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(1. VHRE RIS 22 B 400715 2. I RS 22 e 5 430079)

FEEE . = AR IR N LRI TR RS (1, 5, 10 F1 15 mg-kg ™) T 44Kk A3 9 A0 %f 4% pH ., CEC J
Cd TEAS RN, 45 501 5 N IR0 P MEFT A (5. 10 A120 gk ™) BB S TARFMI(1, 5, 10 115 mg-kg ™) &b
PR 3 pH A3 CEC {8, BRALT HIEW S8 84 & & BN TIRIREL 25 538 | P s ANS R ESmE &,
KA (20 g-kg ™) X HIE AT S SRR i . 3 pH, £33 CEC 5 R S Sm & 2R B G (P <
0.01) , 585 AR S EHYEMBFTFMAE(P<0.01). BRI £ 1 mg-kg ' F15 mg-kg™' Cd ST, M E A (5.
10 120 g-kg ") il - E AT AS WS40 FDC BRI T 6. 4% ~63. 2% ,fli K ASEH 3228 T /KR BUS B AN 2 BE SR BUS R RY 20 L L
W5 BN T 2. 1% ~56% F1 11. 8% ~100% , AHFI A i T 9 BEARROCR DI9oKR b A 0 T35 @ A. 7€ 1 mg-kg™' Cd 4%
PET R A 34 A FDC 5 13 CAB-F #il OM-F () FDC 4 B EHHEME(P <0.05) ;76 5 mg-kg ™' Cd &4 F, KE¥
Hi EISRIEAS N FDC %5 135 OM-F Ml RES-F JE A1) FDC 7478 B3 A 5 (P <0. 05).
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Effect of Nano Zeolites on pH, CEC in Soil and Cd Fractions in Plant and Soil

at Different Cadmium Levels

CHI Sun-lin', XU Wei-hong'*, XIONG Shi-juan', WANG Wei-zhong', QIN Yu-li', ZHAO Wan-yi', ZHANG
Chun-lai', LI Yan-hua', LI Tao', ZHANG Jin-zhong' ,XIONG Zhi-ting”, WANG Zheng-yin' ,XIE De-ti'

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

Abstract: Soil incubation experiment and pot experiment were carried out to investigate the influence of nano zeolite ( NZ) and
ordinary zeolite (OZ) on the soil pH, cation exchange capacity, concentration of soil Cd, soil Cd fraction and Cd uptake by Chinese
cabbage when exposed to different Cd pollution levels(1, 5, 10 and 15 mg-kg™"). The results of soil incubation experiment showed
that the nano zeolite and ordinary zeolite dose (5, 10 and 20 g-kg™') increased the soil pH and cation exchange capacity, and
decreased the concentration of soil exchangeable Cd, while increased the concentration of Cd in carbonate, Fe-Mn oxide, organic
matter and residual fraction. The lowest EX-Cd was observed in the high nano zeolite (20 g-kg™') treatment. The soil pH and cation
exchange capacity was extremely negatively correlated with the concentration of soil exchangeable Cd (P < 0.01), and extremely
positively correlated with the concentration of soil Fe-Mn oxide Cd( P <0.01). The results of pot experiment showed that the FDC of
exchangeable Cd in soil decreased by 6. 4% -63.2% , and the FDC of water-extractable and ethnol-extractable Cd in Chinese cabbage
decreased by 2. 1% -56% and 11. 8% -100% with zeolite application, respectively. Moreover, the reduction effect of nano zeolite on
Cd concentration in soil and plant was better than that of ordinary zeolite. The FDC of Cd fraction in shoot of Chinese cabbage showed
correlation with the FDC of carbonate Cd and organic matter Cd in soil ( P < 0.05) when exposed to 1 mg-kg™' Cd pollution.
Moreover, correlation was also found in the FDC of organic matter Cd and residual Cd in soil (P <0.05) under 5 mg-kg™' Cd
pollution.

Key words:soil Cd contamination; nano zeolite; soil pH; soil CEC; distribution of Cd fractions in plant and soil
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T BERRERE ) | BRER A ALY | kA R P iR
G E A B TE P R A UE . B B 45 A AR
FHTCAS I 25, R ARAE 3 R R A A
RebER L Hod Wb T A AR Y B v AR
PHES 3o fe i BAR AU A%, 32 0 R T8 T 7€ + 48
WG gl s = s P AR E eI Y EA
FEIRI], WA RS 0 2 BRAR AR AE IR R B Pk OF
BEAR TR RED . FJh S YA E B
i, ARG W A A A T YK
TR RE 1A R, I HL it FH 2 2 X 0 o A
PO R, kA AT N T Ak B S
E(]m)ﬁ[ll,lﬂ .

L K iIE el VE J5 Bk G BE A SRR TS K
TE SRR M E A9k a0 R L
A H A KA B R TR B B aS e i, 7
5 K O R 16 2R B T E e T
Hurk gk a6 H T L3 E &R B 5 LU EXTHEY)
A PN 4 W AL R SR B A o e L ARG T R A
WEEE, HE R ERESRNBEAE]
RN AT S, B, AR SCE A E N A FA K
W58 1.5, 10 F1 15 mg-kg " 4RAL B+ | it
AR (0, 5, 10 120 g-kg ™) BIZH Kl A0 F13
A s A7 B IS [R) AR Ak X + 3 pH . 3 CEC MH &
AW, I o 55T 1 mg-kg ™
F5 mg-kg ERALEER) PN O, 5. 10 F120
g kg ™A Ay AN K A X R R S R
F 240 W e R 28 A9 52 i, % 4 oK Tk A R A 3
A B B R AL, LU RS e E
FEAR LA AR .

1 RS

1.1 5k

i O M S0+ R A E R LRSS
BhE R HE . A A M TR pH 4. 93, CEC
17.93 cmol( +) -kg™', L34 N HHLE 55 N
0.66 g-kg ' FI15.2 g-kg ™", BlfE N, AP, HEK
AR 112.2, 570, 170.3 mg-kg ™", 24 0.307
mg-kgfl. KA (NZ) FE @ il A (0Z) % 3 i)
b Fw T RiAR 5514 60 ~70 nm F1 100 H (149
um) , LRSS0 656 m*-g ™', 233 m>-g~',pH
P 9.2, 9.4, CEC 43514 264 cmol( +) <kg ™" |
183 cmol( +)-kg™', & # & & 47 %l A 0.964
mg-kg ™' 0.425 mg-kg ' LEFUHKMEY A KA

( Brassica peckinensis L. ) , i A% =5

L2 REHTE
1.2.1  EPN AL

AGRIGBEE 4 TS5 YK, 7 ANk A AL, TG
BTG TCE A SN 2 1, 4 29 b EE b B
3AEE. FREC160 g i 2 mm 5 KT 203 T 300
mL AR 5 40 B 43 0 U8 N CACL, -2, SH, 0% WK,
FoHES), 3 Cd 5 YK 1,5, 10 AT 1S
mg-kg . P EEEEKE R 17% , TR IR
HOPAF 3 8 (25°C = 1°CER, GE I 12 h, 28 SR
70% ) , B0 2 d FHFREE L OREEK 73 5 A fR) fe K
FK R 70% . Al 3 J8)E  BOREVE R 0 d FEM. $%
REFRAE A+ e U gy oK W A (NZ) AN R A
(0Z) , &k 0,5, 10 F120 g-kg™", TR 1A
TARAER IR RS b0 30 d, 43 ) TARBRAYSS 1,
47,14 21 Ff128 d HUkE. AERECEFEL 15 o, AT
o1 mm G, WE HIERIEAS &, L3 pH Al
CEC.
1.2.2  +HAA5

