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Abstract; Bioavailability of Cd may be strongly affected by the redox processes in soils after submergence. In this study a red soil (pH 4.46)
was spiked with 20 mg-kg™ Cd and was incubated under submerged condition for 41 days. At the same time, rice seedlings were cultured dur—
ing the initial (1%~11* day) and later periods (31%~41% day) after the soil was flooded in order to study the effect of soil redox processes on
the Cd bioavailability. Results showed that the dissolved Cd concentration increased from 0.210 to 0.254 mg- L™ until the 25" day after sub—
mergence, and then decreased from 0.221 to 0.092 mg+ L. Cadmium content in rice shoot harvested at the 11* day and 41* day of incubation
were 48.37 and 16.25 mg-kg™, respectively. These results indicated that Cd activity and bioavailability at the beginning of submergence were
higher than the later period. Through the research on the solubility of Fe and Cd, CEC and saturation of exchangeable cations of the soil, it
was found that the decrease of pe+pH and the increase of pH were caused by the reductive dissolution of iron oxides, which controlled the
variations of the activity and bioavailability of Cd in the red soil.
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1.1 Cd 5L EHI&

RIS LR B R KD R HAHER(0~15 cm),
pH(7K:+=5:1) 4.46,<0.01mm K5k 64% , 7 ALK
25.61 g-kg™,CEC 9.78 cmol -kg™, 1& 4 Fe 78.4 g-kg™s
F R FEREE 1 mm §, iIA CdCL-2.5H,0 #iR
MEBTFK, 5 L5, Bl RS Cd 20 mg-kg™ [
Y, MFERBCEEAE L
1.2 iR

B Cd V544415 30 g LA 100 mL 2R B .08
B, 2B F K 60 mL, B PRI A, F(25+1)CF 8
FLERELEFRIMEEFKURRHEE, WE
1di&, 53 dEE A, HESH 40 d, LFEK
LR FE, I 15 b B, RE 6 NEE, HAP 34
2 T4 pH Eh FVAM S 3RME , HAth 3 41
HE RN A BUE R, B0, RERAT
VAW Cd Fe RMNE, BLERXE LA
F 4138 CEC FIac et FHE T30 B I E
1.3 KFEHRH IR

KFEF TG ERE 7 5 R LR N R
Fp R E = AR T AEE M . B Cd 15 Y4214 500 g
/MBS, INEEFK 1L 3R 5 i FRES,
WE 6 NER, Hh 3 NERERKIF RN BRI
T (G 15 M), BA 3 ANEE FHK 30 d iR
BB FEY T ER NS BT K. B
JE5E 11 d WK RS, FI K& B SRk v, FRRAR IR
A 0.2%EDTA B iR 2 h, FEAKE H¥Khsk
T RE R EBE FKIEYE, Ko, il R e, 54
JERABFEZRTE (90 °C.15 min) FIHEF(70°C.24 h) , B
BT, B—E/KRE T4, ke, Fl HNO;-HC10,(5:1)
IBEBRIEZE , © %, | ICP-AES (Perkin—Elmer Opti—
mal 2100DV )Jli5EAE#E Cd . Fe & &,

1.4 MEF*E

14 pH F1 Eh Fi& & B AR AE AR —H R F ik
#£ PHS-3C RIFR TN E , B3K pH F1 Eh Wl E R, 5
F pH PR IEAXER B2 pH HAR ,  [RIEX R AR

YERR AL FE , F5 ] Zorbell YO AR TR IE , Wl
BPR AR A KR R H A 10 min, FREEBGRE G
FHEUN E{E - pe # 1T Eh(mV )/59.2 #3E Mi15 . /K1
Cd.Fe f ICP-AES W&, M3 Flfa SRR TE DDS-
11A B J 24 B I5E , BV R L5 2800 22 f RN Davies
FRITEEEFEERE, BRUNEHKERS
Cd* Fe*TEE

- 48 FH S F 25 e & (CEC) FAZ e FH B F il
FE R FH 0.1 mol - L™ BaCl, #2HUEIY, BB Hy - FREX
5 g 81, N A 20 mL 0.1 mol - L™ BaCl, %§¥% , #5% 2 h,
2500 remin™ B.0> 10 min, 1338, FERFAY Ca Mg,
Na.K.Al.Mn.Fe B 74 E H ICP-AES Mlj5E, xXibag
ot BH S ¥k B =2 Rk -3 CECM,

