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Effect of Nano Zeolite on Chemical Fractions of Cd in Soil and Uptake by

Chinese Cabbage at Different Soil pH and Cadmium Levels

QIN Yu-li', XIONG Shi-juan', XU Wei-hong' ", ZHAO Wan-yi', WANG Wei-zhong', CHEN Yong-qin', CHI
Sun-lin', CHEN Xu-gen',ZHANG Jin-zhong' ,XIONG Zhi-ting’, WANG Zheng-yin' ,XIE De-ti'

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. College of Resources and
Environmental Sciences, Wuhan University, Wuhan 430079, China)

Abstract ; Incubation experiments were carried out to investigate the influence of different nano zeolite(NZ) and ordinary zeolite ( OZ)
levels(0, 5, 10 and 20 g-kg™") on the fraction distribution coefficient (FDC) of Cd and soil CEC at different soil pH (4, 5, 6, 7 and
8) when exposed to different cadmium( Cd) levels(1, 5, 10 and 15 mg-kg™") , and pot experiment were carried out to investigate the
effects of nano zeolite(NZ) and ordinary zeolite( 0Z) on the growth, Cd concentration and Cd accumulation of Chinese cabbage. The
results showed that nano zeolite and ordinary zeolite decreased the concentration and FDC of exchangeable Cd (EX-F), and increased
the concentration and FDC of carbonate( CAB-F), Fe-Mn oxide( FMO-F) , organic matter (OM-F) and residual fraction( RES-F) in
incubation experiments. At the end of incubation, the FDC of soil exchangeable Cd decreased from 72. 0% -88. 0% to 2. 4% -10.7% .
The decreasing effect of zeolite on the concentration and FDC of exchangeable Cd (EX-F) increased with the increase of zeolite, and
the decreasing effect of nano zeolite (NZ) was better than that of ordinary zeolite (OZ). During the culture of 28 d, the concentration
of different Cd fractions in soil was in order of EX-F > RES-F > FMO-F > CAB-F > OM-F under different pH conditions. Exchangeable
fraction Cd was the dominant fraction of Cd in soil during the whole incubation. Soil CEC had significant negative correlation with soil
exchangeable Cd (EX-F) (P <0.01), and significant positive correlation with the concentrations of Fe-Mn oxide ( FMO-F) and
organic matter (OM-F) in soil(P <0.01). Nano zeolite and ordinary zeolite effectively increased soil CEC, and soil CEC increased
with the increase of the pH value of soil in the zeolite treatments. Significant negative correlation was found in soil pH with soil
exchangeable Cd (EX-F) (P <0.01). The dry weight of plant tissues in Chinese cabbage increased by 14.3%-131.4% in the
presence of nano zeolite (NZ) and ordinary zeolite (OZ), and Cd concentration of shoot and root decreased by 1.0% -75.0% and
3.8%-53.2% , respectively. Higher concentration and accumulation of Cd were observed in XJC3 variety than those in SD 4 variety.
Compared with ordinary zeolite (OZ) , nano zeolite (NZ) was better in increasing the biomass of Chinese cabbage as well as decreasing

accumulation of Cd in Chinese cabbage.

s HER: 2016-04-19; &ITHHA: 2016-05-16
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TEEB/N: ZARM (1992 ~ ), Lo W05, B2 LR E SR 5 A B Z H R  E-mail ; 18202306447@ 163. com
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A b3 pH # i
b i /g kg ™! 4.0 5.0 6.0 7.0 8.0
— 0 pH, + 7, pHs + 7, pH¢ + 7, pH; +Z, pHg + 7,
5 pH, + OZ pH; + OZs pH, + OZs pH, + OZ pHy + OZs
W m A 10 pH, +0Z,, pH;s +0Z,, pHg +0Z,, pH; +0Z,, pHg +0Z,,
20 pHy +0Zy, pHs +0Zy, pHq + 0Zy, pH; + 0Z,, pHg + 0Z,,
5 pH, + NZ pH; + NZ pH, + NZ pH, + NZ pH + NZ
ELP ST PE) 10 pH, +NZ,, pHs +NZ,, pHg +NZy pH; +NZy, pHy +NZy,
20 pH, +NZ,, pHs +NZ,, pHq + NZ,, pH; + NZ,, pHg +NZ,,

