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1 MRER=E
1.1 ik 13

B E B DX A A 75 Y I 2R 2 (0~20 em)
4 K AR IR JRAT BARIAT b, I - 4
ARPER g pH (m oy :m . =2.5:1)6.82, F HLI 29.18
g/kg A A 1.83 g/kg. 4 W 0.57 g/kg. 4> #f 19.16
g/kg BHA 161.55 mg/kg A 140.00 mg/kg A
Wk 8.20 mg/kg, &5 1 4.70 mg/kg (A &S
0.91 mg/kg) , ¥ 13 A< F Hi1 4 HE 5 Y KBS 4 il {4
(3.0 mg/kg) o
1.2 KEFHIRKRE

AR K T Pl A AR 8106, 2 2 BICEE AR v s A
Ml A B2 B E A RIS G 28 2% 38 K AR

IRAEFP I TR, BB Kb B,
B TR M FAZE. A, BT Kimura
EIRWRE R 30 do DGR R FHOG, SG IR R 2 (13.5+
0.03) h, FRES P & 24 °C, S EXRE R 60% . A
D FEIK A A T K S R SR 43, BB 5 d B4 11k
EIRW LI 6 . HorbRl 2 S /4R EEE
W5 3SR 1/ 2 W B S R, Z 5 A B R
1.3 #FHiLE

K 10 A EE AR 4T AR50, m] e i
Xf R (CK) , BN A 3 Yk, 46 33 4, AN [l i1k 771
PRHH B R 1. BRI A B4R 5 AT £ 2 kg, Bl
AT s A £ e 9 0.80 %6, B 16 g/ 7 (v
T1028 1.2 mL/%%) o REAIMAFE A N(FRZE)0.60
g/kg . P,O; (I B R 55 ) 0.2 g/kg . K,O (AL A1) 0.60
g/kg.

®1 HUFEERS

Table | Main components of the passivators

Abr FEM R Qb3 FEM R
Treatment Main materials Treatment Main materials
T1 W AT AR IR A T6 FIAHLIE
il R AT IR ISR

He ))

T2 AR T7 B SR
U KA -

T3 bt T8 FAHLIL

T4 CaO T9 a5 7e

N TN E R T

o MOy iy

M A AR IEAC S H m g cm . =2.5:1
T LB FoK  BERIK RS = F TR1 K 43R0, AR EE#E K
REEFR L, Z R AR F UK R4 . KR A

it B o BB BT H T TR R
1.4 MEMESEF*

O3 PR REAE A W BE T (B AR5 15~20d) 42
TR (Be R 30 d 22 A7) (AR ] K R Rl 25 A K
T TR ) | B SR FH = i B 0~20 em )2
TR, HARIRT WS b, 0 149 pH FERIE A .
Horp 58 pH R TR E (m g om =2.5:1), 13
SRR GB/T 17141 —1997 ¢ 4 58 i & 4% 47 19 Iy
S A BRI T RO O B . RIERIE S
K Tessier % 2L H B EA T HEHGI 2 107

IKFEWGR G , 4 BUFFRE AB5T RS FF 33640 I 2
fief R R T ML F A R I RE I E SN TR
T R AR . KRR T R ST PR ) R AR 4
GB 5009.15—2014C & i % & E Zhr e & f h R
I I 5
1.5 HIBESEITSHH

{8 F WPS Office Fll SPSS19 %5 {4 ik 47 B 4f kb BR
S8t B, S R 2 5 25 43 B 22 i LU R E Ak
PRIA N GE it 22 5, TR 8R4 R 3 U A i 45 2R
HEIIME , I H Excel /EIE]

2 FHRE5HMH

21 MERAHAFAKBAREEHLERESS
i B F M

D4rBE . 1 AT 0L K ARG AL T B S, 5
CKAHEE, i A B Ab 70 J5 38 ] 38 #2450 7 1 48 CK
TRE4.30~11.00 B 73 o £ BlAGR 2b 38 v 3 mT 52
P00 A5 o TS AR R A I 2 T 10 b 3L, T AR O
/NI T7, B ARA 3 22 5 0 20K T o B0 ik
PRI R £h 2454 25849 T 26.18%~30.98 % , Hirf T3,
T4 . T10AbPEE CK 22 5 8. 3% (P<<0.05) . - 3ER4E

@] A7 Exchangable Cd
Wiz EL 4547 Carbonated-bound Cd
O %k4E b ZS Fe-Mn oxides-bound Cd
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Fig.1 Forms distribution of soil Cd during tillering stage
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FAESE ARG BB RE . SAIAELLSS
BEEESET CK, B T2 /M T7 Z 4 g Ab 3 5 CK
AT 22 53 5.3 (P<<0.05) . R A 2550 & 2 3 0k 1A
Hahn T 9.67%~42.97 % , Horh T2 4b B3 hinka b
K, 5 CKMHZEREE(P<0.05) ., &z, 8ilxn
TR T 7K R o B 1 4 38 v (%) B oh mT SSH S L
RIS G AN G R RES.

