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MK FAITLE Cd AR KXKBZE Cd RIHI 20

REALIR' R Dar! s BRAE, Mok 8 SR ZRBE, FRIT AR, sk k", At
A

(1. PR REFEIEIREE 0, R 4007155 2. BBURFR IR SRl 5L 430079)

E ., B = NIRRT AR5 4K (1, 5, 10 A115 mg-kg™" Cd) T, AR (0, 5. 10 120 g-kg™") ALK
WA (NZ) FE3m 3 A7 (0Z) X+ IRERIEAS 2 I L9 ( FDC) AR ] (AR A 0, I3 i 2 i g b — A5 R 5 40 oK W 0 0 3
A I AR SR Cd RN, 2 NS SRIR 00 2 B, Tt F 40K b A R b A 5 AR AR T 3T 384384 FDC, 3
INT Bst FALAS S FDC,AE 0 ~ 28 d IEFFR P, nIAC #5480 FDC 20l 5 3 5 T B i m B i a3, 55325 R,
A7 b PG AT A A 4R FDC MO d B 72. 0% ~ 88. 0% P& 2 30. 0% ~ 66. 4% , 45 b3 39840 T B LA AC e S AETE. ikt &
FT it P 44 K T A R 3 s o ) S SRR T T A M AR & R FDC, 3G T RRIRER A A S L B AL L AL E
B A FDC, LR R A A BE (20 g-kg ™) X 1T S A4 A0 BRARROR e . B 4EnT 3840547 FDC 5 13 pH 2 B 3%
FAHIE (P <0.05) , 5R A FHFARFR S 2R B EIEAC (P <0.01). MHBAM 15 mg-kg™" Cd /K138 pH
BT T 1.8% ~45.5% M1 6. 1% ~54.3% , TIEATAZ B 2540 FDC 43 BIEAR T 16.3% ~47.7% 1 16.2% ~46.7% , KH¥
B B BIEALT 1.0% ~75.0% 1 3.8% ~53.2% , 4K s A0 % L SERNAR MR AR I REARACR AL T8 @ oh . k&
(<10 g-kg™") MM AR R R K A B R AR HEVE R, T s il A (20 g-kg ™) WM TR ARAEK. 55 @A, 90
KA S R K A SR AR B ) RIS, B AR T R SR S i S K R o B AR A R

KB IR G AOKRP A R GRS Cd Wl KPR
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Effect of Nano Zeolite on Chemical Fractions of Cd in Soil and Its Uptake by

Cabbage

XIONG Shi-juan', XU Wei-hong'*, XIE Wen-wen', CHEN Rong' , 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. School 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 change trends in fraction distribution coefficient (FDC) of Cd when exposed to different
Cadmium( Cd)levels(1, 5, 10 and 15 mg-kg™'), and pot experiments were carried out to investigate their influence on soil Cd
fraction and Cd uptake by cabbage. The results in incubation experiments showed that the application of nano zeolite as well as ordinary
zeolite effectively decreased the FDC of exchangeable Cd and increased the FDC of Fe-Mn oxide fraction. The FDC of soil Cd from 0 d
to 28 d was deceased at first, then increased and tended to be stable, and finally increased. At the end of incubation, the FDC of soil
exchangeable Cd decreased from 72. 0% -88. 0% to 30. 0% -66.4% . Exchangeable fraction Cd was the most dominant Cd fraction in
soil during the whole incubation. The results in pot experiment indicated that the application of nano zeolite and ordinary zeolite
decreased the concentration and FDC of soil exchangeable Cd, and concurrently the concentration and FDC of Cd in carbonate, Fe-Mn
oxide, organic matter and residual fraction were increased. The lowest EX-Cd was observed in the treatment with high dose of nano
zeolite(20 g+kg™'). The FDC of exchangeable Cd showed significant negative relationship with the soil pH (P <0.05), and was
concurrently extremely positively correlated with Cd concentration in shoot and root of cabbage (P <0.01). Soil pH increased by
1.8%-45.5% and 6. 1% -54. 3% in the presence of zeolite when exposed to 5 mg+kg ™" 1 and Cd, respectively; FDC of exchangeable
Cd decreased by 16.3% -47. 7% and 16.2% -46. 7% ; Cd concentration in each tissues of cabbage decreased by 1.0%-75. 0% and
3.8%-53.2% , respectively. Moreover, the reduction effect of nano zeolite on soil and plant Cd was better than that of ordinary
zeolite. The growth of cabbage was stimulated by low and medium zeolite doses ( <10 g-kg '), while inhibited by high zeolite doses
(20 g-kg™"). Compared to ordinary zeolite, the biomass of Chinese cabbage was significantly increased by Nano zeolite, while the
exchangeable Cd in soil as well as Cd concentration and Cd accumulation of cabbage were significantly reduced.

