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FEE: M (Cd) A (As) TEIEHERIAAT AR, IMERL SR BT R . S T RIBREARA K Cd F As
MR LA B R E LM ER, 8 TEMEL (ZVD) MAEY R (BC) MAAMEDRIEERIH LT CdAs EHT5
Jeo GBS, TEKFRATIN, BERBCTALEUK . PRI KRR AR BRIESEAE S, 700 T H S Cd/As
iSRRI R, I RIARTY T OKREEEA A= RN ZVI 3R BC XA B L 8ferh Cd/As AR 3R B AL
RORSGHUH] . A5 REW], LT XIRA, AW AR KT Cd, BN 15.4%; ZVI BERINFEARART KT Cd F1 As Bt
I3, HRBERAR I 17.0%F 24.5%; 11 ZVI+BC HEXFRH Cd 1 As BRI, 700k 50.2%H01 35.6%, KL
WY RIS . IR 5 B I SR IR RN, ZVI REUKIAZS . WIS ST 284S Cd i As S AL
WA A, M BC FESFFUKIRS S 580 Cd F RIRIREREE G4 AXTIE, ZVI+BC A&l LR s g8 P
TERLEAEL, T SFBOERAT KA . WIS ST S #As Cd fl As SERET WL A A4, BIMHFKELE cd fil As 1Y
FEAEFILE . B, ZVI Al BC RS HRT LLRRD S S R i 38 i Cd/As IR G55y, b A Tl h iz i
Cd/As 15 A5 H 4 2R
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Ha(Cd) fimf (As) FRRTH LA ESE (35
&) HoRNEAELTT e, WHM R AR
WL EEPEN 4532 61 (Singh etal., 2007; 5424,
2018) . BFET Cd Il As 5 YLt rp, Al RAG] .0
WML . B0, R Wi A B {d BRE T HL 28U
(Jomova et al., 2011; XSEi%E, 2010) . MBS
PR, BTG nE, KRS ESR
K4 )m (Cd Al As 55 ) M5 TiRIER K S
wEs, FEMKA PR T, SRR, DR
TEMHT R s, JF s EEREY, B
N E 24 Molina-Villalba et al.,2015; Yu et al.,
2016 ) o KFERTTER T ESEE RIS FEEE

Yy, HX} Cd fil As B HIRZI E4ERE ST (Leietal.,
2011; Williams et al., 2009 ) , XZoR +HHEE 5
W& REAE XA HH Y Cd/As 15 4RI 46k
B2FR |, Cd 5 As 76 T3P IRAFEIE X S5 1
BRILZFAT R4S o Cd 7E HRA TP FRE DL C> BHE
TAEAE, BMEMRHA A K . BERRER 5 A Wk SR RE
PR K . DTTE ST ( Hale et al., 2012 ; Houben
etal., 2013; McGowen etal., 2001 ) ; X T As,
B EELL HAsO4 il HAsO4> BHE TA71E T 353
( Wilson et al., 2010) , MY INACKE 3G 58 +
FERER R A, XS T As BB RS R
J&, R . APk (BC) PRI
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MRUK . & Sl tEgs & 3 A B A e mei iz s
HeEERENEE; B, Fa5% (2017)
iz K A 4 e A3 | W BE e T 338 21.83%
F144.57%1) Zn F1 Pb, 1AL, HF As(ll)/As(V)5
Fe(II)Z (B A5 Z145 54E M (Couture etal., 2013;
Sherman et al., 2003 ) , +HIEZT YA N EHiL
As TG YL CEE, R As V53 3 sin & ks
EHE B RTE T (Liu et al., 2015) .
by (zZv1) SFHR RN, MR, Sk
AN 3550 0 18 pH (H, B —FhEREE
R & R AR (S5, 2019) 5 i,
TR BB REFRAL L SR As Hik
77.5% (WISTBAEE, 2014 ) 5 SR, EMEPHATH
AE2F 2P A i S A Fe?' ( Tang etal., 2014 ) A
fit'5 CA*" S4BV A, 2 Cd BIEE . FET I,
E¥ ZVI I BC &0 ZVIHBC E&1BER, Wi
AJ DA AR e R ke e I ) 2P AL Cd A As. BRI,
Qiao etal. (2018 ) MHFF K BC+ZVI HEHfiGE[
B FEARAE K H Cd A As, (HEBAR R RALAUAF 5T T K
e gt v+ S oK R R TP AL BR2E S FTARNRE
i B 44 B BC FI/sY ZVI XS H 358 Cd/As
IR AL S BRE MR ShS R, A% & BC A/
ot ZVI XREH BT R As FIESHAALRPE
HiTH .

