L. )
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Abstract: Rice ( Oryza sativa L. ) is a staple food for people in most parts of the world, especially in Southeast Asia, and
it is also one of the major sources of food chain arsenic (As) contamination. Accumulated As in paddy field soil not only
reduces the yield and quality of rice, but it can also cause serious health problems through the food chain. Minimizing As
concentration and its toxicity in grains and improving As tolerance of rice have become prominent and urgent problems. In
this paper, research advances related to physiological and molecular mechanisms of As uptake, accumulation and

metabolism by rice are reviewed. Suggestions for future research in this area are also presented.
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1 k%8 As iTAER
1.1 AEH L As 52

As BYRBZEN 2 K, B TRMBEBT K As SR SBARAR As PF. £ N IE, BE b
Ah, BRIF L EREHX (SRR ER) MRS 22 E A As 55, 10, F E ROHZE B 520,
gt JEIE/R EAENTE REMBREEY . FEE As BYORE R EANE . & As T KR RTES . E As
R R/ BB/ BEAHE P TR A =15 3h " o ERHIE , KEZ As 153 T /K YA TR I, 54F
A WK PR TR ( EERKRSH) (9 As KA 1000 t°), Meharg Fl Rhman'® {825 5 5% & Bl i
PS> X K AT 4 As S BAE AT 3K 46 mg kg ' AP LI As T RUERI4—9 5, Lee £ KL
B, 8 E Myungbond &4RF" X AR H b As § BN 25—131 mg kg ™', BAE L As R 2—22
o e E, WHLEN— R FEE RS X ENA 500 28RS L As 755 5 I RIHEIN Tll X B o A5
As SRRk 866 mg kg ', EHIRE B EAKRETH As 15 4R IR L TE B AR BT, LA Bk A ) Y TE R R
Wy, e As 15 RO RT IR , tR R T R I SRR 9T TAE
1.2 5K As {5

REFFTERB, 3 TFHRAE As BYOK BRI, FKEHRE As MR FERED . mFARGE As 53,
Rk As BRtLR I — BRI BRI, BT XS ERREL As SREARBEMIAE (K1), LR
FhnBL R E B, AR As BYBONTE, HE, BT EERIERTK As & BOREHERT As SYRTK

F1 HRARMRBREASRENAsZE

Table 1 Total As and inorganic As concentration in rice grains

HZ S X Country or region FEA A Rice type H As Total As/(mgkg™!) F#l As Inorganic As/(mg kg™')
WKW Europel %] Lo 0.13—0.20 0.06—0. 10
A Ttaly!5-17] WK 0.07—0.33 0.07—0.16
Bk 0.146—0.269 0.1—0.176
JEARAR 0.22 0.12—0. 14
PEPEF Spain!1517] Kk 0.05—0. 82 0.062—0. 145
Bk 0.145—0.302 0.081—0.253
W3R 0.17 0.08
#:[H France!1¢!7) Kk 0.09—0.56 —
L Rhb 0.183 0.113
BNgEK Canadal's:!"] WA -0.11 0.01—0.08
2% Americal 5! Kk 0.03—0. 66 0.02—0. 152
Bk 0.11—0.34 0.06—0. 14
LRhe 0.10—0.66 -
B} Egypt!'®) Kk 0.01—0.58 —
FaJMBL Bengal [6-13:16:20] Kk 0.02—0.75 0.01—0.22
Bk <0.04—1.835 0.11—0.22
Z£[H Thailand! 1517201 Kk 0.01—0.39 0.066—0. 114
Bk 0.06—0. 14 —
K 0.11 0.08
ENBF Indial'51720] Kk 0.03—0.18 0.02—0.07
Bk 0.03—0.07 0.04
a2k 0.08 0.05
H 7 Japan!16] oK 0.07—0.42 -
1 [E Chinal13,15-16,19-21] Kk 0.015—0.76 -0.51
Bk 0.009—0. 624 -0.257
JEHt 22 Philippines! 2! Kk 0.00—0.25 -
WAF|T. Australia ] Rk 0.02—0. 04 —

