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Effect of Seplollte Appllcatlon op-*the Mlgratlon and Redlstrlbﬁtlon of Pb and Cd

in Soil R1Ce System in Soil w1th Pb and Cd Combmpd Contamination - :

FANG Zhi-ping 2 "LIAO Min'?*" ZHANG Nad';?, LU Ting'?, HUANG Xlao hui'®
(1. (;pllege of Envifenmental and Resource Smences Zhe]lang University, Hangzhou 310058 China; 2. Zhejiang Provincial Key
Laboratory of Subifropical Soil and Plant Nutrition, Hangzhou 3_1_005.8 , China)

Abstract;“lfn order ta research the coordination relation’ between sepiolite application and the contents of available lead (Ph) and

-

cadmiuni( qu) in soil or rice absorption and redistribution of Pb and Cd, a pot experiment was conducted by selecting the soil sampled
from a area polluted by Pb and Cd combination in Shaoxing City of Zhejiang Province and atypical late Japonica Rice Varieties in
Zhejiang Province(Jia 33) with lower accumulation for Ph, Cd. The results showed that: the contents of available Pb and Cd in soil
were significantly negatively correlated with the concentration of sepiolite added, the correlation coefficients of contents of available Pb
and Cd with the concentration of sepiolite added were —0.940 respectively and —0.952, which reached the significant level ( P <
0.01). The contents of Pb and Cd in rice roots, stems, leaves and polished rice had different reducing rates with the increase of the
concentration of sepiolite. In addition, with the increase of the concentration of sepiolite added, the enrichment coefficients of Pb and
Cd in rice roots, stems, leaves and polished rice decreased dramatically. At the same time, Pb and Cd absorbed by roots transferred to
the stems decreasingly, Pb and Cd absorbed by stems transferred to the polished rice decreasingly. When the addition of Sepiolite was
9.00 g-kg ™' soil, the contents of Pb and Cd in polished rice of Jia 33 were (0. 14 +0.02) mg-kg™" and(0.03 +0.01) mg-kg™'
respectively, which were all lower than the national limit index ( GB 2762-2012). Compared with the control group, the enrichment
coefficients of Pb in roots, stems and leaves and polished rice decreased by 8.83% , 29.96% , 49.20% , 79.41% respectively, and
the enrichment coefficients of Cd decreased by 23.08% , 63.22% , 44.00% , 82.35% respectively. In addition, the transportation
coefficients of Pb and Cd absorbed by roots transfer to the stems were decreased by 23.18% and 52.19% respectively and the
transportation coefficients of stem rice translocation of Pb and Cd absorbed by stems transfer to the polished rice were decreased by
70.83% , 52.00% , respectively. This result means the sepiolite had a good resistance control in the migration and redistribution of Pb
and Cd in soil rice system on the soil polluted by lead and cadmium, indicating the combination of rational application of sepiolite and

rice varieties with lower accumulation for heavy metals can achieve safe agricultural utilization of the soil with combined contamination
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by a relatively higher concentration of Pb and Cd.

Key words:rice; sepiolite; available Pb and Cd; absorption; distribution
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Table 3 Effect of sepiolite on contents of Pb and Cd in roots, stems, leaves and polished rice
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IR AE it Ph Cd Ph Cd Pb Cd Ph Cd
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T 4 JE TR RS MOME S FE B, T EL L BERE A Hb
A K FEAS IR 2% 1 % B 4 J o0 2% A W R 2R i
WK, 25, EOREKR P Ph, Cd SRS+
BEAMES Ph, Cd S b, 15 H KRS A5 28 Eoxd 4o 1
4 Ph, Cd EERE. 458 (£ 4) vl HH -
KRR | 25, I BORE R Ph 1) B4 R 800 0 oh

1.087.0. 142, 0 189 0.001 4% Cd E’J*‘%%%&ﬁf

Pb W E RS, BIE HIE KRR R P ESL)E Cd
Pb B Btk FER KR T I B 4R R AR ECK. BEE
TRR YA it FH A (A3 K KRS A5 48 B Ph, Cd & 4R
BE I35 R, YA it B8 9. 00 g-kg ' A,
IRFEHRE 25 WEADRTKRAS Ph | Cd 195 SERE I ARLL T
s B8 28 43 5 F W T78.83% . 29. 96% . 491 20%
79.41% % ol (1957 85 A 1A Ho Tk B 2 e 1%
T 23.08% . 63 22% | 44,00% . 82. 35%‘“' liuk[s [
YLAT RS T u&ﬁ“ﬁﬂﬁaﬁzaﬁﬁﬁ/ﬁ}% h.
Cd E’J*%

