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(Nikolic” & Stevovic” 2015) <!
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Gasre SB35l boanlT ol Gis plaly sias
L5k 5 ap0 4 (9 ,he a5 ahg) cnl 5l (Ko el
ooansUT Sy 4y a5 ol ol S gl il o ULolS
Sl o ety b 035 oo 1y 1 b a2l psli ol
50 50 Ugore polie Lol oy Slas a4 oULOLS
PLS 45 S a5 S aS e 0 oogll slo e
Gl i ol slass, 5l s bl pglis
P ESSCH ] K APVRCHIRIPER SR ST P N TOS
oS 8,5 aile (55,0laS (slo iy, 098 oo oolaul
b S5 Sl Gl oo 1y PH slooaisS dais
2ULelS sl ol 15 ool 550  ULoLS il
4 039l S 0 il oy Koo o0 5 ol oo (e
003) ol o Gdie Slge L 3l Ugons a5 p5 s
had (0397 & el g See oS 08 5 wiiley
Sk si gleoan Ul a2 (sl bgdin 1) 5 el
3 Oiayrs oolee cpl 5l (Rangzan, 2006) wijls ;LS
Besalatpour et al., ) cul Lo 0,50 cdale - 5UL
ot Slp yene yob 4 G395 slasys (2010
Dgd oo adlol C A ool oSl o olS wi,
cslis el slos, 5| (Ahmadi afzadi, 2005)
9ot Sl Ol w8 Sel 993l 5 (55,5515 wiile
ady bl gl S sleewd 5 Supd dals
2,5 ooliiul by See 5 HLS

sols ab, g Sodl s g 0 a5 Slals
S 20lep 5l (6 S el o G e S oo
U)‘ ‘JJLw?JGA‘) OLS‘\M))C_E.M)SJ[}MLUQ?QBM‘SA
Pernar ) aeloely ol3 aty, Koo 4 Conl (\Sow £4.550
g ol aln, 10 il cuww SBL 20l (et al., 2006
a4 45 (Ashraf, 1999) s oo ol 4 (B o yiasd pac
Pl s Sl yg] o Jee 4 Cailen 0 5l 093 arg
ey )8 18 ley Cow ek clale Al olS
Adam & Duncan, 2002; Baek ) ceul oLS aigS 4

S ok

3 ean Ul Giz (6l s plalS 5l g5 oS
Jut 5 518 Gl s e bl o eyl slaglse
oS S o ooliiul lsn claplul Gkl ey
dso (HY) opz wile ool (gyis
Wil wites 3 S Gl a5 Same gleand
IR I OleS 5 Gz 5 (AS) ST (S8) pouiles
el 0o oolatwl 3lg IS 65 Jlie olgre 4 (VOCs)
S o 3501 85 el ] (g oS e
O 9955 bawd el cow peS A glooke 4y ]
5 0 ol3T sobe Uleiml o o ol b o9 e > o
o581 53 0)bgd e 5 995 00 SL3L (B)L L 5>
IS5 esle ol goms UK wlgi 5 09d 0 00d
S50 2l Gliee 5 S Ghalep QLS 252 058 0
G5 ) o Jlo ol ms e 8IS |y s 3
ouile B ralax 5 o)l oas obie iz 55lesSTy
Sllol b 0s,ins 20 055 Jlel S o ol
looanUT s 5 Cunl 5L5 0550 5L s (S
wilb S oFlal Lo 4 Jol axye o el e
.(Nikolic” & Stevovic’, 2015)
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5 saboizr geanll sl oS (gloaiy, Ly
ads, Jolo o clawd g Olu S Ojse 4 ool badss
S el ond ools ol 13l LS o g, oLS
WS (g0 M) Sigigyied Sjge 4 &S (e GlalS
p3dlS (e fhe psb 4 (plo, KT 5 Jo i aiile
& sladslre 511 ol g sy o (JSS S
a5 0l edaliv pizee (I8 oglle S o Bi>
siile J1 S 5 B3 il e pmed b, 5
il ASUgie (TCE) oLilg)ls o5 il 151,
SoenSeae g bomaSas  daollitglysg o
Jds @ gy Sis (blS o8 colatul gai alise
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shls el jloails sla o5 51 eslaal UL ol o
51 b (Moradi et al., 2019) <ol (ool Coenl
2 ol 4 Cuaglie gllacl 5 UL oLS 0 Fae slagy)
0‘9%54 as w‘ AW ‘:ﬁ).no QS‘JU L_SL&OJ...:U—‘ L 4.&?‘5.&
5 Bgomsd dunST g GULL lausT Jus «51" 4@
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(Moradi et al., 2020) aib oo ygo ioluSToly

las ale> 31 (et al, 2004; Merkl et al., 2004
Slde 355 o0 )l 3 (S5 A 8 ol 45 Soels 8
Naidoo et al., ) ail co oLS (gl dss Comdg g oo,
5 i sleeassUT Lax L (2010; Yong & Tam, 2007
Moradi et ) Wb oo Jals (LS 13,5 § o) (S
5 el 05 aluil s oanUT i L s (al., 2018
Sloals i ] Slalllas Wigd o S s Soo]
23gll glaplSe ;o ady bl (LS 5l 4 paiz oS
gl adhis i, oasUT &y o g 2l 1y cas 4y
5o oolatul 550 alS Gl laiS aS
G slp |, Sslite beulli LULeLS Sl

s gouiy UT Bl colili b oS 51 (B p -F Jgor

PLS 45 ol

farey

PS5 g5 ol

ey

Agropyron smithii

Bouteloua curtipendula

Panicum virgatum

Schizachyrium scoparius

Andropogon gerardi

Bouteloua gracilis

Elymus canadensis

Sorghastrum nutans

Aprill & Sims (1990)

Lolium multiflorum

Lalande et al., (2003)

Medicago sativa L.

Fan et al. (2008), Afegbua &
Batty (2018), Kaimi et al.
, Liu et al., (2015)(2007)

Agropyron desertorum

Ferro et al., (1994)

Buchloe dactyloides var. Prairi

Qiuetal., (1997)

Lemna gibba

Duxbury et al., (1997)

Lolium perenne L.

D'Orazio et al., (2013), Fu et
al., (2012), Kechavarzi
et al., (2007), Afegbua &
Batty (2018)

Panicum coloratum var. Verde

Qiu et al. (1997)

Phaseolus vulgaris L.

