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Chemical formula C1oH100.
Molar mass (g/mol) 194.18
Melting point (°c) 2
Boiling point (°c) 284
Density (gr/cm®) 1.189
Solubility (mg/L) 4000
Appearance liquid

Table. 3. Physical and chemical properties of dimethyl
phthalate

VO

S Sl g Sns N dsde

G 2.74
Atterberg limit
LL (%) 48
PL (%) 25
Pl (%) 23
Grain size analysis
Gravel 0%
Sand 2%
Silt 45%
Clay 53%
Classification CL
Compaction
Oopt (%0) 17.9
Ymax (KN/M?) 17.71

Table. 1. Physical and mechanical properties of soil
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Parameter Amount
pH 8
EC (mS/cm) 0.0107
Ca®* (meq/l) 24
KZ* (meg/l) 0.33
CL" (meqg/l) 60
S0, (meq/l) 83
CO5” (meg/l) 0.6
CaCO; (%) 10.2
Mg®* (meq/l) 10
0.C* (%) 0.11

*Qrganic Content
Table. 2. Chemical composition of the soil
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Fig. 1. Cross section of apparatus
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Test number Anolyte Catholyte Applied Amount of soil
voltage contamination
(mg/kg)
1 Distilled water Distilled 50 40
water
2 SDS-3% Distilled 50 40
water
3 Poloxamer 407-3% Distilled 50 40
water
4 Brij 35 -3% Distilled 50 40
water

Table. 4. Specifications of experimental tests


http://dx.doi.org/10.22034.24.3.147
https://mcej.modares.ac.ir/article-16-71699-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 ]

[ DOI: 10.22034.24.3.147 ]

éﬁﬂ]&)&jwrb

il gl oy 5 1 L5

LY
Sl e plmil 5l Jols i &L 4wl s
o LOT L alaly )3 Loy 5 55 00 als 5 S Sl

Ll 3

S | =V

Aol PR s i Ol U3 i s 45 w50k
Shol diime B3 Cand 5 5SS oSSy S
Oime B o3p odd coas (8,1 b (g, NEC
Jlasl 51 s .S (6, Se3lil 1) St & pad Cald O s
Sy S Y Sl i S ety S O
O ol Ole U ol pess s Sl 35,V b
Ob = dlesl L aalsl 5o il alsl S il Hluas
g A OL 2 Sl (AL St Ol it Sl
A g Sl

Cnid Ol pedd S o oS A 0 OLLS (Y) Ji,d Cu
sl sl Sy aw 3 4,y LIS & sladslee IS sl
S Lol Ol ous 5l ol cidS Lo sl
e 4 L, s, (23 038 5l dey S (osb 350 s
Gl Ol ol polie byl bl s ey o b
a4 ki Ol 5 Brij 35 Poloxamer 407 SDS (slaJ sl
ol il e e e MA 5 A A O Dolee oS 5
£ S (it SDS a3l s oS das e 0L
SDS sl bl a4 Ol o 1) el opl e ol a3ls
5> ekt Sl Glaos Ay B4 ol by
53 G5B ) e e S sl b p8s SDS il
Lodsls oo bog ol ol sts S sjly LT 055
Chndl e Jas 53 5 Ll S 15 ey Sl SIS
s e LOT 35 g0 ok sn OLE G 5 S kL
53 S Seetd S OLL L3 U s e o iy
b azils ba_zlesl ple 4 cund SDS bl

ool o 4 e Ol e 45 s o 0LES (V) K3 ls se
e 015 o ol b gs L 31 1S BIij 35 5,8

OF 03 o] oo BB 5 0350 S0 pde 5 561, ol

VOf

= WGT sl b9y 1 -T-Y

Jls mbe EC 5 pH slie ol (flesl ool Jsb 5o
Loglas Lasie Jly Lol 53 &5 5 LT o3l
ASTM- (2023) 5 ASTM-D1293-18(2018) (sla,lulel
A el 5l (44, 45] Las s ,Seslul D1125-14
V4AY ol b bl s S b Caeslie o les]
(2017) s likat slas o p s 40 LT 51 e Sle YU
S 5l obases [46] As s ASTM D4648-00
L 5o LOTPH alie s oty S 0e Jol 51, S
L3 6 Seslal ASTM-D4972 (2019) »,llewl 51 ealizud
EPABOBL-A s liliel ol 55 sl bl [47]
ssbe cpl gl [48] il &y s W sed (555 (1996)
53 03,3 3l el S LS el ag slad gel
A Ol e 5 S S 5k w1 gl