1.2.2 @Akl

RET 2014 459 A 15 H ~12 A 1 HEEPRET K
SRR BE B R N AT, IR 2.5 kg
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A5 v A3 SR A [ BE ) Cd (1 mg-kg ™' FI S
mg-kg ', CdCl,+2. 5H,0 IERXIMA ), BB IAJE
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mg-kg ™', VIR Z | BEER — & B M A AL 80 /9 = m
AN s E, TR E o 3 8. SR 40k
NGB (NZ) AR @A (0Z) , IS InEH 0, 5,
10 F120 g-kg™'. FrA IR . Cd, +Z,( HER
XTHR) ,Cd, +Z, (JNEEXTER) ,Cd, + OZs, Cd, + 0Z,, .
Cd, +0Z,, . Cd, + NZ; . Cd, +NZ,,. Cd, + NZ,, . Cd,
+Z, (INEA XTI . Cdy + 0Zg, Cdg + 0Z,,. Cdg +
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d J& B oAk 6 HREFEII ST R A4,
il 2 d HEE A 35K & I KA + 45
FOKERR H A REK =1 70% . B0 3 A E
82 BENLHES. SRR 40 d R UGR. R TR
a 258 /K Bk, 4 R S iR Ak, B 3R 43 1 IF
Srlic S EEE. AR T 105°C F AT 15 min, 7E
65°C MUt R IHE  THAAMMR T &, SR AT AR T
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1.3 5iinik
1.3.1 e A JEA AL T

3 pH R 1:2.5 I+ (il ) K EL; 38R
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R B R TR LT R E T Wb A PR T
AR FH R BRI BaCl,- = ZBEME I 22 5 kA1 kb
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AT W, A R 0 R
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(Fyaar , EBUR L, S E A S & AR WS
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1.3.3 MRS & ST
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1.4 dEabi
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6.0 BHEHF(E 1 ~3), M 285 FDC 74555 0 ~
1 d 2U1R FREEH REEE M, a3 4 ~28 d, 2
RN RER A A, 7E pH 7.0 F1 pH 8. 0 451
T(E 4, E5), 5845548 FDC 7ERFF 0 ~4 d AN
W SR BE)S E T AR T ~ 14 d AEAEEZE 21 d i
L RfIE BRI R R TR, RS A AW
FDC Bs5 7 (A 2 B0 B G ) A8 A e {HL i
H A PRER TR R 45 A 558 FDC 76 1 ~4 d IR fik. 4
EREALESR FDC 7EARTE pH 50F T, A8 (b LA g A
AN, 7€ pH 4.0 Fl pH 5.0 3, Bhh AL S5
FDC a3 5% 0 ~7 d A K, fEH5 5% 14 d B,
WM S P 23T B A8 9 b v 1 H R I ) e B S R AO T
BT 7E pH 6. 0 1 8k S AL A FDC A8
AT, £E pH 7.0 1 pH 8.0 3 k%
FALSHR FDC ZEH 3R 0 ~4 d B8N, BE 5 FEA%,
FE7 ~28 d FRWIG M. AR
Frid B rh AR, (AR AR 14 ~ 28 d B EZ Hpi ke
M. ASE pH 2500 F AR A FDC 74555 0 ~ 14
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Fig. 1

Variation of cadmium fraction distribution coefficient (FDC) with culture time in soil at pH 4. 0
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Fig. 2 Variation of cadmium fraction distribution coefficient (FDC) with culture time in soil at pH 5. 0
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Fig. 3 Variation of cadmium fraction distribution coefficient (FDC) with culture time in soil at pH 6. 0
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d AL — (BTE 14 ~28 d Frf &b A% i 550
FDC 532 i hin i a2

5 06F HEAH b il FH 290 K s A0 R 57 308 9 A AR
T 3mSR e A i A B A B T R
4 PG A HE 0 RS L L. BE 3R A5 SRET, pH
4.0,5.0,6.0,7.0 F18.0 3 jifi FH 49 K kA3 A
e 3E A i - ] 22 A EE FDC 4 i BRI T
27.7% ~42.0% F16.3% ~37.1% . 8.7% ~30.1%
M 6.1% ~11.2% . 28.2% ~32.5% Hl 2.4% ~
10. 7% (B OZ, AL FH) | 26.3% ~35.0% 1 17.2%
~28.9% . 17.0% ~30.6% 1 1. 6% ~18.8% ,Jiti 1]
YKl A N 3 A 3 kR AR L AS R FDC 43
BT 61.0% ~ 134. 1% H1 40.2% ~ 118.0% .
42.0% ~ 95.5% 1 51.2% ~ 85.6% . 3.1% ~
13.8% (K% pH 6.0 T @ W A L) | 24.2% ~
39.5% M1 10.1% ~ 20.1% . 15.9% ~ 26.7% Fi
2.2% ~9.5% . TEREANF SRS, ] SR
% FDC Fifi 9 K s A1 57 38 % A i FH 0 10 185 Jon i 8
I, LA X AT 52 488 245 5 1 e AT T D A K i A K
TR . e Ah B A A AR RS T L
Wi 248 DK T 030 it P T, S 34 o )
PORRTRERLE A A | A LA TN o i 240 B 1 A it
SN A B B ) AR LR
2.2 RI[A] pH &8 F £ HEBH B F 3835 (CEC)