K, AT R T ZVI-/BC-/ZVI+BC-&E il
XHHRZH (CK ) 3t 4 AR ARS8, B9 T AR
FERHMEDK RN Cd F1 As Z2FEEMER S ML 75K
R A an A, AR RS & I RS R K R A
PR FLBRK AR bR 3080, FF 0 A A Y
Cd/As FaS5HFEIE, BURBIKREARIAE KA HE
H BC fl/al ZVI X Rg H 3 Cd/As TR S E
LR A 5P, LI BC Ml ZVI £E Cd-As
2615 LR e 52 0 AR A S AR
1 KEMBERE
1.1 TENRESHH

ST 2017 4 3 HREATEBIEE
JKICHEH 1L X (111°27'E, 27°42'N) ) Cd-As
EAATSYRE M . 7ERE P REHLIEE 3 MRS,
¥ pH i1 (HQ11d, EEMAHA ) JANFE 1 pH
K (7.75£0.15), FFREL 0—25 em IRJEIFR)Z 4
e, BHEBELEE, HARKT, KhimE, I
W3 2 mm FLARR MGG, PRIEA R— R A T,
FHBAET 150 L R PR . BOAT RS
+HE T, 5% (kb= tons) (B4
M, 2000) AP Cd FUESECH (3.65+0.18)
mgkg™!, B (TAs) A (41.5£3.57) mgkg!, &
% (TFe )  (34.243.54) gkg™, AI¥ME SO

(Dis-SO4* ) K (219£25) mg'kg ',
1.2 SR E5FENEMIHE SR

AWk (BC) il B PR 4E 700 C
AL 4 h AfTHlE, HAAES IR Hamza et al.
(2015 ) AHGE . Hil75 09 BC ¥ H 5 8 F 2 fgim o
0.15 mm i, I THES s & H. mHE,
iz P8 B AR e 2T /MBS (IRTracer-100, H AR
H) | LR HFLAK ( 3H-2000PS2, Jt5E 0147l )
H X BHEATHHMY ( XPert Powder, #E TR ) X
BC WkidhAT T RAE, 25 1 /R 13 51/ BC & &%
(-COOH ) FI¥&3E (-OH ) SFAYLIEA, HFRmH
H (179£3.8) m>g !, H A CaAly(Si2Al)O10(OH),
FRRE Y. FMEPk (ZV1) M H AR H
A5, HIER SR 0.15 mm, FHARAET—Fh T4
BB IS A AR B IE A . 1EAh, ZVIHBC A
FARAEFRA T 5T A BN Z BT 58 260 ( Qiao et al.,
2018) , AL R 1:0.05 A LK BC Fil ZVI %
SYIRA T o
1.3 ZHFHELE

EA R E P, HEE T 16 MR,
Hrpdh 3 ANMHELT AT 1 A RZANE XTI £
B, HEANGHER 44 EE, HTRKEES
A B . B 1 XA A ARG #5185 ( Oryza
sativa L. subsp. indica ) #§E RiX KK, EXT L
HAMBE MR (A0FE 1) . ER (AT THInA
021 g JRZE, 0.455 g KoHPO43H,0 Hl 0.036 g
KH,PO4 ) 7RG G, HR4 13 kg HIRM TS5
B2 ISLERE T, bis, b HEA ARk S
WL, 2 24 h, FROREF 2—3 em KRS H A,
Ire ZJA, KEETRE R E MK REL I EEAE & DA
6 MRIVE R AR ZEZ . N T KRER AL )8
B AR R 2—3 em ZKER, R AKKBERE . 1M
J& . 2+ HOK 5 BUHE2R( Rhizon, faf % Eijkelkamp )
FeMRES 1, 3, 5. 7. 10, 15 RAIZJGHRG 10 KH
1 R RAE P AFLBRK , HALBRZKAE
IM HCl $hRTR L IFTE 4 “C FAR-AZ AR I8 T
iR Cd/As BUAEDIVE ( Zhao et al., 2013 ) . [AIH,
HRPEK R AERRDL, LI 2 EE .
W1 R A T X RS 15, 45, 65, 75
1120 K, [AIASSRAE AR R A MRAE A AR PR A it

