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Arsenic biogeochemical processing in the soil-rice system

WU Chuan, AN Wen—hui, XUE Sheng—guo’, JIANG Xing—xing, CUI Meng—qian, QIAN Zi—yan

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Arsenic(As) contamination of paddy soils in south China has received increasing attention, as it has caused severe rice contami-
nation and negatively affects the health of millions of people who rely on rice as a staple food. The As biogeochemical process in soil con-
tributes critically in the control of As contamination. In this article, the mechanism of As uptake and translocation in the soil—plant system
has been summarized. In addition, the effect of radial oxygen loss (ROL) of different rice genotypes on As fractionation in soil, Fe plaque
formation, and As accumulation in rice and the effect of water management on As speciation in soil, As uptake, and expression of As trans-
porters in rice have been systematically reviewed. Rice genotypes with high ROL formed extra Fe plaque on roots, which reduced As uptake
in rice. Compared with continuous flooding, water management with intermittent flooding and aerobic soil conditions significantly reduced
As uptake and accumulation in rice. Moreover, the effect of Si application to soil on As uptake in rice and related mechanisms were exam-
ined, with the Si/As ratio in soils the major factor controlling the As uptake in rice. In addition, the effect of Fe redox processes on As bio-
geochemical behaviors were studied. The microorganism—mediated Fe redox reaction had significant influence on As behaviors such as dis-
solution, release, adsorption, coprecipitation, and speciation. Moreover, the extracellular electron transfer process of Fe oxidation and reduc-
tion bacteria significantly impacted the transformation of Fe minerals and related As immobilization in soils, which deserves further atten-
tion in future research.
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Figure 1 Biogeochemical processes of iron and arsenic in rhizosphere!

B As 19 82%~93% ; AT H 11 As 3= 22 ToHLMIA
DMA ,DMA 5 34 As 1 33%~64% .

2 RERENIERSFHXTKTE As RIS MT

2.1 BEIFKFE As BRI HY R M

% % (Radial oxygen loss, ROL) 248 % i 12 /K
e S5 T LA ) ) R S S ) AR PR S O
FEP, ROL = A F T AR K AR WE /K PR BT R A A 4 AR
B 48, X AR B - 5 0 A A A 1 O A i A
L 1IN SUR s SR o R B R A AR R B
VU W) R 7K A0 S T S 20 TR K A 1 0
PRI, KRS AR B 1) ROL A A 45 HAR B - 358 52 B4
FURAS  XAEAR KALEE B 52 7 ARBR 135 As 19 A= 9
ARE, WuSEIBETE R B, KA ROL BB I 77 7E
WEMIEHAZE R 5 ATk B EEMELR .
JKHH ROLAE /) 5K MR AR AL E £ IEAHGC R, 5
As FRE 5 3 FOAHDCOC R ROL A8 7y , Wi iy
ToHLA 5 D Pan SEUBIFSE & B, K AF ROL
MU T K FEAR PR - ) pH A AR AR T HL A, A 3
ROL AE F K (/K e it F, ROL RE 7 85 (/K R AR B £ v
AsCID) B Fe B 54 . W S5 B, 2258 5 19 ROL

16-17]

FAR T RUR KRR AR TR b5 X F B As FTIG
ML A R R 5K RS ROL 2 B AL LR . Wu
L SE R, ROL MR T 3 As 25 S IE S IR B
- AR S R A R S R O A R I AR
AAIEE G As R THER PR 138, 7EKFR
HROLAEF T, 80 J5 1 v A 1) 22k (&0 484k 0 #E /K R
MR ETTE AR I, 0 JBE = 2 K Bk Bk R4 2k
W RE B , FLREAE 5 Z0 W B - S8 W 1) As, ATTT AT
As (IS RE Sy S g pES 2, JK ARG ROL BB 1 5 /K A5
HR RS A 5 o 3 A DG, SRR AR AR R A 67 ' LA e
W S SRR XA B AR T B A A (2 3 M A S I W
SEUSIAIE 5 e B ¢ ) BRCPE HE K S5 T R 4 TR i
15 s RO MR TR B it o 1, Bl AR QI B A 3 K
BRI T B i /b o 7K ROL R g 5 AR 2k s
TE R S 11 7 As A 2 52 300 2 1 A 0%, JHL v K B ]
SEM) As EE R As(V ), KZJE As (D) 1WA, 4%
AITE /0 1 7K R b b 35 43 R T 343 1Y As B A
Wu SEPFTE R B, As JPRa A2 oE T /K R AR e 2R A5 1 T
B, I ELAE ROLAE J108i55 . Pan Z5SHF 5% 211 , K AEAR
TSR IR TE 1 e e L8] 52 Y As 5 ik SR EB ROL 52 1EAH
KRFR KGR it 5K As it 2 3