Key words :soil Cd contamination; nano zeolite; soil Cd fraction; Cd uptake; cabbage

WasEH: 2015-05-30; f&iTHH: 2015-07-22

EEWB : A My AR MR HBEL I Nyey-25) 5 [F15 H ARSI H (20477032 ) ; [/ B 341 HRIITH (2007BADSTB10)

YEE R : BEALUR (1990 ~ ), 2o WL WFFTAE , E R FT 5 1) AR 3R 5K 7= i %4, E-mail : xiongshijuan5@ 163. com
= MR R A , E-mail ; xuwei_hong@ 163. com



12 14 REALIRSE : AR A xS 13 Cd B B R PR Cd W i 52 ) 4631

5 (cadmium , Cd) J&—FhEIFE 0K, & T3 L
S 4 R 5 e b O R W A R TS g, A
BRI N, T EA 19. 4% R4+ 50 4 )8 & it
HbR, AR B G Y. R BRI
TG KR | AL A 25, Tolkig e,
H TR - AR E B O b SR A, LR B R A
ASTEVEARMERE AR BLId 23 Bl G T A Y & e Ty 35 .
e 3D AR R a i, B il B iR AR
HEA A D VR AT g NS RRE . Wagner'” BF5Y
R, AR ZE A 70% F o g ek R R,
W AT T JE A A 3 e 0 T 3 S R B TS e
FHOEANAEL.

e R DL O A A R AR 2
X HAEE R TE T3 b R Sh A A ok,
WG, RIS R A RS &R RN E
GRS REEREEM A MY 2™ T
S A5 T S A e A L A S I A
XF T RRAR R RS S R R AE WA A o AR
L. Tessier's TP ZESEHE IO 2 B0 W Y + e
S IRIESIHIT I ZE T S R IE S5 AT AL
A | BRIREL A B3 | B AL | AL G
AL Horh RIS HRAS R T R OBOR A,
RIRER S G 25 | BRER AL SR DL 2 R A
FTA A, 55 i 25 D) 2 A ) AN mT WO A T B 2.
T AL B AE B4 Dy — T i S e A2 50 R ks 4
JERTE A S5 v B A7 25 DA T AR E A A0 0t o 6 s i) i
WLk B H 4 BB R HIER MU TR, H
SIS YN Mok Az B¢ L BT, AR
IR S T RAE R AR08 B . A K, Wk
Wekh | M+ | WA AR

WA Ve —Fh 2L SR ek ER ), o R
= s () 4 i B BRI R T AR X e 1
AAR IR A I B 25 Sk IR S A2 e B 7, BN R 42
AL A R TS YAE E MR A S R ER A
A IR EAEAFAEFREE 15 G KU 1 5 1 1 3% pHL i 5 1Y)
BRI, A AU 5T AR5 G 1 HLRERL
LR, EEA T R E S EEE
IEAESR [ YA OG- A X - e G S TS YR B
B ANTS , Hoa A k. 422 WAE Y OR M
N A GERE FRIEDT TS B 4A WA L g
JREA —E WA ASCR TR T S mT e e s |
BRI ER 25 5 AN RNk A S A B R B2, B R 4] 1
BV IR TR AR SR, 2RI AR
A = SRR R R 5% ~ 6% 1

A b B AT A 4 RS A A B AIC 17.69% ~
26.63% , I HA I FEAR T AT A2 40 4R 2 A 43 L Ll
. Li 2 s R W, 10 ~20 g-kg ™' (WA AL
HEAT i PR vV S i, R AR T R
NPT IR R B 2R S 4575 YL /K351 000 ~ 2 000
mg-kg_' AR B B A s B ACR. (Hk A X &
4 T BT I R B 1 2 R A AE — i B R BR T, 24
H AR5 Y K3 B, B A A8 AR ) W R A
SN AR A A 5 A
AHLE , KB A UL T S 457, A TR ek
TR BH 2 1 ac i, BEE  HO 4R A K
VARG S A RN B 75 o, 7E H IR S RIS B 2
T 1 B EAL S H BTk A T SR
BERTFFE M A WLARTE. R, ZEAS B 505 2 N B
FERGS AL & i = N R
AR5 S (1, 5, 10 F1 15 mg-kg™" Cd) i
FIATEEE (0, 5, 10 120 g-kg™") A4 A A1 713
A - I AS S ] AR AL A s . O e
HA 5 BF 55 R 1R 4% K 75 % (1 mg-kg ™ A1 S
mg-kg ™' Cd) Ll AR (0, 5, 10 #1120 g-kg ™)
PR 299 A Sl A7 R 30 s A 0 AR 25 T R 1 4R
WOR BRI,

1 #R57TE

1.1 kR

HEAEY M K A2 ( Brassica peckinensis L. ) | it
FoR IR DU, AR A E DT LR b & 45 i e 5k
M. ZRREFRZE L (0 ~20 em) REFSEE, HARKAT,
Fe s RE b Y AR B DA HR T UL B A WL B
2mm G . HHEILARBRAL PR A pH 4. 93, A Bl
Ji15.2 g-kg ™', BHES 28 He it 7.93 cmol kg ™', 4=
2.0.66 g-kg ™ BIAHAE 112.2 mg-kg ™", A RLHES7. 0
mg-kg ™', B A 170.3 mg-kg™', & H 0.307
mg-kg ™. AR A R kA YR A R A
BE—F . 4k (NZ) F188 8k A7 (0Z) kL
4392k 800 H AT 100 H , 94Kk A A i 4 pH
G0 R 9.2 F 9.4, BH B F 5 e i 4 il Ry 264
cmol-kgflﬂl 183 cmol-kgfl , Fe g m LA ) S 656
m*eg " FI 233 m’eg7, 4 E 4 B8 0.964
mg-kg ' F10. 425 mg-kg .
1.2 B HE
1.2.1 FEHEFFRLE

