(FAY-FF o) WWAF lewal oF Lot (FA 8590 (o)l S g O wlidins

S 2ol WU g zeer, sl esliiwl b S 31 i gl 53 0ud Bis wiyl b (g5 lwaiuyy

Y ooE
Pl doxm o Slowds o
Skl (lpral gaio oBuils ( ol aulie 00SLiils () Jaisre 09,5 Loliul N
okl (ol gaio olXuils ( rnds alie caSiils ey lasrs 09,5 )l owlid IS Gle ggzmidls Y
OYOINVIYA 1 cogad o, VYA VY YT 16 S550 &, b A YAFIAY - cdl o & ,1)

RS

i 5 ol labime ;o ST slaoan¥T B gl sby oL L s @ slaghy, plsea @loS slags,
Lls S b Gun b asdlas ol calesl 5l S (as,5ule) zani, ol Gloslinul a5 wlonds & lae
G313 &g 5l e ol 00 plowl zgegsy Gl Sl o eogdl S S 5l gl o Segens Bd> ol e
9 VYo ‘VV‘) ul}; lJ yssjg)Lc 5J)J ua).v.a )d oliM.JLo)T .Iaw )é LbA.:}AJ ‘u‘).e‘a (Y OKAAAJYLJ aslaio )‘ S
Ve g0 ) S Cugb, calise pyolie (4ids 10 5 )+ ) calisee slasley 58S YIFD LuilS )3 5 (ls VYO
Lo S9)0ep Bl angy lulpd 8,5 )15 (S wey0 B 9 VIBer) S 4 oad adlol Jlad 005 9 (59 vy
Sleogas Sy mes,sole Gl b el s 4 Lo aslite 41T b (255 slailejl 5l solial L S
Qlﬁ" J.ALM: Ay .Ia.:‘),w ooy dxdlas ul),u.u dald B as ols QLM..) @L..: W) R ),u S ‘5'.....1) 9 LSJL.@.A.M:
P Eeeis OB g Fie 10 JLd S 9 S S5s T Casb) i VO (mogiy Gloy Dy V) g9 Sole
Wil SB sy Cleogas 5 s, ol 42,81 ar S glo S 0 dope Ve Bdo 4 jouine digy Ll
dgo (STl oS 15 gy 5 S50 (o, SE Olieds Wl o (Jg cls o b 09,50 kS 5 Cprez

358 18 Az g 5 90 (golaidl gla gy 5l e b S

5199,50Le 05 5LocSL (S Fogll o i slaoan YT gaulS glasjly

Sloanlp (olerd Gomalans] dociliSé)on L P L
s>l sl Lo jo ax 31 .(Chien, 2012) wldins o o (s )
Slp @Vhem; 5 @VLelS sl Juwj lagty, @
2l 05 Jg el sdi gobjazg S Sl Sogll
Loy bl a8l cul ol boonVl clile o5 Lo e
ol piline b by, ol 5 eslawl Bk 5l g cul el 5L
Gz gl g, drwy 4 Ay Al el SYeb
clio g i 2L L Faniaes o &S silesh
&yl ol ol slo Sogdl b gblie 5l crwg 03g0a (sl
(Cioni and Petarca, 2011) ¢l (5,55
Si> g gl slp ssree sty om0
L5 g slogis, Olyear 2boS slogis, ST sleosnyl
9 &5’] LchaJa,,m e J—‘ le.ao..\.;.l\” Bi> 6‘)4. ol.u) ‘53.|)l5
(5.‘55)5.&@) CB.A).') U"‘"b )‘ oolawl 4 wlools C).la.o é...«?
‘?ﬁ 5o ‘S'Ln)f 6Lbuu3) )‘ oolauwl ‘5")[5 WLQ)—‘ )l é.t
057 oy Sy, b dglie )0 g ow) 0 187 4 050
LS s S by (P b gpFeslas 5 2YhEew)

doddlo
Sl 9 (sordgrty 9 58 5 cb gl A0S 44y L
olitie 5 bt Slge 51 ol polie ol sleysas
olyor 1) ook Mo 4 0ud 8)ly S jlare 4 (S
35,15 9925 00gll sblie 51 crwy b cplply ol ails
OS5 sla Sogll wjls (g5luge 5 3leSl @ 5ls a5
JBsdes (Gl 5 gl sleazls 5l a6 el
45 (Chien, 2012) wily b &Y game Gypas 5 (5 jloo mid
il g ol 5 S cliogas 5 b Shy s b
Mansurov et al., ) ol axils odiy Slogage p soms palivms
golatdl Slld s Coul (Sae S Sogll (2001
S9SN gama Cupans 5 055 alS 5 Sl aulond
G3lwSL jelaeas (g0l wllae (Lordache, 2010) g
Slagss, 5 a5 cul oad all S o i sla Sl
st ol b il s oleS s Fosll wile s

