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Abstract

Background and purpose: Petroleum hydrocarbons are one of the most common persistent
organic pollutants in the environment. Phytoremediation is a new technology in which the resistant plants
are used to remove or reduce organic and mineral contamination and hazardous environmental
substances. The purpose of this study was to evaluate the effect of Vetiveria Zizanioides plants on total
petroleum hydrocarbons (TPH) removal in soil contaminated by oil in different concentrations of oil
pollution in Khuzestan industrial area.

Materials and methods: The soil samples were collected from the areas around Ahvaz oil field
and were contaminated by oil in different concentrations (5%, 7%, and 10 % w/w). TPH measurement
was done (and repeated twice) during four months in five retention time. Determination of TPH
concentration in GC was performed using FID detector.

Results: According to the results, the best efficiency of Vetiveria Zizanioides in removal of TPH
was found in treatment with 5% oil pollution (91%) during 120 days. Most changes in microbial
population occurred in 7% oil pollution (106 x 9.78 CFU/g) in 120 days.

Conclusion: Vetiveria Zizanioides showed to be highly capable of removing TPH from

contaminated soil.

Keywords: Vetiveria Zizanioides, oil pollution, petroleum hydrocarbons

J Mazandaran Univ Med Sci 2015; 25(131): 87-97 (Persian).

87



oysy—3jls S_i%) Jey—L colS sl ) a

(AV=3V) 1RQE Jlw 3T 101 oplaid @iy § gy o)0s

g Jg+ig aliS jl aalaiwl b yisi slo (1) Sgjaus JS waa
jlgml adbin ja c1ai ay aagll iglo Sl ja 119,500 Cuena Ol s

‘L,il))SM,.«aao
T Ol ST il
23,8
Al o James 55 Il (T slaed VT (slaoy § op 5dsline 51 S 2 (slap S 5 dn 1dn 9 dislw
5 rn 5 AT slaedn VT Cbile 2alS L Codo 51 pslie QLS 510T 53 45 ol (s (65578 2 VbolS
03T ¢Sl SITPH Codm o )50l 51 sy p andllan ol Con .3 55 o 05Ul o § Jaes 31 eSTU ot LS 5
.sﬁol:w.)'}s-W«;—U;:@;:ﬁT;}bughwjbdﬁq
LoV s oV ide s d 5u¢m;p35,jT@?5\}»t@a;o\@ Slbl 5 laeST sl gy 9 slge
Ol e oo g i (6,8 0310 e e oy 53 5 1SS 55 bsbe Sl (b 53 TPH Oljs ik 03T o 55
L3 8 03Liul FID | 555 L GC o&ews 1 oile 3L TPH Clake
Ao 53 A) Ol (55 (S340T 00,50 5les 53 TPH Cod Okl (o 2 45 515 0L aboolo ool Hladidly
Ol o o33 VSl 3 (o5 S Smmasr Ol il (S b 3,8 ol 595 VY 0L 55 5 5555 olS s
el 0355 535 VY Olej Doke 53 4/VA XV +” CFU/g
S 1 gl ST Codm 55 oYU SUly 5555 olE 4 515 OLis G ol 3l Jool> = gl

.g:,..wb‘.’ b aJ}.‘T

S sl o S g s (8 j;,ﬁ «(Vetiveria Zizanioides) , s s :g2dS sla g

oo
Slsal 28 Oldw 5 dib o 4l - YV v e 51 s Olg ol 33 58 OLS 5 5L jeslanal s 465 4
Olge 4 &Sl (M)l S ol ail> FFF (gl ls 5 S Sl oo 53 DLS 5 ol 31 30 S T ol
(DUS o Jos Ol 53 55 30 66 S5 T Lo ol il ¥ 51 5 0SB ()l 03 28
G3STl 55 Oty 5 QLS 3,1 4 53 Dl sl 0 i Ol yul o )3 2 SES 0 as
)wM}LﬁJTMQLﬁg;MaJ)}TsLﬁSB— M@ja\.‘z—%?"':;.\:—)sﬁfT)Jw
sl ool w‘%\db%;:ifﬁwa\}ﬁ Lﬂ,s:w,adg,,\,agwdm\% Sldai 3515 3 4 9
o dglee u.(; =8 Gl S g5 (O0-M ol a-lik )'lfj Cts (gbdap o Sl g adl> Fovn
E-mail: afshin_ir@yahoo.com Lses Sl wdige 05,8 G pls iz S5 psle o&ils 151 gl = YLiaw ASS yasdadl : Jgiaane g0

1l 5 ga Dl 31T B3 il gt Sliind 5 p ke a3 s 5 a5l (S5 JT i)l s ST (g gy )
Ol 31 pa) Glgal 5 s sk (S psle o815 ¢ amn S § (1 (5358 it S o cJamn Sty gorkiga 03,5 LIS Y

