[ Downloaded from ismj.bpums.ac.ir on 2026-07-04 ]

sy Th alabys

b g (K el

WE:;u N, A g Sy silag obas y Ko r‘,l.a J&ils

\\\Li (FRY g4 5 305,2) OVF = OYF s ¥ o 5Lei (oadomn Jlu
ISMJ 2015; 18(3): 516-526

SuiinS 3 55 WigT 39 51 00liis! b 03937 S 51 oy b B>
liSS yow b Gl 3o

e? JAJST; L.b).\w ‘Y‘ 63.&}04.«950»\.,»‘%” &Lb) U»L:-G g\ w.&l.h C;.ll.'-o.\:.w

0

wjaggdf Cyan
S Sl il Sl 5 (S pole oSl (il edSKEl cas Cldgy diga 05,5
Iy o 5 o3 (K pghe 0SS clame Sl wige 055
D15 e Lo 5 ol (g lign 0dSils (5955 g 03 5
18 e St oK1 sl pshe 0dSEls paliSpen) pkign 03 5
U1 e Lo 5 oSl pghe oSS clane pwiige 05 5 °

QYNANF e 50 —AY/V /Y tadlie C3L )s)

e A~

ool s 5 B 53 0358 mig ahule g MBbe SlhL sl gl dix SSlogyl slacy Sosdke 3 KDL 4
S S 5 7SN gy skl e sla Bsy Ok 5125 Sty 055 ol 0k ¥T DS 5 n e 5 23t 5 21500
ol b GBS 5 ) GBS I ) Al Sl S 4 okd S Gtme 5 T e VT (gl o) Baes ki s 05
Jrea3 o) a8l SIS g Sl ealiad b (S 51 0L ks Oboily Sl (Gl ol 5 B 3L 0 - s oy (S S
Al S 50T i ety 5 IMeul g ( Ao Sl 053 55) (S b SUSB g 5 (W g

S ) o 1 03Uitel Al g, AE O Jde S Ol g 0325 (ol s 03 g ols Cheay ey S (Gudow ol 55 Ay, 5 3l g0
54 bl 5 (b (RSM) ol mha g, 51 oslitl b Slisle3l s 8 eslisad S 51 00 Bl g K85 5500l 3
238 5 byl syse ea T S50 L Gde 3 SILSY ) e g5 9 5y IS, g clale e dw S 51

Jool b gone CILSG ) g 3 ealiid b 0 pls skins Iowil fule Ol giot SIS gos 3 esliiad b O gl Bl Slakily o iy claaly
PRI ORF G b 5 Mg Jow 53 o 5] SIS g b e S oslitl b ko3 A0 Dlisebl o b agp Il ,;TA;
o301 S 51 Ao y3 AF/F laie & 5L Sl Olokily ces 3 F/OF LS Uy g s 5 g WWOF 565 L 5 DSy oo Camd b oo
3 S i

b Dol fole Olgieay LSy gm bylius b Gl 53 S8 o S aulp oS sls 0L Gdod opl 51 Jol> ol 16 S aomd
235 oslil 03 1 SLS- aduas 53 1l BB 5 Al 5 5y, Ol e Ll 50 con gl S 5105k 55leS e

LSy g (S8 5 2SI AT 5 03 T S0l g S O

Ol 0l e psie T 7 oS (S pshe odSLESs o gy 058 0,8

E-mail:abbasrezace@yahoo.com; rezaee@modares.ac.ir


http://ismj.bpums.ac.ir/article-1-698-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-07-04 ]

\va¥ Jﬁ,@.@}.ﬂé}a/‘ﬂ a_)u/r-h-\’.hh Ju

23 olS 5l S ek Esl ol (YU IS s
ehist il glalase 53 Yzl 5 AL a0
S50 O3 R L) Al e S s
Pl il de Sl Glage Saode
ol Sl Gl 0T s 2 b 62 K
Sl eSS s el Lol b led s Ol s
V) 338 o e 2 551 e slie (gl L
53 sl e Sl sl St cbls
Gy 3 2blar sl S bl Lo
wals )y Chel Jy el gline andllas 3550 lae
A S Sk Sk e Sk Vo) e
) 3,8