5 , 5&4 ;ﬂﬁ:ﬁ)ﬁxﬁkfé;%?ﬁﬂ’] o © ) (¥ _-
& Table 4 Ef_fegl Of eplohlc ‘on enrichment coefficients Qf Pb Cd by rice o= ~
TS R RAER AR MR KB R B0
KRR Pbh C 0 A p Cd Ph Gd Ph Cdg
CK-55(33 1.087 28530 ) dhae | N 2154 01894  1.238 0.001 4 0.420 8
7§ bops ~41.083 12,28 | . 031347 21980 0. 186 1139 0.001 1 0.3713
| Hy% 33" 1. 066 2020 7 0135 1,856 0.182 0. 990 0.001 1 0.2970
[ ® L;;;% 33 1.041 2.079 0.122 1.535 0.145 0.941 0.000 6 0.2228
TH, -5 33 1.014 1.832 0.117 1.262 0.128 0.842 0.000 5 0.1238
H, -3 33 0.991 1.733 0. 099 0.792 0. 096 0. 693 0.000 3 0.074 3

2.2.3 AT X KFEEARIANE SIS Ph, Cd
S R
4 B TERL YR N (0 12 R BUR HIR R AE )
m%ﬁ%ﬁﬁd‘zéﬂ An) 5 —Fas B AL i E 4R
fiEJ]. ﬁJ‘%‘JTf%ﬁﬁE?ﬂﬂ;ﬁx SRRt | kS R
'135/@ J& Pb., Cd 7 & L AE 1S K 0 %2 R4
SGEOL(FRS) AIA, S A S, M R R AR
Pb. Cd %8 2805350 1. 333, 0. 575, K KX 25
hE 4 JE Pb, Cd BY%%ia RE00 5128 0. 010, 0. 195,
Bim-xi2sh B 4@ Ph. Cd M558 REUL S T
KXFZEhE 4 Ph, Cd Y552 280, BEHKREZE M
REBHLIZ ) Ph, Cd EEFG B hBUR. 540, b
5 TRE VA it P B 380, ZE AR DB K e 25 1 i
MR 4:JE Ph, Cd %% is ZECT R, YA it

M 9.00 g-kg I, ZEXFAR LAY Pb, Cd Wiz
RN T 23.18% | 52.19% K KXt iz
) Pb, Cd B %% iz Z %073 5 BE AR T 70.83%
52.00% , M X} 2532 0 P M B8 RBEAR T
27. 47% , X 225542 10 Cd 552 RO KT
34.32% . L L RTIR A A FEOS A I BRI K
FEZEXT IR R 4 )8 Ph, Cd W%z RE ST, 1M
HAEREMRE 48 Pb, Cd ML K iis ek f
&J& Cd Ao me g h LR,
2.3 A X R 1 pH RS

6 SR A X 4 pH . A RTAL,
F TN A7 5, B 1 pH DT P AR 5
B, SRR A B VS R 9. 00 g-kg ™' B, K
15 pH {HI 6.85 +0. 02 L F+57.84 +0. 12. i
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FASAE AT n 0, (R e pH (H728 1k 5 W A
Jiti ] 5 IR AR S, MG R K 0.875 (P <

B 38 %
0.05) , B bl 2 T i A it FH & i35 K, £ pH
(EERTE SN

x5 BAAEANKERIZRENZIE

Table 5  Effect of sepiolite on transportation coefficients of Pb, Cd in rice

RFEAKE T 25/ IV fk/ZE

T Pb cd Pb cd Pb cd

CK-7 33 0.130 0.956 1.333 0.575 0.010 0.195
H, -7 33 0.124 0. 889 1.391 0.575 0. 009 0.188
H,-5 33 0.126 0.872 1.347 0.533 0. 008 0. 160
H,-5% 33 0.117 0.738 1.188 0.613 0. 005 0. 145
H,-7 33 0.115 0. 689 1.091 0. 667 0. 004 0. 098
H; -5 33 0.100 0. 457 0. 967 0. 875 0. 003 0. 094