Kl 6 s  FEARIEE A (Zy) FTESL T, pH N
4.0,50, 6.0, 7.0 f1 8.0 () -3 CEC 4> %] K
18.54,18.52, 18.37 . 18.70 #1 18. 69 cmol-kg'.
Jiti FH 4 K s Ay 0 3 T A 1 B R TS AT
pH Z5F T ) HIEBH B 384 (P <0.05) , HG
RIS ek BN, B3 CEC ARk R B

250

Shy BE 2R K A 30 A P 3 R . 5
R (Z, ) K, 76 pH Sl 4 By 3 it 5. 10 A
20 g-kg WA 43 B 1 CEC B4 T 2.7% ~
5.6% .4.5% ~9.9% 1 11.2% ~17.3% , 13 pH
HJS AT BN T 6.4% ~7.5% | 6.9% ~
14.0% F1 12.0% ~18.6% , +3% pH g 6.0 1y 514
TR T 5.8% ~8.4% . 8.1% ~ 15.3% #il
12.8% ~23.2% , -3 pH Ny 7 (9208 F 23 538 fn
T 6.2% ~9.0%. 7.3% ~ 17.1% 1 16.8% ~
22.7% , 3 pH Jy 8. 0 BIZMF R /B3I 17 9. 8%
~10.3% . 12.9% ~22.0% F119.9% ~24.3%. %}
L5 A pH Z 4N 1) 38 it FH 99 oK 9 A 5 5
A1, T3 CEC B4k L Jfi %5 + 4% pH {H A9 3G finin 2
Thia# i +3E CEC K/NTE pH 4 ~7 22 [] 5 A
TR (H2S pH TFE 8. 0 B, 4 CEC 2T F%
Al KGR Tk Ay 3 A FEAT X B, 7E pH R
4.0.5.0.6.0,7.0F18.0 1 AR K
YKl A7 RO FRAE 3 CEC X o 3 3 s A7 Ak 3043
BN T 2.8% ~5.5% . 1.1% ~6.6% . 2.4% ~
9.2% . 2.7% ~9.2% M 0.5% ~8.0% ,4% pH 11
158 CEC ¥ LA (20 g-kg ™) GK kA7 Ab 2E
e, H CEC 4350 21,75, 21.97, 22.63, 22.94
F121.98 cmol kg ™', HAEMFE M2, TS E ] Ff
48 pH MR, A P (5 g-kg T A
10 g-kg™") AbHf[A] -3 CEC AR E LR (P
>0.05) , MG g Kk A 43R T pH 5.0 1 pH
8.0 138 FLA pH 444 T L4 CEC TE41 KA A
(v it FH 2t Ah B () 40 A B 2 25 5% (P < 0. 05) .
2.3 3 pH, +3E CEC 5HIEMIEA S A
m 7 AT, 48 pH 5 58 EX-F 88 & 817

20,0 +
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Fig. 6 Effect of zeolite treatment on soil CEC under different pH conditions
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M B ENRAMHRERKR(r i -0.44775 P <
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FITEAISE (r 9 0.568 . 0.430™; P<0.01). +
1% pH 5 CAB-F Hl RES-F 48 & & [ AN 7778 W 5 i
FRKR.

W% 2 fr7s,fE pH N 4.0, 5.0, 6.0, 7.0 Fil
8.0 3, 3 CEC 5 3 EX-F 4 & =47
TE B ERAKER (r h -0.903™ | -0.684 ™

-0.709™ | -0.662" . -0.678"; P <0.01),7E
pH 4.0 3| 13 CEC 5 4% CAB-F I FMO-F
B RAETEN W EAR G (r 2 0.7557,0.830 ;
P<0.01) 7 pH 235128 5.0 #1 7.0 9+ 3| 35
CEC 5 FMO-F & i W AFE i 3 I 7EAH DG R
(r>F0.717° ,0.808™ ; P<0.01), 13 pH ~ 6.0
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Fig. 7 Correlation coefficient (r) between soil pH and the concentration of Cd fractions in soil