2) 7T . PR 2 0T WL 2RI A B 7R Ak
4) - 398 1 400 25 1 e R R T [ 0.02%6~22.90 %%,
A2 R E, KPR R4 6 R Ak
BWMAANEGERmEREREYARE, 5CK
AR L, BRI A A B TS T b ok | HAth b P 45
XFIRAEAEAR MR B B AR AR 22 5
SRR AR T R A 4 R h s B A
skt A A

A V] 215 25 Exchangable Cd
TRIEREL 45 4 7 Carbonated-bound Cd
O #5867 Fe-Mn oxides-bound Cd
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Fig.2 Forms distribution of soil Cd

T9 TI10

during the booting period

3)FHEEI . K 3 B, KRG AR AT 454l Ak 7
b B A HE AT 22 4 3SR i RO T B 0.99 %~
44.75% , Hop T8 Ab B iR fe K, 5 CKAH He 25 53 1
FH(P<0.05) . RIRERSS A AW AA LA & 2 A8
EANIE . B SIS A MR —, T7,
TO HExF HEAG FT i vy, oAt Ak P 25 52 BOAS [R]85 T B
HA AT b B S SR S A R R
Fhtas HAPEEJC B 25 . B2 B RIR A
T T 7K R S A A 198 v % 4R T S S i AR
BRHRERE STk

L) AT UL BR T7 . T8 Z4h, &4lifk
FIAb B A p A A A I R TR, TR
W B2 A 3.95%0~31.15% , Horfr T1 5 CK AH [h 2% 5 5k
F(P<<0.05) . [ T1HIT4ZRFEAN , okl Ak 50 b 34
- HE R B TR R A5 A AR B T IR (P

1] ZZ 2 25 Exchangable Cd
RIREL 45 & 75 Carbonated-bound Cd
O #kER 1L 7S Fe-Mn oxides-bound Cd
B 47 HLZS Organic-bound Cd
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Fig.3 Forms distribution of soil Cd
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Fig.4 Forms distribution of soil Cd during
the maturity stage

0.05) . B PR AL 4s A SIS 5 CK
ML CMERR R, RESHTEE2H LT
B b TFE N 2.56%~53.85%, T3, T4, T6, TS,
T105 CKAH L322 57 3 (P<<0.05) . R4k
(RN A E T K e B 0 4 48 v 19 5 e 1T S 4 S
R MBS, JEH SRR A5 5 SR IE A
22 HERAMAFANKEABEEHLEPHEY
=AU

2 2 0] 0L, i FH Bl Ak ), 45 Ad B A R Y
pH 55 Xf FE 357 1 RS () 2 3 T, Hed T8 4b 3 pH
FIr R B E KR T2 M T6 A . 5 CKAH
b, 4% Bl Ak 50 4 B 4 3 pH 2y BES) | 2R BA) | il R
199 L R 43 R 0.17~0.64,0.23~1.13 , 0.13~
1.02 1 0.48~1.30 4~ pH 4 o Bl B 0] T1 Ab 34
Ah A AR ) S Y AL B 45 R 3] 4 pH 1
T CK(P<0.05) .
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F2 AEFHUFIITKTEEKZITE 32 pH 7
Table 2 Effects of different passivators on soil pH at different growth stages of rice
YL3Li Sy EE 2R Eitiprsd] A
Treatment Tillering stage Booting period Heading stage Maturity stage
CK 6.8140.02¢ 6.86-£0.04d 7.02+0.05d 6.84+0.05d
T1 7.082+0.12cd 7.10+0.06¢ 7.15+0.29cd 7.430.07bc
T2 7.3270.07ab 7.4370.09b 7.35+0.08bc 7.56+0.08b
T3 6.98+0.05d 7.19+0.12¢ 7.40+0.16bc 7.43=+0.15bc
T4 7.1240.03cd 7.237+0.05¢ 7.5240.03b 7.5140.06b
TS 7.07£0.09cd 7.1920.06¢ 7.60+0.02b 7.324+0.04c
T6 7.20+0.04bc 7.2040.06¢ 7.6240.25b 7.56+0.04b
T7 7.10£0.08cd 7.09£0.11c 7.56+0.09b 7.41+0.12bc
T8 7.4540.06a 7.99+0.04a 8.2440.13a 8.1440.06a
T9 7.0540.07cd 7.144+0.02¢ 7.56+0.25b 7.44+0.18bc
T10 7.0740.08cd 7.114+0.07¢ 7.4240.21bc 7.46+0.07bc