5 LA o3y jee Voo es SUI I edd Codls  (slad yas
A 10 5 Jbs 0Kz e Vo Lol Sl e S
S de blsee aalsl 3 aus bglsee (V1) Jdoe) O g2l
osls 13 (eSS,s) sl ) olams 53 aids Vv e 4
Oy i b Sl sl oliws 55 5 Sde byl 0
oslss 5 38 I3 aids 0 e 4 Dy VO Ol a0 5
RS O P PO e B T ALY I T RGN P
B Cand mle 5l al e VS Sy et
e Sl S SY Ly A clb, bl
S8 st mle oaws 3 akds Vo e 4 (NaSO,)
Lgd s & bgdsue 53 Glae Ll 3 wled B s S
3345 5,5 GC (Gas chromatography) o&Kiws 4 el
@ b Db a s el el Sl ) e Y LS s
DL 6l oS ot 55 1) 53 A Goy 35 GC olSaws
L oS usb o o s OV s SlE 5 Sy o
5 A e badged s eaVT clle Ol O Sl eslizad

ol s w0V 51 S (5LSL s s

2 Vortex


http://dx.doi.org/10.22034.24.3.147
https://mcej.modares.ac.ir/article-16-71699-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 ]

[ DOI: 10.22034.24.3.147 ]

\i'VJLw/Ve)L«..:/Yi 092

ote Ol jos wdige Sa s — oode dloe

5 Y44 L i, kT s Poloxamer 407 5 SDS  Brij 35
L pls oS aie Of a bgye pH 5l aS ol ¥/FA 5 YWY
Brij 35 5 Poloxamer 407 Lol ;5 .ol i 55 YAY
S Ol e ki STl 2y oS el slesl s
Brij s Poloxamer 407 s & ool s Lo 84S
Sl e s 4wl pH Ol 3 gl 40,56 35
Gl S lada ‘_.J 4 (394 U Wlaidl g 5 9
Ll 5 55 8 IS, g 53 Gl o0 B a5
Ll 5l el HY oy 5l ol LT O o
BT Oy 5 pH il G ge 5 S Ol 1 55 S
)‘ oslaul Jaanlj.:u @ CMM\;H+ ‘-’j{, .,\.:Jj; ‘_)‘):.A S Cnl sl
SL L sl 5l @l cpl by ke Iy JialS e T
5 Llesls 2815 55 551 Jol- HY 05 L 0T s i
PH 2l o G5y cmed Sl Kles S s 1 o il
5 Giannis law g sds 518 slaast b = onl Lot
39 Sladss s ol [41] el Saalea (YoV) OlKes
ol SaS L1y enslS 4 o3l )y S S slSy
A.ﬁ‘ BE ny .L?J),u' sdalis 9 Ju'b; wJlas SDS oJ.'q‘j,.:
22 5 Aol S pH .Ufﬁjlabgquu;{bﬂ

Db g plds pln LIS

Oles Ll 5 &l o3l 3 PH ol ois ¥ IS

14
12 - t.?t---;*.::.‘?%
D@ L 2R cathode-DW
‘ 3% '} @
10 / ,-,‘;.’.’ ———— Anode-DW
4
/2 ———— Anode-SDS
W["(
89 — <4— — Cathode-SDS
r =
o Cathode-p407

Anode-p407

5 ——®--- Cathode-brij35

4 X
W—ﬂ— Anode-brij35
2
0
0 4 8
Time (day)
Fig. 3. Variations of pH at anode and cathode reservoirs
with time

ATAA

Sl bS5 LY gles sl mSTs a4 ol oS ol
Lo 5 S adsl Jltle jo a8 55l 0 s 5 o
i RS 4 e 45 Al 55 53k Dl i 0T 3
5 Estabragh asle I Sia s glaasl L =B ol s

[21] el Kabea (Y419) 0,0

CIEDW) bl Jsb 5o ol b St il Ol ol ois ¥ K3
(p407=Poloxamer 407 ; L.