#2 1H CEC 5HEEHSIBEANEXRM(H"
Table 2 Correlation coefficient (r) between soil CEC

and the concentration of Cd fractions in soil

— T3 pH
e P
4.0 5.0 6.0 7.0 8.0
EX-F -0.903* -0.684"* -0.709™ -0.662* -0.678*"

CAB-F 0.755* -0.185 0.827*  0.504 0. 381
FMO-F  0.830™ 0.717™  0.375 0.808 ™ 0.436
OM-F -0.141 0.152 -0.004 0. 104 0. 472
RES-F 0. 360 0.632" 0.200 -0.281 -0. 006

1) * FRHIIKF P<0.05, « * FaRHIKKF P< 0.01

2.4 KREARAEYR

H 2 3 W, a5 b SN (1 mg-kg ™' I
5 mg-kg ™) PIH] T UL ZR PO S S AR O A SEAR BB A AR
KB 1 mg-kg ™" FEAL BN K S A K R
HH— 2 AN Y, K S 350 A i A0 )
T 20. 5% FEAR AP RABIEIN T 18.4% . T &
(5 mg-kg ") ALFAME T K AKMAER, Cd; +Z,
Sb B SRR SR AR A 4 6T R B R T
30.8% Ml 1. 2% . BLAh, 5 Cd, +Z, MLk, Cds +Z, &b
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B % 37 &

PR 1 MRS LA R R A A BRI T
15.6% . 28.4% F116.5% . JEH#A (<10 g-kg™")
PEHET INZR U5 K S i A, BLAR i £ % K
AR MR T @A, LIS g-kg 90K
A B K SR RIS I B, 5 Cd,
+7Z, FHE,Cd, + NZ, ZbBHh FF8 | AR ALSAERR A
TN T 38.0% . 20.5% F136.7% ; 5 Cd, +
Zo AL, Cdy + NZg M 138 | HEFR B bk A ) i o3
FHEINT 79. 8% . 54.0% F178.2% . 5 g-kg "4k
Wb AL BRAE R SR AR IR L S g-ke T AE
FAAEFREEAN T 8.2% ~47.0% . (BEEE WA HEK
Hhn, KR4 Y 2R 2 ks, bt
20 g-kg BT R FRAY R BUERAL, AR
T XA, N, 76 1 F15 mg-kg™" Cd /K FH1,20
g-keg ™ E WA AL TR I S AR AL S AR R A P i
I Cdy +Z, FEAIKT 3.3 % ~20.5%.

ANEHE (1 mg-kg ™' A1 5 mg-ke ') BEMRIET
BB SR =S AR SR A K TEANIE I A1 19 1 1
T, RS Y i B AR v B A 1S n i ¥4 hn (3%
3). HEFHAREE A R A S B SE —SRA
SRR A A (E LA Y ) AR A E AR TS
YeIKEI] | 40 K 3 1 157 58 s Ay [B) 35 A R Y 3%
. EARARKE (1 mg-kg ™ Cd) 560 F, KA
PS5z A e i 3 T A it FH] S P 0 T T R
XM Cd, +Z, Fl Cd, +Z, AL, R (<10
g-kg ™) M E AL HE T IR USSR R AR

K, &AL TEL Cd, +Z, ¥ BBINT 46.6% ~
98.0% (B TARTH). WgKih AR, KH 251
T, KSR A= e Tl 490 K W A e FH 2 1 1
SR A DK (5 g-kg ™)
it T (20 g-kg ™) AR B P 3 1 A 4
SR R W A AR S SR T X R Cd, + 7, #1
T 14.3% ~75.9% (B TR TE). 1 EHKF
(5 mg-kg™ Cd)&MTF, RAFZEABA T HMEE
U5 A i P R A R e B T R W R R
(B TART S iy ke $h ) |, it i (10
g kg ' F120 g-kg ') AbHE L EAEHE T KA A A
K, & T HE X IE Cdg + Z, 3N T 32.4% ~
131. 4% . 49K A ALK 3R A Y p R 5
TRER A T AL, R 1 30 4% A 1 B Bl 4 it FH o
(R 1 Tt 5 SRS B AR At B (R TR T S
B EUR) |, 45 it FH A B K SR A K R
HEVE R AR it FH & (5 g-kg ') H i T (20
g-kg ™) ADBEXT K SR A W A A B AR 55 B
WM RR AR T E X IR Cdy + Z, BT
24.3% ~76.0% . ¥ 4Kk A 538 88 W A E 470
Ho 4R (1 mg-kg_1 Cd) 20T, 338 A1 b B K
1A W 4 A5 T 9 oK A Ak B 0T = 4 (5
mg-kg ™' Cd) Z5MF T, 9K B A% K S AR ) 1
e X R TR P e N & M o L B
FETHELL 20 g-kg ™ 9K A AL B B 5,10 g-kg ™!
3 A AL BRIR