WRENV/F & s g 56 WAF/P/A L SloSol S gl e AAZAL R s

1191E )3T 4 1) o)Laid «@D13 9 Oy 2)93 ohdiles (i) eole alEils alas AN



JISnm g liwaSs ppuisal

A5l 5 iy ClB b e DS st ¢ oV
4 e oL OLaLE ol l 03 T Jams L O
(550 S 035 pglin adlate )3 5 g ge ST
.(\?)ul{u\sbad:u_,e;ﬂégw,wjju,
=5 5 e pole 3l G b 51 L6 DlalS
OS5 s (AT bl oz 5l Calibee DS 5
355 acdy ) 4ol 4 O3S IS 55 5 &S > (g3
23 S S Cllb 21531 5 S o e
3 ol 53 (DL 5 285 sledu VT oS s 5o
S Ll b L5 gr oS (S5 ) o 350
5 Ll plSonal 51531 L olS idny 551,
S 53 ek e 5 S Olele 5
S sl 5 DT S b i g b Sl S
Az (VAP e e plil ) B S A Wi
(il (Slodomy 55 (515 Laot VT (VL olS
oA JoB (AT DS 5 2l sl S 5 s
o & slacale 5 b ez ¢ IS 5 sbas (0803 55 o
3550 Slalllas 51 (g ke 53 (285 OLS 5 Cd> g
oL G.w,i:,ﬂs lalllan o e lacs 5l 3 oslizud
SLaesSls ALE VL o o s 52 8 S
j:jw)l.;..{ Sladlas (Lis 53 28 OLS 5 4 es T
w5 8 Sy o Ol sl 45 o gas ol 53 SlodSTT,
)l
S5 Slaallas (VWA 0L SKea 5 (6oL b
clacble )55 IT S 5 5 8s olS by loes
W S 4 (Ao o V1=V ) ol Cd o
Aoy ) @ged 55 SaalS Ao ys o 5t &S ABls G,
VLS 5158 o s YOV Ol 4 5 g5 ST
9 ladllas (Y++0) 0, Kan 5 Escalante-Espinosa
o] oS = sls TPH (el ,5Cyperus laxus LS
LS 3l )36 LS 68 ) & sl 0l OT
23S sy el Yo vglkg > TPH Cble 45
Lyl b5 dwys 8 LTPH Cobile (55 aallbs

DL tals a8 lsT

Lo 53 0L (TPHs) (JT (slaodu¥T slaoy S
S s Laedu YT s S sbas (DAl o
adls Dbl Codlw g laes 5 (o e OIS Uil 5 o0
3,05 Al e S 53 5 5 g0 slaod VT sl
e U1 0Ll 5 Olgr a5 ok gl o i
bt 5 S5 la iy 0Ll 4l g il
359 Sl 5s 2 e Sa T L ablis (gl o5ae
3l SIS sVl a5 o 0 0T 51 ()b &8 551
5 S e 0D e o3lizal 530S e
s g 50 (S5 s Sl 18T ol ks (5 S 5SS
5 Laed YT 5 22 b Bl el (gl e
(e ONLS o oslazal 28 glacp S g dn alax
2 oSS sl s, ;K5 L anglin 3 ol =
P P SN LIPS R PRV L P LW
A (S5 4 5l pde 5 oS au e YU SIS s
sladle o opl by .Sl Hlay 55 5 (Glos s Conal
S PS5 Yol L ) S has
Sobs 5 At 6osT s 2V oS (Pl ons
SalS L ol 6lﬁr)wouﬁj\oT,;4§¢#|
SSTU s DS 5 5 Sdre 5 JT e VT Cbale
YL 5.0 8 e oslail Cs 5 James
g 5 e eyl T (55T 0 &S aLE
ol B 55 0T Ul 5 457 Bl oo S5 Lo
sl ooy Dl 4y 285 DS 055 4 ey VT
3l e (51 o3kl gy oSG oYl o
(5 la iy S g slile palie o g an
o eiin 3l go c(gladlo Lo Sy, T (slacn S sdn
o3ba S Sl sl Al or die sl g0 5 JT 515
Lblge Sy ke BB (VL S S eslial Lo sl
(SIS a0 0155 o e OT 51487 it § 520 5l
oylal JTslse 5 gidne 5150 (S bS5 5051,
S 5> 65 SO 5 AE @V St S
T g0 (61 g S5 LOMILEL (25 ] 5] 50
oS sy o b g 03,7 laeST 2V 03

AQ1RGIE BT L 1) aylakd (@033 § Cuny 0)93

ohijle (i) eolc o5l alas



@!.wmjdﬁ)wx\jdwngwl
i sl 55 oS WS 5y s e Eel ) ot
Oljn (63,208 addllan (] 53 (YAASL plie i
S w0 T ST I 2 glap S oyl ST ol
A3 s 3yga sl ¥ (b s 5555 0lE oSS
ol s slaole ol bl 5l anlllan 3,50 STl .25 §
SLACLE b e 5 (05T poor Slsal (35 Ols 0
PH TPH sla eyl 5 4555 s 50557 ume
G sl SL Comar 5 JT Sl EC
ST aoys Ve 5V d Ly ol f b oS

iz &5 5T 5 e i

b b9 9 3lge
Sl o gias il o T gy
Ls_’;a.,u‘.l_:n ;}‘J,.J?‘)‘ ol LSJ)T@:, LSLQ;‘;B
38 e ShaY O nsekesS o5 4 s
aygedd J Ol Y a) Cowd b ol O
Sl Ll il i 6ol S 4 (gl S8
ﬂwmdhwbaua:}ﬂdfb)\p
gz 335 p S AS VOIS 2 S 0553 8
sles g 9 aslllas opl s ..,\p)f osleT c‘.:?s;.fh
0L ,l50lE Hlas Jols 48 a4y Cbile aw o
S 39T 0,50 L elS s s ¢ 28 (S5 JT Ao >
)Lo.:'-' CL;/J}JT M)JVL:J‘) e\:f JL«.; (als ‘;Lo-_;)
ol_:?)Lo.:; G(MLJ)LQJ) jb)TM)bVl{ol:fQ)ub’
Vo L olE 0si slas 5 ST diwsys Ve Ll
IS 53 ks ol (wals jls) ST do s
WSS canry LS pas S ey
oS 0 sl I ¥ 5 6lE L ls I 1) Sl
Ladi god (595 » LT g G () 53 QLSS 53 L