R T 2014 9 H15 H ~12 A1 HEEW K
PR BB R N T, g3 2 N
TGY K, 7 AN A AL B T4 TG A AN I S
15 ANAbBE AL 3 AT FEHLEES. K 2.5
kg 12 2 mm A9 X 23 T EOBHR ( B x & =17
em x 20 cm) H, #4043 550 S AN [ v B 7 i ( LA
CdCl, 2. 5H,0 W I BN ) | i Ho A 248 K1
3910 1 mg-kg 15 mg-kg ", FHHAJEAE (N 180
mg-kg™' . P,0, 100 mg-kg™' . K,0 150 mg-kg™", LA
JRZ . NH,H,PO, 1 KCI fIEMA) , s #5405
A 3 . SR H AL B4y B im0, 5. 10 A 20
g-kg "'l NZ A1 OZ 8 5 d 5, B MR 4k 6 #k
KB—FH KA. ks 30 d 5, BEE
B 3 k,40 d JEWER. 85 3R] DR B - Sk R
FH 0] fe KA K 519 70% . 8 K S A SRk e s
FHEBSFoKPBE, 3 5110 5% K 32 b b 35 AR 0 fif
O BRE E MR R IE S, MR T 105C F R 15
min, 7E 65°C FHLT R &, 8 T3, 5R T4
PREE R, I bbb AR A 0 2 . AR ISOIR S
b B AR AR RIS IRAST, DU R R K
Fad 1 mm G, W05 5 A R IR AS.
1.3 ek
1.3.1 3R A S A B o

b I FEA A T R e B P
BT A H g R H LY BaCl, - = 2 i I 5E ;5 9H
Kk Ak 42 R H R T 1 B 8% ( Dimension Icom



1656 AN 5%

Bt 2% 38 &

Atomic Force Microscope , Bruker, USA) il %E ; i1t
FHANES % Lin &7 85
1.3.2  -SERIAEPRER & B e

5 R A 4 R & E SR HNO,-HCI-
HCIO, i , A RS 2 2 I 2 Rk ] HNO,: HCIO, =
4: 1 MR A BRI M, I W2 i 43 O Ol BE I 2
(Perkin Elmer SIMMA 6000, Norwalk, USA) , %l
P4 0. 005 mg-kg ™', R A EZRbriES H AR5
ALY AR HEY) L (GBW # 08303) | Al Bk A i
Y5 (GBW # 08513 ) X Il 5 45 SR 47 o o M 4%,
PR - R A 5 LR 1 8 T 959% , AH X A o
i 2% (RSD) HIKE BELE 10% LA, B A ML B RE & 1Y
Cd ISR T 95% , AR X FRAE (R 25 (RSD) F RS
FETE 10% LI,

1.3.3  HHERIEARERIE A 90

RIS R F T A S R BOE HEE
F S FRIUIF 24 1 mol-L~" MgCl, ¥ 42 JU AT 52 46t
A(EX-F),1 mol-L™" NaAc IFTRHEIBUBRBR L 245 & 7%
(CAB-F) ,0.04 mol-L~" NH,OH - HCI ¥ & 42 B4k
5 AL 4 (FMO-F),0.02 mol-L~" HNO, Al 6 mL
30% H,0, #£HAHLE (OM-F) ,10 mL /K13 mL
1o APRYE IR 25 (RES-F) .

MRRGAIE 2500 %2 R 1% 2R BUE IR B Cd'™
FRIBGR) K AR BUW R K 80% B (E-F) , 817K
(W-F) . 1 mol-L~" S LA WL (NaCl-F) | 2% iR
(HAc-F) . 0.6 mol-L™"#: & (HCI-F) Fl5k & & 4%
(R-F). HFRIESMIRBORZE TS, IR 5
1% HNO,: HCIO, YR A VR A . 1 338 FVRE MR 4 )
WA S 0L 1. 3.2 5.

1.4 Hdnabi

KH SPSS 23.0 #4788 )5 2% 47 M7, Microsoft

Excel 2010 #4744 4b BRIV

2 ER5HMH

2.1 AR 1458 cd B A2k

&1 ~4 AHL,7E0, 5,10, 20 g-kg ™' WA 4b
P 1d )5, L3R B LI A8 e s (EX-F) 777,
HAEL A (8 T PR AP RS BR S =W
FeAE ) (FDC) N 57. 14% ~65.03% ; A HLZAS (OM-F)
SRR, FDC 79 0.31% ~0.61%. 53:% 28 d
AF,0.5.10, 20 g-kg ™" A7 Ab B+ HE P AR IE S0
FDC 4354 : EX-F (66.01% ) > CAB-F (11.38%)
> FMO-F (10.71% ) > RES-F (8.07%) > OM-F
(3.84% ) ; EX-F(59.13% ) > FMO-F (13.80% ) >

CAB-F ( 12.48%) > RES-F (9.33%) > OM-F
(5.26% ) ; EX-F(55.70% ) > FMO-F (15.99% ) >
CAB-F (13.24%) > RES-F (9.44%) > OM-F
(5.64% ) Fl EX-F(52.68% ) >FMO-F(17.86% ) >
CAB-F ( 15.69%) > RES-F (9.06%) > OM-F
(4.72%).

FE5.10, 20 g-kg "W AALER T RFEG AT
()t 4% & 4 & (EX-F, CAB-F. FMO-F, OM-F
RES-F) & i S - 4850 S 22 Sk 1) g K7, 13
EX-F il FMO-F & B A28 K3 41 A ik 41 22 7]
(122 S A IR 3 B 257K P T A TA) Cd K- Fiih £ H]
AR, 90Kk A A BEAY 3 EX-F SRR T3
WA, RS SR R AN, EX-F SRR N,
+3E CAB-F, FMO-F, OM-F il RES-F & & i% i 7+
s RIS, IR AR A G &L EX-F >
FMO-F > CAB-F > RES-F > OM-F.

R 1 ~4 BT LA FEARR 58 Cd KT,
Jiti b A R 9% 21 ~28 d ), T3 EX-F & & b B3R
1 dIFRHET 9.09% ~ 13. 44% , H. itk A e FH 42 7
FEINBAEATC W B2 3 K FMO-F . OM-F | RES-F & & |
FelER 1 d B8N T 23.01% ~34.07% . 362.50%
~616. 67% f112.70% ~22.41% ,#JLL 10 g-kg ™" HhF1
it FH RO A U CAB-F & s 7 b A I FH 4 (5
10 g-kg ™) IFEIE T 16.51% ~19. 84% | T7EM A1 25
T (20 g-kg ™" ) BEHN T 24. 03% . 75 [R] it
T AR A, QK AR RIS B
SRR T R 2 ANFE R 5 28 d B, gk A b B
T8 EX-F W b A K 1L 41% ~
22.75% , 135 FMO-F &5 33.33% ~41.30%.

