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Effect of Nano Zeolite on Growth, Activity of Antioxidant Enzyme, and

Chemical Fractions and Concentration of Cd in Chinese Cabbage

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, Chongging 400715, China; 2. College of Resources and
Environmental Sciences, Wuhan University, Wuhan 430079, China)

Abstract: Pot experiment was carried out to investigate the influence of nano zeolite (NZ) and ordinary zeolite (OZ) on the growth,
activities of antioxidant enzyme, Cd fraction and Cd concentration in two varieties of Chinese cabbage. The results showed that the
activities of SOD, CAT and POD in the shoot and root of two varieties increased, and the dry weight of shoot and the total dry weight of
Chinese cabbage increased by 4. 5%-96.5% and 3.4%-88.4% , respectively. The application of zeolite effectively reduced the Cd
concentration of shoot and root in the two varieties of Chinese cabbage, and the reduction range increased with the increase of the
application amount of zeolite. Under the low Cd condition (1 mg-kg™" Cd), the Cd concentration of edible parts ( shoots) in SD4
variety and XJC3 variety decreased by 1.0%-75.0% and 19.5%-68.9% (except the Cd, + OZ;/0Z,, processing) , respectively.
Under the high Cd condition (5 mg-kg™" Cd), the Cd concentration of the edible parts ( shoots) in SD4 variety and XJC3 variety
decreased by 7.2% -53. 2% (except Cds + OZ,, processing) and 0.7%-63.0% , respectively. The Cd concentrations of the edible
parts (shoots) in tow varieties of Chinese cabbage in the nano zeolite treatments decreased by 10.5% -65.7% compared with the
ordinary zeolite treatments. In Cd contaminated soils (1 mg-kg™' and 5 mg-kg™' Cd), ) the total extraction amount of Cd in the
edible parts (shoots) of SD4 variety reduced by 12. 4% -68. 8% and 13. 2% -55. 6% (except of Cds + OZ; processing) , and the total
extraction amount of Cd in the edible parts (shoots) of XJC3 variety reduced by 9.4%-71.5% and 3. 1%-38.7% (except of Cd, +
OZ; processing) , respectively. The application amount of nano zeolite (NZ) and ordinary zeolite (0Z) was more, the reduction range
of the total extraction amount of Cd in the edible parts (shoots) of two varieties of Chinese cabbage was greater.
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1 #RE5FE

1.1 e

j(ﬁ%(Bmssica peckinensis L. ) S AR A L & Y
SRS R A E R LR A A
P R . R SEAR TR R S
SCHR[14].

YK A A 38 kA PR T R R B —
W) 9Kk A (NZ) A1 A (0Z) BRLAR 53 51
960 ~70 nm 1100 H. 24K 364 F1E @ W4 pH.
PHES Fac e i, LW REA, 280 & i3 % Uk
[14].

1.2 EmHE

AR T 2014 4E9 A 15 H ~12 A 1 HAEVER
KGRI 2 Be RS L %5 N AT, 43 BIFRHL 2.5
kg KT 1432 F 17 em x 20 em B9 K5 @8R .
fia] e b 23 SR A [ 9 BE 9 Cd (1 mg-kg ™' F1 5
mg-kg "', CdCl, 2. 5H,0 WIEMA ) , [ i A R
AE(N 180 mg-kg™'. P,0, 100 mg-kg™' . K,0 150
mg-kg ', LIRZ | BER & B M AL A A = m
A AR, T E P 3 F. SR 40k
AW (NZ) -4 (0Z) i fins-h 0.5,
10 F120 g-ke™'. FrAREAAEE R, Cd, +Z,( HER
XTHE) L Cd, + Z, (NEEXT R ) | Cd, + 0Z5,Cd, + OZ,,,
Cd, + 0Z,,,Cd, + NZ,;,Cd, + NZ,,,Cd, + NZ,,,Cds +
Z,(INEAXTAR) | Cdy + OZ,, Cds + 0Z,,, Cds + OZ,,,
Cds +NZ,,Cdy + NZ,,,Cds + NZ,,. A 5 d 5,45
5k 6 RIS MR R |, BRR 2 d
FHEE BRI 35K & IRk Al 458 5 K R
R H KR 70% . B0 3 NER, EHLHE
G, ZhEIFEAL 30 d J5 3 BROK R 250 5E 3 Hr b A Ak
g% 1, dncJe B AL 3 BR. BBk 40 d SR IR,
HESNIE B3 RE =0 S oV QUL W L N = B o 1B
ERAFF A RO SR EE . RIFRT 105°C T ARE 15
min, 7E 65°C ML R B Mk T &, )5t
TR TR BE R A5 AR RN bbb 50 5 £
1.3 Srbrrik
1.3.1 3R A A B AP

