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Factors Affecting the Extraction of Heavy Metals in Sediments Using Biodegradable [S,S]-ethylene diamine
disuccinic acid
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Abstract: A biodegradable chelating agent, [S,S|-stereoisomer of ethylenediamine disuccinate ([S,S|-EDDS), has been investigated as a po—

tential washing/leaching agent to replace ethylenediaminetetraacetic acid for the extraction of heavy metals from contaminated soils and sedi—
ments in recent years, but few studies have been reported on the controlling factors during the extraction. In this study, factors affecting the
extraction of heavy metals in sediments using [S,S]-EDDS was studied through batch extraction experiments. The time required to achieve
maximum metal extraction from the sediments was different among extracted heavy metals, however, 24 h could get a compromise higher ex—
traction efficiency for the extracted metals. Extraction solution pH was not the dominant factor governing the release of Cu, Zn, Cd and Pb
from sediments when chelating agent was used. The extractable percentage of heavy metals under different solid-liquid ratios showed no sig—
nificant difference at neutral pH. The increase of stoichiometric molar ratios of chelator to extracted heavy metals could improve the metal ex—
traction efficiency at neutral pH. But higher ratio of chelator to metal would leach more mineral elements from sediments. According to the
cost efficiency, it was suggested that the compromise experimental conditions were 24 h extraction time, neutral pH, and above 1 of the stoi-

chiometric molar ratios of chelator to extracted heavy metals.
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Figurel Effect of extraction time on the extraction efficiency of

heavy metals in sediments
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Table 1 Physicochemical properties and background values of metals in sediments

oH CEC/ Org.C/ Cu/ zn/ Po/ Cd/ >(Cu. Zn. Cd. Pb)/
cmal « kg % pg e g’ pmol « g’
HN 7.0 19.9 0.24 78.6 373 636 2.3 10.0
GD 7.7 28.5 0.40 1230 498 285 4.0 28.4
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Figure 2 Effect of pH on the extraction efficiency of heavy

metals in sediments
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Figure 3 Effect of molar ratio of chelants to heavy metals

on the metal extraction efficiency
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efficiency in sediments
3 ik

PURRPIH CuZn.Cd Al Pb fA[S, S]-EDDS #EHUR
PR KB (B ] RO 2 e -3 R A s 22 5
{H 24 h B AT S B0 P2 U RIZIOCR . 25 PR
SJEBCRTC ) pH MM . B LX) 4w B
To 5 250, ORI RS 5 79 5 T 4 R Ak 27 R st 9 EE 2R
FU 2 ) T 4 T (A B USSR o T 4 T A R BT[] A
24 h, pH PP, A F SUURY E 48 (b2
F A EE R LT 1 WI/E R[S, S]-EDDS $EHUITR
W A JE 1) Al A A

SE Wk

(1A R, 2B, 5k 1, 5 R 2 — e Z R 18 52 & s v
Yl 39 B 12, W AR S 244, 2007, 18 (3): 601-606.

KE Xin, LI Pei—jun, Zhang Yun, et al. Heavy metals removal and its ki—
netics in contaminated soil under effects of EDTA washing [J]. Chinese
Journal of Applied Ecology, 2007, 18 (3): 601-606.

[2] Sun B, Zhao F J, Lombi, E, et al. Leaching of heavy metals from contami—
nated soils using EDTA[J]. Environ Pollut, 2001, 113:111-120.

[3] Peters R W. Chelant extraction of heavy metals from contaminated soils
[J]. JHazard Mater, 1999, 66: 151-210.

[4] Jones P W, Williams D R. Chemical speciation used to assess[S,S]-
ethylenediaminedisuccinic acid (EDDS) as a readily—biodegradable re—
placement for EDTA in radiochemical decontamination formulations|]J].
Applied Radiation and Isotopes, 2001, 54:587-593.

[5] Gréman H, Vodnik D. Velikonja—Bolta S, et al. Ethylenediaminedissuc—



936 B B M AR W AT R R 550 [S.ST- £ — e — TR IR ST rh o 3 (s il PR SR

20084 5 H

cinate as a new chelate for environmentally safe enhanced: Lead phyto—
extraction[]]. J Environmental Quality, 2003, 32 (2): 500-506.

