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TR0 D AN SRR A X
5 LTI A R SRR 5T

M=EF2,

WML, ¥

m =

B2, qpE2, ' 4

(1 I H AN TR A R R E s s (rh E R B m sl R RS, st 210008;

2 hEBFEEGETAERE, dbat 100049)

T R, TR R T R R S A Ak B B R T S LD I 5 R BN T AR S

IR R S B A AR B A B RN R 2 (Lolium multiflorum Lam) PR BRI (BEFD . REEAS AN, Pi7ER
FERII L0 A 5 ) S 7.60 g/ AN 5.67 gl VS 80 grkg M A E 1 P E ML T AR M B B0 T 184% AN 159%
N0 80 g/kg B SE AT AL FR A A AR S MBI T 113% R 99.3%. Fi LTI AL RHE) pH 2= T 0.26 ~
102447, ATATFRAIS T AEIRAS Cu Zny Cd IZEA 2tk BEEVRINEE I 20 g/kg 343 80 g/kg, A% EfiCu. Zn,
Cd & RIENL, M ABIM Cuy Cd IZCRIF T b L, P EELL Zn (RO EA W35 22 57 . V3N 40 g/kg #1180 glkg
PR T e A B A b LA 3 AR 15 4 L TCLP 4RIBGHT Cu. Zn KR, X T TCLP 4RIBGHET Cd WL BE

I B8 0 80 g/kg FA 1M - iX P Ab BEIA F]
KR  WER, ML MEFENG; E4E
FENES: X53

B T AR ARG, -39 4 J v e 11 )
SRR ™ . 45 E F IR Rl HardEZ Cd.
As. Cr. Pb %4 J@y5 Y iAF i AT 2000 J7 hm?,
29 MOBFH AR /50 T A v e R N AT
wPE L BRIk KIS, VR E SRS Y T
A2 2 A T ) — R ol A

WFFCRE, ) g b el R, 8 o R A
HE RO AR IR FEPrskpiie s, DA
FL RN, NimdcEm Y B K&, Rt
4 Vs A RIS SR — AN AT IRAS, R
REEAE T IERRA TR B R H A ek R 5
JERRIRER . AR, BT, MK, RSN, %
TIRER L PRV EEE . ) K
AR FSAC RSP 3, DL 1 e ik 1) i Mk 45 40 T
T H U e, IR AR — S AR L T
4 m i e e s O, A R G YR o Rk
ZMELEBTRNRATGY, ELEZ A EAEH
ST AR B 4 ) R R AN R 2 kA
Yk, LAl s B AT AR, 8
TESEBR N, WF5EE 20T o R A R —y5 g+

B RBETT, PR DL S A g IR R D
b, WIANR RS A A I I - R T
G T o RACR S - SR (5% i ATy i B 2D
Tl

AR 2 R H I T T8 I e A
FLSMAT PRE RS B AEAN RO IS K 2 AR R 22
FAESHR E R R SV QAL KRN, T
PHE XS Qe R R AR X R M LR (AT RE A
AT T, O G BRI R A SR A 1
HEE)mE s g LR R PR i .

1 #MRE7A%

1.1 i HIEMF LY

TR ATTVE DR, RS e 20, B IR
T, ik 2mm s o A L BT R . pH 3.99
(¥ A1:25), CEC9.29cmol/kg, ML) 26.6 g/kg,
Cu 547 mg/kg, Zn70.1 mg/kg, Cd 1.93 mg/kg. X5 Fr
FHIT ™ 106 B e 50RO IR AR, RS
A T AT R A TR AE, WE N Tk
FZE TR ). PP R AR A BT

OFEAEIH : FKE AT A EME) (973) WiH (2007CB936604) Hrh [FAR B AR G5 TAEE T 7 I H (KSCX2-YW-N-38) # 8.
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R OPERBAIMOELRERER