FREL 160 ¢ A AR 1202 F 300 mL H5EHR
oL CdCL, - 2. 5H,0 (43 al) W, Jo AT ff
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B 306

b L Cd gk ESS 1, 5, 10 Al 15
mg-kg ™' P EKEN 17% , FEN 25CHK
TR A PEIR (25°C £1°C) , 12 h BOEE, 70%
)as SIREE - 3 8], WA AR 2 d PR VA A 7S
HeFE 17% WK Er k. 4end 3 JRRSF-A Je , BURE DU
FERTT YR B I CA B 5 /EREE 0 d iYL
P, HABEAR 30 B A G K 3 A7 (NZ) F35 3
A (0Z) iR 0,5, 10 F120 g-kg ™', FR50+E
Al AR AL B A . Cd, + Z, (XFHR) | Cd, + 0Z,,
Cd, +0Z,,,Cd, + OZ,,,Cd, + NZ,Cd, + NZ,,,Cd, +
NZ,y,Cds + Z, (X H8) |, Cdy + OZ5, Cdg + OZ,,, Cdy +
0Z,,,Cds + NZ ,Cds + NZ,,,Cds + NZ,,,Cd,, +Z, (X}
M), Cd,, + 0Zs, Cd,y + 0Z,y, Cd,y + 0Z,,, Cd,, +
NZs,Cd,y + NZ,y,Cd, + NZ,,, Cds + Z, (R HR) | Cd
+07Z,Cd\s + 0Z,,,Cd\5s + OZ,,,Cd,s + NZ;,Cd5 +
NZ,,Cd,s + NZ,, (4 Cd KF x7 WA AEPE x3 &
8. TARMEEGFAA AR — A, W T8
FRE 1. 4.7, 14,21 128 d BUEEN & + 445 Cd &
SR, BBREL 15 g, BUB BRET 20 AR K
T3 1 mm 55, W AR A
1.2.2  ZAE

I T 2014 4E9 A 15 H ~12 A 1 HIEWRE K
IR I 2 B B A IR E N AT, SRR 2.5 ke
KT 13T 17 ecm x20 em B @ B4R S, |1
AN CdCl, -2, 5H,0 ¥ (1 mg-kg ™' Al
5 mg-kg™"), ARSI AJEAL (N 180 mg-kg ™' P,0;
100 mg-kg ™', K,0 150 mg-kg ™", IR ZE | BER — 4
AR LR MA) AR, TiRE D
i 3 Ji. ARG 3 I FE AR B A (NZ) FiE 38 ik Ay
(0Z) ,ZsImE R0, 5,10 F120 g-kg ™. Fra R AL
HH . Cdy + Zy ( HEAXTIR) [ Cd, + Z, (JEmXT R ) |
Cd, + 0Z,,Cd, + 0Z,,,Cd, + 0Z,,,Cd, + NZ,,Cd, +
NZ,,Cd, + NZ,,, Cds + Z, (iNF&X #8) | Cds + OZ;,
Cds + 0Z,,,Cds + OZ,,,Cds + NZ;,Cds + NZ,,,Cds +
NZy,. A5 dJ5, B Bak e ks
MR SRS, RRe 2 d T EE S il 3 /K i
FE A 398 5 /K B PR H B K = 1 70% . A
AbPE 3 ANEE L HEHLHES]. ZiEFEER 30 d JFH 3 BE
KM bt A AL B P B 5 R4 e 1 3 bk
oAk 40 d JFWOER. B R F SR vk e KB K
BB R SRR A b3R5 IF I3 Bl sk e i AE
FETF 105°C FAT 15 min, 78 65°C FHLF EH & |
FRERE T 8 SR LT R RS TR B 1 00 s AR At
RS . AEARIBOR S R A, TEN AR

KA 3t 1 mm 45 H.
1.3 5bhinik
1.3.1 IR A AR A BT

pH RH 1:2.5 I+ (il A ) K L IR HLER
0 5 R P 4 PR A SRR 0 R B s i
& H]I NH, C1-NH,COOH W7 1% ; 345 A%k
PR R B TR E Ty s Wb PR 124 it
K FHH R BaCl,-— CEERE VA A2 5 WA bR T R
MEZ% Liu 52V 1075k bR A5 & = I R
HNO,: HCIO, 4: 1R A TRIN A, H &S Cd* " IWWER
FH B WM 43 66 BE 150 5E ( Perkin Elmer SIMMA
6000, Norwalk ,USA ). IFR K 0. 005 mg-kg ™. >R
FHFE 2 b5 e 5 B R W 5% Fir 4 4% 100 48 0% s HE ) Jox
(GBW # 08513 ) K +HEbRifEY) i (GBW # 08303 ) X
e 25 S R AT TR B W . BT A AW e SRR L Y
Cd [FWCR 34 155 T 95% , AW i A 25 (RSD) 144G
JELE 10% LA,

1.3.2  Tessier P SEHEE 11 Cd"

Cd JEZA794 K FH Tessier 2542 1 T A0 #E S 4
W, BARDBR AR

() ZHA(EX-F)  JMA 16 mL 1 mol-L™" /1y
MgCl, ¥ ( i HCI A1 NH, - H,0 #75 pH % 7.0) ,
25C P &R 2 h, 4 000 remin ' BOSES min,
i, FREBOERE 25 mL &S In—E e il
Fig e

(2)BRIRERZE 5 A (CAB-F) k%R, Jn 16
mL 1 mol-L~" NaAc ¥ (FH HAc 15 pH £5.0) ,
F25°C Fi#EL4R7% 220 remin ' 5 h, 4000 r-min "'
BEILTE S mln,ﬂﬂﬁ,ig{%(&%gi 25 mL &
I 0

) PE AL G (FMO-F)  FikikiE,
Ji1 30 mL 0.04 mol-L~" NH,OH - HCl ¥ & [ Ji§ &
25% (80 HAc ],96°C +3°C /K IB BRI 6
h, Fl NH,OH- HCI-CH, COOH ¥ ¥ #b 75 K] Jin #4454 2k
(VAR , AT R 21, B Y2 40,3 000 1emin ™' B0 5
min, B FIHRERZE 25 mL &, N E.