SR A7 AL S bR R Ry et
KA AR R H IR ) 8 54U8% ( Dimension Icom
Atomic Force Microscope , Bruker, USA) 5.
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1.3.2  HMREIE S B & 530

K S 45 BRI A8 53 9ok 3% S i
ST AR A RN AE SR A HNO, : HCIO, 35T 2,
JEF W K53 6 6 E 7% ( Perkin Elmer SIMMA 6000,
Norwalk , USA) #ll . &z I FR 4 0. 005 mg-kg™'. R
FHE b5 e 55 1 AR AIF 5 i 4 43E 1% 48 0K s E ) Jox
(GBW # 08513 ) XJll s 25 R b A7 B Wi 4. P
PIRE it 1) 5% [0 US 26 34 85 T 95% , AH R A o e 22
(RSD) WIKG EETE 10% LAIN.
1.3.3  PrE G v

1 AP (POD ) i P4 I e SR FH A8 A0 A 7%
it A SR (CAT) T P DU 2 SR HH Lt ik, il A e
ATt ( SOD ) 395 4 0 5 2R FH 4L s a0
1.4 Hdlab

K Microsoft Excel 2010 o 47 %% & 4k 32 A1 /E
&1, SPSS 23. 0 TS 7 22 00, 1 35 22 KPRy
P <0.05.

2 HBRESH

2.1 RESRAEYE

W 1R, SXFIR(Cd, +Z,) M, s Xt ig
(Cd,/Cdy +Zy) AE PR 3 =5 b 135 AR AN
AR T S T 34.3% ~75.7% . 105.9%
~182.4% 1 41.8% ~77.2% , 1fij &5 5% (5 g-kg™'
Cd ) % 8 iy 355 1A AR T 32 R AR (1 mgekg ™
Cd) XF R 23 RS T 30. 9% H125. 0% . 1L ZRPUS7E
R (Cd, + Zy) e BRE A T ARFRAE R AZ 06, 2B
AR 3. 3% ,(ASMESRIA BAL UE T 1 B AE K,
i b, SRR T EE 4 0 T 20.5%
18. 4% , M4 (Cds + Z,) A3 450 F A K ) 52 5
P AR R B AR AR T A SRR AR T 30. 8% A
1.2%.

JEHE A (<10 g-kg ) MRS T ILARMS KA
SR A HLAK B A % R 2 A K R AR i ROR
T AT. LLS g-kg ™ KA AL BXS K 304
YRR InECN . 5 Cd, +Z, M, Cd, + NZ;
AbER M b ER L AR ORD B RE Bk A= W o i B T
38.0% . 20.5% F136.7% ; 5 Cd, +Z, M, Cd, +
NZ; b [ 38 AR H8 S HE Bk B AR W iy i 3 T
79.8% . 54.0% H178.2%. 5 g-kg ™" gk ih £ kb B
iR AT R 5 g kg ™" i A7 kb F I
T 8.2% ~47.0% . {HKEZ WA =, KE
AR B R RIS 0 AR b ke . W it R 20
g kg ' HFR ISR AE Y R AL, A B AR

