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Phytoexclusion and In-situ Immobilization of Cadmium in Vegetable Field in Sewage Irrigation Region
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Abstract ; Phytoexclusion and in—situ immobilization are two common techniques for remediation of soil heavy metals. In this study, a field
experiment was carried out to compare remediation efficiency of these two techniques and their combination in cadmium (Cd) contaminated
vegetable field in sewage irrigation region. The effects of sepiolite, bentonite and chicken manure on growth and Cd accumulation of a com—
mon cultivar (Hanlv ) and a low—cadmium-accumulating cultivar of Brassica chinensis (Chuantianhuizi) were examined and the mecha-
nism of Cd immobilization was also explored by soil Cd fractionation. Applying chicken manure significantly increased shoot biomass of both
cultivars, with maximal increases of 42.8% and 127.8% for Hanlv and Chuantianhuizi, respectively. Addition of clay minerals didn’t signifi—
cantly increase shoot biomass of two cultivars. Combined applications of clays and chicken manure significantly decreased shoot Cd concen—
trations of the common cultivar, with a maximal reduction of 50.5%, causing shoot Cd concentrations lower than the China Food Safety Stan—
dard for Cd of 0.2 mg kg™ (GB 2762—2012). In all immobilization treatments, the shoot Cd concentration of low—cadmium-accumulating
cultivar was significantly lower than the maximum level permitted by GB 2762—2012. Addition of chicken manure significantly decreased
available Cd concentrations in soil, with a maximal reduction of 37.0%, but clay additions didn’t decrease soil available Cd concentrations.
Clays and chicken manure could promote transformation of exchangeable Cd into residual or organic bound fractions, resulting in significant
reduction of Cd bioavailability. To sum up, planting low —cadmium —accumulating cultivar in combination with applications of clay and
chicken manure could produce safe vegetables in Cd contaminated fields of sewage irrigation region.

Keywords: phytoexclusion; immobilization; low—cadmium—accumulating cultivar; Brassica chinensis; sepiolite; bentonite; chicken manure

e #5 H #7:2014-05-08

EE&W A : ER QAR LG H (40901154,21177068,21107056 ) Rl BH SR L AL BT 29T H (20126B23260546 ) 5 24 2 HEAT Ml (R )R 151
(201203045 ; Kt HARFF #5401 H (14JCYBJC30300)

fEERMN: T AR(1980—), B, INARE LN 14, BT 51, A L e 4 @ 15 e il 58 . E-mail : lwang2013@aliyun.com

*EIEEE RN E-mail : ymxu1999@126.com



2112

PSSy 3355 1114

A Ml FH 7K G AR K G U T e A R R I
R I fefi FRIYS K EEE o 9 4 26 R TS X A 4
11, 1998 A F8 [ 5 3 A H T B 361.84 J7 hm?,
WEEEARM 7.3%, Fb 20 40 80 ARARHIHE — ik H 4
I T 1.6 A5, 5 XORA B HERE , £ FH +
BB TSR ATEY. LARHT I, i5 Ak 1
AR R 115 5 hm?, HA {5 ESe @ o 1.4 77
hm? 3832 4 @ V5 Y E AR 1.0 75 hm?, JE LI (Cd)
15 Yt R, WIS L Cd SR AR RN
43.5% W% Cd & B HPRR RIS 45.0%, 5 4
JETE AL S AR T i R ol B AL
AR AR RN E L, O 45 X s R A
A s ™ B A R, DR, Vo XS ek H A 1&
SEANATRE AL AR

ARG RAHBE AR AW, —FE
MASEAT Y A 2E s A W T Bk b 1 4
4R R A RS i, NI AR 4 d AN
Py L SR o R Al ARG S AR A S A
R Z MR, & HA R BRERE BASZ AR,
Az R A, SR TR K i Rt AR R ] REXT 43
ISt AN RIS, B T2 AR A R, 5
—REE AR ZE AT, W Pl 4 JE IR R
At AR VR AT B R A 4 R o, AT TR B
S TS Ye A I E Y ST AR BB kA 4 BH e 15
52 (Phytoexclusion )", VER—FPIL LA 5 T4 H 3R
B AP E AR VR 22 E e A T
4 JE IR FE TS YA FH (KA B, SR T 32 31 & 2% + HEIR B
(A2 AR BEL BB A2 AR AR RE AT AR R F
SR AE PIBH B A A 2 B ARG N, BIARAE AR
FRR AR it FH B0 A 790 AP 98 o 4 J A &k L it
E— B E Y 4 )8 B bR i RS , [RIEH KA
TR S ()38 FHTE L, (R X 5 TR AR IR AS 22 0