() AIGEEB(OM-F)  FRFRHE, 4 mL
0.02 mol-L.~" HNO, 1 6 mL 30% H,0, ( }H HNO,
P53 pH =2) , (85 £2) C/KIEMAAAL 5 h, I Ab
i 30% H,0,(F HNO, #8795 % pH =2) , [ 8k3% 5,
KIBEE R G, B H1, IMA 8 mL 3.2 mol-L~" NH,Ac
[20% (RFL5r%0) HNO, 1% ,25°C 220 r-min ' ¥
¥ 30 min, 3 000 r-min "' B0 405 7 min, 2 FIHR
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ER R 25 mL AR, I E.

(5) 58 A (RES-F)  _EiRs%#E, 10 mL £
KA 3 mLL RS, 100°C £ 2°C /K IEHREL, 8] B % 5l
B REL E A CORED) BPIR, R A R e A =
25 mL A, 128, M 5E .

3R B IR SR L W A3 ' O BE T
(Perkin Elmer SIMMA 6000, Norwalk , USA). &l K2
4 0.005 mg-keg ™. SR E KRS H ARG R
i+ HEARAEY T (GBW # 08303 ) X1l 2 45 J E47 o
. A LA Cd FICR SR T 95%
AHXS B 22 (RSD) FORE BETE 10% LA,

1.4 Hdlaba

% Microsoft Excel 2010 #F 47 %5 4% Ab 32 Fn4E
1,SPSS 17. 0 AT 4 0. Bds i) i) 8 2 22 S 1k
K5 B R R 7 22 0 HT Y Duncan 7, & 25 57
KR P < 0.05.

2 HRE5HM

2.1 HHEFIESAEC LB (FDC) B SR R AR 1k

1+ 584 FDC(FDC 5 B P B & &
SRS R ) 7E 28 d B35 T EE T ] iy 28 Ak 1
DLULIE 1. 7228 d MR gR i fih , REZHUE LT &
Ab PR A S 32 B DL AT AC e A (EX-F) IR A AE. Bl
HREFRAF R RE A, n] A8 e A4 08 T I 5 TR
IR JE AN, IR EL 255 35 (CAB-F) Je W] 12 54 i B
RS T 22, B VLA (OM-F) R hn iy
AR RAHY R 2S5 ( RES-F) 5 JC 12 W T M 3 i 7+
B BRAE AL SR (FMO-F) TP A 6 81 H B g 1 A8
fERLEE. Bl TR TS YK RN, HIEA S
i W S HE I B R 45 ) L T AR FDC IR 3R
IR 348 T s AR AT Y 2 Al R AR

163 AR 45 Rt (55 0 d) ,1, 5, 10 AT 15
mg-kg ™' Cd V5 ¢ 3 0 AT 2 4 S 4% FDC 4351 Ry
72.0% . 84.7% . 86.2% F1 88.0% , I & /7 T H &
L2, MR IR EL 45 A 2543 FDC AU N 5.0% ~6.5%.
TER SR 4 d, 1.5, 10 f115 mg-kg ™" Cd /KF 14
R AR R 25 A 25 FDC 20538 i % 16. 2% ~36.6% .
36.0% ~ 41.8% . 38.4% ~ 44.8% F 39.6% -~
46. 4% , R IR TP EEAFAEIRAS T S S
54 FDC 73 W BEAR &2 4.8% ~ 20.9% . 26.8% ~
35.4% . 34.9% ~44.1% 1 38.5% ~52.9% (% &
AEPEA 52.9% ). TEXEFRAUEE 7 d, AT ACH A i
B, [ B R R R 45 A A W A RN (P <0.05). Bl
JEPIEEFREE 7 ~ 21 d W24 FDC B TRE  H

75 28 d B A BRI, HA-R7KF e DUAT S8 i 2
Bl EEAEEIRA. (EMREENE, ERFRE T ~
21d, 1 mg-kg™" Cd AKFHEHREESMG TS,
10 F115 mg-kg ™" Cd 15 47K A, 1 mg-kg™' Cd
KOV H R E R DRI | B AL SRR S
FEAE, T 283 A5 50 FDC /0N, 1 A LA A 7K SF- + 15
o SR RS R AR, A LSS FDC I
fis. HE 1 & B, FEEANERTBRES, 1
mg-kg ™' Cd 7KV 13 vk i A5 I 0 i T A4
K-35,