W&, 40, 7€ 1 mg-kg ' 5 mg-kg™' Cd /KFH,20
g-kg " T AL FE M 1 ER | MRS A AR A )
HCdy + Zy BEAR T 3.3% ~20.5%. ¥ HEx=
SR MR (1 mg-kg ™' Cd) &4 T ,2 Fhilk
AL & (5 g-kg ") AbFRXE ¢ B =5
AL B IO B O B L Cdy + OZg it
M b LR EEORD SR BR AR W e 0 3 o T
98.0% . 2. 1% F188.3% ,Cd, + NZ AbH | 43 51) 4
T 62.6% . 18.8% M1 58.1%. Cd, + OZ,,/0Z,,
F1Cd, + NZy Wb BEXT Bl =% =5 Y a iy —
FE R 3G AR, B Tl W A e FEAREAR T
28. 1% ~30.2% M b3 SR P 40 )3 fin
T2.1% ~14.3% M 3.8% ~55.2%. Cd, + NZ,,
ALERIE ¢ B2 =5 Mo R AR R R R A MR A
YIRS BIER T 12.7% . 18.8% M1 13.4% . =%%
(5 mg-kg™" Cd) &M R, Cd; + OZ,,/0Z,, AL PR =
TOMER =S M B R A A S R AR Y
BN 32. 4% ~70.3% | 34.3% ~131.4% .
38.3% ~68.2% ,Cdg + OZg Ab 3 I i 3, 1 3 F1
FARAE YR B T 4. 6% F14.0% . 99Kk 41
ARFRLL Cdy + NZyo b BT My 1 35 A0 ik A 9 1
R 3 i 2% SR B B, 15 W 43 5 R 76..0% F1T2.9%
Cd; + NZg b 3R Z, ¥4 0§ 4 1 28 56.5% Fil
53.5% ,Cd; + NZ, AL PEI Ry 43.5% F145.1% , {2
LB G X A 5 A6 W B 1 B R O B A, Y R R
70. 0% ,Cd, + NZs 1 Cdy + NZ b BT A= 4
(RS E 53 59 R 5. 7% K1 24. 3% . 7558 (5 mg-kg ™!
Cd) 25 F 0K A AN BN B =5 Ey
(R 185 T 25 SR Y e T 3 s A

A0 oK ik A 538 5 W A AT B, (R (1
mg-kg ™' Cd) ZFMF T, B 5E 8 A R H R AEY =
BRI T AR A AL B, R (e b AL A bR T
LS g-kg HEEE A ANPGRS g kg T ARG
RbFER 2. T (5 mg-kg_1 Cd) 514, 49K
AN R SR A ) £ 0 15 ISR I T3 38 kA, K
32 LR BRI AR T E LA 20 g-keg ™' 40 K6 A1 Ab
PRIT R, 10 gekg ™ 5 3E kA4 AL BRYK ..
2.2 KSR RS E LB T

3B LLZR U5 (P 1) AR S =5 (] 2) i
TR ST A A RS PEEA T 25 R 43 . % T LU AR T
SR (E D) SXFRR(Cd, + Z,) ML, B8 AR AR
SR il T b B SOD FMIRAR 2514 T (1 mg-kg ™'
Cd) HRHS SOD 1 PE Ry HS I, BEAIK T POD Al CAT 1%
PECBR T H 38 CAT 36 PE TG 35 A 4k ) A i 45



1192 2N 5%

Bt 2% 38 &

®1 TERERSLEHTHAKAESN AAREMENT T

Table 1  Effect of different zeolite doses on the biomass of Chinese cabbage at different Cd levels

FERR T 5T /g - pot ™!

JbEE Ho bR AR it

IR 5 HEE =S AR5 HHEHK =T AR5 R =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 £0.0le
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, +0Zs 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. Olbc 0.75 +0. 08de 0.14 £0.01a 0.08 £0.01c¢ 1.43 +0.03b 0.82 +0.09d
Cd, +NZy, 1.30 +0. 08b 0.98 £0.07¢ 0.07 £0. 00e 0. 10 0. 00b 1.37 0. 08be 1.08 £0.07¢
Cdy +Z, 0.91 0. 0led 0.64 +0.01d 0.09 £0. 00a 0.03 £0. 00e 1.00 +0.0led 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. 00c 1.08 £0. 00cd 2.00 +0.33a
Cds + 0Z,, 0. 86 +0. 06d 1.48 0. 02b 0.07 +0. 00b 0.16 £0.01a 0.93 +0. 06d 1. 64 0. 03b
Cds + NZs 1.67 0. 20a 1.75 0. 15ab 0.10 £0. 00a 0.07 0. 01d 1.76 0. 21a 1.83 +0. 15ab
Cds +NZ,, 1.05 £0. 030¢ 1.61 £0. 14b 0. 09 +0. 00a 0.12 +0.01b 1.14 £0. 03¢ 1.73 £0. 13b
Cds +NZy, 1.03 £0.0lc 1.97 £0. 11a 0.04 £0. 00c 0.09 £0.01c 1.07 £0.0led 2.06 £0. 12a

