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Effects of different application methods of mixed chelators on remediation of
heavy metal contaminated soil in interplanting system
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Abstract ; [ Objective] To develop a plant-chemical remediation technique in soil contaminated by heavy
metals with application prospects. [ Method] Mixed chelators (MC) were applied to Sedum alfredii and
Zea mays interplanting system with different application methods in pot experiments. As a fortification
agent for phytoextraction and a washing agent for heavy metals, the effects of MC on soil remediation were
studied. [ Result]The efficiency of heavy metal extraction by plants was improved and soil heavy metals
could be partly leached by MC in S. alfredii and Z. mays interplanting system. Heavy metal amounts
washed by MC twice were more than that of a single washing. Through interplanting and chemical wash-
ing, total Cd, Zn and Pb in soil decreased by 30. 7% —33.0% , 11.9% —14.7% and 13.3% -16.4%

respectively. The number of soil rhizospheric microorganism was different from that of a single crop in the
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S. alfredii and Z. mays interplanting system. MC application increased the number of bacteria and acti-

nomycetes in the interplanting system, while high dosage MC washing reduced the number of soil microor-

ganisms. [ Conclusion ] The removal of heavy metals by combining interplanting with chemical washing

technology is more efficient than by phytoexiraction. Zn and Cd removal can be achieved by phytoexirac-

tion while Pb removal mainly relies on MC washing. The interplanting and washing technique can acceler-

ate remediation of Cd, Zn and Pb in combination pollution soils.

Key words: heavy metal pollution; interplanting; washing; Sedum alfredii; Zea mays; mixed chelator

Bt e 1 28 Pt o i PR & e, 2 0 30 4F
K Tl AL AR T A 2E A, 39 o 43 Ja ¥ e [l H
PR R E AR E R e
JEFH AR A BT o b0 A AT AR
FR A T 4R A SRR S A S Bk
TAIHE ARG IR WS 2 Fh A DL R R G I v
F S A2 B R0 R KA TS G S5 A fE
PR R Zn/Cd ROR . B R SRR

K Sedum alfredii 5% BT K Zea mays EFpE

S A R G e 1 R BRI 5 R Y RIOR A
IR m  [A] A] LOBOIR A& — & TAE AR TR 4R
PR

IR R LB T SR AR
B R R 30 s i - 49 A TR Rl L B
VR , SR 5 X R IR AT F5 S A B, AT 35 348
G5 E . Kos % PR B A SR
YR+ T REEAR 45 5 RN + 3B M e DB I B AR R 4B
S R Y Y B S HOR AR RCR, A
WA E A Jm R T BE IR RO 3, W AR I A
I, A RBESE ' 2 0 TR & 2 A ) (Mixed
of chelator, MC) b V6 00 F A AR R S5t K B G @ 15
Y- SRR T EDTA RIS I8 1R LT

AP S RN EORE R, It 2 & R A R M
EETG YR H T 2 0 H S, S OM 5 12 4%
H Zn 1 Cd & 43k 3 8 58+ 5 B 55 BT i R b
HET S IR A R M AR E T e TE 4R A itk
WLOREIRT RIS S R R, RAE G LIER
52 a] DRSS e n] FEAE - R B A
Rz IR B 5T MC 1A [A] it in =X (2 & Ak
UE) XM ER RGERYF

1 #RETE

1.1 s
IREE SRR W LA L B BT O /N — R 4%
AT B AR Yunshi-5,
http://xuebao.scau.edu.cn

REEAGH(MC) FZ M WATERR EDTA 4,
Fr&RIR: EDTA: KCI (FE/R L) =10:2:3,
1.2 ARt RERRE

ABIFFER AR PR a0 T 42, 72 7 P T4 A 2 5K
300 HJe Je M g —43 0 =, 2 5K Je Je R R E i — 4>
2 mm SRR X, B R 5 Y 1 2
kg (FA AR IR Fe 0l T 38) V5 TR AT R
BIREB RSB K5 ek 1, 13 pH 7. 40, 1
HEH R Cd. Zn F1 Pb 70 B0 0 1.3 .673.6
F1903.7 mg -« kg™, LK TJF, 1d 2 mm i,

