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Petroleum compounds and their derivatives are among the most harmful pollutants
affecting soil and water globally. A particular group of crude oil components, known as
polar compounds—including resins and asphaltenes—are notably difficult to degrade due
to their complex molecular structures. This study focused on identifying microorganisms
capable of breaking down residual asphaltenes in petroleum-contaminated soils. The
bacteria and fungi used in this research were sourced from the microbial collection of the
soil science and engineering department at the University of Tehran; these strains were
originally isolated from sites with long-term petroleum contamination and wastewater
pollution. The ability of these strains to degrade petroleum was tested through pure culture
incubation over one week in 50 mL of Bushnell-Haas medium containing 500 and 1000
mg/L of asphaltenes. Results indicated that the bacterium Rhodococcus fascians LMG3623
and the fungus Penicillium sp. removed 36% and 14.5%, and 22% and 14.5% of the
asphaltenes at 500 and 1000 mg/L concentrations, respectively, after 60 days in liquid
culture. Furthermore, biomass production was measured at 9.8 mg/mL for the bacterium
and 6 mg/mL for the fungus at 500 mg/L asphaltene concentration. Fourier-transform
infrared spectroscopy (FTIR) analysis of asphaltenes treated with Rhodococcus fascians
LMG3623, compared to untreated controls, showed that bacterial degradation targeted
alkane, alkyne, alkene, and aromatic groups, converting them into oxygen-containing,
phosphorous, aliphatic, ketone, and amine functional groups.

Cite this article: Goudarzi, A., Pourbabaee, A.A., Alikhani, H.A., & Shariati, S. (2025). Evaluation of the ability of
microorganisms Rhodococcus fascians LMG3623 and Penicillium sp. in the degradation of asphaltene isolated
from soil. Journal of Natural Environment, 78 (3), 427-438. DOI: http//doi.org/10.22059/jne.2025.401188.2836

© The Author(s).
DOI: http//doi.org/10.22059/jne.2025.401188.2836

Publisher: University of Tehran Press.



https://orcid.org/0009-0009-7740-3311
https://orcid.org/0000-0002-5273-2161
https://orcid.org/0000-0002-8740-6059
https://orcid.org/0000-0003-3441-209X
https://creativecommons.org/licenses/by-nc/2.0/

Rhodococcus fascians glapmais )lg Sue 2Ulsi b3,
SB 3l oud s wdlwl &35 4 Penicilium g ,6 § LMG3623

£ . s, BN T . Xy Yy . € .4
2 LW | T Slle (et | T 2blyg e weal [ (55,555 adble
atefeh.goudarzi@ut.ac.ir :asbll, ..l n! S ol x5 sl ¢ anb mlio 5 (65)5liS (BaLily «(gjy9lis 8Kty S wdine 5 pole 09,5
AALU) OI)'ﬁI ‘CIS ‘U')’&J oKl ‘(;"‘:‘f‘l’ eL.o 9 Lg)')’Lf.S ulf.\Sufu'.) sdj)gLf.S Basliilh (S WAk g P}L& bg)f J}LM [RVEY At

pourbabaei@ut.ac.ir

halikhan@ut.ac.ir :asbll, .\l pl )8 ¢yl 05 osluiily ¢ aub lio 5 (659lisS o BaSLily ¢ gjy9liS B3l «SB pwdige g pole 09,5 Y
shayan_shariati@ut.ac.ir :asbll, .ol pl 3 ¢y ol (nnbs wlio 5 (6555liS (BASEN ¢ anbs @olio 5aSENS oy jlasme (i 09,5 ¥

S

Al OileWb!

s i ol 5 ) slasls Wiolke o g SB slaoai VT o Stkas I el clitie 5 i bS5
il Jdses Yoane cabs (o ol 5 39800 byl 5 by Joli 4 sl (o S 5 & bgyyo
» P Slapusl)lySee ololid ol ddllae jl Ban (plply Kgd oo @i (B K> & dlodoey
G oyl 5 o2lil 3y90 (slag B g la s Sl .l 039 (85 o3¢l S il claosiledl & o0
Ghlio 5 oo 8 (Sog] (sl 3hlio o lyed oSl S otine 5 pole 05,5 (035m0 ]
Oygods (5 35 3 i 350 (sladyge Ul A5 4 idg oad ol 5 gilulix Olay (Sogll )l
5 pSike Vere g 00 s ugle Jibgy S Lame st oo 00 )3 atin Sy Sidety s s
@B 5 Rhodococcus fascians LMG3623 (¢pSL oy olis mls .cd)8 )3 byl 3590 cpdlawl
o Voo g 0ee clale b pllawl oy VF/B 5 YV g 0oy VF/D 4 Y5 i sa wisls Penicillium sp.
55 (crSL) VA codlanl 1) 5 p S e 00 il 3 g aples Bl glo bazmo )3 o) £+ jlun |y 25
013 slog il Lo FTIR Jilowigas 125 gl dunlie ks )55 (29,500 Guager 2 2 25 oo (8)
da ST glaog )5 eols lis wlo Laxe 4> amlis &ge5 L Rhodococcus fascians LMG3623 (¢St bwg
rog)S 4 il ) dip (b 3 g 4B E o8l des 390 aSleg)l 5 lapSUT gy SUT

losd s el 5 F55 oAl (g pied ol 5]

gy Alie 1o £o5

AR ZATE Y PR
VEE- ALY 26,5050 )b
VEE/ AN 100 iy G )b

VEELANY 3 Wi U

o jlgads’
WS ‘_:.’}Ji
90 ot

2 Yl Consj

Rhodococcus fascians (slapesl)lg,Sae (Ulgs (ol (VFoF) bls impd ¢ ¢ daimns (lule ¢ e danl ( oblyg faible ¢ 555 :dlins
FVV=FYA (V) VA o enihs Congj Lo .S 1o b opidlan] & oo o Penicilium g, s LMG3623
DOI: http//doi.org/10.22059/jne.2025.401188.2836