VEAER, A AR A NGR IR A 50 4N
TMSER R R E T 5 A Cd RFL R Fh, IR0 4 8 R
T AR R Cd A HLER 1 A DR A 58 A
AR BG B T - SO R R 4 S T
IR AR E AL, I R B T
BT W EAAE S S Y AT A TS, 7R AR
FUIEAH b, R Cd AR B3 s Fp R S R4S 1
A, 38 K S A A B - LS A AU
A T A B PR R 32 A RN Cd WM R i), R
PRI, DU AR AR B A i I B8 52 15 it , DT
PrEEIGHE X Cd 15 YR & R B

| HREHE

1.1 iRIER AL

B F 2012 45 78 T RS 15 HE S 1 aft
1T AR A T R EE AT HEG I X, 3 K ARE
SN VEY RV BERE 22 BN 4 TS YR s K A T
W, 35 Cd V55 Ry e E 2 08 s 3R TR AR DT
B R E i+, HIEARTEYER K pH {H 7.61, FH
BT 15.8 cmol kg™, K 24.9% , iV 22.1%,
ByRL 53.0% , A ML 3.22% , 4 F, 1.46 g-kg™, B
45.4 mg- kg™, AR 109 mg-ke™, B Cd 2.47 mg-ke™,

HEHKX A WA 3% (Brassica chinensis ) i Fh 43
SR Cd IR 2R 5 A0 I B DL AE 2 b 72 AR A
(1485 3 PP LR

BER BRI Wi+ ARG, 1
WA AL S B A A w, ERIER D 22.70
m?- g, pH {2} 10.07, FZAL2E 4 AN : CaCO; 65%
Mg:Si,(OH ),05 8% , Sis06+ H;0 9% , CaMgSi,05 18% ;
g2 - [ R — R T S A B A ], R AL
55.87 m*-g”',pH i Ny 8.14, F FAL2# 4 i W : Si0,
57.36% ,MgO 1.20% ,Ca0 5.29% ,Al,0; 19.24% ,TiO,
0.42% , Fe;05 6.27% ; W ZE i A K E T Ay B NE ML BH A
PR Fl$E AL, pH (B 6.19, AL & i 64.51% N
P K 4245 17.0.6.3.7.6 g-kg™, M Cd &N
0.57 mg-kg™',

1.2 R_5eig

AR IR A R FEHL X B3 s A e
N— AR 2 AR, 43550 % 1y 5 38 & Rl Cd
R RS BRI N 5 — AR, A 64
ARFR 4350 A % B CCK) , AT IEE 1R 57 ; B — i 7
ARLI(S) A BN 2.25 kg m™; L —[F
T AbFE(B), BEE TN R 2.25 kg-m 5 B 3%
AEFE(M) , XGFEUS AN 2.25 kg~ m™; A7 593
A2 Te A FE(SM) , V360 47 ARG 2 T8 i 2o 2.25 kg
m~2; [ 1 55 X0 2% A e kb TR (BM) |, 230 - RS 2R
I 2.25 kg-m™?, AR 3 R ER It
36 /MK, BAVNXER R 10 m?, FEREHLX 24 HE
A, K FH 7 SRR (PR R 20 om ) A4 FHEE 2B , 0%
P,

F 2012 43 A, RAN TRt 28 b bk
BIETE AN SR 5 BIAHHE ST R EE 20 em)IF5EK ., 4
H NIRRT | R 155 B i A0 2 b 1 A =
—3, K 35 d Rk,



AR TSR S S L A A S B 2113

1.3 #HEmREMDH

TERIRINS , SR ST R  AE A /N R AR
5 BRIMEE, Rl I SRAEMR X A IhSRAE R i B
FIARER ARU ] B R KRN 25 B oK ke PRt B 0,
7E£ 90 CTFAH 30 min, SRJSTE 70 CHET 24, FR
T E A A AR STE KT WHE , SRR AR
1f 1.00 mm F1 0.15 mm § , 25 FH o