1432

URIEIRCX ity S 3855 TH

AR, ROL AE 7 5 B 7K FE AR R v] LAAE AR PR 1= 8 v 4
AT Z2 0 A R £, (1 R BT B, RIVAT [ 2 B 2
As, BEARFEYI L 2SI As BRI, DA T FRARR ARG A8 %o
TeHLR AL B R, i 6 AT % ROL RE J 3 114 7K
FE AT BB BN R B K R AR PR As A= 9 mT A P K R A
Yrrh As SR AA B
2.2 KTEIRBRIES &MU ATE As WILF As Fiz g
FiEH R

KA AR Z AT DLW i e HL AR AT BIL A, A B
GRS B 22 0 R (B e AR L TR B
7K AT LACAS e JeHLa IR . SR, 6 Tl aEk
PR AKX - JE AT AL v B S e R TR i — 2 Y
Y. AR KA H As B ISCRIRR B2 1 AT
VRIC 52 . Takahashi Z5 % B, As B JEAE 3E T As
FAIVRS AR BRI 5 44 - SRR e VA AL, As W B E 2K (&0 2]
1R b SRTAE MK ZAE T, 8k (2D AL 38 I i
fir A0 As (V) BRI R As CID) fi2 i2F 1T As M - 58 Rk
FIFLBRAKH . Xu ZE MR8 38 S ARAF T DI R R AE
Yt As B9 AW A A EE KRR As AR R, 5
T K Ak BRORR L, 38 AR TS ATLA Y R BE RIS T 62%~
66%. Li FEPIFST A, WK S (o - 4 v T A R
H RS Sl VS o, 3 AL FRER 5y 1 KRR AR JCAILA
FL A, AE 2 AH X W K A B, 25K Hp JC AL B e B TS
AEXT AR . Hua SEPHIE , FEWE KSR AE X As
W RE 7 84 e v g ik (20 S8 AR 0 1 i LA S As 1Y
B . Somenahally 5P 57 B , 15 1 22 K 1%
OUAH EL , [] 3 7K R bR A2 9 vh s As TR 3 R
R, PRI AT L el e AR 3 S AR AR R IR B - S R 4%
R R As FIUREE . Yamaguchi S8 |, WK ik
P B Eh FEAT  pH THs , LA A As(ID)
Aoy S, mk LS As 19 80%. Honma 551
52 R, Eh i T-100 mV 22 i As W8k () &1k
P bR g e &R ER KT 100 mV AT
FIF As(V )b As(ID) o Li S 58 R B, K H
Bt = OKFE AR XA RIE S As B9 I 7E B
#2525 . Norton S5 IWF 5T R W 76 s /K AR e K 4%
PR AVREL As W BE 1Y 22 S AR 2 WK R T8
As VR BE AR K S5 N 09 1465 5 W K 25 4 X T i
D TC ) As VR BTG 5200 . Hu SE TR I, AR X
T3 AR v 7K RN R BROE K b B DMA VR B B 3
S, X AT e S T BUK R REK thUE As e BE RS 3
B . Wu SE I R, 5 RO K AR L, S
VOS2 W) Y R B W s DR N e o 7/ i 1A

ERRAR T KRR R L As R 5 U Ah 0 AR B
N7 AR BRAR R ER v B, SRR T A R AR VR,
IKFEM R PR 0 . S KA AR LS
Ab B R T KRR XS B As FIAs (I B FR 22 1 17K
T As (V) 0802 T 7K R MR 0 40 B ek 19 8 i 308
FEIH Lsil F1 Lsi2 (283K, Bl 20 1 7K R ML Al 1 iz o
T R B e 3k ER AR E T /K RE AR R 2 AR 2 1 3k
Rk, UL, el i <4 ] SR BRI KRG As %
AR As XK RS2 () — SRV TR IR A% .

