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Response of Rice in Three Types of Soils to Cu, Pb and Cd with Single and Combined Pollution
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Abstract: Pot experiments were carried out to study the effects of Cu, Pb and Cd with single and combined forms in three different types of
soils on yield and heavy metals accumulation of rice (Oryza sativa L.). The results showed that, in the red soil, compared with the treatment of
Pb 400 mg-kg™ soil or Cd 1 mg-kg™ soil, Cu of 100 mg-kg™ soil was more toxic to the rice growth. The rice yield decreased significantly,
while the coexistence of Pb aggravated the toxicity of Cu, the coexistence of Cu-Cd, Pbh-Cd and Cu-Ph-Cd significantly increased the rice
Cd concentration by 135%, 84% and 126% respectively, compared to the CK. The interaction effect of coexistent metals on rice Pb concen—
tration was not significant; however, the rice Pb in all the Pb treatments exceeded the Food Hygiene Standards in China (0.4 mg-kg™). In the
paddy soil, the combined effects of Cu with Pb and Cd on the yield of rice in other two paddy soils were less significant than those in the red
soil, the rice Pb and Cd concentrations in the Cu-Pb-Cd treatment increased by 141% and 360% compared with the Pb or Cd treatment
alone. In Wushan soil, the existence of Cu or Pb and Cd did not significantly increase the rice Cd concentration. The toxicity of Cu, Pb and Cd
to rice in three type soils was red soils>paddy soil>Wushan soil. The concentrations of Cu, Pb and Cd in the soils extracted by 1.0 mol - L
NH,OAc showed good correlation with their concentrations in the rice.
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HRFP> AR L 25> 20 RS FP >, B AREEA Ny
Zn 1EKREIAR N RS SRR J1 KT Cu, Cu 222 RBUAEK
FERGARR , A S i 2 AR I A 7T T /KR AN TR 27
133 X Cu Pb Al Cd Fo—FN4Z G5 L pyma i, LA A
PR EE BT YA T 0 Z B A AH ELAE A R
M KRR W S 4 T AR, 25 Tl R T ) - A
B R T — o Rk I T, 5 bR
B YROLH A, AR FEAA B FIRA T A
SEAEE ST s YA A R AOHLE], B RE S P
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1 HRSHE

1.1 e H

MR 35 IR B VLY VR LTI Wi v LI
ZLEEME K R LAV IR R 2 S 1 ¥ 0~20 om 3k
+, HOEAEA MR UL ER 1, 3% pH AW R A
pHS-3B ¥ % pH i1l 17K o 1:2.5 /) - 58 &
W A P E S FR PR S R ; BH 5
1t (CEC) BB IR £ v 5E ; +3% 4 Cu Pb Ml Cd & &
2 HF-HCIO,-HNO; &5 11 4k J5 > H] Hitachi 180-80
J IR GG B I
1.2 I AbIE

AR R P 2 A e i vk, R B AR IK
T, g0, BERE S 3 5 mm 07, A - 5 kg, T4
JBICR S TR RGPS AR
Fl7K#H(Oryza sativa L.), Fo i Flhy 616, 4B 554 3
IBECS AR, KRB R IR AR K  BEFP £ 81X
7 AT, S35 XTI Cu A3 Pb ZbFE Cd bR
Cu-Pb 4b ¥ Cu-Cd 4b ¥ . Pb-Cd 4t ¥ 1 Cu-Pb-Cd
ARFE ) Ab K- AH S T o A 4 PR A v (P
400 mg-kg; Cd:1.0 mg-kg™; Cu:100 mg-kg), &40 £
PIE A 3R, ZLHERb B 5 AR PR 3 TR R e
B WIS 4143 34 Cu(CuCly-5H,0) . Cd (CdCl,-
2.5H,0)F1 Pb(Pb(OAC),)IAE 1

JKAEAE KIS 2005 4E 5 H—10 A, [ 2005 4F 6
1 6 HibAT TR . KAFF S RS O PR
ARG R BT R, AR e BT, R A
105 CFAH 30 min, 70 CHET, AR 3BT 55 7K