FEPIFE S Cd & B4R ] HNOS=HCIO, 7 (1AF]
kb 3:1)7Hfi#. T3 Cd 53R ] HCI-HNO;-HF-
HCIO, 2: 15 A48 Cd Z3#rAdiE NY/T 890—2004,
K H DTPA IR, LW R 122, FE =T LA 180
remin”' ki 2 h J5 i IEM; L3 Cd B SR A
Tessier S5 i Y 1Y 73 A2 BT iR 4, 700 5 B
B LA BRIRFREE G R A S G AL
SE BV FRIER . FIR RN ) A R S AR
B W 556 124X ( Solaar M6, Thermo Fisher Scien—
tific, USA)ME o -3 5B AR pH ER ] 258
FKBRH (LKL 1:2.5),pH 1 (PB-10, Sartorius ) il
JE o TIEHATRAR M B4 BR - e Ab A3 B
T,
L4 HiEabiE

RIS B8R A Excel 2010 F1 SPSS 11.5 B4 7
geitorr. RSN R Ty 200 i/ N B 3 22 80k
(LSD ) 73#r [F]— il N A [ Bl Ak Ak B2 ] ) 22 53 ¥
FE RITBCXT ¢ K30 73 Hr P b e ] 7 28 5 8 12k o

2 HREWR
2.1 AEMEEFEREXT S E Y E R0

1207 — ...
i ClgEg a

100§r EPIE S

o5}
(=]

RTS8 g
3

b3
[F)— SRR RS RN A A B B 25 5 .35 (P<0.05) . T 1]
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Figure 1 Effects of different immobilization treatments on shoot

fresh weight of two cultivars of B. chinensis
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Figure 2 Effects of different immobilization treatments on shoot Cd

concentrations(fresh weight basis ) of two cultivars of B. chinensis
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Figure 3 Effects of different immobilization treatments on soil pH
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Table 1 Shoot Cd enrichment factors and translocation factors(dry weight basis ) of B. chinensis under different immobilization treatments

R EMSH n Rl CK S B M SM BM
o L 3.190.45ab 2.7420.18b 3.45+0.35a 2.06+0.41c 1.47£0.22d 1.49+0.20d
JI| BT 2.55+0.32a 1.43+0.25b 1.66+0.11b 1.0720.05bc 0.82+0.16¢ 0.82+0.22¢
52 R JEL 0.82120.120a  0.521£0.037bc  0.673:0.068ab  0.474£0.078bc  0.468+0.032¢c  0.425:0.025¢
NI EF 0.67120.089a  0.505+0.074b  0.51720.114b  0.35420.063c  0.382+0.028bc  0.41220.052hc

T [l — AT AN F)/ING FREF0R & b L) 22 57 {35 (P<0.05 ).

Notes: Values followed by different lowercase letters within a row are significantly different at P<0.05 level.



FObR A TS X S Y M R LR AR LA S B 2115

8.14, Ak 4- 58 22 5 8 /0N, R TS I i - R I8
MUAE - HEpH {392 pH (R 6.19, SR, [ i
FREZEfd 1 3EpH 2 & R

97 PR A A AR A B A3 Cd AR R
M), >R F DTPA R4 T H 380G Cd &t . i
4 R B AR B A A K R 3 Cd B 3K
PEFZ M A —B, SXF A, sl Ae b EE T Cd A 3L
AE RN 10.21%~37.01%, it FI XS 2 1) 4b
P AFE M SM LUK BM, (i -84 8508 Cd & & 8 5%
RAR, T2 A 4 B — Kb F R +30A A Cd Fa%
FERTE U A AT N L s 2 I N iDL L N ey
AR THENERS Cd S RERA B EER . MEERT
Jiti F BE ST, S I i A it R EDR A5 17 P 79 e it
AT LB B A 398 Cd A 50 , i 5 1y P e 420 BB
FE RN -3 Cd AR BEAT S
2.4 FEfeEHEKEX TIERHSH M

J T BRI S R Cd T5 Y A 1R A AL

1.5¢

E 23
E)imsy

—_
[\
T

I
o
T

T HEA SR O /mg kg
=1 I
W N

o
=}

CK S M S

Ab R
B 4 FEELAAEN T IEFRSRS BN

Figure 4 Effects of different immobilization treatments on soil

available Cd concentrations
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Figure 5 Effects of different immobilization treatments on Cd

fractions in soil cultivated with pakchoi cultivar Hanlv
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Figure 6 Effects of different immobilization treatments on Cd

fractions in soil cultivated with Chuantianhuizi cultivar
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