®3 TERERSLEHTHAKAESN AAREMENT T

Table 3  Effect of different zeolite doses on biomass of Chinese cabbage at different Cd levels

TR Bt /g - pot !

hbE Hu b AR R SRS
IR 5 HEE =S AR5 HHEHK =T AR5 B =S
Cd, +7Z, 0.91 +0.01d 0.64 +0.0le 0.09 +0.00cd 0. 03 +0. 00d 1.00 +0.01d 0.67 +0.01le
Cd, +7, 1.10 £0.07¢ 0.86 0. 03cd 0.09 +0. 00cd 0.10 0. 01b 1.19 0. 0lcd 0.95 +0.03cd
Cd, +0Z; 1. 17 £0. 06bc 1.69 £0. 175a 0. 10 0. 00bc 0. 10 £0. 00b 1.27 0. 06bc 1.79 £0. 18a
Cd, +0Z,, 1. 15 £0. 09be 1.33 +0. 08b 0. 08 0. 00de 0.07 £0.01c 1.23 0. 09be 1.39 +£0.07b
Cd, +0Zy, 0.65 =0. 02e 0.92 £0.07¢ 0. 05 +0. 00f 0.07 £0.01c 0.70 £0.0le 0.99 £0.07¢
Cd, +NZ; 1.52 +0. 14a 1.39 £0. 06b 0.11 £0.01b 0.11 £0.01a 1.62 +0.07a 1.50 +0. 06b
Cd, +NZ,, 1.29 +0. 0lbe 0.75 0. 08de 0.14 £0.01a 0.08 £0.01c¢ 1.43 0. 03b 0. 82 +0. 09d
Cd, +NZ,, 1.30 +0. 08b 0.98 £0.07¢ 0.07 0. 00e 0. 10 0. 00b 1.37 0. 08bc 1.08 £0.07¢
Cdy +7, 0.91 0. 0lcd 0.64 +£0.01d 0.09 £0. 00a 0.03 £0. 00e 1.00 +0. 0lcd 0.67 +£0.01d
Cds +7Z, 0.93 +0.07cd 1.12 £0. 07¢ 0.06 +0.01b 0.07 0. 00d 0.99 +0. 06cd 1.19 £0. 07¢
Cds + 0Z; 1.30 +0. 08b 1.07 £0. 06¢ 0.07 0. 00b 0.07 0. 00d 1.36 0. 08b 1.14 £0.07¢
Cds + 0Z,, 1.01 £0.0led 1.91 £0. 34a 0.07 £0.01b 0.09 £0. 00¢ 1. 08 0. 00cd 2.00 £0. 33a
Cds + 0Z,, 0. 86 +0. 06d 1.48 0. 02b 0. 07 0. 002b 0.16 £0. 005a 0.93 +0. 06d 1. 64 0. 03b
Cds + NZ; 1.67 0. 20a 1.75 0. 15ab 0.10 £0. 003a 0.07 +0. 005d 1.76 0. 21a 1. 83 +0. 15ab
Cds +NZ,, 1.05 £0. 030¢ 1.61 £0. 14b 0. 09 0. 002a 0. 12 0. 009b 1. 14 0. 03¢ 1.73 0. 13b
Cds +NZy, 1.03 £0.0lc 1.97 £0. 11a 0.04 £0.001¢ 0.09 £0. 005¢ 1.07 £0.0led 2.06 £0. 12a

1) AR NG SRR R 7] N5 G K AL A7 AR SRR | AT % HA ] 1) 2 57 L (P < 0.05) |, R 1]
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2.5 RESRmS & MR RE