FERS A T 0 HNO;-HCIO, YR KAV BT % | 78 25 I i
TR E
13 T ERRESEHRASNIEESREEANSSE
Sopagi

SRV ORI L) - A TR 4 0.45 um 11
U s, AR PRI e BN Cu Pb I
Cd i, A AR L e B A L E 4R
RS Sete 2K e 1:10 3R A 1.0 mol - L
NH,OAC IZ & IS, SR J5 F(25+1)CA M T IR 2
h, B0 U8, FHIE IR GG R
2 H#HR5HE
21 CuPbfiCd B—RESGTHI LIFERRSP
Cu.Pb # Cd 2R ERSH M

FILH A ) - R AR A B T T A
RAE X A M E S B S R T T 0, 4
BB, ALK RS A M 3 Rl 4R
TR, JLP- AR TSR R | 1 7E 21358
W EBE SR S am, Wik 2, hEH,Cu
AEFREEXT HE AN P (Cd F— Kb BRI 3G i 7 %M Cu
B T2 Pb 5 Cu /et % Cu i & it i
R0, 0 Cd 5 Cu SLAFR A B AR Cu Y
i, R RE P Cd 19 A Pb ) Cu ZIR A
BoER, Cu AR B &GN T P Al Cd 78 - 480%
W) & &, 24 Cu-Pb-Cd ILA7HT, Cu A1 Pb 5 Cd &
AT S, BRI T Cd 7 AR R
i, Hop Cu AU EE Po B 5 2 Xt 5 AR AYHF 5T
ERANVIAE, IR BHAR I Hh AR et 38 T
SIBIEASTEAT A4 & B, Cu F1 Pb 78 138 W
FEREDAIE G DL, 1 Cd WL AL 223E
PESAELE,
22 CuPbfiCd B—RHE AL KBERKEF
=AU

PIRE A o (ff 5) ARG 5 o (T ) MR A A, Cu,
Pb 1 Cd H— K HAG A 15 Y XK RETE 3 FhA R4 it
3 FAER R g5 L 3, AIXT T Pb Al Cd 4b
P, Cu A FEXFLTIE b /KRR = i — s, K R A

AP R IAVEIE T 16.1%, P K7t BRI T

1 B T EEREL R
Table 1 Basic physicochemical characteristics of the soils

+ RREH pH CEClemol < kg™ OM.Jg+kg®? Cumg-kg™® Pbmgekg™ Cdmg+kg™ Hiki& /% (<0.002 mm)
a4 PN 4.95 14.1 7.6 32.0 245 0.11 56.2

N KAE L WL M 5.55 8.6 345 18.3 44.7 0.10 41.2
i+ YL 3 7.20 23.6 457 40.2 36.1 0.27 34.4
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* 2 AR BLIERR F Cu Pb F Cd &2 (mg-kg™)
Table 2 Concentrations of Cu, Pb and Cd in pore water
of red soil under different treatments(mg-kg™)

POSE] Cu Pb Cd
CK NDa NDa NDa
Cu 0.36a NDa NDa
Pb NDa 0.95b NDa
Cd NDa NDa NDa
Cu-Pb 0.84b 4.05b NDa
Cu-Cd 0.29a NDa 0.17b
Pb-Cd NDa 0.54b 0.06¢c
Cu-Pb-Cd 1.27¢ 4.31c 0.47d

YE:ND FR TR IR,
Cufi gk, /KRERIA 5 Cu B fE AR AR T
26.5%; M4 Cd 5 Cu H:AFAT,Cd AR Hn Cu X 7K A
RS =R s, 24 3 A 4B o LA, KRS
Ay REREAR T 38.4%

FELIEM KRS 1 b, Cu Pb Fil Cd /% 58 B4 HIXT
IKFEREAT 7™ 5 A ) A LA 1398 1 e IAS kY
., AR AR IR T OKFE ™ &, Cu Pb 1 Cd 4b
FRA K ARG A 7 0 BRI T 12.9% ,32.1%
#117.6%, Cu .Pb Fll Cd A7 5 B —fF7EXT K AR AT
PRI, T S s A R s

ML 5 2R BH B 2 i, HLX T 4 J (W P RE ) B
5, FLA R A IE A AR RS ™ &, Bph Cd 19
FEAE KRG = RN T 9.1% ,Pb Cd HIFEAER T
Cu iy fE &,