=" FORARIAE R Ja: TR KR KB b ENEEFRREK ., Z0DREK, BPAERR; o0 HOKL BEK, 840K D7 DR . B0 L TRIRIR .
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St NSRRI RURS: , 2 AR R Al i — D RHE A B RT K As R Z . WMAMTEME T &
Yy As IR VPRI ] 1 mg kg ' FE, 823 HMSED , HE, X MRER 2 M EERKE . £—, BEL
R AR ) ELAE B0 B, R R AR ARERAE I £ 8, X FiF Z DR EEMEZR (i
B R RIS ) RIEH 58 =, EBA IR BRI AR As B EEEZES . T ERKPAN As T
As(As)) IS BAFEIEZE AR K, FA As BIFMERFIESAT EIFARED . FI, Bk As 0 A MR
KA AU ES LS &, W SR N BRI LA R, W EIFSE, K As BERR, WA Skt
SR, UL As B WEBOTE LD NAFBARYE, B RITUF R ML S (H;As) > TRIBRER (As
(I)) > #EREL(As(V)) > BEHEM(MMA) > “HEM(DMA) > =HHEM(TMA) > =HEMELY
(TMAO) > FAHFR(ASC) > FEHIEHR(AsB) ", FEKE ) As, R HR As,, LA MIER B, HA A 5RE
RS R  Juhasz 25N JEAEHISE T B HIWE AR 2R (FT As 550k 5ei) FriaRgkh As B35, 3 U
WS RIBEIE T REK As 7R B9 A Wy o] FI I, R BLLA As, g BT A5, Ho A M) A5 M ik 89%
242k DMA Sy BB, EWA R R 33% . BRI, A P EPEIE TRX As R A& & 150
e kg 1 EIARSE, TANBL . P E IS ERRK As S REAFREMS B IE(E D) . BIMESE
B, SRR T 5, OR T RBESE As, & B i T HeARuEm ™™ o Bk, BRRE K R H =
f As Y5 YLFRIE (As BB RIEAS) FIARRLAHE KU , 2 IR A B As(As BERIES) S RAR AR
et A TE R BE I T A

2 KEBxT As AR R . S B FmiE

2.1 FARESM(R) EKZES

ARKAESHFIXT As BRI 638 AT 7E B2 R o AATREEY X 239 4k Rk K &
JG, BIREKF As FRTE0.08—49. 14 pg kg™ Z A, RFEKFEMF As FRESWABE ., Mei &7 iR
i8R LT 25 AN KFE MRS R A L3 As S RIEE 910 0.71—1.72 mg kg ™', 15.6—31.7 mg
kg ™', Rahman 27V L3, 2o fhs As MARERHEF 23 B3R BE ) b RS 98 . Liu 27 i R BUEER 0 3
FhKARK: As #B B AR I EBELER,

TR BEARIER As G WA 7E BERE R S22 AR ™ > /1 W T &
InBe A EARRK RS F RS R & MRS As SRAMAMMNES . BERE, T EREK SR+ As, (As
(ML) A1 As( V) 58 As ElE R, 3435 63. 8% s T ERTK AN As, ELBIAHRT FEAK, 353K 49. 5% . 8
T X 4% KR T T 3 L R R A oK R VR 25 2% B, BRI L 5 P D BE RS K o L As; S 3, T2 E L DMA
NEBERS?, WERGAE As K EBHFEL SRR, Zavala 28 FEK 4 As, BIFI DMA £ 3FiA K
DMA BIFEK b As BIRGAIEIEME EEAR . (ERR T — W , H A0 E 8 U IEE .

Zavala 2 =W As ZERS K BLIOTEZS HLA) 40 A 2 SR R U 10, AR KRB SR K. HE WA IR &
BUA K FREE (AN 4K APIROL 138 Si S BRI As YA M) MAKE As W EBEFERSAEENY
M 2SO B, BRI 5 T B TR, Y5 S DMA BURS K MBS e e E R A As, RS AR, LA R
As TERS R BAF AN EER R, JEHE T R R R B As ML RMBIRRE K As 1, RAW I AKK
faE.