(¥) &5

ol oy )l Ao yil



https://creativecommons.org/licenses/by-nc/2.0/

Y hiKas 5 55085 /. iillin] & j2i o Penicilium g, s Rhodococcus fascians (slopuedlsls Cuo 2 Ul b,/

40ddo

sz Gl glacyld (1381 col e Codlo g L w1 ol slo i I (o gyl dou e 4 S
Sbgge by (gl oS ous Ol g SB > cladls sin Slagyl (clap,Sg s wls cla Sogll il el aisis dad
odas 09,5 o> Jolis p& cas (Hou et al., 2023; Das et al., 2023; Shah and Soni, 2024) cusl S jlas o155
534 2929 .(Su et al., 2021; Zeynali et al., 2024) cul cpdlawl ¢ gy, « Silog)l luS 5 «Ssldl @luS 5
Garcia ) &S o psw |y SB dbas o oVl a8 558 0 SB (64w pb & lodsds & oo SB > te SV 5
Silagyl 9 (Sl GlS 5 cygmmen odle g Saw SluS 5 Ljo0 dej p osd plwl Clillbe yriw (et al., 2018
- oboB g o S opdlawl (NZila and Musa, 2021) xlais 5 51,8 an g5 3590 yieS bl puSiw (sla yi5u g Mlodg
&S ol goils Bl pas Jold g sl odn Jlas o JeSge Jlile sl pB cd daiad LS5 sole oy
Sl looyzs; g lapilyia b Sslogylly JoSUse o dlinl lody8 Sigy Sl slagn Sgy0m domge,
5 ool oSS ale (g5l olie 5 (3mST 5 255 oy ol & b ) S olanl sl ol ds 4 Jate
Tavassoli et al., ) 345 0 (BSyre i oSy op s Glpieds g widgyme NSO @luS 5 4 el sl pgoably
uwm cdMs o3, bled 51.(2012; Adams, 2014; Tavakkoli et al., 2016; Navas-Caceres et al., 2023
Oty O3 5 O Aile Sleg)l sla M > Jg BNl €7 plin Jloyi g pliy Jloy ile (plapSIT 5
claanld cov st 4 oy S le 4 asg b opdlawl cla J3Sg0 .(HosSEINI €t al., 2015 a,b) 1,5 Ml
g S)lgds (IS pobts g Ccandbln 69y 0 rJgSdge (ol oy JWSI 08 o po 25,5 00 )13 (39555 3)90 (S
)55l g S adlige T gt isd il 0 LS ol Cangliio Y5 alex 1 Jsls glalie Sl laJsSUge ol
395 b g a8 e 095 50,50 okaws Gajbo 51 ]y eV il e g 35,1 ooy Syuen (i) D18 3 1) (Fglise
Johnsen et al., 2005; Das and Chandran, ) suS <SS by Sg)ld 4 (awyiwd 9 Sl iolj8l 4 oliSE o
il 55 5 Bl (sl Camjlae L ISl 5 @00 gshe sl lsietr i slagty) 13 (2011
Gaur et al., 2018; Davoodi et al., 2020; Chand et al., 2022; Wei et al., 2023; Zeynali et ) ulouds slosiy
8391 SB 5l onds (gjlwlin) Ly 05 (clapmailE g Ko 3 £95 0 155,5" 5,155 (YY) o, Ken 9 Tavassoli .(al., 2024
Bacillus licheniformis Pseudomonas spp. TMU2-5 Jols pidlawl (ggls baso 13 (o) Gogin 393 (585 o)lane
4« Lde Bacillus firmus TMUG-2 4 Bacillus cereus TMU8-2 Bacillus lentus TMU5-2 . TMU1-1
oy o 1y Wby o ymiw Bacillus lentus TMUS-2 (¢Sh i8S coy50 1y cpillaw] aops Fo —FF aiuslys
do )3 YA lod j> jgy 5+ 5l Lw Bacillus cereus ws,8° (o)l55 (V+V5) o, Ken 9 Asadollahi .cusls plaw
(Yo¥Y) ohen g Wei cul (6550 5 02)S @ie oloicar o 5 ookl g cpdlawl o ps o ials 4 o6 5),5 b
Loyd ¥R iy (8L ol 10,8 gilolis i Jed 51 ]y cpdlaw] &5 Ul L Pseudomonas stutzeri (¢ S
(Yo¥Y) ohen g DaS .ules 4555 9y VF ot Sdme cuiS Lo (0 |y (5/p )5 V0) a6 s pudlaw] isw
9 B. thuringeinsis SSL1..5,8 (¢jlohis i plol i 4 od9l SB 1 ) cpidlawl &350 Ul b wslawl (cladisS
Wb ogas 5 ase LB clo jimgs 4,81 .08 4550 |y udlawl 5l sy SV/F 4 VE/F sl B. cereus SSL3
plsl (SB g Gl slalarme ) Tispils Silog)] slognySpnm 9 TS (58 oS GERl 5 ey Koo
S slainghy b (b i il a8 5 ol i lyied) pallin] Do (ogas )3 g conl oad
3 cliSd)yge Vge g pls b BuSa o5 ladigw Ul 2L 2yl ddlhe Ban (plply cul wBply ©)50
g lstel ol laoms 5 tlan (6 pdpa o8 38l