Edwards (1998)

Panicum virgatum

Pradhan et al., (1998)

Schizachyrium scoparium

Pradhan et al., (1998)

Populus deltoides x nigra

Jordahl et al., (1997)

Avena barbata

Miya & Firestone (2000)

Buchloe dactyloides

Qiu et al. (1997)

Echinacea purpurea

Liu et al.( 2015)

Daucus carota

Wild and Jones (1992)

Cynodon dactylon

Festuca arundinacea Schreb

Epuri and Sorensen
(1997), Banks et al.
(1999), Ho and Banks
(2006), Cheema et al.(
2009), Lu et al. (2014),
Liu et al.( 2015),
Afegbua and Batty
(2018)

Pueraria lobata

Glycine max

Edwards (1998)

Bidens frondosa

Kaimi et al. (2007)

Avicnnia marina

Moradi et al., 2020

Hordeum vulgare
Avena sativa

Rajaei et al., 2012

& Jee e b glacn Sae B> glp

UbelS (sl Wl s 5 (Eichornia crassipes)

aile (gpd lain) paaw sl 1ny abl el

Hlslole glalS cnl Gl Ks wged wix Guizes
Buchloe dactyloides var.  Agropyron smithii

b Jeily lls as” 6,2 9 Glycine max Prairie
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oS 5l solas WS 7,b o o alle w as
A laaig 5 ol plxil Jled jo 5l 1SS ez b as)je
e aile Toasme Loy 5 o el 3 udlS 51 e olo
s b plul Jlo V5l o pao Cadls y dad axsls
SE laeSly 5 5U5gmms laddld as ol lis
S (29,55 Hpa> ploy Glea po el asdly A8
Sy 2375 50 GlS G el ol easlin
GLSe0, 58 Glsellas aijls UGS L o PAH
s atwd ol Sempl o et JBU 5 jlaesTy
Sl Ohlen 5 sloye awg &5 glaalllas ;o (ruizen
i abul PAH G 6l 1> Lol 1 ooy
G s S5 ]t CetS Gl Ll s o > 43S
Loabl, o Sl slaSiy 5 ab (s nSolad
i @l 85 13 o 990 PAHS o )55
5 oeihel il 4 bae PAH Bl i
olsle lad 1y i 4y eogdl S 5l rannl gyl 1
ol 455 SO laie 4 1) Avicennia marina g s
Sl 2 el Bi> gl SULLS s
ol Cuseal (Moradi et al., 2021) 5,5 8,20 o34l
577 L 455 aeily o spiee ol (28 anllla
3 onbads Jole le jo as el SlelS sgaxe
4 B> g WS (o0 Cumj e g 3 ddbis
gl 5 8 oSt 3o ULl p e

D9 g pgmme s Gblis o eagll g5 518 5 ks
&S cwl SblS des> 5l 50 (cv. Crioula) assg
sl 5l o sbeanll Bas gl o1 51 ol oo
Lges 45 sl 00ls (i alllae oSy 0,8 oolicul o5y
(Helianthus annuus) ls,5Lsl 4 (Glycine max)
Ndimele, ) oS 4525 00 IS jo |, cds asilys oo
sl HULelS sl M.osatival poes (2010
ool oylis 993 51 SUb Juwily JT sloossUT 4 oagll
Fan et al., 2008; Kirk et al., 2005; Wang et ) <ol
Do v B Y 09l Jls oS o oLF oyl (al., 2012
Mz (e 0 Mlgige g WS o0 02, PAH @ (el o o
Sroanll 5l as,s A b (g, £+ lawgie job 4) atan

Yy

DB o 7, Gﬂ slodiay jo cw cus iy oS ol ol
Sl wLa.A )L».m.’ L;’T J.u.w asle Lg)"i )5Lo.~) oL;f aS.:
(Jia et al., 2016) Ly le Loewss! (Wang et al., 2014)
Sb osogdl slasls o |, LPAH I Sy ailg e
rolal s B gl 5l e PAH &S Sl>of 5l aus
o] b 0,000 ! wites S8 cow sbroaiUT
aole oS 9 ).n.\.uu.u..j LSLaP"“"""""'BS‘ K9y
It Sodl sl i A Sz
Sy 4 PAHS) slail> sz Silog,l sl S yum
Srae g Seal ol fod (S jlaone SUyks g540
el Glwilany 5 GlLol oo oo mali8l 1) (65,
Singer et ) WS o 0341 1) Sy jlazrs dad s golio
Gk )l Wlg e S 5l LPAH Gd> (al., 2004
oilidl =Y ralem sl pll alie (glopunslSe
L ooSee blal mlpdl -V (S 09,500 codled
Sleogas )3 Olpets -V 5 o SlaS 5 g Al
3,15 3429 ool Slalllas ooyl S U] SO VTR
Ok PAH o2 5o 1) oy See 5 kS (2 oS
5 PAH 55 (Alkorta & Garbisu, 2001) aas
PAH Gi> ol p UL aiy ) mhaw L ale olalS (o lals
pla bl (5 4%, w1
o2l 2 gl ildss ) 5 oo 6l 1) (295l
6@[.5 LsLQU..\SjJ.:‘ K9y » @UL:GL.? uLa..\.n.?u J.J‘sa

nd Sl )5

Sl 00 35 500 WoaiaUT () i o5 sl
g oanll w5 olsb Lules ol (ljaz et al., 2015)
sy en 09Ul o 38 cel cudgusl slapaaslSls o
B 9 s g Moo Rl Cuem Jlad 4t y0
a5 wasllas S s il e 2ol 3 T slaeasUT
sl @ bodail oS o Fi5e Sloy (S guee
ol il LIlol lagle Gle yo (gyhmgh ;) sladsgus
el mhw boodsal (Andria et al., 2009)
L oj ol ol b jlaly aSen s iy Gamml sl
oS wldlae iz (ljaz et al, 2015) wosls lid
SIS Ly s L s G HRLS (55, 5 PAH UL
Bi> 5,50 ;0 oS Dl 5 048 oo plo! oBiule;T b
50,00 0g2g onds Lyl o HULLS lawes PAH
O Brh )0 65)sliS asyie 53 (Sl aalllas S
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Festuca ) & op ale il (ssSuud (sativa
WS iy ,» «(soybean) Lgw o (arundinacea
Ol iyt by 5 W08 Bl 1) 24 glaoas,Ul