F1 BRTWAAELT
Table I The pot trials designed in this study

Treatments Remedy materials  moiykg  m@meykg  maviykg

Control (CK) Untreated soils 13 0 0
ZIV ZV1 13 0 0.006 5

BC BC 12.88 0.1235 0
ZVI+BC ZVI and BC 12.87 0.1235  0.006 5
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AN, AT W K S R e AR L, a8 %b
FORMUCT 56 5 RERFR 3, Hi, /KRESHEARAE
HENGHIZE, 25 BRI LB T K ETE,
FHFR 8 )0 25 i 3R MR R4 25,
AR R IR U AEIRTR S AN - IR — - — I B R B
(DCB) % HE R REREL, IR LB oK
vegr, HAARLRS IS IESE (2017 ) HGE; It
Ja  BAEEREER BT 65 C T T I ARBUR AR
[, R4 1 K AEAR & L HARA TR R B BUR B +
Fedh s TTEKRERIRIGE 5 K, T ICA REMPE
FEMLAEZ AR R M R R R PR £, R+
HERE SR R TS AR 2= 0o b o
1.4 #HF@mlXAE
141 FURRAK P IE S B 69X 7 ik

FUBR/K e T 0.22 um JEIRS , 8 A SR P 5
FIWBOEIEL (PinAAcle 900, %[ PerkinElmer )
ST TIEfEZS Cd (Dis-Cd ) HIMRIE, IR E0R
RS- Y R AR TR (As-30, JbEE
TR M VIS As (TIT)  ( Dis-As(IIT) ) 5.
As ( Dis-TAs ) FUHEE
1.42 MHIFREPLELE Cd/As M7 ik

S RN ILFIAS R %) BCR PR 7
( Davidson et al., 1998 ) A1 0.01 M CaCl, &Hug:
( Salomon, 1998 ) ¥EH T ARZE AR Cd; Hrfr,
] CaCl,. HAC . NH,OH-HCI F1 HO,-NH4AC 7242
WP o3 A AT ACH S | ARIRERES B3 . B
AL EEMANEEEE Cd. TEATIIE,
BCR &L Bk TRk PO ph i 2 S 4w
1M MgCla SISO FH T Imis s 4L 38, R
LGN T CaCly (FRBCE TR DI v] 22 4 A5 1
Cd, [A]Ef, H4E Wenzel et al. (2001) iR fiE
SR UL P POR A 25 6525 19 TAs Fl As(IID) ; Hirr,
LA (NH4)2SO4 . NH4H,PO4 . Oxalate 1 Oxalate+
Ascorbic acid & HE T HEH 43 5 A AR L P R
A, BYEMA . o i S aaas AR Ak 4
BB HBEBAMYSEEENE As 5
As(I), MJm, 24 Cd. TAs Al As(IIT) & &1
WX R385 kLB K s S B 1 vk —
o o, +3EM pH A pH 11 (HQ30D,
K EMA ) THESLR A A E
1.4.3 HMHESe Cd F= As B2 002 7 ik

KPR A IR S T I AR B . T
2 ,JH1.3 mL HCIO4#18.7 mL HNO; 7£ 110—130 C
T WA IRE ST 0.5—1.0 g, BELEIERIGETHE
THAL G BIRE S B 4l B /K BE 2 S0 mL, F
i 0.45 pum EPEAREIUE . JEMTY Cd AT As WREED
FSFLBK A i B AR R ki A 750 o