Do sl dir Slag,l slacn Ssode 5l S
Sl Olgea Oy 5 &S Wikl 0L GluL
2Pl dlpea prmes Wl Ll ol
ol o3 Q) spde a8 S s s sl gise
5 b 5 028 s dbulse Opl adles
Osea 2ot 5 2ol ol Rl
SnS s S anl 3.V w eslizad Jde sa VI
b i G Ol 3l bl b S ol )
S e b sl Sl s aly SW, 0bsl S
L Lo VT sS4 OF e b og 0tNT 05 S
S S R Y- VR PSRV BN ¥l P N B
OVl 5,08 LB gaee s JT glaea YT
S5 S Gl T b aS ol ks S asta
Galiish b ooyl glasls (VG fdly (shls
Lot VT @ ol o3 0T 05508 slaSlE b 5 ol
S s S dul b il o oS Sl 5 T
0301 O (g1 s Jamn sy 4y S SO
LS 4 als il e 5 I sl VT o
Lol 5 ) gl L, db jle

dndie

sl 5 Od gme Camexr Gl il
SLas VT 51 (63L5 sl b O)de slags3 S 555
3ol 03 5 0dd 3)ls Sy lame 4y S 5 Sikas
(1) Llotys 5 aSt 03 2.8 Sl el

5 sy S S Olpea J sl 4 S Sa
le Ol Cadlas (o gos e Gl e
(1) 33 8 o s M1 6 i 5

S el sdomte VLI G 5 Jais Sbili> Ol
ol gme JU eV les o slaw Ole
ooy bl il tr Syl slacn Ssodes
A e sl S s (S5 T s, Csls
Sl Sada (olle B 517 Clos 5al
CLS 5 dGlaes ) gl s Sl
o SSlgl a6 dmes et
S s el LSS ladpr U bt S
S 05eSt 5 0555 Wis slagl bS5
a5y S e STyl olS 5 S
Sl Sl Jol s (F) Wlodd ol S5
@l o Solagyl GlS 5 L Cass b
Sl i g2l pe Adb oo (o pmmn 5 anb e
S ST 5 i Bl hd glacst p a3l
23 o St (Gl T gl il s K
L LS5l 0ad sl e ez Sl 5 Jsle
LS 5 op) S abanly 40 (0) ol i Lo
SE5FS 5 S (bOb e S sl
Lo blix Olojle DLl 5 sl Dl e sl
s 53 1y saed VT 5l s 8 pl K el s
el 03l3 513 (POPS) ca syl shyls sl VT

D53 eisn SLS 5 opl pland S5 sl S

! Priority Organic Pollutants ( POPs)

http://bpums.ac.ir


http://ismj.bpums.ac.ir/article-1-698-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-07-04 ]

OV S 5 oS g1 3 51 anlisl b os ) S 51 0 5L B

53 Al al il aleS w4 plaS e Sl eslizd
Sl glckle o sl e s
010) 3580 o303 o iy s

AUl G ol bl I Gas I
dolp by 0L Gl Ol s ilSL s
AL eSS 5 S

b fss gl

Sl i 3 sl 35 ol S
Sl 5 e e sl O e L OIS
oo O e sy iS5 e g e SLa(Yrsk) v 0)
Thv 5 @ Sl TY e mhae Ll 5 Jud
Al e e Bl TA S

Sl Ake eslinal 3550 Sleand 3l ge =

3 05l hoys A7 Sl i Ge s axs L Ok
5 Osl gl cgr MERCK 018 0
— s S g5lees T g MERCK 13880
Okl Ls S Sl 0l gl rmes 5 hew
Sl s eSS anl
MERCK .. I o5 (MERCK
(CaCl2.2H20) &l 55 voudS 55 JS (TX-1 1)
s o JGT 1 sesls (ol BT s 4 -
oslizal 'RSM 55, Sl eslizad L 5 (ANOVA)
Design— Expert Sple s SeSa G LS

285 13 btV Gl

S b LT
CF s o S bl ek 5l S el Sl e
Pl Sl SbesS el 35 OLE
35 ASTM (gla s, bl 5 0T oland 050

% Analysis Of Variance
% Respond Surface Methodology(RSM)

JEsl sl ol ol (SOl colus
Sl eg oS eld wlE nl e eVl
5 (o S s S0 L5 28 o (sl s 2SN
L eSS sl oS -
Glaasle 5l S L0Y) Wb e (e 35,01
Gl Soods Gl LS bl e wld
51 esliad b WOl Il (glareas ki Sboy ]
ol 0300 Lol Ll LSS B g i el e
bk mle ol Dl pas Lol DDl alse
o 3wl s Sens PHO S S 6o
8 e Sk oy ke b Sk
SPSFRVE RN r ) WP S EL PO E Sy
Las e ol LS g gls s 5o KT azen
Ozl Il cdshomn 5o s fos slas L0530 L
chle 5 VL chle byl e il
FE ol 213 6l Boss Jome Gl