[6] Khodadoust A P, Reddy K R, Maturi K. Effect of different extraction a—
gents on metal and organic contaminant removal from a field soil [J].
Journal of Hazardous Materials B, 2005,117:15-24.

[7] ZFHW, 6 B, S AL, 45 EDDS T Cu/zn 1542 3 B ik
FRAGSERIBIETE]. AR ABERI 242442, 2007,26(2):436— 442.

WU Dan-ya, CANG Long, ZHOU Dong-mei, et al. Basic Study on ED-
DS-enhanced Electrokinetic Remediation of Cu/Zn Contaminated Soil
[J]. Journal of A gro—Environment Science, 2007,26(2):436— 442.

[8] THTLL, W] A LWl Beff A HUIC IR EDDS 55X L e o 43 )
HIRE ) & SRV FE (] AR ML IR R R4 2441, 2007,26(2):458-461.
DING Zhu -hong, HU Xin. Effects of Biodegradable Organic Ligands
such as [s,s’|—ethylenediamine Disuccinic Acid (EDDS) on the Phyto—
concentration of Heavy Metals Spiked in Soils[]]. Journal of Agro-
Environment Science, 2007,26(2): 458—461.

[9] Takahashi R,Fujimoto N,Suzuki,M,et al.Biodegradabilities of ethylene—
diamine —=N,N —disuccinic acid (EDDS) and other chelating agents|[J].
Biosci Biotechnol Biochem, 1997, 61:1957-1959.

[10] Tandy S, Bossart K, Mueller R, et al. Extraction of heavy metals from
soils using biodegradable chelating agents [J]. Environ Sci Technol,
2004, 38 (3): 937-944.

[11] Hauser L, Tandy S, Schulin R, et al. Column Extraction of Heavy Met—
als from Soils Using the Biodegradable Chelating Agent EDDS|[J]. Env—
iron Sci Technol, 2005, 39:6819-6824

[12] Luo C L, Shen Z G, Li X M. Enhanced phytoextraction of Cu, Pb, Zn
and Cd with EDTA and EDDS [J]. Chemosphere, 2005, 59: 1-11.

[13] Finzgar N, Kos B, Lestan D Washing of Pb contaminated soil using

[S,S] ethylenediamine disuccinate and horizontal permeable barriers|]].

Chemosphere, 2004, 57(7):655-661

[14] Vandevivere P C, Hammes F, Verstraete W, et al. Metal decontamina—
tion of soil, sediment, and sewage sludge by means of transition metal
chelant [S,S]-EDDS[J]. J Environmental Engineering-Asce, 2001, 127
(9):802-811.

[15] Kim C, Lee Y, Ong S K. Factors affecting EDTA extraction of lead from
lead—contaminated soils[]]. Chemosphere, 2003, 51:845-853.

[16] Fangueiro D, Bermond A, Santos E, et al. Heavy metal mobility assess—
ment in sediments based on a kinetic approach of the EDTA extraction:
search for optimal experimental conditions [J]. Anal Chim Acta, 2002,
459:245-256.

[17] Whitburn J S, Wilkinson S D, Williams D R. Chemical speciation
of ethylenediamine -N,N’ —disuccinic acid (EDDS)and its metal com
plexes in solution[J]. Chemical Special & Bioavailability, 1999, 11 (3):
85-93.

[18] Dijkstra J J, Meeussen J C L, Comans R N J. Leaching of heavy metals
from contaminated soils: an experimental and modeling study [J]. Envi—
ron Sci Technol, 2004, 38:4390-4395.

[19] Qin F, Shan X, Wei B. Effects of low—molecular—weight organic acids
and residence time on desorption of Cu,Cd, and Pb from soils[]].
Chemosphere, 2004, 57:253-263.

[20] Orama M, Hyvonen H, Saarinen H, et al. Complexation of [S,S] and
mixed stereoisomers of N,N —ethylenediaminedisuccinic acid (EDDS)
with Fe(Ill), Cu(Il), Zn(II) and Mn(II) ions in aqueous solution[J]. J
Chem Soc Dalton Trans, 2002, 4644-4648

[21] Nowack B, Schulin R, Robinson B H. Critical Assessment of Chelant—
Enhanced Metal Phytoextraction [J]. Environ Sci Technol, 2006, 40,
5225 -5232.



