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Abstract: Paddy soil is suffering from serious heavy metal pollution due to rapid industrial and agricultural development. As the
main food crop in South Asia and Southeast Asia, rice safety issues are particularly prominent due to increasing heavy metal
pollution. The remediation of cadmium and arsenic-contaminated paddy soil has always been a complex issue because of the
differences in their biogeochemical cycle. Our study reviews the research progress on in-situ passivation technology for paddy
soil contaminated by cadmium and arsenic. We group the passivation technology into four types: redox type, microbial
transformation and accumulation type, material immobilization type, and coupled passivation technology. Redox type passivation
technology focuses on the migration and transformation mechanisms of Cd and As driven by Eh, pH changes, biogeochemical
cycles of different elements, and organic matter under the influence of water regulation in paddy fields; microbial transformation
and accumulation type passivation technology focuses on clarifying the mechanism of functional microorganisms on the
absorption, transformation, compartmentalization and bacterial surface adsorption of arsenic and cadmium; material
immobilization type passivation technology focuses on the classification of existing passivation materials and their
immobilization mechanisms with cadmium and arsenic; coupled passivation technology focuses on summarizing the application
analysis of synergistic passivation of cadmium and arsenic under the comprehensive system of the above three technologies. Also,
we propose the forecast on the in-situ passivation restoration of paddy soils contaminated by cadmium and arsenic. Besides, the
research direction of new mechanisms involved in the biogeochemical cycle of cadmium and arsenic in paddy soil, the innovation
and extension trend of remediation technology are further discussed. We hope that a soil passivation improvement technology
model will be created in future, which integrates modern agricultural production models with a guarantee of food production and
security.

Key words: Compound pollution of cadmium and arsenic; Paddy soil; In-situ passivation mechanism; Coupled passivation
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Fig. 1 The process of sulfur regulation of cadmium and arsenic in paddy soil under redox conditions
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Fig. 2 The process of iron regulation of cadmium and arsenic in paddy soil under redox conditions
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TSRS SEm , DA DGR ) e ) i i 22
U O, Singh 25055 % BHAEALAT 18 NBR1014 7E 315 57
36 hJE, AR PR ER A B, )5
SERIBTFERI, Ay v A % SR RRE N [R] 1 i
hn, ERBUEE M BUE 12 ho AHIF A B GAE 2 AUAT
B DI-1 HAFFIERUER®, 206 M B A A R £
80. 4% EAN BT, AT UL ARy SR AR 2 AR ) B A i)
57 NS VI [ W T R e 7/ DR S LA @ 7Y 0E S R WIS S
fF, G pH. As MIKMEE (a,) BT RAEHCH
FEZE T TG, HX KA 4 A Py % il
R R ATt FL A S
23 TEREMRRAENIFHVE

AR LG, FR AR 3 AR T I A A
P, ABRUEY X R, KB BE s Eh
ANE B —F80r o VENEPHEL T ICR , MEE
Yy Wy T R = A S R B B s, TR R AR
b, SRR 1z 8 T BRI 25 o TE X R IR
W ( Ralstonia sp. CH34 ) FIEREEERE (S, cerevisiae )
PN A R B U i R A AT R R R A
PR, T — SR Y T GR AR E A AR, o
TR TR IR R AR G B TRz 8 LCT1 A T4
MR 1, 25 cd (1) MRz, kAR
f Cd (1) 25 GSH, PC &A1, 75 ABC
B A RIVER TR L CdL GS ), B 20tk A a0,
WATH W5 IA R CDF 25 1 i 12 T4 Ja i 2 1
(MTs) ME5EWS 5mM AR, R IXE
R A AR S g el

i 1) Bl AR P e R ARG FR T SE AT 1 22 Gl
Huang 55" H 4 04 A B B ) 3= 20k B0 7E =
TR BEEREE T, 7E AT A0 A RIS 20 %) 2% T A A AR
Yo B TEARSRER G, AR R N £ T &
) — A 58 6 O R A IR ( ukamurella
paurometabola A155 ), BB ( Pseudomonas
aeruginosa B237 ) F & V5 071 B ( Cupriavidus
taiwanensis E324 )= #EAT 1 5@ 0 9 2 A0
R =FTEERE R, Cd (1) f RBE R E T
. ZRKEE SR, 78 B237 5 E324 TR
Cd (I1) TR, m7E A155 R Cd (1) T &
AR BRI R Z B Cd (11) Bkt B A
—EMIBIME . Zhang SF ST T 41 B Yy i 5] i i
HIH QYCD-6 Xt ZFhH & J& i MRk M AB =LA, %

AR TS YL IREE N, I A s 5 R Bl LR 4
JHL PR 7 A R B, X — P 5 3 IR 1 g 3 L R A
BEHLEIA AR B, A DU R BE = A A AL Cd (D)
5 MTs BEMWXEIEN.