Sl Glas ase YV e L) Bl
Cowl cwle 2ULOLS (6l 55 (SalixX SPP) ddews o
Ow ‘) Sk )O (5” GLQOMU—‘ WJDU “\""|3"g5‘° ‘).')
L5 oicmd osgUT UL clale Joows 4,08 g oo
5 Wilgs o g Wile Glos S glai, sbapiaw
AIgus, ) wigh <5 glsn 5 ol Gl I ()b
G5 a5 WS 55 (Y 8) oK 4 Jia (2007
8d> 4 ,ol8 Avicennia marina (Forsk.) Vierh
sl PAH) laal> s Sleg,l slocp,Sy,0un
L omizpd Sl S 51 PY) w9 (Phe) ) ,0l8
clled o e BBl PAH clale oljl
Spoyadyy 5 @ee 5 GaeSIl slawl
cudyb gl A Marina aas oo lis a5 ol casliv
(Salix purpurea) je8au a5 o5 555 (Y-10)
ol A e Bl 0ogdl slaS 1 e Sy 0
C4-C16 sla ST sisle JT (slooossUT wilgs co 4isS
5 I e o @ g3 oyl (Fla) sl
g L@ 18 Bas 9,90 |, (PCB) oI5 L sla
sl =St slacl &8 ol akie
Burkhold  .Rhodospirillales  Actinomycetales

4.';..»‘)

Solirubrobacterales Rhizobiales Alteromonadales
asls a oULelS ;o uulys - Caulobacterales

Al
ol ol ass 4w (Y-)F) K 5 Wang
Bruguiera gymnorrhiza [Kandelia obovata Sheue
o039l Slhgw, 59, » |, Avicennia marina 4 (L.) Poir
932 (S PY Fla ¢yl T Phe oy,l8) PAHS 4,
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Aol oo ol wo 0 B 4 PAHS lgie IS b

Yy
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>l )0 (929,500 Cumez Al o g aidly )l S
s Marsh grass (sacs, Coles )0 058yl Srhwgi,
S (Sl Bie o a5 (803l (9,5 Sz

O3ars et ekl bl 4y 58 Slsh o)l S

ol 5o il e oULelS (sl solin sloaisS (S5
Ced 4 6l (29,500 Comex L olS o (0B, lals
G ] dzes a5 48 S5 &jg0 S ()59 50 (0055
Sl 5 i gz ol 5 sl o (melis

sl S s 51 i L S]]

slp 1, (Zea mays L) «,3 (Y-10) oK 4Liao
XOeo A0ee o glacdile L Sl sanll Bis
Sty SB oSS s oS Voo g e
OYIVY oy 4 SB 25 slasy,Se,ee is,S
sl hals wo,s YY/AF b as,s

aS WS ol (Y-VY) Adavi
2UbolS sl sl S (slasS «Cynodon dactylon
F ol si o alBne polie Lo 4 00yl S
el TPH 0o 0 A 97

l, olS 458 iy sl (o)) ol Kes 5 Liu
Medicago ) 4=y (Alfalfa) assg w5 auwglio

Razmjoo



VEe J:‘..li A% Q)La.«.: A% 092

)U.ll{ wj}wjjz?ua.&ﬁ.&j}i

e yuf Jalge
Sl y Jare
Ay Canlge @
LA g sl e
ot ailia ®
slai e

| S yald dawys

pl Gl gla o Sy 00n

I

- ) J"" i
) puk Jalge

e whene cplys
w3 palye S @ Sy Jpetinatl ®
GiJuw @ S g3 Shie Mg @
Cagte Jun) @ " s L:®
(Ui pies 50t @ i S 9390 Py ,;_.;u,u:o
U 50 Sl @ s s it @ S @

pledpn IS @ LY JySige e @ e
[FPERY JIE Jpsr ey Pl 2y pjetl @

igle, @

- sl ey @ )
b oy ¥T AT pby @ e T"""
Leanyl cuu @ S ol

el L L ]
Tl 32l 53l @

b LSS g gt @
T Can @

Es |

ouiliT B by sl 53 3o Jalge -¥ JSCi

(PR Y
T ek e @
ey

o1y elS @l sbas clll oldlas ol
35 g A1 DS 5 Slb el il
plxil gle a4 b5 pl co ST Jb ol boc!
slalds 5 alil] Gldlas 4 Sl oliskl
Eord je 6y (pl gilus,by .l 005 LS
3 e, SOy Ll when VAN ol el suis
51 (USEPA, 2017) el ooy Jlasl oULoLS laojs y
5 Syl Jligd By S (2UbelS S Sk
Sl 48,0 4y (5,80 a5 Cenl (G000 )55 (55 2 (e
Jb 50 S e w0l 8 55 ol s3luis s sl (e
g Sl 353 adgl Jolhe o QULelS (55l8 (ol
Db aS 010 0929 ] anwg glp ok b ol
§ Sy ewidige pd Cdydon ol ol b ogd B,b
oo 3 enl g oglle S oo oy, cnl 39 S5
2ULolS sl (sl o ol slaaiss iS4
doanylp loaige sl Jol5 Behos o o)l 352
‘U"‘ » 05u9 L] ‘Q)U U’“"?) ’al?u‘ 6‘)) WLHQ JJLMJS
aze )l blS asws 5 JeUge laSasS 51 oolaiu!

Y¥

ool oS> s oas S S. triandra 4 S. rubens
Gl 4 B sd ) ead Fie Glagn Soyee 4
5 woy WL iy by Sy J5 o cble
B e 4 55 PAHS (clyime .aisgs ao,s SA/SD
Kl 535 oS coply cdile 5 il pals g2y
oainis JByé pob & Gy lal g5 5 oulsl
4o axdl al, S.rubens s oo Ul ax 31 .l rals
56 S, triandra 5l i PAH 4 sodll sbasSs
s LULLS |y o] olsice Ll waxalis
Sl (o052 4055 S, 105 05 drogi 2,5 gy 4y 00
(da Cunha et al., 2012)

St UL el Sl g5 ol 35,0
5 WS SS oanl yo golaidl B, ¢ sl IS (6 5l8
T ol 5 4 ongll glabas sl ool sl ol
(Harvey et al., 2004) aas 41| pglio

