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Fig. 1. Electrokinetic cell schematic
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Fig. 2. Soil X-ray diffraction (XRD)
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Mineralogy

Type of mineral Mass percentage

Kaolinite 61+2
Major Phase: Quartz 30+2
Major Phase: Calcite 2.5+£0.5

Feldspar -

Other Minerals 6

Table 2. Composition of kaolinite clay soil minerals using
XRD
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Parameters Value
CEC 18.31 meq/100g
Soil Finer than o
property 0.075 mm 100 % (ASTM D422)
Liquid limit 39.60 (ASTM D 4318)

Plastic limit 16.35 (ASTM D 4318)
Plastic index 23.25 (ASTM D 4318)
USCS classification CL

Low plasticity clay

Table 3. Physicochemical properties and cation exchange
capacity of the soil
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specification
Formula C10-C16
CAS 8008-20-6
Density 0.8 g/em?
Boiling Point 150-300 °C
Vapor Pressure 0.23 mmHg at 20 °C
Solubility In-soluble
Dangerous
Toxicity

OS®

Table 1. Chemical characteristics and toxicity of kerosene
[28]
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l;:l’;' Epr;;:ent V(;l\t/z;ge Electrolyte Time(day)
Without
1 Improvemen 18 Tap water 7
t Technique
Without
2 Improvemen 18 KNO;3 7
t Technique
Without
3 Improvemen 18 KNO;3 5
t Technique
4 pH control 18 KNO;3 7
Increased 24 KNOs 7
voltage

Table 4. Specifications of experiments performed using
electrokinetic method

3 Sk Ju_uj A Gl abye Oy o bl
3Bl 55 5l 5 S (S lme eonnd 0y I 5b (sl
S Sada DS 5zl gl wla oS EPA3540
S odss bl Gl ol Sl Sl e 5 18
o lle L clale [29] w5 S )5 eslizad 5,4 3] Sl
oy @ 03500 k5 Bl 5l S s a3 S
Gy Beffin 3520A Jue (o35 31 S 5ley S e oIS
WSaws 035 o S 5 Sy b sdalia 5l s
oS gl s S S s s S kil SL cble
Shooslie clle Vo 51 S ks S s 03 g
5> (mg/Kg orer 51 VL 5 5ol slbeble) sy S
S5 osylnlal i, sl eslimad boad an s Sl
4 03305 05 IS (sl 5 gl o3 J1 SB35 S 0l
S P oKius

e g e T

yowlg I O > 1Y

Dolos g5 5 Olos gy Sda Jsl LT T

Gk s S s hudlls a5 4 e L (7)) sl s
Uy b Sb (USCSY) St an S, v (s
Siwaik (CL) oS s pdy Sillasl b ey Sb= Ol
S plend = (S5 Slasids 4 a5 L peoeen 3 S
ol S ol glls s, 5e S (F) Jsdr o
W3 ls 3y s s Cadbe w5 L s G b el
Ul oS W s 5508 Jsls b b slls S
2l &j SIS 3 L

B o )T ol 1Y

Glp () Jsdr las oslize ilesl 0 2ass cpl o
Sp S fele 5 Sds il Jylos 76 Dby S e
s gy g SS9 S By b s, S Gl (gl eas
53 eV LSS 0l S sl & S gl osb,
pe Sk 0 eVl chle 5 e b nlsl el
S 4 SBE 0250 02,1 sl i 4B S s e S S
eSSk O ke gl nis S Y e o s
3 05l b ULy o S U 5 (3 S p SkS
S 4 e o Wlol S w5 bl 00
3pn p5 A K ode 4 oaY 5 S LS ol
5l b ae G Sde ol Jsb 3 iomen 1S anien]
e Kle o 3L s S weadl Sl el s S
Jsho dbaima 055 TEr adsl Cugby Loesydl Sbe
sk A esls 13 b hlesl bl gl SenS 5 SUI
5 gl dbima 050 4 S O3 sy Sl LS e
Jsbowe 5 031 St 0 £Y oyl paly Al 5 o518
Sl g Ol s Sl Ml A eslizal ooy xS
oo helaad boss, Vo5 0 ladly s s S
(23,5 1A e ks s s el Oady Sl
5 ke OF g S Jslome 233l day 1la3T s s
O g Obey e 53 iy S CBde (gl ety ol
V) aag Oloy Okl oy b i aslie SusS Loodd
Vel Ol ) b s S Jle 5 (G