m.soleimani@cc.iut.ac.ir : Jgtue oo g *


mailto:m.soleimani@cc.iut.ac.ir
www.SID.ir

Grd J8 (1,5 S oy /) (0,5 adlsl (et al., 2002
G 8l s b lacn Seyne 4 esgll SB 4
OlF b 99,5l
5 (Lietal, 2009) o aids ¥ oles e 4o iS5 el
O g VIO o) Jud op)S Solite polie 3G (Ve e A) o Ko
Cughy 9 (SlgAr e 9 O N 0) 99,50k Ol (g ey
oy Ssyan Bis | oy VEIV 5 Yo oY) Sk

Slooau¥T 738 a4 yomie Slg Ae s

Slde ol g g Jlge G )3 A5 W3S gy p S0 (S
Ot oy ¥ lugh, g Slg A e g was)0 O Jld oS
Lietal,) azals Sk 5 o glboanV] Bis 1, Lk
s199,5ele Ll 3l eolinl b calizee slaonsy¥T i (2008
Xita0 ) ol 05g) jualiubidge 55 Slg AD: B VA slaglss b
.(@and Gang, 2006; Xitao et al., 2008
5 SB g Ol gluSh aliiens g5,k 51 ooliiul
Egdye Comal 4 azgi b el adls I (b5 om0
Lo 2D pae g ;925 50 cis 4 0ol slaS (5lusSh
2 @YbelS 5 (Vhiwn; wile alaghs; 39 poke
a2 Baa b adllae cpl ol (Sodl b sl
SB S Sl 5 slaprSene B> ly A bl
b el alSnle] Lanme 0 ggar, G 3l o Gogll
GBS cpl 50 delate ball 5 28U ilesl (>l b )
2 Sl ey e s SleSh dng il e S
05 iz ay,5 oslisial s 3LocS aeil Spige 25l
SE Gy 5 @bt Sleogas (S pisissSle G106
s S (2950 colld g i o JI Slse wo)s asile

O (g 2

L gy 9 dlge

of Sluogas i 9 SB (5,1 yaiges
Ve Gos 5l 8 sban S e e 4 esgll S (5,00 paiges
25 abul e o oegVL adbie Lo (g yme Sle
P ord S g oBaslesl 4 JEml 5l ey S sladiges
PR V. PSP SCONgS VO (G N | I R PV - U9
a S YO a4 ) olas ) | lag els S Clogas
(ol & S YO @) o)las ,0) (EC) S5 Sl coloa ool
Sl oS Gragyden by, 4) () 9 o (b (sli2l a0
Schumacher, 2002; Waling et al., ) (L STy 59, 4)
Lin and ) Mg oWl 5 4l o5, eb (1989

VAP Ll oF 8 los FA 5,590 oyl pl S5 g o wlindizs  ¥AA

Shang et al., 2007; ) & ls alitre slalae o (6 i
S g0y, b 5l oolaiwl asy 5o .(Appleton et al., 2005
oolitl (sl 1) 1 &5 sl 1S ol S s slagig, @
(Shang et al., 2006) sjlu oo Sli> gy slo olide o
5 2 osgazme ;0 publineg 1Sl 2losl 53 5l 529950k
V so3game ;3 (Zge Jsb by 5l Y b el Y
S bl osgesSele Gle Sl eV B e e
095° 4 gloel 3985 9 299,50le B (ull o Zanl ) (laBgs
ol iz S 055 gm0l Slse S5 48 (S5 g o
GRS e &5 WS (e et mge S 2 4 dley Gl
295 e odle 2o jolanyg &8> 5 (kb sl sSse
LosS SISkl ol 5 53855 & Loz 5 o5z 555 2
Slgo o> g gapm pile S sty 299,00k 1035 oo wy
99,500 >l sl Jls jo.Jacob et al., 1995) ol |,
W8S e Lyl qwiige i 50 Slos S jsbay
e 3 Slisiss 151 (Remya and Jih, 2011) ceul oo
sl oals pll S ‘53“»))";»)9]] 30 959,50k 5l eolaul
(Shang et al., 2007; Kawala and Atamanaczuk, 1998)
2SS Ghey S plrea smggSale 6550 51 ool
by, nlo b amlie ;o @oladl i I Wiy | Jors
auye (Sang and Kyoung, 2010) oail 48,04 yg,de
8 sbslewy LSk ln niggle o) 5l eslan
Wb S ol (e slaghs, Sl as e Voo algiee
$lp pY Jeily lhls 9199,50L (Shang et al., 2007)
Sl DL ol 5 55)0laS g (e slacley aia
99,50l By, 4 ca oley Sogll o (Chang et al., 2011)
Job )0 a4 098 oo colainl andl causS iin e S
ssbieds gy oal 5o 9sdise eudll eogll S 4y (s
Chien, ) wil wsbye Wl SB gge,Sle iz iyl
5o, Ll Sl 2l gl Sos Jelse 5l S5 (2012
e L b AT
ailg god cplply e Blad 595,0b 4 Cod S
wlo)S iy e e 4 sl 0,5 YU slabes b Loiins
L (SL) pls oole a5 04 walss el 5 Sloj 999,500
Menendez et al., ) s4% ol od 595,50l L3l> lS 3
sissrale Slogin 5 suss,le Sl (G 2STy (2002
Jones ) 33,5 oo 2le)S 551 @ sussale 6351 has 2l

