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(1 DA LB, A 6111305 2 Rk B + RS 515 06 5 0 50002 (R 50 L SEBFSE ), RIS0 210008; 3 HHTAH
T & BH X M A ot WLEH 311400)

OE: REWTIAUNRBIX & HF VL R RCHTS Rk R L, ERRTIe e n s 1% Cd SibRCR RAF . TR ERINFK Cd 1Y 4
RN, RS ARSI AR = BT, IR FEIRELA RS GRS YM, HLRIE ZTF, K4 —5 TX1. 7Kif YQ). JHE
FEAE . 3 AR AR B S5 A A ORBCEX TS YLK RS+ Cd FARESOR BHKAAE KATRE K Cd S, =N,
AW, BIMFEEREA e 139 pH BE T, E T4 T 1358 pH MRS T A S i 2R, e
PRMGS Cd WA TR, PR St A A BB B F s A R R T o 2 R b, [R)— PR 3 At Fl i Ak 2
TFRSRRAARIUA Cd (IR, RIHMRREIEIGS Cd 2 13 pH SR, H YM, TX1 JHBFI R RIS Cd AR
U ARG R DR, il A DRI b IR B0 1 AT S KRR AR - a7, I BB UK RIS K Cd &, SIHE S 1% Cd
FREREATA 20 &5, BedR 1y LI pH IR LA PUSURIFE 30 52 & B AR, XRFERR 8™ . Bk Cd &5t
TR

SRR RIS Yy HELR ARrE; WK KA

FESES: X53 XEFRERS: A

Effects of Different Passivators on Immobilizing Cadmium in Soil and Reducing Cadmium

Uptake by Rice (Oryza sativa L.) in Contaminated Paddy Soil
WU Tuozheng', ZHAN Juan®, ZHOU Jiawen?, JIANG Yugen®, HU Pengjie®, LUO Yongming®, HUANG Huagang',
ZHANG Xizhou'""

(1 College of Resources, Sichuan Agricultural University, Chengdu 611130, China; 2 Key Laboratory of Soil Environment and
Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3 Center for
Agricultural Technology Extension in Fuyang District of Hangzhou City Zhejiang Province, Fuyang, Zhejiang 311400, China)

Abstract: A lab incubation experiment and a pot experiment were conducted to investigate the effects of four recommended
passivators (Yuanmeng(YM), Zhutianfeng(ZTF), Tianxiang 1(TX1), Yongqing(YQ)), application dosage (recommended dosage,
triple-recommended dosage), and the combination of the four passivators with lime (CaO) on immobilizing cadmium (Cd) in soil
and Cd uptake by rice (Oryza sativa L.). The soil used for the experiments was Cd contaminated and collected from the suburb of
Hangzhou, near Fuchun River. The four recommended passivators were selected from a previous experiment and have significant
effects on immobilizing Cd and reducing Cd uptake by rice. The results show that soil pH increases significantly after the
application of different passivators, and a greater increase is found under aerobic condition compared with flooded condition. Soil
NH4NO; extractable Cd decreases obviously after the application of the recommended dosages of passivators. Generally, the
treatment of triple-recommended dosage shows a greater decrease for soil Cd extractability than the treatment of recommended
dosage + CaO, followed by the treatment of recommended dosage. It indicates that soil NH;NO;-Cd is greatly affected by soil pH.
The passivators of YM and TX1 show better Cd immobilization efficiency in general. Moreover, it is found that the application of
lime and commercial passivators significantly reduces Cd concentration in brown rice along with an obvious decrease for soil Cd

availability but without reduction and even a promotion for rice yield. The combination of the four passivators with lime shows a
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greater efficiency in reducing Cd concentration in brown rice and yield guarantees by increasing soil pH as well as providing

some soil nutrients, especially calcium, organic matter and macronutrients.

Key words: Cadmium contamination; Passivator; Availability; Water flooding; Oryza sativa L.

BCRAEYFHENSR NS ot EZ —, T
FEAH Cd i5emfiR . ™ E . 2014 4F (& +
BESYOIRBLIHAT AR ) oR , Bkt 985 ged s
FRREIL 19.4%, Hi Ll cd i &, fpi
FRFIA 7.0%M, HAET, 4Fxbg i 145 Cd 75 YL R B
Bt RIS E | B E | EMEE R
PSR MALAE R P RO LB FHOR , it
175 G e A mel Ak 57, w0As 5 4 JE 7 e A
A, BRHAEYA R, Daesleadr=, se
Wi 28T 2T . WHoE R, B 13 pH (F%
%, 3t 5 4 0 R PR S , LA A AR
Rz, W% +5E pH Fri, AR TE LI AR g
Fy3itsi , TR E 4 T R LTE , AR A R
TR 2 A 3 B35 T e HAT S R -4 Cd AR E YE AN
VEYIM AP AL . B8 SCHR X 5 i 6 A HL R A
FEoK Cd WIS PGB 2, (6 AS ) 218 280 378 3570
RA H 4 398 5 4 J A 0P A0 e 9 AR X e 2 B
T RN AR IX R 52 & Ak 5K HE R i, R
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R0 0 e A X Cd FeUE R Ay ) - e B,
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AR BRI, LA AT A0 X R T o 5 ek R
WFFER R, i % N R IR A & AR, L
BB FEA IR BRI 5 G 8 pH eI Cd AR
AR IR R A A Cd MRS - U s e o
PE R A e T R R B Cd AR T 3 A 22 40 4
PEHE B ST

