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Competence of Cd Phytoremediation in Cd-OCDF Co-contaminated Soil Using
Mirabilis jalapa L.

ZHANG Xing-li, ZOU Wei, ZHOU Qi-xing "

(Key Laboratory of Pollution Processes and Environmental Criteria ( Ministry of Education)/Tianjin Key Laboratory of Environmental

Remediation and Pollution Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)

Abstract: Soil contamination by heavy metals and persistent organic pollutants tends to be severe. Pot experiment was conducted to
investigate the phytoremediation of cadmium(Cd) in Cd-OCDF Co-contaminated Soil by Mirabilis jalapa L. , using OCDF and Cd as
the model pollutants of persistent organic pollutants and heavy metals, to study the growth responses of plant and OCDF effects on
phytoremediation of Cd. The results showed that during three months of planting the height and dry biomass of Mirabilis jalapa L.
decreased slightly when the Cd concentration was not higher than 200 mg-kg ™', and the plant exhibited high tolerance to Cd and
OCDF. Compared with the Cd single pollution, OCDF had no significant effect on the height and root biomass of Mirabilis jalapa L. .
When the concentration of Cd was 200 mg-kg ™" and the concentration of OCDF was 500 pg-kg ™", the shoot biomass was reduced by
22.19% . In other treatments, OCDF showed no significant inhibition to the shoot biomass of Mirabilis jalapa L. , but increased the
" and the
concentration of OCDF was 100 pg-kg ™", the Cd accumulation of root was reduced by 34. 44% . When the concentration of Cd was 400

shoot biomass in some treatments. Compared with single Cd pollution, when the concentration of Cd was 200 mg-kg~

mg-kg ™" and the concentration of OCDF was 100 pg-kg™', the Cd accumulation in root and leaf was reduced by 7.93% and
18.09% , respectively. In other treatments, OCDF promoted the extraction and accumulation of Cd by root, stem and leaf of Mirabilis
jalapa L. from soil to some degree. So using Mirabilis jalapa L. to remediate Cd from high Cd concentration and OCDF co-
contaminated soil is feasible.

Key words : co-contaminated soil ; Mirabilis jalapa L. ; cadmium; OCDF; phytoremediation; Cd speciation

BT T B R A S PUR AT
PRSI | RO DT e R | SRR E T L LA
TR 5 R i 2B 7R A A AR R A U
A B 7 H 5 A, R A R IR
H T B . A5 BE SOREA B 35 4620 e TR
Z . HPIB A RE B 1 XIS Yl e, AR
PERERBUWERIARE MRtk | M2 R T Je 3

BN ANISERR I 3 4@ n &R, 2005 44 A&
2013 4F 12 H , 38 [ JF J 1) 4 [ 4 35 ek ol 8
gE R R, E R AR R R 16.1% , Hoh iz

i BHA: 2015-01-24; 1&iTHHA: 2015-03-18
ELWH.: EEARPAEESTIH (31170473, U1133006)
YEE @A SKAIN (1987 ~ ), 2, 14, R M SR S
A3 FHLE], E-mail ; zhx1929@ 126. com
* JHIHIR RN, E-mail ; zhouqx523@ 126. com



3046 AN 5%

Bt 2% 36 #&

[ O Y SN i A s i AR R S = R A2 A s o 71
11.2% . 2.3% 1. 5% F1 1. 1% ; A5 YBabR 5
1 AT R S0 82. 8% , TE R T 43 @ 15 Ut
o, B Cd TG Y s RERR R 7. 0% TR
T ARSNGB A K - AT S
T S Y O AR Y RN R R K T AR
A PEIX 44 Cd 345 5 18.92 mg-kg ™', R4
FHE Cd SR 195 /55, 2000 AEARY R EE
W R G 14 48 IR 42 110 Cd 15
PRl , B IGE R P E 48 Cd 5515 Yol b R 5 ik
23.5% ; FAARIX 18 ARG i SR Cd a4
FR S AR et 17 £5 R T
R — 6 B T BT A T 3 Cd A R ik 22,06
mg-kg ™ L T Y b 3 R BESET B 4 Cd
HE A 0.24 mg-kg ML T B R HER B3R
Cd FH0.02 mg-kg "7, 4% Cd 5L iE Ik Ek
e . BRSEAEAR T T (0 BT A T e ™ S 5 ) A Rk R
FARNY TR R, BB AE R I S 45 i 19 4R
ﬁ%[%ﬂ_