Bd> slp cawbo gty Claiil p 5o Jolge
S oy UT

4 Jgl 42,0 5 leoanUT Bl i slashg, ol
5 @bl 2 2kl ol (S it Jelse
chliseo Jolge ¥ IS5 0,8 oo 53T by, (192 camlis
A Gy g 45 amge gl 1) (eid 5 g
Sy e Jelse ol S50 50 Slellbl 3g.a8 .05l35 o
S hes G lple s oS 1) sy 2L
Pl Ul plss 5 e (Pl Si3glen Pl
Lilph o Sofenl hle (oS 5 gy (aliendsSy
(oo 59) anld 5 Lo 990 slad «So3glg,0mm g
slr b s by ool olliae (e 5l )5
5 095 b Sy Cupae 1l by, pll
s (2Ulg g & Al 50 S (g (i S
Jolse wsolatil Jelse il (59,5 docuogizo &
Kuppusamy et al., ) <l L3 550 0,8 5 (s
(2016

T 31l 3 o il

Sl 5 el Sler G5 K Cengjlame Soyl
S9yo Woan Ul Bl (ol goladl 5 55e glaig,
Gix gl el 55, Sy oULeLS oo
ans jo oULbelS jeebs lo; 5l cenl cdi sleeassUT
3,90 50 Slass dlis ol (Chaney, 1983) VAA-

(Robinson et al., 2015) cuwl ouls axisg !



S Glaoaoll Gi> s olalS 5 )18

s 5 el oS s 3

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

Association of Physiological Sciences
3(1): 14-17.

Baek, K.H., Kim, H.S., Oh, H.M., Yoon,
B.D.,, Kim, J. and Lee, I.S. 2004.
“Effects of Crude Oil, Oil Components,
and Bioremediation on Plant Growth.”
Journal of Environmental Science and
Health. Part A. 39(9): 2465-2472.

Banks, M.K., Lee, E. and Schwab, A.P.,
1999.  “Evaluation of  Dissipation
Mechanisms for Benzo[a] Pyrene in the
Rhizosphere of Tall Fescue.” J Environ
Qual 28(1): 294-98.

Esrafili-Dizaji, B. and Kiani, F., 2011.
“Persia land of black gold.” Geo Expro
Magazine. 9.

Bejarano, A.C. and Michel, J., 2010.
“Large-Scale  Risk  Assessment  of
Polycyclic Aromatic Hydrocarbons in
Shoreline Sediments from Saudi Arabia:
Environmental Legacy after Twelve Years
of the Gulf War Oil Spill.” Environmental
Pollution 158(5): 1561-1569.
Besalatpour, A., Hajabbasi, M.,
Dorostkar, W. and Torabi, G.H., 2010.
“‘Amended Soils Contaminated with
Petroleum Hydrocarbon by Landfarming-
Phytoremediation Synthesis Method’,”
Science and Technology of Agriculture
and Natural Resources magazine, Water
and Soil Sciences, 14th year, 53.

Butler, R. and Mason, J., 1997.
“Structure-Function  Analysis of the
Bacterial Aromatic Ringhydroxylating
Dioxygenases.” Adv. Microb. Physio 38:
47-84.

Cedric, K., Karin, P., Peter, L.H,
Laurie, R. and Stig, L., 2007. “Root
Establishment of Perennial Ryegrass [L.
Perenne] in  Diesel  Contaminated
Subsurface Soil Layers.” Environmental
Pollution, 145: 68-74.

Chaney, R., 1983. “Plant Uptake of
Inorganic Waste Constituents. In J. F. Patt,
P. B. Marsh, & J. M. Kla (Eds.), Land
Treatment of Hazardous Wastes (Pp. 50—
76). Park Ridge, NJ: Noyes Data
Corporation”.

Cheema, S.A., Khan, M.l., Tang, X,
Zhang, C., Shen, C., Malik, Z., Ali, S.,
Yang, J., Shen, K., Chen, X. and Chen,
Y., 2009. “Enhancement of Phenanthrene
and Pyrene Degradation in Rhizosphere of
Tall Fescue (Festuca Arundinacea).” J
Hazard Mater 166((2—-3)): 1226-1231.
Costa, A.S., Romao, L.P., Araujo, B.R.,
Lucas, S.C., Maciel, S.T., Wisniewski
Jr, A. and Alexandre, M.R., 2012.

Yo

G J o e UbelS el lBl sl
e OB S g d9 0 HURET (nlply ool
Ayl LULeLS glags,sles 5,5 LiliEl o
slylpl anwgs o bagplaul (nl 4 baye olllae
Seio Hlws QULeLS gl adpo 4 (g yke 5 Sools

Dy Sl

&Qbo

1. Adam, G. and Duncan, H., 2002.
“Influence of Diesel Fuel on Seed
Germination.” Environmental Pollution.
120(2): 363-70.

2. Afegbua, S.L., Batty, L.C., 2018. “Effect
of Single and Mixed Polycyclic Aromatic
Hydrocarbon Contamination on Plant
Biomass Yield and PAH Dissipation
during Phytoremediation.” Environ. Sci.
Pollut. R. 25: 18596-18603.

3. Ahmadi afzadi, M. and Mousavi Bideli,
A., 2005. “‘Phytoremediation, a Novel
Method for Correcting the Contaminated
Soil and Water’,” International Center for
Advanced Science, Technology and
Environmental Sciences, 4th National
Biotechnology Congress of Iran, Kerman.

4. Alkorta, I. and Garbisu, C., 2001
“Phytoremediation of Organic
Contaminants in  Soils.” Bioresour.
Technol. 79: 273-276.

5. Andria, V., Reichenauer, T.G. and
Sessitsch, A., 2009. “Expression of
Alkane Monooxygenase (AIkB) Genes by
Plant-Associated  Bacteria in  the
Rhizosphere and Endosphere of Italian
Ryegrass (Lolium Multiflorum L.) Grown
in Diesel Contaminated Soil.” Environ.
Pollut. 157: 3347- 3350.

6. Aprill, W. and Sims, R.C., 1990.
“Evaluation of the Use of Prairie Grasses
for Stimulating Polycyclic  Aromatic
Hydrocarbon  Treatment in  Soil.”
Chemosphere 20(1): 253-265.

7. Argus, G.W., 2007. “Salix (Salicaceae)
Distribution Maps and a Synopsis of Their
Classification in North America, North of
Mexico.” Harvard Pap Bot 12: 335-368.

8. Ashraf, M., 1999. “Interactive Effects of
Nitrate and Long-Term Waterlogging on
Growth, Water Relations, and Gaseous
Exchange Properties of Maize (Zea Mays
L.).” Plant Science. 144(1): 35-43.