3. pH
4. Basal and substrate-induced respiration

1. Dipole Rotation
2. Insitu


www.SID.ir

YA L Sl i ey S g s Bis Wl )8 (g ilwdiute 16 1l 9 (Slowl

Wl Cowd ay byl (oS 5 e i L yySE
seleio )T 2556 s, 5l aslllas ol o (Ranjit, 2001)
ol ok il b eslitul _baw ¥ Lele ¥ Lol L
ez S el Ly IS5 YL Glalojl e e Lele
5 ol el talef] ol 5 Jabe () Jpir) ind
10 5 1d) i ooy Sae (g VYD 5 VYo YY)
Jade g (Gyg deyd Ve 50 ) S cogb, jlade (aads
2005 ((F9 Moy O g VIO o) S ay oals adlol Jlaé oS
0300 oSy abiizme 9,0 S a8 0 Glaleil b e b
Jelge b3l Ly 0 ol sols 1B 49,0k olSiwo
e (L3l jlade (s g Sle (g (oley) alise
SE sl @b GRlEl e ane lalpd e
ooyl S £SO Hlade b eols s (V) Jsoo Gillas
B sr99,0le (oyme y0 a5 Sho ploj diged) wald lgiea
25l om s enFoplail jolareas ol axd 5l s (28,5
K g hsSges bawg Lo g (hgals olSiws (om35ip b
b5 oslaer baigas Gialesl bl 5l G 0 s Sesll
o5 ile ax 0 F sles o Jly ol islesl sl lo;

S 6)laeSS

S lol ki g 4y 525

s oolictul Qualitek 4 153l 5 51 255 gl 8l
b 5 08,5 ae, Excel 53l 3holizalil Laoges
Sigd_co 4] ola il JE o laile) ez sS tales]
zobw ] sloylan a5 0gd o @iaS dalais )] o] @ 4
amoe olis | laglele sl o] glopsie 5 Lo bele
L ogiee ool plas Ln (X )& g0t dulate sloal,]
X dajioles] olows N s, Sa olesl jo a5 slaal)]l
S0 al)T L aS Sl Jole slaxs 2Slasy da Jole plaws slows
O ygods daliie gladyl)l aslllas (ol jo el cwyp BB s
o Sl sl Jelos ) iag @ ialesl slass 5 Lo (3%)
55 LS L el oS o o et 5
IS Jelse S 055 o oslizd (SIN) 355 4y JUSias e
) anse ol 1y B2 L s Jebe Ny s RS b
iz Jelge gslaw S5 g5 (e et Sl SN Jolos
WOl il g9 ax Bua 4l 4 ay 0ed o oolatul
Jol> Glaebl ol gl Sglite o (nl analns 0550
Jolse @ S 1) Sl (ST Sl b &S 09
(Zolfaghari etal., 2011) s ls 545 L ilael

vy, 4 S sl aSt cuxe> 4 (Brooks, 1999
S py CiS hame (65) p S g il 3le@S,
SB 65 0 (CFU) sui JSis JslS olawd s 51
GrSoslail jelaieas 0l (5 ,.50;lail (Bloem et al., 2005)
mo)las) (e, b, 5l S0 Sy aee gl clale
oolatwl (Vi) Cas 4 150 5 gkl 5l colaiwl b (5.5