T« [FIBIA [l /ING - REAQRR A T b B ) 22 7 (2.3 (P<<0.05) .

umns indicate significant differences(P<<0.05).The same as below.

2.3 MEAMUFIXIKEEYENN

W 5 s, 2540 Ak 700 A0 33 A kR Jo 0 o) i
HEHN 5.75%~25.30% , Hodh T6 ., T8 Fll T10 4b Bt &

5 T X BR (P<<0.05) . "*i%&iﬁcXTmﬁmT

TE, Note:Different lowercase letters after the same data in the same col-

10.58 %~42.91% , Hivp T1.T8.T10 &b T 5 % He 2%

4.5¢ . 1.2
s 4.0F ab ab ab ab a ab o a
g% 3.5 @ } ab h i 2% 1or a
23 3 &g ab ap :
w2 3.0F @'y 0.8F ab  ap ab ab
B 5 257 S n(—bc
i 2 2.0f o
g 4l 2 L
_ﬁ;‘ E s ;E 2 04
= A 10f 0
A - B o2r
0.5¢
0.0 0.0
CK TI T2 T3 T4 T5 T6 T7 T8 T9 TI0 CKTI T2 T3 T4 T5 T6 T7 T8 T9 TI0
AEF Treatments AbH Treatments
50r a c
. 4s5f .}
S = 40f
&8 35lbe be . be pe be ¢
oh
=2 30}
B 2 o5t
B2 a0
H_ E ]%_
il ol
@EQ 10F
5-
)
CK Tl T2 T3 T4 T5 T6 T7 T8 T9 TI0

HET B TE]ANE “FREACRAS [) 4k B 8] 22 53 8 3% (P<C0.05)

cant differences(P<<0.05).The same as beolw.
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AbF Treatments

Fig.5 Dry mass of seeds(A ),husk(B) and straw(C) of rice at maturity stage under different passivators

24 TERHEAFIXKBERE

E} ul"]

1) it B AT R /KRR AL R 7 RS FFAR 5

[ &R iz I Wt . #R R 5 Y

Y

ELSIN A D i e A SR N T AT i

SR (P<<0.05), T1 AN KRG RS AT A M) =2 e vt
HEHEN 38.22% , 25 53 1. 3 (P<C0.05) , HiAt A BE %)
AR SR E LR,

A, Note:Different lowercase letters in the same column indicate signifi-

%ﬁulﬁl i 3 T LAA Y AKFFPRL RS 7S FIRS FT 19 Cd

AE

0.068~0.254 mg/kg, 3 ' T2 (0.152 mg/kg) . T5
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(0.143 mg/kg) . T6 (0.088 mg/kg) . T7 (0.126
mg/kg) . T8(0.072 mg/kg) .\ T9(0.068 mg/kg)F1 T10
(0.071 mg/kg) 7 4™ Ab B i) % 75 1 4T GB 2762—
2022 58 & & PR E AR E (0.2 mg/kg) . 5 CKAI L,
R T30 T4 4bFRAN , HoAlh - 4 K A FF AL 75 1 34
HARFEE TR, g T6., T8, T, T10 43 %% CK
Iy HIRFET 61.90% .68.83% .70.56 % .69.26 % , 2% 5+

B3 (P<<0.05),
F3 AR FIRKFER EE & R AR
Table 3 Effects of different passivators on
cadmium content in rice mg/kg
piseil FEFT Feise FFAL
Treatment Straw Rice husk Seeds
CK 2.42+0.087d  0.175+0.085abc  0.23140.079abc
T1 2.85+0.008cd  0.1944-0.052ab  0.219+0.052ab
T2 3.66+0.56a 0.120£0.046bed ~ 0.152+0.05bed
T3 3.52+£0.273ab 0.22440.126a 0.25440.127a
T4 3.030.667bc  0.17040.026abc  0.240-+0.026ab
TS 0.97+0.1f 0.125+0.026bed  0.1434-0.026bed
T6 0.84+0.136f 0.05340.042d 0.088-£0.046d
T7 1.1740.187f 0.082+0.034cd 0.126+0.033cd
T8 3.79+£0.176a 0.058-£0.009d 0.07240.009d
T9 1.884-0.062¢ 0.039-£0.013d 0.06840.012d
T10 1.9140.37e 0.041+0.035d 0.07140.025d