AR AT & | SRS SRR A 1A G
PEILFES.
2.2 A[EGEHAKE T -4 pH (HAZ2 L

L L AT it A S RN T R TS Y
pH {8, T3 pH (E7E 94K 3 A F038 38 W A 18] A1 7]
Jite FH R (R Y 25 S 248 3 T K (P <0.05). 5
X BEOR L il A 2 il 1, 5. 10, 15 mgkg ™!
Cd V5931 pH EIEIN T 3. 7% ~57.0% . 7. 6%
~59.2% . 6.4% ~60.6% 5. 1% ~55.1% ,%f h
HeJF (5 mg-kg ™' F110 mg-kg ™' Cd) Hai5 YL +1E K
pH 3 SRR BT, ELBE A it FH 2 A 388 Jon i
. FEFARZAE T, it A0 oK A ) 13 pH A FLiti
FHAE 38 A i 38 pH {E3S N T 20.8% ~37.0% ,
I (20 g-kg ™) GK A 1 H 3 pH B, e
X HREEHN T 52. 6% ~61.6% .
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F1 0gkg ' BAKAEHARRAKE TLHBERERSRSEMEFRENTLD
Table 1 ~ Change of cadmium fractions with the culture time in different Cd polluted soils without application of zeolite
N X Cd K 3 Cd B KA/ mg kg ™! 4 cd s
KE ARt /d . 0
/mg-kg EX-F CAB-F FMO-F OM-F RES-F /mg-kg
0.56 £0.20d 0.25 +0.03d 0.02 +0. 00d 0.00 +0. 00c 0.26 +0.03d 1.09 +0.25d
1 5 3.33+0.17¢ 1.00 £0. 13¢ 0.37 £0. 03¢ 0.00 +0. 00c 0.32 +£0. 03¢ 5.02 0. 35¢
10 7.45 +0.30b 1.43 +0. 16b 0.83 +0. 11b 0.06 +0.01b 0.77 £0.07b 10. 54 +0. 65b
15 10. 33 +0. 30a 1.97 +0. 18a 1.18 0. 13a 0.09 +£0.01la 0.86 +0.07a 14.43 +0. 69a
1 0.26 £0.03d 0.46 +0.07d 0.19 +0.01d 0.06 +0.00d 0.28 +0.01d 1.25 +0.13d
4 5 1.57 £0.33¢ 1.86 +0. 16¢ 0.44 £0. 06¢ 0.12 +£0.0lc 0.46 £0. 03¢ 4.45 £0.58¢
10 3.88 +0.37b 4.20 £0.24b 0.77 £0. 08a 0.21 +£0.03a 0.73 £0. 04a 9.79 £0.76b
15 8.09 +0. 16a 6.06 +0. 11a 0.63 +0. 13b 0.12 +£0.03b 0.41 +0.03b 15.31 £0.45a
1 0.24 £0.04d 0.12 £0.0lc 0.14 +0.01d 0.06 £0.01c 0.44 £0. 06¢ 1.00 +£0. 14d
7 5 2.36 0. 16¢ 0.74 +0. 08b 0.68 +0. 08¢ 0.19 +0. 04b 1.03 £0.07b 5.00 +0. 44c¢
10 6.25 +0.23b 1.05 +0. 11a 1.18 +0. 13b 0.24 £0.03ab  1.32£0.17a 10. 04 +0. 66b
15 10. 89 0. 18a 0.99 +0. 13a 1.47 0. 13a 0.30 +0.0la 1.32 +0.03a 14.97 +0.48a
1 0.26 £0.04d 0.18 +0.01d 0.15+0.01d 0.00 +0. 00¢ 0.36 +0.01d 0.95 +0. 08¢
14 5 2.66 =0. 28c 0.61 +0. 13¢ 0.68 +0. 13¢ 0.24 +0.03b 0.92 +0. 04c 5.11 +0. 61b
10 5.46 +0.25b 0.81 +0. 10b 1.23 0. 18b 0.61 +£0.03a 1. 18 £0. 13b 9.29 +0. 69a
15 9.22 +0. 10a 1.33 £0.17a 1.46 £0. 20a 0.65 +0.01a 1.40 £0. 17a 14.06 +0. 74a
1 0.12 £0.01d 0.11 £0.01d 0.26 +0.03d 0.11 +£0.03d 0.24 +0.03d 0.84 +0.11d
21 5 2.59+0.17¢ 0.60 0. 07¢ 0.76 £0. 11c 0.24 +0. 04c 0.56 0. 06¢ 4.75 £0.45¢
10 6.07 0. 14b 1.39 +0. 14b 1.30 +0. 20b 0.48 +0. 13b 0.76 +0. 11b 10. 00 +0. 72b
15 9.67 £0.37a 1.74 £0. 20a 1.81 +0.07a 0.67 0. 11a 1.05 +0. 10a 14.94 +0. 85a
1 0.39 £0. 14d 0.09 +0. 00d 0.13 +£0.01d 0.02 +0.00d .26 +0.01d 0.89 +0.17d
28 5 2.90 +0.27¢ 0.37 £0. 03¢ 0.68 +0. 13¢ 0.23 +0. 03¢ 0. 63 +0. 06¢ 4.81 +0.51c
10 6.56 +0.20b 1.25+0. 13b 1. 11 £0. 08b 0.36 +0. 06b 0.72 £0. 06b 10. 00 +0. 52b
15 10.10 0. 21a 1.73 £0. 11a 1.33 £0.17a 0.55 +0. 06a 0.82 +0.04a 14.53 +0.59a
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Table 2 Change of cadmium fractions with the culture time in different Cd polluted soils with application of 5 g-kg ™' zeolite
3 ) s 13 Cd FIEE Lt/ mg kg ™!
”?&jgﬂm ed 7J1<< i EX-F CAB-F FMO-F
/mg-ke NZ 0z NZ 0z NZ 0z
1 0.54+0.06d  0.54+0.03d  0.26+0.03d  0.28+0.04d 0.0l £0.00d 0.02 £0.00d
5 2.88£0.07c  3.36+0.07c  1.17+0.07¢  1.20+0.08c  0.55 +0.06c 0.53 £0.03¢
! 10 6.67 £0.08b  7.38+0.24b  1.56+0.07b  1.46+0.07b  1.39 +0.10b 0.96 £0.07b
15 8.38+0.27a  9.83+0.78a  1.87+0.18a  1.71+0.08a  1.87 +0.04a 1.44 £0.08a
1 0.12+0.01d  0.06+0.00d  0.32£0.03d  0.26+0.03d  0.24 +0.03¢ 0.15 £0.01b
5 1.36£0.06c  1.50£0.03¢c  1.64£0.14c  1.91£0.08¢  0.71 +0.11b 0.67 £0.07a
4 10 3.19£0.06b  3.85+0.10b  3.50£0.25b  4.17+0.21b  1.08 +0.10a 0.66 £0.07a
15 5.77+0.08a  7.1420.17a  6.23 +0.1la  7.23+0.25a  1.12+0.10a 0.73 £0.0la
1 0.14+0.01d  0.1720.01d  0.1220.0lc  0.21 £0.0lc  0.28 +0.03d 0.15+0.01d
5 1.89+0.10c  2.88+0.20c  0.43+0.03b  0.98 +0.10a  0.96 +0.13c¢ 0.82 +0.08¢
7 10 5.2420.07b  5.75+0.20b  1.09£0.14a  0.72+0.06b  1.96 +0.16b 1.38 £0.13b
15 8.89+0.13a 10.65+0.33a  1.29+0.16a  0.80=0.1lab  2.43 +0.17a 1.63 £0.06a
1 0.09+0.01d  0.24+0.04d  0.20£0.03¢c  0.300.03b  0.26 +0.01d 0.21 £0.01d
5 2.13£0.14c  2.5420.10c  0.86+0.10b  0.42+0.06b  1.09 +0.10c 0.81 +0.08¢
14 10 4.81+0.17b  5.87+0.23b  1.07 £0.13ab  1.060.16a  2.14 £0. 16b 1.25 +0.06b
15 8.47+0.23a  9.06+0.20a  1.32+0.16a  0.97+0.14a  2.65+0.07a 1.69 0. 13a
1 0.03+0.00d  0.13+0.01d  0.21£0.03d  0.1520.0lc  0.28 +0.03d 0.25 £0.06d
5 2.0720.16c  2.55+0.20c  0.74+0.08¢c  0.82+0.11b  1.18 +0.08¢ 0.85 +0.06¢
21 10 4.57+0.23b  5.85+0.16b  1.64+0.24b  1.3320.14a  2.04 £0.13b 1.34+0.16b
15 8.20£0.25a  9.63£0.30a  1.54£0.13a  1.21+0.0la  1.91 +0.08a 2.0420.11a
1 0.35+0.01d  0.2620.01d  0.13+0.01d  0.12+0.01d  0.18 £0.01d 0.20 +0.01d
5 2.31£0.14c  2.9020.27¢  0.50+0.03¢  0.69=0.07c  0.98 +0. 13¢ 0.75 0. 04c
28 10 5.47+0.13b  6.41£0.16b  1.53£0.10b  1.31 £0.10b  1.80 +0.08b 1.20 £0.07b
15 8.26+0.16a  10.07+0.30a  1.61 +0.14a  1.67+0.16a  1.73 +0.06a 1.54 £0.07a
LSDO. 05
Cd 7K 0.579 0.321 0.393
A AN 0.075 0.011 0.019
Cd K- X A Ff 2k 0.047 0.007 0.012
) A A EL - N
5 ] Cd K OM_l‘it{é Cd #IE35M & H/mg - kg ;{ES_F 3 Cd f A/ mg ke !
-1
/d /me-ke NZ 0z NZ 0z NZ 0z
1 0.00 £0.00b  0.00 £0.00c  0.21 £0.03¢c  0.26 £0.03b  1.02 £0.11d 0.84 £0.10d
5 0.01 £0.00b  0.00+0.00c  0.38+0.07b  0.39£0.07b  4.99 +0.27¢ 5.09 +0.25¢
! 10 0.00+0.00b  0.05+0.0lb  0.85+0.06a  0.76 £0.03a  10.47 £0.31b 9.85 £0.42b
15 0.19+0.0la  0.20+0.0la  0.87+0.06a  0.89+0.10a  12.68 £0.57a  13.18 +1.06a
1 0.09+0.0lc  0.15%0.0lc  0.26+0.04b  0.3220.03c  1.03 +0.13d 0.62 £0.08d
5 0.19+0.01b  0.25£0.0lb  0.5520.06a  0.47 £0.07bc  4.45 £0.38¢c 4.33 +£0.27c
4 10 0.24+0.03b  0.22£0.03a  0.69+0.08a  0.720.06a  8.70 £0.52b 8.90 +0.47b
15 0.42+0.06a  0.07 £0.00a  0.55+0.06a  0.52+0.06b 14.09 +0.41a  15.17 +0.49a
1 0.05+0.00c  0.03+0.00c  0.41+0.04c  0.42£0.04c  1.00 £0.10d 0.56 +0.08d
5 0.26+0.03b  0.22£0.03b  1.09%0.14b  0.96 +0.06b  4.63 £0.42¢ 4.90 £0.47¢
7 10 0.29+0.03b  0.30+0.03a  1.27+0.08ab 1.3820.10a  9.85 +0.48b 8.15 +0.51b
15 0.49£0.07a  0.33+0.03a  1.42+0.06a  1.47+0.11a  14.52£0.58a  13.41 +0.64a
1 0.01 £0.00c  0.15+0.0lc  0.37+0.04c  0.36£0.06c  0.93 £0.10d 0.90 +0. 16d
5 0.25+0.04b  0.29+0.04b  0.87+0.08b  0.98 £0.10b  5.20 +0.47c¢ 4.06 +0.38¢
14 10 0.54+0.04a  0.57+0.06a  1.27+0.10a  1.230.11a  9.83 +0.59b 8.75+0.61b
15 0.69+0.13a  0.61 +0.03a  1.43+0.06a  1.43+0.07a 14.56 £0.64a  12.33 £0.57a
1 0.14+0.0lc  0.14£0.01d  0.26+0.03d  0.28+0.04d  0.92 +0.10d 0.67 0. 14d
5 0.36£0.03b  0.32£0.03c  0.5520.06c  0.60£0.07c  4.90 £0.4lc 4.54+£0.47c
21 10 0.52+0.04b  0.56+0.07b  0.71+0.04b  0.860.07b  9.48 +0.20b 9.08 £0.59b
15 0.89+0.14a  0.93£0.06a  0.88+0.08a  1.100.13a  13.42+0.69a  13.81 +0.6la
1 0.01£0.00c  0.03+0.00d  0.29+0.0lc  0.25£0.04c  0.96 £0.06d 0.61 +0.08d
5 0.30£0.01b  0.25£0.06c  0.71+0.04b  0.65+0.06b  4.80 +0.35¢ 4.59 £0.49¢
28 10 0.62+0.06a  0.46+0.06b  0.82+0.08b  0.84 +0.06ab 10.24 +0.45b 9.38 +£0.44b
15 0.73+0.06a  0.80+0.07a  1.04+0.10a  1.09+0.17a 13.37 £0.51a  14.08 +0.76a
LSDO. 05
Cd 7K 0.104 0. 065 2.316
b RER e S 0. 005 0. 009 0.211
Cd 7K X AP 0.003 0. 005 0. 057
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Table 3 Change of cadmium fractions with the culture time in different Cd polluted soils with application of 10 g-kg ™' zeolite