B T7E As BRI AFEZ A, A R/KRE P RBETETE B0 As TtbEE R . KT As FEEIRWK
JoE— BN < BT R R AR AR AR KRG R AR R B TR M R b S B 38 o R IT A KA As
Mtk o Abedin il Meharg"™" #7318 8 /B Mk ) /K 78 b A b, AT As (V) 2 As (D) BTk LA R 5 o
Dasgupta 2"/ Fil it KAR K B LR RAE 20 ANk A MRt As (V) T, & BUEC TR 35 $L i el o 18.3—
60.2, Mei 21 | 2R AN ZE A B 788 4k ( As A3 A AR/ XoF BR AL B X 100% ) SRFRAE 25 7K A
Xt As( V) BT 22 5, R BUASRLRIZE M- 1) Ay 4 ) o ot B2 B 12. 6% —55. 5% Fil 13. 8% —56.0% . /K7
As BF AMERITE B2 H BRI 2 5 RS As B A% 2FRGFHREE T H 5 R R,
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Fig. 1 Arsenic speciation in rice of various cultivars collected in Bengal and China

2.2 RFRZE M) HESR

As TEKFER RIS ENNREBFERFERAER, KETRER, KBS As BRMAE—BREME: )
> EH > A5 > KPR Abedin 4 B H IS 8 mg As LTS YUK SRR AR X A TR
BEK As S E/H10 107.5.91.8.6.1.0.42 mg kg ™', Liu 2 ti 3738 THMIILER . Cheng &7 PRI B
ZRBRIHE A R K 63 FIBRER G A 7K 11 FHATHF5, R B As SRR 25 B %, 3 E 3k
As FRE T HEFR, BT SAPRR K. Meharg Y BIE &8 As FEAMMIERRHINE , HEERFES
7 As il DMA, 124 As FEIEKRBASNERBIBS , TRt TIFE)G 10—20d 4, As 5 Mg P 7l K 7414
I BERI . AR AREIESTX —RB AT K XTI RE K As B EA EERE Lo
2.3 FRAEFEBRES

TKFENE As BMZIC 18 R AR 7E B A KA AR P P AR S840 (k. Wang 2550 FI 9% 5 b R o) 4 56 2 i
FRYEN As 03 BIFFTAESN M A /0 BERA 1T 3 2o R R R BB K R X As ORI L, & BUK R AS
[RIFROL As S BAEAR R A KRR . KRR ZERIMrh As YR BE 78 (L SR D) - 75 4 BERAIE AR bR 3545 359
BB RRAR SR RN 2R A /N BB I L BB TR B I R 5 As TERE R YR AE B A Bl e E R R
THOREAR R BT MBS T2, THKRE As EERNATIZR, A RIEHIRK As BRI
BEBRE X B, TUFER As BEFATH (S BEMAEN)  MIHA MR ZRok R a6 As Tk
T35 . X AMLREA RO/ RS As BUR, I RE— B ERRIRARAS . ART, B RTXT 8 A KK AT As
{1 R S0 R 1 ) 22 ST B AR A TR
3 k1B As UL EIEFIR S EMENH R EFESMEER
3.1 JKFEXT As BIWRICRIRE 5

TR KRG E, As EE LR RA As (1) WIERFFLE, Al —EFEK As( V) ,MMA fl DMA®, As
(I 5 As( V) #A] Bk RERERUC, (H As(IIT) E As( V) 555 Bk REAR R el ™ .

