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Immobilization and Remediation of Low-level Cd Contaminated Soil Using Bentonite
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(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2.Key Laboratory of Original Environ-
mental Quality, Agro-Environmental Protection Institute of Ministry of Agriculture, Ministry of Agriculture, Tianjin 300191, China; 3.College
of Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China)

Abstract . Pot experiments and field trials were conducted to investigate the effects of bentonite on immobilization and remediation of low-
level Cd contaminated soils. The results showed that under pot and field experiments the concentrations of exchangeable Cd after applied
bentonite to soils decreased by 41.3%~86.1% and 7.9%~24.6%, respectively, when compared with the control group, while the contents of
Fe-Mn oxides(OX) and residual (RES) fraction of Cd were increased. Cd concentration in the parts of Oryza sativa L. decreased with the
increment of bentonite, with the maximal Cd reduction of 46.0%, 49.8%, 54.2% and 71.8%, respectively under pot experiment and of 35.3%,
48.8%, 36.0% and 40.9%, respectively under field experiments in roots, stems, leaves and brown rice in contrast to the CK. SOD and soluable
protein(SP) in leaves of rice seedlings was enhanced to some extents, but POD and MDA were significantly inhibited (P<0.05). The ac-
tivities of catalase were remarkably increased under bentonite treated soils(P<0.05). On the contrary, the invertase activity in pot exper-
iments was significantly prohibited (P<0.05 ), with the reduction of 44.3%~52.3% in comparison with the control. However, there was no
significant difference among the treatments of bentonite under field trials(P>0.05). The activities of urease first decreased and then increased
with the increasing of bentonite contents.
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KEEHEESE Cd 5 Y ™8, F R A=
IS R AT (A E s R A A RO T8 4
] - e 4 S SRR A 2] 16.1%, Hirp Cd i {7
PR oA 7.0%, R IX FE = W . JE4eiT, Cd i5
PR AR R 1.4 J7 hm?, ¥ &% 11 44 (1) ) 254~
XU, T Cd 78 3 b HAG BRI RS St Fn A=
AR, BT K FEAR R BOFAEF PR R R, I
A SR AT R A 1 458 3R KRR i & PR, 5% R K
Cd it 0.2 mg-kg™ 4 = 5K & dh AR R s o
(GB 2762—2005),, TS AFAFFY & 3N, i 45 HuRg K Cd
EETu S 0.002~3.71 mg-kg?, FH4{E H 0.28 mg-kg?,
FEK Cd #BFRFR T I 36%. AV FAE K B Heihil it o
B 56 3X O o 4 L RE OK i e e i A 2 R
B, FoK Cd HARER ™, 35 51 10.3%E, {ii45- 3% =4
AELH 5.0x107 kg REAGHEARY, Xf ARMEERE 4t 2 fa e
DA B ARl AT AR e SR I By, [ 55 B
P 805 G B T ahi ) BR ARV G e
ST & B TS YK 377 KT RE 2GR T RN,