HoAh Fr A T3R8 A SCRR[ 1113547 5
BEHE A0 B AN [ 23 B15R ] SPSS13.0 #i1 SigmaPlot 10.0
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FHN Cd MLTES AT KBS SF 41 d, S5 K,
WEE & AE FA B IN5E 13 pe+pH 5722 TRE, MK
B 1d/12.02 —EH TRHERIHK 40 d B 7.71(F 1),
HivFer, 3R pH NAER A 4.79 F¢8:F = 2
6.14(F 1), LLEKHIH(1~10 d) 5H#K5H1(31~40
d) B EI{E He %L, pe+pH 43510 11.48 F11 8.29,pH 43
R 4.96 F1 5.99,¢ ki B 3% B H 22 F AR IR B AR B 2
(P<0.01), +3E¥wH Fe( 1) WRELERK 1~34d
I 0.072 mg-L' EFHE] 2.32 mg- L, 5 (EHGE T
K, 2HEK 40 d R 1.66 mg- L7, XEXIREE R 55E
H A FRE R R —30,
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Prie-sl + W K R B AR TR B R AR K B T
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Table 1 Variation of pe+pH, pH, dissolved Fe( Il ) and Cd

concentrations in the red soil after submergence

WK REUd pe+pH pH Fe(Il )/mg-L" Cd/mg-L*

1 12.02 4.79 0.072 0.210

4 11.83 4.92 0.093 0.198

7 11.27 5.01 0.16 0.205

10 10.78 5.12 0.60 0.208

13 10.65 5.17 0.40 0.200

16 10.44 527 0.79 0.209

19 10.33 5.61 1.22 0.202

22 9.56 5.58 1.62 0.244

25 9.62 553 1.11 0.254

28 9.06 5.67 233 0.221

31 8.89 5.75 232 0.162

34 8.62 5.92 2.79 0.152

37 7.95 6.13 2.54 0.121

40 7.71 6.14 1.66 0.092
1~10 d ¥Y{H 11.48+0.55* 4.96x0.14°  0.23+0.25°  0.205+0.005*
31~40 d ¥{F  8.29+0.56° 5.97+0.19*  2.33x0.48*  0.132+0.032°

R ABEREFTEE (P<0.01),

R 2 RBAFREE petpH . pH. lgFe* Z BIHIHEX 547
Table 2 Correlation analyses among pe+pH, pH and IgFe* in the

red soil at different stages after submergence

1~31d 34~40 d
KB Bt
r P n r P
pe+pH vs 1gFe* 11 -0.944 <0.001 3 0.841 0.364
pH vs lgFe™ 11 0.933 <0.001 3 -0.705 0.502

pe+pH vs pH 11 -0956 <0.001 3  -0977 0138
H:FH nar P BIF R EE AN AR R B AR

FETMEL EF, SFUHEXREEBR TR EEK
F-(P<0.001), FEH KK 34~40 d 1, IgFe® B T R,
{55 pe+pH Fl pH BIAI AR B E . BB, 4T3
FEIKHTHA pe+pH . pH FIKIEME Fe( 11 VR R AR L2
SEALER (I )3 s iy SR S5 2R , TS IV 9 Fe
(D)W 5 Fe Hop AR X, X S5RESPRSL
%_‘ﬁ[l,z,iu—l{lﬂ o

B SR Fe(OH );(amorp ) Fll a—FeOOH (goethite ) #f
REAGK(), EiTE RIEMELEER ML,
R KR JFAE T RIH a3 BA GO, Bt
HLIEWEIKIT , Fe(OH )5(amorp ) §E 5525 10 I I
N, B BEE & JEAE R R R AR Fe( 11 ) MR EE Y
Rt . R 1 ATLUER], WK 1~28 d, BEE
pe+pH T [EF pH JHis; , S ¥R Fe? 35 BE R 107
mol L' FF+F| 10*® mol - L, FEWE/K 34~40d ', [

% pe+pH 4RZE N REAM pH kL THE , Fe? & B 107
mol - L™ FEKE] 10*® mol - L RATERE K 28~34 d 1Y
B B, Fe ¥ E A 10 mol - L' 2245, pe+pH F1 pH
53 AIHER 9 F1 6,4% pe+pH Fil pH NS EUTE H Y
Fe(OH );( amorp ) Fll a—FeOOH ( goethite ) ) Fe**I% &
AR5 10*? mol - L F1 107 % mol - L, ¥ FeVEEH)
SEIE SRR T AL, RUIET B Fe TR T 3
T Fe (OH );(amorp ) {) ¥ fif & 1 i /5 T a—FeOOH
(goethite ) FIIARFE , S PR PR SL R MM, ST AR A7
SRS "', pe+pH . pH F Fe? & FEHEA
PREEEME. HILFTY, ST B Z R, KL 3E Fe?
JEH Fe(OH );(amorp ) ¥l , AR LUK ISR £, K ¥
Pk Fe( 1D )M BEIEIN ; ZEMETBE Z J5 , WEK L3 Fe™ T
FEH a—FeOOH (goethite )51, AR H /K VA 2 1
HACRUTTERD Y, B FK I Fe( INDWBET . FF
DEEAR: ¥y Suy LY ) W N E=R X 1 || )
930 T A I BR SK pe+pH 3522 T AT pH F75%
Fh e, o DRV A B 1 22 ) i K s 1k Fe( I ) Mk BETE
WK I BRI K S 3T R
22 EEAKEFRERAX CEC.ZHMAEFEER
AN BRI