1) ARG IR T — AN T5 G R AN [ B 7 A B of B[] 19 22 5 . 4 (P < 0..05) , Rl

T (5 mg-kg™" Cd) K SOD 11k, AR5 e e BE
T i P AR 1L AR DU 5 R SRt AR A il I M Y 5
WA A, AR (1 mg-kg ™' Cd) &4 T,  ILZ M
S 4 FISAIARER SOD . POD | CAT 3 il ii% 11 44) bifi
o 3 A it R N AT RS TR ARk
#5 Cd, + Z, A A R (20 g-kg ') B
AL BRI T K A S R AR S SOD . POD |
CAT 5, BE IR 23 5M 16. 7% ~21.2% | 12.6% ~
19.7% M1 5.3% ~29.9% , HA43 i FH 2 b BRAE A I
SR IEEE2ZR(P>0.05). {4 (1 mg-kg™'
Cd) Z51F T M350 S A b i 0% 1 il 2 498 K it
AN AN, Cd, + NZ,, Fl Cd, + NZ,, &b B fdi b
#8 SOD, POD | CAT %743 51 b Xt B (Cd, + Z,)
BINT 29.7% ~29.9% . 14.6% ~37.7% F134.8%
~43.1% ; 5 Cd, +Z, ML, #¥H SOD, POD, CAT
THHETE Cd, + NZg M1 Cd, + NZ, Zb 3 F #2585 22. 8%
~40. 0% ,Cd, + NZ,, AbBRHTE AL BT P 500 B JC .
EXES. ER(5 mg-kg ™' Cd) ST, Cd, + 0Z,, kb
PRAF L AR DU R 1 S B FIAR &R SOD 17 44 43 Jill
L X BRI N T 12. 5% F137. 5% ,Cds + NZ,, Fll Cdy +
NZ,, AL BRAFE b | 5B FIAREB SOD 17 M 43 51 be Xof e
WINT 11.0% ~26.8% Ml 51.7% ~141.1%. 5
Cds +7Z, F I, Cdg + NZ,y Fl Cdy + OZ,, &b PR 4l |-
5 POD I P4 BIREAK T 33. 8% Al 28. 6% , ik Jiti
FHEALFE (5 g-kg " FIT10 g-kg ™) ZRfL A 3. AR
POD W2, Cdy + NZ,, Kl Cdg + OZ,, Ab P3G i T 4R

B POD TH 1, L X B (Cdg + Z,) Zr BN 1 8.2%
123, 3% , He it FH Ak 1000 S 3841 T %o L it
PR A1 R 0 3 A7 A SRR AR T b R CAT 7%
P, 73 EE X RR(Cds + Zo ) FEIR T 8.0% ~13. 0% Fil
21.7% ~24.7% . #R#E CAT {HHEN 2,5 Cdy +
Z, A, i (10 120 g-kg ™) BN KIE AT
RS A b BN T AR ER CAT 36 M, B WR 43 51
5.5% ~27.1% 1 16.5% ~34.8% , @ ih A LA
T FH (10 g-kg ™" ) Ab3HHR o M 32 5 K, A K i 4 D)
DLt P (20 g-kg ™" ) A B AR

B SR =5 K A SR PUEAL TS P VLR 2. B
AR T R 3K SOD TR, BR T AR (Cdy +
Z,) KL EB POD (F&AK) FIE4R (Cd, + Z,) K& CAT
(R ZEREAR) , AMIRAS NG Y B v 1 b b R0 AR
POD Al CAT 7%, {47 (1 mg-kg™" Cd) KMHET, 5
Cd, +Z, ML, Cd, + OZ,, Al Cd, + OZ,, &b H{fi i1 -
FRAIARFR SOD G P43 w4 i 1 12.9% ~ 15. 6% Fil
36.0% ~57.8% (P <0.05) ,Cd, + OZ, &bH ] 5%
BIEREZR(P>0.05); Cd, + NZ, fil Cd, + NZ,,
AbPRER T M1 SOD WM 16.7% ~21.2% ,Cd,
+ NZy A FR 5 X R TC i 2 22 5% (P >0.05) ; R
SOD MIFE Cd, + NZ,, #l Cd, + NZ, Ab BRI 4255 T
42.2% M 69. 4% ,Cd, + NZ, A3 5% B8 TG g 2 2%
F(P>0.05). K8 (1 mg-kg™' Cd) &4 F,Cd, +
OZ,, 1 Cd, + NZ,, 4b B i 25 2 /& 1 i &8 POD %
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Fig. 1