Ji& 1 1 ( Bentonite ) & DA 52 i 45 (Montmorillonite )
h EEG AR EE LA b 2E 25+ 2 (MgCa)O -
A|203' 5Si02‘ nHzoo ﬂ%”ﬂiﬂ@?ﬁ%i{ﬁyﬂ Si-0 IEIEMK
1 Al-0,(OH ), /N TRMARZL BT, HAT R K L AR
FH B 75 Hh e S AU B P RE , B 12 T 4R 5
KRB 5 S 20 20 80 ARl A F IR £ 1
4 JE B T A B SE A GE . Lo F PRI 0.1%
fg i + 185 10 mg-kg™ (19 48 VAW, Cu®* . Zn? \Pb?**
F %A H3A 5 84.5% .80.8%F1 90.7%, 7E pH (B K
5 iF, JEiE 4% Pb.Zn F1 Cd AU R 4353 411.2.
163.4 mg-g™ 1 71.8 mg-g™. A R NIEIEIL S
g2 4 % Zn?* Pb2* 1 Cd?* iy 25 [ K 43 531 4 83.1% |
92.7%FN 85. 4%, Fif HAMFFY & I, WS A 1Ak
B Cd haa Ve 4l B 9 B8 A A, kit e
—EREEE A PRI B Cd #— P . Cd-Pb
AT Y R BT B ERORE S AR SRR
Fefib b, S ARSNGB R £ X
Cd 75 Yok A 1 1l A A8 52 3500, I BH it /s %o 7k
FAE -3 Cd JEAS O RIS M LA & Cd Ay
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4 PR T pH R 8.2, R Rk A Rb R B
4351k 29.0% 61.6%F1 9.4% , CEC( FH B a8 42 )y
14.7 cmol - kg™, A AL &4 20.0 g-kg?, 4 N 24 1.3
mg-kg™, %% P 4 66.7 mg-kg™, # %k K Jy 328.0 mg-
kg™, Cd &6k 0.23 mg-kg™. K HH/NX IR AL T e
AMBAE, HHERROLa I, LA pH (E R
6.2, FlkL Ry R FUED R 7 1 43 51 43.71% .40.83%
#115.46% , CEC( FH &4 3¢ ) >4 9.16 cmol -kg™, 7
BLF & it 10.3 g-kg™, 4= N 24 0.72 mg-kg™, %L P
hy 15.6 mg-kg™, AL K & 159 mg-kg™,Cd &N
2.06 mg - kg, 3L A PR AL T 1 AR AL H A
Bz . i 108 B R0 7 ARl FEbrd
4 :Si0,56%, MgO 1%, CaO 6%, Al,05 19%, Fe,0;6%,
H,0 12%, k%1 FX 209 m2-g, CEC &y 0.56 cmol -kg™,

FEAR L H /K (Oryza sativa L. ) s i HEE 47, 1)
A RET ARV R A BER T F o K /N X SR KRS
FiA IR 12 45, B 51 RS 2l s AR L
1.2 REH*

s WK ] 4 49 PRI 5 4 7 o (GB 15618—1995)
FIR /X -3 Cd {5 YR, 4 2R 505 Cd e BE 1%
A2 mg-kg?, L CdCl,-2.5H,0 ML M , A48 4% i
Cd V54t 3, ffk 20 d. 435I% I 0% .0.5% 1% 3%
5%l 1, TR AT 2 AR AL (AR R 25 em, = o
21 cm), PR+ H ] 55 K B Y 75%, P17 20 d A . 7K
AR T2 F0 8 h J5 T 40 CIE IR 240 i 2,
ZEEHER R R b, YR 229 30 om i A I f
A X — R R AR B R B 3 bR, T AR
PR S 451 A, B3 H FHZE I /K #h 727K 43, 60 d
Je 0 5 K ARG LI B I Fr A BEAE AR ARAE , 140 d S 2R
BE KRR SR - 4R 5, B A 3 IR E A