H#E 3 A UER, RN RSB , EEE
IKEF R AEL , CEC S84tk Fe & EFIMR T BE 47 22
Hahn, Ak Ca’ K& &R AR T Al B RS
/Do DA¥EIKES 1d #0140 d 415], CEC H 4.76 cmol kg™
EFF] 791 emol kg™, A&HE Fe* ()& B FMLAE
413 i 0.04 cmol kg™ F11 0.84% | 715 2.85 cmol kg™
1 36.0%, RInEEREZH , FABR) B8 R B il
kT HIERETE AT A BTG, LA Fe
BAEEE R, R, EEMITE Ca K NETFEE
AR, R BT A HLRTEE A AR , st R
TENRMAEEAEES, R, B TEENTREN

% 3 qIEE/KEIE CEC RILMZ SRR FRE
SiafnEmi
Table 3 Variation of CEC and some exchangeable cations and their

saturation in the red soil during submergence

kK CEC Fe* Ca? K*
KU femol kg™ Jemol-kg? /% femol-kg? /% femol-kgl /%
1 4.76 0.04 0.84 2.06 432 073 15.3
10 553 0.19 334 2.34 423 074 134
19 6.07 1.12 185 2.13 35.1 0.73 12.0
31 7.34 245 334 2.15 293  0.69 9.40
40 791 2.85 360 221 279 072 9.10
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1 BAER, KK Cd IRE MR
RS E R MK IRFIEE 19d,Cd
W — B R FFIE 0.198~0.210 mg-L™ Z [H], BJ#EK 25
d BT EREHE 0.254 mg- L, SRS REZ 8 T K, B9
7K 40 dCd ¥R EEFEH 0.092 mg- L7, WK HTJE HL#k, Cd
WD T 0.118 mg L7, MKW HH (1~10 d) H#eoK
JE#H(31~40 d) He %8, P34 Cd Y& 4331 0.205 il
0.132 mg- L, BT #A B 25 FJ5 51 (P<0.01),,

3% K )G pe+pH . pH Fe* ¥k BEXT /K% 14 Cd ¥
FERISEI IR 4, AXER ), TEHKAY 1~25 d H1,1gCd
B pe+pH T F&F1 pH LF-Mdsin, 7E#K 28~40d
1 ,1gCd Fifi pe+pH T F&FT pH _EFHTIAL, EATHIAH
X R BERIXF] B2 (P<0.05) B B E K, X4 RS
DIRTARE—B, A, AMERS TS RE  BKE
B Fe*5 Cd WREMAHCHE L RT I B — 2, X2
TEARRIE 44T EAE Fe. Cd TR HEALA R AT 5,
AYZEIR X S T AEBE—B EHIE T SERT TR B
RER AEPH Cd BEASHEABIFERN, HE
S AT 32 A Ak (I ) 3 TR i I N7 5 ), TE VA TR
HCd G B FeiE S AT ERE L Cd Y
AR Fe EARALRH L, FERZIES
pe+pH T F&AI pH _EFHA 521217,

x4 IEBEKARE M pe+pH. pH, IgFe* 5
lgCd BYHEK 4T
Table 4 Correlation analyses between pe+pH, pH, lgFe** and
lgCd in the red soil at different stages after submergence

. 1~25d 28~40 d
KA B
n r P n r P
pe+pH vs 1gCd 9 -0.715 0.030 5 0.930 0.022
pH vs 1gCd 9 0.581 0.101 5 -0.930 0.022
IgFe* vs 1gCd 9 0.665 0.050 5 0413 0490
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FELTIEHE K AR BEEA KRB RS 5% , 38 i
JKREZEM Cd TR SR A I8 + 3 Cd A8 3t
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2009 45 11 H

500 A
o 31~41d
x 400t
'an
P A
£ 3001 1-114df]
£ 31~41d
Tm 200. B
v}
¥

1 -

8111431414

2 -Cd ZM-Fe %&-Cd B ZE-Fe
T3 K B B B R

1 {TRARIEKE BRKFEEN RIRR Cd.Fe & ELE
Figure 1 Cd and Fe contents in rice shoot and root during different

stages of submergence for the red soil
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TR A WA RE T, ZEARPR I X I AT S — R A2
R, I IARPRIE IR pe+pH B T -3V,
pH N5 + BB W AHIE™, X, TR —2eif R
PEY) AN RS AR R AL TTVE (B /S ) T B Fe
JEE, B EZ MK RS Cd IS, #RZR Fe Cd ATTAR
[F#E52 pH.pe+pH HIZM, FEHIAEARE R pe+pH 1H1L
T, pH BE{EXT Fe Cd ARZRAGTTRR M B A7, By
DL, FEFEE /KA AR BB Fe( 11 ) Cd SRR AY
pH B ENT7ER R AT (SR )& D, 3 AR R
TR ZEM ) Fe F1 Cd AHRTEZ ;. 7EWE K G HA
AR 9 pH BUE EN7ERROTIR (SR )%,
HEAZEM[Y Fe F1 Cd NIAEXTED

3 #ig
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AR , 2138 pe+pH FREEREARFN pH Fr2k EJH, K
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