(USEPA, 2006) ;3,5

Siale3l plnil (sl (S 999,000 JSb s

aicion booads ools S0 s (S 399,500 oSy S
bl CebB L 5,8 YIFO LWlS,8 5 Olg VYO g
Gl abaize ;0 .0b 03l gaon ) b g plgiea Ol
4035 deni S il A ) dhaione SO oS
Dy Jaie Alsaliazs ol 7yl 4 gladed gladlg) alwga
Slge il S35 hslanz (sly Cnd S (b Ceand o
sl sog Jale st a5 wl adS i o (g
(09785 oY) glal s goie wiile g9,k Slacend
Far gar s dpe kil o b el o
S s D Si g S b o owilendl sla)lE
() USE) ol a8 b o W ey

Sl G 00liiwld ygo Aidly S puosdi 9199 55alo olKw ) S
S @ 999,500

0091 S5 4 9199, Lo iuls
5 Lo Ll 99,0kl Gl o (gl sla )l
FFE Ghey & o)l b ilesSh anl ol amys
S5 anie by plejen jsbay | 556 cpaier J""L’ NP
5 plaS e b adlae b oS @l 1) ang Ll g oy

1 .Serial Dilution


www.SID.ir

VAP Ll oF 8 los FA 5590 oyl ) S5 g o wligdims  Foo

7P Lo solrio 41,1 038,515 50 b iz b i loT bl - Jgur

(Dlg) mog,ole plys (B3) by (G5 > (Gy9) Susb ole]

Yy - O \ T

Yv- - Y/0 \-. T2)y

Yv- VO I V0 (T3) Y

.- ) Y/0 V0 (T4) ¥

VYoo ). O \ (T5) 0

AR VO \e (T6) #

\Yo- N I \- any

\YO- \- VO (T8) A

\YO- \O Y/0 \ T A
looar ¥ B anlp o ay)siSB G jo 1) (L0 559>) Sy g s
Cusb, lade a5 aa o lis gaoge ol (V Jauz) cils S oy

Ao b Semes Bis wnld o ) e M S
TCaghy 0 45 S0 YIS iS5 o0 Ll 599,50l (SSElgS
e Spo 55l e (Fig 2ey0 V0 5 1) ok sl
P &5 OIS (e I (6 5eS (o B S e g 09d o0
3o olReegh plo mlo b mls pl wisd las S5 00y 51 4
"(PCBS) o,lSair (slaJuibsl 5 (o5 slogSs e B3
Lietal,) o)ls Sleman 595,50k (il 5l oslainl L S o
4 4> L .(2008; Windgasse and Dauerman, 1992
g Bi> 0 1) e L Ol a5 ol oo gaseie Olidss
S oo Ll 299,50k gabiwgar (b slagn,Ss 00 s
cael 009l S 0095 o ;0 gg9Sole sl S lgrear ol
s 4 LS S8 4 Llate 535 cnl Spiien of 351 232
s995abe 6550 biees JT leoas¥T ogs o Jiiie
(Kawala and Atamanaczuk, 1998) wisi ,5ed auslgs oo
ooV Gis sl 6,58 oy a5 Canl oad soly olis
Cobye SB 4 Cans S S8 g9,k L8t cou
ey 8 enl b ol cowlin e 0,5 a8lal b Lol el 392
aw ¥ Jle ¥ 5t (Kawala and Atamanaczuk, 1998)
0395 py2 5 sr99,5be Oy Cughy woys (JUd )5 lade)
S5 slacn S 0 4 0ol S giluSh S5 5 (S
2 Py g e byl Gl g meg,be ol (Jld S

(Lietal., 2009) wog ooV i

3 .Polychlorinated Biphenyls

IV s TV ag) o8 2l glls asllhae 5,50 S
7 owkesjewd YOIVAY (SO uSUl colaa b (Goy 700 9 o0
¥IE T oS woys VIO adsl Cusb, VY lae e
S Vol G (TPHS) (s slagy Sy e JS g ao)o
4 e Sl 0 (S8 slacn SS9 0en 292 0 S (S
Gr55 oo S5 Grizas el 00t S JT 1 Gl
S o s olge by cdale Lo 4 ol Sew 5 S
Slshd el sl Vgona a5 onis (55,8 pls Cuis o9
CainS it Lawgs sad ill o luslinl elul y adl wedl
(938 i Slge JaBblE il Sy el T jlanma
Voo B Fe | mhaw 0 Sy (s Jpno oS Jo
S e e clale (DEQ, 2003) caul o85S 1 0,5 Lo
JICAVERRCCIM N CER [ PR