INitrogen, sulfur, oxygen
2Biotransformation
Total petroleum hydrocarbons (TPH)

4Polycyclic aromatic hydrocarbon (PAHSs)



Ve F 16 Lo ot g 0L 6390 ooty Coen j Lo AN

g3 i gig )

SB 3 35390 smmb oulil 1 mbe bamo y> edlan] Bl g Limed ol 0 1SB 1 3sn g0 il g 5lwlas
Yo Ges jl pauie Juolgd b ahi O 3 mye o Voo Colue 4 odgll dilaie I gl paiges b edlitwl odg]
(sloiges 15 Pl ol Slgnl By Jlos J (s yinshS 5+ Aold > oliwigs olil > o JbsS 85 lave 55t g5l
25 T 4 SB padlanl i g il JS! o5 oKtily S wigeg pole 05,5 (555)me Ko oOtilojl 4yl 300
ASTM s, jl i 8381 (el S 5 3gnge il (ise 056 can (adla] doyd YVIVO) A5 (4 yiS0jll
b sd gy S Bgas jl p)S Ve dloge sl 53 sl LIS A yo 10 Lol a5 05 03lil alus gus ol5zwd o DE560
o At I gYL o3 le da > Ve oSiwd (glod i 00y jl3 aluS g oSiwd pd (gl g iKe N golus s
2 90 Sged Mo pond s jeSde lo CubdS bl dobl cels Y Gieds glisuinl o ad pilas b M
2 C8)S 18 WSy Lal il > adds £ dedy luaN i) e Fr b odile Bl Dges g b 0300 H18 sleand 292
Mo s oals JWanl ¥Y pedly JEI 4 0j0n oy g b 03l 1,8 (SH,0 L )0 d4ddy VO Gdedy diged (gam Al ye
ol CbdS L g S )8 Al g bl il co e Vs L ol celn ) Gaody diged b adlsl Bl X8 4 gl
(5 555 8805 Laaogs Il s 2 Asbl il B35 Jo 555 b il Jos 05 3ol ol I oloj
(ASTM, 2012; Oscar, 2023) 15 (55 ()5 gy Lawss ol )3 Bilogdly Gogus, 3 )5

pole 0955 (29)Swe (yommSIS 3l B oyl 53 03lital 390 (slans Sy 1omllianl &y 5255 )3 wiedlyi (gl g Sl B!
5 ol Syl Dy (Sogll s Ghlio 5 ors 185 (Sogl S blie 1 o lyes oSty B iae 5
Shariati et al., 2021, 2023; Nikkhah et al., Kalami and Pourbabaee, 2021) 1 a5 34 ol olwlis
OSIT 05 Wge g oliShygm SIS AP) (85 lacnSo)ta (SaSwie Joilly boord olulid sla sl (2023
P.) posrnissS CuSapil slag)B id)S Jl8 sy 350 osdlinl &35 5o bl (Ul o Ct (35hemS 9000
Ehteshamzadeh, ) 54 o ags LS (slaosilojl 5l poskw o g8 IS 575 51 sl s (chrysosporium RP 78
Cygo & a5 Dy50 sl Sl sl ouds &l Baiow pl o eolaiwl Dyge sladigw ele ool V Jous ;5 (2015
i) 3 pS 1Y MGSOLTHL0) Lugla gy cuiS Lo i) o B0 > e Ky e (gl biglie 5 Lalls s
s p)S 1-0FeCls y2J »s 5,5 YNOsNHs iz 5y p,5 V KoHPOu 2 5 p)5 Y KHoPOs ()2 43 5,5 +/+¥ CaCls
25 Bl &3 ¥ glod 13 5 (55l 5 S e iy o3l ST Sl enitlix adliwl 1) 5 p)S e B0 gl (2
Y e b 22 609 S oS 0jlal dhwgay (L3S, (lie (loj ol SIS Sl g 505 4gSITPM N -+ 503 b

A cSly8 egil
o3l 3,90 glo g, g b G SL Y Jgua
& (s pd blod Ll lg e (oolsl
(Kalami and Pourbabaee, 2021) MK453292 Ochrobactrum anthropic
(Kalami and Pourbabaee, 2021) MK453291 Microbacterium oxydans
(Kalami and Pourbabaee, 2021) MK493408 Ochrobactrum lupine
(Kalami and Pourbabaee, 2021) MK453290 Ochrobactrum lupine
(Kalami and Pourbabaee, 2021) MK493409 Bacillus subtilis subspinaquosorum
(Kalami and Pourbabaee, 2021) MK493411 Bacillus paralicheniformis
(Shariati et al., 2021,2023) MN298858 Pseudomonas Putida
(Nikkhah et al., 2023) OL759126 Pseudomonas aeruginosa
(Nikkhah et al., 2023) OL759129 Rhodococcus fascians
(Korouzhdehi et al., 2018) MF540569 Bacillus pumilus strain BK111
(Ehteshamzade, 2015) unpublished Penicillium sp.
(Martinez et al., 2004) AY532141 Phanerochaete chrysosporium

SSoxhlet



YN ohiKas 5 55,085 /. millin] & j2i o Penicilium g, s Rhodococcus fascians (slepedlsls Cuo 2 Ul b,/

o sskteds aoiio g6 g oSk Aoyl 50 1ol anj &1525 50 Bemeillg S (U7 L)
D oo Voo slagd)) (g3 A5 L byl y90 AP mesm S i 5 sl Bl el il
(5 52 pScoe Vo 500 ) sl Bl 3] s 5 5 S s o5 oo Vgl Jibgr i e s oo
A LS i bl (Slale &5 g iSh Sl oo 203 Ve ) e 9y e D ALST ClalS g SIS A L
9 onlaw] &35 lime 8,5 )8 wgrdi doyd Yo glod ;5 guwbisSTl Ll yd )3 olo 93 Cite (gl Wadiges A a8l
(Poddar et al., 2019) ai (s uSejlul 59 igy 4 dlale g ole 93 Cdeds (29,50 mogw