Jit P 240 DK T - 0 R AR L BRI T 1 4
I AE A, FLANK B A 1 2R AV S 2 A 53 o A1
(1), 7E 1 mg-kg™" Cd i5YKFrh, 5% A
Fo L FERGFREE 7 d M 14 d it FH A0 K kA 0l iT 22 4 2
BRI FDC 43 BIFEAR T 42.0% ~57.0% F1 63.4% ~
72.3% , i@ WA o ALK T 28. 7% ~40. 0%
A 12.1% ~30.0% ; 765 mg-kg ' Fl 10 mg-kg ™' Cd
Pt B3R 7 ~ 28 d it FH AN K A 1 T AS
A58 FDC 3 BIFRIR T 13.4% ~33.4% Fl 14. 6% ~
30. 9% , 138 W A1 3 AR T 1.9% ~16.7%
M0.1% ~8.2% ; 1E 15 mg-kg ™' Cd V54 + 3,
TERGFRAE 1 ~28 d, it HAK W A 7] 52 46 2547 FDC
FEAR T 7.6% ~29.7% , i jiti FH % 38 9 A1 (R AR T
1.5% ~10.3%. Jjifi 1 A0 X kA4 S AL A 19 s i
AT AR AR R 22BN B it 48 K s A
AT T R AR LA FDC, HLAN K A7 A R
L E e SR N SN N R N TR e oY
FDC Fifi s 7 e FH 2 114 35 Jonn g B AR, 2 4 4 A A 4 U
RzZ. S5XF A, a6 R IR R A A A
A B FIg% Ts 25 1 n sl RIS V8 AT R B R 1
SN,
2.2 @R R FDC A IE AR S

ARG RS SR E L 5
BN FRIAE A R, HIEE LA S & (EX,
CAB ., FMO, OM Fil RES) Ffi#5 Y515 YK - 1h 48
PRGN, 5 FDC W08 A7 2% 30 M R L 14 25 fb ka4
A5 1 mg-kg™' Cd /K FAALL,5 mg-kg™" Cd 544K
A HLASHR FDC A S BAIG, 1 ik R $h A 4 FDC
B . AR BEOR [, 38 1 B 25 45 1
BUBANTE]. 7E AR IRALHE (Cd, + Z,) P, 3R A4
REERAERS, HEREH FDC K/NF A .
RES-F (46.5%) > FMO-F (21.1%) > CAB-F
(15.5%) > EX-F (12.7%) > OM-F (4.2%); £
1 mg-kg™" Cd K¥rfr, - 347 B LA A8 e 5 47
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58. 8% (Cds + NZy, BR41) .

AN TR A it P X SR I S AR At A7 7
M. 76 1 mg-kg 'S mg-kg ' HREIKE R TS
AT R FDC Bl 5 24K Wb A 00380 s A i H
FIRTS84 HI T FAR AR, 498 K T 0 R0 32 308 3l 1 vt 5 4
A ZZ A FDC fEAE A GG R (% 2). CAB 4
FDC [E-538 9 A i HH 2 38 A R B — 3y
A , [H BEAN K A = 3 i sG55 44

KA B AEAEIEA COEHR (R =0.977, P <0.05;
R=0.942,P >0.05). BET 5 mg-kg™" Cd /KF-rp
FMO-F 5 NZ,FMO % FDC -t Fifi 33 41 i FH 2 1% 488
isE I, B & A7 B IEA G (P <0.05). AR
Jita kA B4 T OM 1 RES 4% FDC, {H % 5k 47
B A B A B RER, BRT S
mg-kg ™' Cd /K RES-F 544 K il 17 7t 4 A2 7
i 3 IR A

Table 1 Effect of different zeolite treatment on the chemical fractions of Cd in soil with different Cd concentrations in pot experiment!) /mg-kg~

®1 FRBESHEKEPREHALEN T ERERSLEMNFM /mg-kg ™!

1

TR0 Ab HE EX-F CAB-F FMO-F OM-F RES-F

Cd, +7, 0.028 +0.013g 0. 034 +0.004d 0.047 0. 005¢ 0. 009 +0. 004e 0. 103 +0. 004d
Cd, +7, 0. 476 0. 002a 0. 156 0. 027hc 0.090 +0.013d 0.109 +0.014d 0. 146 0. 021¢
Cd, +0Zs 0.404 0. 010b 0. 161 0. 026bc 0. 102 +0. 004d 0. 137 +0. 008¢ 0. 186 +0. 009a
Cd, +0Z,, 0. 320 0. 004cd 0. 146 +0. 022hc 0. 142 0. 030hc 0.183 +0.013b 0. 180 +0. 009ab
Cd, +0Z,, 0.290 +0.031de 0.122 £0.022¢ 0.162 +0.018b 0.175 +0.018b 0. 175 +0. 009ab
Cd, +NZ 0.340 0. 021¢ 0. 153 0. 023hbc 0.131 £0.018¢ 0. 140 +0. 004¢ 0. 178 0. 004ab
Cd, +NZ,, 0.255 +0. 018ef 0. 189 +0. 022ab 0. 161 +0. 009b 0.217 0. 009a 0. 165 +0. 013abc
Cd, +NZy, 0.243 £0. 040f 0.231 +0.035a 0.225 +0.022a 0. 100 +0. 022d 0. 156 +0. 009bc
Cdy +7, 0. 028 +0.013g 0. 034 +0. 004g 0. 047 +0. 005d 0. 009 =0. 004f 0. 103 +0. 004d
Cds +7, 2.171 0. 020a 1.093 £0. 036e 0.298 +0. 106¢ 0. 149 +0. 070e 0. 695 +0. 105bc
Cds + 0Zs 1. 821 £0. 032b 0. 958 +0. 020f 0.547 £0. 107b 0.274 +0. 088¢ 0. 808 +0. 051bc
Cds + 07y, 1. 863 +0. 050b 1. 304 £0.083¢ 0.570 0. 104b 0.249 +0.088cd 0. 634 0. 090¢
Cds + 0Z,, 1. 623 +0. 009¢ 1.270 +0. 039¢d 0. 946 +0. 108a 0.374 +0.072b 0. 697 +0. 104bc
Cdy + NZ 1.585 £0.033d 1. 155 £0. 089de 0. 869 +0. 106a 0.484 +0.053a 0.782 +0. 087bc
Cds +NZ,, 1.389 0. 0l4e 1.612 0. 088b 0.775 0. 035a 0. 175 +0. 035de 0. 850 +0. 035ab
Cds + NZ,, 1.299 +0. 006f 1.979 £0.019a 0. 448 +0. 036hc 0.224 +0. 070cde 0.995 +0.018a