1 #REFE

1.1 ik 3%

P R A WA & PRI & AL R, R
TR R R B RIKRE . B0 ~20 cm #F2 +
e, AT, KBrZed, BHEJGE 10 BHJE i,
#% M. T3 pHH,0) N 5.57, AHLE &4 40.3 g/kg,
+ 348 Cd M 0.69 mg/kg.

1.2 XV E R

4 S PR AR, ARG i [
b2 B S B R A AR IE BT AR A 7= i, YR 7
R T T 22 HXTROKFE Cd BUR IR = 5, —28
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AR AE R I 38R AR E AR o 4 S A T B 9 £
SR EBERITFHEEIE 1,

x1 R R

Table 1 Properties of tested passivators

PHERRI AT i 4 S AU MR (e/ke)

A PR 32 RSy

EH(YM) 2
BRI (ZTF) 1
KHE—5(TX1) 2
IKIE(YQ) 2

FALEG(Ca0)=38% ., AMEMg0)=4%, —HILEE(SI0)=3%. A (K.0)=4%

Si0,=20%

Ca0=25.0%, Mg0=5%, Si0,=10%. AHLE=5%
Ca0=20.0%., Mg0=2.0%. Si0,=2.5%

1.3 RWigit 5XiE

IRYG— ¢ AS[A] PR P X 14 pH M AR BUS R A5
Wi, HERRFREL 100.00 g K+ 35 T /N R 2,
TN 150 A 4 RO T, SRR BT 15
TEFEL . 3 i A A R A K 3 b B
A=K R B AR A AR IR 25 AR B, Rk 3
pH P& 1 AL, A K (CaO) 1 - 35 H &k
1.40 g/kg. 050 [F] I 152 5 AN I 255 X6 BERN Ui A= A
IR bR AR AbEE 3 kR, dhit 42 .
5 EHERA)JE 1 /NEARHE I A 70 ml 255 T,

WCETE A ARENAb RS 14 d, 52 d FTRERERE—
WIS FEK)ZE L1 F 24 2 em, IR 438
KM BEFEEIRETE 10 ~ 25 °C, B g hint, 4
W L EE PR AY, TR 0.5 h, DRy R 4 4
B, R 0.45 pm B U8, SR VT T pH.
FRELZ) 10 g it L 4F, oS0 PrE &, HFE +
Bk e, FREBGHEE LR, T =
L R-= Bl (DTPA-TEA, fijFk DTPA ¥:)FIAS R
B (pH 7.0, 1 mol/L NH,NO,)#EHS Cd il e, +15
) ) 3 K T LA, DA A 1
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iR =), B RELE K, REFLHKZY
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14 MEmMHESHZX
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BCHE T2
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TR ML PIRE S AR REHLI R . A RE SR
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TR S E .
1.5 #HiEaE

FF A BR8] Microsoft Excel 2016 Fl1 SPSS
16.0 FEA7 AL F A3 8, SR HIE R R J7 22 40 i
(ANOVA) Flf5e /N i 35 1P 22 55 15 (LSD) Xif 4k B[R] fiY 22
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2 HEREHN

2.1 AREEAEFIX LIE pH FARISREN

FEHERA R T, it in 8 B0 ) 45 Ab BE 4 48 pH 2y
ok, B CK AbB B EFE(E 1), H, 3
B YM M TX1 ARBETR, 3 pH T i fok,
B CK AbFRAY IR R T 0.52 F1 0.49 NEAf;, 544
A K (CaO) b AR R AR AL o Y Q JRIBEFXT 13 pH 4
PERCRNE 2, (H A8 pH 42/ T 0.23 Ny, B3
T CK ARH, Jit IR EER Ab 3 5 CK 4b#E + 3% pH
Brm THER IR I +38(5.57), XAl e i Tk S50
3 pH TR R

S S
710} N
7.00} s s 1 §
T 690

b s NN N N N
008N N N
N NN R YN
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(I p R [E/INE SRk R AL B0 TH] 2% 57 B35 (P<0.05), T IA))
E1 BKEFEFHTHEEZRERETX LIE pH B9320