24 IheeREMERMITHRTIEESPHNERA

A MR i R 45 5 4 J T 3R A W R Fk
AN EESHE, Kb Rz —8H I ME
Yrtie s LA U U0 uE Rl A P e Ak 0 T2 200 8 4 Jm 3R
AR AR A AR, L S COORKE Ry IO 07 328 4 1) T 4 £
BTE ( Cupriavidus sp. Cd02) Jiti A5&75 4% /K FE
W15 dJE BTG YK A9 pH BN T 1.41 AP,
LR KRS - S B R T 6.5%., 2T
T I AL B | LI RO e T B Y
Tt Cd (1), As (V) WEUR#EFFE ( Delfiia sp. )
AW BAILE, K BRI R T SR . BEEEEL . &
BRI RAE R, R FORI Sy S L A
(R 245 B 2% A R T 0 R B R AR ML . i e A O8N
i 5 AL R DWY-1 28 2 K ifis Yok L, 14d
Je FLBR AR - RS U rh B R v HR BUS 1 As (TID) %
5 TCHE R FEAH EL AT IR 73.0% 1 80.0%,
B 20 S G 32.6% 11 32.9% ., Zhang 250K /3B
H B TR 4 7 B AT R XT-4 F2 R0 BT Y e, R B
XT-4 (RN & T AR BRAR GRS , BEAR T 3 h &4k
BRI, N ST B A I B B AR T
28%~40%.

IR R Y ) BBV AR R R A B Y
EEYUHR Sy, ThRERE R BB R EE AR E RO
ZREENRERNNIKRS) . Hk, HHEThREIERE
(4 3 B2 AR fb IR 48 7 b 8 v B R A AR A b AR
MEEARR . 75—, AEYEEANE N — R A
W ARUE R AR, DIREE MG e . difk . Widk .
IR IR WHOT, TRMAYN ST R
A R AL R A 08 5 T e AR e e S
K Sfe X L /TS B R A B (4 F 5 0 1 — 2B SR A
(1) DA 3k | sk B Al fe g b o sl , ik
— R EN FIZABROPERER; (2) DAHLTHL
FOFRME D AR, 8 ST/ SR AE A B, Y R aE
i T WO R R ) A PR, R e ) PR AR R A T
Ay AR ER B AN IR W W R R R ) R
715 (3) WAIZHEIAJFEA T fas b ) 5 Ak ) T g
TAE YR B AR AL, AnAEHE KR I 21 TR As

http://pedologica.issas.ac.cn



34 o

BAF: SRBNE A TS Yk AE AL A8 S BRI i J 665

(T AR As (V) b 4 A 1 o B 0 e B T 9

3 MR EEAL SRR R A 5 15 G K
MLrBEE

PR Y AR A A5 R SIS0t I ELAT e 2 T
PR, RiEREAFE . B TCHAE 90 . WS
FRRIR SRR A ARG A A S SR 2 & 95 e Y
oAk o AT I T AR 2R O PR A0 B AL AR
5326 BEACHLIR KON i &, G T LA Bl R
B S Z Ak, TR XA A 1 FH AL BEAN A3

B AR Ot 1) T BEAR AL, AR SCNEE AL AL
WAt ot R AT T o028, AR 2803k 1 iR .
DAk 543 28 S A R S bR - s A e A b ik
MR
31 fEAHRES %
BRI RIR 2, R LT AR aRaE T, T
B T 2R E A BB . bR 2K A B
Wk, LA RN AL, AHLF R, KX
KEFHATAMSY, AT N RRT Y.
BLANT A LT E 3 O h
AHNT ARG BHILTAESY . AHLKR
WEFHY . AHUIEIE, BARSZmE 1 PR,

=3 IR AR SR S

Table 1 Classification of passivation materials

Ve i FH %4 451 S5 30k
Classification Application examples References
e KRG AW, KT WY KEED . RERET Y [71]
Inorganic NT AR K4 (LDH ). #itE Fe;Oq. Wb %5 [72]
type T EFY) WK (FA). WBREFY . Biai 5% [70]
HHLAH NT AR FERME . BINMEBE: (PAM ). ZEMI BB Bk A iy e % [71-72]
Organic T EFY BRI . W TS R AR [72]
type R E ) TEIREFE . B . AE58. B, IBERE [20]
AHHLIE SRR (HA), #IEM (FA), RMANUE, HFEREE [20]