e R I5Y P — SRR G ML Y. £
S 2K I vk W ( polychlorinated dibenzo-p-furans,
PCDF's ) J&{ & FHEAMA HLIS YW 10 I B A /R BE 2
29y v WA 5 B Sl i R Bt R R A
LS (POPs) Zz — | 5 24 T K IF e
(‘polychlorinated dibenzo-p-dioxins, PCDDs) ZEFx A —
WES 5 ), PCDFs =2 B0 By W ke HE il 5 &
iSOy iVt 7 R o2 &0 o0 a1 Bl =R W
L oRiAH R PCDD/Fs 5 & R bt os 45 kW, &
SR PCDFs PR BEK o i R 50w | MR Mg, 2
FEAE TR AR Uk A 1 PCDD/Fs AT LATE i 192
UUREUE A L3R5 R H 3 PCDD/Fs 4™
X3 K FEG YRR 11 PCDFs ik i 5651
SHOLRETE E ORI h IR T iR R L
Hilh AT, KIE SR
PR BE PCDFs 15 e B8 fh , &5 BIEIE |
JoRE | A B BEAT . B LI IR S A, T A T A 41 2
[ B 9 i BF 55 vh 0 ¥ PCDFs B &l — 9% 3098
P11 PCDFs ] DUt Bz 0 . R, PRIRGHE | T4k
B e AR, o Y R i R
W AR ST R, K M IX RE L
WSS YL ) B M Y T (LA TEQs/fat 3,
TIE) A15. 18473 pg-g™", PR FH L X 7. 12129
pgeg ™, FEREFL g yE YK 7 A T i E 8
IR, 372 LR 3L ) — e 5 A A T

WHO 5 19 N B HR 32 6, B | e 6% i) E A
KESEE 1L T M 1958 ~ 2004 4E A= 7= & A4k 2
2013 AFHHHCT) 10 km NEAERY 20 ~30 2 47 1]
AL i, K & B, i W PCDD/Fs & & (LA
WHO-TEQ i) & 14.76 ~ 139.77 pg-g~', PCDD/Fs
FEW s AL KRR HE AR, AR
PCDD/Fs #1241 55 B 8 A T B 8 5 fA ¢
;ri[lg] .

TP ST — R 6 R SE R . FRBE K
R AEYIME S HOR | B iR KRR b AR A8 52 i o) 34
Bei4hah il T R AR TS g T ria i, BAAHOR
MZTE Ry & BT S e AR
P Y AR = ;1 S N o R - R 3R T N
Z BInC 2 B Cd & Y, 8 1SR (Thiaspi
caerulescens ) (23~25] . BN B 3F % ( Brassica Juncea
L.) 260 5211 5 3% ( Viola baoshanensis ) 2 g g
( Solanum  nigrum L. VP ( Artemisia
selengensis ) ™" . Xt T ML 4 BE A5 48 B 4 49
PCDD/Fs J& M 4 UL i, [ Ah— 222 0 0y
PCDD/Fs ZEETE A5 35/ DUR ) OkE 5 4G
B AR BEAT YR, PCDD/ Fs 15 e b X A ) A
NI PCDD/Fs EEE H TRADIFE 2 —sb2
#INK PCDD/Fs AT LA P AR B O 55 7% 21
4. ), Nunes A B R ALY H.
portulacoides 5. perennis ] LI BR PR TR Y
(¥) PCDD/Fs I 5 SRAEMR , 25, Mo, HAHR A
PCDD/Fs & SRR HEUF. Hulster 27 BF55 & B, P
B, BN L B AR R K E b
PCDD/Fs , HCHABAIE T 1) 2R 52 R 3¢ v 5 5 24 1 9
AR . Tnui 55 BFIE T 3 A PG T AR T
PCDD/Fs HYAS[A] W A% O, & 38 “ Black Beauty” Fl
“Gold Rush” -~ Py #f= JLF 1 PCDDs 1 PCDFs #Y
TP Y H(H A “ Patty Green” AP (1) 180 %, W i
PRI T AE 5 PCDD/Fs BUBALITEFA X, Wang %57
RIHAR 2 AN A = 5YE BDF 15 4 1Y 4%
PR KR T ELAR TR RE A8 B A AR AL B ) B9 1
AWy RN AR =R B B A 4 s
PCDD/Fs [ /1.

LR F] (Mirabilis jalapa L. ) , —4F o 244
T, BTz AR AR T e B BT R
R, RER A AR B e i Cd ™ IR A g
KB, 5K F A W Cd (Cd ok B IK F 300
mg-kg ™) AT BAF T 5 SRR TE fiF B A B /N
F 10 mg-kg ' V54 3P HAA AR, I HLAERS



8 AT A -/ A IR 55 G e SERAD R B RE 3047

Pt H R R EIR A R R E R R
TEFFHEYIANTE A Y4E 20 T Tk e 5 3y
IEERE. BARICT Cd 5 Y + 1 (1) R W) 18 52 BF 95 44
% ,{H Cd-PCDFs B A 15 4 + R YIE R 055 4
W AARAE , A SCEEAR DG o Atk |, e /NG AR 0R
FFILIE (OCDF ) Ay #iL Rl PCDFs, A T4 OCDF 5
Cd BAT5 % T3 sl SRtk | AW | Atk N