3 cd B K TR/ mg kg ™!

g ”?iﬁf'ﬁ] /Cd § Jl: i EX-F CAB-F FMO-F
mere NZ 0z NZ 0z NZ 0z
1 0.51+0.04d  0.57+0.07d  0.30+0.07d  0.34+0.07¢  0.03 £0.00c 0.04 +0.01d
5 2.96+0.11c  3.21 £0.08c 1.18 £0.13¢  0.96+0.16b  0.41 +0.04c 0.55 +0.08¢
1 10 6.320.10b  7.14£0.17b  1.66 0. 18b 1.51 +0.13a 1.58 +0.16b 0.94 +0.10b
15 8.52+0.13a  10.03 £0.25a  2.43 £0.11a 1.68 +0.23a 1.32 +0.24a 1.42 +0.11a
1 0.20+0.01d  0.05+0.01d  0.42+0.03d  0.15+0.01d  0.18 £0.03¢c 0.17 £0.01b
5 1.21 £0.04c¢ 1.55 +0.08¢ 1.82+0.11¢ 1.90 £+0.13¢  0.77 +0.08b 0.62+0.11a
4 10 3.39+0.14b  3.83£0.11b  3.91+0.40b  4.15+0.18b  1.17 +0.13a 0.64 £0.11a
15 6.00+0.16a  6.99£0.20a  6.56 £0.18a  7.08 £0.27a 1.15 +0.08a 0.70 0. 10a
1 0.12+0.01d  0.18+0.01d  0.05+0.00c  0.17£0.0lb  0.22 +0.03d 0.23 +0.03d
5 1.72+0.06c  2.22+0.18¢  0.57£0.08b  0.53 £0.07a 1.10 +0. 13¢ 0.87 +0.1lc
7 10 4.60+0.13b  6.01 +0.28b  0.95+0.27b  0.5420.07a  2.11 £0.10b 1.41 +0.13b
15 8.44+0.10a  9.95+0.11a 1.70 +0.16a  0.59 +0.11a 1.93 +0.13a 2.07 £0.13a
1 0.07 +0.01d  0.23+0.0ld  0.20+0.0lc  0.30x0.0lc  0.18 £0.01d 0.15 +0.03¢
5 1.79£0.10¢c  2.46 £0.11c  0.84 +0.11bc  0.40 £0.07¢ 1.08 +0.20¢ 0.87 +0.16b
14 10 4.66+0.14b  5.13+0.08b  1.38+0.18ab 1.16+0.11b  2.34 £0.07b 1.32 +0.10b
15 6.99+0.14a  9.19 0. 16a 1.74 +0.44a  0.67+0.13a  2.97 +0.18a 1.95 +0.28a
1 0.09+0.01d  0.15+0.01d  0.18+0.01d  0.18 20.0lc  0.26 £0.01d 0.24 +0.01d
5 1.97 £0.04c  2.38+0.27¢  0.700.07¢  0.88+0.11b  1.30 +0.08c 0.99 +0. 16¢
21 10 4.67+0.13b  6.48 +0.33b 1.65 +0.10b 1.32+0.11a  2.10 £0.21b 1.54 +0.08b
15 7.65+0.10a  9.63+0.17a  2.13+0.1la  0.88+0.13b  2.43 £0.07a 2.21 +0.23a
1 0.39+0.05d  0.32+0.08d  0.11+0.03d  0.05+0.00c  0.21 £0.04c 0.17 +0.04d
5 2.30£0.08¢  2.71£0.1lc  0.74£0.13¢  0.78 £0.23b  0.96 +0. 14b 0.80 +0.07¢
28 10 4.57+0.23b  6.33+0.33b  1.51 £0.11b 1.27£0.13a  2.1320.13a 1.34 +0.04b
15 8.10+0.2la  9.31£0.14a  2.24 £0.08a 1.36 £0. 10a 1.37 +0.18a 1.78 +0.24a
LSDO. 05
Cd 7K 1.141 0.488 0.332
PR LS 0. 055 0.027 0.023
Cd K X A Rk 0. 089 0.015 0.015
B ] cd AT L Cd AR A/ mg-kg ™ FHE Cd MiA/mg kg !
d P OM-F RES-F
%8 NZ 0z NZ 0z NZ 0z
1 0.00+0.00b  0.00+0.00b  0.25+0.06b  0.26 £0.06¢c 1.09 +0.17d 1.21 +0.21d
5 0.01 +0.00b  0.01 £0.00b  0.38 £0.10b  0.35+0.06c  4.94 +0.38¢ 5.08 +0.38¢
1 10 0.03+0.0lb  0.02+0.00b  0.77+0.07a  0.77 £0.07b  10.36 +0.52b  10.38 £0.47b
5 0.27+0.07a  0.12+0.0la  0.93 0.11a 1.09+0.13a  13.47 £0.66a  14.34 +0.74a
1 0.05+0.00b  0.15+0.04ab  0.35+0.03b  0.4420.04b  1.20 +0.10d 0.96 +0.13d
5 0.18+0.03a  0.13+0.01b  0.52+0.06ab  0.45+0.06b  4.50 +0.33¢ 4.65 +0.40¢
4 10 0.18+0.04a  0.28+0.08a  0.59+0.1la  0.64+0.08a  9.24 +0.82b 9.54 +0.58b
15 0.19+0.04a  0.15+0.0lab  0.48 £0.10ab  0.51 £0.07ab 14.38 £+0.57a  15.43 £0.65a
1 0.07 +0.0lc  0.05+0.00d  0.38+0.04c  0.46+0.0lc  0.84 +0.10d 1.09 +0.07d
5 0.19+0.0lb  0.13+0.0lc  0.97 £0.03b 1.05+0.10b  4.55£0.31c 4.80 +0.48¢
7 10 0.42+0.04a  0.29+0.01b 1.45 0. 10a 1.41£0.17a  9.53 £0.64b 9.66 +0.66b
15 0.46 +0.07a  0.36 +0.03a 1.41 +0.13a 1.51£0.07a  13.94+0.58a  14.48 +0.45a
1 0.10+0.03¢c  0.12+0.01d  0.38+0.03¢c  0.40+0.0la  0.93 +0.10d 1.20 +0.08d
5 0.36 £+0.07b  0.30+0.0lc  0.96 £0. 14b 1.06 +0.11a  5.03 £0.62c 5.09 +0. 44c¢
14 10 0.48 +0.08b  0.48 +0.08b  1.23 +0.03a 1.34+0.04a  10.09 £0.51b 9.43 +0.42b
15 0.67+0.13a  0.66 +0.07a 1.43 +0.07a 1.43+1.6la 13.80+0.96a  13.90 +2.25a
1 0.06 +0.01d  0.07+0.0lc  0.27 +£0.0lc  0.28 £0.01d  0.86 +0.04d 0.92 +0.07d
5 0.33+0.03¢c  0.35+0.06b  0.60 £0.11b  0.56 +£0.11c  4.90 +0.34c 5.16 +0.71c
21 10 0.67+0.03b  0.47+0.07b  0.72+0.06b  0.83+0.11b  9.81 +0.52b  10.64 =0.71b
15 0.77+0.04a  0.86 +0.03a 1.06 +0. 16a 1.23+0.10a  14.04+0.48a  14.81 +0.65a
1 0.01 +0.00d  0.03+0.00c  0.29+0.08¢  0.26+0.07b  1.01 +0.20d 0.83 +0.20d
5 0.27 +0.08¢c  0.27+0.04b  0.66 £0.07b  0.57 £0.13b  4.93 +0.5lc 5.13 +0.58¢
28 10 0.64+0.06b  0.50+0.03a  0.76+0.08b  0.95+0.13a  9.61 +0.49b  10.39 £0.65b
15 1.16 +0.11a  0.53 +0.03a 1.04 +0.13a 1.19+0.14a  13.912+0.72a  14.17 +0.65a
LSDO. 05
Cd K- 0.159 0.137 3.021
PR LS 0. 008 0.015 0.279
Cd /K X Ak 0. 006 0. 009 0. 084
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Table 4 Change of cadmium fractions with the culture time in different Cd polluted soils with application of 20 g-kg =" zeolite