PRI A AT B 6 AL RE 1) HFh A
EAK:2) HMAEAR 57K 53) BRl, — O Fh A 2R v 5
K — R EAR 4) EF + MC, 4K 2 N HE
JtEhn MC, & 52 £ %01 MC 5 mmol , MC &+ 200 mL
IR A1 B LIRS ) B + MC 1 Uk
P, MC %5 500 mL Z818 7K, N HHERIZZZ A,
TEA T IRARSCHE K i 6) B R + MC 2 ikt , MC
VT 1L ZEARK, 0 2 UMk 1 (5 2 YO BE RS
1 YOHEEIE 2R 3 K)o MR B 4 E 5,70 d JE ik
AR B S R F ORI b R FIAR 3R, R4 46,

FHTY T BT IR 1 550 KA E R b b BRI AR B o
WOHR A 7R B 5 SRR oK 2 S 5 =, A R K ik
T, BRI 3 8, BT, B AR T,
YRR T3 AR b g o /N0 80 1 1, 4R
G N [ B 5 e B O o | S 22X R |
VIO SR ILAT AR PR 3, ARG = KT
1.3 HiEAIE

TR RE 3 7 S BR R 3RO AR 27 53 A
JrEE) S R D AT KR 4 T A3 AT SR FH KR
FREK W A4 ) % H B O TR AT 5 TR SR IR W 8K
SRS Mk s BT A B A Excel Hi1FAb
B, SAS 8. 1 BAEGeit .

2 #ERS5HMm

2.1 AELEHEREHEMENESRAE
ERRAL B TR ZE AR i 2 3 T TR A AL



513 D, R A ER

FR AN [ e o oy =Oxk 463 e 3 e - BRI I ORI 52 31

(SR 1) BT Ab LAY FOK 25 AR W B B R ROk
ARBRAY 117 47, 5 BRI EE , AN T K A 3
AR G E R AL P L, MC RN (S A
VR i T FORZEM A AR HE R AR
NG SEES S ey s U B L
U FARZEN Zn FI Cd & AR T A AL BE, Ph 54
o TR AL PR (H AL PR 22 N 2 . B + MC AL
HIRYZE Zn S d i, W T E AL, MC AR
BAARER T EKRZEMN Zn F &, MCAEMGERIR,
TOKZEM Zn FEART MC o8B AT R AL 2, (H
BRI PRIC 3 22 5, AT UL, MC YA [l n o7 U2
SO EORZEM B Zn 4 %Eﬁ&i‘ﬁ*ﬁ ke, MC 1y
AR R T B K2 Cd & i, I 40% ~85% ,{H

FUA MC Rt | R S8Rk 3 22 22 57, MC AR
BSAE R BE T I TR 25 Cd 5 G R
Sto MERTATLUR 1, MC BT 2548 1 FoR2E
MR Ph 5 B Rl + MC ALBE B Rl + MC keI E
Fift + MC 2 UL PER) FORZEI P 5 B3 51 £l
ﬁiﬂﬂ’w 2.4.1 F13.9 %, MC 1EJik e 9 Bk 2R

I Ph S AR MC AR 2 AR, MC AN Rt n 7
AR E K ZE 0 Ph EE’JS&%%'FHBZO MC e BEX
Hoo FORZEM A R A BB . L, SR

L, MC RS %H{/H({flﬁ I, 3 1 EOKRZErF
Cd F1 Pb ()5 5,2 Al F 7 =R 328 R R B8 AR — &
MC VBRI AT $E 5 FOKZEN Zn 5 &,

®1 EXEHMEVENESELE"
Tab.1 The shoot yields and concentrations of Zn, Cd and Pb in shoots of Zea mays under different treatments
b7 HEYE /g Zn/(mg-kg") Cd/(mg-kg™") Pb /(mg - kg™')
FEok 8.29 +0.55b 238.4 +1.3ab 0.663 +0.388ab 3.90 +0.61c
Ehp 9.76 £1.32a 237.4 £1.8b 0.396 +0.084b 4.36 £0.55¢
EfP + MC 9.99 £0.75a 239.4 £0.3a 0.556 +0.083ab 26.93 £1.19a
EFh + MC Rk 10.44 £0.41a 236.8 £1.0b 0.735 £0.339a 17.71 £2.47b
Eff + MC 2 Rkgk 10.10 +0.78a 237.4 £0.2b 0.638 +0.209ab 16.78 £1.52b