OF) ol o a8
AT g eds el addlae il
Sl Sooda IS 4 LK 5 (Alcantra)
Llg e Vo Ol SWy Lo adl dor Sl
O e pl sy bl axils |y ollas 153l
@by Sl (SenS s sS aip b s 5
S Olgea Oz W s pen 4l il
2B 0% 5 VD) spie e S
slad g LB 1 g g g0 ol 5 Gaios 0l 5 ool
bl 508 el el gl SLES slee
S Jee 53 O Gl 5,8 aeilsl
Sl lawy ead pll addllas elel
L ks &S esls 0L O Kes 5 (MAZEN)
5 TXN 0 GlasilsSl, p bye b Ol
3 eSSl auls 5 K (s sbS= « SDS

http://bpums.ac.ir


http://ismj.bpums.ac.ir/article-1-698-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-07-04 ]

\va¥ Jﬁ,@.@}.ﬂé}a/‘ﬂ a_)u/r-h-\’.hh Ju

g,;,:;,-;,.k/m&

3,5 Gl Sbt o SIS @ g essal J (1)
Doty (5l G 3 1 0k 03 )l S bl
CH B 5 Ogen JolS jsbay Ul o a3 ¥
0,55 2 53 5L 350 S Ol bocliae 558
e S LSS L i e el (Gl
Slaed 258 p5 ais S Sleay Jols byl
Ogib Ol S8 6 Al 035 b 4y 535 8 5 S35 13
338 Sz Ok el Sl s WS be
Il ST g 0L w0 el Sl wses S
@olgdg okl b sy b Gollas 5 s 8 A
GC) sl S5bys 8 oSaws I eslzal L

A3 S i (PAQ N AGILENT)

oy — e g 3 bl b a3l b
WLSB s 2hle Glasane G s s ke
oslizel RSM 55, 31 (olsls ) 5o g5 s SHs
Design — Expert Ji3le 5SSy s 5 43 8
cb“ G S R Sl 2 Vol
Shobs s bl Glais, 5l sles geme muls
ajj,«'cw\i«sg;.ﬂ\dkjmdﬁbajt;;bdmg,@?
GG Sl Gas el e e 5l a6
Ll sl il el D35 a0
gere 5 mel om omle 8 M S
S Vsoms 8 b ol el Jies (gl it
o (OF) Col Jinee Gl e 51 gl L
o B sblder L belss e

g o oslinal (Least Square) Sle e oy S

() dslas)

2
V=Fo+ Tia by + S i + ST, X Te

"USCS stk ol i3 S ol oSS
o5, 53 M 5,5 Sk ASTM-2488 s,
ol 238 3 CL-ML) thw — oy slaSS
5ol G G B b S ey
SAL Sk 5 ol s CHES S ol
s b Sb gl b ) ke ok
Jde S Olgea Gos cpl 55 55 cpl 31 Lok
I 53 S ol S5 5 ol s S bl

el o & ()

aalaiul 3,90 S 6@}}1‘3 (\ J)J’

Sl Sl By, el
5t ASTM-D854 o s 333
VoY ASTM-D854 @em®) Kot o5 als
¥t ASTM-D854 (1) b,
<+ /0 ASTM-D2974 ST esle Js
Fvxd™ ASTM-D2434 M/S) S5 0 culds
\x ASTM (1) Jods
V/A—A/\ ASTM-D2974 pH

Sk sl sed g5l esbel
S SBwedd gl dals wsel el
sl Ol 5 035 Ok LU Gl 55 eslinal
L aSib o dooys +/0 31 S s 5 of JT sy
3550 ASTM-D2974 5 lulul b5, 5l eslizad
STARCIERURICORS U [ JC: SIS I S
ol Bl sind sl a4 (G s eslindl
5 O =0l byl ) eslizad b JT esle I
G Dbeay g odd @i il e o b O sl
A S S Sl a8 13 a5 3pn 5 wcia
oS ke O Gais opl o3 eslinal 3550 0 pL0 CllE
Sk SAS e Sk TVVE) B A
Lol «Sbt s 0L 03 g0 Lol 51 L3 s (i
O =0l 5 Ol bl 51 2 Lo Veer s

* Unified Soil Classification System (USCS)

http://bpums.ac.ir


http://ismj.bpums.ac.ir/article-1-698-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-07-04 ]

Ot/ Kz 5 2SN g1 3 51 anliasl b os ) S 5100 5L B

(\\c\'/‘ff‘ A0 A/\/\'u()\‘) lﬁ (‘(1 =) oo ) s+a)
ol b sl (Y i) As a8 S ks
JEJJ )}fSL&MLQ‘); gRSM .h,wj; ol f\)‘b