1.4.4 %8P TFe. Cd A= TAs 890 # 7 %

W 1A 1.3 i 3 e AR LR DCB ¥ 4%
5mL 5 HCIO4-HNOs (117, 1.3:8.7) IRRIBS )G,
WAE 110—130 CiHfk, I EEHER. HLE
FIRE S B 4l 25 B /K BE 2 25 mL, Ffidad 0.45
um APEREUE . MR, AR AER R s
M T IEIE TP A Fe (TFe) WRE, FEHSFLER
IR AR S B T AR TR ik T e R i Cd R
TAs &1,

1.5 HIEAERZ

SR SPSS®22.0 #A4x} Cd A1 As MEHEIE T4
ToHT. S AEPERIZE S G SCRTT 2253 HT
P<0.05. LA, MREFREETTE /3L ( Ofron plague) ) FIER
R Cd BT 738K ( Oiron plaque-ca) ) F As BT 734K
( Oiron plaque-as) ) T B EMAEX (1) L (2). (3),

— Fe
(iron plaque) - ( 1 )
m
root
m
_ Cd
a)(ironplaque-(Td) - ( 2 )
m
root
m
— As
a)(imnplaque-As) - ( 3 )
m
root

Hr, mp, (mg) . mey (pg) Flmyg (pg) 43
BN Fe, Cd LR As B, Mo (g)
KRR R 0 o
2 ZER59%

2.1 2ZVI F/5 BC X fEK 5FfE5=EA Cd 1 As ER
EpA

& 1 Af%n, Bl ZVI BEREA SRR K
Cd AR (17.0% ) SLREFEAIE As IR (24.3% ),
1M BC {XREA MR K H Cd & (15.4% ) {5
XIF As R B A B 2 ZVIHBC 6 T80 T

2.4

(a) mmRice ||(b) B Rice
Husk &% Husk

a
a 1.8
L al 2

0.8

0.6

KRR
XA

XX
X%
o
@,/(mg-kg™)

@ cyf(mg-kg™)

XX
RRHR
XXX,

0.4

XX
X
X

KKK
XXX
2K
=)
=N

P

g
é
/

K RAXXR

M

U UK :
CK  ZVI ZVI+BC BC CK  ZVI ZVI+BC BC
Treatments

(XX

0.2

Bl o FHELSD; n=3., TIF
The data are given as mean valuetstandard deviation; n=3. The

same below

1 ZVIF/5 BC MFEREFEXH Cd (a) #1 As (b) RRMBIFM
Fig. 1 Effects of ZVI and/or BC on Cd (a) and As (b) contents

in rice and husk
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KPR Cd B (50.2% ) , X KTl
ZVI1 1 BC FEEAE K Cd FRE AR (32.4% ) ;
[FEF, ZVI+BC 414 s B FDK T As & &AL
w(35.6%) , WRFHIM ZVI F1 BC FF FEUFE
K As FRARELAY SN 26.7% ); AT 401, ZVI+BC
AR FNE R RS H 3 Cd fn As BFEA
— B BYERIZN . AR, FESTTRRY Cd 5 As RS
FER I ZERIFFA KR, (B2, ZVIHBC &R
AHERAEKH Cd A1 As BYRE AT BUTIR - i ik
0.28 mg-kg™' 1 0.92 mg-kg™, Wi R A0 Ml
Cd/As HERIBREARME 0.2 mgkg! (GB 2762—
2017) 5 XFEBEXTIZ Cd-As BAT5 4G H 35,
ZVI+BC WA BE B — R PEINEAS 2 LA
R R b, AT 22Ut .
2.2 ZVIFA/sk BC Xf7k FE4EMK Cd F1 As S ERIZ M
A 2 AL, fEKRER A TN, AREAb B
TAKREARFR T Cd 1Y E ARl A ] B 2R T REAIR
B B35 43 Hh B4 Cd U B st [) fr 2B S T 8 I R R
SR, JKFEAR R AL &R h i As & ARBE R B
J] R A KA B TR s IEAMKRE R B2 Cd/As FOFR 2
FrEAE T S, XAFAAEY E AR R
— R, ZVI [FIEFREAR T KR 3o AR &
K Cd/As R, HXF As Wslifb/EH T Cd, FH7E
IRAER RG] (55 120 K ) SeRRRAK T /KAl 135