Table 1 Basic properties of Na-montmorillonite and attapulgite

TR pH CEC XRD 4 Hréhi gt

(cmol/kg) St (g/kg) KzEE (ghkg)  MNkEL (g/kg) Y (g/kg) KA (g/kg)
AR B 8.50 38.4 840 - - 160 -
1]y 7.12 28.5 190 - 720 90 -

1.2 #iFAE

AR A B IR IR E AT, A
Sy —AEA B R (Lolium multiflorum Lam). SZE6 3L ¥
T35 0t s OCK, Atk @¥sin 20 glkg M
Mt @SN 40 glkg MR s @WR N80 glkg Y]
b ®WN N 20 glkg BIIES AT ©%s N 40 glkg
WNRLZE AT, DV IN80 glkg AMIESEIAT. FEAN LT 4
ANES, BEVLHES . SRR, R334 1500
g. FAEIE N CO(NH,), 0.24 g/kg 1 KH,PO, 0.53
a/kg, YIRS HTAEKGA . V5 Y M YRR W
Je, BEAJEAR, T-20084E4 11 HAERh, A7 BA
REFI 4 0,209, 20 K€ i h B4 40 1R, 5 H3 %5
BAE—¥, FEJH CO(NH,), 0.08 g/kg Fl KH,PO,
0.18 g/kg. JH I AR E LB K AR EE BRI 5 K 4 )
F/KEL 60% ~ 70%. 4351 15 3 28 FIA17 16 i
PR —HFIEE 35 AR, PRI AR 50 K.
FEPIRE s e H A SRR VR e, 1 F 280Kt 2 i,
FHUE4EML 2: K BR, 105°C 4t 30 min A J57E 65C
FAFRRCT, B, %M. HIEFERKTE, PR
YIRR 2 28, 4 ilik 20 H A1 100 H i % H
1.3 HRomS5HELE

TIERF AW pH I BA 1 D25 F1 1 D1 B
B OFtd : ARBD SR 1mol/L KCLig 4, FEH 51
HEFT I B R AR 52 s CEC R LR BN 5E 5
A HUTUR FH s n FA T AR R AT 75 e s ARARAE b
4 A R IR AR A T, L E SR
A PSR R I PLESE [E EPA BTl I i 2E 3R B R
B PP 7 vh——TCLP LI, fR IR BG4 R & &
K ICP Il E

KHI SPSS13.0 A% £ da i Duncan 2 & LK
F1 Pearson AHKCH: /3 #T, p<<0.05 Al p<0.01 4377w
2 BEFNCR R, 854 Excel BAEMHTTERL, 535
EUNCE S SN N RviH <D

2 H#RE5IR

2.1 HIwYMBEEEM FREMENFI
MFE T DUKT BR AR HAEV N 20 glkg 1M1

Pk R ACER S AR R AR, R A I B
ZEAh, LRI S 0 A EIAR LYY g i TR
T EEEAE (R 2). ERFERAEKAL T,
O A A R AR R L — NS D, HIREH
W RN R FAII, W7E R A R b
I 7.60 g/# A1 5.67 g/7h. N80 glkg M
A A ) B S R AR i A Sk 21.6 gl % Rl
14.7 gl%, BON AL RS 558 0 T 184% A1 159%. ¥
i 80 g/kg 114k 35k 552 Bt A A R 11 B S R A B A
Wy 90 16.2 gl 0 1.3 gl %, Bk R A F 43 33 184
T 113% F199.3%. X 3= EEE H T B RV R S
ABL T R E SRR T, R T SR X AR
(REFAE o TR —RheSe R, it s FH S 1T s
A B () 20 R 2 s TR R o L, TS AN [
FH B BE S8 A Ab BRI R 22 R AR ) R W T 2
o XAIAER TN 20 g/kg ANFESE AT, C408
AVTEAER, Btk T R RO A A E . Dk,
B WA S A R — .

