[ Downloaded from mcej.modares.ac.ir on 2025-07-16 ]

[ DOI: 10.22034/23.5.6 ]

AT B s 2 ol O 2 g oS L S Jokno il

R (oo done
e lyes (podign
VY Jlo 0 oylaid YV 090
Af B Slxio

W 9593 S S (185 T 40 SS9 iSI

R SV PR PYRAR S JEN ISP A ) I W WSS S ST - S I WP A

da}bb\ﬂ oK1 (Oldad dl g o pwilige 5 o 0 dSENS (s Shas pwdige meat (655 (6 gmedils —)
L;c))\...u\ J\)T olii.:b Ol den .Jo-\} gdw.k'..@_» 9 L;J oISl cd\ja& L;w.)v.é.ﬁ o}; )L:i.'nb -y

64)’\...«‘:\)1 omb ¢Q\.Lo.h Jo—\} “".’.li 6}1& 0SS gC,‘.w.i).la;N L}.«q.«\*é.ﬂ E) 6_})& a}; sl =Y

d«‘j\.ﬂ\:bf e&iﬁb ‘ulm .1\7-“5 MJNL er& B ASESls ug;.m{).la..?r.a u..u.,\..@,o 9 rjl; e}_)f )Lff..}\ﬁ -¢

a.goodarzi@iauh.a.ir

VENNYN o VENVN Y il s s

Gl rass s el s3dane Jalse w8 Okl ax ST el eSSl s Sa T gl e slan 8 S S Aol
A sy oS SIS LS 5 gl Gl S (5LSU gl (Eas ol 2a 03 b 0L~ 5 EDTA eSS LUly
Shr Sope ) Y V(DOYEM W5 0Lsl S L e 5 0301 o 5 (535 0000 MOIKG ke L anllan 3550 46503 Ml 5l s
05 4 EDTA Cilies glaclale ‘J*iiﬁ ol o3 8l E Sas ) S Jﬂb’ﬂ Sl Gy YA 5L laesl o (el 5 e s
Jshze ) Sl S BB 5 wgy Ok Ll 5 55 sls 0L sl oy il A3 BL1 55 (Olosan 5 [me 55k LIS 5
53 OF (S AU s 5 5m Sl sy Sk g5 w5 L 0T e S ea Sl oo 40 Sl 5 Ol (S5 S
il 0les Saalsal =l 3 s S byl S S0 5le 53 et VT gy 51 306 0L o anndls J2alS (S B kT ol d
JS 0Lty AT+ 3505) (35dme U 5 okd LT Ogol iy Jame 53 (Sl Comdyn 1okl o 2l (351 iy OB pme 545 L)
Gl S SH G 5 Sk (ST Uslee Bl U o S5 alme &) so 40 el EDTA 03331 A5 asiie als 0L
mt Sl AT e ol el 0L et Lo olSies Oy 93 8 53 eSS g (31 51l SianS S
53 odes ok 53 4 L, sl pl cde XRD glasdUl 5 SEM sl gslitlucd s sla il E fremme 4 olal Loy
Sl 035 s3dome 5 K Coone 4 (bl 4 358 anws b ol iy, oSOl st S el s s V-S S0l
Syl 3 5l e ol Gemen 355 0 SISl Gl ChB 2l 5 WS T e s D3 Ol 0
St il e s n oS S a |y Jhoeals GLa3l g sy ad sl sl 53 I 5 5l (sl SheST JSCES (AL
S35 O re o3 Y0 LalS s (daline Jio b gl 53 4G goey caniils S8 5 S slay 8 5 5l sl 53 (g S5 il

s Gl (Sl 2l sl Obedily 4 YA L Ll e

gl Oty cisaeas EDTA (L 0Lz «s55 5 o o33l Skt (S5 S - ] i)

#4


mailto:a.goodarzi@iauh.a.ir
http://dx.doi.org/10.22034/23.5.6
https://mcej.modares.ac.ir/article-16-66519-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-16 ]

[ DOI: 10.22034/23.5.6 ]

