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Enhanced Phytoextraction of Heavy Metals from Contaminated Soils Using

Sedum alfredii Hance with Biodegradable Chelate GLDA

WEI Ze-bin, CHEN Xiao-hong, WU Qi-tang” , TAN Meng

(Key Laboratory of Soil Environment and Waste Reuse in Agriculture of Guangdong Higher Education Institutes, College of Natural
Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract: Chemically enhanced phytoextraction by hyperaccumulator has been proposed as an effective approach to remove heavy
metals from contaminated soil. Pot experiment was conducted to investigate the effect of application of the biodegradable chelate GLDA
(L glutamic acid N, N-diacetic acid) at different doses or the combination of GLDA with EDTA (ethylenediamine tetraacetic acid) or
CIT (citric acid) on the uptake of Cd, Zn and Pb by Sedum alfredii Hance (a Zn and Cd hyperaccumulator). Experimental results
showed that GLDA addition to soil significantly increased the concentrations of Cd and Zn in Sedum alfredii Hance and its Cd and Zn
phytoextraction compared to the control. Additionally, GLDA at 2. 5 mmol-kg ™' resulted in the highest phytoextraction, being 2.5 and
2.6 folds of the control for Cd and Zn, respectively. However, the combined application of GLDA + EDTA (1:1) and GLDA + CIT(1
1 and 1:3) at a total dose of 5 mmol-kg ™" did not increase the phytoextraction of Zn and Cd, compared to the GLDA only treatment.
Therefore, the biodegradable chelate GLDA could be regarded as a good chelate candidate for the phytoextraction of heavy metals of
heavy metals from contaminated soils, particularly for Cd and Zn contaminated soils.
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Table 1 Basic physico-chemical properties of the soils

SiH - A LB CEC" B B AL Cd In Ph
) P /g-kg™! /cmol kg ™! /gkg ! /gkg! /gkg! /mg-kg ™! /mg-kg ! /mg-kg !
+% 7.59 37.9 18.4 1.99 0.73 16.0 2.173 1070 1024

1) CEC R FHE T34 i

RIS GLDA AR O(XHHIR) | 1.25, 2.5,
5.10 mmol-kg™" +, LI GLDA 5 EDTA . #7##
(CIT) & B, ZAFESHEIEH S mmol kg™ + 1%
# GLDA: EDTA “~1: 1( GLDA-EDTA,GLDA #1 EDTA
A 2 4 2.5 mmol-kg™' ). GLDA: CIT J1:1
( GLDA-CIT, GLDA #I CIT B ] & ¥ J 2.5

mmol -kg ') . GLDA: CIT “41: 3 (GLDA1-CIT3, GLDA
IR 1. 25 mmol -kg "5 CIT By HEH8 3.75
mmol -kg ™) 55, 3 8 ANALBH AEAAEEE 3 IRER.

2014 4£5 7 20 H, MR B9 E A 1% T 800 mL
KBS TN pH H WL 2, /MO DEHE S 1 4%
T, PR GO AR R SR, R IR

%2 AFAEH GLDA R pH &
Table 2 The pH values of solutions with different GLDA doses

i H GLDA-1. 25 GLDA2.5 GLDA-5 GLDA-10 GLDA-EDTA GLDA-CIT GLDAI1-CIT3
pH 9.9 10 10.3 10. 6 7.4 3.6 2.3
1.3 HEMACRE ST
2 HERS5HH

AREE R R R AR AL B, FH 85 ) 55 B M -
T, PR IO b RO R A AR R R R . ORI
AR S R A R K e T BT ZE K B R 3
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F i
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w151
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Jir A BCUE TH Excel B4R AL B, £ E R
( Duncan) Gt 143 i1 SAS 8. 1 £ 48 i1 4-5E hi.
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mmol kg ™) I, M H T AR SR AARK. Luo 5
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Fig. 1 Biomass of Sedum alfredii Hance treated with
different doses of GLDA

2.2 GLDA AbHX R pe st R 4R & 52
FEZR SR AR K IR A A, i GLDA A5 B
FHE W f5e R b A R Y TR A TR it
GLDA 25 T AR 5 KM B3 Cd 1 Zn & (3£
3), SN RALFEAH I, GLDA-2. 5 4P 1) 25 B 5% K Hb
FB Cd A1 Zn i SRS BRAY 1.9 A5 2.0 15
REEK Cd Ml Zn & EIFRAREE GLDA HEM
g, F e R TR GLDA H&E N4
B R R AR AZ 3] T5m , 244 kg £ H 2. 5 mmol
GLDA B 7R st K Ml 38 Cd Al Zn & S fie .
£3 FTRALENFEERAELESE" /mg-kg™!
Table 3  Heavy metal concentrations in Sedum alfredii

Hance after different treatments/mg-kg ™!