AR WM SIS G, BB
[ E LRI RT R B, HAOR — M, FEELORS
AR S BCER R 3, et R ok . A
BAREED W) BT JEAEIR . A HUILSEARAY
HHE
3.2 SELAREIE W AIE R R A

MELPRRE S ML, W R B L
AL S5 FRT S8 A SRS, B 22 ) B AL 1 AR AR
TR T 18 58 A5 A A4 35 AR AT A
M EL ., fesrgitg . Horb, JCHLE BRI R
i AR U B AR ZE A L R TEAL . SSHAE B T
RIS L3 pH SRl L3eh iy | R, st
MBI TCHLR AR AR A A R £ 55
XPER RS e LI E BB ERORTY, KB
T TEHUM RS 38 pH AT, i %k i
o, ULRE . LUIRE . BT A S B R e E A

BT AR AR T KR SRR A R E
B E B i AT IR G B A R, MR B (RS
F, R e B 2 T RRUXGT e S 452 ) 5 A A 1 R A
PERETS), TRIHINAR 3C 2.2 45 $2 21 (R kA 42 i) 1 S f
M AR SR AT R L E R AR L . AR T
Fe-Mn —JoH WIRIBRMTESY, &I Fe-Mn —JoH ¥
S48 G e ER LS A, X TR 58P A
B S, Fe/Mn Lt pH K@ R & A LU0,

AVSEEAA R B LR R AL | SRR
LEReH  SHEES R I R BR e A Bk 4T
XU AT R Y BTSN AT RE 4 0 2 ) 4 iR A T
PEo AL, A ALZEARE Y IR TR EE AR RHRD 28 1 R
T2 L ) S Y R R R i R R R - R Y
pH,

FET WAL SRR A BEAE AL, Bk Y
TeHLFA HLZE A RE X4 A EL A (8] ik il Ak 3 R il 4
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A RIS BR 4 e 2 A B v R R BUA HLS AL
R NP =R TN P S TR R W WY L U SR A
FHMASIE o ARSCHUEL T H BIAFSE sh At fe 4 A i i
Mz 2 fim.

AR E SRR T I BT KA S
[E] 5 AR S 32 B — B R X 47 i) i Ak AL 1) K%
UT BB AE B BIF SRR, K BUA WL WL R b X 4
R Y AL VR O A B AR o BRAT B 36 43

FHEOEALH T LM ASER, HiF2
B AR Z a)aE IR R PR RAE A, SRR R
3 A T B AR A B R o 1 S B B
M, BOREEOR B X A RIS, AR K R A [
WIKAE L& FoCR . BRI, e A
[l ARG B B O A T 5. Nk, RS B4
PR 7K e L v R ) 42 AL A B 15 P A
RKWFRE P ZH

F2 SECMRIEIN A

Table 2 Application of passivation materials

BlifL AR & STk BlALAIR E =BG
Passivation materials Dosage Method Passivation effect References
HA 7 7 BUABKRERFRI Y Cd ST T 21%, As FmpE
3 t-hm™ KR
Carbide slag K7 52%
[78]
il FABKREFERLT Y Cd S RBEINT 9%, As S REFEAT
1.5 t-hm? K H L5
Lodestone T 30%
s -
20 t-hm> KHREE KRR Cd A As SR T 55.6%. 32.6% [79]
Steel slag
BT KA B A ) R 1.5 gkg 'GB it A, ZKFEARANZE g &t o i R R T
Goethite-modified biochar 1.5 gkg™! FFR AR 42.9%H1 56.7%, KGR ZEP A& 2 TR T [80]
(GB) 32.2%7F1 46.6%
1 g'kg 'Ca-MBC HYIIA K K FAR T /KRG R ek i) v
55 SRl A ) I e 1gkg™ FARR
JEE IR R R A K
Calcium-based magnetic [81]
Ca-MBC 7£ 0.5 h PIXT R I BFFAE T, 76 12 h PIXTTffY
biochar ( Ca-MBC ) — % o6 5 165
W HRE ek, 4080k 6.34 mg-g ! A1 10.07 mg-g !
vk 2B Ay I
10%RHBC WA R E LT 33%M Cd EB3, (114
Phosphorus-modified 10% FEF A [82]

biochar ( RHBC )

my As (V) Wi

4 A B AR G AL A 75 K A
1yl

FA B AR R S R | i
Ak AL A AL R e S 25 B RY HR I S RTE [F] A
F S A g b g R s R A Y — T 2R S B R
AR, PR S il A A B R A S R R ) R LR
ERRERIEA TR B . BEA DITE, TR A e oA 4
Eh. DIBETA: P75 RN ) BB L DA A9 = B R i R 4 A
AR . AL, B e E 1 b