9. Azeez, O.M.,, Anigbogu, C.N., Akhigbe,
R.E. and Saka, W.A, 2015.
“Cardiotoxicity Induced by Inhalation of
Petroleum Products.” Journal of African



VEe j:‘..li A% e)l.a.;": A% 092

)U..ll{ wj}wjk?uamjk

30.

31.

32.

33.

34.

35.

36.

37.

38.

Disadvantages of Phytoremediation A
Concise Review.” International journal of
environment and technology 2: 69-75.
Ferro, A., Kennedy, J., Doucette, W.,
Nelson, S., Jauregui, G., Mc Farland, B.
and Bugbee, B., 1997. “Fate of Benzene
in Soils Planted with Alfalfa: Uptake,
Volatilization, and Degradation. In:
Kruger EL, Anderson TA, Coats JR,
Editors. Phytoremediation of Soil and
Water Contaminants. Washington, D.C.:
American  Chemical Society. ACS
Symposium Series 664.” 223-237.

Ferro, A.M., Sims, R.C. and Bugbee, B.,
1994. “Hycrest Crested Wheatgrass
Accelerates  the Degradation of
Pentachlorophenol in Soil.” J. Environ.
Qual 23: 272-279.

Filippis, L.F.D., 2015. “Role of
Phytoremediation in Radioactive Waste
Treatment. In: Hakeem K, Sabir M,
Ozturk M, Mermut AR (Eds) Soail
Remediation and Plants: Prospects and
Challenges. Academic Press, Elsevier,
New York.”: pp274.

Flocco, C.G., Lo Balbo, A., Carranza,
M.P. and Giulietti, A.M., 2002.
“Removal of Phenol by Alfalfa Plants
(Medicago  Sativa L.) Grown in
Hydroponics and Its Effect on Some.”
physiological parameters. Acta
Biotechnol. 22((1-2)): 43— 54.

Fu, D., Teng, Y., Shen, Y., Sun, M., Tu,
C., Luo, Y., Li, Z. and Christie, P.,
2012. “Dissipation of Polycyclic Aromatic
Hydrocarbons and Microbial Activity in a
Field Soil Planted with Perennial
Ryegrass.” Front. Environ. Sci. Eng. 6:
330.

Gaskin, S.E. and Bentham, R.H., 2010.
“Rhizoremediation ~ of  Hydrocarbon
Contaminated Soil Using Australian
Native Grasses.” Sci. Total Environ 408:
3683-88.

Harvey, P.J., Campanella, B.F., Castro,
P.M.L., Harms, H., Lichtfouse, E.,
Schaffner, A.R., Smrcek, S., Werck-
Reichhart, D., 2004. “Phytoremediation
of Polyaromatic Hydrocarbons, Anilines
and Phenols.” Environ Sci Pollut Res Int.
9:29-47.

Ho, C.h. and Banks, M., 2006.
“Degradation of Polycyclic Aromatic
Hydrocarbons in the Rhizosphere of
Festuca arundinacea and Associated
Microbial Community Changes.”
Bioremediat J 10(3): 93-104.

ljaz, A., Imran, A., Anwar, U.L., Haq,
M., Khan, Q. and Afzal, M., 2015.
“Phytoremediation: Recent Advances in

12

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

“Environmental Strategies to Remove
Volatile Aromatic Fractions (BTEX) from
Petroleum Industry Wastewater Using
Biomass.” Bioresour. Technol 105: 31-39.
Cunningham, S.D., Shann, J.R,
Crowley, D.E. and Anderson, T.A.,
1997. “Phytoremediation of Contaminated
Water and Soil. p. 2-19. In Kruger EL,
Anderson TA, Coats JR (Ed.)
Phytoremediation of Soil and Water
Contaminants. ACS Symposium Series
664. American Chemical  Society,
Washington, DC”.

Cunningham, S.D. and Ow, D.W., 1996.

“Promises and Prospect of
Phytoremediation.” Plant Physiol 110:
715-19.

da Cunha, A.C.B., Sabedot, S,

Sampaio, C.H.,, Ramos, C.G. and da
Silva, A.R., 2012. “Salix rubens and Salix
triandra Species as Phytoremediators of
Soil Contaminated with Petroleum-
Derived Hydrocarbons.” Water Air Soil
Pollut 223: 4723-4731.

Daryabeigizand, A., Nabi Bidhendi,
G.H. and Mehrdadi, N., 2009. “The
Ability of Different Plant Species in
Petroleum Hydrocarbon Removal of Soil
and the Influence on the Growth of These
Plant Species.” Environmental Science
and Technology, 12(4): 41-57.

Dustaki, M., Ebrahimi, S., Movahedi
Naeini, A. and Ulama, M., 2011.
“Determine the Optimum Conditions for
Biological Treatment of Hydrocarbon
Pollutants in Soil,” Journal of humans and
the environment 20: 57—65.

Duxbury, C.L., 1997. “Effects of
Simulated Solar Radiation on the
Bioaccumulation of Polycyclic Aromatic
Hydrocarbons by the Duckweed Lemna
Gibba”.

Edwards, A., 1998. “Infl Uence of
Sorption on the Biological Utilization of
Two Simple Carbon Substrates.” Soil Biol
Biochem 30(14): 1895-1902.

Epuri, V. and Sorensen, D.L., 1997.
Benzo (a) Pyrene and Hexachlorobiphenyl
Contaminated  Soil: ~ Phytoremediation
Potential. In: Phytoremediation of Soil and
Water  Contaminants, Chapter  15.
American Chemical Society, Washington,
DC.

Fan, S., Li, P., Gong, Z., Ren, W. and
He, N., 2008. “Promotion of Pyrene
Degradation in Rhizosphere of Alfalfa
(Medicago Sativa L.).” Chemosphere. 71:
1593- 1598.

Farraji, H., Zaman, N., Tajuddin, R.
and Faraji, H., 2016. “Advantages and



S Glaoaoll Gi> s olalS 5 )18

s 5 el oS s 3

50.

51.

52.

53.

54.

55.

56.

57.

“Accumulation of Hydrocarbons by Maize
(Zea Mays L.) in Remediation of Soils
Contaminated with Crude 0Oil.”
International Journal of Phytoremediation
17: 693-700.

Lin, Q., Mendelssohn, L.A., Suidan,
M.T, Lee, K. and Venosa, A.D., 2002.
“The Dose — Response Relationship
between No. 2 Fuel Oil and the Growth of
the Salt Marsh Grass, Spartina Alterniflora
marine Pollution Bulletin,.” 44: 897-902.
Liu, W., Hou, J., Wang, Q., Yang, H.,
Luo, Y. and Christie, P., 2015.
“Collection and Analysis of Root
Exudates of Festuca arundinacea L. and
Their  Role in  Facilitating  the
Phytoremediation of Petroleum-
Contaminated Soil.” Plant Soil 389((1-2)):
109-1109.