20

S AR 2Py Cd/As 2 B R 15.7%/25.5% 5
19.5%/23.8% . AT X HEL , fEKFE L,
BC #PREAK T /KAEREAR Y Cd BLE; {EXFT As,
BC NJEFEES 65 RZHiHER As T7J<$51‘EH%EF‘ AL
2 Jr biti 25 BsF 1] F) SiE K 5 % B 4] A 22 S B i 4 /S o
ZVI+BC A & A AE A 30 T KA AR Cd A
As BRI TR Blhn, KRR AgEs 120 K,
ZVI+BC WG m A PR R R ) Cd F1 As &
PN 41.5%F0 40.3%. AN, TEKRER A4 F )
W, ZVI+BC & 54 F# 2 TR Cd FRERER
BRRER R ; X T As, ZVI+BC 44 W5 fi75
IKAEREAR Y As ST ZVI AbBERAL, FffE A
Tz ZVI AP, XUl ZVI+BC 4145l fufs i
3% As WP EIVE IR 202 5 A R B R 1
2.3 ZVI #0/=x BC X}iafE7% Cd/As BN

HIALBUK P ERENH RSN ESEE T,
A LB AEYIIAR R e, —Fh 2R
Al FALEAEIER (Xu et al., 2018) , St 1
ZV1 Fl/af BC AbEE R FLER/KH Dis-Cd. -TAs F
-As(IIN7EKFE 2 F N sh B2l 72

HE 3 AIAL, KRR TN, AR
T gLk, Dis-Cd W5t FFHE TR, T
Dis-TAs Fl-As(IIDFfE BRI RER G2 . 7655 75
KLIRT, ZVI. BC Fl ZVI+BC HAHREA SR

12

(a) parts above root

-a-CK
-o-ZVI

—v BC
-o-ZVI+BC

15+

10 -

(c) parts above root

(b) roots

Dy (mg-kg™)

120 +

100 -

80+

20 +

(d) roots

@,,/(mgkg™)

L
—_
o
W

490

145

t/d

120

B2 KELEFHN, ZVI /5 BC xkiEM EASIRAEHRCd (a)/(b) FAs(c)/(d) EERIHM
Fig.2 Effects of ZVI and/or BC on Cd (a)/(b) and As (c)/(d) contents in parts above root and roots over the entire rice lifecycle
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3.2}(a) Dis-Cd - CK 40| () Dis-TAs
—o- ZVI
24r —~ BC

- ZVI+BC

Peq/ (gL

(c) Dis-As(I1I)

0 20 40 60 80 100 120

B bR 2% 5 =3

The data are mean value£SD; n=3

0 20 40 60 80 100 120

0 20 40 60 80 100 120
t/d

B3 kELEFHMN, ZVIF/z BC 3f7KFLEEKH Dis-Cd (a) . -TAs (b) F-As(lll) (¢ ) REKZM
Fig. 3 Effects of ZVI and/or BC on Dis-Cd (a), -TAs (b) and -As(III) (c) concentrations in pore water over the entire rice lifecycle

Dis-Cd F BBV JE , 1 ZVI+BC 204 PR ARAE &
Bl (& 3a) 5 lhn%s 45 K, ZVI. BC 1 ZVI+BC
HAE 53 B Dis-Cd 3% 0.19, 0.35. 0.45 pgL',
M TR RA, ZVI fEKFE L B W N AREAL T
Dis-Tas ik EIFAESE 45 RIG W BT
Dis-As(IIN I BE ; Filtn, 755 105 K, ZVI Xt
Dis-TAs Fl-As(IID)REAKI 53513k 14.71 pg'L™" Fl
545 pg'L™', BC FEALBEATHARN B3 & T FLBAK h
Dis-TAs Fl-As(ID¥ S, (HBEEBIHIZER BC 4k
PRI Dis-TAs R JE 5 X REL b 1) 2% S 3 i AR
/IN, T BC X Dis-As(IIN AR /R FAEY K (K
3b) o ZVI+BC A AT T H ZVI AL =i
Dis-TAs W, ZJ5 XAEER 80T xR
i Dis-TAs W& [FIA, BC 5L T HAHRAIH
Y Dis-As(IE (K 3¢) , i ZVI+BC 44t
FECT L ZVI PR S Y Dis-As(IIDWREE, X ik
Bl BC HA{E#HHEK LT As(V)idEh As(IIDAY
it /1. AN, Dis-Cd/-TAs HYZEL#FA SR &
Cd/As FRERHFIEA 5, X PR mS
() Cd 5 TAs 2K AEHEE D Cd Fl As FLEREH
HEHRNERZ—,