Cd Fr i S 3Erh Cd B SR , it . D5
FIAEE A5 Y 3P gt ; @4 AL OCDF X %€
FHRER Cd FEPERSEIR ; OAFETG R Cd B
B BERTERFMER Cd-PCDFs B A/154+
Herh od B R RT AT MR, RS A R X A T R
PCDD/Fs W18 Z W97 S & 4 )| -POPs 2 & 75 4%
TPNEE R — A X

®1 RESHRTEREHTES PCDD/Fs 2R EETLIFE"

Table 1  Concentrations and the main pollution sources of PCDD/Fs in soil of some serious pollution regions in China

X + e PCDD/Fs & 2 FEIGYLIR

FAWIL] 33 660° IS8 o G I 4

IR el 967 550° LB B e
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R = AR /W 2639.1° FE AR R (HAS RS | TR R 7t 4 B 2R 55
BT 606 000* AR
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FHEHEAY T X B T 438 (48 ~493.14)° VAVAVANNAN: SN I L) B e i A o o S e e 1 N Y
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DFFa b e SRR pgrg (W dw i) | pgeg™ (BLITEQ/dw )., pgeg™" (1 WHO-TEQ/dw i)

1 MRS

1.1 K5k

Rt PIQEPRES/ HUEZN 5% i AN Y | NG
YR )Z (0 ~20 em) , HARKT3E 2 mm
HH AL ™. pH 7.78, A ALK (OM) 18. 85
g kg™ PHEFAcHit (CEC) 16. 33 cmol -kg ™', Bk
34.10% , ¥y ki 28.91% , #6 ik 36.99%. %5 2K i
( Mirabilis jalapa 1. ) W B b 52 464l F FF 7 A BR A
A, PR 45 ~ 80 cm, 546, OCDF Al H -
WL Bl 2E AR A BR A ], CdCL, 2. 5H,0 2 B4,
HNO, , HF | H,0, ¥ 8049, H & 1k 2=l 55 h 43
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1.2 W5k

FE AR b KR R T R 2R ZR A 2R B K UL
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RY6 3 10 M FEZE | BT R 3
X ,Cd-OCDF I Ik B ( Cd #& £ mg-kg ™', OCDF
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(T9) , P ai— 8RR Cd Jedi ik i | 5 — 505
7~ OCDF Yerpvf . HARYL s BN . OCDF #3ife
st S /D e U o i P DN T RS AN [ e
PRET TR, 4% BRI Mk B2 K OCDY TN R 7 B i
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GeK, AEZE ML L. SR AT AERK 3 N H R
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AT SRR K S AN 72 2, 16 PR AT # 1
AR5, AT R AR LA, AR fa F M i K W HE
AR S EAERIR RS G | B S 68
BHLE A, BATTE L84 Cln S A0 i 7
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SIS BCR ¥EME T it , et 5 19 BCR 35 F BLE
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Table 2 Process of modified BCR sequential extraction

B 2 PEHUR s> P HGH)

PEHOTIE

20 mL,0. 11 mol-L " HOAc

20 mL, 0.5 mol-L~' NH,OH -
HCI(# HNO, ¥ pH=1.5)

25%C,250 r-min "' FRIRIELEIR G 16 h
25°C,250 r-min "' $ERELARY; 16 h

SEMMA S mL,8.8 mol-L~" H,0, 25°C it & 1 h, it A

10 mL,8. 8 mol-L™" H,0,, pH2  85°C/KUH P ZIFHU/NT 3 mL, M/RKIRTS ; 4S50

ARG A

IV REd WA RN R [CeS LS

~3,25 mL,1 mol-L"'NH,0Ac A5 mL,8.8 mol:L™" H,0, , EWRMAFN 1 mL, 8
(# HNO, 14 pH =2)

IRYR s WEIJE A 1.0 mol-L™",
NH,0AC,25 mL,25C F #4407 16 h

PBH I E B )5 £ Cd exdi, 22 Wik 15

pH {6 H 2.0

1.7 Bt

SCH RN AR 3 IRE R ME, B gt
53 Hr R SPSS 20 5 Origin 8.5 #E47. % MR HL A
Il EMT T Duncan 22 3 50 M1 ) 7 85, #E4T
Z A TR) Y 3 P A, B SR KE P o<
0. 05.

2 HFR5IHE

2.1 ERTGPANET SR B
SORFIER 3 H ZITEWIEE KL, Cd He

7400 mg-kg ' — 55 G5 YA BRAL, SR AR

AR B AZ B, EARIR/N, RN Kk, 2E51)
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U A —E R VR A, A5 AL B2 SR
BHERRO R AT

AL S8 SRR R S A R AR Ak 43 i) UL A
1~3. BE 1 A A: 5 CK M ke, ed ¥ JE N 100
mg-kg ' ALERAL R T B E AL, BRFERK R
U, Bk R e K Cd W E R 200 mg-kg ™' Al 400
mg-kg T AL 22 [H] B8 F AR G 0 R 2
HRERHM T A4, A Cd W E M 200 ~ 400
mg-kg ™", SEAHIMR R B AR A IR, 150 ) 58 S X e vk
FE Cd 15 HA —E M.