el S ol s (Sooll Sils a5 canl

3 G asdlas 5,90

Tooit) ol b SB 3lucsly wl b byl (o5 lwainy
JESe S bl 2 5leShy 5o 50 Jalge (suuca gl
5 B> Bas Sl 4 azgi b ys S acsle SIN) 555 4,
clale glaools we S 0 by Se,aue clale gals L
355 a1y Cuglsl (it SIN Hlade (n 8 L oailadl
adgl Cugb) woye a5 0g pl Whe wls ol plaisl
o gley S g megyle Gl 3l lade S
Sio anTp p 8, Jalge (et i 4 299,500
e (i S Sagb; Jale ivgy S 50 lagn S5 000

1. Total Petroleum Hydrocarbons
2 .Department of Environmental Quality


www.SID.ir

P Sl i o S g s Bis Wl )8 (g ilwdiute 16 1l 9 (Slowl

S o 1 owiy¥T Bis 55 iz Jalse i 3 (Qualitek 4 4133105 o29,5) 2556 y9051 uilslg 4135 -Y Jaazr

(o) 2250 o=kl Olay po £ g0 sol;l a8
" o v 299,50k Ol
an YIA Y ol ley o
DO/ YN Y Y B casb, ke
Y\ #IvV Y/ Y SB s il e
250 - &Loﬂ g bl (=St Q%}T ol 4 4 b
b 2007 205 Gle O Jd S L3l ke ) Cugb, el
%128: Gl A e (2057 g akBs VO loy g g VY
% 50 1 W, S e i glbgrSgee J5 o cdale axg LB
0 - P S el Sy adlh gelS i (Y S2)
o

A N M S N O N0 O
F - FFFRFFF

Topt

o S50 (T lemo Bzl g oo 59yt Clile (il Y S
o (TL1-T9) (2951 (ot lojl cilizko (5L jloud 1 9293,S3ko il
(TOpt) 2950 sygesl 3l odel Cawddy gy byl s 45 9 (0) walis

SB I 255 Slado y1 9299,500 il
3o oosﬂ S y0 05290 ‘_,’JT S lade as ols las @Lu
Hake fogs ol ade (V USS) cdl ialS 559,500 (20930
5 5 slacn Soyue cbale o9 Vb 4 S 0 ST S
adhio 4 Glae S aSepl @ azg b el by S
olpl Sis bl sl asles dalaie (pl g0 g Cunl 48
oo YU plply wwl o S JI S GIT olge lado
Sl 3wt 6,500 I SlaS 5 Bszs 5l S I S
S oS sl mls el S 35,8 5 alS T
ol Gy S s ws sl Seyaee als L S

ST opaese
N

TO T1 T2 T3 T4 T5 T6 T7 T8 T9

O 5l g SB 50 (o sl Byl g I o8 o y8 (il ¥ JSC
wald jlogs 3 (T1-T9) (25 L lojT Giliseo sl slowd 53 5293,50
(TO)

SB ) Sloogas S s99955uke (il il

PP p 5l e a8 ol i 9,5 il 9ol S

3 e 4 S gled (g3l SL is, ol jo a5 cal oyl

B0 G (1 J992) 7550 g5l 5 48,5 50 glo Loy
A by Sead i Jlade ags bl o gty VY
B> axgei BB Sl gaose ol (Y JSK5) sy o0 Ve
S 59 (4835 V0)elisS ploy Do o (S glagy,Sg e
oo iy, sl eslaiul ams oo plias 1 ol Lja}ﬂ LS
2 oS se Si> ly @V Cems g (2VhelS wile
clls awless |, SLS e Vb ase pl b oS
e, 4 Cawd 999,50k g, (Shang et al., 2007)
T clros¥T wilgi oo 6y lej S s 2 VLolS wils
SIpl a4 axg5 0929 ol L (LI et al, 2009) wsles Bas |,
75U 0se3l 2 ez Sl x50 ol rmeen; (lr
b Rl )l sl ialos] 4 S b alejl olass
S35 ol b a5 55 1,535 e it 51 oy 1 S
bl G Sype o) blite Sl anlie (IS
Sls plis asls ol dwglie 05 3925 SI' asls aculxe
si99,5ele olgs blize Sl sy OVVE) o1 lade oyt a5
oly i 31l ANV ol ke (%S 5 olej g
Las w85 ams (e crlple g Casb) g si99,500
53 Boan ¥ Bl oL 5299,k (26 Gloj 9 (g5 Sl
s35s5ele AL Y+ %) ol 5 il n el ST
05 o0 lal g as e ¥ SL cagh, g Are s b
S92y VoY ol S a4 Jig de,0 0 Gl 4 Jled
2 0laS Gl TR g 4 @ge b slagn,Sy e
aSoplaasgi bo(Lietal, 2009) wos aads Vo le) o
99 398> ol agh ;0 S 3 (5 Glan Sy aee lade
g dald 50 oanYl sas,e Ve Bl il ooy ol