el 45 & O g0

la 44;44.,‘/,..4;:}‘_;)/.3} Y pad Slhos
AAREL RE R sETA) B P W T4 andllas oyl

033U 9y ladlla (Y+40) O,LSaa 5 Haung
Cms ) 9y oS 5 b g SLs 5ITPHS Cod>
GoliS SO llusl =, L aLE YL
553 G a8 s (aalesT 43 poman il
LaoT cdoals 4zia g3 &uw 43 Elephant grass
WIS s 5 aahbagn S s JS Chle anls
505 (Sobs (Maas 2l s s AF 5 Ao s
PSS Ol s 4 (F40) 0,
s oSl 1 e SLS 5 Codo s Calides
sazsls ;00 mglkg 5l i TPH Clale L os JT
Iy TPH Codi dasys o it OLS™ ol 487 il
OHLSGn 5wyl (Yl 4 bls Ao )3 AV/PY L
L o (ST Ol sl 0585 5 oS 51OITAY)
slo dw 3l oy 45 U S oslanal sy Y/OA Clale
(105 8 edel dwys Sy TPH 2alS 0l s
LS g5 53 b adlas (YY) o1, Kes § Basumatary
Ao y3 48 Lkl plowil 4 5, YF e aly K
5 slzaa C.Odoratus > 45" L a5 sei ;5 TPH ials
0L &Kea s Udo-Inyang andlas 53 .(Y8)5 5 dao ys Cuin
(o ST doys Ve 50 sls Shale 45 (Y41¥)
35 5 o3 YO/OA 013 ST )3 TPH zalS” ds s
O9Ls sl doysFY o
Sds a1y 5 508 (Y41 F) 01, Ken 5 Godwin
Els aS s S T ST Clle ¥ s 5 win A
V08 Chle ;s TPH [ialS Ao ys o 5 i sl 0L
asdlles 53 (Wl 03 5 Ao 3 AF/FA Ol s 4 5 ey
At eslital 5535 olE 51 GV olE st o 5l
5,50 OLalS 51 S (Vetiveria zizanioides) 55 s
Olgr sl 558 51 (o5 5 53 (YL LS s esliza
s Jomily 5 Sl 05l Ol La LT s o7
G333 5 sy 55 b SaJT Sl g VL
5 S3n s ( (Seisd s osles (la S s
555 oS il g a5 5 TS g (S5 S

/.’-‘ - . -
ﬁ)}b)ﬂfd‘@)rf_ﬂ:ﬂ}bﬂ@c}ﬁ)j@b

1191E 3T 4 1) o)ladd (@033 § Cuny 0)93

ohdjle (A} eolc sEibily dlas 9o



JISnm g liwaSs ppuisal

Jslae (5)l3 ine la A5 8 esliul ANOVA
Sl 7 Excel iyl 5 s 43 8 ks p3p<e/e0

.&;)|}b3m‘3)jﬁJ‘JjaJr~)

anlllas 350 S gland 5 (SO0 Olasein
ol ok 03557 Y oylad Jgda 4o
ST &S 5 5 odalin 015 ooV oyled Jyd= o
Sl a5 il o y3 00 1yl ealil 3, 4
Gl3E o3 A Y 0T b Ao ys &S 05 a g b
Ao 3V ido )30 bl b andllas 5540 ST 0l
S TPH Ol 5 0301 (G55 S35 a3Vt
03551 ¥ oylad Syl 55 48 43 8 o I8 &2

el 0

S gled 5 (S Slo e T 1) ojlad Jpi

A&‘LEA ) 90
e S8 eI s adbia w3
v/ saPH o&es L oS ke s pH \
Ao EC jlaslial b oSl Loy EC (ds/m) Y
J/PAV Jltlns” N% v
\at sl P (mg/ke) ¥
sandy Loamy Srenska il 5
4 ETSEr e 7
ALY SRR R e, v
VoA Srerkn Sty A
o S o sae 0y Jbss de s 4
AY/FF (i 033) G s £ dne Sldalr Ao > Ve
% (s 033) S s £ STl do "
YN0 (_ﬁ.;,c),)5;ﬁ,lf Casbydoys Y

&Sl s i (ST edkd tamin sls CLLE Y ool Jour

a\:fwlsbhj)b&njj:)}ﬁ

;)))JAJ'AS-\:#JL?.{‘;J).‘T-L&JJ

(a5l c b)) o simn

Fart 5308 5 o510 (SoJT 0l e
(mg/kg) GC o&eus L L8

F4044/.1 Aoy
SAVEA/FE PPN
480FA/TY FUSTR

o Yol ol b s octs o= TPH O s
5oL L lasles 53 TPH Coldo Ol i Ol

Loy Vs 5 0) Calites slaclale js dali cla jles

ﬂ;\u};uTr@\s\ﬂ.afﬂ;w,ﬁw»(m
anS 53 g ods Loils ST (g i LIS 1 eSS
A islo3T e LT g s 5 5,135 15 s