A 2, 3 AIAT, SR b R M A o 2 A
WAL F 25 (4l CK, Cd ¥ B h 100 mg-kg ™' F1 200
H%-kg_lé}&tﬂﬂﬁiziﬁﬂ,ﬂﬁ1:ZQﬂEJ:ﬁE%Z§%§§ZKJ:
ToRFEVEZ SR, Cd WRE N 400 mg-kg ™' B, A X F
Cd ¥4 100 mg-kg ' F1200 mg-kg ™' AbHZH b
K b AR YUY 0N B SERTE Cd VR <
200 mg-kg ™' A I5 Py LI A RO B PR XK
VRS IR Cd R 200 mg-kg T I
300 mg-kg ' BYEA—T5 Y L HE ARG 5 0T Yess
FIAIX IR, Cd b 13585328 i A s/ {H 2 AN B
i, 7E 500 mg-kg ™ MR EEAY Cd ¥5 Y 3 AE KA,
M b4 o X BRI 34, 33% , B IR R A, i F
LR A —FL.

a
60&&1);,]3{‘3[1 cd
EalEs —I—cdcdd %cd
50 F
40 |
]
5
5z 30 |
®
20 b
10 -
0
T T 8 28 ¥ 8 2 8 g8 =8
= g 7 % g 5 9 g 57 @
- g 8 © g g T g8 8
—_— - Lo I ) s T

Cdif HE/mg-kg -OCDF i i lug-kg™!

E1 AEGEBAEFIRSEL
Fig. 1 Change in height of Mirabilis jalapa L.

under different treatments

& 1 ~3 aJ %, Cd-OCDF & &5 YL ib PRl 5
Cd B —J5 YL b BRZAH L, S8R AR =y BAR T A )
AR AN B ). L AR A AR . Cd e
4 100 mg-kg ™", OCDF ¥ J¥ 7 100 pg-kg ', Hi

6 H bed be
bede
5 H cde
+ de

o

B A4 hit/g-pot”!
o

2 2 8 8 2 8 8 32 g 8
= 2 = s = = I = - i
= & = & & s F & &

= = =3 = = =

— —_ 1 1 =t -

Cdk i /mg-kg™'-OCDF i i /ug-kg™!

B2 ARAGEBALFFARBENETL
Fig. 2 Change in root biomass of Mirabilis jalapa L.

under different treatments

a
Nl
14 ¢ b
E bcbcﬂp
12+ _I_{— : cd
DB de
£ 10 jL{_
0 €
i
£ 8
=
4 67
2
4}
2+
0
S g 3 % g 3 78 I 7
= g 8 9 g g8 ¥ 8 8
=~ [ I | =+ =

Cdfe fiE/mg kg -OCDF /g ke ™!

B3 TRGEAZFRFM EBSEMETL
Fig. 3 Change in shoot biomass of Mirabilis jalapa L.

under different treatments

AR Cd A BRALA) 1. 15 % ; OCDF #kJ¥
H3500 pwg-keg B, Hb FAEYES Cd B —4b PRZ A
Fe G A8 M. Cd W 200 mg-kg ™', OCDF ¥ Ji
9100 pg-kg ™ B L EA YR S R — Cd A FRALAH
TG B E 281k ; OCDF ¥R R 500 pg-kg ™' B, Hb -
AR — Cd AR 77. 81% , SR F A K2
M. Cd ¥eJE Jy 400 mg-kg ™', OCDF ¥ & Hy 100
ne ke L EA MR R Cd B —AbFRZH Y 1. 28 %
OCDF #¢JF Jy 500 pg-kg ' A, #o /B Cd
— AbFRLH A L TG 2 AR A



3050 AN 5%

Bt 2% 36 #&

PR = A W i b S WA e 3 B 38 1 A=
KA SEAE PR 15 G Wyt R/ AR, B |
LA ZIFAE 3 A A I N SRR A Cd
W <200 mg-kg ™' M9 G5 G 1 b HOA AR 1Y
i P, s FAE W s R IR A R s 5 Cd B — V5 Y4 4H
L, OCDF X S5 F#k o . ARFR A M) 0 i 352 ),
Cd ¥ ¥ 200 mg-kg™', OCDF ¥#kJ&F 500 pg-kg 'Hf,
OCDF T7AEffi 2255 i3 _b A= W FAIC 22. 19% , HE
AEFRZE, OCDF X485 i b b A= 4t TG il 25 10 4 1
FH, RS S b B ZH 3G 0 S8R A kb A . AT g
J&,0CDF J& TEIR M A HLIT ¥ (K, > 10%) %%,
AR R ZU W R AE R A AL L S g AR AN AT
390 U8 6 T2 G ) (1 A 3% P 28 AR X e A O WA i A AR
W OB XA ) 7 A I Y B R .

