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Abstract

The leaching effect of heavy metal contaminated farmland soil by a novel ethylenediamine triace-
tate (ED3A) chelating surfactant sodium N-(3-dodecyloxy-2-hydroxypropyl) ethylenediamine tri-
acetate (C12-ED3A3Na) was investigated. The results showed that Ci2-ED3A3Na solution could ob-
tain the optimal heavy metal removal effect when its concentration was 0.1 mol/L, its pH was
11.48, the leaching time was 8 h, and the leaching temperature was 35°C. Under these leaching
conditions, its removal efficiency was 37.12% for Pb, 32.60% for Cu and 19.77% for Zn, respec-
tively. The chelating surfactant could effectively remove the metals in the exchangeable, carbo-
nates-bound and Fe/Mn oxides of low crystallinity fractions in the soil, and also had a certain met-
al removal effect on their organic-bound and residual fractions.

Keywords

Ethylenediamine Triacetate, Chelating Surfactant, Heavy Metal, Soil Remediation, Leaching

B EDIARE S M RAEMTIRKEEE
BEERISHTIBAMR

ﬁ/: ']a Fé:fﬁl}ﬁ

BB SR TR AR, AR BN
Email: zsupzl@126.com

ks HiH: 20184F1H16H; FHHEM: 20184F1H31H; KA HM: 20184F2H8H

SCEF| w28, PRESME. B ED3A JE G YRR G MR I H B R T g HIRIBE S0 FRELRY AT, 2018,
8(1): 19-28. DOI: 10.12677/aep.2018.81003


http://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2018.81003
https://doi.org/10.12677/aep.2018.81003
http://www.hanspub.org

A, PRI

m =

R THE Z =R (ED3A) KB A M REEMFIN-B-T 2 EE-2-BRERNER) L =28
(Cr2-ED3A3Na) B R EL B R H L IBHMBERR . EE RV, C2-ED3A3NafE IR E ~0.05
mol/L, pHIE N11.48, WLER A A8 hit, TIABIBAEMMERE; EHRAEMBEFRM T C2-ED3A3NaE
3B Pb. CufiZnf) LR 4S5 MixF37.12%- 32.60%F119.77%; Ci2-ED3A3Na (N EeH MLkt
BRI HRES. BRI SSNGESAEHPh. CufiZn, SHEVSKHABRESKPb. CufiZnths —
EERAER

KiEia
BB, BAMERIEEN, BESR, TRBE, Kk

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|

S G R TT R R S S R, R E RN W] T T % 2 A S i, e ANBGR A T R
71, FAR T AR E AR, i LS UAOK BTG A, B BB H AR Ear A R[], AT
W TR W] LM Ve BOR BES R R MR 25 Brim R E P B &R [2] [3] [4]

FI R H AR SE R 3 206 N DB A T[4]. RmiEvEmI[5] [6] % B &#kdi[7] [8]15F. AN TLE &7
EDTA BEAERLTE K] pH Yl N 5 < B8 1T AR E (B & 4, 0 Kl 0 B i e R B K12 =
ROR o B IR GE R [ WSOR I BE RO o 2R M 1k 1) il o 5 3R T 1k o, 19 AT LA AE 7K
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IR 1+ SRR AN (SDS), g, T RSk PEREtL L) 5 vKESIR, AHiR, SR, =&
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Scheme 1. Structure of chelating surfactant C,;,-ED3A3Na
ER 1. BEEMREIEMNT C-ED3A3Na 45143
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4 8 h) IR (BE LI ) o« K5 AR EMR IR I EE 4 T e R33N BRI 43 B FHAB A /K ek 5 1)+
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25. BURALRS 534

K H Excel 2007 Al SPSS13.0 #AF X £ ds BEAT A 04T, FH B/ 16 3 M 22 Rk (LSD) kAT 2 35 22 e A
(P < 0.05).
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WIEEH K F] 0.05 mol/L i}, Pb. Cu fl Zn £BRZFTHEALSE, Cip-ED3A3Na & 15 K %) 0.1 mol/L I}, Pb.
Cu 1 Zn £BpZik |, E Pb. Cu Fl Zn B EERZFE5 514 28.74%. 27.35%F1 7.80%; M5, FEE
C1-ED3A3Na iR kLK, Pb. Cu Ml Zn [ L FRZBAAR/N . XYL, G PER TGRS —Fh
RSV RN 7 7 | PO SIS s %y S BTt w7 v = 4 WP | 2 s 11 7 S T e 7 il i R SO
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Table 1. Characteristics of the studied soil