KRR AR AR AR ARk, B T BT R A2
LR A5 Y AEAN A T 3 X KRR A K 5%
AR, FELT3EY  Cu P Fll Cd AYAE HAE R,
7 W S TP S - v A i G X K AR s e
AN 2 AN [ A R AR B RS e X AR A i
A ESE S
23 CuPhFCd E—RHEEGTLITFEHKA Cu.Pb
#n Ccd SERm

XIREAKH Cu Pb F1 Cd & & #4770 #Tr, K BT
4 Cu.Pb il Cd B —F1%E A b3+ HEIHLFTK P Cu,
Pb 1 Cd &3 @& m, W& 4, X Cu Zb¥iT &,
IINANE Cu Bhn TAEK Cu s, Heg R
TEZFEMN TAAREO mg-kgY), H A K ArLr
AR Cu i 0 = T HA AR -3 1 Pb AN
Cd IAEAEXTRE K Cu S AN B 2 AR 3
W) Cu MRS —2, X ATRE S Cu
TEAL K H B Cu BT A sl J12Fad B K

% 3 Cu.Pb #n Cd AbEXS /K FEFEAR MR L 32 E A KB (g)
Table 3 Effects of Cu, Pb and Cd treatments on rice growth in different types of soils(g)

yusil pAR: EAR: /¥ R & i+
fatr Fei i fatr iEE fatr Fei i
CK 79.2 & 207 ac 96.9a 241a 76.1ab 190 a
Cu 66.4d 224cd 84.4 ab 247 a 76.8 ab 219b
Pb 78.0 ac 179 ab 65.7b 236a 755a 190 a
cd 86.0¢c 199 abc 79.9 ab 208 ab 829ab 208 ab
Cu-Pb 52.8b 173ab 77.48b 227 ab 80.7 ab 216b
Cu-Cd 67.8a 251d 75.8 ab 230ab 87.6b 207 ab
Pb-Cd 823c¢ 189 abc 79.0ab 212ab 86.4 ab 208 ab
Cu-Pb-Cd 48.8Db 167b 719b 180b 87.6b 222b
% 4 Cu.Pb #1 Cd A IEXFFZK Cu. Pb 1 Cd S E IS (Mg-kg™)
Table 4 Effects of Cu, Pb and Cd treatments on their concentrations in rice(mg-kg™)
yusil pAR: EAR: /¥ & i+
Cu Pb cd Cu Pb cd Cu Pb cd
CK 4.15a 0.11a 0.06a 9.28a 0.09a 0.11a 6.97a 0.12a 0.03a
Cu 16.3b 0.09a 0.06a 13.6bc 0.10a 0.12a 9.18b 0.11a 0.03a
Pb 3.02a 1.81b 0.05a 6.57a 1.03bc 0.30a 6.90a 0.91b 0.04ab
cd 5.81a 0.13a 0.59ab 8.72a 0.10a 0.52ab 7.30a 0.11a 0.09bc
Cu-Pb 15.7b 2.05b 0.05a 12.2b 1.39¢c 0.13a 9.51b 0.72b 0.04a
Cu-Cd 17.9b 0.13a 1.40c 15.1c 0.11a 0.95b 7.78ab 0.15a 0.08abc
Pb-Cd 3.97a 2.94b 1.09bc 7.50a 0.39ab 0.37ab 6.67a 0.81b 0.1cd
Cu-Pb-Cd 18.1b 2.66b 1.34c 15.8¢ 2.48d 2.38¢ 9.53b 0.65b 0.15d

TE: Git4r Ml spss11.0, duncan 4347k, £ 8 LA AR R e Rl AL B2 A1 EAT HEAL
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ANIE Ph BN S ZE B T R K Ph i B
H m Y E R a5 bR 0.4 mg-kg ), K
TELTIE L RKARE, HoAPRP Pb (& B2 T A KAE
HA PP 13 FRY7KAF . 4 Cu B Cd 5 Pb FLA7EET,
AR AE S F KRR Pb 19 5 Pb BA— kb3
ZERIARK, MIAELT LT ek KRS + W34 Pb ()
R EEE Cu-Pb-Cd 4b 3