FH R 4 W] UL Bl A 1 SRR A JVR FE A 3 N, K E
KSR D ERIN(P <0.05) ,Cd, +Z, Fl Cd; +Z,
AEFR 2 AR R SRR B 4 & 31,079 ~
40. 153 mg-kg ™' F177. 102 ~138. 062 mg-kg ' Jiti FH
YKl A T A A R T 2 S SRR R
i, HL SRR 8 B A it FH S 3 i i g, K
SR O AR A it R R 4 K A R s A Al
PHME] A 22 Sk B R EH K (P <0.05). R4 (1
mg-kg ™' Cd) &AM 0 FILAR S SFRAHZE,S.
10 120 g-kg ™" A AL BRAE R 3000 B 2
XTI (Cd, +Zy) 73 FRAR T 1.0% ~35.9% (B T
Cd, + 0Z;, W), 17.1% ~ 70.4% HI 24.6% ~
75. 0% B 38 =5 K SR 48 AL R 7 12 0 43 3ol e
KT 9.6% ~47.5% (BT Cd, + 0Z; 1 E3) .
14.4% ~ 62.5% (& T Cd, + OZ,, 1 I #) F1
41.7% ~82.4% . 47K (5 mg-kg™' Cd) &4

T, 5X R (Cds +Z,) M E,5, 10 120 g-kg ™' 11
WA A0 BRATE LR DU -5t b K 1 32 4% TR AL 40 1 i 40
AR T 7.2% ~39.2% . 27.8% ~50.2% (& T
Cd, + OZ, # E38) F129. 8% ~53.2% , 3 % 3¢
SRR W R T 5. 4% ~
39.2% . 0.8% ~47.8% M21.0% ~68.7% . {Efik
B (1 mg-kg " Cd) 4G (S mg-kg ™' Cd) &M T,
Teit 2 L 2R U5 10 2 0 58 =5 i f, K S
- S FTAR S P 2 LA 0 K o A A 3
A1 AHRI ST, 40K A Ak B S s Ak PR
13245 B 48 & A% 10. 5% ~65. 7% , 45 Ab 3K
P13 1l b 308 0 AR S 4 o 28 DA GROK B A
(20 g-kg ') AR BRIAR, 40 Cd, + NZ,, &b B AH 37
SRR o PRI E 7. 086 mg-kg ™.
W52 AN SR SRR AT X F, 45 A B K SR b
RN AR 8 B o i LA L AR DS AR T R SR

=5,

F4 TRKERSEZGTHAEAENERESENHM

Table 4  Effect of different zeolite doses on Cd concentration of Chinese cabbage at different Cd levels

e/ mgkg !

posz b A i
IR Y= BER=S IR U= BHX =T
Cdy +7, 7.06 £0.95¢ 6.83 £0. 08¢g 5.69 0. 13f 10.92 +0. 98e
Cd, +Z, 36.07 £0. 03a 34.83 +0.20b 31.08 £0.03a 40.15 +2.19a
Cd, + 0Zs 35.70 £0. 14a 48.19 £0.78a 31.40 £0. 14a 36.30 +0. 66b
Cd, +0Z,, 26.72 0. 02b 47.69 £0.72a 25.76 =1.09b 34.35 +0.95b
Cd, + 0Z,, 16.74 +0.37d 20.40 £0.58d 23.44 £0.48¢ 20.37 £2.00c
Cd, +NZs 23.11 £0. 12¢ 28.02 £0. 84c 22.80 +0. 06¢ 21.07 +0. 65¢
Cd, +NZ,, 10. 69 £0. 85e 16.36 0. 76e 12.27 +0. 43d 15.06 +0. 18d
Cd, + NZ,, 9.02 £0. 09f 10. 83 £0. 01f 8.29 +0.97e 7.09 £0. 05¢f
Cdy +7, 7.06 +£0.95¢g 6.83 +0.08g 5.69 0. 13f 10.92 +0. 98h
Cds +7, 77.10 =0. 00b 101. 07 £0. 10a 120.24 +1.53a 138.06 0. 99a
Cds + OZs 71.51 £0. 25¢ 94.82 0. 14b 97.73 +0.39b 130. 65 +£0.95¢
Cds +0Z,, 80.05 0. 00a 100. 38 +0. 64a 86.76 =0. 76¢ 135.26 +0. 86b
Cds + 0Z,, 54.10 =0.27e 79.88 £1.14d 71.43 +0.30d 102.98 £0.99d
Cds + NZs 64.00 +0.77d 83.89 +0. 75¢ 73.03 +0.58d 83.89 +0.53e
Cds +NZ,, 46.73 0. 64f 57.58 £0. 35e 59.87 £1. 34e 72.01 +0. 02f
Cds + NZ,, 36.09 +0.48¢g 37.36 = 1. 40f 57.29 +0. 55¢ 43.26 +1.17¢