P, 43 H X BT T 20. 6% 1 36. 4% ,Cd, + NZ,,
F1 Cd, + OZ,, AL FE(FARER POD 34 4351 Lk Xof B Sk
EARE T 23.2% . 19.3% (P <0.05). CAT i PETE
RS2 FIZRBLA 7 Cd, + NZg fil Cd, + NZ, 4b
HR, oo B CAT 36430 L X B (Cd, +Z,) 3%
P T 12.7% F128.0% , R CAT Witk W LA Cd, +
NZ,,Fl Cd, + OZ,, &b 3 &% &, 43 51 b Xk BE3E 17
16.7% F13.3% (H5X R AR E (P >0.05).
(5 mg-kg ™' Cd) ZM T, Jite FH 49 K b A1 ANt
WA AR EAd AR ER SOD A1 CAT I 4 P AR
T 0.7% ~51.3% ,POD {GPE WA W], b | FB AR H
POD ¥ P ¥4 il 5 5 38 W A it FH St 10 335 o v 14 m
Cdy + OZ, A PR b [ FFNAREB POD 6 P 43 1) Hb %o

Effect of zeolite doses on SOD,POD,CAT activities of shandongsihao cabbage in soils with different Cd levels

HE(Cdy +Zy) HE55 T 25. 6% F120. 1% ,Cdg + 0Z, il
Cdy + OZ, AbBRI] 5 %F BTG B 3% 25 5. 90K e
FHAEXS H S AITHER POD 3 M A S i L BA I, b
it AL B (5 g-kg ' AT 10 g kg ') BEFRE T
M EF POD Jf M, X B3R = T 14.5% ~23.1%
(P<0.05),Cd + NZ, JbBRSGFIRIC B EZH (P >
0.05) ; H# POD % M B W 7E Cds + NZ,, Al Cdg +
NZ, B35 T 30. 1% ~36.2% (P <0.05) ,Cd,
+NZ; b E X IC 225 (P >0.05).
2.3 KEAEWSE

2% 2 W] L B A - A9 A AR R B, R
KSR BERNIN(P <0.05),Cd, +7Z, Fl Cd; + 7,
ARFHEH 2 AR OK SRR O i o U & 31,079 ~
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Fig. 2 Effect of zeolite doses on SOD,POD,CAT activities of xinjincaisanhao cabbage in soils with different Cd levels

40. 153 mg-kg ™' F177. 102 ~138. 062 mg-kg . Jiti /i
YRR A NS A A BRI T 2 SRR R SRR
B, KSR & S 70 A it FH o 9K A RN
3 A Ab B TA] Y 22 A B B E K (P <0.05). ik
(1 mg-kg™' Cd)Z&MFT, 5. 10 F120 g-kg ™" 1k
A ALIAE ¢ LA Y-S Bl bR S X R (Cd, +

7)) AR T 1.0% ~35.9% . 25.9% ~70. 4% FI
53.6% ~75.0% ,MRFEH S E IR Cd, + 0Z, ZbHFMY
TFT 266% ., 17.1% ~ 60.5% . 24.6%
73.3%. ‘HER=T e A A BRI T
19.5% (1% Cd, + OZ, #bFH) | 53.0% (% Cd, + 0Z,,
LbER) T 41.4% ~68.9% ; REBWE S EL FET
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9.6% ~ 47.5% . 14.4% ~ 62.5% . 49.3% ~
82.4% . THHA(5 mg-kg™' Cd) &M T, 5% ( Cd,
+Z )AL 5 10 F120 g-kg ™" A9 A7 AL FRAE ¢ 1 AR
U5 M AR S IR T 7.2% ~17.0% |
39.4% (& Cdy + OZ Ab3HE) Fl139.4% ~53.2% ;
W s EB T 18.7% ~39.3% | 27.8% ~
50.2% . 40.6% ~52.4%. ‘HEFX =5 M
BEE R Ay MR T 6.2% ~17.0% . 0.7% ~
43.0% F121. 0% ~63. 0% [F] B AR 4 & Bt F %
T 5.4% ~39.2% , 2.0% ~47.8% . 25.4% ~

68.7%. TEAK & (1 mg-kg™' Cd) Hl & 5 (5
mg-kg ™' Cd) Z5MFF,2 A AP R F S Hb T AR
T o i 38 DA g oK A S A T 5 A, AH TR
SR, AR A Ak B LR S A Ak PR OR SR A
TALSR S EAK 10.5% ~65.7% , 45 40 P K H 3% b
R AR R A DL g ok W s R (20
g-kg ") AEFREAR , U0 Cd, + NZ,o &b B < 5% 3% =
S MR A BRI E 7. 086 mg-kg 'L K2 K
FI 3% A Rl R A7 X b, 45 Ak B A P S5 I 5 A AR S
e R LLLZR OS5 S RIS TR S =

K2 TRARERSAZETHAKAENAAREIENEM

Table 2 Effect of different zeolite doses on Cd concentration of Chinese cabbage at different Cd levels

B/ mg kg ™!