F 2 MOBEIMPERRALENEXEN FREYENEMN
Table 2 Biomass of ryegrass growing in polluted soils amended

by Na-Montmorillonite and attapulgite

AbFR M EEREEE (9/70)
3 pie
CK 7.60a 5.67a
20 g/kg ML 5.64a 6.34a
40 glkg MYkt 13.4b 12.6 b
80 g/kg U141+ 216¢ 14.7¢
20 glkg HHAESE R 136 b 11.4b
40 g/lkg SN 14.6 b 12.3b
80 g/kg ML MiAT 16.2b 11.3b

Ee AR F R R N ZE R B (p<<0.05), R,

22 HIVvYPNEZEM FNESESENZIT
A 3 ATAL, PRUCKAE, X HALFE 27 R 3
Cu MR i Bt i o 730 80 grkg AN BESE i A7 AbFE, |
i Cu MR ERAL, X IAEFTALL, P UCRAE 2
FEAK T 75.2% F11 76.4% o AN [R] 5 52 M1 M L R L 5 i
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AR IR HAT W 2 S I, R Cu 1
Bt 2 T e AT 2R S5 A I N S PR 8 g B Y

TS RLFAATTEE , BRE S8 i AL Cu I RCR B Tt b
+.

3 MOBITAMRERRALENEEEN FNEERES ST

Table 3 Zn, Cu and Cd concentrations of ryegrass growing in polluted soils amended by Na-Montmorillonite and attapulgite

pasil Cu (mg/kg) Zn (mg/kg) Cd (mg/kg)
B3 WA S E it B3 Eiime
CK 76.5a 193d 103b 194 d 2.34¢ 43lab
20 glkg 1Rt 37.2b 155¢ 114 b 169 cd 1.34¢ 6.12b
40 g/kg M A% 36.2b 71.7 ab 724a 96.2a 1.99d 6.04b
80 g/kg U1y #%E 1+ 33.1b 55.4a 765a 88.9a l44c 34la
20 g/kg BMIESiA 31.5b 91.2b 80.8 a 130b 0.291a 3.69a
40 g/lkg ARSI 28.2b 54.2 a 81.3a 156 ¢ 0.477a 291a
80 g/kg BMIES i 19.0¢ 4564 80.1a 127b 0.930b 2.56a

S E A A R P Zn IR, B T
i1 20 g/kg (I b 1 A B 5 0 R A BE A 2 SR A,
FLA A% A BRG] A B S A, (H A ()
B ek o VNN 80 g/kg FRIIMT bR AL EE, Hb E3H Zn
A 76.5mglkg, 5% AL BRAR LR T 25.7%.
VSN 80 glkg HIBAKESE A1 AL BE, Hh B3 Zn (RIRFEA
80.1 mg/kg, 5XFIEANBEAALLRFK T 22.2%. ZH_F R
Fhiih B Zn WE A A AT B AR M, Bk
B bR Zn ) e R T s R A R 5 I A S
(B IN T BRI . 7500 80 g/kg 11 B 7RIk S dpe e, R
E5UN TN 40 glkg 1) FH B A 26 ek . RS0 R RIS R
W BEACH EEE Zn )&, s 40 g/kg 180 grkg V]
M A AL T AN S A

TP S B B Cd YRS ST 5, B2
VYRS Ve IR S RLUTIEY e SO S P SR N Y
I, VNI 40 glkg HIANIESE A G, BEZZEOHL B Cd
(& AR T 81.0%. AP ¥ HAT 3% 2 5
, BAZECH I Cd IR S B R R R SR A
SR T AR . B 3 R RRGRET, VRN 80 g/kg
(RRHE SR A AL PR, BEZZ Bk b3 Cd 1) 7 B d Ik,
L5+ B A BEA LU A T 40.6% . 55— VCRFERS, (K& &
[T RTINS B S 3 PR R 22 Bt b3 Cd 1 i
o HARAC IS S0 AR BEAT W 22

SE R, S UCRAERR I b R )
BIm T3 —UCRFE, SIS R AN G, B a] R4
B, 1BERORRR. B AR5 Y43 | Cu, Cd
A SRR T LY e 1, AH P Zn IR
BE .
2.3 BMRFIMEBFZRIELE pH ERETELESE

op=A10)