O 5 Los J:oucje

el B ey b 0L s eSS Jlees L0

Slaoiasy mls wr S [18,19] 5l 5,8 o Slinie
S el ot Lyl 3 a5 el O KLy e plol
(Gl 55 5) Slasiin 5 mllas oS15 Ol S cle
6 [29-21] )5 ray opl CohB s s B Y
syam Asls 0L [42] sLKan 5 gdo gl hged Olse
s8ke s el el S Sl S ol el
Jlis & ol gen OLRoas5 cnlply i dalpt Sz 5 S
SenS 358 ol DLl il sl e, Sal, L)
Sl S slad s 51 eslizal dialy ol s [23-12] L
S s of sl slee LUl s o EDTA asle)
O aass e syp0 GVl slaog 51 ol oSS
23 ol Gls J ol L 24-27] 515 (sl
Slr (WL LT 050) cnlin oo 5 gy S o s
Sl Sldllas Sl (F o ma s e odaline lpe ol an
sl s S L EDTA oS 5 (Soill ol sl 15
Kl e bl s opl oS [28-13-12] Wles S a5 |y Ao
355 (S Sltle ey o al) 56 ollast BT o
4 5P Slosss anen SN 0L o Sl eslinad iyl s [29]
CAe S5 T s gl LI glol Olse
1,7, 16,17, 30, 31] <ol o

s es Bl Bsb Sray 50 G L0 0L s
il el el sl s dds s G sk s
(s s sy 2L L ke Sldlhs 1 6ok
53l a5 03y SaS 5 S bl mls 4 slaad b iy
(et el 0 a5 S kil o Sl ety w4 ol S
[4, 6, 8, 19, 14, 16, 18, 24, 29] |5 lii>s Sl (gslaws s
plosil i B S gl AU LSSy S
Sl B T Sl iyl t s e S s
5o Sladllas ol ol and OLSGl ¢y 025 138 51 S 5
Al e Sl s G X gl

Lol s oo w)ldl 5,50 cins LS 4 a5 L
S5 S ol s slahlesT 5l (slas sazen plonll
ssbal g EC 5 pH (5 Soslul ((alilesl ulde 3)
Slaal Sl andl 3y slacid 5 s S oKy Sn

doddo — )
Wt gaole 5 elee nlie 5 L Oljes
53 sk VT slpe s iSOl (353LES 5 e
S s el e x b Sl ol Jsl 5 Sl
ol 03 [195] s Sl 4 amacs s S5 la il
Mo oS Sl Gl e glaclle [ pas L,
3 Sl ae Gl ol S5 wudll gl sl
2 GRhbor A Ll gladls Llg e (o
Sl OLdl s (gl gor ol 5 035 oo Cmb
5 e Wle e sme sl i, 058G alul opl L [8-10]
@ S sl 5 Dl sl gl Sl eslial (g slaal
53 ek VT sl clale 2alS by JolS a3 Sl sk
ol 93 [9T5] ol 05 1 Sl s 5 e S S
el Sl (Sole s 4 SmSs SU as Obe
foS bd wpn 5 s Cope a ol slaaY
oslinad Lol 3 53 o3y 4) LS 5 JEse (sld S Olse
315 4) Lt 51 ST ws sl Gt slags3 1 5
S Sl ams sy (s S sl sladise
S s 1Sl 3o Bslae Ll 1 3 [10-15] ol a3 S
st 3 St 25 Sl x93 4 O g e O Jles! L
S el Ime S5l Sler dauly i Sbe s
5) Ly, las Loy Ul Glbl s lars glaiSTy)
O ol GldSse oS ) rmmly ST
5 (g SOk 3 2 o JUED G5 2SI (S )
oot (eSOl 1 s el D3 28 ) 55585 5
o Lilg e Hllas SO Cladia s OB

[17-16] 555 55 SUt 0355 0,5 5l etV sl o

2H,0 — Oy(g) + 4H* + 4e- (LT =81y M

4H,0 + 4e” — 2H,(g) + 40H- (L5 sl M

ol S8 5 S Pl pgne Gl 5 sle 4 ax g L
Gl S sl o GlasSlE I egme i gl s,

Ll o Soodes SLS 5 plsl 5 S Sl sl S


http://dx.doi.org/10.22034/23.5.6
https://mcej.modares.ac.ir/article-16-66519-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-16 ]