P ¥ 9 b cas laoce bl (658 5 )8 (29)Sue (megn Oliee Lo S 1295590 (g ()l BRI
Ol Blel gy 41 09,500 mognr 9 03ledl pdlan] Coguy b g 1 gy @le w5 Sosd il 4835 VO Codedy 4B
4355 oedlawl b ol 50 03,5 ool BY esly Bl JE 51 ) L 05 03] ob a5 dr g Ll il ke
b s ool ojlel g ab ad5s gy ol 5 S Jory il 0)lgd (Blo Sl 038 hae mle dilogo (Bl A2 (5, pr onts
oo Oleeds sllauBl Cgwy (yjg g i gl 0 wsemlw dx 0 ¥ glod o CelwYY Caedy sliledl g,
.(Rittmann and Mc carty, 2001) . 8,5 Jla5 > 9,50

Ghos ol 2 35 xSel IP 143 g, b i e s ol soilesdly codlind (e oias
Cguy b Blo M Lol ) odel Canday Jobo s 9 J> Jbop e JI M 0 aBls jebas 1) by pedlan]
G50 dwoyd oo ooy cpdlawl 39 (6 pSojlul b s ools 1,8 oS ol do g3 B clod g oyl > el Y Ceay
.(Vazquez and Mansoori, 2000) 15,5 apwle i

%Y= B1-B2/B1*100
ob5legdl o] 59 B2 5 cuiS oo 4 o 4Ll pdlanl 59 Bl o] (g plsa jo o yd Y

e g by 3 sladl
5 SR Ljs,ﬂ Joyd by i cws Al e gw) g S bl diged )',.JUT s u:.o.a Cgw, g SKs Olwogas
(Y Jgi) bl 203 £+ (VL ges ol o opilansl

(o] Q55 Jomo) (185 Gladlg) Ciligusy giamn 5 9 (o2 boomad (S 38 oo guad =T Jou>

JORLESS Oluoguas

YIAN glal 3)las pH

YIve (dS/m) glusl 3)lac EC

-/ra ARSI

YIS (MY/KY) Gl L6 jaud

SYIVY (%) TPH

YV (%) ol
VAEXYA (MPN/Q) g)See Cuxer
b oy Skl

Rhodococcus fascians aslas 5y50 (8L oy ol @l tomdliw] ajod 45 Wil S il
(OD) 535 &2 wojsy V¥ 533 5199 )3 39 0 a3 Syod sy (5391 Gl 3ble J) & LMG3623
S e ol pesle Judg cutS b )3 s cutS Gjgod oS dddlae 3)90 SlagpSL il 4 Cund VL
09) Y+ 5y90 |y (xSl yo bawgi odd Mo 988 e V JSS awl 4Ll wilodgs yiegil S+ zge Jobo g Cpsilawl
RhodocoCCUS (¢S g cCadld (g yipe Ay (S ysboas Penicillium sp. s 55 bz, B oy o a2 0 ol

i odlaiwl (gam a1y 45 Penicillium sp. ¢, 4 fascians LMG3623



Ve F o6 plas i g 0L 690 o s G j Lamo Fry

-ve

YA e
e

V&

ne

1= A¥

0D 5 155 IS

L 5L

O] gl g 0,5 o 04+ youd 13 (ODe30) W g mSL sy (yliwe — Y S

Jot> 4 a95L tasle basmo 43 Penicillium sp. ¢ Rhodococcus fascians buwg cpidliw! & 5005  oUlys
g )3 (g 1> ©95See 5 Oloj e9)See o 3 ellaul (A5 @3 5 (9Sse g Slaye (S (ul)ly 43
Rhodococcus (¢ pSb dgw buwg mle basme 10 cpidliwl ciaw) L3556 (wyp (¥ Joia) Cowl ok 4> xo duoyde/+D
b 0s585039, 8L 4 baspe jlows cpyige b i 0jg) £+ 5,90 ;5 Penicillium sp. z,6 4 fascians LMG3623
“ i ot D S gl en ol gy 5o sl 893 b g 1) g p S e B0 e lla] il
- o V) iilys jlags ol ol (adg) utlan] g )3 p)8 oo B 5l 2T ke VAX) Uslas g auo 3 Y8 lli]  SaiiS
sdalio JB Y Jouo 5V 5 ¥ sl S5 3 cuipiar a5 S W5 anlo 93893 (b )3 1) (09 e (5l ke 22 p5
JolS5 oy Sl 5l (i 235 Syt sl g S 3] 55 N s 22805 ol (Y41V) () Ken 5 GBO
Pseudomonas sl s xSh dsguw 95 15,8 45,158 pbisee (pl e pldl b coyu by Jos opl a8 dix o silaidly
(Y+10) ol)Ken g Muangchinda .uu8 ajo5 joy £+ @te o |y (el dlaw] 5l as s V- aiusly aeruginosa
S A 2 gl s g 3y a8 (Splie Ul JusTsTe0gs SpSL (39 Wby S pf ) e Bl
sl (Y+VF) ) Ken ¢ Jahromi Luwg o5 cladllas )3 cpioman .35 1y 039l S 285 (slo iy )Sgpaen &35 Ul
poryuiS oz oy Symie 5 Cob Luylpd )3 olo ¥ oty ugmeads d20 ¥ slod 3 pllanl Lt &
Pseudomonas 4 Pseudomonas aeruginosa slaasS pom S bws <oy (p pidey &5 od wyp (29,50
chble gl b bl b o cpdlaw] sasSaims slaesSh slas addllas opl 45 34 oy ¥Y L fluorescens
Copous Joay dlans] &gl clale Lall b g ol (i |y oo (glaomss uios ol 45 g 0 boo Linl5ol ppillans]
E5 5 Colw oy cuwl S odol Cawdds s ) ople oplcdl ials odlaw] SasSaims olwe o YL
Lm0 ilpl coge colSygm j eolatwl wsls olis (Y+)4) Ayatollahi o Iraji sl ool 5)90 cpdlaw] Hlsle
Sy e 59y V¢ b Pseudomonas aeruginosa 5 Enterobacter cloacae (cla ¢ Sb joas ;5 doy AL plan]
Spi 5 8oyd (38l s Wl g 0y 25 dlge L (S led dygly anyd (l8 L oS ygus 5l ealitul 4 31
) SOlSE )9 g 2Ulg b (29)Sue sladgus Sl ool cplply sl olyen 5 (o jlazme © e GIIL Ll K