Jb3 H R R
AR5 HHEHE =T IR BER =S
Cd, + 7, 7.06 +0.95¢g 6.83 +0.08g 5.69 +0. 13f 10.92 0. 98e
Cd, +7, 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 +0.48c 20.37 +2.00c
Cd; +NZ; 23.11 £0. 12¢ 28.02 0. 84¢ 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. 05f
Cdy +7, 7.06 £0.95¢ 6.83 £0. 08¢g 5.69 0. 13f 10.92 +0.98h
Cds +7Z, 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 +0.48g 37.36 = 1.40f 57.29 +0. 55f 43.26 +1.17¢g

2.4 R A EIE SRS &

Jit 24RO T A R 3 R e A R Sk
AR mE3I MW, LiEEEMM (1
mg-kg ™' Cd) IBJE (5 mg-kg ™' Cd) &M, i
YRR A I A P AR AR T 2 AR R R
FE T RIS | AR IS A S B R US55 &
i, 20 B R AR R B e B A it P R A S
MFEAR. 7EMRSR (1 mg-kg™' Cd) &4 F, Shnémxt
WEAHEL B 5. 10 120 g-kg ™" A B A 2 A5
KM 5 258 7K 3 U 5 & o I BRAK T
7.6% ~ 32.4% . 11.4% ~ 46.0% #l 21.0% -~
66. 1% , (5 mg-kg ™" Cd) Z& A 73 51 % Dz i
T3.3% ~34.8% (B T 0Z, INAMS) . 4.3% ~
63.0% F123.6% ~87.7% . BpAr %K EAZESTK
PRI B i A PR AR AR SR DA K A A T3 3 0
AR (1 mg-kg™" Cd) ZF T, it FH 40 K3k 41 2 4>
AR R 25 B TR R BG4 7 2 40 oI %o IO it