Liu, W., Luo, Y., Teng, Y. and Li, Z.,
2010. “Phytoremediation of Oilfield
Sludge after Prepared Bed Bioremediation
Treatment.” International Journal of
Phytoremediation 12: 268-78.
Lotfinasabasl, S.V., Gunale, R. and
Rajurkar, N.S., 2013. ‘Petroleum
Hydrocarbons Pollution in Soil and Its
Bioaccumulation in Mangrove Species,
Avicennia marina from Alibaug Mangrove
Ecosystem, Maharashtra, India.” Int. J.
Adv. Res. Technol 2(2): 1-7.

Lvhnd, B., Zare Maivan, H.,
Sorahinobar, M. and Hashtroudi, M.S.,
20109. Determination ~ of  suitable
housekeeping genes for normalization of
quantitative real time PCR analysis of
Avicennia marina under crude oil
treatment. Journal of Marine Science and
Technology, 17(4), 58-69.

Mahar, A., Wang, P., Ali, A., Awasthi,
M.K., Lahori, AH., Wang, Q., Li, R.
and Zhang, Z., 2016. “Challenges and
Opportunities in the Phytoremediation of
Heavy Metals Contaminated Soils: A

Review.” Ecotoxicol Environ Saf 126:
111-121.
Merkl, N., Schultze-Kraft, R. and

Infante, C., 2004. “Phytoremediation in
the Tropics—the Effect of Crude Oil on
the Growth of Tropical Plants.”
Bioremediation Journal. 8((3-4)): 177-
184.

Mitton, F.M., Gonzalez, M., Monserrat,
J.M., Miglioranza, K.S.B., 2016.
“Potential Use of Edible Crops in the
Phytoremediation of Endosulfan Residues
in Soil.” Chemosphere 148: 300-306.

A

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

Plant-Endophytic
Interactions.” Plant. Soil: 1-17.
Ossaia, I.C., Ahmeda, A., Hassan, A.
and Hamid, F.S., 2019. “Remediation of
Soil and Water Contaminated with
Petroleum Hydrocarbon: A Review.”
Journal Pre-proof Conflict: 1-79.

Jia, H., Wang, H., Lu H., Jiang, S., Dai,
M., Liu, J. and Yan, C. 2016.
“Rhizodegradation Potential and
Tolerance of Avicennia marina (Forsk.)
Vierh in Phenanthrene and Pyrene
Contaminated Sediments.” Mar Pollut
Bull 110: 112-18.

Kaimi, E., Mukaidani, T. and Tamaki,
M., 2007. “Screening of Twelve Plant
Species  for  Phytoremediation  of
Petroleum Hydrocarbon-Contaminated
Soil.” Plant Prod. Sci. 10(2): 211-218.
Kang, J.W., 2014. “Removing
Environmental Organic Pollutants with
Bioremediation and Phytoremediation.”
Biotechnol. Lett. 36: 1129-39.
Kechavarzi, C., Pettersson, K., Leeds-
Harrison, P., Ritchie, L. and Ledin, S.,
2007. “Root Establishment of Perennial
ryegrass (L. Perenne) in  Diesel
Contaminated Subsurface Soil Layers.”
Environ. Pollut. 145: 68-74.

Khandare, R.V. and Govindwar, S.P.,
2015. “Phytoremediation of Textile Dyes
and Effluents: Current Scenario and
Future Prospects.” Biotechnol Adv 33:
1697-1714.

Kirk, J.L., Klironomos, J.N., Lee, H.
and Trevors, J.T., 2005. “The Effects of
Perennial Ryegrass and Alfalfa on
Microbial Abundance and Diversity in
Petroleum Contaminated Soil.” Environ.
Pollut. 133: 455-465.

Kuppusamy, S., Palanisami, T,
Megharaj, M., Venkateswarlu, K. and
Naidu, R., 2016. “Exsitu Remediation
Technologies for Environmental
Pollutants: A Critical  Perspective.”
Reviews of environmental contamination
and toxicology. 236: 117-192.

Lalande, T.L., Skipper, H.D., Wolf,
D.C., Reynolds, C.M., Freedman, D.L.,
Pinkerton, B.W., Hartel, P.G. and
Grimes, L.W., 2003. “Phytoremediation
of Pyrene in a Cecil Soil under Field
Conditions.” Int. J. Phytoremed. 5: 1-12.
Lawal, A.T., 2017. “Polycyclic Aromatic
Hydrocarbons. A  Review.” Cogent
Environmental Science 3.

Liao, C., Xu, W., Lu, G., Liang, X,
Guo, C., Yang, C. and Dang, Z., 2015.

Synergistic



VEe j:‘..li A% e)l.a.;": A% 092

)U..ll{ wj}wjk?uamjk

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Page, A.P., Yergeau, E. and Greer,
C.W., 2015. “Salix purpurea stimulates
the Expression of Specific Bacterial
Xenobiotic Degradation Genes in a Soil
Contaminated with Hydrocarbons.” PLoS
One 10:e0132062.

Pandey, V.C., Bajpai, O. and Singh, N.,
2016. “Energy Crops in Sustainable
Phytoremediation.” Renew Sust Energ
Rev 54: 58-73.

Peng, S., Zhou, Q., Cai, Z. and Zhang,
Z., 2009. “Phytoremediation of Petroleum
Contaminated Soils by Mirabilis jalapa L.
in a Greenhouse Plot Experiment.” Journal
of Hazardous Materials 168(2): 1490-96.
Pernar, N., Baksic, D., Antonic, O.,
Grubesic, M., Tikvic, I. and Trupcevic,
M., 2006. “Oil Residuals in Lowland
Forest Soil after Pollution with Crude
Oil.” Water, Air, and Soil Pollution.
177(1-4): 284-87.

Qiu, X., Leland, T.W., Shah, S.I,
Sorensen, D.L. and Kendall, E.W,,
1997. Field Study: Grass Remediation for
Clay Soil Contaminated with Polycyclic
Aromatic Hydrocarbons. In: Kruger EL,
Anderson TA, Coats JR (Eds)
Phytoremediation of Soil and Water
Contaminants.