" N _ 3 cd B K TR/ mg kg ™!
g ”?iﬁf'ﬁ] /Cd § Jl: i EX-F CAB-F FMO-F
mere NZ 0z NZ 0z NZ 0z
1 0.60 +0.03d  0.64+0.06d  0.24=0.04d  0.33+0.06c  0.09 +0.01d 0.04 £0.01d
5 2.76£0.27¢  3.41+0.28¢  1.31+0.08¢  1.10+0.13b  0.96 +0. l4c 0.65 +0.08¢
1 10 5.96+0.06b  6.41£0.08b  1.64+0.14b  1.56+0.07a  1.69 +0.24h 1.16 +0. 16b
15 7.81+1.00a  9.24+0.37a  2.72+0.06a  1.43+0.06a  1.70 +0.35a 1.75 +0. 14a
1 0.11+0.01d  0.15+0.01d  0.30+0.03d  0.34+0.01d  0.13 +0.0lc 0.13 +0.0l¢
5 1.15+0.07c  1.69+0.14c  1.51+0.11c  1.98+0.18c  0.84 +0.04h 0.66 +0. 10b
4 10 3.17+0.04b  4.86+0.66b  3.49+0.35h  4.95+0.14b  1.49 +0.18a 0.51 +0.04ab
15 5.37+0.33a  5.98+0.33a  6.47+0.13a  6.41 £0.08a  1.39 0. 4a 0.85 0. 10a
1 0.11+0.01d  0.15+0.01d  0.15+0.01d  0.15+0.0lb  0.26 +0.01d 0.22 +0.01b
5 1.71+0.03¢  2.21+0.07¢  0.74=0.08¢c  0.75=0.08a  1.18 +0.04c 0.86 0. 14b
7 10 4.29+0.24b  6.22+0.34b  1.31+0.04b  0.85x0.16a  2.32+0.10b 1.57 +0.44a
15 7.69+0.14a  9.54+0.25a  1.69+0.14a  0.86=0.07a  3.10£0.13a 2.14 0. 18a
1 0.09+0.01d  0.28+0.01d  0.28+0.03¢  0.23+0.03¢c  0.15+0.01d 0.11+0.01d
5 2.11£0.07¢  2.25+0.14c  0.94+0.13b  0.37+0.10bc  1.10 +0. 11c 1.05 +0.06¢
14 10 5.24+0.08b  5.59+0.33b  1.35+0.0la  1.17+0.13a  2.40 +0.21b 1.64 +0.11b
15 8.42+0.10a  8.68+0.13a  1.54+0.11a  0.52+0.06b  2.25+0.16a 1.36 +0. 1a
1 0.08+0.00d  0.15+0.01d  0.19+0.0lc  0.19+0.01d  0.38 £0.01d 0.28 +0.01d
5 1.84+0.13¢  2.43+0.06c  0.91+0.08b  0.98+0.08¢c  1.39 =0. 14c 1.02 +0.06¢
21 10 4.31+0.27b  8.32+0.06b  1.87+0.11a  1.39+0.16b  2.31 +0.10b 1.63 +0.08b
15 7.19+£0.20a  9.43+0.07a  1.96+0.16a  0.47+0.07a  3.72 +0.04a 2.95+0.20a
1 0.30+0.01d  0.22+0.01d  0.09=0.00d  0.13=0.01d  0.22 +0.06¢ 0.20 +0.03d
5 2.09£0.13¢  2.56+0.10c  0.84 £0.07¢  0.58 +0.08c¢  1.15 +0.08b 0.91 0. 08¢
28 10 4.50 +0.34b  6.55+0.11b  1.66+0.17b  1.46+0.16b  2.26 +0.16a 1.45 +0.18b
15 7.50 +0.5la  9.31+0.10a  2.11+0.14a  2.00x0.24a  2.76 +0.38a 2.23+0.21a
1.SDO. 05
Cd K 1.373 0. 568 0. 490
PR LS 0.039 0. 029 0.022
Cd K X Al 0. 064 0. 034 0.055
B ] cd AT L Cd AR A/ mg-kg ™ FHE Cd MiA/mg kg !
N P OM-F RES-F
%8 NZ 0z NZ 0z NZ 0z
1 0.00 +0.00b  0.00=0.00b  0.25=0.06b  0.260.06b  1.18 0. 14d 1.27 +0.18d
5 0.01 +0.00b  0.00+0.00b  0.37+0.07b  0.35+0.06b  5.41 +0.57¢ 5.51 +0.55¢
1 10 0.02+0.00b  0.03+0.0lb  0.86+0.07a  0.83+0.06ab 10.17 £0.40b 9.99 +0.38h
5 0.30+0.03a  0.30+0.13a  0.85+0.08a  1.30+0.40a 13.38+1.53a  14.02+1.09a
1 0.09+0.0lb  0.18+0.0la  0.31+0.01b  0.36+0.10b  0.94 +0.08d 1.16 0. 16d
5 0.20 +0.03ab  0.15+0.03a  0.49+0.11ab  0.61 £0.04a  4.19 +0.23¢ 5.09 +0.49¢
4 10 0.27£0.08a  0.18+0.04a  0.66+0.07a  0.54+0.08ab  9.08 £0.65b  11.04 £0.98b
15 0.14 +0.03ab  0.22+0.04a  0.57+0.11a  0.56+0.07ab 13.94 +0.08a  14.02 +0.62a
1 0.08+0.00b  0.07+0.0lb  0.43+0.0lc  0.45+0.08¢  1.03 +0.06d 1.04 +0. 14d
5 0.17+0.03b  0.33+0.06a  1.12+0.14b  1.03£0.07b  4.92 +0.33c¢ 5.18 +0.42¢
7 10 0.32+0.04a  0.36+0.07a  1.27+0.1l1ab  1.30+0.17ab  9.51 £0.54b  10.30 +1.17b
15 0.41+0.08a  0.44+0.04a  1.44+0.07a  1.52+0.16a 14.33+0.57a  14.50+0.71a
1 0.07+0.00c  0.07+0.0lc  0.39+0.04c  0.46+0.10c  0.98 +0.10d 1.15 +0. 14d
5 0.35+0.06b  0.27+0.04b  0.94=0.06b  1.08 £0.14b  5.44 +0.31c 5.02 +0.48¢
14 10 0.48+0.08b  0.56+0.07a  1.28+0.06a  1.33+0.13ab 10.75 £0.45b  10.29 +0.76b
15 0.70 +0.07a  0.66+0.06a  1.35+0.18a  1.55+0.10a 13.26 +0.25a  13.77 +0.44a
1 0.05+0.01d  0.12+0.0lc  0.25+0.00c  0.30+0.13c  0.95 +0.04d 1.04 +0.18d
5 0.32+0.06c  0.36+0.07b  0.60=0.20bc  0.56 £0.07bc  5.06 +0.6lc 5.35+0.34c¢
21 10 0.58£0.13b  0.45+0.06b  0.77 £0.08ab  0.79 £0.16ab  9.84 £0.69b  12.58 £0.51b
15 0.85+0.08a  1.00+0.13a  1.16+0.20a  1.14+0.17a 14.88 +0.68a  14.99 +0.64a
1 0.01£0.00d  0.02+0.00c  0.27+0.0l¢c  0.27 £0.06c  0.89 +0.08d 0.84 +0.11d
5 0.26 +0.07¢  0.25+0.06b  0.61 =0.13bc  0.65£0.08b  4.95 +0.48¢ 4.95 +0.41c
28 10 0.58+0.06b  0.56+0.07a  0.94+0.10ab 0.87+0.08ab  9.94+0.82b  10.89 +0.61b
15 0.82+0.04a  0.47+0.06a  1.16+0.20a  0.92+0.1l1a 14.35+1.27a  14.93+0.72a
LSDO. 05
Cd /K 0.177 0.242 3.272
PR LS 0. 009 0.027 0.17
Cd 7K X A 2 0. 024 0. 045 0.073
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Fig. 2 Effect of zeolite treatment on soil CEC under different levels of Cd