2. Unified Soil Classification System



\vaq Jlw /v UM/M 0y9

oot Ol pes pwdige 2B g5 — ode alowe

53 ol s SOk VL 25 3 b el Sl
Cds S o Olge 4 Jhaie OF 51 &S sl aalesl
Rl boanlie 5 pis S Gde Olly d esland
a0 bty o ot VT 5 ST e 3 b Lol
Ol s S Jhoes 3l eslizad b 5L Gl oletl

ol 0 V.;..«:t‘:o.

Sl 9 gl O jlbo pH Ol i Y-V
Mg a e b odsls 5 edsl sl s pH ol s
bl o O 55 SO STy (b OH 5 HY (glaors
A el S 5 T s s 4 s sl Las
g oamy bl sl ools 0L (8) Ko 55 oS €S0k
o390 53 O 5 S 6l B Jlis 3 pH ol i s 03
B s RlSt s V1 VL St il
Sonl b dedly e35de 53 5 02 58 5 H 05 & O
ool e Hy 38 5OH 05 M5 5 0 bl s o )
L, B s 5 Jsp Lay L1 s pH Slis 5, ol
58T s O e S Gla STy @ a5 L als 253l
Sleis L, (0) K8 Gillas i Oly oS 450k g8
SPHEY) Jo5 0 5 ¥ ¥ O alesl 3 T abaiss 55 pH
e b s i el Jases slwl eias OS5 (b
53 QYL s pH=Y) iolsil Wy L adaises 5 5V Ol
S (sl LS ddaimes j5 o3 lases sdiasglis 5 Obey J b
[31,32] sl ol o> 5 a2 dS laiasss 53 sy ol
Bl 5L e 0 5 7Y lagtlel 4 o) hlal
Jolos a3 W18 5 LT diioms o i LSl sl (St
EA S b S b b 3 el eslinad oy S
$la s (SIS rlen 5 (2l e 000) a5 0 -
Lo L lle ams 53 LT 5 LS s & OH 5 HY
Sl (0) S llae soopl S el Sl Sl sl
oS B e 5 AT e s PH Sl
Vbl s a3 s sdalie WS daise 53 pH &l oo
FaS 853 gl o3l & i 53 a3 PH S i

sG] g Ch s v g Lol b 5 S0 Cos

N

Gl Ol il 4 aliws Gl cmlie oy S
Obr e on 3y SodPSS S Sl s S
©00 ol s a Y 5 YA Gl bl L3 el s I
Shestaal b 55,V 0 Oy e 53 1 L VY0 5TV
() JS Gl el 1z 5 e T el 5801 J sl
5> CGlade 0D sl oslizal g S Jsome ol 035
05 ey 2SO e Gl e J5l bS]
o3l oy Sl g S lome S Y Y el
Slsy b St Jsbite e 00 JB2l s 4 ol
ol S Ol o WS S5 szl 5550 S
Jole sle 58 bl s ol oy axle S L
03 el s Y Sy Aul58) s pH J xS sass s
TA A e el DR s S e s
Ol e s ui’o-iLﬁjT}.) ol 03 el xS OL > e
Sy (M) K8 Gilae 1 Lo £0Y 5 YVY 5 5w 54,V
0L a5 S8 o pH oS J 25 Jalse 51 eslizl
Oley 4 0dd S5 Logys a4 b Oloy b ys St Jsle
AL el S Ol e 25 RlST les]
Gt Al L Blhe pme OS5 Sb 6L el
St 5 W SRl Lo BT sy )
Sorles Co o L 5 T s O s S gla i1
Skl SRl S SOk s 5 J sl lal s
O e S5y VOl S 3 0 ol oo
Silesl 4 ol 6V (o sme Lss b iy el 5 S
S bl 03 S 4y 25 pH J 28 sdians s Jule L
ooz sl it 5 S pH Obey sb s gdewl g
(03 305 1y 288 (pHzpe= V/YY) pHzec 5 5ol 4 AT
SLehls Sl ol s Sl S b el 4 o
e Lol ol Ll 53 ssml 5l apdie oe
S Ll gt boamlie 53 sendy S 0L~
wsdS la tash 55 Ly cpl &S col il L;Jj(w}
Cn A o3 plnil sl i3t 3 [30] ol 0l o> 3
S op b5 ) Ghlsl @ by gy S 0L £
5 ke OF 5 & ol s eslizal 3550 &5 2SI J gl