2.2 BAGHFITERFE Cd FRPEsrir

AFAL A SR AR | 25| &3R4 Cd PR
LR 3. BRI A SR AR ZH P Cd &
AR > 1 > 25 Cd R 100 mg-kg ™
it , OCDF 7 fifi 2K AR HB Cd R Bt o il & 7

51.88% , 16.98% , 2%, W Cd & & o221k,
OCDF FAFEfE#F T 28R FIARL B - HEFR B R Cd
(RES, BAIRIRE OCDF fEHEE K. Cd MRIE K
200 mg-kg ™', OCDF ¥ 4 100 pg-kg ™' B, 55
3K Cd FRE R T 6.26% AR Cd #7188 AR
T 34.44% ; OCDF ¥ JE 0 500 pg-kg ™' B, 552K F
R, ZE, &S Cd B EHINT 6.39% |
16.76% . 10.36% . Cd ¥ 400 mg-kg ™', OCDF
WEEN 100 pg-kg ™' B, SR FTARTS AN Cd FL 2R
ORI T 7.93% | 18.09% , 253 Cd LR &1
JNT 31.04% ; OCDF ¥ & 4 500 pg-kg ' B, &5
AR, 22 nf Cd IR E TR E 2R, 45 R RV,
OCDF-Cd A 15 Q800 55— Cd I5 LA Ll , Cd ¥
J& 4 200 mg-kg ™', OCDF ¥~ 100 pg-kg AT, 4
RAMEE Cd B RFEMRN T 34.44% , Cd W JE N
400 mg-kg™', OCDF ¥Rl 100 pg-kg ' B, MR
F Cd FUR B HIREAR T 7.93% | 18.09% , H:
BAHEL], OCDF AR = T KA | 25|
MR ECHIFL R 4P Cd 1 RE

£3 FTAKLBALFHREM Cd WRREED /mg-kg ™!

Table 3 Accumulation of Cd in roots, stems and leaves of Mirabilis jalapa L. under different treatments/mg-kg~

1

AbFREH M Cd & 2 cd g i cd FaE

0~0 0.43 +0.01g 0.44 +0.03f 0.22 £0.02g
100 ~0 116.55 +7.53f 20.18 £3.27e 36.17 £2.30f
100 ~ 100 177.02 +3. 84c 18.08 +£0.53e 37.96 +1.85f
100 ~ 500 136.34 £11.57e 16.80 =1.11e 45.30 +3.68f
200 ~0 158.31 +4.34d 35.21 £4.32d 94.67 £1.40d
200 ~ 100 103.79 +7.38f 32.61 +1.48d 100.60 +2.20c¢
200 ~ 500 168.42 +14.67cd 42.11 £0.63¢ 104.48 +2.00b
400 ~0 230.80 +6.43a 59.53 +£6.47b 126.71 £5.28a
400 ~ 100 212.50 +£21.07b 78.01 £8.01a 103.79 +2.65b
400 ~ 500 239.94 +£5.89a 64.56 +3.21b 131.68 5. 1a

DB R PR ER BEWTEIR (P <0.05) , FHRESE AR Z R 2%

Zhang gﬁfw VAT (Juncus subsecundus) ©Be
PAHs 5 Cd 4750 158, R ITE Cd 5 PAHs Hi—
KB G RFAT A A i W] 0 BRI ARk J&
PAHs 5 Cd Z-41F, PAHs 25 T Cd MY A E
VERT, B35 hn 7 A8 0 9 AR B K B AR 23X Cd
MR R, R LY = 1 HE P R 6 A5
A BTG YL W) BAT 22 fifk T 43 T Xk A ) 2B A R 1
H. Bawy R R, fE L HI5 R () S5
(Zn) W25 1558 L3 | EDBEIT SR A 50 2 fig
R R LI Zn B RTEE G5 PR, B
JETFERAE ) R AR, AR sz B B R AR AR A 1
A BILTS G ) AN 4 R A T AR ARG, Singe
R BZHI5HE (PAHs ) S (N ML A5

e 13 PAHs fE7EINH] 1 Ni B AR R E SR YI
A, (HR X A ) B R B BE D A 2. Sun
SR R R (As) FIHERE G5 YRR AR T R
FEXT As R, A S DL BT R W]
ER-AHE S T HIRAERILEIAR 3 52 0%, AN
WHEEE | AYTEARIEY) T BA AR R RS
FEALE , X 525 T YR 15 e % LAY
FIZEA I, ANAFAELE X B IEAR G5 TRAR GBI SC .
HARRB HeR R RO B SR BCRAZAE
A LU 3 S WA ) 9 B2 OCDF Xof L4 e 2 Ji 1
Herh Cd, I 1) b ER T SE RS RE T B R2 R, e RS AR R
o b R RO, B R RS R A S
o) s B> 56 RS O M T B L PR E
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NS SEEE /b Mt e L IS I N EIREE
SR SR B R, R R A Cd 2
I LR 4.