Rajaei, S., Raiesi, F. and Seyedi, S.,
2012. The Bioremediation of an Aged
Petroleum-Contaminated ~ Soil ~ Using
Bioaugmentation and Phytoremediation
Thecniques. Water and Soil, 26(4), 908-
921. doi: 10.22067/jsw.v0i0.15295
Ramanjaneyulu, A.V. and Gajendra.
G., 2016. “Phytoremediation a Review.”
(June).

Rangzan, N., 2006. ““The Role of Plants

in the Remediation of Gasoline-
Contaminated Soils’, M.Sc. Thesis,
Department of  Agriculture, Shahid
Chamran University of Ahvaz”.

Raskin, 1. and Ensley, B.D., 2000.
“Recent Developments for in Situ

Treatment of Metal Contaminated Soils.”
In: Phytoremediation of Toxic Metals:
Using Plants to Clean Up the
Environment. John Wiley & Sons Inc.,

New York. Available at: http//clu-
n.org/techfocus.
Razmjoo, K. and Adavi, Z., 2012.

“Assessment of Bermudagrass Cultivars
for Phytoremediation of Petroleum
Contaminated Soils.” International Journal
of Phytoremediation 14: 14-23.

Robinson, B.H., Anderson, C.W.N. and
Dickinson, N.M., 2015. “Phytoextraction:
Where’s the Action?” Journal of
Geochemical Exploration 151: 34-40.

YA

58.

59.

60.

61.

62.

63.

64.

65.

66.

Moradi, B., Kissen, R., Maivan, H.Z.,
Hashtroudi, M.S., Sorahinobar, M.,
Sparstad, T. and Bones, A.M., 2020.
Assessment of oxidative stress response
genes in Avicennia marina exposed to oil
contamination—Polyphenol oxidase
(PPOA) as a biomarker. Biotechnology
Reports, 28, e00565.

Moradi, B., Zare Maivan, H., Seyed
Hashtroudi, M. and Sorahinobar, M.,
2018. Effect of crude oil contamination on
biomass and chlorophyll biosynthetic
pathway pigments and elements content of
Avicennia marina seedling. Journal of
Aquatic Ecology, 7(4), 146-158.

Moradi, B., Zare Maivan, H., Seyed
Hashtroudi, M., Sorahinobar, M. and
Rohloff, J., 2021. Physiological
Responses and Phytoremediation
Capability of Avicennia marina to Oil

Contamination. Acta Physiologiae
Plantarum 43(2): 1-12.
https://doi.org/10.1007/s11738-020-
03177-y.

Moubasher, H.A., Hegazy, AK,
Mohamed, N.H., Moustafa, Y.M,

Kabiel, H.F. and Hamad, A.A. 2015.
“Phytoremediation of Soils Polluted with
Crude Petroleum Oil Using Bassia
Scoparia and Its Associated Rhizosphere
Microorganisms.” Int. Biodeterior.
Biodegrad 98.(\Y+—)Y)

Naidoo, G., Naidoo, Y. and Achar, P.,
2010. “Responses of the Mangroves
Avicennia marina and  Bruguiera
gymnorrhiza to Oil Contamination. Flora-
Morphology, Distribution. Functional.”
Ecology of Plants. 205(5): 357-362.
Ndimele, P.E., 2010. “A Review on the
Phytoremediation of Petroleum
Hydrocarbon.” Pak J Biol Sci 13(15):
715-722.

Nguemté, P.M., Wafo, G.D., Djocgoue,
P., Noumsi, I.K. and Ngnien, A.W.,
2018. “Potentialities of Six Plant Species
on Phytoremediation Attempts of Fuel
Oil-Contaminated Soils.” Water, Air, &
Soil Pollution 229(3): 88.

Nichols, E.G., Cook, R.L., Landmeyer,
J.E., Atkinson, B., Malone, D.R., Shaw,

G. and Woods, L., 2014.
“Phytoremediation of a Petroleum-
Hydrocarbon  Contaminated  Shallow

Aquifer in Elizabeth City, North Carolina,
USA.” Remediat. J. 24(2): 29-46.
Nikolic’, M. and Stevovic’, S., 2015.
“Family Asteraceae as a Sustainable
Planning Tool in Phytoremediation and Its
Relevance in Urban Areas.” Urban For
Urban Green 14: 782—789.



S Glaoaoll Gi> s olalS 5 )18

s 5 el oS s 3

89.

90.

91.

92.

93.

94.

95.

96.

97.

Wang, M.C., Chen, Y.T., Chen, S.H.,
Chang, C.S\W. and Sunkara, S.V,,
2012, “Phytoremediation of Pyrene
Contaminated  Soils Amended with
Compost and Planted with Ryegrass and
Alfalfa.” Chemosphere. 87(3): 217-225.
Wang, W., Zhang, X., Huang, J., Yan,
C., Zhang, Q., Lu, H. and Liu, J., 2014.
“Interactive Effects of Cadmium and
Pyrene on Contaminant Removal from
Co-Contaminated Sediment Planted with
Mangrove Kandelia Obovata (S., L.)
Yong Seedlings.” Mar Pollut Bull 84:
306-313.

Wang, Y.Y., Fang, L., Lin, L., Luan,
T.G. and Tam, N.F.Y., 2014. “Effects of
Low Molecular-Weight Organic Acids
and Dehydrogenase  Activity in
Rhizosphere Sediments of Mangrove
Plants on Phytoremediation of Polycyclic
Aromatic Hydrocarbons.” Chemosphere
99: 152-159.

Wang, Z., Fingas, S., Blenkinsopp, S.,
Sergy, G., Landriault, M., Sigouin, L.,
Foght, J., Semple, K. and Westlake,
DW.S., 1998. “Comparison of Oil
Composition Changes Due to
Biodegradation and Physical Weathering
in Different Oils.” J. Chromatogr. A.
809.() + V—A4)

Wild, S.R. and Jones, K.C., 1992.
“Uptake  of Polynuclear  Aromatic
Hydrocarbons (PAHSs) by Carrots (Daucus
Carota) Grown on Freshly Sewage Sludge
Amended Agricultural Soils.”
Environmental Quality.

Xiao, N., Liu, R, Jin, C. and Dai, Y.,
2015. “Efficiency of Five Ornamental
Plant Species in the Phytoremediation of
Polycyclic Aromatic Hydrocarbon (PAH)-
Contaminated Soil.” Ecol. Eng. 75: 384—
91.