Q\)&A)w;ﬁg\ﬁ‘;&

5 Bl S5 il b L slasy Sl Ce 4 L
S S S Calae 5 by Q058 Sl s
SIS Jshome g5 s a Y 5 bl
Gl (S S OL o Sl ey S5 5 e
sl e 10 Y e sl g e (V) S
b el YU 5 YA e i 4 e 5 0
3o ey ialasl Fors sl ela b 57N Ol ke
Sibosl gl o el e Yo 5 WAL ialS Wy, of
SY bl g SOl Sl andy ol ails
s Sl S Jgloee Sl eslinal b 555 0 Ol s 2 @
Sl Sde b 3l el e YTl S el
Shr odd e Ghlesl pad 5l cele W LE
= Dol $als 2 w35 b ke SV S S
A il 5 s S gl 650 S Sl 5L
PH J =8 sias 35 sba Jole 5l eslizad coal o Jlas!
e (V) S5 llas 0 58 la bl 5o 3y 258l
Ao el e A 548 L S sSIl OL o S s g
5 AeSdes wdn) pH o J s Jelse Sl eslinl
sy 2o EIF e LS 5 T s (Al S i
AL sS4 0T Ol 5 e 3 3 g
PH oS J 58 el ge 03503 3Ll b g0l 51 s Callos

Ol > ol

03> i e sl o (b b Sl a3 JT S s LS
Dilesl s ol s T e 5l S oo b 5 psd S
PH J 285 b el ol o3ls 0L (0) K3 55 &S €S0k £
Lods awils &K ot oos 3 Lo, pH (S 5 LT aliioes
sbil @ a5 L abaises 55 8 53 8 ilesl 53 pH J 28
Wy (St 5 L1 5 LT aadomn 5 WS 5 ol Lol 5
S ohdobel il i L dlie [ 4 OH 5 H glao s,
LIS 5 kT Gypee o3 pH il5dl 5 2als ase 53 3 dal s
Eo bl sl 4 cos pH U8 51 o 5V S b
el 0305

5T Gl o Dad Y

g SOk ol Sl Ly, (V) K g e s L
@il Rl 6o gme Ly, bl by o s S 4b
P35 L, OF 3l e 5 ok 3555 Jllie o T 4 s
el 033 055 Ll B il s cosle x5 L 2B L
i glinl s S Ol s il n)
23> Jsbe Glal s sl m55 5 35 Lo & b iles]
e B 5 T s s S e STy o e
ks (b5l e S S s 75 5 S L 5L
A bl o3 gl Ll e gl S Y Ol
oo L Lol G @ WOy Szl 5 a5
Y R E ANV T JER S ERPIS PN JETCP
Sl Ol cds Cob L s Jup L, A,y dal

-oﬁoﬁ@ysg}g;@;j})lmw%@&wg

S5 s samly SO Bl e ez £ A O

600
500 Exper!ment—l
Experiment-2
~ 400 Experiment-3
g Experiment-4
B 300 Experiment-5
5]
Iz, 200
100
0
0 20 40 60 80 100 120 140 160 180

Time (hour)

Fig. 3. Cumulative electroosmotic flow in catholyte

ay



\vaq Jl /v o)\.o.i':/v.:.m;a' 0y9

pHu,xg,quts@mWywww
Gl walols op 50s 5 51 S s Cand 055 S
osls Ol (V) UK L3 & 6 50kes A2 (g,Se3lul 1S
o Knyp S Jyl i ps S pH Gl s ool ol
A s s Y=Y a3l s &Laﬂéﬁ LT abaies
5 omb S ST el s B 4 Sy s
5 &l Ope 4 Jols o 55 53 S pH 03 VL
Sasiimy o0l 3y Sl gla STy 4 a5 L LS