1) ARNG FRFIR ] — 875 GRS T AR B A1 A BRI] | AR B 55— 475 oK P 1) 9 22 5 B (P < 0.05) T 1]

x2

THE FDC SR BAMLER QAR AMNEXXRY

Table 2 Correlation coefficient (R) between the FDC of Cd fractions in the cabbage-cultivated

soil and treatment of ordinary zeolite( OZ) and nano zeolite( NZ)

WA R(Cd,) R(Cdy)
0z NZ 0z NZ
EX-F -0.904 -0. 864 -0.963" -0.834
CAB-F -0.935 0.977* 0. 408 0.942
FMO-F 0.972" 0.996 " * 0.965 " -0.027
OM-F 0. 878 -0.061 0. 874 —-0. 149
RES-F 0.708 0. 051 -0.566 0.980 "

1) * FRMFIAKFEP<0.05, = + FRMFIAKFEP< 0.01, T

2.3 @A 5 pH

AR 3 pH WLIE 2. M H R KR —
BF, 358 pH 7E A [R] 9 K s A1 15 38 % 1 A 3R] 35
FRFEZF(P<0.05). ARMNIE(C, +7,) 1%
pH {H} 4.97 , i@ X BE Cd, + Z, il Cdy + 7, 115
pH AT N, pH 530k 4. 94 1 4. 67. Jits H kA1
WEERIN T -5 pH, B 9K 4 % 13 pH 5934
ERE R T 4. 7E1 mg-kg ™' A5 mg-kg™' Cd
AR S 0 58 kA R pH (A 4 3G &

5.03 ~5.78 1 4.96 ~5.97, 1 44 K ¥ 43 b P + JE
pH (B 3 Tl i A AL B (P <0.05) , B ingh ok
WA 138 pH 2 B3 & 5.85 ~ 7.19 il 6.23 ~
7.21. BEAM, #E1 mg-kg ' FIS mg-kg ' HRIK P 4 4
Hh, 38 pH A Bl s it FH 4 B B A A [R] 1 AR
PR, (H 53 b A7 A BN KB A A BT 1 3 pH
(AR AL R B i AN [R], =38 pH (B 449 K kA FH &=
A1 TN TR A0 it 3 A FH e 4 38 ) 2 B
YEE IR
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Fig. 2 pH of soil in different treatments

fE 1 mg-kg ' Cd V54t 3erh, +4¢ pH 5052
SRR R ENME(R= -0.821; P<0.05),%5
RIREE A (R =0.795; P <0.05) Fliksh EIL A (R =
0.852; P <0.05) £ I F IEH5&; 765 mg-kg™' Cd
V54 1 pH B 5 nT A8 e AR A B UM
K(R=-0.960; P<0.051), SRR EA (R =
0.725) 4 EALA (R =0. 620) R IEAHSE  (HAT L
KEARBE(F3).

*3 1 pH 51EEHAE FDC BIMEXXER
Table 3 Correlation coefficient ( R) between pH and the FDC

of Cd fractions of cabbage-cultivated soil

s ) pH o
EX-F -0.821° -0.960 * *
CAB-F 0.795* 0.725
FMO-F 0.852" 0. 326
OM-F 0. 060 0. 059
RES-F -0.232 0. 620

2.4 ROkAwE

ALK SR AR LR 3. KA, A
SRAFIR (Cdy + Zy) KA 30 AR S A ik A
Y4352 0.911 ., 0.091 F11.002 g-pot ™. FHNG
(1 mg-kg ™" F1'5 mg-kg™") Ml T K AR LE
K, {01 mg-kg ™ ERALBRNT K SR LA K R B
—ERHEAE. IS AARXFIR(Cd, + Z,) HHEG,
FEXTIR (Cd, + Z,) RS A a3 T
20. 5% , T AE AR S AE Y I N T 18. 4% . Tfi
(5 mg-kg ™) AHMER] TR FISEM AR, Cd; +
Zo AEFRR SRR T A S AR AR Y L Cd, + Z, 5
SRR T 30. 8% Fl 1.2% . Ak, 5 Cd, + 7, #LL,
Cdy +Z, AbFHHS FF MRS LA B S bk A ) 50
IR T 15. 6% | 28. 4% F116. 5% .