30 m? RIS —A~/INIX I it e B 43 Sk
0.0.5% 1% 1.5%(#i 0~20 cm %+ i ita, f4
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Fr 0.2 g Bt /KRR it i (R I E) AR
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FFEE  ER S5 mL, AE 4 °C .13 000 remin™ &4 F ES
230 min, bR E A AR R, SOD fiff i M
Z: BRI DU (NBT) 75, 78 560 nm % & 7 e e 2%
JE , B R KU =gt POD RS 4 0 5 SR FH A A B ik
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L™ NH,Ac i1 20% HNO; i %% % 20 mL & i T 2 Bt
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PR KRS 73 AR 25 I FRE K, B B RK 52
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CTHET 2 5, BAR YRR SRy 0 25, >R T HNO,-
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Thermo Fisher Scientific, USA)M%E .
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Figure 1 Effects of bentonite on Cd fractions
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3 (1 1A),Cd TEA S = RIKIR ) WSA(285%)
RES (23.8% ).SE (20.3% ).OX (17.4% ) F1 OM
(10.1%). Ptz 4 it FH = A 38 in , 3 SE-Cd %
Tt B 2 A, LAt BEAH e B 082> (P< 0.05) , B
fIKT 41.3%~86.1%. 5 Z HIXT N, Cd MEZ A & B i
Bafn, JuH R OX-Cd F1 RES-Cd M i Bfk A B b
F, 4> 5155 3 26.5%~39.9%7F1 26.0%~27.1% ., 1E Kk
2, AU NI L1 Cd FEZS b B SRk vk 36
PN SE>RES>OM>WSA>OX( & 1B)., jifii FHIEE + )i
14 SE-Cd & A Frgisl, 5 AR £ X HEAH
I, 23 (SE)C 433158/ T 7.9%~24.6%., 11 OM-
Cd 1 RES-Cd & A Frdg fin, 43 5 4%t BBG fin 1
7.5%~29.8%71 56.2%~75.2%,, Wil 138 1 B 1254 |
FLEA )2 K FRUTTE | 2 1 W B S L 7R A F
S JE BT fEdE Cd f i MR E TR g MR R
TEAAL, WTTREARHAA R . X5 5w BTSN
5% 45 A —3, SE-Cd F1 WSA-Cd &+t [l i 11 1 it
FHE B XGRS, 5 K530 W] B4 7.8% 71 1.0%,
1Ml OX-Cd.OM-Cd #1 RES-Cd & & N A A FLRE A
BB, A 45 T 0.29%~0.7% . 1.6%~2.1% 1 3.9%~
6.3%" Hif WA FE At A B, $5h0 0.5%~5% i1 1= i), Al
Z A Cd Al Ph 5 & 4 il i 0 T 11.1%~42.5% il

20.3%~49.3%8, 7540, B i 1 5 A 2 pR R B
8r

Cd rig/mg kg™

AbFRREAE W R f A8 A2 A5 , I+ - 39 28 55 e b 2
T, 3 Cd A A5 AT A 2 i A IR BRI
T 37.0%F1 12.2%, ifif OX-Cd .OM-Cd #1 RES-Cd &
IS 5.3% .8.2%F1 7.3%%,
2.2 BiE LXK FEE R Cd IR RFRAIF 0T
FARSME T R RIR BRI - A T /KRS AL
Cd Fr LI 2A, BVA L5, AR A T K FRE A5
i Cd BRI K/NEIRSZESH>HEK, X2 T
HEATKAFARER Y Cd 15 SAHY A N 1 2 A% R
X WG RS A DU AL A M BE R v, 5555
Cd &t # AR 1T AR EBERH & 18 1B SR e
FEEHE AR 13, DRI L B K B A AT, —
AR TR 3.3%~9.7% 22 A it gl + 2%
T, KFEkE K b Cd 124 0.38 mg-kg™, i H 3% [
i DAARERLE AR Cd & PR 2 (0.2 mg-
kg™) i 1.89 1%, Jits AR £ )5 , AK R 4 N 45356 43 Cd
i VAR I B S 10 it £ ) B I T SR AR AL, 5 X
HEAHEL, AR 22 BRADRER S Cd & sl T
40.2%~46.0% .17.8%~49.8% ,39.0%~54.2% F1 0.9%~
71.8%, JuIHEXTKFEHLHR Cd & & Al AE 5k
B2, T /D Cd 7E /K RS b 3508 F 2 B P YA B
AR Y e = 190, KR 2SR Cd &
R PR (P< 0.05), Tk K i Cd & it 7E B - 4%

A, GARS S

Cd 5 ig/mg kg™
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Figure 2 The concentrations of Cd in rice under different treatments of bentonite
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It ik 2 5% A i 2RI (P<0.05) , 4 - as
IR E] 3%F1 5%HT, KK Cd 75 54351k 0.17 mg-kg™
F10.11 mg- kg™, ¥k 2| E K L AEARE.