=1 RS

pH B ML (9/kg) TR RL PR R (%) BH & -1 22 #  (cmoL/K g) 44 (mg/kg) 44f(mglkg)  4BE(mglkg)

4.45 13.38 14/58/26 3.58 463.1+13.8 506.2+7.3 4204 +27.5
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Figure 1. Liquid-to-solid ratio on metal removal efficiency
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Figure 2. Effect of C;,-ED3A3Na concentration on metal removal efficiency

[ 2. C1,-ED3A3Na R E X & B ERERAFM

Table 2. pH values of C;,-ED3A3Na solution and the washed soil
7= 2. C1,-ED3A3Na &k K A8 R4 itk st /g T 1A pH &

C1-ED3A3Na iAW pH 18 7.84 9.41 10.68 11.48
WRPE S 1811 pH {E 7.56 9.17 9.98 10.39

3 AR IR E . WRPRIRE . RGeS IR [ b 23 508 0.1 mol/L. 27°C. 12 /NiFAT 15:1 15
., C1,-ED3A3Na W pH (H4 48 LR K. TTLLE R, B C,-ED3A3Na WA pH H 7.84
HOKZ 10.68 B, LEEHE) Pb. Cu fll Zn () ZBRZFAR 2B IR & . (HWMRBEM pH M 10.68 F+ % 11.48 K,
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Figure 3. Effect of pH value of C,,-ED3A3Na solution on metal removal

efficiency
3. C,-ED3A3Na i&if pH EX & B =R E RN

Pb. Cu Fl Zn ] 2B 2 6 G IR FEHUK

— Mk, C,-ED3A3Na FfifA pH (EFHF, oK@, 5954888 TREBUKEHS 5,
XPERERR M E SR B R, RN, SRS THER pH BT S, FEEAEERNEE0Y, 58S
PERTIIE VERIE st G MR 1 R, XHESSEEERE TR, MRME 3 I RE, FEIFHR pH
HIE, SRERFZREN, Y C,-ED3A3Na (IAHI LS B IRESMEB R AEEAER, itk
MR E S BEEN R AR, FELLERE . MR i) pH 88 11.48 i, HIERISEPR pH {H
WA 10.39 (I%AHIEHS /N T Ci-ED3A3Na BLHE T 28 1/K ¥ pH {E (pH = 10.68)), #H EL7E L Ath 133 pH
B Rul, JBERf ) Cip-ED3A3Na /Kis i lf, 58 RMEA et Lr, Kk, AxEE MG pH
1148 B, BEJEIIEBRBRIT

3.2.4. ikRE &R ERENF M

FEMRBEFIIREE . RPEIR AR E LE 23 )4 0.1 mol/L. 27°C AN 15:1 1500 T, 24 3kBeiS a1 h 284k 5
8 hif, 3FESENLBRIE/NE LT (HiEd 8 hZ(bF| 12 h iy, 3MELENEBRAHE N
(1 4). XFTRESZ M 1 h £ 8 h, WRBE7R) = ZERRIL R B e RIER T KIS S E AR, 75 8h £ 12 h B4
FEAGIRBEIR P TE TR VA S E SR, (HERIA B M RECE A, A 1R 2 86 PR S 1 77 B
GV LR, FREEERE TR MKk, UGN 12 h B3] 24 h i), HEEBRERE
SN b, B B M R T 1 R L R T P AR S T BB TS B P (RAE 24 h IR B R R
BEE#kE 8 h fK)/he [Hlitk, H Ci,-ED3A3Na Jyitkise sy, 8 h A Akdkental, Pb. Cu 1 Zn [ 2%
YN 27.65%. 24.45%F1 9.19%.

3.25. WIEREN &R EREHIFM

M3 AILAE Y, BEEWGEIREE T, Pby Cu Fl Zn [ 2:BRae R R, XU IR T A R T H 4
JE %R, XREY, TR, Crp-ED3A3Na KIKEM SRS, A BT et L3 4 & sl - R i
IR BIBARPOR, iR Em LR GEeRERFMBERE A, MPEEE N 35°CR ALE A1
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Figure 4. Effect of leaching time on metal removal efficiency

4. WEETE X & B AR RN

Table 3. Effect of leaching temperature on metal removal efficiency

3. IMEREX &R ERENFN

S %8 (%)
WL (C)
Pb Cu zn
20 23.33+0.75 21.82 £0.70 5.08 £0.14
27 23.67 £0.44 22.56 + 0.62 8.21+0.20
35 28.96 £0.42 27.62+£0.47 11.81+0.47

3.3, RIEMEARHTHABRURMKANGESRESEN

M 3.2 Pk BE S A IE LI E , Crp-ED3A3Na B M2 WA Lk A 15:1, ¥ 0.1 mol/L,
MBE pH 1E 11.48, WRPERTE] 8 h, WRPEEE R 35°C: FEULARAE T, FRATIR T IR A bk ok R Rk
Wi JE B4 B ILAAAL, I SDS Abkukia ks 2 R T k.