2.4 ZVI #/3% BC ¥t H1ERENZS Cd #1 As #0 pH

sEA )

T HEP R RS S WS E SRS T, R
5+ Wss G ae 55, W24 Ynl R Y
7% ( Zhang et al., 2010; He, 2007; Okkenhaug et al.,
2011) 5 1 ZVI 8y/F1 BC B, A]RELs 50 + ¢
W Cd/As TEARRIZE BB Z IR, a2
As 1 Sb AEYIARNE. ik, WIT ZVI F/sg
BC AL B R ARl U Cd il TAs 7K RS 44 40
P sh AR

MR 4 AL, KRBT, XHRAdnsg
WA SHMEE AR Cd S ER TR, Mk
SHENSHENGEEE T ETE, X FRHBEE KRR

T[] f 92 4 A Ab B A 98 v mT A8 e 25 RNk i R Tk
YA Cd 1ERE IR EL 45 A S A P,
GBREEAL, MHETXTRL, ZVI AFREAR T nl 55
BEMIREEE A Cd WS EMTHE TS 58
H5EWAEEE CdEE, R ZVI BIMASGIE
BFIF Cd B EHYRIEE . mAE BC AHT,
XML, Al B ESR A A SRR Cd &
R, MRS EESMANSEEE Cd &EE
T, XFEH BC FEJR MR ANLY) . KR
XF Cd A LA Cd A B K fikik 2L Cd 19
e, TEiX 4 b, ZVI+BC HE ST 4 4
AP R R AR S A AL AN Cd &8s
BARA A=Al A s Cd g mildn, 7eK
FERL ARG 5 65 K, AHEL TXIR4L, ZVI+BC 414
X AT 222 Cd PR =ik 20.1%, A ZVI
Al BC X244 Cd BYREAREAL 3 5.7%A
10.6%, FHILA] UL, ZVI+BC 404 g Akt Ay
ARHE Cd BEEIAE I BoR, H 32 e s
PR ALY SAE VLN Cd B SRS . IEAh,
W RS Cd YAE ka5 K REAR & b Cd IR Bk 34
—2, MRIREEE A4 Cd AR LA SR A % Cd
FF Rl s AR K, X i B 4 Hh ] 52 e s Cd
WSz K R AR Cd FRE R EERN R,
R S ilAL, KB EHN, ARG T
RS, A S T4, S T Y TAs AR RERT
(B A AR T A ] R A M R A P R o
SH TAs BFF, XL T /KRG H R akes e
H S Y 328 B Ak R A e R R 285 1 2 i
o MBTXRLAL, ZVI 425 T HIEheken 55 4s
DEAAY T TAs &, MR 7 HADL 3 FhEEES
) TAs. BC 7E5 75 KA, F#EIK TS EL9is
LA 54N TAs R m T L miE L
PSR TAs, XULBAFEANEERTHY BC BRUZ Lt
As 15 ) DR R S AL G At A A= 9 m) ) e o e
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B4 kBLEEFHN, ZVI 7/ BC M LIERALHRE (a) . REHEESS

20

w((td)/ (“g 'kggl)

@y (mg-kg™)

0.8

0.4

HSHBER B 29558 7] (20204E7 H)
2.0
a b
@ -a CK ®
-o-ZVI
F + BC 11.6
- ZVI+BC
H 11.2
F 10.8
| {04 }40
H
L(© (d) 112 3
s
10.9
10.6
103
1 1 1 1 1 1 1 1 1 1 1 1 00
5 15 45 65 75 120 5 15 45 65 75 120
t/d