TCLP 1y 36 [¥ 50 (1992 18 5 4 v e VP4 I vk
2T B b R g2 8 — Bl AR S KU VRN 7V
Wi TCLP MR, FAT0T LLEE A 2 DRV B A
-3, HE R Ykt R AR R SR, K4
TR I A R R S A A B 2Rk v e
TCLP 2 M E & )8 A S S = Im . WK 49 n UG
s, AN 40 g/kg 180 g/kg M AR b BN IR SR AT
b PR A I S B T ¥ G - 4 TCLP 20 Cus Zn 11
WREE, K&l I A i 2 pH (3,
TN AN [ 2 P9 1T 7 A 1 R Al 66 52 i A i v e - 5 1)
pH JHE 1 0.26 ~ 1.02 547, MIMFEAS T Cus Zn(#)
. T TCLP $2HE H Cd 1) 25 BRI
SUE 080 glkg MY I —FhAb BE B, X7
T2 5 SR AR I A G, N sm, pH3 s
B, FA R D, Sy i )R S R A
Y& A Ol

F 4 MOBIMPRERRALENSEIIEFEERENS
F1pH B9 M
Table 4 Concentrations of available Cu, Zn, Cd and pH values

of polluted soils amended by Na-Montmorillonite and attapulgite

pusiil Cu Zn Cd pH

(mg/kg)  (mg/kg)  (mglkg) (1:25)

CK 91.3d 12.9d 0.713b  3.84a

20 glkg 1M1y R+ 748c  117bcd  0.820d  4.1lb
40 g/kg MR+ 58.9b 6.78abc  0.679abc  4.40¢
80 g/kg MyM#E+ 443 a 5.63a 0.602 a 457c
20g/kg BAREEZNIA 743c 12.2cd 0.736 ¢ 455¢
40 g/kg BIEEZNA 69.9¢ 6.00 ab 0.695bc  4.64cd
80 glkg FNHESMAT  60.6b  9.03abcd 0.630abc  4.86¢
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2.4 BEXEHMIMEERERE. TCLPIEBLTIERY
NEEER pHRBEE ML
FHE 5 1) L, RN T e b A 3 5% i A R B )
TCLP $2I A 47 Cu 55 35 pH R AR 3 SAH G, AHOG
RN -0.617 (p<0.01); AHAZn S ifEpH £ 23

iAo, FRREN -0.473 (p<0.05); A CA L
T35 pH £ W DG, AR REC -0.464 (p<<0.05).
Y] T3 TCLP A S ES B S =ML T
VS IO b L R 5 AT 5 3 H I pH s g R
o

x5 EXEHMIPEECESE. TCLPRENTIEFYESERER pH HIHBEXMES 7
Table 5 Correlation analyses between Zn, Cu, Cd concentrations of ryegrass, available heavy metals in the TCLP extractant solutions and pH value

SKFE A Hikk Cu ik Zn Hi#k Cd HA&Cu A Zn X Cd pH
W Hikk Cu 1
4k Zn 0.435* 1
itk Cd 0.657** 0.233
A Cu 0.632** 0.509** 1
HHAZn 0.282 0.494** 0.516** 1
A Cd 0.172 0.422* 0.600** 0.480** 1
pH -0.774%* -0.679%* -.616%* -0.617** -0.473* -0.464* 1
WA FEBK Cu 1
ik Zn 0.718** 1
itk Cd 0.510** 0.141
AR Cu 0.759** 0.824** 1
[ Zn 0.490** 0.383* 0.516** 1
AR Cd 0.529** 0.478* 0.376* 0.600** 0.480** 1
pH -0.842%* -0.549%* -.558%* -0.617** -0.473* -0.464* 1

W * FOR p<<0.05 WEMIKT; ¥+ FIR p<0.0l BFEMKT.