-7 62 . . : . . . . ,
1 2 3 4 5 6 7 8
K

4
-8
6l
£ 9]
=
(5}
5
= -10 -
|53
@ —8—DW —%— SDS
1 p407-3% Brij35-3%
EvE )
Time (day)

Fig. 2. Variations of settlement with time (Poloxamer
407=p407, DW=distilled water )

O3B0 pH Ol puuis ¥Y-Y
5 LT O3l L3 PH Sl i Olee cialesl plowil U b
(F) IS8 4 a5l a6 ,Seslul &l g 4 L6
sskiles KIS O35 s PH Ol a5 45 5 500 sdalin Ol 55 o0
ol e 5 s 0l oW e 4 e il oS
L OT 31 e Sl s ol kil oo 3L sl 55, ¥ 6 ol uis
(M) Ko 5l a8 jskiles s salin (S o
LT O35 55 SDS Joms 51 &S iolesl j3 sl asiis
5o ¥ 03 L U5y pH Ol ks G eslanl
SDS &S vy oo b a4 el s (LT Y 51 zi
S ond gl i8Sl cow o plend le Sle o
S 5 255 0T 530 OH U it W55 0 i
O 53 G3b A LA o 5 Ll e LS G55
o Sl OAd ssdes 5 Ol LIS L Ll gl s L
O 53 dad e 7)) SieS o plal S ool
Sadslos & bsse PH slie o 553 ealin 53 A


http://dx.doi.org/10.22034.24.3.147
https://mcej.modares.ac.ir/article-16-71699-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 ]

[ DOI: 10.22034.24.3.147 ]

éﬂ:"”]&“‘;)&jt.;»‘éfl‘"}

il gl oy 5 1 L5

LT O3 5 45 ml,s 5 Ais S eslised Poloxamer 407
oslaial et K;W‘J:.QSJ\SLSM G EC Q\]::;G Ly
L 5 T O3ls 53 EC il e gl (laodiu 5 5

sl sl

Ol L wls 5wl ojbe 1 EC wilui £ g3
25 4 ——&—— Cathode-DW
Cathode-SDS
20 == . — - Anode-SDS

Cathode-p407

ng ] Anode-p407
FU) Anode-brij35
node-bri
I )
-
8 10 Cathode-brij35
T = = = = Anode-DW
5 T - -
Y
p
0¥

Time (day)
Fig. 4. Variations of EC (Electrical conductivity) at
anode and cathode reservoirs with time

dgod ) (95 mbo x> £-T
OJ.’.“AJSB“JJJ.HJLS?}J;@L"V»O‘}?‘(O)JQ
.JAJL{: QLJ.J A 6; e)'\.,\.;‘ 44'\)')) C))j«a “ S xS
A §ﬁ§ o 3lL) e cele ¥ o5 ) /0 o ol s
GL‘V»J}‘)‘}) e cM)LSA QL.;.' (o)‘}i;dds))lﬂw
Ly sy alisy e e bl & s Gl > 5
035 1y JRalS s 5 mle Olge OF 51 oy ol 4l
)"66..'1.3&)" 6|J.3L5M.>.JL5?.'_}]>.'GL"V.>.L>£)‘J'?A.&L~0\
5505 laibel 5l mie el eslinal LT O35 > SDS
Sy sl QﬂusL;u 33 ..lel.k;c JM}L;L.A \Yeo Ul
55 4 Brij 35 5 is o1 < Poloxamer 407 sla sl
4144‘);%[;3‘}4 J:'ljgsl?d /\Y/' j‘\\/o c\"' Laj.:lj.:
Sy g ) g sdse (il Ol o (Sodor o ol 3 sl
W) Ol s S S0 Ol JS b 4y (1)

5 @) U5 ey (Ep) sk Jlesl 5W5 0Ll S L Lo

\OF

&3.3ke EC Ol yuis F-¥

O3 s (S0 culam) EC ol joss Ol (8) IS5
(8) JKs 5 &S jsboles das e Ol 1, K8 5
5> LIS O 53 e s LT O 3 ph el asiie
O 53 el (3320 EC Ol i Ly, Wil oles
ol cle a1 O Sl mi Sl s Ls, LS
bl 5 LT els a5 slal g shas 4 Ol5 e 1 O
<rlee il B P 8 S Sld glady I sl
LS Jime K O 4y Lad e O 5l S
Jigl.f &) J.(M 53 el esls QLS @b sl .l:.:JJA
© bye B 5 kT Ojbe 3 EC pslis op miy 45 sl
OF Slais %S 5 (YV/0 5 14 mS/em) SDS J g
Al e (£/YY 5V /Vo mS/em) Brij 35 J s 4 b s 50
ol il e S SDS il g A Oy oS &S 0kes
AN Gl 33kl O polie 558 0 o e Lol
53 3550 S0 b ek o, EC 3L 51352 sl
e b3l pl S5 ssmge Glads SRl a0y J o
4 SDS izmen 45 0 L e 53 EC slie il 58l
3 g GOy ple Gl w35 Ja Jlle e
2Bl sld Col g b cpl S sl s 1, S s
sdalie Lo bl ple o o (g 2i EC ill S
5 BT 03k 3 palie ol 03 Plus o pas 53 35
oosoee 315U 1 OF 01y e Brij 35 J o (gl p 1S
05 0l O Slastle el 55 g 5l -5 o
Poloxamer 407 J s & ColsGysm sl 108 31 ol
33 4 G ke O EC 03y i e il o S
pe Il Ll d s Bl e 5 g b LSS e
53 1y e Glad s L5 e oS (GlaSd slalt b 5
Arie Ol SRl 0 6 3sde e (S g 25
Al i SOl s 3 pl 4 Sl S O Ol
by uls g dalyt i lesl ol 55 EC a5
O, 5 Estabragh Lu g 8 coul s olis EC o
wosdl St (glSL gl Lol [21]as a8 (Y4)a)