FYY o Kas 5 55,085 /. illin] & j2i o Penicilium g, s Rhodococcus fascians (slepedlsls Cuo 2 Ul b,/

85 Jed 1]y opdlaw] &350 LUl L Pseudomonas stutzeri (¢ yxSb (V+YY) o), Ken g Wei .84 00 031 pun 5
W Sdeds Sdme S bame j0 1y (5l p )3 VO) pb e o] Lisu 5 oy ¥ cuslys (6L ol 050,8 (gjlulis
s plol 2 & o3gl S 31y llia] By U5 b uphd clotisS (VYY) o San 5 DaS s 4,5 5,
A58 o5 |y oudlaw] 5l o) SYIT o YE/Y aizuslys B. cereus SSL3 4 B. thuringeinsis SSL1 .x5,8 (¢jlolis
Sldlbs 81 (Nzila and musa, 2021) sg salgs IS 51 cplaios Glme 5 ilojl 3)90 pdlawl Lools 2oy
Sl & 5 092 a5 (Sen b Lsdi 55 LS Joy ol iy 2988 on plonl cilisie LS5 (oglsie 53 0 ploxl
05 2l K8 JoSge il izg 53 (sl e (sl gy dmnss @ 28l pasiin M 5y 5 la] Bigns oS
Snl 55 Lol s duyoe Jlaiay Jg o9 sl oo lauglie (sl ptaleil oS glite Lulyd 4 a2 b

ol o151 0 p o Jal glacydgiome o ol (650,500 Coplo ppilin]

&lo budeo )3 20 MgF (99550 (uoge 9 il (ST 505 (a0 (o y 2 48 ybgd (ANOVA) (uily g 4355 Y Jgaa

] o Shagyo Sileo i
il 15 40 e Sile oo Oljee Claye (SNl @33l a4y Oy i
(29,500
YV Ve YYYYer R Y oS
yFay/yrayana o[ o oo VAAFER \ OL‘}
AYO/ASTRAY*® e YOAY v Sl
VEYYIFY N AN VA \$ s
- - Yy Jf
AR-YY-4 a/¥OFTVS - s oy

o)) O e jd (gl me™

B, ol LSt

0j5.F s eyl Sk

B g7 olelig 6

%o coaidlin] 4y 320

Oejs P ol bz B

30

;5!5)5-!.-“ sleud

g 53 Yo (glo3 )3 (ygmmrlagSSl Ll il 53 059, e B3 )3 (29 S0 (s Lawgi (puillinn] & 525 - ¥ JSS
16 -
14 | @

=
(=) ]
1 1
o

mg/ml g o pwog ol imo

E N O N B o o
1

9 750 slewd

gl 433 Yo glod 13 (yaumwligSOl byl pad 53 859, T B9 33 (29,50 SLRAISS (295 Nue (ot (a0 — T S



IFeF 16y lais it g 5Lt 895 o ey Contj rso Fre

oxdlan] s plhcn Bt S5y Lioma j sdel Cunsdy ol aol cas awd Hlew wdliw] FTIR ol oo
53 5 s 005455 g 05 4355 pillawl g9y p FTIR udstisd jo5 zuli & 0 (sla S, .08 pbos! FTIR 3JU
YAOY/YD o YAOW/FY &6 s ool ol |y mle ke > Rhodococcus fascians LMG3623 (¢ ;SL lawgs olo
5 g ol €8S )18 alon 390 (6535 bawgd i dijo wljd (b 5 85 sl gl 09,5 5 C-H 1S & bgse
) D355 5 e &S Cal C=C (ST ole 09,5 4 bgsye YIF-/VY  VIAV/YR clodls ol odds 4350 (>
25,006 g S a8 Cunl ol Baimd s gly 55 a8 wunl 0ad (6 yhund 09,5 4 ba g 03,9] 3939 |y (gilese il
L5 VYN0 B3giote > (chm A5 LS 53Kk siud posks LS 5 LTy JoSUseg S le sl ylisl cou (slaian
lodls sl ol Joag 35S g il sloeg)S 4 455§l ey & (C=C) cunlapSIT ke 095 4 bgyjo a5 30
Bl g ol piSoly i (clrog,S b a5l o Cula ST 69,5 4 bgsye VYYY/AL 4 VFOY/AS
Lgrpe VY135 5 ArA+0 =YD/ Jole 09,5 ules 55 anln s 3SL Lawg Jsg00,5le (sl )il guilacST il youss
Ba850 ) odel Canddy ol ol osd 03> LS el 09,5 ygods 43595 5l e &S CanlaSleg )] ole 09,5 4