TENKIRE AT, iz £ /K #5458 4> Cd
TRBAFIERE 2B), SXFREAR L AR 25 RS
Kb Cd B4 B /b 21.5%~35.3% . 36.1%~48.8% |
15.5%~36.00% Fl1 24.1%~40.9% , ., # il + 5
Rk b Cd A5 i 2 PR AR (P<0.05) , {H it AN [ 1
5 REK Cd AR M I E AR b AR bR AE 2.7~
35 i, HABZ AR AL T A4 5050, X 5 F Lo
GRS B — 3, FARAETS | it FH A v
1Rk Cd P 7 i i R, 43 i) Ak 3 AR
78.6%F0 75.4%; Jiti FHAT K K H Cd \Pb 5 543 5]
U /D A7.7%FN 58.8% , i 7 17 BH K FH 3 56 o5, , Jiti JFF Ak
SR J RE K Cd Ph 5 ot [ AR B2 43 3 > 39.9% Al
22.5% ; it A KA A5 RS K Cd Pb 5 5 43 il AR
33.8%7FH1 38.4% , X 2 K| Ay 7Rk S 00 PR ZK A E , T
K S5 R FHIY T K R , 38k P SR A 1 R 55 Tl T
SIARE VTK R E AR 15 e lnl 4358 &2 T
Y Cd 4 ik 8.6~19.4 mg kg @, HiAE K ()5 e
FRE R SV APR38R Al A S
TR, R, FE TG YRSk MR SE A T A
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Figure 3 The physiological mechanisms in leaves of rice seedlings under the bentonite treatments
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SR I 2 R AT MDA & 53545 JIr T B o it FH S
MR J5 B AR THEL G - SOD & 1, 1 MDA 5 it L

X BEREAIR 26.8%Y s IR B2 1) A K +30% 1k it A g S
EG R Cd X/ SR AL R A B EME R, 3
RIZH IR 9T B, Rk Cd 55 POD [ PEAF
7 1A Mt 35 A 56 56 &R (P<0.01), fii 55 - # MDA
ISP EERIEA KR CRP, O TR T L3
Cd AR, A REDHEYIT Cd fIWICRTE 4, A

MZZAR T Cd XKL A B8 H AU
2.4 [ZiE A IB X + 1EEEE AR IR

IR IR T - g S AR AV Y AR
WA R FCERAR ) 53 F ), 2 13RS R BT IR i A
SRR RSN I, AT LI oK B e - N8 T R B R G
FREE B R bR 2 — B8, Ak SC g i 4% 4
e AR AL ST PR R Iy — e R b B e ) £ ik
BN (P<0.05) (1l 4), A b Bl R i 4 it o i iy 34
i, B SRS AR A R g, B it iz e 1
RERS AT R 1 H0, 1975 &, 4ERpAR PR A= 9
) IE & DIRe S Y AU AR A R 1, 5 X R
FHEL , AR AN B S5 A - 3 0ok 4 A b Ul 5 2 43 31 15
31.8%~48.9%F1 16.5%~17.7%. 52 )% , 7E 2k e
Bo, - SRR S R R BE AL B R S PRI (P<
0.05), [ ik 2| 44.3%~52.3%; i fE K H AT, +
TR T VS 1 W R i ek, &b B
7] 2 57N J 25 (P>0.05 ) o JIR Bt 175 24 Bt s 11 - vt o 2 9
Ben, ¥ 5 B SRS B . S X REAH L,
TSR, R TG LA 7.6%~19.5% , Ho A i
T W B 1%~3% 0, I 2 32 B4 (P<0.05) ; 7E K
H2&PE T i in 3% - , - MRt I S8 KK 1o
Ab R, 3% + b PR W) RS I B
Ml Ab PR, 3T 15.1%~25.9% , 3 15 B 16 S5 P 5
R BRRGNE (At o S 2 42 e R AR 5 SR AN ) . i A
7 A smescse 8 0%
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e

WF9E & B, it PRV A i 1 WA J HL AR e Ak B RE
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21.19%~62.5%", 3% A] RESE B g BB PRI IS L 3
— ZRY B E LA e e AR ik, S R, B
IR 66 %) IR 2> , TR M R TR R R, DI A el T
T = FA AR R K R B it R R T )5 3G R
FeKne 1 8em , FLBR N A HLJ0T o0 i ik AR il
A5 JOR T R RE R TS P AR 1
25 HEXMEDH