D) R P B AEATFAME AR, RS REBE AR — MR FH4 KT E£FRRHF(P>0.05,Duncan’ s k) ;2) b4t a9 &

BTRBFEHEDE,
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FHEE , MC B 35 AR T B R R M R R4 )
LW TR AR RWEYE, EFf +
MC EZF + MC #pEFIEFR + MC 2 Y3 EE 3 A~k
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Mo Zn (Cd 1 Pb F & T HABALEE, & Fp + MC &b
PRI 5L K Zn  Cd F1 Ph 2 5 43 I 2 25 ol b 2 1)
1.9.2. 1 fir4. 6 £, MC HI/EMBERI WS T EM R
Gid 4 JE A (AR N TERD + MC 2B MC 1K
WRPEXT AR BE K Zn (Cd 75 5 36 18 KT MC 2 Wik
U, 4 Ph & i FAH R o
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Tab.2 The shoot yields and concentrations of Zn, Cd and Pb in shoots of Sedum alfredii under different treatments

Ak RS /g Zn/(mg - kg™') Cd/(mg - kg™") Pb/(mg - kg™')
N PPN 1.32 £0. 18ab 2 656 £425h 12.07 £2.83ab 7.33 £1.32¢
£ 1.45 +0.27a 2 041 £228b 9.12 £2.96b 4.94 +0.53¢
£Fp + MC 1.03 £0.26b 3949 +1 428a 18.90 +4.77a 22.52 +11.10a
£Fp + MC kit 1.17 £0.16ab 2 363 +788b 12.39 +3.25ab 12.14 +2.44ab
R+ MC 2 Wik YE 1.06 +0.25b 2 062 £421b 9.87 £2.64b 17.47 +5.32ab
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Zn .Cd 1 Pb fyEHCR 43 A2 E M AL IR 1.3 1. 4 F1
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Tab.3 The amounts of Zn, Cd and Pb absorbed by shoots of Zea mays or Sedum alfredii under different treatments mg

YEW i3] Zn Cd Pb

oK B fh 1.98 +0.12b 0.005 4 £0.003 lab 0.032 0 £0.006 Oc
e 2.32£0.33a 0.003 9 £0.001 Ob 0.043 0 £0.009 Oc
EFf +MC 2.39 0. 18a 0.005 5 £0.000 5ab 0.269 0 £0.029 Oa
EFf + MC Wk 2.47 £0.09a 0.007 6 £0.004 Oa 0.185 0 £0. 028 Ob
EFf + MC 2 YRk 2.40 +0.19a 0.006 4 =0.001 9ab 0.169 0 £0.007 Ob

YR ON P 3.50 £0.75ab 0.015 9 £0.006 8a 0.009 6 £0.001 9b
EFp 2.93 £0.48ab 0.012 9 £0.004 6a 0.007 2 £0.001 9b
EFff +MC 3.88 £1.10a 0.018 0 £0.009 7a 0.0250£0.017 7a
EFf + MC Wk 2.80 £1.16ab 0.014 1 £0.006 7a 0.014 3 £0.004 4ab
ER/ + MC 2 Yk 2.16 +0.45b 0.010 3 £0.004 7a 0.018 3 £0.005 6ab

D) A FPHIEAFHME  FER, A F OB, AREHRRAREZRZN KBS LA —NMRAFELEERATEFARAEE(P >

0.05,Duncan’s %),

TP ERIBCRIME S TR SR LR £ 4,8
F+ MC i S 40 B AL S PR R B R A MC
XPERRGEIEATIRUE AT LA 2Bk LRIy AR,
MC 3 2 Rk L BRIV 4 J8 KT MC 1 kit (3%
4) o MC X5 Pb gy fitie K FHEY) Ph $RIUE,