A osls JUasl

TPH _ioein
JS s e Saoda chile S50 ol
) jgme 4S5 Agilent S 5 38 Lol S5l S
Sl 8T a5 S eslizul 54 FID L, I88aT
5 0T $b5b dsys 5 1ppm o> (Detection limit)
Sy S gy Cble e 55 doy3 Ve BPF o
G ) dmes OLLWUNEP g, pwlal p S o
w;wgﬁjj,wl,;.ucwltsifT
Bged 3l 0 8 Ve Il Sl IS i (sla o S g s
b glone 51 ) (e YOr L AlS g ;8 0 )luae )
Wb 8 el 3550 0000 Des S (65 5 01 S
ey ol T s 4 05lae 1 2l Sea ) o
o ges Agilent6890Ng ol 8 sloy S 58 olKens
B-5 aiy g0 0y 5 FID (gladats O gl s 30 55550

YOS F 15005 et 56,8 05115550

g e sl 6 ST ol il

Slasles S g Ko Comar ool S
S i slas ST il Soled i) Sl s
SAL b S poled skt 4. dd oslinal (HPC)
O gl 33 0593 31 s W 23 (6 5 (S35 g ok s
29,5 Camer 3 8 oslizal 518 IS oKaws
() o 0L CFU/g olie |

IS ol [ el gy
O ged )l Sldaler S e (g (e 05 )
() 030zl VAP EPA iy, el , oS

LAaJ/)JJ:u"j @j?”“u'j}z‘
Lol 55 La pKloe Cdst| oy S

é,uToﬂjT,SPSSJIp\Cﬁ'WM;!go.l:;u

Q1 1WQIC 3T (1) o)laib (@033 § Cuny 0)93

ohijle (i) eolc o5l alas



50l glayls H3 TPH Calder Ol 1o Ol o ¥ 05l Joir

mg/kg = ol ¥ J’)b Aals

Al slosles oA L slales S2Tas,

AoVt AV RWSYY.) BT LN WSS SRR W 51 Ol

QQOFA/YY  PAVFANF  FAdAa/.Y QAOFAYY  PAVFANF  F4044/.¥

QIVAOYY  OAVVAY  YPALY/FA VISVEAY  FOVIVVE YAVOV/FA BYIAL]
MYRYY  OYFIV/FY YOV PYYAYIYA  YASAR/2Y YO FV/b: S
VAAVENVZ - FEVOOAY  Ya2OY/YY  Fe2AONY YRRIANY N IVON4 S
PYZAY/AY  YAVSOY  YAOVO/BA Y FAVVY  AWYAFS 40FYAY BTTAN
[ARA M/ DA Vi AR\ n o Vi S RNV AY¥FAVA FEA/AY BIAAN

5 dals 5 olS L (slaslas )3 PH Ol O e 1F 05l Jgor

L b

Aals sla e o5 L sl sles ST asss
doyp Ve AoV doysd eyt UV A s Ok
idial FIFA #If+ ldiad PIFA #If+
VY 7108 [diid #/VY 7107 [diid BTl
#/aY FINA PIFA FINQ #IVF PIFY BTN
V/+4 [8% FINY #/2Y FIAY #/9% St
\ZA1 \ZAR #19A 7185 FINQ PIN BYIAY
VIYA AL A/ v/ Y #7140 PIM S VY

53 dals 5ol L slajlas 53 EC Ol i Ol 1 03led Ju

dS/m wﬁabfggo

Aals (sl e oSl sl sl SodTasys
Aoyt e,V Y N R W S A -3 Ol
V/A \e/Fe /4% VoA VR 4/4)
V04 \/YE /4% 2% 25 /¥4 35,00
arF NAS NOD Y/0A ¥V Y/FV Sat
N0 VIV #1XA Y/¥8 ¥ YAy %
VIAY 2% oY Y/AA /30 Y/AY Sade
V/FY 284 oy YIAs YIVF /5% BISAML

Yol wols b s Ko Cled Coma i

5 S DBy ,50 5 (5 Son Camaz Ol oo

23 Suled VY Gay 5 dsl 5oy Ol 93 5 andlls
wils [l S oy S Camen Oljee o) VY b
Lyl 51 5 ol L glasles 55 (2l a5
Ctaz Ol # Jgdr L a5 L . Clon g dall
VCM})OGL&&—M&))S[—?’J;})&&}J&
ol Lyl s i ST uo s Ve do)s
AYxY T 5 4VAXY 4/ CFU/g o5 5
PP 5 e 8 F2IT o3V s S 03

el @il 1y s S Camax 3l

Y dgdr e g Ll WS e (Aoyd) e
OLes 5 Laill o5 53 TPH Ul 0ol o s
o y3 0 Slaclale 53 olS b (slalag 45 5 53, VY
TPH&_‘);\}-M)J&Q;Q).‘TMJJ\'jM)JV
RV STV N AN R SVSTL § IR Wy N W) ng_:f o 31!
).aTPHJJ\>Q|):A@;V§@;3VA.:}{M):A~/VJ
sdallie 55,10 55 5 dali glajlas glacble slos
o gn Ve gV w50 clackle )3 S s
ol (6,803l TPH (ol das s g5 S T