2)) i FH B0 A 500 0 K Rk R R T R AT AR AR R
IR, R 6A BT, K RERERLER 43 1 4 B 2R
L T8 T Al T10 Ak B A% , 5 CK 43 5l B AIE T
60.9%0.65.2% F160.8 %, ¥ 5 CKAFLE i 3 22 7 (P<<
0.05). FEFCMHFRFLEE(KI6B) L T1 M T34 M, T9
PR AR, B CK PR T 72.6%, 5 CK 22 7 B 3%
(P<<0.05), TR G (B 6C)LLT5.T6.T7
SAN AL HE O Fe Ak, 5 CK A 43 5 R B T 56.4% .
66.0% .53.7% , H A CK HA7 I 3 25 5% (P<<0.05) .
3 i i
3.1 AEFEAFI TIEBRESDH R pHEIR T

Y Tessier Z R BFS , AT S 2 (14 H e 5 Wi A
YIS, & X AR 7 A A R I R EIE A . Bk AR
SEAS WA S S S MA IR Y
TETE T R A s W R A A RO h R L AE
FH155  XEABIAE MR o ASBIR g, A4k 55
Jo A A E ) ] S M A AR AE SV T T o L

0.6 bc be
C
s 0.4F

c
$ c ¢ ¢
0.0
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AZbH Treatments
0.30r B
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Fig.6 Cadmium accumulation of rice under different
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8T CK, & TR 44750 kIR R 45 &8 0 & I
Th, SR B A AP A& S & R e

AN 5 B A A 9 LU 451 22 B T R A CK
BTN 53.85% . FEAK RS R B LA 2 £ 1
B S S i e AR AS MR AR AL . AR 2
R, BT S, SR et A T WY
ARAR B P T A 14 T S e A B A D T B Y
FABIE 2, Je R F 2, il L 39 P 4 1) 2T B P
i, A R s T 50h BRI TR A 1 G
AT ] A A0 X ) R M

RAEWFFERW] , pH AL e BT R 5 Ak AP
BB AEYA AR SE N R BT SC , pH AR L2 415 e
R B CHEF RS H A8 43 8 e+
PRI B B0 B e 1, (R S el BR AR A
AR e 25 A AR % P 2 ) S e A RN BR IR R 45 2 5 45
T A B A A DR 3 5 4 1 pHL A -
BRI S S AR TS Y IR Wk AR A
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TR Tt AN [ AR 2 e — e R B 4 v 4% pH,
Hrp T2 . T6 M TS 4b# pH b Fbeoh i . B £
JRJG , 138 pH b FH i B2 fe R, T g J R — T
AR Ca™ B e T R R b H W B K
AP, EHEEh S R B RS I, S8 4 pH BT
pH b0 7 - ek m 1l gy, e i 1 - AR
FORL A H A 0T 4 R S 1 1 W B 5 D — T K
fift ™A OH M COY” , SHIE i & AL P UTTE ik IR
AR UTTE B4 A A S5 i R R A B ), (T 5
f 2 A BRI 2 e dh, E I Ca® T RES S
Cd* I WL 3E 4 ML, D A B g e i = . AL
JoT DU 3 g S A e B (S R R TE S —
RYN I, 5 Cd I e ) LS 2 R SE RS
d 1 Pyt AR S Cd I B LA A A W 1 W AR
FH S B M Cd i [ 52 250, BRAFE 4 Cd 9 %
W, B REAG Cd B
32 AEHAFMKBERKEERKRERD
A

AT GE T, 25 Bl Ak AR 2 AN [ R 4 i T K R Y
PR R A o Bl TR Ak B AR A B ) R B
i 5.75%~25.30% , Fi e AE W a4 T 10.58 %0~
42.91% . ZRGKFIER IR R, BRI R ol i 3%
& T T2 F T8, ikl i s K& 4 A WL A
5 S R A A R A S TR R B ks T KR Y 0
IREE R N T 3R RN, fEHE T KRR A AR
K& T ARG AT R O I A
A1 IR AR R R AL B RE S I S S AE W i, X 5
F A R0 it 2 s A AL M HLAC S | AR
KA 7 He X BRI SR T A e A5 3 12
ML