Cd iyt R T Cd MW HE R . B Rl + MC ok
B+ MC 2 YR B8 AL B A 4 4 3 BBORI Uk % £
ST R 1A 25 B DR T A Ak B ) R HORD £
SR VRIS PO 4 8 A L BR R TR 32 U
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Tab.4 The amounts of heavy metals extracted by phytoextraction and soil washing under different treatments mg

fh s Zn Cd Pb
TEYIHEHL Wk [ERZE Wk [ERZE Wk

oK EFp 1.98 +0. 06d 0.005 £0.002b 0.032 £0.003cd

IR e R EAFh 3.50 £0.38¢ 0.016 £0.003a 0.010 £0.001d

=R 5.25 £0.28ab 0.017 £0.003a 0.050 £0.005¢

£EFp + MC 6.27 +0.59a 0.024 +0.005a 0.294 +0.010a

EFp + MC gk 5.27 £0.55ab  3.33 +£0.15a 0.022 £0.004a 0.056 £0.005b 0.199 £0.014b 14.7 +0.6b
EFp + MC 2 JRifkPE 4.56 £0.26bc 3.76 £0.19a  0.017 £0.003a 0.072 +0.005a 0.187 +0.006b 17.2 +0.6a

DAPHIEZTFHME AR, AFEWHE, RINKESELELA MR FHEELFTLZFRIEE(P >0.05,Duncan’ s

%) o
2.4 TEEEEREAR

IR 25 WS b R B A T R (R
5) o G R R L BRE (RS YR U £
HEMGE) ORI ER + MC RBERIE R + MC 2 itk
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Tab.5 Total heavy metal contents in soil under different treatments w/(mg + kg™")
fb 3 In Cd Ph
B L 615 +62ab 1.25 +0.03ab 880 +29a
PN RN il 630 +30a 1.27 £0.03a 875 +27a
£ 608 +21ab 1.11 £0. 14b 831 +51ab
Eff + MC 605 +19ab 1.10 £0. 14b 823 +64ab
EHf + MC #kit 594 +25ab 0.89 +0.05¢ 755 +29¢
Eff + MC 2 Rk 575 +10b 0.92 £0.02¢ 783 +26bc

1) AP #3RFHE £ A70E R, RS R FLAH — MR F8 4 k7 £% RE% (P >0.05,Duncan’s %) .

2.6 AELEHRERTERMENHE

TR AR MIAR R S K B AR P S 9 il A )
A% AR R, SR AR R RAR P 5 FC R A
TR BRI R T TR, A 2 5 AR (3R 6) .
AL H 2 R AR B SRR W RO, AR R
TR Fof ) A MR P B MU R B R T
AREERCRAL I, 5 FORAL B 22 5 AN K

*xk6

MC B (G kst ) &5 7 BRIt A
HR I 39 14 20 BRI PRS0, , MC AR SR 25 77 1 3
T BE R TFAE AR (R 6) o #HEER + MC £
Tt + MC Pk ER + MC 2 Y PR ITT , 40 B
LR BRI FRAK . ARTE MC A B X & I A R
I - 39 1) B B i JC A R

TEAMBARER T B i E

Tab.6 The number of rhizosphere soil microbes under different treatments

Qb 418/ ( x10° CFU - g™ ") EW/( x10* CFU - g7") TR/ ( x10° CFU - g7')
ok 13.28 +2.38¢ 0.64 +0.16b 23.0 +2.3¢
B R 7.12 +0.71c 8.34+2.12a 141.9 +13.9b
EHp 12.12 +0. 66¢ 1.22 £0.12b 23.8+1.2¢
il + MC 72.64 +£10.57a 1.81 +0.10b 257.1%51.0a
£H + MC Wik 38.53 +4.27b 1.29 +0.21b 70.8 £7.5¢
R+ MC 2 Wk ve 15.80 +1.04c 0.71 £0.06b 44.2 £10.4c

D) AP HERTFHME £ FER,RANEEELEA - AMMRAFEEZLATEFAREE(P>0.05,Duncan’s i%) ,

3 it
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EEA TN 3 Bty A $E T R OR E 4 e Y 4
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3) SEFAL AR LG, B A E SRR LT
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