x5 TEHRAHEAR., WATFSTBEERSHEXED

Table 5 Correlation among zeolite dose, cadmium

level and cadmium fraction in soil

BB ERANE (P <0.01) , [FIN 5840 LSS
RN B EFME(P <0.01). {HYE 1 mg-kg ' Cd
YUK, 158 pH 5 & IE A 8] 0 1 3 HHOCHE,

s O R FHE CEC {5 8 A A6 o B A1 1 5T (P
b TR WERE BRRE 0 05). BSR4 10 me-ke ' Cd 15K F 8 pH
EX-F ~0.119 -0.021  0.962°*  0.972*" p ﬁil\étAi’t PRS- . \
CABF 0,070 -0.006  0.656°°  0.527°° SRR ER 45 A A A DL AR 2 ik B B 3 T AR G
FMOE  0.276%  0.177°  0.835°° 0843 (P <0.01) ,Tfi{7E 15 mg-kg ™' Cd {55% HIE P (LSRR
OM-F 0. 069 0.074  0.697°°  0.637°" EREE A AR IR B B K- (P <0.05) 57 10
RES-F 0.047 0.068  0.730°*  0.696"" mg-kg EEIS Y HIE Y CEC SRR S A B

1) = FIRHFEAKFE P<0.05, = = FRMIEKFE P<0.01, FHE

BN EFIEA (P <0.01).

®6 THpH, CEC 5+EEHSSBRAMMEXESH(r)"

Table 6  Correlation coefficient (r) of soil pH and CEC with the concentration of Cd fractions in the soil

A : , + 4% pH : : ‘ + 3¢ CEC ‘ ‘
(‘Cdl (‘CdS (‘Cdlo CCdlS (‘Cdl (‘CdS (‘Cdlo (‘Cdls
EX-F 0. 180 -0.986** -0.894**  -0.927"" -0.363 -0.827" -0.823* -0.828*
CAB-F 0.227 0.471 0.962** 0.829* 0.135 0. 669 0.879 0. 665
FMO-F 0.714 0.959* * 0.976** 0.968** 0.823* 0.880" * 0.903 " * 0.891**
OM-F -0.744 0.576 0.893** 0. 598 -0.301 0.211 0.743 0. 453
RES-F 0.712 0.235 0.237 0.356 0.228 -0. 069 0. 546 0. 648

I)CCd] N CC(15 N CCle*ﬂ Cc(ll5ﬁﬁi%%§7§§%ﬁ%(mg'kg’l ) Ha %%ZT_\‘*E%7K1]Z P <0.05 , ko %%ﬁ?*ﬁi‘éﬂiip P <0.01 ,T[ﬁj

2.5 KA LS

AP 3 AT, SRR (1 mg-kg ™' Cd) AbBEAHLE,
7E5 mg-kg™' Cd 2B K 32 b HRIE & X
BT RIS (W-F) A AL 89 $2 BUS (NaCl-F)
53 C LG 5 1 0, T PR 42 S (HAC-F) 43 B b 151
WJBA R R BB A FDC 28 AR HA L. 1 mg-kg ™'
Cd 51 F & 5IEA FDC K/ A - NaCl-F (46. 9% ~
63.5% ) > HAc-F (23.5% ~32.0% ) > W-F (6.6%
~11.2%) >R-F(1.0% ~7.1% ) >HCI-F(0.0% ~
4.9%) >E-F(0.0% ~3.3%); 5 mg-kg ™' Cd &%
T H9: NaCl-F (63.1% ~70.8% ) > HAc-F (13.0%
~24.5%) >W-F(6.5% ~18.3% ) >R-F(1.1% ~