Dy u\.ﬁ)}l\/“ j.l.é).) \V/0 c.l.,a)b YO/A ;.:5';

2 Y oS 1215 LPH s
Jo e s Vol il e
5 ST (Ao Ve 5 doynV do )3 d) Chle ¥
Pl dsdar 4o a5 Lacd 8 15 St 3550
LS ol b Jsb 53 pH Ol 4558 otalis Ol 5 oo
PH &l s dals sl jlog 5 axals Jal5l oYU
S e - s ol L sl & o (65
9035V S5 05 Lasles plwd p3pH O
sdw Vo) b Cble aw 5 Ol w5 e
5 s dala glasled 53 o S T Ao s

C_,.w‘ GJ}: M‘)b Q//\' 9 M‘)b \ ~/Y’Y’ (.MJJ Q/;'/\

Yol )5 LEC ook

IS w3500l ¥ b 3 BC Ol i 05
S EC 0l oY ol a3 (b 5o .0 8
3 S LS L slajled s SEalST ol 5 el
Ol (20 dsdr 4 a5 b .Sl 00 gyl (glaylas
oL L slales BC Ol 1ok o 2t 67 5 g o lie
a3V g oY ey 0 slacble s
Lobes 5335V Ye Sa, ,ds/m Y/AL 5 Y/VE (/9
SalS oy o 5t i ST doys Ve ol
A5 S odalin ZVF/¥Y Ol 4 5 EC

1091E )3T 4 1) a)Laids @03y § Cuny 0)93

ohsdjle Al eolc olEibils alas qp



JISnm g liwaSs ppuisal

ol s b s yd baio DL ba)les aen sl
TPH G (ot 5 (29, Comar 03 e
Aol (gla e 4 o oS b0k S (gl s las )
03,37 wal 5ol 4ty 2S5 55 s 4 Ll oo
oL ) Dl 5 I o 5 iy S
BT 2 s Sin Cmaz 5 o e )3
DS 5 e 5 LS 4k, Al 28 glacy Soss
sl SLasdn S 5 b 5T S8 sl JT
Sl 15 Koo 511 65,31 5 018 3 lin gacte
MW@)QM;,@L&@&Q@)?U
LA 4 O3S Il s 5 5 STl Ss
jol__f.x,:p%w;};«f;pdafu;w
013 55 oo Loy VT oSy o5 (slapeS 15 e
oS L oYL oL e 55 (o305 Slalllas 0 STt
ol 5 534S 4B 8 ) po Lis e 03 5555
Udo- .cul 03 5 Cadizes U claola) 5 e kle
o353 5 01 SUBT (55 ko O1)LSCes 5 Inyang
Cble g5 55 1 glacy S g sdes (ol gl ol S
Loy 4SS Asls rt_,,u'\&a;;;,ﬂw); (Y
5559 53 5 Ao ,3 YO/BA 015 Sl T s TPH ialS”
= sladlas oL s Godwin (Y9)3 s Lo s F)
SoIT LI P s 5 aia A Soe 4y |5 55 (55
2> TPH 2alS" Ao s o 5 i o5 sl plasil 25
(I3 50 Ao 53 AF/YA O s 4 oy V/04 bl
o TS Aol gl - O, 5 Janngam
S i 5953, eslizal 535 ol 1 1y A 5
O S U (ST s il S8 5 2al s
ST 03 il IS 5 2l o 5 St 5 o> VA
B3 (Kb LT Cws & do 3 FY O i L
qu_k»u.nl_:fd;@ O‘}S'u.m)ﬂ‘\{dblgm& )
Ll Lo T Hluws laeSTl l ai SLS 5 ol
31> LS s tizstls » Ov e+ mglkg i i TPH
Olje 40) TPH Oois i3 o 5 i OB olS S

g ol andllae js (YOl ails |y (Ao )5 AV/EY

adsl oy 598 6o (6 ;STL sl O,k O e 39 olod Jou
CFU/g o dals 5ol | (glayles 53 4 56

dals (sl sl oSl slajles Sa2fTasys

O W A S [ BN W ST ) RSP NS Ol

LA 7SI 7N PR 77X PITIR 717 I P YL PLTM 7/ P e

FABNT ANAYLT AT ARAT VAT e A

VoS3 (b > T Sl S O s
YL LS ol ¥ b JT Slislr Sl ks O 5
oles 53 A Lo y3 5 (LB S S et 350
odalin oS (slajles 53 5 50, \Yr Olej s o kile
CLlE 53 5 ga5 odalin Olg oV Jads ;3 &S 5 5
Mﬁé_«,&j:rﬂuﬁhjwp\/cwﬁa
PIF oo )3 FO/FA L5 5 4 ok (5,8 03100 rals”
REV- ST L SIS I S P T PN WSTY 2 70 A BT REW- ST
oy el 2alST o 5t e a8 ST

Sl jolamsl s g

Lolasles o L;Tal.ul;.— Ol s Ao 33 Ol e Y 050 Joo
ole ¥ ‘S]o)b.bsu:jo\:f

Al gl jles oSl glasles SadTass

AoVt AoV Ao )s0 EWA R Aoy do)s0 Ol

A1 A Ao 7Y A Ao
W WA WAD A& ¥AS WM )
i Wi Weo s W A Sast
nw VW A W e Ve e,
[ s 4F A Vi & 558
NF W NFA oA ¥ e ST
&
o