ARNIE Cd FIMAIG I TRk Cd B9 & &5 4 Cu,
Pb 1 Cd FA7RsF, D) S i St 238 7 Ag K Cd
TELTLHE | > Cu Fi Pb 435115 Cd 2EA7 R FFoKH Cd
T Cd B — Kb A3 G N T 135% 1 84%, 4
Cu.Pb #1 Cd 3 Fionm L AEm), ok Cd it Cd
FMAFAERS N T 126% ;1M 24 3 Fh 4@ A7 F 214
PEAKFE L I, FEKH Cd &4k Cd P 7 7E R4
T 360% ; fE S+ [ R4 Cu Al Pb AU AFTE B35 3
T REKH Cd B AR, (HREK R Cd (SRR
b ISR AR RRIE(200 pg-kg™).
24 FEAH Cu.PoFnCd &= 514 Cu Pb #a Cd
BUSESEZ BHEXSH

T G B A SESPEBGAIR £, A NH,OAC
CaCl, . Mg(NO;), . HCI 1 DTPA % ALk # T
NH,OAc fEM$EEGH], 434 T L3k NH,0AC $2HUE
f) Cu Pb F Cd % & , H- & BAE KRGS Cu Pb 1
Cd it A R iy rlse s B Ag 6, HRTK
FF ¥ Cu.Pb 1 Cd 7 &5 - e+ NH,0Ac B &
WITERMIE, B ENZ A B MEELR,
U7 #(2)~(3), # K H Cu Pb 11 Cd % &5 NH,0Ac
PRPUSZ RIR3] T B MR, HAP yo, Ve,
Yoo 22 G K P EE £ 08 i, Xou Xey Tl Xog 7R
NH,OAc 2 Cu Pl Cd &,

Y0,=28.93 X,+3.381r=0.851 4 n=96 P<0.01

Y=0.494 X+0.842 r=0.674 9 n=96 P<0.01 (2)

Yi=32.65 X+0.042 r=0.660 7 n=96 P<0.01 (3)

WFTATE, b LR TR Z A2 = A M B Y
Wi , A SCo T T AR HA 4 SR TR AE AR A
R, RIS Cu &bk 75 RIS Cu
TEA RN Cd W EEA K, A Cd ERA R
SHCn S Cu & A G, I Cd MMk EERS i, /K
FERZ IS Cu BB fn . FHAHDC A 45 R vl &
JCRAHEAE AR IER,

Yo =(3.109 £0.513) + (28.36 +1.813)X, +(-0.295 +
0.199)Xp,+(57.74+19.19)X 4

r=0.865 n=96 P<0.01

(1)

4)

Yoo =(0.649 +0.143) +(0.523 +0.507)X, +(0.476 +
0.056) X+ (5.256:5.380)X o

r=0.691 n=96 P<0.01 (5)

Yoo =(-0.141 £0.102) +(0.830 +0.363)X, +(0.0158 +
0.04)Xpy+(31.104:3.847)X o,

r=0.684 n=96 P<0.01 (6)

3 ik

A I FH - 3 R85 o T bR vERS , Cu Pb Al Cd
PA— TN A5 Y e AN R P T 398 T XK AR K
PIZESIR , RT3 al e KRR + 1 Rt gm , K
e (R4 )08 ™ B i, Herp Cu-Pb-Cd Ab PR AE A 44
V2R )N 38.4%(£T4E) AN 25. 1% (LT3N E KR 1),
TIOCRE BTGP0 22.4%F1 20.2%,, HHT
ot - wmai | T HAG R A LT & R P 52
e, O E 4 W BT RE D TR T A R A i AT
WA FERAK AR B 5, SO N 1 /K A5 e, Bl Cd
A7 AE A K AR = S8 i T 9.1%, P Cd FRAF ZE I 4%
T CufifEE,

4 Hh Cu Pb A1 Cd % & 5 HAF 1388 NH,0AC
PREBUS Z A AR A AR OCIE , Hod, Cu A AH DG A i
r=0.851(P<0.01),Pb Cd ¥ Z,r 437l 2y 0.675(P<0.01)
F10.661(P<0.01), /KFEFEATIN Cu Pb Fll Cd WS AR 22
TR Z I AN TR S R I A, i 72 HA T &R
IFEIA

SHE
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