3 REXTIKTE As UG HI S50

FE(SI 2 B3R — Koo R, & nl LLGE KA
KARBE B KR 7= i, s KA X 3 e P R
o TR HEHT I, R AN Si KRR As L
s e 52 2%, Bl A 25U P Ak 2 1 I, Si vl
g5 As(I) 354 L 30 Wy BT A PR B 155 . Lee 5557
WFoE 0, BERRER AR T AsCI) A Bt %, 31 H 5
LT G W R, 8 BRI P ) As R S S T
KRR Hh b5 43 A0 b T 40 1) As VR E SR RN, UK
AL TR R 2 As -4 19 As W BE RS, 7K
LM RE 2 As, BFFERW, Si At hn 4 1 18 %
VH R As VR S8 25 1IN, 71 As WR BB R s G 4
BN IN S, 2 N A R X As fg W i AR BRu 27T
Wu 5 S B, Si VS I S8 I T AR A P 1
A, A Si S I I TR S I B S A
TCE RUBRAR AL 45 6 78 As B Ul /b 1 45 f A ik
R A SR A As &, B Sids s m 1
45 As B AR AT R L L Si g s AR B g g
ARG RS A S R o 285 R TG AR AR S 25 B S
As Fr i TR bR 4%

SR, KRG 8 % A K AE MK &0, K i i
SRR MR P As TS FE N As(ID) , i F
AsCID) & —FhERRER ALY , RERR £ (Si) 1At
AT DA KR P a2, AR AT DA AR X A B4 IR LA A
LR 22791 Bogdan 5142 38 , + 48 it Il Si 7] fig
ZrEARRE KB As & . Fleck S5 325 , Si i 1 171 1
AsCID )iz s A& L BR A 7o M L BRA 5T Y As ¥k
JEREAR T 22%. Rt , A 38 it i Si v BE 3 K A
As WSt ] BERAR KRG As WA, FEERGR T Si T As Y
FEX it ROBAS (R 1) o AE TR As 75 it 19 1458
it i Si AT AR R % As BT, 4T As e
TG Y 3 SN Si n] BE S B K RS X As 145
BT, Y - AL BRUK St AR XA, Si AT As



201947 H B

NI, 55 3K A 2R G 4 A Pyt Bk A 273 AR 5 0 I

1433

Z ) A W B S A T G, R 1 As BRI A 5 >4
- HEFL PR Si e B A X A R I, PR ER R A= Si T As
Z AT B A 1 5 A (EUE: i LUK s s 1 Si ik
FESNE] T AEYIRT As B, AR RRS FE A B As 5 AL
Btk v Si vk FE SR AAAHOCU L, Si/As B I U Si AT
DLV K AR G As 2 1 5 SidAs B AT, B Si fif 4
TSP As R BERG TN, AT BEAE KT As i TR
H Tt T Si AN RS2 e >k 3 F As FilSi Z )% 1 458 0%
B2 0 58 4, DRI I i T it ) Si BE T B e K A A=
KT R R

RE7E R P LARE R (HLSi04) BT XA 7E
AR SIS - HEFLBRK G As e HAT B 5 5
Wi, SR, JE P 1 Si B U im0 HE 8 3 s
Seyfferth 2 iff 5% F 0, TN Si—15E I J V5 A 1) Si Wk
U AR 3 4= 3T 4 A%, R e - AT i 3 LB K