3.3.1. €BEBRELR

HPE 5 a5, ARG Cpo-ED3A3Na X H3EF ) Pb. Cu Ml Zn I ZLMAER BN &, i
SDS st -3 Pb. Cu F1 Zn B2 AF AR B . C,-ED3A3Na 1] LU# Pb. Cu F1 Zn 255 7 ik 5
37.12%. 32.60%7#1 19.77%; SDS HEEf# Pb. Cu A1 Zn fIJ: B M 452 1.30%. 1.16%F1 3.71%, X4
SE R 55065 N[8] ] SDS ithifeis i IR SR ib 45 Rszi . X ULHH Ci,-ED3A3Na s 5 H & @15 4L
IR RE i i KT AR A YR T A 77 SDS.

3.3.2. WARIRESRESHHEMN

H1E 6 7%, WhBERTE Pb. Cu Ml Zn KITEASAZ LA R 8L, WhPeRT 3% b Pb. Cu M1 Zn FZ LB
R RS N T, 251N 63.64%, 62.49%F11 67.62%, K22k iH LA (Pb A 18.61%, Cu iy 19.41%,
Zn M 20.36%); AN [F) 2 ALAE T-itR5e i 38 P 1)) 22 #4589 %2 (10.29%), A LA Pb & 2450/ (2.93%),
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Figure 5. The metal removal efficiencies of C,,-ED3A3Na under the op-
timal leaching conditions
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Figure 6. Metal fractions affected by surfactant-enhanced soil leaching (the metal percentages are calculated based on
their individual contents in the unwashed soil)
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1M Cu WM A, IS HRAS & B (2.15%), AHLES Cu & R £ (11.66%), Zn [ X HAE A NS S
EEMNAK, 308 4.74%F 5.61%., —FHMIKIRE LGS T EHME P A 4.40%, Cu A 4.44%, Zn
N 1.34%), 134 C,-ED3A3Na MBI, IS A FIBRIR Eh 45 A4 Pby Cu FI Zn FEAHR BB
3, Pb. Cu [RERER AL S BRI £, HiHId 56%., 1M Zn IR FAb & B IR T 8D, IR T 31%;
X PR A MR TG MR =R & B A P &SRB SN LA —EER, W P MAENEEENE
=2 AT PR 48%, BRI Pb Al Cu B &34 Lk BERT PRI 12%LL I, X5 EDTA [19]8L EDTA
fTAEYI(PDTA) [2019k5E55, 8RB A R, AR T A VS FRES N ES R ST ENE R
— . FTUAFRATTHERT C1o-ED3A3Na AL 5/ B HLSFRES MBS B K A% AER, el eIt
e R H K

SR, IR FEY 0.1 mol/L 1) SDS ki 1% 8 h j5, LIEH R 7 ANLE G Pb LUtk Bemr FRRE £,
2)50%, RIS, PREREAS T Pb.y Cu Bl Zn FIE 4 & & R LGB RTA /ME BT, 177 Pb Al Cu (6%
b B A UL =M & BB ST E o & =i m TR a0 & &, X, SDS Lk LIifE
SRR IIRZE, W HEMBES RS, RESBIEERE, mAIHids, G ESNEREZ NKR
heE A B MRIES .

4, 4Eip

1) 7EVRIE LG WRPEOREE . WRPER pH (B WRPGEIT AR SR IREE 4398 15:1. 0.1 mol/L. 11.48. 8h
F135°CHY, B AL A MR VM Cro-ED3A3Na WRIEA™ L B3 A FH - 38 m] 3k B i A b e s8R, 145
Pb. Cu 1 Zn [ 2B 43k F] 37.12%. 32.60%F1 19.77%. X3 1 % 1 7 25 i+ 3 4 @ (1 i iz
i T SDS 148 LR J1(Pb. Cu Al Zn (R BRFAUN 4051 1.30%- 1.16%F1 3.71%).

2) C1,-ED3A3Na & 1t 2R 1 & 1 500 L3 b % P Py Cu I Zn #0F — 8 ) 2 BR0R, HEARRE
LRI AL WS FIRRIR £h 45 445 Pb. Cu F1 Zn, (R, Cy,-ED3A3Na & & H T E &R/ i5 S Rt & .

& H
KGR RAE BREL 3 4:(2015A030313677) T .
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