PR S Rk bR 4 ) i TCLP $2 Ui
TIEH ST AR S RS T pH B SO,
MESJE SRS TCLP 2l H S B4 & Rk
BEFEMK G CdBRAM . UL 155 pH Tk 5
A AP RIS, ATHH TR E 4R
M. 5ok, PR RO Cu &5 Zn, Cd &
R R A, Yl g Culy Zn, Culy Cd Ag
AR AR SE 4 VE T o 1T 9 4 SR 22 RO AR Zn %
5 Cd S EARMCKR, WHME ZREAALHAE
F o AR GREG S 0 110 o7 e R 366 52 A o5 R g -8
Cu. Zn. Cd fAEHRIEAHRR, AIRESE i TRy
T E SRR, v S

3 N

IS5 SRR, B B ST e LIRS N M
TRV SE A AT B AR 3 ) Cus Zn, Cd Y
M, W NN PR A R (Nt R
HE RACR S PR WA AT K. AEAR N
NG, RSO B Cuy Cd RS T-M
MR, EPE B Zn R B .
PR ZC R B (S e T R A,

VLS RIS, BE (R (R HERS 18 SR B

FRR T4 8 &8 T TCLP 2 BUR A4S Cu
. Zn, Cd #8513 pH 5 83 FUH DG, B 13 pH Tt
IR T 13 Cus Zn. Cd fRZEMIAT R, S T R
xS T4 PRI WAL

AWFFTHES N 80 g/kg MMM 1T 40 g/kg 14
5 8 WA o B v Y 4T A ) T ARG B R ROR,
B REEEE . MR, Ik T
R EAARE R RIS BT =N S
By Qe FIEM AR 22 5, A KS IE I PR RS+
W TSebrvs g IERE R, AR BRI e S
SR, AT B I AR I P EE . R E
WME S EE w5 g PR AR ZE) T, R R
AT R ) B EERRAT v R A
ST S B - gL M R RE . TIRRIUEY KB,
T T B IRATDN F A R R ) ST IR B KU
VRO R e i ] e T e i BRI B v AN
ARk, BFETIEPAGKE LS ISR, W
Vb9 AT R AR AR, [ 11 T 4 T e BT
BB, e RIS Y0, N s )
PR D5 T PR 9, B o0) T 3gE b i G 1)
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Sabeha KO. Remediation of metal contaminated soil with

Studies on Modified Effects of Attapulgite and Na-Montmorillonite
on Cu-Zn-Cd Contaminated Red Soil

LIN Yun-ging"?, ZHANG Gang-ya’, XU Min*? LIU Zong-tang“2 GONG Hua'
(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China);
2 Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The greenhouse pot experiment was conducted to investigate the modified effects of attapulgite and Na-Montmorillonite on
Cu-Zn-Cd contaminated red soil. The results showed that the above-ground biomass of ryegrass (Lolium multiflorum Lam) of the two crops
significantly increased with the application of the two kinds of clays. The fresh biomass of the two crops were 7.60 g/pot and 5.67 g/pot for the CK
treatment respectively, and the biomass increased by 184% and 159% with the application of 80 g/kg attapulgite, and increased by 113% and 99.3%
with the application of 80 g/kg Na-Montmorillonite. Application of the two clays increased soil pH value from 0.26 units to 1.02 units, and decreased
the bioavailability of Cu, Zn and Cd. Cu, Zn and Cd concentrations in the ground part of ryegrass decreased as the addition amount of the two clays
increased from 20 g/kg to 80 g/kg. The reductions in Cu and Cd concentrations were in the order of Na-Montmorillonite > attapulgite, and there was
no significant differences for Zn. Available Cu and Zn in the TCLP extractant solutions significantly decreased with the application of 40 g/kg and 80
g/kg attapulgite and Na-Montmorillonite, while available Cd significantly decreased only with the application of 80 g/kg attapulgite.

Key words: Ryegrass, Attapulgite, Na-Montmorillonite, Heavy metal