R o6 AR AL TS pH BN
Table 6 Effect of sepiolite on the pH value of the selected soil

x7 BEAEAMKERREKESENZ M

Table 7 Effect of sepiolite on contents of rice iron plaque

AL BRI B ARG b pH 4
CK-%% 33 6.85 +0.02d
H, -7 33 7.13 £0. 14c¢
H, -7 33 7.58 0. 17b
H;-7% 33 7.74 £0. 09ab
H,-%% 33 7.64 £0.06b __
Hj-3% 33 7.84+0.12a | =

-

2.4 @@Emmﬁmmmﬁwﬁﬁﬁaia%m

%7Eﬁ@6mmﬁmﬁmmm%ﬁﬁ %
%m,Mﬁwa%%1ai%a@£m5EMﬁ
i KRR R RE 5 Bt ] . T P g
H%E%QWMFﬁT§%3ME%%ﬁ§Eﬁ

(17371 97 £62.64) mg-kg ﬁﬁ%ﬁ@’/@ﬁﬂﬁrﬁﬁﬁiy

ja9 00'g ke » LG 33 E’J*E%%%Hﬁ %ﬂmﬁj
(19142439 +80.06) mg-ke ", bl X B2 Ak TR
SR R 11,819 . ST Ml Al FEAR ST
BV YA i P VTR O AR SRR i S A
(AP i A2 W IR AH DG A OC R AR 0.925 (P <
0.01). id Bt FH V0 A A5 Bl T /K R AR 2 4 I 1
A, HK A AR F R BETE 1tk B A 16 760 it FH 4t 7 3
PN ST
2.5 +HEPAMA P, Cd FE N pH, R
FERREA 7 1 22 1) (8 A D 2 BT
8, KO RIFH AN X AKREM, 2 1A
KPb. Cd& &5 8ipH  HEH S P AR £
*8 WEAEAKER, 2

Table 8  Effect of sepiolite on correlation coefficients between soil pH,

b BRI B AR 5 i

KR /g kg SR/ %
CK-7 33 17371.97 £ 62. 641 —
H,-% 33 17 743. 40 +49. 75¢ 2.14
H, -3 33 17841.04 £45.37d_ . _~5.70_]
H, -7 33 | 1827916 +58.91h 520"
H,-5% 33 181120.25 £76.99¢ <7 /4. 3¢
H; -7 33 19424.39 £80.06a /11815

I “l'.

BB ORI M e 8 . o T sk
B P Ol i 5 b pH JAR 2 BB S bt
UM HOC R RO TE - 0.943 ~ - 0.785- z;,.
li] ; 7K A 4545 T Pb ¢ Cd o 'ﬁii%&ﬁxﬁz* Ph.

Cd ﬁ%%i%ﬁ*ﬁa@ FHIE 22 500 3 #E 0. 935 ~
0.986 Z [, X FWIMEILLT I 7 20+ 18 pH By |
FUKRBIR R S R . LA A Ph, Cd Rt
FEARG S 1 B H S K R AR H 2 B B I & 8
Pb, Cd &AM EZRE. 5o, HES, £k
AL, HIEPARCE Ph S RESKRER, 25 0h K
Krf Ph & Z A AHOC R 203 5014 0. 986 | 0.935
0.961,0.981, 34 0.01 /KF B EH XK, HEPH
A Cd SRR, 22 i K Cd &'z
T) 4 AH 56 225053 910 0. 978 L 0.983 . 0.995 , 0. 995,
IR 0. 01 7K 340G, B £ 4 )8 Ph, Cd
(4 A 078 RCPE AT A 350 WK ARG 4528 B R Pb ., Cd
AR R R RN R AR HIKFE &2 B Pb, Cd
RESIPR S

MK P B 5118 pH, TIEHYE P RIRRKENHEXRBNZMW)

soil available Pb and Fe

of rice iron plaque and Pb concentrations in roots, stems, leaves and polished rice

IKFERRE i nf IR N

+ 3¢ pH —0.838"* -0.802" -0.790 —0.864*
HHA Pb 0. 986 ** 0. 935 ** 0.961 ** 0.981 *
MR —-0.839 " -0.964 ** -0.919 ™ —-0.872"

Dn=18; % FI/R0.05 KFWFAI; « = FIR0.01 KFRFMHE, T
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x99 EHOAHEAXNKER,

£, M, HKCdRESLTIE pH, TEARE Cd RRFUKRNEX REZMm

Table 9  Effect of sepiolite on correlation coefficients between soil pH, soil available Cd and

Fe of rice iron plaque and Cd concentrations in roots, stems, leaves and polished rice