Sl (Y+VA) o )Kea 4 Shahebrahimi zls b gued

vy %\A{v\,\, N !\\,‘r‘/\‘ﬁl \A A'. f U\, f \/
. '\—\_\[‘/Jv\—\, W f V\j\f’ﬂv\/\vﬂ\ | \/_/\ /

N v

|

1

=l (1)
—

[

0
ARG UA o (P

E<] > P o ) < N a L=
i<} - 3= 3 > - o < ] C<HN
s ] > > - > 4
s g o ¥ < a > > o<
> 3~ < —— o [ . .
¥f.4 - - pos > - - = - >
Yoo Yoo Yoo Yol VYO« o Yooo

(cmgse Jsb
039) N (yomwligSl 93 I IS (pidlis] 4 by po BI,5 -0 JSUS

s MMM\/\/

L.
E
= q
Al .
= - = A = B oo b
= e e < e > - 4
g L > O W a " by
- a,; . ;o = - a > = = =
s o & @ . % =
> = e = - — - - - N
|
i
T Yoou Ya-- Yoou Ve e Yooe
fem Ngge Job

859y 1+ mwligSSl B9 5l das oullins] &y bgapo 1,5 =1 USS



YO hiKan 5 55,085 /. illin] & j2i joPenicilium g, s Rhodococcus fascians (slepuedlsls Cuo 2 Ul b,/

Ul 0 5 ¥ ladgir ) iowlliwl 9 (S5 OS5 damj B35 3 s, SFSL 2UIY ()
ol 0303 JE oy 3y90 Shmgly Az 0 |y edliwl 5 5 LSS ) 45 dej 5> Rhodococcus (sl
(Aislabie et al., 2006) 5> & alisee GluS 5 Bls 3 068 oUle ussarg, (6,8 o lis b yingdy (ow)yp
(Tancsics et al., 2015) 545 0 adlis Jlo SowMSgu)Sg,hn 05,5 S leicay Rhodococcus s slacl
3 ol (29,500 0 55 3 (SIS 18 st olibon d oal slag iT SAIKB L sy (glawS g0 S
iz slael ples 3 AIKB (5 5l (ool g5 o5 3l lis AIKB (5 I (Suisiold Jalosigns jos )15 1) b )S'g e
g Cuwl 0l &l Coww GluS 5 Bls 638Ul s ol lp &S ol 4 465 L oyl 5959 Rhodococcus
@ adlas ol ) Conl 039 Cpidlaw] s i OluS 5 ple 9 TPH (g plid o0 diej 50 i plosl Gilalllas ST 4SS

W A Gl Sy Cp Sedusmn 5 op s Bl > Rhodococcus fascians LMG3623 (s SL oUlgs oy p

S OUS  Samj 8325 )3 sT5939) S SL 219 (w2 ST 0 ol Olalllae —€ Jgr

o 70 oYl Uinlojl byl <55
Pacheco et al., 2010 \g TPH 59T Rhodococcus erythropolis
Egorova et al., 2017 Ve HCH 590F Rhodococcus wratislaviensis Ch628
Parach et al., 2017 ¥ TPH 59,V Rhodococcus ruber KE1
Roslee et al., 2020 Y. TPH 59, Y Rhodococcus sp. AQ5-07

el a4 525 Oledllas duglie -0 Jooa

& 7 olinl 4 5 EASIE 5k
Asadollahi et al., 2016 ¥ 39y 5 Bacillus cereus
Gao et al., 2017 Ve 395 Pseudomonas aeruginosa (FX GX)
Ayatollahei et al., ! 3 5D oy Ve Enterobacter sp.
2018 IS5 g Pesodomonas aerojinoza
Kshirsagar et al., 2020 Y. 395 V0 Ochrobactrum intermedium
Chand et al., 2022 A\ 590 8¢ Rhodococcus ruber, Bacillus sp. and Bacillus
cereus
Wei et al., 2023 s 590\ Pseudomonas stutzeri
Das et al., 2023 Y oV 395 V0 Bacillus thuringeinsis SSL1 and
Bacillus cereus SSL3
Ok o) Y5 9,5 Rhodococcus fascians LMG3623

S 5 4
Rhodococcus fascians (¢Sb (og digw 3 olis mls pdliw] cpbajss cow 4 g b b ddlbs )
ale b ) planl s L35 (liee i 2 |y glo bme 53 allinl &9 0 (60 Ul LMG3623
1y adg) il 5l 0op3 Y8 canl atslys oS Cusl 00y B+ loj 5 3 3 poS ke O+ plinl Clale U e 4 bgyye
bosgs llinl &35 )0 @l A8 a5 1) (9,She Guage 05 e 2 p S ke VA Joleo (pizmen S 4o
il (5 3390 Calisee (clrog,S Cansly drgu oyl s lis FTIR L Rhodococcus fascians LMG3623 (¢S
Y& S SO OleS G djos Gl A 5 (iegg ool ol Sl bl fas agl slaog)S 4 g i,
oy (gdm (sloingy ) Grzan g ) |y odd S8 agwy slabaoe 13 yp B3] by lgie odlaw]
G55 YL 003 (29,50 (Slop g S e 3 agr (sladygu o b s lBlon o Gialejl bl i b 225 o



VP F P jlacis scciis g 5Lt 895 o o> G j Laimo Fry

References

Adams, J.J., 2014. Asphaltene adsorption, a literature review. Energy & Fuels 28(5), 2831-2856.