3l agr (g5 i 5 B 4 LT s 1 (gl 4

e sl js cJ g

Sl el e A8 U slus oy o ales L S SN
S 3ol pen 1A Loslis OT &oporlgn 5l ey 5wl
sl (S 80 by 215314 0 e 5o Ko b
L Wl s s S gla sty S EF el
O ol paie () S plhe 235 o pm
EF ORIPIL S s el s tA BT nl s S S
OH 5 H" slads M5 odo sl glaisly (S
KT 5 B e 0 g ol Sl a5 5 4Bl 5 e
Sl 4l 2ol 58l G sl O o s

& pH —-£-Y

0 4 Jsb sty s Sk batlesl Oley plast 5

5 sl abisa pH ol 5 0 K2

15
A,;_}’:’:—:-:_;}:—_—; -------------- ;:)—(- E—/:r;aaé ---------
e Ex-2. Anode
0 |/ Ex-3. Anode
i Ex-4. Anode Ex-4. Cathode
s Ex-5. Anode = = ------- Ex-5. Cathode
R
5
Anode
0
0 20 40 60 . 100 120 140 160 180
8lolme (hourg
Fig. 5. Anolyte/ catholyte pH compartment changing by the time
Ol i 3 (ool ) (S5 N Ol o ok ol s 1V JSC2
100
90 Experiment- 1
80 Experiment- 2
Experiment- 3
70 Experiment- 4
= 60 Experiment- 5
g 50
= 40
E
5 30
@] 20 —————
10
0
0 20 40 60 0 100 120 140 160 180

3
Time (hour)

Fig. 6. Changing current intensity (mA) versus time

\a



Q\)&A)w;ﬁglﬁ‘;&

LI s b T ol o 3G 5 5 el plasl 51 ey S pH ol s v S

14
—— Experiment- 1
12 —&— Experiment- 2
10 —@— Experiment- 3
—{— Experiment- 4
8 —¥— Experiment- 5
2 6
4
2
0 1 1 1 1 1 J

0 0.2 0.4

06 0.8
Normal distance from the anode

1 1.2

Fig. 7. pH variations of the soil sample after each test from the nearest distance of anode to cathode

Lodas Jame Sl o orlee a3 ills (a8 s
£0Y) Llal ol 3 sl s 2SI 0L a5 BB oz 4y x5
Sy 4z s dee LB S S OL i 5 (R e
5 B 5 &l s iy S glamSly S Eretd dles!
Clle L Lo s S G 0 S H G0 5 & 2 lgs pmes
s IS b 4 e My Rl S S O e and 5o
o Sess pH L S Jle sla Loy pH Ol ol
Crle) oW e cle iy LIS 5 T w0 la s
SAL b 5 el S Ok o eVl 655 (OH 0
2y S VL ks
2395 owle b cdalé —0-¥
Skt Cilis gla iz 53 opis S Gl Aoy (V) S s
sl Jole Sleslinad b 5 olgd & SaS o S o) Sl esliad L
oobe ol 0wl Cilie gla_filosl 55 skias 5sg
50 s e &S ol Gle3T Y s s S Gl Ao
EVIYE 500 OYIY ln 55 4 g s S Jslome £
b oS chle bonlsl ol s e ) K sl
» s eS Sl Konp ol 3l ends S ol 8550
035 oy il St Sle Jisu 5 B 0 Koy glaisy
a5 b SbE 53 3 S sbile Bl e ps bl s o
300V 0l e s el Sl S S glome 5l enlial L
ey el g, 03 o VT &gl ol e il 4y
il S S e s ¥ 5 les] 53 ioman
Loss YV 5 YVAA (5 5 4 Oleily pl 2eS Obey ke

e Y lesl 5s s S Gl Dbl As s 00 5l S

¢

OH ;5 &l ,5 HY (ladp My ams 5 &l 4 L8 e
5 L S Gl gla oo pH Ol ks ool 1583
Jsbwe s a0 S Y5 Y O bl 53 (V) JSo o
w3y aingr 0o 5 G O 5 Oz uly) oo Sl
SYOXIY Ll s Al a1 s s
SVOVY Ve ol LS a ol o 5SOs5 53 5 VAT
SIRCIE TV ST PR PRIV PSSPV R VAT
Qo0 BV 5l s 4 pH o i B 4 kT