AR TR, BRAR & 7E R 3R i A A 5k

G E A MR I A 4 JE TS Pl A A Y
P, WEECBCRE S, (A8 T AR B 1 AR fE
Wik A SLPRIE . Liao ZEB0F & 1 LUK IL AT R £
FIER BE Wl R Eh 6 PRt 25 TR 22 IR & A W 9 K b
RE, 25 R IR AR R B A - SRR P AR A Y
e K BBUB TR 20 B B A A B HERE Sh AR T 2.46
f5H 40.60 5. Li 94 w4 AR 9K g E N
Bk (Z-NzZV1), WF58 HAE K65 . i B e,
1€ pH=6 i}, Z-NZVI %} As (1I1). Cd (11) K
W2 B3 A 11.52 merg ', 48.63 mgrg ', Wt Tk
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115 FIRE AR L P 30 gkg ! Z-NZVI %+
8 v g e 1) 1 52 LR B . Sha 2509146 T4
Ak A (ZON) 5 A (VON), it
FRIXIE R I, ZON F1 VON FyJiti A I 7 W 75 72
LW As(V), BRAMWAS B ELGE T/KFEL D
M EALIE R, BEAR T arsC 1 arrA BORERE R,
JATIEZE T i KRS+ KRG AR . Huang 251561
il T AN RE ML (NZVD), fEH
FlEs FE A Y R IEAE S SRR IR B ( DGT)
LB ) A YRR T 22%01 29%,  [R]A + 3gEvp
AR S B A AL E R B TR T 26%
17%. Islam BTNkt s (ZVIB,
pH=6.3 ) {4 3/72 /K- AL B ( 3/72 FoRAE 72 h FIHL
DU Ta) R R R LA b 3 em EATVEE, BN HE
5/72 JEBED 15% R K M A, BB R AIK 50%
FERTA 19% MK & &, JEREWI T 12%MH
K= ak o AL A AL TR G KRR o AR K
AR A RHELA R LR TR L AR P Ak 2
TE [ 2 A 4 S 04 [R] B B 32 3 3 o i A A
ROCPEANE S R TR R gk EM AR E A K
S STIE I E AT R A A i O PR REDY, HL
HRTE Mk d = T2 EM IR0, A RIVERK RN
— i A 3 T ELAT AR A T 4 R TS e di ik ig =
o I, EIGRR RE B A Y S e TR
Blifk . B PERE, HLAER— BRI A L AR R AT
I JERE ) AP0 E BE R P R e i, R RORR
52 G g 3B S 0 2R 4L

T TARNIESYEMBERES BT R ER
AR AN, AR BIARCRIER , B
A SLPREE RN E , A Leb RS B S5k 2%,
Xof A M LTS AE S R R R T B E . Li
1 Xl F I 9 7 A K 434 EEG 4 TS e KRS
PEATEEAIE AT, R S /K 3 I I R AR
VYL X4 1 [ A P RB AR G b g o) £ 398 R 4 1Y
AR, FHEZIFERE P AR —AA5#EET L
HEBEE M A A, R TR AER R
B, Liu 2P E JLSERE 22380 A G HLFE ARG 2%
E— 2B N R R R A BRI R
0.24 mg'kg ', Wang 2V A Bl % +Fe (NO; ) 5
HAEHE KRS T esR AR, & B T NOj AYif i
HFET HY, WS T LA pH, IR 4R
& ES pH 2 BEAAE, H As (1) EEE

P R ) | HR R S R T ) e A
pH A T i 23 5 ) B L o (020, Xk 2 S BEH 4
As (II1) B9, Ak, HEMEHE ST
FoY BRI s B RE A Z MR, B oA
Yy, MIMEER . BRI, 4La ARk R = —
P R0 A5 R ) SR s