As( V) R RREL ELA AR P B AL 2R IR, WU T2 iR B B As (V) 3 5 B AR -8 W A 38 1 A K S
WAL, As(ID) WA, K REHR R Ml As (T B0 BEAR B, 7R 2 B R Eh B2 0, (5L 32 3 H v 40 0 6 R k0
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i VRN, As (T AT i /K SE 8 3 PR REAR R IR o BETRTFEIESE T e : As( I ) B3k A KRS
ARG B P RS A P9 B 1 FR7K G838 ondulin26 2 ) OsNIP2 1, XUFRAE Lsi 1, Lsi 1 [t 2Rk (Si)
IR B T , (57 T 7K REAR P ILEGHE H BRI SR ARSI, A B BRSNS 2 A o K FEAR R KB Lsi 1, 244h
R Si T I, IR SR . BAN KRS R AR 3 AU A E E H7KE 8 ondulin26 1,4} 2
OsNIP1:1,0sNIP2:2 il OsNIP3:1 fH 2% 3 7B FFR B, BT LB TATRER 2 As( ) #EAKFER R i &
ZEE,

As(IM) 3853 Lsi 1 3 ABIELERHF LUG SUREREFEARTR M B ? SOl BFoe & KRR M As(IT)
Sy St EIERE A Lsi 2 [ ARBRER mHEdH Y o Ma &5 gik s 20, e KR KGR, As () 3@t Lsi
2 (AR RFRE R As KRS AR E LS TR . SHAEYIAR L, KRS RER IR & Si, Xt
W4 As(JEHR As(T) ) EH#EAKRBRRKERZ—,

BARKRERERA B IAE YL As, KV Z A WM A T ER ., HE, MEP AN As il fS BARX R
1%, BN 2 A AR K R B 33 XU
3.2 BMKAS As Wl &

3.2.1 EFRITTEBE(P) I Si X KAG As WU IR

Pl Si RARHKREAEK A ROHHEEER TR . B, BERESET P M Si WK%,
B As BT, FFBUE T —E KRR, PRI, EFRWER P A BEME KRR As( V) Mk, iR
SMKAER As(I) MM ), HR LHARIR A A BB MG RD ™ . XTRERE , 7K 8 &1
T As( V) B A FAEWEBIERRE . LB IEONRR, 28K TRE As T As(D) FBRFFTE, T H
BEEREE R4 5 As( V) Z5 4 B BN -+ 390 0RE b B0 W B2 A5 5 W 7k - 48 BL, B TR 2 WK W W 7E £33 B 9 As
(V) BB TR, 300 As( V) B MERED AR o Abedin 25 FIERRIMKEE As( V) FIBEEREE ik 3
WEK RS , IESCRERR £ KRS As( V) MM B IIE o T Si 78 138 /K S T 2 aT Ml K A xd As i 27
Guo Z5M I SF S AL B SRR IR Si BEARUR DK FEXT As BRI, 78 As 155 T3 R ISP Si sl Kk
REFFERE S B A WA SRR 9 B, B B T K AT As mlic ™ . Li & B s 4 R %
B, TGN Si BT, KRS FIREA A As SR BIKEIR T 78% F1 16% . I, 1 As 5 4475 H Hifn
Si BB, AT REAR T — SR FEARAE K As S B RIEI . BFFE P.Si WK FERRE As FISma AL K NAERLER , Xt T8
K As FREA BE IS SR X (HRX 7 W BT A & E R .

3.2.2  HIEAEIF LA (Eh ) F S8R0 (pH) XK RS As UK 500

3% Eh 250 As RIFEASMAYARERN EZ MR —" . 13 Eh AR, As 831U
T+ S BRI A, FEH L Bh REZ KA KM, 7E M K L3 Bh B EREAE, 4
() B R As( V) BORJERL As( 1) , K& As REBHE| LA Bl ERe As(1) Bk
FER R, As EYBEFEEMBEAS  FFEKEAMREH LR As FES5% () Ahvse KBt
A, TP As S EMEEEKEMHTH 10% AT, Xu 5 BrorR8, MK &4 TREOK A58 As
SR AR KA T m h 10—15 /%, 280 As 75 735 1%, fEK As RSB LIt 13 Eh .,
T KT (K Eh) ,FEK As, d7 8 As 1 20% —44% , T AEE K 544 F (7 Eh) , As, /R ik 91%—100%
BRI T RERE As, Lt /NF AR K 41 (R As B HARM K 4 F T ik 3 457,