5.9%) > E-F(0.0% ~1.9%) . HCI-F (0.0% ~
2.0% ). JITE 1 mg-kg ' Cd BSEAES mg-kg ™' Cd
TGYIRIET RS b 2 22 DL A Al OGS
T SRR AR IS4 43 T LU 49 AR o 454 it FH 490 oK
A0 S A 0 ) 2 B T OK SR FDC B 3
FAK 13. 6% ~56% F1 2. 1% ~24. 6% , fii £ FEHE HL
Y FDC i E R 100% F1 11.8% ~ 100% ;43 53
BRI FDC WM T 1. 8% ~83.7% Al
2.3% ~23.4%.
2.6 KEAFMRPRHIEMEEA KSR

R 7 FE 4 Fros it A A AR T 8
KSR B - 5 RS A & = M4 B e il (FDC)
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100 T e B e I R D e W S5
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B3 K8 (1 mg-kg~! Cd) ISR (5 mg-kg ™! Cd) EHTHAREN KA EHERESGHHN

Fig. 3 Effects of zeolite doses on Cd distribution of chemical forms in shoots of cabbage in soils

with lower (1 mg-kg™' Cd) and higher (5 mg-kg™' Cd) Cd levels

LB it FH 0 1 n 3 T A B A AR o R R N R
#OfE 1 mgekg ' Cd T, KSR 840 2 LIGR
75 RES-F 7216, 2 FDC 2} 30.5% ~44. 1% , i 1E 5
mg-kg ' Cd F, TR EE DI AL AAEAE, L FDC
$}23.0% ~33.2%. #£1 f15 mg-kg™' Cd &M F,
Jiti FH s A i K 1 2 T S e SR FDC FEAIR T
6.4% ~63.2% (Cds + OZ,, FE MR 0.8% ) , #llF] %%
PR K s A A 3 LYK A4 I 1. 1% ~ 40. 0% .
IS it FH A A R R 25 A 4 | ik 1k
5 wA PTRE I WA LA 8% i A5 o I AE AR
WMEEAE T RN AL, £ 1 mg-kg™' Cd

T it FH A A s A R A A K 3 e Ak
SR EALESR S EIIN T 47.7% ~131. 8% #1 39. 4%
~106.8%. 1£5 mg-kg ' Cd T, i JH 44 K b A0 03
3 B A 3 S R 1 R A S R AR T A R 0
BT 144.5% ~151.9% F126.2% ~97.7% . 4K
A RIS SE o B R R 4 A A A BB I T 22, 0%
~42.0% F10.0% ~6.0% (1 mg-kg™'Cd) . 34.5%
~66.5% 1 22.7% ~38.9% (5 mg-kg ' Cd). M
AN TES mg-kg ™' Cd 15 YK, it FH 49 K 6 A A
S A A ML R BN R B i T
54.7% ~72.1% F161. 6% ~105.8% .

®7 FAERSEAETHAAENXORRELEREHSEENHI/ mg-kg ™'

Table 7 Effect of zeolite doses on fractions of Cd in rhizosphere of Chinese cabbage at different Cd levels/mg-kg ™

s EX-F CAB-F FMO-F OM-F RES-F

Cdy +7, 0. 085 0. 010d 0. 039 £0. 005a 0. 057 0. 020d 0.011 +0. 005f 0. 120 +0.010d

Cd, +Z, 0.295 0. 025a 0. 050 0. 020a 0.132 0. 015¢ 0. 107 £0. 010ab 0.256 +0.030c
Cd, +0Z; 0.291 +0. 029a 0.032 +0.015a 0. 184 +0. 020b 0. 089 +0. 005hc 0.287 +0.014c
Cd, +0Z,, 0.285 +0. 020a 0.018 £0. 015a 0.214 +0.011b 0.046 +£0.015¢e 0.306 +0. 030bc
Cd, +0Zy, 0. 145 +£0. 015be 0. 053 £0. 025a 0.273 0. 025a 0. 060 +0. 005de 0.355 +0.011ab
Cd, +NZ; 0. 185 +0. 009b 0. 057 £0. 020a 0.306 +0. 029a 0.071 0. 010cd 0.267 +0.016¢
Cd, +NZ,, 0. 167 0. 025b 0.061 +0.065a 0.221 0. 010b 0. 103 0. 005ab 0.299 +0. 041bc
Cd, + NZ,, 0. 113 +0. 020cd 0.071 £0. 020a 0. 195 +0. 015b 0.110 £0. 005a 0.387 0. 025a

Cdy +7, 0. 085 +0. 010f 0.039 +0.005¢ 0. 057 0. 020e 0.011 0. 005d 0. 120 =0. 010f

Cds +7, 1.577 £0. 027a 0.537 +£0.018b 0.611 +0. 052d 0.362 +0.018¢ 1. 660 +0. 052a
Cds + 0Z; 1. 488 +0. 026bc 0.746 +0. 033ab 0.771 0. 073d 0.560 +0. 055b 1.368 +0. 110b
Cds +0Z,, 1. 551 0. 041ab 0. 659 +0.018ab 0.970 0. 034¢ 0.584 +0.017b 0.945 +0. 034c
Cds + 0Z,, 1.400 0. 043d 0.710 =0. 120ab 1.208 +0. 023b 0. 623 +0. 038ab 0. 834 +0. 084cd
Cds +NZs 1.429 +0. 021 cd 0.722 +0. 246ab 1. 319 +0. 070b 0.585 +0. 053b 0.734 +0. 088de
Cds +NZ,, 1.196 £0. 062e 0.760 +0. 014ab 1.494 £0. 099a 0. 660 +0. 126ab 0. 648 +0. 032e
Cds + NZ,, 1.132 £0.011e 0.894 £0.073a 1.539 +0. 145a 0.745 0. 002a 0. 608 +0. 089¢

2.7 HEFE Cd EAS HIEMFIE AT
28 8 il A 7EM% Cd (1 mg-kg™ ") ¥5 YLK F

T, 4 CAB-F 5 K H3EH# F# NaCl-F, HAc-F,
HCI-F 2 1 3 sii 8 3% A O¢, 5 R A 3 L3
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W-F, E-F, R-F 2 3 1E A ¢ ; M - 58 OM-F |
AR B2 By Ea A B 8 OM-F 5 oKk 1 3 Hb |3
NaCl-F, HAc-F 2 & 3 IE MG, 5 K A 1
W-F, E-F, R-F 2 & & 7/l & 76 & Cd (5
mg-kg ) VGYKFE T, 13 OM-F 5 KA H I
#B NaCl-F, HAc-F A% & IEAH G, 5 R A3
WW-F, E-F &4 B & AL (P <0.01); 3%
B EX-F O CAB-F
(a) Cd 1 mgkg™

FDC/%

Cdy+ Zg
Cdy+ Zy
Cdy + OZs

Cd; +0Zy,
Cd; + 0Zx

Cd, + NZs
Cdy +NZyp
Cd; +NZy

O FMO-F

RES-F 5K H 3¢ 3 NaCl-F, HAc-F & g # 7
X, 5RESEH B W-F | BE-F 24 8% F A
(P<0.01). fEi Cd(5 mg-kg ™) 5 YAKF T, K
FI3EHh 13 HAc-F 5 14 EX-F 2 BEF ML, 5
T FMO-F £ 1 3 1EAHOC; K H 5 &8 HCL-F
5L EX-F 2R EFFEML, 5LEFMO-F 2%
A K.