KRR E i s LIRS
+3 pH -0.785 -0.832" -0.924 -0.889"
FRE Cd 0.978 * 0.983 ** 0.995 ** 0. 995 **
MR AR R -0.860" —0.943 -0.910" -0.868 "
3 Wi PN TR 2K RS Al 2 7K A5 R 0 38 o7 A B Jolp 3 1

IKREMR I SETE 4 Ph, Cd ZiE £ N E
40+ 3% pH {8 . CEC ., AHUR LK B T fE g
FEAR R MEHT S B A 15 Y e v it PR (4 3 1
TU&‘M&Eiﬁ%M@,ﬁﬁﬁi&ﬁ%ﬁ%ﬁ&iﬁﬁ&&?&
Pb, Cd &, NI F2 5 42 8 P, Cd XAEY) Y B;
F. TR M ALERAE T A R IR N & iR T 4
pH {E, 380 - 398 e (AR R 3 1T 67 P Aif , 394 5 L X
B B T B RE T, AR T AR G SR A
BERRER | RTRER DTUE M T B, MATTT B AR £ e 45 2L
A Pb, Cd B F i MHA YA R 1/ 4@ AT
PIvR B BT AR X AR IR0 A 5
R FERR M 3R, 25 % pH fEh 5.0 F
6.0 I, EHEA AL Cd'r
ﬂuu@gw%i%pﬂﬁmﬂmm%ﬁék%N
65. 1% ; %J%ﬁe#““ BRI 36 45 SRR ﬁbu/ﬁ/@lﬁ
Ve T 3 pH AL, Y5 i%*cm@%m%ﬁ&
mﬂ’ﬂ RIS 16V e (R A L5 2 75 !f#:%?‘%wk%
zﬁé‘*u&ﬁ@ﬂ?% A Cd AT Pb aiés‘m’r
B IFRAR T 1. 4% ~72.9% A1 11.8% ~51.4%.
AR 45 A BB | it FH Vg 9 A /K R A I A
pH {H X BEIENAT 1. 0 2R, H A RS P &
7 X BRFRAIR T 56. 50% , A 304 Cd 7 i b B %
KT 21.29% , 5C A MBS —E. Hoh, kK
PASES (R BGF oT 26 W, 48 pH B3R T, i R T
VYA 3 TR R A B R A B0 i, AT AR T i A
AT BT B 3845 A W B, DT 2 — 25 ik
S54SR TS Y R AT R . BV A TR
NS84 pH (AT K B ERIK IR ESEA
B FE AR T AR Ph, Cd mymamﬂw@ﬁz
H5MA, ARG RTHKBEEHRES Pb, Cd %
5 R HE pH R U G, MO R B N E -
0.924 ~ —0.785 Z[a], i — Ak W A7 () TS 3
H A8 pH TS 2 M E 4R Pb, Cd [ /K A A
HRIGIERS SR EZ N .

T — 7T AR B 8 SRR e AR T Y

TR 45. 909 [ KRRE

FEHLH]. KA S K AE AR, fﬁﬁﬂ/@k
PR KRR AR 38 | AR R BE A LR BT,
XAE— ﬂé,jﬁt{ﬂE’J%ﬁT&h@%ﬁéﬂ%ﬁ?ﬁM&%,
SRFEAR ZR PR 3 o R A AP W o R il 3 AR
P, b -3 b Y Fez*”ﬂ:ﬁjz Fe'* |, JFULRAE KRG AR
T BT AMATTIE BBk B AL 7). Machado %%
TR ST & B, 7K R AR R 11 = B 43 T
PR AR, 7T LA Bt 439 vh 2 A g%
T 5 5 0 o e X AR (1
BEEH. S350 AR T TR W, i 2k

8t 5 1ot AR AR L) %n V\]Tﬂﬁxm%umﬂmﬁ% I3
H%%F*E%T;Lif%@/ﬁﬁmig eif %ﬁuﬁ:{@
file , L% pH (TR 1, 0 A Ffir, 7k 2 kit
o R 7 1’81 7Jﬁa%””“ﬂﬂ§ J& P
Cd A Sy, SR oM L pH T S AR
SN 20 ) AL M K B 3 33 10 Pearson K
0.793 (P'<0.05)., B - 5 pH {F 454 42 4k i i 77
S RTASE 5 S S S T o e 4 OB W 1 ¢ i e
pH {EL Y AR FE M T AR BRI bE , 80 T /KRB IR R ik
TR T JS B i 7 e R 2 4 M A R BFH A o Rk
52 LU0 f 5 4 R U BA FEAR AR R, e K
FE AR R X 2 4 J%’E’J*%““ 2O AR ITAE R, K
R E T Pb, Cd R SRR BB S RE D
F R M R B HIFE - 0. 943 ~ —0. 8602 [],
PE—2EAE W T IR I I, K R AR SR 1
hn, MR Ph . Cd WK R b B &R 45 4% B T
FAFRE, BRI T P, Cd 7225 | mHRIRG K i R —
P B AETE.