Lol 9y nl cemslin 0331 50

1 .(Interaction) Severity Index


www.SID.ir

oaS Sl 5 gg9, ke 655 L3l plsie 4 a5 (Jld (n)S
Cusby Glie (992 05 505 5 S oo Joo anzee 0 £l L

Ll 6‘*‘-‘5—' ‘5'{)|).'> 63)-;‘ o..\.;;f;é).a.abt.;adlwzt.ggfl:}

3§ (il a0
T N
o w o ’
o o o o

1 1 1 J

u
o
1

o
!

T1 T2 T3 T4 T5 T6 T7 T8 T9

Lo 5l slod 50 9999, ke b (B398 3l g S glos PSS

(T1-T9) =250 bl

VAP Ll oF 8 )los FA 8,90 ooyl ) S5 g of wligdims  Fo¥

Fr e s (P S e ol F sl a4z -
S0 el bige Gl oS sl az o Ve U bjlas
Sga> oyl by g (6551 Cullad (6l (oles 03l gy 45 Canl
251 0k, oy Jei b sles (uiier 5 azys YooY
Pietikainen ) ¢l oo ys,138 ol § ol 4> )0 FO g SL
s Lo Jul38l L 599,500 SGles ol ol (et al., 2005
i 1) s bl ge;l 205 0 S ollail gy 51T S e
s xSl Caraz ym Gylo e Dglas oS olo las (ool
O plebl mhaw ;o S 55 999,50k (B9 5oy LS
S S Carex hyled mls adl by g2y wo o
S o ol St eVl by dg>g L as ol las S
Jaaz) ailes 0usy 58 YU gleo jo Wilauiles aS™ a5 ls 042
Cugb, ol ,0 aSael canoas TE jles o Les o s (Y
Joia ity (b G dle Jae 5 5wy ) S
Szg e 4 sl (o Les (538, Vb 0 ((Gj9 2o B)

Ciliio (5l,loss 53 3299500 B39y 3 g S (slbaigs 5 (oB0gi 31 Jud) s S aigas 5 (CFU/G) X10°) las yi5l copmoz Y Joor

(T1-T9) (=256 (bl

T9 T8 T7 T6 T5 T4

T3 T2 Ll e

Y/ Y/ \/IFY Y/XY Y/ Y/

7R RN PR /O AL Cone

Ry ol ell cox S by, o el by,
z=Ls (Darbar and Lakzian, 2007) cewl 08gs S Slsg 50
)l.u.u.: u,-’j)i"" oéjl\'g:;.m.i)' u,.solf BN 5.155)5.1& aS solo uLu.\)
OO Sl Az o ‘sﬂ Sl ol olﬂ s YU sles e

SE ol 558y cel GBSl S (Seegen LSS
(Darbar and Lakzian, 2007) s ,ls 34>

g 250 -
W 200 -
a
o
S 150 -
é: 100 -
a
Y
Y 50 -
a
2 0 -

TO T1 T2 T3 T4 T5 T6 T7 T8 T9

Sl 50 S (2355 31 51 g |imagus (U1 (il o pun B S
(T1-T9) 2456 swbo;l abio

b ol o 45 (O JS8) | gs il kS S s gl

Wb S Gy @l 4 Cod g SIS p0lie (043
Srte SloFeen Lo JlBl g 99,50l (SSlg 0 L (P JS2)
O &S 0l i ead Cax b g lel ygesl bl ol lis
0 labl s ;5 Al i 5 Lges W] Lub gl
3 SE Ll i Cbls sez g lo sre gl oy
Ol e oS g Olpiedr 9IS (o938l 5,000
& Sl e Fy el aes oliEl ] s wiles e S
ool Bl st 4l O lade b cos oas
Oygods S5 S o Sl (Ken mE Rl g S
Sl g bl 5 Ygono 250 00938 S @y Jsloms
Lin ) abge Gl SBay Jslre 55515 (09381 L Wl
bhoug S bage »se, .(@nd Brooks, 1999
599,50 .(Ferris, 1983) 50,5 o S ol lail> corex
ol yme 5o S slayigly Bd> (sl by Sy (lgieas
gz ;00 Gladlas o oes (Ferris, 1983) ol
3o a4 Cwl odls colainl 519,50 I S 0,8 b il