13 4 TN SR FAR T 48 R BUOK T il 1
EHERH,Cd FEBRAEMRT; WA CdWRER K,
Cd 5B REC R R %, 76 Cd ¥ E N 100

mg-kg ™' AR BE (9 OCDF {5444, 48 5 41 3t
AR AR AR RN, B OCDF {2k 1 28 54
XF e Cd R, HARER S S RECK T 1, Ui B
IE R 2 S A% 3 Cd A RBR AR ERE 1. 25K
FiH 1 EB 5> Cd BB, T 2R A AEY =K,
AL Cd FERCE AT AR,

R4 TRALBEZXAEEFZY, R RY KM EE Cd ZEE

Table 4  Enrichment factors, translocation factors and extraction efficiency of Mirabilis jalapa L. under different treatments

s e AR R R MERIRCd &R EHG C i
/mg- pot /%
100 ~0 1. 17 £0. 08¢ 0.27 £0.02c 0.23 +0.02d 0.57 0.24
100 ~ 100 1.77 £0. 04a 0.28 +0. 01bc 0.16 £0. 00c 0.97 0.28
100 ~ 500 1.36 +0. 12b 0.29 +0. 02b 0.22 +0.01d 0.58 0.24
200 ~0 0.79 £0. 02d 0.29 +0.02b 0.37 £0.01be 0.83 0.23
200 ~ 100 0.52 +£0. 04e 0.32 +0.01a 0.62 +£0.05a 0.54 0.27
200 ~500 0.84 +0.07d 0.27 £0.0lc 0.32 +0. 03¢ 0.91 0.16
400 ~0 0.58 £0.02e 0.24 +0.02d 0.41 +0. 04b 0.63 0.13
400 ~ 100 0.53 £0.05e 0.23 +0.01d 0.43 +0.05b 0.79 0.16
400 ~500 0.60 +0.01e 0.24 +0.00d 0.40 +0.02b 0. 85 0.16

2.3 ER1EHEFMNT CdIBES LG &S
2.3.1 ERAEAERIR+ Cd IEA K SRRk
FAFRH ERATAER R £ rp Cd EAS S H
SRR 5 I 4. A4 AT AR RS AE AR PR £
Cd B DIR TR BGS A S8R F, ZH K
255 95% ~98% . 4 Cd MRJE N 100 mg-kg ™' A, 45
FHRATAEAR PR 1 Cd JE AR LG H o R T 2 U >
A A S RIES > ANEEE, Y od kE
4200 mg-kg ' 1 400 mg-kg "B, AR PR 4 Cd
TS NTR T HRIGE > S W58 > Al
AA S HRIER. M Cd AR 100 mg-kg ™' 1 5|
200 mg-kg ™' BRATHEEUA Cd B S5 R MLEE A4 Cd
FE I REA AR | T & 400 mg-kg ™' I, iR o] 2 HUS
Cd LefsEhn, A4k 45 528 Cd FEkiE S Cd Lz
FEAIK. RUAREAE Cd WEERS I, B3 Cd &,

x5 HHBAFREFLH CAREE

A A8 ik LR XS R K, A A R A A )
1 HTBR SR

Cd 4 100 mg-kg "B, MARFEIEE OCDF J5,
R T HEIA Cd B A AES A Cd Fify
PLEE G Cd B AR REAR, SR A Cd & &5l &
B Cd V50 2.75 5 2.49 1%, BIANACK [ e BE
OCDF J5fifi Cd F Ak AT RIS AALE  B#IK T Cd
(R A WA B0 IR T X5 SR A ) B B RN, X 5 R
AT RAF, B A B R, X -4 rp Cd 42
BORCR B = AR R ; Cd R EE A 200 mg-kg ™' B, i
ANREHSE OCDF J& , BRATIREGE Cd T, &
A EGEMA I GRS mEIE/DN, 3REE Cd
R — Cd 5y 1. 96 F1 1.24 1%, Cd W E K
400 mg-kg B FRIELS Cd FHE I Cd 5 YL
) 0. 80,2. 50 £i%, Cd HoE 45 & AR LA A 5.

Y /mg-kg!