W 5 FioR, FaAh B 0 25 4R v 1 L AR IO 5 Rk
R =52 AR AR RE (P <0.05),Cd,
+Zy Fl Cdy + Z, AEFRAH K S A R 2Ry il &2
2.732 ~ 42.325 pgepot™' Fl 7.619 ~ 122.758
Mg-pot_l. Eit FH A8 K8 A T, K 1 2 45 T A R AR
SR B RS I (1 mg-kg™' Cd) F&IF
T, 55X 8 (Cd, + 0Z,) FLE , 4K 36 A Ab BRAT 1) 2R
DU T 5 =5 SRR SRS AR A B AR 2R o i)
WA T 11.3% ~79.1% M1 37.4% ~81.9% (& T

Cd, + NZ; b A SAIAR) , B8 (5 mg-kg ™' Cd)
AR BB T 6.9% ~73.5% (BT Cds +
NZ, b b SBFEAERR) T 11.7% ~61. 1% (BE T Cd,
+NZg o EEBAEAEAR ). TCIe eI S S TS
YeAET KA it X 2 A AR A S
B, AR AL R R 2R R e 38 R B A AR R
o i A e FH A 7 38 0T SRR (P < 0.05), DA
it FH A (20 g-kg ™) ZbEH X A 2040 A 2 YRR AR
BRI, S A i A R K S R A R
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P05 - 7) 5 TER R (5 mg-kg ™" Cd) AT, s
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Table 5 Effect of different zeolite doses on Cd accumulation of Chinese cabbage at different Cd levels

LR R/ wg-pot 7!

busi] Ho R M JSYILyS

IR 9= RS IR P9= BER=S IR = FEX =T

Cdy +7, 6.43 £0.861g 4.35+0.05g 0.521 £0.01g 0.37 £0.03g 6.95 £0. 849¢ 4.72 £0.02h
Cd, +7Z, 39.59 +0.031b 29.79 +0.17d 2.732 £0. 00b 3.84 £0.21a 42.33 +0.03b 33.63 +0.38d
Cd, +0Z; 41.79 0. 167a 81.60 £1.31a 3.08 £0.01a 3.56 =0. 06b 44.87 +0. 18a 85.16 £1.25a
Cd, +0Z,, 30.61 £0.019d 63.27 +0.96b 2.05 +0.09d 2.32 0. 06¢c 32.66 +0.07d 65.59 +1.02b
Cd, + 0Z,, 10. 82 +0. 237f 18.73 £0. 53e 1.19 £0. 02 1.41 +0. 14d 12.00 +0. 26f 20. 14 £0. 67
Cd, +NZ; 35.02 0. 019¢ 38.94 1. 17¢ 2.42 £0.00c 2.40 £0.07¢c 37.44 £0.20c 41.34 +1.09¢
Cd; +NZ,, 13.80 £ 1. 095e 12.21 £0. 57f 1.67 £0. 06e 1.17 £0.0le 15.48 +1. 16e 13.38 £0. 58f
Cd, + NZ,, 11.75 £0. 119f 10. 58 +0. 01f 0.57 £0.07g 0.70 £0. 00f 12.32 +0. 19f 11.27 £0. 02g
Cdy +7, 6.43 £0.861g 4.35 +0.05h 0.52 +0.01g 0.37 +0. 03¢ 6.96 +0. 849g 4.72 0. 02h
Cds +7, 71.47 +£0.001d 113.09 +0. 11d 7.62 £0. 10a 9.67 £0.07¢ 79.09 +0. 10d 122.76 +0. 18d
Cds + 0Z; 92.73 +0.325b 101.24 0. 15e 6.49 £0. 03¢ 9.48 £0.07¢ 99.23 +0. 30b 110.72 0. 22e
Cds + 0Z,, 81.02 £0. 004¢ 191.33 +1.23a 5.72 =0.05d 12. 65 +0. 08b 86.74 £0.05¢ 203.98 +1.31a
Cds + 0Z,, 46. 66 +0. 2291 118.36 £1.69¢ 4.89 +0. 02f 16.73 +0. 16a 51.55 +0. 25f 135.09 1. 85¢
Cds + NZs 106. 67 = 1. 280a 146.85 +1.31b 7.09 =0. 06b 6.22 +0. 04e 113.78 £1.22a 153.07 +1.35b
Cds + NZ,, 48.90 +0.673e 92.44 +0. 561 5.62 £0. 13e 8.54 +0. 00d 54.52 £0. 55e 100. 98 +0. 561
Cds + NZ,, 37.31 +£0.495g 73.53 +2.76g 2.02 £0.02¢ 3.76 =0. 10f 39.33 £0.51g 77.29 +2. 86g
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M) FLAT 5P . 78 pH X H IR E F e AT
VEZWFIERIE ™" XS R, pH 78 1
BRIE A ALY TR R B A F B . BARRTR]
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Mg Rt A ST A & B, 3 pH S AL S
MAENER ST EWATERDENEMLE(r R
0.568.,0.430; P <0.01). FWHEE 1+ pH A F)
T A AT S A A 1) R S A R A A LA
ek, I REARARAE £ 38 h AR RS 1 A R k.
TSP S T s i (CEC) o & 52 13304 354
s —F BN E . ARG b, B 3R4E A 1 pH
4.0,5.0,.6.0,7.0 F18. 0 3 jiti 48 K34 Fl
W A RN T I CEC, FRAR T ] S S
B8 FDC, HL It 25 3340 K 0 7 013 o 0 i P 2 10
RN, 3 CEC ANBrsé i, 458 n] 52 3 2540 % 5 A
A3HE L R TR, AT pH 254 R, £ CEC
5 4 T A SR O i A R I A DG R
(P<0.01,72). X5 Mahabadi 5" iy BF 55 45 5
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Xof - 4 T AR A A 1) R ARG 3 3 A,
P TR A A B B 4 R 4 4 (L L T i ) 2 1
23 BE 77 R 2% T WL B RE O BT B LAk, 7E pH A
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B AT AR B 35 B IE A M (r O 0.755,0. 8305
P <0.01). F&tFH 40 K3 A0 R3S 38 A A R (8
I RS AR I R AL S e . LR R R
TG A G EA Fe, Al, Mg, Mn 2502 i Ak A1
PEE 3% pH o] ff £ CAOH * 15 W& B 550057 1Y) 2%
sk, (200 4 B B T AR B b4 &,
A TR fef i pl ) A s ) A AR T S e A