TSR ) As Vi JE TG SB35 5 I, Si—35E S 1Y 8 i 34 m
T RHELBUK Y As B (R 58 25 R AR T AR Y
AsVRBE, Si At in %t 45 K% H DMA (4 5% ma AL 1 A 1
o LinZ5SF58 L0, Si A/ 177K g R As(TD)
PRIV B SR EN IS0 T DMA )5 . Kersten Z514%
T, 7E 58 4 Ak (L) A0 W W B A7 A5 B ek i X
DMA 5 4P KT X As (I 52 5Pk . Li 25
FEH, Si (4 S N RE 6% 45 kL H (9 T AL A RIS 59%
DMA J+51 33%. WuZE"HWF5E R B, DMA RS FF 2 45
Yy B RS RE T T IO Si it i 43 1) 2 Hp
JCHLEHFT DMA 1Y & 5 FEAR T 21% F158%. M4k, Si
NI AT AR R K R ARG B ROLRE 7, i A 3 42k
BT RS04 W P GE |, Si AU N S 1 i T AR
AP A= i $ 1 A T) 3k DR 7R 7K e R S g 2k s
i, KRR RS FF RIS 0 H () As VR I8 S5 FRAIG

R SiHEAELTE-EYMREPHIRBMN

Table 1 Effects of silicon(Si) on arsenic(As) accumulation and speciation in soil—plant systems
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Figure 2 The effect of iron redox on arsenic behavior
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L SZ AR T S A DA, At AR TR T T 1 8 A BL I
A (Shewanella )t 7T LL3E 23 24 1 €2 28 7 4 JfL 510k
Fe (1) 48 AL W) F1 i, 4% 388 28 G Bk A% kS O DA T 38 i
A ATE I Fe CID) ALY, Stroud ZEPIHF 58 R WY
Fe (1) By Ji 3 SO BAE R (20 Ak Ery As(V)
BB TICIE I o Bennett 58P 57 K B A HE TS WD
Fe( 1) 5 AsCID) AEFEMR 2 TE AR DG, Ul IRk 4
PR A B M 4 S B 2 ) As AT BB M . Jiang ZEPOR
18, FeRB AEME i 1 16 J5t 135 474 LA B HoAt ' R BRI
H Ak () E ALYk As RS Sk . SR, A
I As BR A ALY 19 38 0 il O A RE 1S 0 As
MR sl P, FeRB ik Ik (20) Ak M ad #ak n] RE 25 &
B As B E , 3% 2 PR R R IA it aek A v AR S A 1
YU As W B B 0 B9 S RO S i 45 2R R B
2 R SIS SR R 2R T R As/Fe DL FE
ST ) ) 25 R A LR Saalfield B SE
RIKBRA I S5 3k B v 2B BT 4 i B AR E T B
PR FIRERR A, BRI T As IR Bk . Kocar 55
RGP 55 As(V ) BYK B0 ] A2 sk 45 1k
BRE SRR B T % As IR AET )0 Guo &
IR ) B R R R S T As BB Jiang
SO R FEZ IR R T S. oneidensis MR—1 Fl1 She-
wanella sp. HN=41 YERI T , As (V) 5% W AR
Fe( 1) &A= LTTVEME T IS WD As (V) R EEREAIL
As (R HFNAS [6] Fe—As YR AE 811 B9 TE J8 AN [m) 40 A7
FIIR IR RE T 0, Yang SEIIFIE &0, AR A2k
() B ATE AR I ) 25 2 As CID) B9 BRI
SR H T S Al 3 It S B0 Uk 3 I v o Y P 27
b BRI As TEIE )5 b 5 A A 7E PR R T T
HEE® S Hi ik 4= L UTVE , NI FEAR As A% Bl M
Thomasarrigo %5 W58 T I8 8 5508 T & S A WL EEY)
o Fe Fll As R BB 4L, R ITE ik s, 2
ARIK AT RGO LB AT B T 8 & =t 1 0y
TR, IR W) 2R THT A WL 1Y As TE B T =i Ak — il
W) WAL, b U i R AL W] BE A B As TEZS
kS , Huang SEP9BIFE e B 004 ik (20) Ak
Wil LA T AsCV ) PRI RTIAJE . Amstaetter 57
WFFE R, FeRBATAERI IR P 75 Fe (1) B ALY

M Fe( 1) R RAFAER ST, Al L&A As (D) 1 4
1. TR ES ZECF 38 B |, Shewanella oneidensis MR-
LER R, Fe (D B8R 5 R Fe (1) B9 [R BBl &
AsCID AN As(V ).