OS] cd Zn Pb

oyt 31.44 £3.14b 1947 +197¢  10.72 0. 85b
GLDA-1.25 45.93 +7.29ab 3085 £195bc 11.77 +1.34b
GLDA-2.5 58.55+4.07a 3972 +452a 14.52 =1.68b
GLDA-5 46.66 +6.11ab 3072 +202bc  20. 65 +4. 76b
GLDA-10 51.68 £5.96a 2810 x41bed 23.34 +4.38b
GLDA-EDTA 44.49 +4.28ab 3304 +274ab 290.3 % 16.4a
GLDA- CIT 32.45+1.55b 2392 +317cde 18.67 £2.77b
GLDALI- CIT3 32.77 £6.30b 2162 +178de  9.795 =0.532b

1) #29 Duncan K258 (P =0. 05) , [ 51 5AG #H [R5 5B 10 B4 18] G . 3%
P225; CIT. ¥R, TR

5 GLDA-2.5 Kb #EAH L, GLDA-EDTA Fil GLDA-
CITAHE AR S AWM K C M Zn FiE; 5
GLDA-1. 25 AbFEAR Y , GLDAL-3CIT 233 A 2 3 4
M KK Cd fl Zn & . I, EDTA F1 CIT 5
GLDA ZFAREH — PR R AR 5K Cd Fl Zn 7 8.

Bk GLDA1-CIT3 A4bBE4N, GLDA Ay it 4 &5 17
AREESCRHL EFR Ph (38 3). HA7 GLDA-EDTA
AP S v 1 A Ak B HC Al b B ) G W 25 S
GLDA-EDTA AP A /e 5t K P 3 1 i ) i Ak 2
(927 1. FERERCAY EDTA O/EH], Bl EDTA
AEBRA R e R Ph f i AR A R T GLDA 4b
O ARZ W R, RRIE AR T, X Ph MBS
PSR R 02 EDTA " ) fEsR b H R+
5 Pb Jrif, HRTEBRA HGEL T EDTA BYEA .
2.3  GLDA AbFEX) 7R g s R HE U 4@ 1 52 )

7R R e RO T 4 R FH Y A )
HELEEENFFRTR, AR A R 5k
X H 4 R AR U L% 4. GLDA-2.5 AbFH i 5 g
RN Cd M Zn 1 $2 BCE: 5 im (6 4) |, 43l o) R
bR 2.5 f5 A1 2.6 5. Bl GLDA B, FE %
AN, A SR P2 Cd T Zn 1) 5t S 4
HG FEAGEa Y GLDA-2. 5 AR, 2 BB IEAR
FRRHL EARRA A )i Cd Fl Zn 5 5 M dR B,
kg T 18 FH 2.5 mmol GLDA HIZUE i fE. GLDA
FE -5 b (9 A W e A 32 B = B0, AE % BP0 50
(OECD 301D) "', GLDA ) 28 d = ¥y [ fft 8 it
60% ; TE[E A 4 Y% f# (Inherent biodegradability ) 33t
¥rh (OECD 302B), GLDA B 21 d A= ¥y [ %N
98% . TJ UL, GLDA EAT A=y ml st s [leE ml %
A YRR EE AR EDDS, 76 3 v ik B i R) g L it
EDDS A% U /N H T s 21 -2

GLDA-CIT F1 GLDA1-CIT3 4k FH % 45 1 5 K 4
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GLDA-5 AbFH Ui B A7 45 iR 1) &2 T5C A BB 385 0 7R B ¢
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LERPh SR HABAL Y 27 5 (E3), EEE
EDTA 2 A RE R p IR K. A B 58 48 2 R 45
0385 24 & i AT AR S By R s e VR ) AR g o
GLDA 5 EDTA | #7545 1 & 1 &2 L L 61 500 3
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*4 AEHEGLDA AERFERAWNESEMNRIE mg-pot ™!