SYL pH Sl ais s VV/Y0 B VAY 5 Vere B oo/vy

o Drles 5N Ghlesl Gle Cd S 5
53 el e L L s S e 4w OH s HY (sla0
W esls OLEs (V) IS 55 S w50k 0 58 lailesl
3 PH J8 edonsse gl lole 5l oslitul 4 x5 L
PH S e sl s ¥ 6 (S s fesley 5153
Al a LT G 5l aols 50 5 2 S0 5 2
BYRBI VS VROV B Va - RVAVARPER 1-) SRR VA A
PH J 28 edass g ole 3l oslized @ a5 L8 bl
Sl Jamma bl o S Sl glazand 3 Sl i
aslizad SWy il lele 5l as 0 bl 4 el (g rd
A5 53 PH iy Shals s £ bl 55 g a
PH J 28 05 sl mlosl 0 cans & 4 Sl i
i Mg o S el KT s 5 S RSy s e
53 [22] ol o sl WS Ll i L oablis ol HY
s sl STy S GV S Jlesl L 0 il

Goedd Wy sladg 5 5 S Iy bl aaise 93 o s



\vaq Jlw /v UM/M 0y9

oot Ol pes pwdige 2B g5 — ode alowe

S 5 4o ¢

& 2isS Bl 0Ll s sl nl el Sl s
Loy wlpy S sl I olS S sl Olge
Shoeslead LS bl sl
ol 0 Grassy ol 5 IS b a s S Sy,
Jole g sl 0Ly S Jlos s 0
v KaS s S iy, S ool s plosil s dass gy
el W, Sl ST OLS 5 slSL sl s
YU 5, Ll s pH J S ediass g sla Jale 51 o550
e e e S e Slas p s

Sy S sl Sl oSe LS V o0k s =)
LS slr dens 00 Gl Sl by Ol 50
Slodias 35 Jale mon Oy SS 5 S agy Sl eolind
RO

U pH J 28 sduas 35 Jolo 31 eslizal Ul O3, —Y
Sl S 5 el 2 0Lz VU LB £ s
Gl Olekily oy YV als 4 e WU SO S
Ll 5 LpH J 8 05 Shlesl 4 Comd SISl 3 S
Ll

s Y B S gl edans s ele 31 (5 Se g Y
= ar g b SaSy S s g S e Sl
Sty ISk £0Y) el g i1 0L 2 aladle LG
EA ) e 5 (el s 8A) (S o801 0L s
Lo ol L wsls 5 i s 55 xS0 gla 2Ty (S
U s doys WEY s i35S Gl Olakily chuoys VY
S S YLl 5 o Seodes Coale w4
il a8 g5l anly (55,8 Gl Oledily &ilay,
O S5k lin Saer alax 51 5 o35 S5 Sl
- e 3l eia,S clle min o) ol ) el ey S
T S P A e S P S T 1 PYRE Y Y P
dbaies 4 oo ol 50 5 Ol el S OL > L
olod 53 S My mend St Gl glaiay 5 S
5 o3 pHzpe 31 N0 Sbt 5l ol ise 55 pH b ile ]

o

S S0k S Gl Oledily doys Kke 0 5 8 il
Sl sla iy ples sl s osls (hled (A) K2 s oS
A s SRR PH RS sdas ssg Jele Sl sSe e b
GO w bl caols 8 alesl Ls s VAT 5 6V
Sl Oledily Ope 53 a3 pH S ey 5 Jle
OB o SS9 PH J 28 55 S 35S
LS (Ko 53 Mo K5 w0 a5 b o) S Sl Ol
0 a3 35y Jale ol Sl eslitul w53 s S il A
S e gl a s Y W dlesl Lo bl s
et 303 My 3 el S 0L 5 (SO OL
ke bl nl 5l s S JE s Sk s e 5153
farh 53 adsl M il 3l S Ly Sl s Ol sdils 3L
S Oledily deous VYVE piler el e, e
e zls WV/AY Gl Ao s Lo (nlel 4 s (g S
Lo 5 Y Jabosla Glate pis,S G Obekily o iV ol b
o 2l 4SSl Sy ol esliad b s s /AT 5 00
4 SESo SN s s ey S S S J sl ol e
Jsbwe 5 Sb= e fle a5 Sy VB 55 SR8 ol en
r\ﬁs Sl g 39,V Oy ke (.MLJ RE RGP
ol 03 OF odinss s Julse ol jon 4 SnS5 28U cla e
bl pa Gl s S Bl Aoy s 4 Ak