5 SDS Tween80 ils ilits (glaodu s I el 21


http://dx.doi.org/10.22034.24.3.147
https://mcej.modares.ac.ir/article-16-71699-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 ]

[ DOI: 10.22034.24.3.147 ]

\i'VJLﬂ/V@)L«.&/Yi 092

ote Ol jos wdige Sa s — oode dloe

SoSams Lol [50] Lsses anllas U Leily ol s
0> Gt e e LSl e gl (slaety b oS L3 S
3G 25 Seedusd 4 Cond S dises 55 L) el
o e e Il ge 4SS sl Jhade O
i Jos & by 050 |y il 255 S
By Jowslty o Slans &8 cudls S O3 5 el 5d

Skt Jb s pH ol 0 J o
Distance from 4 12 19 26
Anode (cm)
Test number
1 748  6.95 8.55 9.07
2 7.01 7.52 8.68 10.23
3 758 8.08 8.29 9.28
4 756 7.85 8.01 8.18

Table. 5. Variations of pH along the soil
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Abstract:

Electrokinetic technique is one of the common methods that can be used for removal of organic
contaminants in soil. There are some of organic contaminants with low solubility in water. In order to
improve the efficiency of remediation in this method it is possible to use appropriate surfactants as flushing
solution. In this work SDS, Poloxamer 407 and Brij 35 surfactants were selected for improving the
remediation of a clay soil contaminated with Dimethyl phthalate (DMP). The contaminated soil was prepared
artificially with the concentration of 40 mg/kg in the laboratory. Experimental tests were conducted in a
special apparatus. It was consisted of a Plexiglas with 1 cm thickness as the main cell. The main cell
dimensions were 30 cm in length, 10 cm in width and 30 cm in height. Two reservoirs as anode and cathode
were added on the two sides of the main cell and they were connected to the main cell. The prepared
contaminated soil after saturated was poured into the main cell of apparatus. The anode and cathode
reservoirs were filled with desired solution of surfactant and distilled water respectively. The level of fluids
in both reservoirs was the same as the level of soil in the main cell. A constant voltage of 50 V was applied
to the soil for duration of 7 days for all tests. A reference test was also conducted with distilled water in
anode and cathode reservoirs under the same voltage and duration. During each test the pH, EC (electrical
conductivity) and volume of outflow liquid discharge were measured. At the end of each test, the shear
strength of soil was measured by shear van at the distance of 4, 12, 19 and 26 cm from anode. A number of
soil samples were also extracted from these points for pH measurement and removal of DMP by using GC
(Gas Choromatography) apparatus. The results showed that the shear strength of soil is increased with
increasing the distance from anode. The values of shear strength around the cathode were measured as 7, 5.5,
8 and 42 kPa for distilled water and solutions of Brij 35, Poloxamer 407 and SDS respectively. It was
revealed that by increasing the distance from anode the value of pH was also changed from acidic to alkaline.
In addition, the results indicated that the percentage of remediation at the distance of 4, 12, 19 and 26 cm
from anode for solution of SDS were 73, 70.5, 14 and 20.12 and for Brij 35 they were changed to 69.55, 66
,21 and 17 % respectively. The percentage of remediation for solution of Poloxamer 407 were also
determined 68.94, 65.89, 10.97 and -1.24 and for distilled water as 55, 53.3, 7.77 and -20 % at the same
distance from anode respectively. The results showed that the effectiveness of solution surfactants in
removal of DMP was SDS>Brij 35> Poloxamer 407.
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