Jit A (<10 g-kg ™) fRHE T RIFSEMAK,
FLG R A X K 38 A K B A 1 IR A
. KAL) i e KA T4k
Ab B Az Wy e B A A A AE T3 58 A A 2 g
LR T Cdy + NZy MR HRAK(0.035 ¢) (K 3).
BRI ,S g-kg ™' WA HEX K FASAE K2
VER B R, HLAS g-kg ™" 40K i £ kb B A5 9 B 1Y)
HmscAHE. 5 Cd, +7Z, ML, Cd, + NZ; ZbFHb
AR R RE R AR B A i B T 38..0%
20.5% f136.7% ; 5 Cd, + 7, # L, Cd; + NZ, H#i1 F
B, AR B A R R R A B T 79. 8%
54.0% M178.2%. 5 g-kg "Rl A7 Ab PR R 135
B E Y LS gokg ! W kA AL B i T
8.2% ~47.0% . {HFEE WA FH =GN, KAt
Yy R AR AL A BR THE S mg-kg ™' Cd 154
3R I SRR A Y S it 1
WA RAERZFEBAE3(b) ], WA 20
g-kg AR AR YR BR AL, (HEAERN R,
2 A 20 gk T, I A AD B K (3R A
Yy Eh g ok B A A BAIG, A 1L B AKTF A SR X R
@Uln, 11 mg-kg_1 5 mg-kg_] Cd 7J(%Z':F',20
gk ™! M A AL HLH TS AR SRR AR A Y
I Cdy +Zy BT 3.3% ~20.5%.
2.5 KA M Rt

HABRKAEEm s RN ERILE 4 A
SR IR R 25 Ml b 3 RAR &8 4 5 S &= LR 7. 06
mg-ke ' 5.69 mg-ke ', FEAL R E 43 6. 430
pgepot ' F10. 521 pg-pot G AR B E
T HABAL B (P <0.05) . Fili 3840 b PR B A0 14
I, A4 AR A R RN (P <0.05) B+
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Fig. 3 Biomass of shoot,root and whole plant of cabbage
SEARAL PRV L ARG N, 4R A AR A R i R ~50.2% 1 52. 4% ~53.2% , [A)IF RGN E i A1

H(P <0.05),Cd, +Z, il Cdy +Z, KHAZHE SR
) 4 F 31,097 ~ 36.070 mg-kg™' Fl 77.102 ~
120. 240 mg-kg ™', 4 B B & 4 G & 2,732 ~
42.325 pgepot 'H17.6 19 ~79.087 pg-pot . MFE
4 AT LA Y, K 34 O i AR AR R e vk A i
FHARETAD 0K A1 030 A Ach B ) ) 22 5 A 3] J
FKF(P<0.05). AREZEAGEOT it FH A9 K
A1 RIS A S AR TR SRR i AR AR R
i, FL R AV R B2 B A i P o A 38 I 5 . A
1 mg-kg 875 YLK B L HE R M 5. 10 F1 20
g-kg ™ YR BEAT 43 I SRS B A 4R 1 i LY R
AR T 26.6% ~35.9% . 60.5% ~70.4% F173.3%
~75. 0% , [ LS5 L 3t 38 v A Ah 3L K 1 5 45 3 or
R RRRAR T 27.4% ~35.3% . 52.4% ~60. 0% Fil
46.1% ~64.6% ; TE5 mg-kg ™" 575 Yk F + g
JitEH 5. 10 F1 20 g-kg ™" 9K A 43 500 K 3845
TR 4 o B X BRFRAIR T 17. 0% ~39.3% | 39. 4%

A PR A5 B 4 o B FRAIR T 10.5% ~25.3%
31.0% ~41.6% F119. 8% ~33.3%. Mt IFH
R (5 mgekg ') IR AR A SRR R
(1 AV I 1] 8 e TR (1 mg-kg™') 4. {A(H
EFEEMNE,Cdy + OZ, A0 FH [ 35548 & & (80. 047
mg-kg ") BEET Cd +Z, IR HAEFTA b
Herer. AEAREA AR B R/IN AR A ) R PR A B
WA HENCR. 5RAEM S =AM, A
b B R P S R SR et B s A P S A i e
FEAG, LA Kk A7 4 AR AR 22 i 0 3 1K 383 W A
HEALER (P <0.05). {HH TR (<10 g-kg™") ¥
AAEIR G — 7 T B T R SR AR R
535 3510 g-kg ™ WA b PRAR R B R TR X .
BN, Cd, + 0Z; AFRK =245 FRAL R R i L Cd,
+Z, T 5.5% ~12.5% ,Cd, + OZ, . Cdy + OZ,,
1 Cdg + NZg KA B4R Bl He Cds +
Zo BEINT 29.7% . 13.3% F149.2% , AR Rl
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ik

B 306

Ay BN T 25.6% . 9. 8% F144. 0% .

R SR 1 et Bl A0 P St A 4 o i B2 A1 1 A2 Ak
e st ey S Y | LN R N E B
AR AR S T A AR FDC Z A
FETEM B E M IEAH OCE &R (R 4 0.932, 0.879,

0.890,0.989; P <0.01). JEAEHL b AIHL T &5
R R R R 45 5 A A F LR FDC
WAATEAA LR, BFE | mg-kg™' Cd {54+ 4%
o BRER SRS 5 R F R A i R U DG OE R A
0. 01 By K-

F4 BXREIEMREREE

Table 4  Concentration and accumulation of Cd in cabbage

Cd &/ mg-kg ™!