(b) . EENMERT

(c) MANLET (d) BEEHHI

Fig. 4 Effects of ZVI and/or BC on contents of exchangeable (a), carbonate bound (b), iron manganese oxide bound (c) and organic bound (d) cadmium

0.4

0.3

0.2

0.1

@, /(ngkg™)

4.5

4.0

3.5

3.0

5 KEBLEFHM, ZVIF/m BC ML EPIEFTHHEME (a) . THEME (b) . TERESBLERSHBEUWESS

in soil over the entire rice lifecycle

(2)

-=-CK
-o-ZVI1

-+ BC

- ZVI+BC

(d)

@/ (ngkg™")

FA5E

t/d

=1
HRE

BREREILY

BT

=N =P

(d) BEEENRE

(c)

Fig. 5 Effects of ZVI and/or BC on contents of non-specification absorbed (a), specifically absorbed (b), amorphous Fe-Al oxides bound (c)

and crystalline Fe-Al oxides bound total As over the entire rice lifecycle
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A5 (ARG RAOEE K, BC Ab3rhL /AR Lt
RS AR AR S IL 559 25 S TAs I i 5 % el vp
()22 AP R BB W 4 /NS . ZVIFBC 4B 1E5
45 RZEISIET b ZVI ARG Ak 55
ZEE TAs S8 5 E AL /ARGYER A TAs
ShE 20, NSET I ZVI A E ik aR AL
Y554 A TAs & & 5 RA) /AR IS TAs
i, JFHBUS T ER AW m] AP ZS TAs
(TR BN, TEKRERGREEE 120 K, MIERT
YRR, ZVIHBC A XHE LM S TAs BT R
BN 29.2%, K ZVI Al BC 5IH2AY T A
SR 16.2%F1 6.1%. 1AL, EPEAEL RN TAs
FHRIEMGEHSEAT As R BHEAE
R —EHE, X1 AR P RS TAs B SR
M Pk AR AR As B BN K,

[, ST R A As F2ELL ATV 191k
2 EAAAEH AU B s P iR T As(V)
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Fig. 6 Effects of ZVI and/or BC on contents of non-specification absorbed (a), specifically absorbed (b), amorphous Fe-Al oxides bound (c) As(III)

over the entire rice lifecycle
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Abstract: The geochemical behaviors of cadmium (Cd) and arsenic (As) in soil are opposite, so it is difficult to achieve their
simultaneous passivation. In order to reduce the accumulation of Cd and As in rice grains synchronously and improve food security,
the combination of zero valent iron (ZVI) and biochar (BC) was selected to remedy the Cd/As co-contaminated paddy soils. By pot
experiment, the samples of pore water, rhizosphere soils, rice plants and iron plaques on the surface of roots were intensively
collected over the whole growth period of rice, subsequently the dynamics of Cd/As contents and existing forms in thus samples
were analyzed, and thereby the passivating effects and mechanisms of ZVI or/and BC on Cd/As bioavailabilities in paddy soils were
investigated during a whole lifecycle of rice. The results demonstrated that compared with the control, BC just reduced the content of
Cd in rice by 15.4%; ZVI could reduce the content of both Cd and As in rice by 17.0% and 24.5%, respectively; while the ZVI+BC
combination led to the largest reduction of Cd and As in rice (50.2% and 35.6%), and thus showed the synergistic effects on
passivating Cd and As in paddy soil. The results of soil pore water and sequential extraction of soil analyses indicated that ZVI can
transform water-soluble, adsorbed and exchangeable Cd and As into the iron oxides bound state; BC should mainly cause the
water-soluble and exchangeable Cd to enter carbonate bound state. In comparison, the ZVI+BC combination should promote the
formation and dispersion of iron oxide minerals and immobilize the most water-soluble, adsorbed and exchangeable Cd and As.
Therefore, the combination of ZVI and BC can simultaneously and efficiently remedy the paddy soil co-contaminated with Cd and
As, which would be conducive to realize the safe utilization of the moderately and lightly Cd/As-polluted paddy fields.
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