Gl s =S asle oYL o8 T 3 I

I 21 (S soutaie o ol 42 (S5 45
(e s T olse 4 015 (oo Jolse nl 0 i
PH 5 Sl 3l g e g dals b B dles b
Gpdudsi 5 oYL oS w3 LS a8 s S o sl
55035 Joolse 45" im o (Y0 ki L1850 S
LS AT 3 LS s ol S (sl bl Lamy
d aw aalllae ol 3 el 1S 5T YL

Cosby s les s dile asee Lol ,a 0SGYI 2>

QR 1RGIE BT 1) ayladd (@033 § Cuny 0)93

ohijle (i) eolc o5l alas



o Ve Llasles 5s o5 28 sl 6 ST
5 aedls 2alS K5 glasleg 4 Comd 25 (ST
Il slaul 535 SasTosmscde a0l
ot Ll 0350 W STl sy gl (S0
Slaiss 0o Lajsles plas aS  das (e QL s )
S13 mme C3Ne sl (gl oS LAY 510
Aala b 50 5, VY Ol 5o s (P <+/+0) dsn gy
P ur_ﬁ;@)t,ﬁta P>+ /+0) Ldls I3 gme (oMot
Sy 5 Gonn sl g 0 Sush )y 5 0T osdle OLS
Gl 5 e el S iy b 5 0l 5L (s e
ﬁ‘P‘SBJJ@mJt}A&_.}JaQ‘kﬁL@OTﬁ‘M
slye Ol e et LI EC .l oo [2alS EC 1 5 asily
s dz o s a4 s Sl STy Sdae
s S Goan dpn 35d e ST 5 oS
o=l 5 b oo S2alS EC Olay a8 L asess o
O3 laslad 5 5 o olS b (slajles 55 alS
e (Sran OLa3 L asla plas a5 (dal) olE
dord oo OLS W gy gy it o Azl> o /) CEM):
BB 50T s Y A 3 A3 Ve b lasles oS
o slaiay 53 5 (P> 0/00) disg Iy gxe (oD
Sl 5, e s S Ly Su L0
VYo 08 ja oo Ve Hled (p<e/00) dkils Sl pae
SLasay o3 5 dmdls s iae oDl KuSS b 5,
>0 /00) Wis g ls ime Ot 3l K uSS L 5T
s bajg) rled o 5 o s (pled 5o ol Hles
00) 390 ls gme SN (gl yls s Hls b i
Js 448 aS ey 2l I pH 0les s d8 L L(p<
032 3 ST S8 (31 L il 0 5ol 50T
05 3 4ol o Ul 33 by a8, PH Ol 55 5T
oo 3,8 o &) g oS Lo 5y gaT Oy 3 s
ol psspel 05 o OLalE lapas 15 s
53 PH 2l 3 1048 o eslial &5 ae Ol e
JHs 40 4875 dals (glas gas 1 508 olS L (slad pos

slayles 5o (’}-ﬁ)ﬂTO;—g Oble 3L 5 LS o e

5 ST Ao ys 0 chile 53 TPH (ol 0Ll
DS 535 A3 ) Oljs 4 55,170 Ol )2
ST oy Ve Laals Hles 4 by o O s s
SLasled 35 Lo )3 MY Ol 4 55,10 Olej 03 5 (5
o Sien Ol L 2 ST doys Ve 5V @
)JOJ.ATCMQQ@[:.;A{‘\?}:\{.M‘}'/'\cb.al))
Ol o2 S35 IT o pn Ve sV o bl
5 ST )30 Cos & TPH Lol Olatl
jal_ij;A)JT:}?jg;lssng@\.cwla.uwlf
Lacs S 5 ol Cdlab iy S50 Il sl
330l L slajlas e 53 Jl> cpl L bl Sl o g
FYLTPH O Ol 2 (3407 glaclals ples
5553 0LE das e Ol ol &S 35 dals Lok gas
lyls |y 5 4 03 )T slacSlE YL oS LUl
(P< +/+0) sl mn oV 51 0L gl (ot
53 3 TPH sl O30 55 dals 5 olE L glajles oy
SalS oy S s aS ol asar g Loyl el ¥ oL
ST o3 V0 oS L sl 4 by e JT Sl
Aot Ol 5 0 25 A3 PP/FY Olsn @ 5 55, VY 5o
e oS pte Ol o T Ol 25 8
3y5m0 S gy 53 25 g0 6“@&5\?)‘}&
el Olaj s do il oml 5 5,8 o ol eslinal
Aoy 35,8 a LaOT Ol je 2alS 5 0d 4 o
i Seas Ol b bl pls ST T kel
d:\:g&uw)ﬁﬁﬁ.MBMW CE‘N)J
ST 570 & Glajg, 5o Lo yaV 50 Glasles
Vo ol g s g ala L(p < +/00) Hls sme D
s e DMl glyIs VY 94 (glajgy 5o Loy
sl il ol meode gy dali L(p<+/40)
Ce pl iy Ve 093 53 g5 me sl ST
La s S 9okt Lol o &Sl 55 54050 JT 5150 oS 5 5
St o Lag L ol (S e S5 Ol 4y
23 B Glag S slass Sl 38l g Sy o