14 pH XF As AW ABIERUKES As R BEK . — Mok, 148 pH FHR R As(V) 7]
WS n, T As (D) RIS, 13 pH X As A= W78 201 i 5 W0 30 52 G+ 33 38 1 1 R 10 3
Wi, 40439 Eh S EFEER Y . Marin £ B+ 48 pH FEAR, HHKEE TR As A B B EIN, KRS As IRIL
B BT B, KRS MMA( V) I DMA( V) M2 % W pH B2 IRAR K, pH f1 4.5 34 % 6.5 B, 3%
Wb R B A# MMA (V) #1 DMA( V) BB, KRR R b 38 B BRI P 6 As HESE R BEVD o
3.2.3 MR KFG As TR0

R IK B S AR KRS SR A A A TR IR MRS ) — P B HEE REALE ™ . BRBKRER R
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B O, R TWE B SR RIFIREE, LRSS WERFRIFE A X PFRZ JB K (radial oxygen loss,
ROL) ™) 324 R B 48 B M R 8 A W0 3% 3h 25 R R B i, i 0B MM (238 /K A8 AR BRIG) Fe®* Bl AL iR
Fe* ", HETZEAR 75 FIARBRTE BB (iron plaque ) "7, X334 40 4% B O T B2 RO AR BR 3R 88 i 2 7T 2 (I
As.Cd Fe Fll P) FTRZS A Wy ml I P B A 3 1 , T S AR ) 0o S 6 TR 26 i R e AR R gl 7
IKFEARBREENE b, ok rp i 32 As T ——As (1) B A AL B By 3 1 5 T F1) FE AR AR i As (V) P21
Liu 2% R KRR R B P As YRBEATIAMRA A As YREEI) 6 f5 26, OB S LU As( V) I E, Bk
R As( V) I E A O T KRG As Bl R i Hb b 3B 7 ) o RRIKAS R e AR ST B B 2
BE B E R 3 AR As BREIKRE HRb, JRAL T A i A B2 AR

Bk ESRTT LA R As BRI, (LR R As( V) ARIREIERME . Chen 217 R B, ki
TEWKFS As( V) I RIS A28 T As(ID) Bk, kRS A As() R EBWHFERS. B—HHE,
SRIEIOTE B As ZEAEPIARBR B 42 , AT RERS AR AT As Bl o BRIt , ) P4k AR b K S As B 420 I
(6] B7 R 1 B 220, 5 B — 2 ) 28 A R ) 45 SRARE T

VF 2 A AR A My R RS M Sk TR BRI B BE B R P As 04T v, ETT 538 /K A As IR licse
o Chen 2" BB, Wk 451 T 135 Eh Sk B ISR A S REVERRAR, 4k (2) BAiE R BAE 55 , BRIETE
BRI, Hu 21 R 91T MARIR B 7 (SO; ) RBIR HEARIETE AR, 7T 2 SO; @it 54k (A) A uss & Rk
THAME 5% (A) B RLES, NI 2 (R) EAWHIEE. Chen & I8 A B EE (NO, ) B
Fe'* FR Bk AR o Fe’* B4R AL, T 3L As 15 Fe’* SEUTHE , BBk Fe’ " R FfY 5 55— 77 1, NO, RIREALH], Tkt
As(TD) LA As( V) , B As( V) B uldk (2) ALY I, N T KA As k™ . HAURBRA L
(C:N) TS () B As W, C:N MR, As MBS IR o 25 AKAS A AR TLBRIE .8
F% As EHD 1 EF (CZEMRIARL) HOAR BRI As itk , AR BT B AR X R BFSE , RIUKFEIRILBE 5B 4
RERENEME LR, KBBEERS As MEFEREEMEXR, MS5RK As BEFEBERMX
P g5 R BN B RILBRE S A T BORIB ERE S, TN AR BOR A Fm TEA R
i As fEH EE IR E . TTRERINLENR B BRI AR SR RS B A, BE7EAR R AR BRI R E £ i 4k
s, HETTR B 2 10 As [ 8 EAR R ARER, AT/ T As 423 3B R AR, X — RN HEFEE As
AR AR B A T 7K R A PR A T BB RAR
3.3 JKAEMKRA As FREHLE