Yong, Y. and Tam, N., 2007. “Effects of
Used Lubricating Oil on Two Mangroves
Aegiceras Corniculatum and Avicennia
marina.” Journal of Sciences
Environmental 19(11): 1355-1360.
Zahed, M.A., Aziz, H.A., Isa, M.H. and
Mohajeri, L., 2010. “Enhancement
Biodegradation of N-Alkanes from Crude
Oil Contaminated Seawater.” Int. J.
Environ. Res. 4(4): 1735-6865.

Zhang, Z., Zhou, Q., Peng, S. and Cai,
Z., 2010. “Remediation of Petroleum
Contaminated Soils by Joint Action of
Pharbitis Nil L. and Its Microbial
Community.” Sci. Total Environ 408:
5600-5605.

A

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Rusin, M., Gospodarek, J. and
Nadgorska-Socha, A., 2015. “The Effect
of Petroleum- Derived Substances on the
Growth and Chemical Composition of
Vicia Faba L. Pol. J.” Environ. Stud.
24(5): 2157-66.

Semple, K.T., Morriss, AW.J. and
Paton, G.lI. 2003. “Bioavailability of
Hydrophobic Organic Contaminants in
Soils:  Fundamental  Concepts and
Techniques for Analysis.” Eur. J. Soil Sci
54(4): 809-18.

Singer, A.C., Thompson, I.P. and
Bailey, M.J., 2004. “The Tritrophic
Trinity: A Source of Pollutant Degradaing
Enzymes and Its Implications for
Phytoremediation.” Curr. Opin. Microbiol.
72:39-244.

Singh, O. and Jain, R.K. 2003.
“Phytoremediation of Toxic Aromatic
Pollutants from Soil.” Appl. Microbiol.
Biotechnol 63: 128-35.

Speight, J.G., 2001. “The Chemistry and
Technology of Petroleum.” CRC, Taylor
and Francis, Boca Raton, Florida, U.S.A.
114,

Tang, J., Wang, R., Niu, X., Wang, M.
and Zhou, Q., 2010. “Characterization on
the  Rhizoremediation of Petroleum
Contaminated Soil as Affected by
Different Influencing Factors.” Biogeosci
7: 4665-88.

Thavamani, P., Smith, E., Kavitha, R.,
Mathieson, G., Megharaj, M., Srivasta,
P. and Naidu, R., 2015. “Risk Based
Land Management Requires Focus beyond
the Target Contaminants — a Case Study
Involving Weathered Hydrocarbon
Contaminated  Soils.”  Environmental
Technology & Innovation 4: 98-109.
Tripathi, V., Edrisi, S.A. and Abhilash,
P.C., 2016. “Towards the Coupling of
Phytoremediation with Bioenergy
Production.” Renew Sust Energ Rev 57:
1386-1389.

USEPA. 2017. Superfund Remedy Report
15th Edition EPA-542-R-17-001.
Washington DC: USEPA”.

Varjani, S.J. and Upasani, V.N., 2017.
“A New Look on Factor Affecting
Microbial Degradation of Petroleum
Hydrocarbon Pollutants.” International
Biodeterioration & Biodegradation 120:
71-83.

Walls, W.D., 2010. “Petroleum Refining
Industry in China.” Energy Policy 38(5):
2110-15.



WX D) il W)V il b dar s 5 S o s

%
s

Environment & Interdisciplinary Development
Journal homepage: https://www.envjournal.ir

Application of Plants in the Removal of Oil Contaminants

Mohaddese Fereydooni Gavasaraei!, Mona Sorahinoar 1", Khadijeh Kiarostami !

1*- Department of Plant Sciences, Faculty of Biological Sciences, Al-Zahra University, Tehran,

Iran

Original Article

Received:
2022.06.02

Accepted:
2022.09.22

Keywords:

Qil Contaminants,
Phytoremediation,
Environment

Abstract

Introduction: The oil industry is an important, job-creating, and feeder
industry whose products are used as raw materials for other industries. One
of the important environmental problems related to this industry is that oil
can leak into the environment during extraction, transfer, refining, and
processing. Environmental oil pollution poses a major threat to the ecosystem
and human health. Therefore, the elimination of oil contaminants entering the
environment, especially soil, is essential for environmental health. The
current study aims to provide general information about phytoremediation
and review the latest research on the use of different plants to remove oil
pollutants from the environment. Additionally, several plant species with the
ability to remove oil pollutants have been introduced.

Materials and Methods: To conduct this study, the electronic libraries of
Elsevier, Springer, and Science Information Center (SID) were searched
using the keywords Phytoremediation, Oil Contamination, Plant
Remediation, Oil Pollution, and Oil Pollutant. The sources were analyzed
after extraction and subject classification.

Results: By exploring the sources of scientific information, 10 review
articles were extracted as the core and a total of 99 references were extracted
and analyzed. Based on the findings, the use of plants to remove all kinds of
pollutants has been introduced as one of the cost-effective and
environmentally  friendly methods. Among the advantages of
phytoremediation, the following were mentioned: The need for small
financial investment, the possibility of removing pollutants on site, proper
aesthetics, preventing soil erosion, preventing the release of toxic substances,
and the possibility of using this method in areas with low pollutant
concentrations. According to studies, plants utilize various mechanisms,
including phytoextraction, phytovolatilization, phytostabilization,
phytodegradation, rhizodegradation, or rhizofiltration to remove pollutants
from environments. In this study, 12 plants effective in removing heavy
metals and 30 plants capable of phytoremediation of oil and related toxic
compounds, i.e. polycyclic aromatic hydrocarbons, were introduced.
Discussion: Phytoremediation is an environmentally friendly method that is
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based on solar energy. It is economically reasonable and its
commercialization is possible. Currently, phytoremediation technology is in
its early stages and there are many technical problems to be overcome for its
development. Among plants, herbaceous plants because of their high root
surface area are efficient in the removal of polycyclic aromatic hydrocarbons.
Currently, especially in our country, there is an urgent need to discover new
plant species with the ability to tolerate and remove environmental pollutants
such as oil pollution. It is also necessary to carry out research to optimize
plant treatment processes, understand plant—environment interactions, and
microbial interactions and finding appropriate equipment to do it. In addition,
the use of molecular techniques and the development of transgenic plants to
increase the efficiency of the plant to remove toxic materials are expanding.
Therefore, genetic engineering is expected to play an important role in
increasing the application of plant breeding technologies. Studies on these
strategies will be very useful in developing simpler and cost-effective tools
for phytoremediation.
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