A pH 240 F , HERIE S & R ER 3
Rl & AR T AR (R AR AE AN TR pH AL BE
HERAIAR. pH M 4.0, 5.0 6.0 &4 T, +1E
Ridk 0~ 1 d, 3R] 23 2880 FDC KR BE R, 1
ST A 480 2 43 G L A9 A AV i 2 B+ 8 pHL A3
IO G 3 . R A - BT AS B A AR AE pH N
4.0 F3gerh EEEAL B AL S R 78 pH
5.0 F6. 0 By 3gErh EBEA R IRIRER G A
BREREALSFIFRIE RS, 7EREFR 4 d, TR S e 2540
1 A5 BC LA A B pH R 5.0 A6, 0 Y 3
o RN IR R 45 S I B REAIL. K5gR 4 ~28
d, 30T A A S0 B L ) 6 5 B o T 384 0 2 Ay
REAR R A 5 HLAS 0 3 T 265 0 4 A L £97) 22 gk 184 o 1)
H 1E pH g 7.0 F18.0 A TIE RIS A & i
A AN TA]. Y 4 pH 430 FF 2 7.0 1 8. 0 B,
FERIE SRS 0~4d, 7 ~14 d 121 ~28 d 3
RAETIESHAL. 7EEFE 0 ~4 d B, £3ERT 2530
A5 TR ATC LU 91 AS T B AT, R S fb S kv
A B AN IC A5 U] BH S A, R AR e A R
VR E AL S FARIE ML, TERTFREE 7 d, 14
AT S AS AT IC LU A9 ORI 3G T, B R Eh 4 A S R o
et L 51 A, B S8 1 0, A0 AR Ak A RN B v A e 1 DU
BERREAME. TSR 21 d W, ] AT B A
AR BE H 1 S — R B 3G Bl 8555 28 d P
BOAEAK. ZEERS Lu 2 fHEE .

TR K B AR . K 2B g R
W AR IE A E T A o R B A K A2 A A4 5
AR, LR A I 25 0 e 10 g v 184 o 1
B A TR A — e IR B AR 1 T, 4 mT R
AL SRR A K it i A KA B &

> ARG T R A i FH 48 K T A 3 A
FIB LT WS 1 me-ke ™" AR R T K 113219
AR R T K A SR AR R SR AR AR
. HfE R R R & 5 me-kg ™' B, P IR R
B BA S  A AE AR B E AR (P <
0.05). %45 R Hiiti 8 % | Ding 457 Ay i3l —
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(5 mg-kg ™" Cd) V5 H 41T, Jiti FH 24 2K W A A5 3
P ER P NGl ) W NIE B S2EE 7 5 S | 5h Fapo)
KSR A A 52 0 32 WA it FH o L R 1S Bl R4
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KA K IR ERCR S5cdT, 2S4hife FH 2 5 & 20
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