Cd FR R/ pug-pot =

R o m oL m R

Cdo +7Z, 7.060 £0.945¢g 5.694 +0. 134f 6.430 +0. 861g 0.521 £0.012¢g 6.951 +0. 849¢
Cd, +7, 36.070 +0. 028a 31.079 +0. 028a 39.594 +0.031b 2.732 £0.003b 42.325 +0.034b
Cdl + 0Z5 35.695 +0. 143a 31.401 0. 141a 41.792 +0. 167a 3.081 £0.014a 44.873 +0. 181a
Cdl +0Z,, 26.723 +0.017b 25.760 +1.093b 30. 607 +0.019d 2.054 £0.087d 32.661 +0.068d
Cd, + 0Z,, 16. 738 +0. 367d 23.438 +0.475¢ 10. 818 +0. 237f 1. 186 +0. 024f 12.004 £0.261f
Cd, + NZs 23.112 £0. 124¢ 22.803 +0. 059¢ 35.020 +0. 019¢ 2.424 +0.006¢c 37.444 +0. 195¢
Cdl +NZ,, 10. 691 £0. 849e 12.269 +0. 434d 13.802 £1.095e 1. 674 £0. 059e 15.476 £ 1. 155e
Cdl +NZ,, 9.015 +£0.091f 8.290 +£0.974e 11.749 +0. 119f 0.572 £0.067¢g 12.320 +0. 186f
Cdo +7Z, 7.060 £0. 945h 5.694 £0. 134¢ 6.430 +£0. 861h 0.521 £0.012h 6.951 £0. 849h
Cd5 +7Z, 77.102 +£0.001b 120. 240 1. 525a 71.468 +0.001d 7.619 £0.097a 79.087 +0. 095d
Cds + 0Zs 71.513 £0. 250¢ 97.732 +0. 386b 92.733 +0. 325h 6.492 +0. 026¢ 99.225 +0.299h
Cd5 +0Z,, 80. 047 +0. 004a 86.763 +0.757¢ 81.021 +0. 004¢ 5.719 £0. 050d 86.740 +0. 054¢c
Cd5 + 0Z,, 54.098 £0. 265e 71.425 +0.297d 46. 659 +0. 229f 4.891 +0. 020f 51.549 +0. 249¢f
Cd5 + NZs 64.003 +0. 768d 73.03 +£0.581d 106. 688 +1.280a 7.091 £0. 056b 113.779 +1.224a
Cds + NZ,, 46. 732 +0. 643f 59.872 +1.342e 48. 895 +0. 673e 5.623 £0. 126e 54.518 +0. 547e
Cd5 + NZ,, 36.085 £0.479g 57.288 +0.552f 37.309 £0.495¢ 2.017 £0.019¢g 39.326 +£0.515g

®5 TEXRESE FDC 5% EAEST THRESEENEXXER

Table 5  Correlation coefficient (R) between the FDC of soil Cd fractions and concentrations of Cd in shoot and root of cabbage

o . RECd) - RECds)
1 H 1 "

EX-F 0.932"* 0.879 * * 0.890 " * 0.989 " *

CAB-F -0. 565 -0.789* -0.778 % -0.669

FMO-F -0.910* * —0.885** -0.215 -0.534

OM-F -0.332 -0.143 0. 094 -0.199

RES-F 0. 056 0. 246 -0.613 -0.318

3 i PRI Eh 455548 FDC W B, +3E —&E W
M TE

AT I PR TR AT T A RS YK F
e B AR B ] A9 AR AR 0, I i A AR K
¥ ot — T T kAt T AR TE S R 4
Wer SR, 2 N R SR I 2 B it FH 4K A R
WA BERPRAR T B e S &, HbEE
WAt FH B R R R A XS T A e
PRS2 A — 2. B L3R T JeokoF ny 3
T EAIE AR AL RN, £ B R FDC A
FEB AR R AL LA EES FDC BEWE A it FH = 1
BEITT AR, X5 Yang 26 (R 5 A BT AR, 100
U RIS | IRTR TR 5 A A AL A AL 5
P 7 B SR S Y KT B I R B AT A8 4 A R

HERES oA B 58 W, A HLBT A g e
AP N A — 2 R T RE 7. 53R It &
W, 20t 3 FARTAT IS e I A R T R
6,1, 5, 10 F115 mg-kg ™" Cd 7K 438 1] 52 #2548
FDC KKK 72.0% . 84.7% . 86.2% F188.0% . {H
BRAE I AT AR s A i i T b
e LIS P s MRS OB A HAR R T
8 A S R A N R B o 208, B4
VRIS I Sl B e, e AL E AR 2 L it P
Al AE5FE0~4d,7~21 d #1128 d, HHETERIE
BRETERHSE. 7EHFR 0 ~4 d, DIERIEAS
AT AR 3B T2 ol AT S AN ) B R AR 25
AL, RBUNTER TR 4 d W S50 b,
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WRIRER 45 A 25 W 35 30 I ol + e ) £ B AF Y
A, FERFET ~21 d, BHERIE A P Bk R 12
LS (R T A2 480 25 S 38 0 5 6 o1 2%, a5 ke
RS, A LS G ARG . B A XK (1
mg-kg ™' Cd) {5 YL B BRI I B, 3Pk
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