S 3 g dals (slasles 31 35t olS L (sl sles

1R91E )3T 4 1) a)Laids @03y § Cunyy 0)93

ohdjle Al eolc olEiils alas qic



JISnm g liwaSs ppuisal

Ol a3 Ll 035 as 2STL 61 2 (218 me
Sl oYL olE iy b s oS s JT Sl
22 a5 5 m SLa SSTL sl s ol By
Fote @Yl oS a8 (b 5o elS L sy ST

Ol =l ol e oS5 3 Wi ol 08 e 5
S8 5 Sas Cil e Gaivs ol Jbo Cole s

.u\;)‘) \J

References

1. Collins CD. Implementing Phytoremediation
of Petroleum Hydrocarbons. Methods in
Biotechnology. In: Willey N, Editor.
Phytoremediation: Methods and Reviews.
London, UK: Springer; 2006. p. 99-100.

2. Rezaee MR. Petrolum. In: Petrolum geology.
2" ed. Tehran: Farhikhtegan Alavi; 2005
(Persian).

3. Najafi Asfad M, Darabinia M. Evaluation of
Oil Pollution Process despite International
Conventions for its Prevention and Removing.
J Mazandaran Univ Med Sci 2012;
22(Supplel): 94-101 (Persian).

4. Torabi Far M, Jaafarzadeh N, Takdastan A,
Jafarnejadi A.R, Afshar A.M. Performance of
a land treatment system and vetiver plant for
advanced treatment of ahvazwest Municipal
wastewater treatment plant effluent. Quartely
Journal of Sabzevar University of Medical
Sciences. Winter 2013-2014; 20(4): 511-520
(Persian).

5. Amouei Al, Mahvi AH, Naddafi K. Effect of
chemical additives on the availability of
heavy metals (Pb, Cd, Zn) in soil. J Babol
University of Medical Sciences 2005; 7(4):
26-31(Persian).

e (Siron 0Lej L baslag ples ol 03 51 dals
Aas o Ol b w0 e Lzdls o/ cb.#))
s bl sbas 53 Lajsy 5 Lajles 51 op o S
L(p>/00) 5,100 555 (615 ne O | dalis
2 elS L lleg aen p3 0kl Cas 4 b 4 4x 5
S YU TPH G 0l (S5 T sla s pls
25530l S 5,05l 51 OLES cpls g dals glad sai
500 035 QULS 352 50 sa So T ¢ x5 L
3 ga l s 1y S as 03 T slaeST YL olS

Q‘HMMJ;})MLc\NSB).}J?}AJT

6. Ebbs SD, Lasat MM, Brady DJ, Cornish J,
Gordon R, Kochian L. Phytoextraction of
cadmium and zinc from a contaminated site.
J Environ Qual 1997; 26(5): 1424-1430.

7. Salt DE, Blaylock MJ, Kumar N, Dushenkov
V, Ensley BD, Chet II, et al. Phytoremediation:
A novel strategy for the Removal of Toxic
Metals from the Environment Using Plants.
Biotech 1995; 13(5): 468-474.

8. Amouei A, mahvi AH, nadafi K, fahimi H,
mesghinia A, naseri S. Study optimum
operating conditions in the phytoremediation
of soil contaminated with lead and cadmium
by native plants in Iran. J kordestan Univ
Med Sci 2012; 17(4): 93-102. (Persian).

9. Huang XD, El-Alawi Y, Gurska J, Glick
BR, Greenberg BM. A multi-process
phytoremediation system for decontamination
of persistent total petroleum hydrocarbons
(TPHs) from soils. Microchemical Journal
2005; 81, 139-147.

10. Khan AG.Khan AG. Role of soil microbes in
the rhizospheres of plants growing on trace
metal contaminated soils in phytoremediation.
Journal of Trace Elements in Medicine and

Biology 2005; 18(4): 355-364.

Q0 1WQIC 3T . 1) a)laids (@033 § Cuny 0)93

ohijle (i) eolc o5l alas



11.

12.

13.

14.

15.

16.

17.

18.

Pulford ID, Watson C. Phytoremediation of
heavy metal-contaminated land by trees--a
review. Environ Int 2003; 29(4): 529-540.

Takdastan A, Torabifar M,
Jaafarzadeh N, Jafarnejadi A, Ahmadi Engali
K. Investigation of TC and TSS Removal
Efficiencies at Ahvaz West WTP Effluent

Jaafarzadeh

Using the Land-plant Treatment Process.
Journal of Water and Waste Water 2015;
26(5): 99-105.

McCutcheon SC, Schnoor JL. Phytoremediation:
Transformation and Control of Contaminants,
1" ed. New Jersey, USA: John Wiley &
Sons; 2003.

Adam G, Duncan H. Influence of diesel fuel
on seed germination. Environ Pollut 2002;
120(2): 363-370.

Li CH, Ma BL, Zhang TQ. Soil bulk density
effects on soil microbial population and
enzyme activities during the growth of maize
(Zea Mays L.) planted in large pots under
field exposure. Canadian Journal of Soil
Science 2002; 82(2): 147-154.

Zohrehvand F, Takdastan, A, Jaafarzadeh N,
Ramezani Z, Ahmadi angali K, Gharibi H, et
al. Assessment of Lead Contamination in
Vegetables, Irrigation Water and Soil in
Farmlands Irrigated by Surface Water in
Ahvaz. J Mazandaran Univ Med Sci 2014;
24(118):225-230.