TE Fe W0 RIS A 7 AR R AE - i il F v, DAME
AN TR ALY o R I L 52 R A ) Ak
Fe( )i )52 B 29K 8l J7 1), RE s F1%
i (Extracellular electrontransfer, EET) U 54 ¥ 5
W4 2Z ] ) B F A 38 DA R il A - g e o -
Wy ) B 18] 2 W A 388 7, % AR ) L b I I g AR
B, BT IR RS ATT  AE EARE
AL DL R R F T, 77 AR 9 2R A M R PR 1%
LRI M AN AR IR AP I AF RE SR A A B
AERARIS A1 4% 33 B A8 R - 1 Hh 9 L
Wy, SRS A ) AR R AR IR As IR
TGS . T FTRE A Ry v S2 AR s % 3%
R [B] 22 3 " R R R W RE A (R 1
AsCID) 2 AL As (V) IR I, A2 il— 225 HLELCHLAL
YL MRS As(V ) s AsCID) #4748 AR I8 s S
UNEFA T A AAER A R EAT PR As(ID E b As( V),
EH RO - TR A AL G W b i SRR AT LUK As (V) iR 5
B AsCID) |, 2R AN SR AE Fe (I A7 9 09 104 9038 i
ke A A i RS AR O AR B AR S — A
ST o, HeR AL & KWy R K AR 55
FAR R SN A, BEREAE A L F RIS ST
Xk () E ALY S ABiR )5 . Piepenbrock S *“HIF 5
T JEFH VR R T R AL T Fe (D) IR I
Zhou SF IR R, IRAR 2 A A AT LIRS & AL Bk i id
Ji, S ZE R AR (L AT v P 2R SR B Bt AQDS \AE )
T e A5 ) ] IR i Fe (11 ) A2 8. Chen 28 5% %
W, A 0 As AR DL K Fe i i 7E HiEK As—Fe
PEFR ™ A 26 E AR T XA i R 52 DOM (i il
AHHLY) KI5 ,0.05 mmol - L7 F10.10 mmol - L™ iR -
2,6- i iz (AQDS) Ab #EA] LU ik As( V) Fl Fe( 1)
FA I JELRTBE T , T 1.00 mmol - L™ AQDS 40 3 iz i 2341
il AsCV )l Fe (I ) #9380 B ARSI ; 5560 BRAH L, 0.05
mmol - L' F10.10 mmol - L' AQDS 4k ¥ 43 5| {ifi + 35
B AsCID 3 T 1345 F1 6 4% ;5 1.00 mmol - L™ AQDS
AEFEAA HE, 0.05 mmol - L' F10.10 mmol - L' AQDS 4k
PRSIl R Fe (TN MM T 445 F134%. Chen
SETRIEGY R B, A2 W ST K I T A A W S A R A
VS A DB Y 2 5, NI I 7 DA v As B RE IR .
Yin S5 B A Py B IGR T As ISP
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4.3 Fe AT As I
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W, I HAM T AEE L2 As(V) . EIRIRERE,
TE FeOB Ak Fe ( 11 ) 2f B, As (D) B %604k, A= iR
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[ 7

Fenton I W &8 7E Fe( D HALTER T , H.0. 774
s AE AL RE IS VA A BB RN o A FSE R W] Fen-
ton S AT LUK S0 2 h S AL U B PR I B R
JEH AT R CR) A Bk E B

BT, Fe( Il ) ATAFAE T /K AR WK A5 F T, Ha00 AT A7
TET Rk, [ FERE T =F & 1Y IX, Fenton JZ i A]
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