IKREREREL FE 5T ARG ARG Cd 7 2 RS FF >
KL > F 70 AL, OFF ORL AR & & 7E 0.068~0.254
mg/kg, H 1 T2(0.152 mg/kg) . T5(0.143 mg/kg) .
T6 (0.088 mg/kg) . T7 (0.126 mg/kg) . T8 (0.072
mg/kg) . T9(0.068 mg/kg) F1 T10(0.071 mg/kg) 74~
Ab 4R S R KT GB 2762— 2022 4% & & 1 BR &
FRyfE (0.2 mg/kg) , H.T6, T8, T9 K& T10 &b HHFfH1 47
Ay A CK R R T 61.90% ,68.83% . 70.56 % .
69.26 %0, KAEFEAF AU R 5t DL T5.T6 & T7 43
ek, 5 CK AR B 43 5 T B T 56.4% . 66.0% .
53.7% . FERKF %R g & IR K R X 4 4 AR R
KRR R 25 R, A I o 25 2R, X 5
FRAERL YR N E SRR A28 B O s B A R Y

YRS B A R R B A A I — B T Al
AEFRER T3 H T4 40, BIREAR T KA FFRL A4 & 1, A
TR OCEE R B AR & T 3R pHLL AR
HET A b B eh T AR S A R AR TR AR
T HE AR T 4 e K AR AT RS A
T REAR T KA A SUR e & BRI AR R

g5 b 4 s g - BRI At Ak 7R R LAAT A
T4 pH , B2 SRR I RAF T A AR 0 M 1Y
AT A A B 2 A8 Ry H A AR X He R e IR SO H
FRIEAS , A A 1 v B 1) AT R | 84 1 KR b L
543 1R 3 B FRR B2 DT B AP F P TP 4 1 e 4 o il
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Comparison of remediation effects of different passivators on
cadmium-contaminated rice paddy

LIU Zhihao,HU Yucong,ZHANG Jiapeng, GAO Dalin,ZHANG Guoyi, LU Hongjuan

Anhui Province Key Lab of Farmland Ecological Conservation and Pollution Prevention/
College of Resources and Environment, Anhui Agricultural University, Hefei 230036, China

Abstract Cadmium pollution in soil brings a serious threat to food security and human health, and
the problem of cadmium pollution in paddy fields is a priority for heavy metal pollution and prevention in
soil. Pot experiments were conducted to screen suitable cadmium passivators for soil remediation in farm-
land. 10 passivators including T1 (anomaterials, etc.), T2 (lime), T3 (oyster shells, etc.), T4 (CaO),
T5 (silica-calcium fertilizers) , T6 (organic fertilizers of goat dung), T7 (Bacillus cereus, etc.), T8 (or
ganic fertilizers of pig manure), T9 (oyster shells), and T10 (microorganisms, etc.) were used to com-
pare the remediation effect of 10 passivators on cadmium contaminated rice paddy and the growth of rice.
The results showed that passivators increased the pH of soil in rice paddy and altered the form of cadmium
stored in the soil. The content of exchangeable cadmium in the soil treated with each passivator decreased by
4.6% to 44.8% compared to the control, with significant decrease in T8 (44.8%) , T6 (36%), Tl
(31.15%), and T10 (28.4% ).The content of carbonate bound states increased. The changes in the content
of Fe-Mn oxide-bound state and organic matter bound state were not significant. The proportion of residual
cadmium showed an overall upward trend , with T6 having the largest increase, increasing by 53.85% com-
pared to that of the control. The biomass of rice seeds treated with various passivators increased by 5.75%
to 25.30%.The content of cadmium in the seeds, husks, and straw of rice was in the decreasing order of
straw > grain ~> husk. The content of cadmium in the rice seeds ranged from 0.068 to 0.254 mg/kg, with
T2 (0.152 mg/kg), T5 (0.143 mg/kg), T6 (0.088 mg/kg), T7 (0.126 mg/kg), T8 (0.072 mg/kg) ,
T9 (0.068 mg/kg) , and T10 (0.071 mg/kg) being lower than the national limit standard (0.2 mg/kg).
The content of cadmium in rice seeds of T6, T8, T9, and T10 significantly decreased by 61.90%,
68.83%, 70.56% , and 69.26% , respectively, compared to that of the control. T2, T6, and T8 had better
effects of passivation based on analyzing the transformation of cadmium form in soil, rice biomass, and the
content of cadmium in rice seeds.

Keywords cadmium pollution; passivation; soil remediation ; the form of cadmium ; rice
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