1

Table 5 Cd speciation in the non-rhizosphere soil under different treatments/mg-kg~

JiSZEE [IPIEIE AAmEEE A HOLEAA FRE A Cd 4

100 ~0 61.51 +2.99(1.00) 37.24 £2.65(1.00) 1.06 +0.13(1.00) 1.46 +0.40(1.00) 101.27 £5.75
100 ~100  57.18 £2.21(0.93) 32.37 +1.51(0.87) 0.84 +0.08(0.79) 4.01 £0.32(2.75) 94.41 +2.90
100 ~500  60.51 +2.58(0.98) 35.76 +1.61(0.96) 0.90 £0.12(0.85) 3.64 £0.64(2.49) 100. 81 +3.03
200 ~0 114.63 +3.14(1.00) 69.27 +3.21(1.00) 2.81+0.23(1.00) 1.61 +0.53(1.00) 188.33 £5.01
200 ~100  120.41 +3.49(1.05) 66.91 +4.37(0.97) 2.84+0.37(1.01) 3.17+0.95(1.96) 193.33 £6.86
200 ~500  115.74 +3.75(1.01) 68.31 +2.21(0.99) 2.62+0.16(0.93) 2.00+0.57(1.24) 188.66 +4.78
400 ~0 270.17 £6.72(1.00)  125.02 =2.60(1.00) 4.37+0.34(1.00) 1.47 £0.50(1.00) 401.02 +8.96
400 ~100  266.51 +8.87(0.99)  122.68 £10.84(0.98)  4.33+0.59(0.99) 1.17 £0.29(0.80) 394.69 +7.64
400 ~500  262.84 +12.31(0.97)  126.35+3.71(1.01) 4.50 +0.18(1.03) 3.67+0.58(2.50) 397.35+11.17

D RS AT R—RE AT RAL I CdESS Cd {5 b PR E S L AE, T 1F)
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A KA O s 2.3.2 SLRFMRPR L Cd EAES S EST
B A e & - e FALH R RKFRIR P CdIESE RS H
HIECA100 mgke™!  HFECA200 mekeg™!  HJECA/400 mekg! et e
190 rgriows ?f HLA L 6 AP S, Al T SRR o1
e EFE G AEAR R AL, 2 LAER T $2 B s

90 H / /

y |
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bR L E 2 e %
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Fig. 4 Percentages of Cd speciation in the non-rhizosphere

soil under different treatments

MEME AR E, ZH AT RN 5% ~99% ,
TP SR > A A EE > AILEEE > kil
. BEE Cd WREERN, FRIES AL AES Cd
BISEEAN A E ALY 45 A A FTR vl FEHUS Cd AH H
oAl R TTHREUGE Cd Ee g, H k455748 Cd H
BIREAR, $ i T Cd XFPRBE R 35 A4 XU .
HAEBYRMET, M Cd HEEH 100 mg kg™
B, AR OCDF J& , 2 il $2 U Cd M Al
G Cd SRAELBE A58 Cd fskik
& Cd FREARASES. Y CdWE R 200 mg kg™,
BETBRZM FRRITRIE d S RA TR,
AL A Cd FIFRERS Cd &R AR, X T g
OCDFf77E G4k T E 4R Cd , e E T4 k4 A AR

x6 BREAWFLIHR CAHREZTE" /mg-ky™!

Table 6 Cd speciation in the rhizosphere soil under different treatments/mg-kg~

1

Ab P ZH [ICEIEFNEN LIPS ES ANAEER TR Cd &

100 ~0 61.22£0.77(1.00) 29.56 +0.47(1.00)  1.89=0.05(1.00)  0.32+0.09(1.00) 92.99 +0.65(7.01% )
100 ~ 100 57.35+2.97(0.94) 30.26+2.79(1.02)  1.56+0.46(0.82)  0.58 £0.21(1.83) 89.75+1.63(10.25% )
100 ~ 500 59.25+1.56(0.97) 29.93+0.73(1.01)  1.43+0.36(0.76)  0.63 £0.41(1.99) 91.24 +2.65(8.76% )
200 ~0 117.13 £2.73(1.00)  60.27 £0.43(1.00)  3.58 £0.22(1.00)  1.74+0.11(1.00)  182.73 +2.04(8.64% )
200 ~100  122.14+1.72(1.04) 57.85+3.29(0.96)  3.80£0.27(1.06)  1.43+0.27(0.82)  185.22 +2.88(7.39% )
200 ~500  116.84 +0.52(1.00) 53.24 +1.59(0.88)  4.33+0.25(1.21)  0.84+0.09(0.48)  175.24 +1.22(12.38% )
400 ~0 244.89 +2.14(1.00) 101.57 +1.50(1.00)  6.45=0.35(1.00)  1.71£0.42(1.00)  354.62 +2.05(11.35%)
400 ~100  251.34+0.47(1.03) 100.86+2.42(0.99)  5.84 +0.50(0.90)  2.42+0.73(1.41)  360.45 +2.78(9.89% )
100 ~0 247.34 £3.14(1.01)  90.63£0.50(0.89)  5.17=0.12(0.80)  3.43+0.82(1.00)  346.57 +4.11(13.36%)