ol 8 4 (0) Jgdr 5 1ipme &) 50
Gl Ao ohen 4 sdelnl e bl Slasie 0 Jgdx

b tlesl g ASE L 0558

Experime
nt 1 2 3 4 5
Number
. pH Increas
Improvin
Factor - - - Contr ed
§ Facto ol voltage
Removal
Rate % 33.02 50 47.24 47.69 61.43
pH
Contr
Electrol Electrol Electrol 91
yte te te with
Specificati  solution: 1y ° 1y‘ _ citic  24V-7
n Tap solution:  solution: acid Days
° KNOs-7 KNOs-5
water- 7 Davs Davs and
Days Y Y NaO
H-7
Days

Table 5. Specifications of the conducted experiments
accompanied by the kerosene removal percentage with
emphasis on experiments type



Q\)Lf\us)w;)éd“\ﬁdl&

2017 A review on enhancement techniques of
electrokinetic soil remediation. Pollution,
3(1), 157-166.

[10] Virkutyte, J., Sillanpda, M., & Latostenmaa,
P. 2002 Electrokinetic soil remediation—
critical overview. Science of the Total
Environment, 289(1-3), 97-121.

[11] Mao, X., Yang, X., Qin, H., Shao, X., &
Zhang, Z. 2018 Mechanisms and Influencing
Factors of  FElectro-Kinetic = Enhanced.
Environmental and Analytical Toxicology, 8,
1-8.

[12] Acar, Y. B., Gale, R. J., Alshawabkeh, A. N.,
Marks, R. E., Puppala, S., Bricka, M., &
Parker, R. 1995 Electrokinetic remediation:
basics and technology status. Journal of
hazardous materials, 40(2), 117-137.

[13] Acar, Y. B. & Alshawabkeh, A. N. 1993
Principles of electrokinetic remediation.
Environmental science and technology,
27(13), 2638-2647.

[14] Kim, B.-K., Baek, K., Ko, S.-H., & Yang, J.-
W. 2011 Research and field experiences on
electrokinetic remediation in South Korea.

Separation and purification technology,
79(2), 116-123.
[15] Cameselle, C. & Gouveia, S. 2018

Electrokinetic remediation for the removal of
organic contaminants in soils. Current
Opinion in Electrochemistry, 11, 41-47.

[16] Park, S.-W., Lee, J.-Y., Yang, J.-S., Kim, K.-
J., & Baek, K. 2009 Electrokinetic
remediation of contaminated soil with waste-
lubricant oils and zinc. Journal of Hazardous
Materials, 169(1-3), 1168—-1172.

[17] Reddy, K. R., Darko-Kagya, K., & Al-
Hamdan, A. Z. 2011 Electrokinetic
remediation of pentachlorophenol

contaminated clay soil. Water, Air, and Soil
Pollution, 221(1-4), 35-44.

[18] Zanjani, A. J., Saeedi, M., & Weng, C.-H.
2012 An Electrokinetic Process Coupled
Activated Carbon Barrier for Nickel Removal
from Kaolinite. EnvironmentAsia, 5(2), 28-35.

[19] Mulligan, C. N., Yong, R. N., & Gibbs, B. F.
2001 Remediation technologies for metal-
contaminated soils and groundwater: an
evaluation. Engineering geology, 60(1-4),
193-207.

[20] Moghadam, M. J., Moayedi, H., Sadeghi, M.
M., & Hajiannia, A. 2016 A review of
combinations of electrokinetic applications.
Environmental geochemistry and health,
38(6), 1217-1227.