Fig. 1 Effects of recommended dosage of passivators on soil pH
under flooded condition
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F AL L1 NHNO; #2HGS CA(NHLNO;-Cd) 7 &,

YM il TX1 AbBE#E CK Ab PR AR IR 45K, 35 82.3%
A1 85.3%. X4 T NHNO5-Cd 3250 /KI5 45 F130
Sy AZ RS Cd, JEEE ) A v pH(ET 1), [
R 22 s Cd & i bt R B 19 4% 4b B 4 3 DTPA
FEUS Cd (DTPA-CA) & #4948 CK AL HEAT fir
o CaO fil ZTF b2 I F+ 1 2% (3R 2). DTPA X+
Herh g B Cd R R RE B, R E e R
Wl cd®, mikEE EEF R Ca® UK A

PUBTLH 43 6 A 38, 5 Cd> 55 4 - 396 3 T 1 1% B3z
M, R ATEARS od A AT, SRS
A Cd St

TREIE ERFR) 3 5 A kb PRI 7 F e+ A A K
AbHARE T A AL, H DTPA-Cd & B IMEA
Fh (3 2), Uk B R B A 0 A RN R B 4
DTPA-Cd it it b PR L+ Ak
P DTPA-Cd & WK TR BET) 3 A5 S B], (H2
I NTE N
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Table 2 Effects of different dosages of passivators on DTPA-Cd and NH4NO;-Cd concentrations in soil

b DTPA-Cd NH,NO;-Cd
it SRR AR TR iiZeth 3R et s+ K

CK 53.64 £ 0.57b - - 1232 £ 3.98 2 - -

Ca0 70.81 £ 6.15a - - 2.18 £ 040 ¢ - -

YM 67.1 £ 13.3ab  71.5 + 10.2ab 75.1 £ 6.6a 2.18 £ 0.78 ¢ 1.00 £ 0.04 1.39 £+ 0.08 ¢
ZTF 708 £ 8.7a 86.1£69a 718 £9.7a 535+ 091b 338 +£0.29a 1.86 £ 0.17b
TXI1 66.3 + 8.7 ab 644 £330 740 £ 9.0a 1.81 £ 049 ¢ 1.07 £ 0.10 ¢ 126 £ 0.11 ¢
YQ 64.3 £ 5.4 ab 727+ 4.8b 63.6£3.0b 4.17 £ 2.54b 1.61 £0.30b 357+ 1.08a

e WA R/ING F R A B ) 22 57 1 3 (P<0.05), R A,

X F NH,NOs-Cd, i 3 475 4 A 2 4 o 2751
Qb PR T4 P AL P S B AR e, 3 A
1 YQ VHERFIAL B R NHNO;-Cd 5 5 PR AR I 5
K(F 2). EIHIZIRBGE Cd %+ 3 pH Sk,
R B it -4 pH THE . Cd A RCPEREG . T
5 3 e A BEAR E, HEEE A A R AL B
NH,NOs-Cd & AL LA &, Hidp ZTF JA B
FAb P E R, YQ VBRI AL BN 2% EFF. Bk
I, 43 NH4NO,-Cd & &8 DTPA-Cd & =152,
LREH T 2% ~ 7%

T K5y )5 £3E pH B RAR T K& M4(E 2).
T T4 R SR 7 T B A 3 A 498 pHL AN it o 2
I CK AbBR R % Ly, HHSRE K TR &0, Ut
FHAE R BRI VR F R 3% pH T, HAE SRS T
PO ETE

H & 3 o] UL, e /K5 1-3% NH,NO;-Cd 1 DTPA-Cd
TR TR T A, X 5K)E B3 pH & TP
PEAG BRI ME 1338 pH A ¢ Hak, WK fE 134
FEIR RO (Bh) TR, BR(S)BA IR, A:hl CdS UiiE,
XA B Cd ARt R X — R
2.2 AS[EVEER T X 7K FE A K R BE K 5 IR A ) 22 i

PAFE 3 ] I, it 8 55 £ 5 Ak BEEORH 5 AR T 1
B CK kb3, FOREKRA YRR LI, BAYL

CaO+YQ ZbBRMREK A Y R B T, B CK M T
41.7%; ZTF b3 F AR B/, B CK U mE T
5.99%, XAl g ZTF Y& B At AT o6, Hakmth
FrE e R R HER IR A O AR AN T H At A
R, 25 AR FE AT AR A B E MR
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7.30 -
7.10 1
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6.50
630
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5701
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+EpH

(BPARFRNE | REFRHIFREEAK . TR 2
S BE(P<0.05); FIA
B2 #AkSETEETREIBER 3 EHEREN TR
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Fig. 2 Effects of triple-recommended dosage of passivators on soil
pH under flooded and aerobic conditions
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Fig. 3 Effects of triple-recommended dosage of passivators on NH4;NO;-Cd and DTPA-Cd concentrations in soil under flooded and aerobic

conditions

3 TFEIABFIMNKBEVERESENT

Table 3  Effects of different passivators on biomass and Cd concentration of rice