D) EAMCRRE SR Cd A RBIGET 5%

FRIEAS Cd AR T HREUA Cd 561k, A R T 42k i %
Cd A5 3 IV H.
BEVGYFAT , SR FRPR £ 5 IR br 8
BBIUITR AT U MR ES A8 3 R T $ IUE
TE 55% ~70% Z [8), 5 XFE S FE AR R pH + 3
JIA €dSO, -7H,0, 4 7 4~ A KB, bk 3
P - 498 K B P - HE A8 e S B R 4 ol 40% ~
50% . 60% ~80% . 10% ~20% , % ZEFiMBxR + pH
TE7.80 ~7.97 Z[8], J& P 53 O i 1k 4 35 A4
TG RAEM B AR — 5 e I, IR A —
fies S, Cd B FHF IR L, pH T B H T b [
R TXTE AR Cd 585 W BT, 338X Cd By B
BN, pH >7. 5 B 4% 5 LABE 0 P A E AL 4G
BRI S RAFAED A58 R T 4R U
Cd 72 FEILE, Al B2 AN NI CdCl, -2. 5H,0

il # A e L P — A H R A
EACIT IR, By LA LK R 1 S S AP AE /Y Cd
SRR, R IR I AR S R TE Cd B
B AL B T IREVEME T, OCDF X Cd B 2571
A JC & RIS,

B TEAHIE] Cd W BEARPRAEAE T SRR PR £
FALE , MR P A PR ml P2 S Cd %35 5 0 B LE 3
fe i, TR ALY AR PR I | AR B B AL P 52
Fn T EAE.

PR 3 D AJE  ERFRER L Cd i/ T
FEMRPR L Cd i, X SHYR R4 SARPR IR
AR FERFTHORAR , MR R, AR o X AEAE 2
O AEFE R TARAR BRI AR PR i — 823 Cd %
BRVESFR N, FEUBE G Cd aik. Hah
Cd B ARG R L AL 2= b B3R ), 18
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Fig. 5 Percentages of Cd speciation in the rhizosphere

soil under different treatments

WG e Cd B R BRI AE S e TSR X Cd 1)
BERE. k6 B Wos, Cd W 435 100,
200, 400 mg-kg " Bf, Bl 3 A SRR+ Cd &
HAREKS. 7% . 9.5% . 11.53% B2 R AR
B, T RE S Cd Vi B ek vo o 2 o sf [ 5 11 Jit
R AHFZE 2 FT LA 22 I I 48 5 AT % Cd i) 2 B
fie Ty, BB R S S FTNITFAE , T LUK AR
R AL R B ARSERI AR T —2E  XAEE
15 YRl T DURAS 26 5 sl ak . SRR AL R M 6
~11 J L EA T B 5E AT DLIE K58 5 0 A A B
] (&I v S B4 RS ) | [] A SR SRR i 412 vy 1 3
AR Cd 15 o, B0 S8 SR R bk &5 A= ok
e E LT Cd BIRER.

3 HZig

(1) I PEFE AR AT HT. S8R FFE Cd MRIE <200
mg kg YA i5 Y A 4 rp BT B0 0 e Bk
AW A BR ; OCDF X228 bk s . AR+
FEILWE 0, Cd ¥ E 200 mg-kg ™', OCDF ¥k J&F
500 pg-kg "B, OCDF 777 (i 58 5 i M b Az ) it e
i€ 22. 19% , HoE AL FRZH , OCDF X 48 5 [ 2B )
TG P IVE 5T R S Kb 2 1 5% SR R M
LAY, OCDF 75— BA WS Cd X5
FIFE .

(2) WERSEFI T Cd BB RR 4T, SR ATk
W Cd FEAE bR AE AR > 1 > 25 OCDF 5 Cd 4

B E A5 RN B — Cd 15 QLA Ll , Cd HR By

200 mg-kg ™', OCDF ¥ & 4 100 pg-kg "B, 555

MR Cd BUREFEIR T 34.44% , Cd W& 400

mg-kg™", OCDF ¥ N 100 wg-kg ™' if, AN

8 Cd B AT HIFEAR T 7. 93% F118. 09% , e kb

B4, OCDF AN[AIFERE 4R 1 SR AR, 25

RIBCHBUR LI Cd ihE
(3) e Cd IEAS B, TEAHIR] Cd R JEE b 2

ST FIHERR PR - AH H, AR BR A= rh i AT 42 i Cd

()7 i AT I L . AN RV BE A HLY OCDF X

SEORFIMPR 1 5AEMRPR 1 Cd TR AR A i 3
(4) MBS Cd ZERICR 3 Hr. Fidd 3 > H

Je MRPRE Cd FRAEEK 8. 7% . 9.5% . 11.53% ,

B HCRA IR .
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