M2 1 AT, R T KRR TR Cd i
HoAhFERA, Cd & RIFAHC KRR, Hh 525 Cd i,
MDA & 17 2 B i 2% 1E A 26 56 & (P<0.01), 5t
Cd S MAM Cd &R N EMHHKKR(P<
0.05), MR A XS Cd HM I FEZ AR ) P T /K Fei B35
BEFRAE Cd i, SRR, KRS AP B9 BHAE ML
il %0 Cd AR 28 (I FIFPRL S SR, 38
R Cd A 5 Cd fiZk Cd S R BB FM LR,
MDA i 54 Cd 2% Cd. i Cd FIf 5% Cd 24k B %
IEAHIESEZR (P<0.01) , v] AR PEM I e + slifb 18 2
Cd 154 +HHE G RCR TR IR SR, ZE R ZRE T,
T 1A% Cd S S5 H Cd F2E Cd S S IE A6
2,50 Cd kK Cd i AR HAR I
. (P>0.05), i A AL A MG M5 T A% Cd UK 2R
Cd 7 i 2 [A] R MM i 2 1 A0 56 ¢ 2R (P<0.05) , 111 25
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Figure 4 The effects of bentonite on soil enzyme activities
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Table 1 Correlation relationship of the different parameters

TR S Cd 2cd nmCcd REkcd AHxgcd  SOD POD MDA SP ke A RARERE RN
R Cd 1.00  0.84** 067 0.51 0.71*  -0.33 0.54 0.87**  -041 0.23 -0.53 0.47
2%Cd 1.00 0.60 0.55 0.70*  -0.22 0.63 0.80** -021  -0.20 -0.22 0.27
nt Cd 1.00 0.59 0.50 -0.06 0.57 0.83** -034  -0.18 0.04 -0.01

Bk Cd 1.00 0.47 0.30 0.73* 0.47 0.38 -0.17 -0.18 -0.02
FH3 Cd 1.00 -0.04 0.64 0.78**  -0.01 0.21 -0.27 0.08
SOD 1.00 0.18 -029 067  -0.39 0.40 -0.70
POD 1.00 0.60 0.36 -0.07 -0.09 -0.03
MDA 1.00 -0.42 0.13 -0.32 0.34

Sp 1 -0.18 0.18 -0.44
i 1.00 -0.80** 0.65*

A A Al 1.00 -0.88*

HEVE 1

K IR Cd 2£Cd  mCd K Cd HakCd  BREF o EACERG TEREEG
R Cd 1.00 0.38 0.24 0.38 0.28 0.27 -0.07 -0.08
2 cd 1.00 0.27 0.56* 0.18 0.54" -059°  -0.05
nt- Cd 1.00 0.40 -0.10 0.05 -0.11 -0.23

Bk cd 1.00 -0.20 0.03 -0.08 0.11
A% Cd 1.00 -0.16  -0.67* 0.45
s 1.00 -0.18 -0.31
AR 1.00 -0.46
HEWE G 1.00

T %7k P<0.01, “*”>k P<0.05,

(2)%s hin R i 30 k) 1 KRG X Cd il W i 0 %
iz, KRR N A 43 Cd 5 i A b B e it o
BRI BE I T SR T ARG o 55 X BEAH LU, FE AR SR E T, KA
HRZE R K R Cd 5 & 43l /b 40.2%~46.0%
17.8%~49.8% .39.0%~54.2%F1 0.9%~71.8%; k4%
PR 43 S REA% 21.5%~35.3% ,36.1%~48.8% ,15.5%~
36.0%F/1 24.1%~40.9%.,

(3)fits I + 5 — e FE B F 2% T Cd Xf /K Ag
LT EEFE RN o SOD [l % 4 78— F AT rfie
it HASE 2 (P>0.05) , POD iy #4: A1 MDA & 23R 3t
HAMRIZEONE , 1 SP B B AR B it i it SA 0.5%~1%
A i 25384 1 (P<0.05)

(4)555%F BERAH L, 2ok K 454 - 33t b &
T35 43 B4 10 31.8%~48.9%F11 16.5%~17.7%, 5
FHI , SR A AR BTG e A b BT RARAIG
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