[ DOI: 10.22034/23.5.6 ]

VeoY JL.«/O D)LML/(}*NJWQJ}J

4 033 5l ey s J QLT S Jpams) e
G,k 0550 1) Bl e S S S sk (St
S el Slebl Gus L5 els S5 (Saldl anen s
L) ssleess s 5as YA Gde eaVI-Sbt 2s
walsl 53 ud g 1ugSS (Lo ,5 40 Cougby 5 YY °C sles
55 wged ol gl s St bS5 05 5 e 5l e

AL e.)\.))}rfrf.' a)La..in ;Q\)'l_ge.l.«i

oslaiul ESpY Sk u]a.;mx:,wu_)_y‘j} s bge Slasia ) J‘g.).?

Quantity

Characteristics Method
measured
Liquid limit, (%) 38.2
Plasticity index, (%) 19
Soil classification CL
Maximum dry density 156 [35]
3 .
(9/cm’)
Optimum water content,
(%) 28.5
CEC (cmol/kg-soil) 12.5
SSA (m?/g) 25 [3, 14]
pH 8.82
Mineral composition Kaolinite, XRD
(in decreasing amount) Quartz, Calcite  pattern

Table 1. Physico-chemical properties of soil sample.
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Fig. 2. Variation of Pb and Zn concentration in the soil sample
under different times of EK treatment.
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Abstract:

Electrokinetic (EK) remediation is a very effective option for the soil decontamination; however, its
efficiency depends on several factors. In the present study, the potentials of Ethylene-diaminete-traacetic-
acid (EDTA) and pulsed current in improving this method for treating fine-grained soils containing heavy
metals (HMs) was investigated. In so doing, first, the studied sample (mainly kaolinite) was mixed with a
concentration of 5000 mg/kg zinc (Zn) and lead (Pb) and then subjected to an electrokinetic test with voltage
gradient of 2 V(DC)/cm? (in the form of continuous and pulsed current) during 7, 14 and 28 days. The pulsed
current used was ON for 30 minutes and OFF for 10 minutes. In this process, different concentrations of
EDTA (including a concentration of 0.1 M and 0.2 M) were also added to the anode and cathode reservoirs,
separately and simultaneously. The obtained results showed that in the conditions of continuous current and
without EDTA addition (the common EK method), the EK removal efficiency, especially for lead, was not
noticeable. According to the changes in the microstructure of soil sample and its electrical conductivity (EC)
between the anode and the cathode electrodes, the reason can be ascribed to the simultaneous decrease in
current density due to precipitation of pollutants in the soil matrix and decline in the HMs transportation in
the cathode side, as clearly confirmed by the XRD patterns and EC tests. In this case, increasing the test time
from 7 to 28 days (despite more energy consumption) mainly resulted in the change of the pollution position
around the anode side while the HMs removal in the cathode side was not positively affected, indicating
limited effect (about 20%) on the total efficiency of the EK tests. It was also found that the addition of only
EDTA in the form of catholyte solution, even with the equivalent concentration of soil pollution, does not
have a significant effect on improving the electrokinetic response. On the other hand, the presence of the
chelating agent in both reservoirs of the EK device, especially with the application of pulsed current (with a
frequency equal to 36 cycles/day) would accelerate the treating process of EK remediation. In fact, as the
results of macro-structural tests, scanning electron microscope (SEM) images and X-ray diffraction (XRD)
analyses indicated, such improvement can be attributed to two major changes in soil-pollutant interaction.
First, the presented EK method, by developing the penetration of the acid front towards the cathode side and
limiting the polarization ability of clay particles, causes the formation of flocculation and reduces the soil
ability to keep pollutants. Also, this system greatly reduces the contribution of insoluble phases through the
processes of redissolution and formation of the stable complexes just as it generates a disturbance in the
initial formation of metal precipitation due to the reduction in the hydrolysis reaction of the cathode part.
Synergy of these changes has an prominent role in accelerating the EK mechanisms; so that compared to the
conventional EK model, while reducing energy consumption by 25%, it can also increase the removal
efficiency by nearly 2.6 times.

Keywords: EK, HM-contaminated soil, EDTA, Pulsed current, Enhanced removal efficiency.
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