®E OM-F [ RES-F
(b) Cd 5 mg-kg™!
100 (s
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\,-":
E L T ]
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Fig. 4 Effect of zeolite doses on Cd fraction distribution coefficient (FDC) in soils with different Cd levels

#*8 XBFEEAFDC 5LIEERA FDC BRHEXRE(r)

Table 8 Correlation coefficient (r) between the FDC of Cd fractions in Chinese cabbage and the FDC of Cd fractions in soil

PNEEEIIZN
RS Cd(1 mg-kg™") Cd(5 mg-kg™")
NaCl-F HAc-F W-F HCI-F E-F R-F NaCl-F HAc-F W-F HCI-F E-F R-F
EX-F 0.021 -0.339 0.119 0.091 0.217 -0.337 0.275 -0.581" 0.075 0.600" -0.134  -0.591"
CAB-F -0.817 -0.536"  0.761° -0.532" 0.754 ™ 0.770* 0.308 0.838 -0.585" -0.263 -0.430 0.013
FMO-F 0.236 0.447 -0.345 0.415 -0.464 0.093 0.213 0.615° -0.404 -0.703™ -0.315 0.159
OM-F 0. 606 ™ 0.710" -0.649* -0.233  -0.561™ -0.688" 0.756™  0.810™ -0.854" -0.081 -0.822™ -0.487
RES-F -0.257 -0. 160 0.223 -0.183 0.148 0.467 -0.602" -0.712" 0.706™ 0.368 0.674™  0.282
3 Wi FEM I, B A BN T 3 pH Al CEC, #ET ek

KEWIEEY], 5 pH F1 - B 730 i
(CEC) J& 5 + 1 5 4 J& A3 &Mk A9 P K & 22
0 ORHE T & B 3 xRS B R
ARG 5 e 21 F i 1358 pH {1 CEC, [F]I, £
¢ pH Ml CEC 5 - 50T 58 e 254 1 &5 8 S A G
HEFWE M2 T R AL X
T T, W A SR A 4 A SR AR R R £
WY, SAHKENa" | K, Ca®" | Mg™" 58T, BEfS
5 mioh He R AP B 7 & A 38 6 i+
B pH i i T PR PR R
KA E ALY 0 o d fap, (145 T 18 CEC 34K, 58
X Cd>* (W% B RE 1120 A, Mahabadi 285 (4 6

A8 LI KR NG 15 FR AR, 10 30 57 A 1] 7 1
BEHPE FH iz, 2k T BEARRARTE 13 b iy R, W],
Oste 251 Al Singh 0 AR 3 BT Y SNTI R e o
S pH 4 AR R P RS S kA BT R 2K A
R A X R IR B, AR5 34 T It P s 42 A
TR R S A ) R AR E AL S R, X2
T AR A Mg, Fe, Al, Mn S5I0E , 7EHE
13 pH By [F]E, 558 T b CAOH ™ 5 W B s iz
RO, (5 B 1 R S A ) S B IR 6 10 285 5 1
5 20T, G A L, R A R ek /S 2 4
KYRAT, BA TR LR IR, Ml A
B AT PR A AT A2 4 Y SR T B 1A [R] I 4 0K
AT E SR A SN 5 R | FLIE SRR, A B s
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SRS T 5 AR S RN W, MR R R R
e 7 S R T R A W R R S
I A% k.

AR I il A FS ]SS A AR A
B BLREAR (BT LASE = HL B A7 7, R, H 3 e
N SR N1 RV - o % o W N i B D A [ )
FIEASANN, Z 28 d BRIP4 A AT) oA 1k 31 °F- iy
A2 P A DATE PR i I RO =UmA
B, ASRAME T 80 h 16 MRS I AR TE S I e 1R
BRGNS, HAMEAS I e B B s e A i A 2l
188 AR R i i AR R sT th R,
TE/P A3 AT AL B 50 d #0160 d J  4@i5 g R b g
RS O RO HE I 2 I (B4 32 B DA ] Se A
FAAE. Lu P WA MRS, 68+ B+
AL 3 Fp R AMNERINE SIS Cd, Cu 55, H
TEACPRAYRT 3 h, 3 h~3 d 13 d ~3 JABfdk T T &
oL, 8 JEG , 4 R AR 32 DL R A8 e S I A
e, FIE AR ARIB BT, A S5 R R, (il
FH#E AT, 13 pH | 3 CEC 5 H3En 28 540 &
HEHEWREEFERAL (P <0.01), B A o] 8 o i
3 pH |, 4 CEC, i BN Elifk - 3e5m 001E T, %
VI v 1) T 3 48 R o 2 I D2 A
VI eE .

RN R, E LW & B
ARV ERTS Y KSEF it FH b A 7B A )RR L R AR T
e R U A A AR i A X R Y
WS IO F A P A S o e, o — AN
BN F S R S SRR S RO 5 Ding
20 BRI 45 FEARLL , A9t 2% PR R 48 A ]I
S5 ISR —E AR RS
WHIR, fEH Cd(5 mg-kg™ ) I5YKFET, -4
RES-F i85 K 36 37 NaCl-F . HAc-F 2 i #17
FE, SR ESEM F3# W-F, E-F S0 5 2 1F A7 %
(P<0.01); KA EFH HAc-F 5 1 EX-F &
WERAME, 545 FMO-F & B F FEAHE; KA
Hi B3 HCL-F 5 43 EX-F 2 5 3 EAH G, 5 11
FMO-F 2 1 25 67 FH ¢, T3 2840 O PE IF R FE AR Cd
(1 mg-kg ") I5 Y &80, BLIH H MRS 5 KA
S b b I A Z IR AH DG T e 3R TS Y vk
JEA 56 {H H ELAA 5 PR AL ) 3 T 22 0 — 2 AR Y
PRIt it FH Ay o 2 AR T R S 7 i, [m] St
B AR A BOR G, T DR AT BE S O S BN
KA A B 38 A HA TR A L R BRI BH S 1
L WS R AUR B T E A

3 3 B < R A AR TR N A A AR 25 T LA
FERE) N 4 i B BRI AL 2 LA
B KRGS AL Y BEE AN Sh 1 o iy, Sl AL A B
STEE SRS A SR S Hh R AR IS AR W R
PSR R HNSE AR T A
IORRY/LEL TS AT IUE 81 AR E PSS il R PO i |
YIFATEAS I S0 e DL T SC T4k Bk A B
FEHE M AR KB, ATt HWE A1 )5, KR
MRERIE A T2 UL NaCl-F $IBGSAATE (B AL B4
LR R R U 2 3 A, LG £ it
A3, AT DA PRSP AR T 00 K 3 i) 2
(A MRS b= P ST/ R ] (L (NS Pt N Eas
T A A 5 D A R £ BB IR W A G T i
£1. MR A RS2 AE RO TE R R BE,
SR IBCS AR Y A N 8 1) £ BRI 2, ok
Z PRS- TCRiE A 5 1, AL
PR HCGSRTE R A SAR R R P 2 5 Ay, R A e
RN EE S HEABE S, B E H B S a
WPNEE SRR FEN S A ey

4 Hig

(1) 2 P - 53 b 3 6 v 00 DK s A R s A
it FH . 2 0 T 38 pH A CEC (B, 0 + 3 n]
HRASHI o B E FRAL. DL 20 g-ke it R
YK AR P S AR i I RSO B . 10
pH, 138 CEC 5 38 n] 2 40 254 7 1 2 1 10 3 1R
HHF(P<0.01).

(2) LSRN, 761 mg-kg ™' Cd I5 4% 4R
Cd FZLUT A ASAFAE, 765 mg-kg ™' Cd I5 4+
Herp Cd FE LA S WS FBR R L 45 & S A2 7. T8
1 mg-kg ™' Cd &M F, R SH B A IE A1) FDC
543 CAB-F fl OM-F [ FDC A i E M (P <
0.05) ;765 mg-kg ™' Cd &M T, KM B RIE
A0 FDC £ % 5 + 5 OM-F #l RES-F JE &1 FDC
TETE R E I EAE (P <0.05).

(3) BRI Ay RN o Ay S S BRI T R 38 2
BT KM C BEPE SR o FL e ). LB
Tl A %o 3 T A2 MR Cd FIR 34T Cd B
SRR, 0K ik A b 38 A 2 R
P
B E L
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