YR WA A BEREAR T 13.4% ~ 57.0% F
45.7% ~83.5% , FLjita & BRI, 9 K s 4 %o 325 32
AT BRI R B R, FEARES (1 mg kg™ Cd) 59455
PR, SXTHR(Z,) M E it kA 2 A R R A
SSRGS o i o R T
22.5% ~83.8% (BT H &K =51 0Zs F1 0Z,,ib
HYFI1. 5% ~49.2% (5 T I DU NZg Ab3H) |55
(5 mg-kg ' CA) TGP T, A w3 IBEAL T
2.6% ~73.9% (B& T WA DU OZ; 4b3) A1 4.5%
~47.7% (B THER =50 0Z, /b3 . Jits HA K
i RER IR TR NI R 7 (A NS B S i L /31
T2 MERIRIE TS YA, S xR (Z,) A
L it FH AN K s A RS 3 3 1 L 7R Dt R
SEH E A S AR R U Sy BRI T 12.4% ~ 68.8%
M 13.2% ~55.6% (B Cd, + 0Z AbBR) | i3 & 28
S REAES N EMRT 9.4% ~ 71.5% Al
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x3 AEE(1 mg-kg ' 5mg-kg™' Cd)EHTHARAEXNAAEM LIMFRSSENHM mg-kg ™!
Table 3 Effect of zeolite doses on Cd chemical forms in shoots of cabbage in soils with different
Cd treatments (1 mg-kg ™' and 5 mg-kg~' Cd)/mg-kg "
e L2 Y5
Cdy, Cdy Cdy,a Cdyac Cdyye Cdg Cdtotal
Cdy +7Z, 0.000 +0.000e 0.107 £0.014e 0.036 +0.005¢ 0.088 £0.014f 0.072 +0.009d 0.088 +0.014d  0.391 +0.001h
Cd, +7, 0.106 +0.022a 0.188 £0.043a 1.975 +0.119a 1.424 £0.008b 0.139 £0.026a 0.105 £0.011c  3.937 +0. 154a
Cd; +0Zs 0.103 £0.014a 0.171 £0.012b  1.530 £0.069b  0.993 £0.007¢ 0.114 £0.030b 0. 126 £0.019bc 3.036 +0. 040¢
Cd, +0Z,, 0.048 £0.001c 0.1330 £0.015d 1.270 £0.063¢ 1.162 £0.055¢ 0.085 +0.016¢ 0.134 +0.054b  2.831 +0.016d
Cd; +0Zy, 0.057 £0.030¢ 0. 1480 £0.011c  0.501 +0.064d 1.403 £0.001b 0.000 £0.000e 0.109 £0.044c  2.217 +0. 062¢
Cd, +NZ; 0.086 +0.019b 0.135 £0.020d 1.259 +0.098c 1.724 £0.055a 0.000 £0.000e 0.245 +0.074a  3.449 +0. 041b
Cdy +NZ;;  0.0510£0.036¢c 0.115£0.019e 0.320 £0.020e 1.036 +0.204d 0.000 +0.000e 0.089 +0.054d 1.612 +0. 153f
Cd, +NZ,, 0.021 £0.00d  0.064 +£0.001f 0.488 +0.009d 0.850 £0.045f 0.000 +0.000e 0.053 £0.016e 1.476 +0.072¢
Cdy +7Z, 0.000 +0.000e 0.107 £0.014f 0.036 +0.005g 0.088 +0.014g 0.072 £0.009d 0.088 +0.014c  0.391 +0.001h
Cds +7, 0.253 £0.004a 1.335+£0.074b 4.334 +0.068b 1.557 £0.187a 0.083 £0.015¢ 0.373 £0.041a  7.935 +0.015a
Cdy + 0Zs 0.250 £0.025a 1.603 £0.073a 4.794 +0.100a 1.092 £0.072¢ 0.107 £0.013b 0.178 £0.011b  8.023 +0. 247a
Cds +0Z,, 0. 146 +0.000b 1.278 +£0.003b 4.055 +0.139¢  1.237 £0.101d 0. 127 £0.026a 0.047 £0.015¢ 6. 890 +0. 006b
Cds + 0Zy, 0.084 +0.011¢ 0.565 £0.012d 1.876 +0.028  0.936 £0.037f 0.024 +0.002f 0.036 +0.015f  3.520 0. 046f
Cds + NZs 0.133 £0.014b  0.870 £0.012¢ 3. 119 +0.133d  1.487 £0.020b 0.036 0. 016ef 0.073 £0.002d  5.717 £0. 093¢
Cds +NZ,, 0.081 £0.016¢  0.579 £0.037d 2.432 +0.085e 1.262 £0.039¢ 0.046 +0.000e 0.047 £0.066e  4.447 +0. 134d
Cds + NZy, 0.051 +0.001d 0.164 £0.016a 1.275 +0. 143f 0.860 £0.048e¢ 0.088 +0.017¢ 0.038 +0.018ef 2.476 +0. 109g
s , HER=S
Cdg Cdy Cdy,q Cdyyxc Cdy Cdy Cdtotal

Cd, +Z, 0.135+0.031b  0.157 £0.045f 0.072 +£0.058g 0.035 +0.004f 0.000 +£0.000d 0.050 £0.018e  0.450 +0.058¢
Cd, +7Z, 0.160 £0.019a 0.419 £0.003a 2.683 £0.119¢ 1.415+0.076a 0.111 £0.051b 0.049 £0.000e 4.837 +0.224a
Cd, +0Zs 0.143 £0.030ab 0.387 £0.004b 2.810 £0.086b 1.364 +0.044ab 0.091 £0.100bc 0.092 +£0.013d  4.886 +0.036a