www.SID.ir

P Sl i oy S g s Bis Wl )8 (g ilwdiute 16 1l 9 (Slowl

L 580 i ooi 5 @ (2osin Olejine g 199,50k (s
5.‘53)5.&.@ )‘ oolazwl lJ S o LQUJ;B)M RS G'l)lf o

ol g bln jo sdslcwsay S5 @ axg Lol

SS9 0 4 0oyl S g5luSL o wilgs o g,
Jlade 4 i 4 eogdl gblie plo g olKaoVL o b
Logbar 5wl oby S 8 Gl Sy
05555 S s loogad Logaie SB logas
ol 50 eaolyl GLuS 5 8,90 50 00,5 eoliiwl el o
wan youd Gl 4 cul sols las b gty (B awl )
o vezs SB ol d pen JT sleeanyY]
JEETRPIVER SO I SV SN ST
Liet) wed 4300 op,S awewSl60 g Ol 4 L g g 4t

O 0 oq.;bolﬂ SlS 5 6)5]&"-’.' Sygo o 50 .@l., 2009
b onsolil BlaS 5 lulid el (6505 o5loSly anls

95 ol 3B 5 s99,Sale il Sl eslinul b (g3lucSTy a8
3,90 LEJ Sladlas 5o AJ‘}JGO S BRESTE LQLDW"’)JT »
R I Ny

RERERENSECS

Appleton, T., Colder, V., Kingman, S., Lowndes, I. and
Read, A. (2005) Microwave technology: for
energy-efficient processing of waste. Applied
Energy, 81, 85-113.

Bloem, J., Hopkins, D. W. and Benedetti, A. (2005)
Microbiological methods for- assessing soil
quality. Wallingford: CABI.

Chang, C. J., Tyagi, V. K. and Lo S. L. (2011) Effects
of microwave and alkali induced pretreatment on
sludge solubilization and. subsequent aerobic
digestion. Bioresource Technology, 102, 7633-
7640.

Chien, Y. C. (2012) Field study of in situ remediation
of petroleum hydrocarbon contaminated soil on
site using microwave energy. Journal of
Hazardous Materials 15, 457— 461.

Cioni, B. and Petarca, L. (2011) Petroleum products
removal from contaminated soils using
microwave heating. Chemical Engineering
Transactions, 24, 1033-1038.

Darbar, S. R. and Lakzian, A. (2007) Evaluation of
chemical and biological consequences of soil
sterilization methods. Caspian Journal of
Environmental Sciences, 5, 87-91.

Department of Environmental Quality (DEQ), (2003)
Risk-Based Decision Making for the Remediation
of Petroleum-Contaminated Sites. State of
Oregon, Land Quality Division.

Ferris, R. S. (1983) Effect of microwave oven
treatment on microorganisms in soil. The
American Phytopathological Society, 74(1), 121-
126.

300 +
250 -
200 -
150 -
100 -
50

39y

P& p ek CO2 p 5 (o
9

TO T1 T2 T3 T4 T5 T6 T7 T8 T9

iz ooyl o S (8095 5l e Ml S Ceo g PSS

(TL-T9) (2656 iulo)

cle 4 285 gl Sy 0 Bd> jolaieds 5199,0le (5355

ooliiesl axlllas il 5 azg5 BB slo )3 oyl Lo o] LUlys
05,0)] )l W Cawddy Ao .‘a.)‘).w B A.v‘j.:‘sc L}"’ﬁ) w‘ e
Sy |y -y ‘_gL:bo..\.;iYT oy Ve @blf L c_s};l"
5 Coraz il 8l 05z cpl b aaiS Bis aids V0 b

Jed o Bgy ol ol A g Lite (09,SKee it
wdboslatnl (o) Ll Jlade (S Cugh, ek o9, o0

Jacob, J., Chia, L. H .L. and Boey, F. Y. C. (1995)
Review—thermal and non-thermal interaction of
microwave radiation with materials. Journal of
Materials Science, 21, 5321-5327.

Jones, D. A., Lelyveld, T. P., Mavrofidis, S. D.,
Kingman, S. W. and Miles, N. J. (2002)
Microwave heating applications in environmental
engineering — a review. Resources, Conservation
and Recycling, 34, 75-90.