JKFE Cd it (mg/kg)

GRS

IYBEMREAT

AR AT

Ab B IKFELE Y (g/ )
LB S S BERIRSAT B REAT
CK 599+1.04b 8.35+0.39b 20.5+2.8a
YM 791+0.87ab  9.65+035a 19.6+13a
ZTF 646+0.77ab  8.38+0.12b 19.6£1.2a
TXI1 743+0.63ab  9.70+029a 17.3+£2.8b
YQ 740+1.50ab  9.46+034a 196+1.1a
Ca0 797+0.79ab  9.07+0.72a 205+13a
CaO+YM 8.1240.88 ab 9.71+0.04 2 19.5+21a
CaO+ZTF 7.22 +0.85 ab 9.68+0.28a 184=1.2b
CaO+TX1 7.58 +£0.25 ab 9.81+0.182a 21.6+29a
Ca0+YQ 8.49+0.70 a 9.76 £ 0.13 a 17.9+12b

0.082 +£0.004 a
0.052 £ 0.019 ab
0.071£0.011 ab
0.049 £ 0.008 be
0.047 £ 0.012 be
0.032 +0.002 ¢
0.025 £ 0.003 ¢
0.023 +0.005 ¢
0.020 £ 0.003 ¢
0.022 £0.018 ¢

0.748 £0.283 a
0.020 £ 0.020 ¢
0.143 £ 0.057 be
0.129 £ 0.080 ¢
0.209 + 0.197 be
0.210£0.128 be
0.213 £ 0.281 be
0.183 £ 0.345 be
0.284 £0.102 b
0.225 + 0.097 be

0.426 +0.045 a
0.188 £ 0.037 be
0.244 £ 0.049 b
0.180 + 0.040 be
0.160 + 0.024 be
0.172 £ 0.036 be
0.140 £ 0.108 be
0.089 +£0.018 ¢
0.093 £0.019 ¢
0.120 £ 0.031 be

FIKFERER Cd & E#ET GB 2762—2017 (&M%
SEFRE s R E ) Ul 0.2 mg/kg [R
B, ELER S A R A il FH BEBE A S5 IR K
Cd W, HEILRCR T W3 s ikt LA B R] K RS RS AT
i Cd F b Re R IR Z5 e . MRS, 4
BEWKRERE AR Cd S B ARE TREWIEE 3); &
A it A A TR AL B, BRI RS RS Cd &
IR BT 3K 25.0% ~ 63.5%; TE 4 > BAii i 5
AbFEHR, ZTF AbBEKARERSFF Cd & & T4l 3
Tl B AL B, Xl T ZTF 35 A Ak ik s o
A7 Fe A, X 49 Cd A At P A R A A A E R A1
23 AEEEFIXABEUIKRETE pH FIREE

AR

IKFESCR 5, BS54 A R 54 it FH A B A 44
F B it 9 B R DL K AR R Ak Rl AR A
pH, M52 A il FH A5 A B[R] L2 B S it 780 3 551 Ak 248 ] £
ZRIFARRE G 4)o it E ELF A4 b BEAH 5 T A i
PE B AL B, L NHGNO5-Cd & B #5045 E M TR

4 Fh A ] 2 A B B ) AL BETE], ZTF A4b #E
NH,NO;-Cd & i HAth 3 i 350 kb 3 m H 2% S A0
X B 4 ARFEE] () DTPA-CA & e B35 2%

£ 4 ZHOKIBYIKE LIE pH & NH,NO,-Cd #0
DTPA-Cd & &

Table 4 Soil pH and NH4sNO;-Cd and DTPA-Cd concentrations in
soil after rice harvest
Ab +3EpH  NH,NO;-Cd (ng/kg) DTPA-Cd (ug/kg)
CK 5.60£0.06 ¢ 599+ 16.7a 843+ 13.8a
YM 6.21 £0.08b 20.9+10.3 be 89.4+20.2a
ZTF 6.12+0.05b 32.8+52b 80.2+119a
TX1 6.14+0.07b 12.1+£3.6¢ 86.5+19.0a
YQ 6.11£0.09b 124+6.0c¢ 982+ 145a
CaO 6.00 £ 0.26 be 152+86¢ 89.7+215a
CaO+YM 6.59+0.08 a 2.72+£2.68d 80.5+19a
CaO+ZTF 6.52+£0.09 a 4.57+£0.39d 99.5+193a
CaO+TX1 6.43+0.12a 2.42+2.00d 86.0+28.3a
CaO+YQ 6.62+0.02a 2.84+1.22d 97.7+69a
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