KGR As BRI AR UL AT N K RSN As BRI RR , BRLCBIFSE As ZE/K RSP AR ML A Xk 2k
FEI As BEMRBEEEZ L., As( V) BEAKFERR)G , 7T BE B3 1 Hb_b 30545 5 g AR £h iR JFL B (AR)
R AR As(I) ™) EHAT, KAGHA 2 SR K SR HE B (0sACR2. 1 il OsACR2. 2) B mipE fi K
), ARFERARNE As(I) , BRAMEVERBA TR b 3615 ; B ME BB E KA R S5 EWESE
(PC) 454 FRBSEAR AN ) o HE, As( D) R AR E A1 P ERE A KA R ER
HH

IKFEHR P As fRBEI B — 48R As ISk, i TR REMET/NT As,, As (5 2PN N R
IKFG As R EE R R, DI KRB, Rk S DMA (& BT IA M As 19 90% LI B T B 77 76 5 R 79 24
S (R As 7E KRS IR N B AL B 3 BT A0 R W 4. i 5E 4 A7 K A DNA RIS & B, — > SRR AR
050251030 () I BALERHE D, ZE /KRB AE AR I As J5 , ek BT, (EcAN B LR 5 Rk RS Ak iy
As WAL AR A — I o BAN, AW B S-RRT F B AR R AL R, KAk g As(T)
LRSS TMA R BIRSIREF T o KFER B HRAEIEARN As(ID) #4LR TMA FH4E% , ¥ TR IEHE .

T B AT TEE B AR As TERYIAR Y oM B ESR B E , T ELAIRERT BARIE As MTES 515 A —3E
WHNME, E4 KT As ZEK RGP 59 40 0 00 20 f K B BF e AR A0 . (B RIBC AR LR, TS
As TEKREIR P Bk i s ki A (| 2)
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4 EHTEK As HRAES
41 VEEOKRERE As TR

R WTB B — AR MG R AR REXT As ROTHC S IR AR 2% 5, (E 92 50
AR As IEBLEE BT, LA S RRAG As EPEROARS ORI EE T TEAORIE. 5340 ARSER i
RS R FIXE As HOTHPERVEUR = % 2 [ MO AE6 R , 720 A As 150 MK R R, 77 BLF
HTL IR KB LA TR KA, LU As 7280 B R RK b 0B

e As 15 3ok ST VR ATHEBMLRY 275 B, 7T LA B K A A R Rl As e,
LSRN Si P SRS U, AT A AR RS As T, T4, Xie %1% Ik B S, 10+ e
i1 FeCl, (25 mg Fe kg™ +4) 3 MnO, (25 mg Mn kg™ +58) , 3 B WEAE T £tk et As 71 As( ) &,
FKRAE KR B, NI 77 EFSY V2 FUR B B S S L B I o 9 B B KHUE
152 S R LA

FIFK GMEERE, T AR — B 50 0 R R A S

™ TMA
KEE As BB, Xie %™ R 9, BARR TR N SN
BN, T SRR H K As A ASCID B o | YN asmrcal )
FAHe SRR 2 K o BAEBFSE FREAESE , PP ALY v N
T R 3 R L REF A% R RS K M2 As B 3 /
T B HREVRFRHKR As RIRBE  Aww N
T LR B 0 R 26, 90 A SR s ) i \
MK RS As BB, EABIFRM,EFF IR HAT [y adn T Em N
K, BEARORE As BIRRRIKAEH R ™™ . 78 Rl T myee) |
2 GBISAETFAEIR 5 SR 60 3 2o A HEK AR As [ OSHGO8SG] /1 e—GsH
HE AT , TR ROR KR As Bt e ¥ %{A
4.2 pokRgAs®ER 7 T ‘ﬁé ““““ A
e L o .. R , As(V) As(Il) DMA  MMA
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