Cd; +0Zy, 0.000 £0.000c¢  0.371 £0.001bc 2.978 £0.006a 1.103 +0.075¢ 0.113 £0.036b 0.123 £0.011c  4.688 +0.105ab
Cd, +0Zy, 0.000 £0.000c  0.331 £0.016¢ 1.389 +0.120 f 0.887 +0.063d 0.146 £0.020a 0.212 £0.039a 2.964 +0.013¢
Cd, +NZ; 0.000 £0.000c  0.283 £0.031d 2.051 £0.118d 1.238 +0.006b 0.082 +0.016¢ 0.165 £0.001b  3.819 +0.066b
Cd; +NZ,, 0.000 £0.000c  0.226 £0.050e 1.787 £0.102e 0.901 +0.096d 0.000 £0.000d 0.112 £0.010 ¢ 3.026 +0.220¢
Cd; +NZy, 0.000 £0.000c  0.149 £0.036f 1.290 £0.076f 0.719 £0.032¢ 0.000 £0.000d 0.087 £0.017d  2.244 +0.062d
Cdy +7Z, 0.135+0.031c  0.157 £0.045g 0.072 £0.058h 0.035 +0.004f 0.000 +£0.000d 0.050 +£0.018f  0.450 +0.058¢
Cds +7Z, 0.080 £0.15d  1.656 £0.097a 7.672 +£0.151a 1.484 +0.050ab 0.114 £0.066¢ 0.125 £0.047¢ 11.132 +0.101a
Cds + 0Zs 0.174 £0.022b  1.341 £0.060b 5.831 +£0.188¢ 1.515+0.070a 0.187 £0.035q 0.161 £0.035d 9.210 +0.247¢

Cds +0Z,, 0.203 £0.003a 1.159 +0074d  7.470 £0.327a 1.371 £0.033c¢ 0.128 £0.019b 0.226 £0.036b 10.557 +0.455bhc
Cds + 0Zy, 0.000 £0.000e 1.266 +0.013¢ 4.430 £0.028d 1.062 +0.016d 0.000 £0.000d 0.169 £0.045¢cd 6.927 +0.070d
Cds + NZs 0.000 £0.000e 1.602 £0.020a 6.804 £0.152b 1.403 +0.020b 0.000 +0.000d 0.273 +0.035a 10.082 +0. 158b
Cds +NZy, 0.000 £0.000e 0.612 £0.054e 3.721 £0.154f 1.032 +0.039d 0.000 £0.000d 0.252 £0.052ab 5.617 +0.299¢
Cds +NZy, 0.000 £0.000e 0.208 +0.011f 2.001 £0.086g 0.776 +0.031le 0.000 £0.000d 0.186 £0.012¢  3.170 +0.093f

3.1% ~38.7% (B Cd, + OZ; 4bFE)  HEEEEHIE KRB (Cdy ) . SEHREGES (Cdy) | E%%ﬁ]ﬁﬁeﬁi

R IR A, (A0 RO AR (S 45 (Cdyg) . MERARILA (Cdyy) . 6 R HEIR 45

mg-kg™' Cd) &M T ,0Z, A BRI DS B i B
Fext R 1L 1% 0% (1 mg-kg™' Cd) &14FF,
0Z5 A 3BT 3% =5 L4 $2 I bb X R
1.0% . WA, fEmE AT B = KAk,
X e B L 3 s it FH o P B A S
FEEARG B # A, iy 2 DA e (10 g-kgf ) Ab B B
(10.557 mg-kg™").
2.5 RESEH BRALERIE S 53 ie L 5

A (1 mg-kg™" Cd) FIEHE (5 mg-kg ™' Cd)i5
PRET M B ERIE S B L9 (FDC) 4ni&l 3 fr
. B BRI EE RN, KA RSB S L E T

(Cdyg) \ FREE(Cdy) SRR A, DL Cdy
Cdvdcﬁﬂ CdHAC iij}nmﬁ}#?jﬁ fXT,“\(Cd +
Zy) AN IR PO 5 R B3 =53 2 S Al R
S FIERIE A Y R A E KRGS (Cdy ),

B2 AP ERIE S S A g LA A AR TR 1L 2R DU 540
FDC K/NPA Cdy (27.5% ) > Cdyyye (22.5% ) . Cdg
(22.5%) > Cdyyy (18.3%) > Cdy (9.2%) > Cd,

(0.0% ) ,Hr% =X ="54% FDC NFEIL N Cd, (35.0%)
>Cd, (30.1% ) > Cdy, (16.1% ) > Cd, (11.2% ) >
Cdyyo (7.7% ) >Cdyyy (0.0% ). SNERERINGRECE T K
FISRR AR EIEZS B s A4 A, 6 F 1L 25 DO 5 i
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SRR N RIE S i R A Cdyyye (32.7% ~
64.3% ) > Cdy, (19.8% ~50.4%) > Cdy, (3.9% ~
7.1%) >Cdy (2. 7% ~7.1% ) >Cd, (1.4% ~3.4% )
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