A3 S Lasie JRlslYF ols o S

f‘;bj.: sl 3,40 ‘5Laﬁ$.'.aﬁ.>&a}u|.> Y J‘g.\>

ol — g Rl
a2 3 4 o ~ ;
0% } A ) 4
Sl Jola A Sl yo il
A
(+00)=v (o)=Y
Sl Jola (AP BiSP)
B

+o)=Y+ (-a)=\+

S S, Sy LAS 5 5SL SIS s g5 c

Sujtoﬁgdﬁ,.wz”
Sl L i 3 S 5l SY
Ol =0l 5 Syl Jold 2l sl D> b gl
Voo bl gl 0ays 03 5 035 bylse (VVIV)
Ly (Soee | ol s s I S A ke
os 5l oslizal b5 (s 5 Sk )
033 o2 oS pba aids Vv Sdewy JJ S
¢Lm>- 0 aids Yoo Cleay Ly e S
s sl a2l 5 adliS Sl Jl
2o ¥ 5 Laidn N0 Sdew 5 e, 0,506
Shedd 1o 3BU s Ll )3 el 554wl 4 ds
A3 S e 318 gl S 5 el b el 5
s b skd glsaal gl 5 Al S Ve
Sde) Sy amn JolS LSS 5 5 035m0 0P
gl 1 dol Sledbl (aids Y s> Ol
o SaS 4 Sy ) e asle b 0050
25 gl Sl 2 0L CBIE el 4 Ol IS

J{Q)ﬁgﬁ’jww‘dm

b g5 iaste ((CCD) S oS
CCD .ol Juo ol L3ls, 8l ol eslinal
2K (oSt 5l S L) oSt 2K els
COF) il 58 0 b3 NC 5 (g se iales]
el S pse Lol e an sl il
SWs doys VB Y essdos s SolSb e clile
fr e s Sy Yo U e bl eagdon o
J(SDS) Sl Jomwzss ohen ol IS s
Lo ol bsbe 5 ((TXVe0) s Sl Ogn 5
e Olgeas GDSTXV ) 4 S
L85 e AS

D MSDS fasll 52 ool 2 o5 ool 53 0 03V
b 5 2ol 6 eilS, oyl
Gl bl Gl bis 5 o5y Ol sl 5
L b Bob St Sy et (e
55 Lol plesd OsmaltnS] 5 LOT SWl G s
5 0Ll ol (555 (5 e S oSS 5 SN b
bl lls sl Wl Cam base gl g
A e S ke 00 00k adsl CBE sy ole
Sk o SIS 5 e Se VY Dole D>
ol ¢l 5550 g 58 cdo o Yo by (S
Loyl mlaw gl ) Lasy S
VoxVexd skl b sl e e sLFA
SplS e olnlbesl b s s e sl
GMSIS v O 5 B sy WS (sla e
93 S o ke Jols oS (gls ikt L3 S
(0 =) ) ) w0 55 Aoys VBT auls

G S paze 5 (L3 YOT/04 O S/F) V) L

Ck.uojbkdjwﬁubjj‘ﬁ‘dgﬂj‘

® Central Composite Design (CCD)
® Sodium Dodecyl Sulphate

" Triton X100

® Material Safety Data Sheet
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Abstract
Background: Pyrene is one of the stable polycyclic aromatic hydrocarbons that is considered as an
important pollutants, because of extensive distribution in the environment and carcinogenic and mutagenic
properties. Among the various treatment techniques, electrokinetic method is an environmental- friendly
process for organic and mineral pollutants adsorbed to soil with fine pore size the same as clay and low
hydraulic conductivity soils. For improving the efficiency of pyrene removal from soil, soulobilization of
pyrene from soil could be used by surfactants.
Materials and Methods : In this study, clay soil was selected as model because of the specific properties.
Combined method using surfactant and electrokinetic was applied for pyrene removal from soil.
Experiments were designed using response surface methodology (RSM), and effect of three variables
includes surfactant concentration, voltage and surfactant type were evaluated for pyrene removal from
contaminated soil.
Results: Pyrene removal using anionic surfactants(SDS) and nonionic surfactants(TX100) as a
solubilizing agents has high removal efficiency. In the optimum condition with 95% confidence
coefficient, utilizing mixed surfactants of sodium dodecyl sulfate and triton X-100 with the same volume,
induced of 18.54 volt and 6.53 percent surfactant concentration have 94.6% pyrene removal efficiency.
Conclusion:: Results of this study shows that electrokinetic process combined with surfactant as
solubilizing agent could be applied as an efficient method for treating the pyrene-contaminated soils.
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