Rouyanian Firouz Z, Takdastan A, Jaafarzadeh
Haghighifard N, Sayyad GA. Feasibility of
Land Treatment that Removal of Nitrogen
and Phosphor of Chonaibeh Waste Water
Treatment Plant (Ahwaz). Asian Journal of
Research in Chemistry 2011; 4(4): 597-601.
Frick C, Germida J, Farrell R. Assessment of
phytoremediation as an in-situ technique for

cleaning oil-contaminated sites. In: technical

19.

20.

21.

22.

23.

24.

seminar on chemical spills conferance,
Environment Canada 1999, 105a-124a.

Cluis C. Junk-greedy Greens: Phytoremediation
as a new option for soil decontamination. Bio
Teach J 2004; 2: 61-67.

Daryabeygi zand A, Nabi bidhendi GR,
Mehrdadi N, Shirdem R. The ability of
different plant species in removing composition
oil from soil and effects of oil pollution on
the growth of this species. Journal of
Environmental
2010; 12(4); 41-57 (Persian).

Shahriari MH, Savaghebi-Firrozabadi GR,
Minai-Tehrani D, Padidaran M. The Effect of

Mixed Plants Alfalfa (Medicago sativa) and

Science and Technology

Fescue (Festuca arundinacea) on the
Phytoremediation of Light Crude Oil in Soil.
Environmental Sciences 2006; 13: 33-40
(Persian).

Escalante-Espinosa E, Gallegos-Martinez ME,
Favela-Torres E, Gutierrez-Rojas M.
Improvement of the hydrocarbon
phytoremediation rate by Cyperus laxus Lam.
inoculated with a microbial consortium in a
model system. Chemosphere 2005; 59(3):
405-413.

Ayotamuno JM, Kogbara RB, Egwuenum
PN. Comparison of corn and elephant grass
in the phytoremediation of a petroleum
hydrocarbon- contaminated agricultural soil
in Port Harcourt, Nigeria. Journal of Food,
Agriculture, & Environment 2006; 4(3&4):
218-222.

Alavi  Bakhtiarvand SN, Parseh 1,
Ahmadimoghadam M,  Jafarzadeh N.
Greenhouse assessment of phytoremedition
efficiency for petroleum contaminated in

Clay and Saline Soils.J Health Syst Res
2013; 8(7): 1272-1279 (Persian).

10Q1E )3T 4 1) a)Laids @03y § Cunyy 0)93

ohdjle Al eole olEibils alas 5%



contaminated

)\Sam g glinaSs puisl
25. Basumatary B, saikia R, Bordoloi S, Chandra 31. U.S. EPA. Office of Water Office of Science
Das H, Prasad Sarma H. Assessment of and Technology Engineering and Analysis
potential plant species for phytoremediation Division (4303) 1200 Pennsylvania Ave. NW
of hydrocarbon-contaminated areas of upper Washington, DC 20460 .Method 1684 Total,
Assam, India. Journal of Chemical Technology Fixed, and Volatile Solids in Water, Solids,
and Biotechnology 2012; 87(9): 1329-1334. and Biosolids. EPA-821-R-01-015 January
26. Charles UIU, Edem D, Nkereruwem JM. 2001.
Application of Phyto-Remediation (Sunflower 32. Longley K. The Feasibility of poplars for
and Vetiver Grass) on Crude Oil Spilled Soil phytoremediation of TCE
Cultivated to Jute Mallow (Corchorus groundwater: A Cost-Effective and Natural
Olitorius L.). Resources and Environment Alternative Means of Groundwater Treatment.
2013; 3(6): 169-175. [Thesis]. Master of Environmental Studies
27. Akpan GU, usuah PE. Phytoremediation The Evergreen State College. June 2007; 70-
of Diesel Oil Polluted Soil by Fluted 100.
Pumpkin (Telfairia Occidentalis Hook F.) in 33. Shim H, Chauhan S, Ryoo D, Bowers
Uyo, Niger Delta Region, Nigeria. Journal of K, Thomas SM, Canada KA, Burken JG,
Environment and Earth Science 2014; 4(1): Wood TK. Rhizosphere competitiveness of
6-15. trichloroethylene- degrading poplar-colonizing
28. Truong P, Tan van T, Pinners E. Vetiver recombinant bacteria. Appl Environ Microbiol
system applications Technical Reference, 2000; 66(11): 4673-4678.
34.

29.

30.

2" ed. Thailand: CreateSpace Independent
Publishing Platform, 2008.

EPA. Total Petroleum Hydrocarbons (TPH)
as Gasoline and Diesel SW-846 Method
8015B. Revision 2, December, 1996.

WHO. Guidelines for Drinking-water Quality,
vol. 1, Recommendations. 2™ ed. Geneva:

World Health Organization, 1993.

Janngam J, Anurakpongsatorn P, Satapanajaru
T, Techapinyawat S. Phyoremediation: vetiver
Grass in Remediation of soil contaminated
with trichloroethylene science journal ubon

ratchathani university 2010; 1(2): 52-57.

Qv 1RGIE 3T 1) ayladd (@033 § Cuny 0)93

ohijle (i) eolc o5l alas