"

ooay o eslaad A Gk o4 i sdalie S
o3liiel L s S wea gl S (g5lasSh gl Sans5 Sl
Jole 5 S5 180 ) 650 e 5 s S ploms S|
@Lﬁ e oo Y ol e s Sy nalEl ediass s
53 e ol sla il oles cpmle cnis,S Bl Oleily

&y -0
[1] Trellu, C., Mousset, E., Pechaud, Y.,
Huguenot, D., Van Hullebusch, E. D.,

Esposito, G., & Oturan, M. A. 2016 Removal
of hydrophobic organic pollutants from soil
washing/flushing solutions: a critical review.
Journal of Hazardous materials, 306, 149—
174.

[2] Panizza, M. & Cerisola, G. 2009 Direct and
mediated anodic oxidation of organic
pollutants. Chemical reviews, 109(12), 6541—
6569.

[3] da Silva, E. B. S., de Lima, M. D., Oliveira,
M. M., Costa, E., da Silva, D. R., & Martinez-
Huitle, C. A. 2017 Electrokinetic treatment of
polluted soil with petroleum coupled to an
advanced oxidation process for remediation of
its effluent. International Journal of
Electrochemical Science, 12, 1247-1262.

[4] Huang, D., Xu, Q., Cheng, J., Lu, X., &
Zhang, H. 2012 Electrokinetic remediation
and its combined technologies for removal of
organic pollutants from contaminated soils.
International Journal of Electrochemical
Science, 7(5), 4528-4544.

[5] Yeung, A. T. 2010 Remediation technologies
for contaminated sites in Advances in
environmental geotechnics. Springer, 328-
369.

[6] Sharma, H. D. & Reddy, K. R. 2004
Geoenvironmental engineering: site
remediation,  waste  containment, and
emerging waste management technologies,
John Wiley and Sons.

[7] Marshak, S. 2015 Earth: Portrait of a Planet:
5th International Student Edition, WW Norton
and Company.

[8] Shenbagavalli, S. & Mahimairaja, S. 2010
Electrokinetic remediation of contaminated
habitats. African Journal of Environmental
Science and Technology, 4(13), 930-935.

[9] Jamshidi-Zanjani, A. & Khodadadi Darban, A.



VPR Ol /oyl /gy 093

following a washing process. CLEAN-Soil,
Air, Water, 38(2), 189-193.

[27] Lukman, S., Essa, M. H., Mu’azu, N. D., &
Bukhari, A. 2013 Coupled electrokinetics-
adsorption  technique for simultaneous
removal of heavy metals and organics from
saline-sodic soil. The Scientific World ournal,
013, 1-9.

[28] MSDS from for kerosene 2015 Netherlands.

[29] EPA, M. 1996 Method 3540C. Soxhlet
extraction.

[30] Lee, H.-H. & Yang, J.-W. 2000 A new
method to control electrolytes pH by
circulation system in electrokinetic soil
remediation. Journal of Hazardous Materials,
77(1-3), 227-240.

[31] Kebria, D. Y., Taghizadeh, M., Camacho, J.
V., & Latifi, N. 2016 Remediation of PCE
contaminated clay soil by coupling
electrokinetics ~ with  zero-valent  iron
permeable reactive barrier. Environmental
Earth Sciences, 75(8), 699.

[32] Asadollahfardi, G., Nasrollahi, M., Rezaee,
M., & Darban, A. K. 2017 Nickel removal
from low permeable kaolin soil under

unenbanced and EDTA-enhanced
electrokinetic =~ process.  Advances in
environmental research, 6(2), 147-158

v

[21] Cameselle, C., Gouveia, S., Akretche, D. E.,
& Belhadj, B. 2013 Advances in
electrokinetic remediation for the removal of
organic contaminants in soils. Organic
Pollutants-Monitoring, Risk and Treatment,
209-229.

[22] Saichek, R. E. & Reddy, K. R. 2003 Effect of
pH control at the anode for the electrokinetic
removal of phenanthrene from kaolin soil.
Chemosphere, 51(4), 273-287.

[23] Lee, J.-Y., Kwon, T.-S., Park, J.-Y., Choi, S.,
Kim, E. J., Lee, H. U., & Lee, Y.-C. 2016
Electrokinetic (EK) removal of soil co-
contaminated with petroleum oils and heavy
metals in three-dimensional (3D) small-scale
reactor. Process Safety and Environmental
Protection, 99, 186-193.