Table 4 Zn, Cd and Pb uptake by plants treated with different GLDA doses/mg+pot ~!

sl

X 1
GLDA-1.25
GLDA-2.5
GLDA-5
GLDA-10
GLDA-EDTA
GLDA- CIT

GLDAL1- CIT3

Cd Zn Pb
0.164 8 £0.017 8cd 10.43 = 1. 06¢ 0.057 4 +0.004 5b
0.2762 +0.043 8b 18.55 +1.17b 0.070 8 +0. 008 1b
0.404 6 +0.028 1a 27.44 £3.12a 0.1004 +0.011 6b
0.2582 +0. 033 8be 17.00 =1. 12b 0.1143 +0.026 3b
0.199 5 0. 023 Obed 10. 85 +0. 16¢ 0.090 1 +0.016 9b
0.1489 +0.014 3d 11.06 +0. 92¢ 0.9715 £0. 055 0a
0.202 6 £0. 009 7bed 14.94 +1.98bc 0.116 6 +0. 017 3b
0.1809 +0.034 8cd 11.94 +0. 98¢ 0.054 1 +0. 002 9b

b RBER IR SR ) A K TR Cd | Zn PG,
T L — LR
2.4  GLDA AbFEXS - SR i M o 4w & & AP
ENip AL

FEYICGR G , AR AR HE + 3 pH WL 5, 5 X IR
FHEEHENN GLDA J& -4 pH {57+, i GLDA ]
HiRZ 1 GLDA-10 A pH fe i, GLDA o m 1
W or— R 4 4 pH (E (£ 2) A5 A

AEBRIC 25, Al e T R B A 22 v e
BT pH X L 3ER) pH 2 RAT O, A 1T
FER BB R 9k A A ) S IO 5 8 I AN O T
pH 7L

ANTFAL P A S i DL AR 5. AR Ab B
G B A RN, 50 BRAH AT B A T ik nT
AEBAAY) 12 UL |5 + B8R ih 5 5 s B A 1 E /)
AKX

£5 FRALELIEpH MESLELE /mg-kg ™!

Table 5 Heavy metal contents and pH of soil after different treatments/mg kg =

Qb pH Zn Pb

oy 7.58 £0.03d 2.043 +0. 143ab 975.0 +£33. 4a 1007 £9b
GLDA-1.25 7.64 +.0. 4cd 2.012 +0. 094ab 1015 +33a 1016 +17ab
GLDA-2.5 7.81 0. 04he 2.035 +0. 048ab 1068 +48a 1033 +3ab
GLDA-5 7.87 £0. 07ab 1. 930 +0. 026ab 1015 +21a 1068 +19a
GLDA-10 8.00 0. 08a 1. 988 +0. 044ab 997.7 £25.2a 1033 £27ab
GLDA-EDTA 7.75 +0. 04be 2.155 +0.035a 1078 +94a 1030 +22ab
GLDA- CIT 7.81 +0. 03be 1.881 +0.033b 1043 +3a 1044 +8ab
GLDAI1- CIT3 7.74 0. 06bcd 1. 873 +0. 063b 1086 +50a 1009 +11b

K2 ~4 BonANE AP 4 e 4w IE 4010, 3 A Cd B el k.
FhEE & Jm HACH A | IR LA B4 | A4S & 2 A RAE Y, Cd S IESTEA FAE BT 5 L

B AHLEE B RER M ST dRY LE A TR, S

O e B MR AE OSEamaad

Ablahad ki

xi Fof

GLDA-125 [ R8s
GLDA-2.5
GLDA-S [
GLDA-10
GLDA- CIT [ RSSE]

GLDA-EDTA [7777700F
GLDA1-CIT3 }}}:,:,:,:,'_ %07

NGk
2 AEAE LT Cd BES HEHE

Fig. 2 Speciation distribution of Cd in soil after different treatments
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Fig. 3 Speciation distribution characteristics of Zn in soil

after different treatments
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