Kawala, Z. and Atamanaczuk, T. (1998) Microwave-
enhanced thermal decontamination of soil,
Environmental Science and Technology, 32,
2602-2607.

Lin, Q. and Brooks, P. C. “(1999) An evaluation of the
substrate-induced  respiration  method.  Soil
Biology and Biochemistry, 31, 1969-1983.

Li, D., Quan, X., Zhang, Y. and Zhao, Y. (2008)
Microwave-induced  thermal treatment of
petroleum hydrocarbon-contaminated soil, Soil
and Sediment Contamination, 17, 486-496.

Li, D., Zhang, Y., Quan, X. and Zhao, Y. (2009)
Microwave thermal remediation of crude oil
contaminated soil enhanced by carbon fiber,
Journal of Environmental Sciences, 21, 1290-
1295.

Lordache, D. 2010. Utilization of microwave energy
for decontamination of oil polluted soils. Journal
of Microwave Power and Electromagnetic
Energy. 44 (4), 213-221.

Mansurov, Z. A., Ongarbaev, E. K. and Tuleutaev, B.
K. (2001) Contamination of soil by crude oil and
drilling muds: Use of wastes by ‘protliction lof



www.SID.ir

road construction materials. Chemistry and
Technology of Fuels and Qils, 6, 441-443.

Menendez, J. A., Inguanzo, M. and Pis, J. J. (2002)
Microwave-induced pyrolysis of sewage sludge,
Water Research, 36, 3261 3264.

Pietikainen, J., Pettersson, M. and Baath, E. (2005)
Comparison of temperature effects on soil
respiration and bacterial and fungal growth rates ,
FEMS Microbiology Ecology, 52, 49-58.

Ranjit, K. R. (2001). Design of experiments using the
Taguchi approach: 16 steps to product and
process improvement. New York: Wiley.

Remya, N. and Jih, G. L. (2011) Current status of
microwave application in wastewater treatment,
A review. Chemical Engineering Journal, 166,
797-813.

Sang, A. H. and Kyoung, S. C. (2010) A study of a
combined microwave and thermal desorption
process for contaminated soil. Environmental
Engineering Research, 15(4), 225-230.

Schumacher, B. A. (2002) Methods for the
determination of total organic carbon (TOC) in
soils and sediments. United States Environmental
Protection Agency Environmental Sciences
Division National.

Shang, H., Robinson, J. P., Kingman, S. W., Snape, C.
E. and Wu, Q. (2007) Theoretical study of
microwave enhanced thermal decontamination of
oil contaminated waste. Chemical Engineering
and Technology, 30(1), 121-130.

Shang. H., Kingman, S. W., Snape, C. E. and
Robinson, J. P. (2006) Microwave remediation of

IVAF Ll ¥ 55los FA 830 oyl ! S g of wlidizns  FoF

oil contaminated soils. Chinese Journal of
Geochemistry, 25, 113.

USEPA (2006). In situ Tretment Technologies fot
Contaminated Soil. Engineering Forum lIssue
Paper. USA.

Waling, I. W., Vanvark, V. J. G., Houba, J. J. and
Vander, 1. (1989) Soil and plant analysis, a series
of syllab. In Dixon, J. B., Weed, S. B. (Eds.),
Plant  analysis  procedures.  Wageningen
Agriculture University. pp. 567-589.

Windgasse, G. and Dauerman L. (1992) Microwave
treatment of hazardous wastes: remediation of
soils contaminated by non-volatile organic
chemicals like dioxins. Microwave Power
Electromagnetic Energy Journal, 27, 54-61.

Xitao, L. and Gang, Y. (2006) Combined effect of
microwave and activated carbon on the
remediation  of . polychlorinated  biphenyl-
contaminated soil, Chemosphere, 63, 228-235.

Xitao, L., Quan, Z., Guixiang, Z. and Run, W. (2008)
Application -of microwave irradiation in the
removal-of polychlorinated biphenyls from soil
contaminated by capacitor oil, Chemosphere, 72,
1655-1658.

Zolfaghari ,Gh., Esmaili-Sari, A., Anbia, M.,Younesi,
H., Amirmahmoodi, Sh. and Ghafari-Nazari, A.
(2011) Taguchi optimization approach for Pb (I1)
and Hg (I1) removal from aqueous solutions using
modified mesoporous carbon. Journal of
Hazardous Materials, 192, 1046-1055.


www.SID.ir