Aislabie, J., Saul, D.J., Foght, J.M., 2006. Bioremediation of hydrocarbon-contaminated polar soils.
Extremophiles 10(3), 171-179.

Asadollahi, L., Salehizadeh, H., Yan, N., 2016. Investigation of biosurfactant activity and asphaltene
biodegradation by Bacillus cereus. Journal of Polymers and the Environment 24(2), 119-128.

Chand, P., Dutta, S., Mukherji, S., 2022. Slurry phase biodegradation of heavy oily sludge and
evidence of asphaltene biotransformation. Journal of Environmental Management 324, 116315.

Das, N., Chandran, P., 2011. Microbial degradation of petroleum hydrocarbon contaminants: an
overview. Biotechnology Research International 941810, 1-13.

Das, S., Das, N., Choure, K., Pandey, P., 2023. Biodegradation of asphaltene by lipopeptide-
biosurfactant producing hydrocarbonoclastic, crude oil degrading Bacillus spp. Bioresource
Technology 382, 129198.

Davoodi, S.M., Miri, S., Taheran, M., Brar, S.K., Galvez-Cloutier, R., Martel, R., 2020.
Bioremediation of unconventional oil contaminated ecosystems under natural and assisted
conditions: a review. Environmental Science & Technology 54(4), 2054-2067.

Egorova, D.O., Buzmakov, S.A., Nazarova, E.A., Andreev, D.N., Demakov, V.A., Plotnikova, E.G.,
2017. Bioremediation of hexachlorocyclohexane-contaminated soil by the new Rhodococcus
wratislaviensis strain Ch628. Water, Air, & Soil Pollution 228, 1-16.

Ehteshamzadeh, M., 2015. Study of bioleaching of sulfide ores using saprophytic fungi. Master's
thesis, Faculty of Agriculture and Natural Resources, University of Tehran. (In Persian)

Gao, H., Zhang, J., Lai, H.,, Xue, Q., 2017. Degradation of asphaltenes by two Pseudomonas
aeruginosa strains and their effects on physicochemical properties of crude oil. International
Biodeterioration & Biodegradation 122, 12-22.

Garcia-Sanchez, M., Ko$naf, Z., Mercl, F., Aranda, E., Tlustos, P., 2018. A comparative study to
evaluate natural attenuation, mycoaugmentation, phytoremediation, and microbial-assisted
phytoremediation strategies for the bioremediation of an aged PAH-polluted soil. Ecotoxicology
and Environmental Safety 147, 165-174.

Gaur, N., Narasimhulu, K., PydiSetty, Y., 2018. Recent advances in the bio-remediation of persistent
organic pollutants and its effect on environment. Journal of Cleaner Production 198, 1602-1631.
Hosseini-Dastgerdi, Z., Tabatabaei-Nejad, S. A. R., Sahraei, E., Nowroozi, H., 2015b. Morphology
and size distribution characterization of precipitated asphaltene from live oil during pressure

depletion. Journal of Dispersion Science and Technology 36(3), 363-368.

Hosseini-Dastgerdi, Z., Tabatabaei-Nejad, S.A.R., Khodapanah, E., Sahraei, E., 2015a. A
comprehensive study on mechanism of formation and techniques to diagnose asphaltene structure;
molecular and aggregates: a review. Asia-Pacific Journal of Chemical Engineering 10(1), 1-14.

Hou, Z., Mo, F., Zhou, Q., 2023. Elucidating response mechanisms at the metabolic scale of Eisenia
fetida in typical oil pollution sites: A native driver in influencing carbon flow. Environmental
Pollution, 337, 122545.

Iraji, S., Ayatollahi, S., 2019. Experimental investigation on asphaltene biodegradability using
microorganism: cell surface properties’ approach. Journal of Petroleum Exploration and Production
Technology 9(2), 1413-1422.

Jahromi, H., Fazaelipoor, M. H., Ayatollahi, S., Niazi, A., 2014. Asphaltenes biodegradation under
shaking and static conditions. Fuel 117, 230-235.

Johnsen, A. R., Wick, L. Y., Harms, H., 2005. Principles of microbial PAH-degradation in
soil. Environmental pollution 133(1), 71-84.

Kalami, R., Pourbabaee, A.A., 2021. Investigating the potential of bioremediation in aged oil-polluted
hypersaline soils in the south oilfields of Iran. Environmental Monitoring and Assessment 193(8),
517.

Koohkan, H., Mortazavi, M.S., Golchin, A., Saraji, F., Akbarzadeh-Chomachaei, G., 2023.
Comparison of Native Bacterial and Fungal Bioaugmentation in the Removal of Petroleum from
Soil in the Presence of Sorghum. Water, Air, & Soil Pollution 234(5), 309.



YV ohiKas 5 55,055 /. illin] & j2i o Penicilium g, s Rhodococcus fascians (slopdlsls Cuo 2 Ul b,/

Korouzhdehi, B., Abbasi, A.R., Bahreini, M., Pourbabaee, A.A., Sharif Moghadam, M.R., 2018.
Isolation and recognition of keratinolytic bacteria strains based on their biochemical and molecular
properties. Modern Genetics Journal 12(4), 535-546. (In Persian)

Kshirsagar, S.D., Mattam, A.J., Jose, S., Ramachandrarao, B., Velankar, H.R., 2020. Heavy
hydrocarbons as selective substrates for isolation of asphaltene degraders: A substrate-based
bacterial isolation strategy for petroleum hydrocarbon biodegradation. Environmental Technology
& Innovation 19, 100832.