UT B4R S F4R a5 YK RS+ RS BB &
W T — LB J Ay 5 o B — BT/ T TR X A 1
ML ERA R, @ % S A A P& A et
b, mOUT T A e A B R T T A B AR SR
Li 258 1 AR R I 5T T AN [ A8 o 240 B
e TR 655 + 96 900 A0 A1 5 bt P B RS OK P 4R 7 T BR
35.7%~47.6%. Shi 2P R ER FISE 1005 o0 3
Rk, A T AR R R SRR T 28 A KR
( Alishewanella sp. WH16-1), [E 2L 7 120 d )+
Brkge b, KRG £ b sg S MRk iR b 45 & 4
I IR AR 33.6%H1 17.36%, KR i o ik 25 1
ik 78.31%. Yang ZEPVREME MG 4N 5 Fe (111)
—iREFE, RPN R AR IR 0.5 mgg !, HL
AR L= T LUK &Rk (HFO) T HtE
Bk, X As (V) BMZRHRE I T 11 /5. Li 4500
2 IR T A A ) o o B 28K T TR R 1 PR i T
( Pseudomonas chenduensis ) Byl ARk T L+ h
30%H T AT S E A 18% I TRIA 5458 . 1E5: mkifL
B A T 50 Ak 00 (4 it A GE B R — R, FLATAE
VA A B RS e A X R 2, W Bt 1) 4 R
eSS TR R A R B S, ToIARBR 1
MIE SR, KB A BRI R T A = A A
TESERIBFGE T, Huang Z500HE B T 2B 55 % ,
SEEL T B R ET [ TR . RTRRA

5 SRR

ASCE X A MBI E RIS AT T HLEE, HF
BEALE AL 7o AR R AR R A R
FORH LA SRR & AL EOR R PU S . H APl = 2R
V] 3 0 AR 7 9 TP A A P s R A S AR B L AR
AR HLBE 55 0 ok BB 2 R ) i A B AR AR A
ik DR VB 52 45 15 e [T, 3 5 AEAB A2 TP B 2 8
M AR A B8 8 5245 15 QKA L BB =Rk
WFFERYE R . TR, SRR G AR KRR LA
ACE
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(1) BIAK 238 B AR B0 A Al I R AL FoR
YIRSy i o el ) 3R S GE2 3 N NI b )
T, i, eTs e S 2 BOR BB RN
PR R R 3 A8 B 25T o K 8 LA (LK
2 7GR L B S S SRR R Y R
PEER, 5T REH C. N AL RIE %= AR HEOH
BRINER: J0GRY) o RN A ([ N b/
EHEME T AN EEES ¢ N HBienph
RIS, SCBZ BB A S, EARRMTEN
— AR

(2) ARIPE R, NEAZAT X K AR AN [R5 Wi
FRAER AR, DL Eh Al pH AR R FE AR R T K 4345 1
ARG HERE ], DLERSRAN TR 2% 1FF B0 e ek o0 A FIRE
o P, ARAFRKIS ARG B0 2
(R Siimer 2 Ry RITE s & NI R 71 ST R
we IR A A KRR R I K R A 22
28 RIS 47 ) 45 T T~ B 92 DA TH 7K 23 (00 T
il o [R) A8 X 2% 2K 0 3R 5 5 AR JUL - 3 v 47
BEOLHI BB 5T, 2E—20 1 M A e JEU 7 3 Y
TR e AR SOk B AR, A S B
PESNIR ARG T TC HE A4 7 X0 5 R A A7 Rt

(3) FaiE— L RABTE I RE A Wy o = (0 i
e R AL, $2 480 A HLEREE LT 14 Dh RERLAE
PIRGCvEIE IR, FE0r A A W e R A2 5 TS B Bk
52 VR o SRR T S 2 Rh D e TR W A 2RE T
HRAEWAYUCRI N R 2, 25aaAm .
PLE A AT . 2R AT . BRI ER IR R . R
PR TR A S5 T [ o S IR AN AR 19 B AL . AR IEWIE . 1
Yy 7 2 20 B RIE AR 2 AL A

(4) XFFEEHE, BITRSES Y. AR
B FAT BT 25 bR 5 B9 TEALA BILA 5 1R g 2
fifl, I SERBT/ R PR Y 0 T HL-A HL- A S5
B BE— WS REMAE Y S A HLICHLE R Z 1]
TR 8 M 2 1] ) SR AL, A DA AR
Yy B SRR AF T AT SE BT RE T bR . B B AN KA
ARz o TR 5 0 AR T S5 398 5 A
PERTEFE IR, al LSy 5 BB BE AR AR B BIE 58 5
TR TS A A B A IS R B ) ) ] 4 8 +
EAE AR, AT R U S S R
R R e LT

(5) NEgE—msnsiAe AR Rl e FEAE
ERIASLE 7= S BRI K o 0 AR TR R R R R

DNBEARTR, TR 3 R AT BRI 23 [
B R FERAERIAR, B WA R, (E AT
SCHLBEALATRE A T A, 330 Dy — 2 i AU E A
B AR B TR RE . IR BORTE AR Y
BT BAT T R R AT R, F AT N R AT B A R )
BUREPE | RIS R SO 2 U N T
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