IR ML AR FH 25 SR e B it FH Ve v A T 2
MR A RS Ph, Cd A DB OK RG4S 3 B o
Pb, Cd &4k, I Higm 7 E4 8 Pb, Cd fE/K i Hb
AR BRI A A S — A BT
Yufe B (1) 398 b, ELAT B0 B R B S BRAG 7 i 2 4
W Ty, AR A R R, é@/@ﬁﬂﬁﬁbm
FE}9.00 g-kg ™' 1B, 5 33 KEKH Ph, Cd 7%
435 (0.14 +0.02) mg-kg™'. (0.03 = 0.01)
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B 38 %

mg-kg ™' T EZ A IR 845 (GB 2762-2012) ;
FHEE T X HRAL T 5, AKAEAR . 25 i BORS KX Pb 119
EHERBOW T 8.83% . 29.96% . 49.20% .
79.41% % Cd & B R B0 T RET 23.08% |
63.22% . 44.00% . 82.35% ; 53 b, ZE %5 MR W Y& iy
Pb. Cd B9%%ia ZE 5 PR T 23.18% | 52.19%
KX ZEHE 2 1 Ph, Cd %538 REU 9 FRE T
70.83% ., 52.00% , ] WIEHV R E A BT Y« 3 I
A [RI B X B 43 )@ P, Cd 78 1 KR R AT
% 5 4 B B B g PR AR, A B8t P Vi vt
S RAH SRR SR AR S A AT LA ST G vk B2 AR X4
FRE 4R Ph, Cd A T5 Y TR AR 22 4 .

IAMIFSE R B, ZEXHAR I Pb | Cd 552 &
BRGNS ZE B2 10 Ph, Cd 1 %32 R BB A i
A b B e R 1S T B ARG Y [T i 25 v Cd )
BB ZBUCHIE K, 7E Hy Ab PR KRR X257 Cd
(538 2B T X IR K T 52, 17% . HIF A
AIAE SR Cd BB KA & Fh sl A 1 52 AL A G,
BIVE 19 B B0 AR S A A AT 42 e 5
TEIRBE A o 1 A SR KRS TR LY Cd 4 i 3

e R A AT By B A K A

SR B Cd B BUKRR R H5AT AL
B0t 2 1 7 RS, KRS M K Cd T 251046 02 T
IR | 125 v 1 B i 5 00 -, T G Cd DS
RHTEE ™0 SR 46 S R

CE L o NP RS O

P TP % L K A s o ) L F
[y g

4 Hig

(1) HEAT B 0 2 B AT 3 v A3 3508 Ph
Cd W&, HHEP AR Ph, Cd & & 5
ARSI 2 A G AH O R B B - 0,940
-0. 952, #3837 . E/KF(P <0.01).

(2)KFEAASE T Ph, Cd S5+ pH 218
FAAHIE AR ESTHIAE - 0. 924 ~ —0.785; [R]Af
IKFREEARE W Pb, Cd & 25 KRR R & &
SR ERAOC, FHOC R HITE - 0. 943 ~ - 0. 860.

(3) WA A S I dl 25 AR T KA AR | 25 it
DL K TP 48 Ph, Cd AOFR R | 1 H 2% A
IR, KRR 25| I BORPR XS Ph, Cd 1)
B RBOID | IR ZEXT AR R Ph, Cd DL ROKS
KXFZEH Ph, Cd W %%538 REFIM/N. R
BEEGYR L AR X E4)E Ph, Cd 7

T KRGS S Bl B AT B BRI VR R
(OHTEMEX A 2 A V5 e 58 | it Y

9.00 g-kg ' EMIEHIA T, 5% 33 AR Ph, Cd

SR TEZ R 2R (GB 2762-2012) , B

4 P A0 S5A Ph . Cd B B K R i R A 45

AT LASEEL TS vk BEARX R = B 4 )8 Ph, Cd &

i g g AL e A A .
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