Martinez, D., Larrondo, L.F., Putnam, N., Gelpke, M.D.S., Huang, K., Chapman, J., Helfenbein, K.G.,
Ramaiya, P., Detter, J.C., Larimer, F. Coutinho, P.M., 2004. Genome sequence of the
lignocellulose  degrading fungus  Phanerochaete  chrysosporium  strain  RP78. Nature
biotechnology 22(6), 695-700.

Muangchinda, C., Chavanich, S., Viyakarn, V., Watanabe, K., Imura, S., Vangnai, A.S., Pinyakong,
0., 2015. Abundance and diversity of functional genes involved in the degradation of aromatic
hydrocarbons in Antarctic soils and sediments around Syowa Station. Environmental Science and
Pollution Research 22(6), 4725-4735

Navas-Céceres, 0.D., Parada, M., Zafra, G., 2023. Development of a highly tolerant bacterial
consortium for asphaltene biodegradation in soils. Environmental Science and Pollution
Research 30(59), 123439-123451.

Nikkhah, M., Pourbabaee A.A., Shariati, S., Shakiba, M., 2023. The rhizospheric soil of Sparganium
erectum L. plant: A new source of efficient bacteria for Azo dye decolorization. Pollution 9(1),
107-125.

Nzila, A., Musa, M.M., 2021. Current Knowledge and Future Challenges on Bacterial Degradation of
the Highly Complex Petroleum Products Asphaltenes and Resins. Frontiers in Environmental
Science 554.

Oscar D., Mayra P., German Z., 2023. Development of a highly tolerant bacterial consortium for
asphaltene
biodegradation in soils. Environmental Science and Pollution Research 30, 123439-123451.

Pacheco, G.J., Ciapina, E.M.P., Gomes, E.D.B., Pereira Junior, N., 2010. Biosurfactant production by
Rhodococcus erythropolis and its application to oil removal. Brazilian Journal of Microbiology 41,
685-693.

Parach, A., Rezvani, A., Assadi, M.M., Akbari-Adergani, B., 2017. Biodegradation of heavy crude oil
using Persian Gulf autochthonous bacterium. International Journal of Environmental Research 11,
667-675.

Poddar, K., Sarkar D., Sarkar A., 2019. Construction of potential bacterial consortia for efficient
hydrocarbon degradation. International. Biodeterioration and Biodegradation 144, 104770.

Rittmann, B.E., McCarty, P.L. 2001. Environmental biotechnology: principles and applications.
McGraw-Hill Education.

Roslee, A.F.A., Zakaria, N.N., Convey, P., Zulkharnain, A., Lee, G.L.Y., Gomez-Fuentes, C., Ahmad,
S.A., 2020. Statistical optimisation of growth conditions and diesel degradation by the Antarctic
bacterium, Rhodococcus sp. strain AQ5-07. Extremophiles 24, 277-291.

Shah, G., Soni, V., 2024. Comprehensive Insights into the Impact of Oil Pollution on the
Environment. Regional Studies in Marine Science 74, 103516.

Shahebrahimi, Y., Fazlali, A., Motamedi, H., Kord, S., 2018. Experimental and modeling study on
precipitated asphaltene biodegradation process using isolated indigenous bacteria. Industrial &
Engineering Chemistry Research 17064-17075

Shariati, S., Pourbabaee, A.A., Alikhani, H.A., 2023. Biodegradation of diethyl phthalate and phthalic
acid by a new indigenous Pseudomonas putida. Folia Microbiologica 68 (3), 477-488.

Shariati, S., Pourbabaee, A.A., Alikhani, H.A., Rezaei, K.A., 2021. Biodegradation of DEHP by a hew
native consortium An6 (Gordonia sp. and Pseudomonas sp.) adapted with phthalates, isolated from
a natural strongly polluted wetland. Environmental Technology & Innovation 24, 101936.

Standard, A.S.T.M., 2012. Standard Test Method for Determination of Asphaltenes (Heptane
Insolubles) in Crude Petroleum and Petroleum Products.

Su, H., Lin, J., Wang, Q., 2021. A clean production process on oily sludge with a novel collaborative
process via integrating multiple approaches. Journal of Cleaner Production 322, 128983.



VP F P jlacis scciis g 5Lt 895 o o> G j Laimo FrA

Tancsics, A., Benedek, T., Szoboszlay, S., Veres, P.G., Farkas, M., Méathé, I., Marialigeti, K.,
Kukolya, J., Lanyi, S., Kriszt, B., 2015. The detection and phylogenetic analysis of the alkane 1-
monooxygenase gene of members of the genus Rhodococcus. Systematic and applied
microbiology 38(1), 1-7.

Tavakkoli, M., Chen, A., Vargas, F.M., 2016. Rethinking the modeling approach for asphaltene
precipitation using the PC-SAFT Equation of State. Fluid Phase Equilibria 416, 120-129.

Vazquez, D., Mansoori, G.A., 2000. Identification and measurement of petroleum precipitates. Journal
of Petroleum Science and Engineering 26(1-4), 49-55.

Wei, F., Xu, R., Rao, Q., Zhang, S., Ma, Z., Ma, Y., 2023. Biodegradation of asphaltenes by an
indigenous bioemulsifier-producing Pseudomonas stutzeri YWX-1 from shale oil in the Ordos
Basin: Biochemical characterization and complete genome analysis. Ecotoxicology and
Environmental Safety 251, 114551.

Zeynali, K., Shariati, S., Pourbabaee, A.A., 2024. 'The role of effective oil-eating bacteria in the
remediation of oil-contaminated soils (Case study: Bacillus genus). Journal of Sol Biology 12 (1),
105-139. (In Persian)