[24] Oonnittan, A., Isosaari, P., & Sillanpdi, M.
2010 Oxidant availability in soil and its effect
on HCB removal during electrokinetic Fenton
process.  Separation and  purification
technology, 76(2), 146-150.

[25] Alcantara, M. T., Gomez, J., Pazos, M., &
Sanroman, M. A. 2012 Electrokinetic
remediation of lead and phenanthrene polluted
soils. Geoderma, 173, 128-133.

[26] Jeon, C., Yang, J., Kim, K., & Back, K. 2010
Electrokinetic ~ removal of  petroleum
hydrocarbon from residual clayey soil



WL 5 (3 Slp e w35 53 PH s 5 515 2l

Effect of Increased Voltage and pH Adjustment to Improve
the Efficiency of the Electrokinetic Method to Remove
Kerosene from Contaminated Soil

Ali Barati Fardin !, Ahmad Khodadadi Darban **, Ahmad Jamshidi Zanjani?

1- Master of mining and environment, Faculty of Engineering, Tarbiat Modares University.

2- Professor of mineral processing, Faculty of Engineering, Tarbiat Modares University, and Member of
the Environmental Research Institute of the Tarbiat Modares University of Tehran.

3- Assistant Professor of mineral processing, Faculty of Engineering, Tarbiat Modares University, and
Member of the Environmental Research Institute of the Tarbiat Modares University of Tehran.

swakdarban@modares.ac.ir

Abstract

Every year with the expansion and development of industrial and mining activities, millions of tonnes of
toxic waste are produced throughout the world. Soil contamination by organic material as a result of various
incidents and the leakage of organic compounds into the soil solid porous media will have an adverse effect
on the environment. There are several methods for soil remediation contaminated with hydrocarbon
compounds. Electrokinetic is one of the effective remediation which includes three main mechanisms for
remediation, electroosmotic flow, ionic migration and electrophoresis. Electrokinetic is suitable in terms of
cost and time for solid and porous fine-grained environment media that have high adsorption capacity of
moisture and also organic pollutants. Kerosene is considered as one of the hydrophobic organic compounds
with harmful physical and chemical properties to ecosystems and high adsorption onto the water and soil
media. It has different hydrocarbons in its composition, each molecule having an average of 10 to 16 carbon
atoms. It is so durable in the ecosystem, including the soil environment. The soil used in this study was fine-
grained kaolinite due to the nature and effectiveness of the electrokinetic method for porous media. In this
study, five series of experiments were carried out using electrokinetic method and its combination with
improved techniques. The parameters including cumulative electroosmotic flow, electrical current intensity,
reservoir and soil pH variation and residual kerosene concentrations in soil were studied. The highest
electrical current devoted to increased voltage and pH control tests with 48 and 94 mA respectively for a
time interval of 80 to 90 hours after the start of the tests were observed. The higher electric current intensity
causes faster migration of ionic species to the opposite-electrode, resulting in greater electroosmotic flow
transportation. In the present study, the removal percentage of kerosene from kaolinite soil through the
different electrokinetic techniques including changing the electrolyte solution (nitrate potassium and tap
water), increasing the-voltage (2 volts per cm of soil), and pH control over 5 and 7 days were investigated.
Results revealed, using potassium nitrate as electrolyte solution, the the removal efficiency of kerosene was
47.24% and 50%, respectively, according to the remediation time of 5 and 7 days. With an increase of 2.9
times in the electroosmotic flow over a period of 48 hours from 5 to 7 days, the removal efficiency of the
kerosene increased by 2.76%. Using distilled water as electrolyte solution despite the volume of 555
milliliters of electroosmotic flow, kerosene removal efficiency decreased to 33.02% in 7 days. The
percentage of kerosene removal by pH control and increased voltage up to 2 v/cm, respectively with
electroosmotic flow of 372 and 452 was 47.69 and 61.43%. Hence, a higher volume of electroosmotic flow
represents a greater removal of kerosene in the soil. According to the obtained results, the best removal
efficiency of kerosene (inspite of higher electroosmotic flow in tests with no enhancement technique) was
due to the use of electrokinetic method by combining the higher voltage enhancement technique and the use
of potassium nitrate electrolyte as solution over a period of 7 days.

Keywords: Electrokinetics, pH control, Increased voltage, Kerosene, Improvement factors.
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