[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

B9 oode gaollad (Cons ) o 9 Cuodlw alxo
RTLR VE T RUAVI RVERN Fe 4|

Y- G000 Slxio VYA Gl o)lez ojlods (o33l5s 0,98

Available online: http://ijhe.tums.ac.ir ' \\/ -
u...’:'.h 9 }3: Jlas \ / jg

€, 5
o o«
Of Environ™

SLaaild 50 oud Ll (22950 L gl 3l eoliiwl b plb i (g j a2 35
& 3l SN (g b ouds adgi by I

Tolile,S e b senl FTLSsg5 p e aMSe 55 alydl
u‘f‘ sc; ‘M)Ja.ou cuSiisls ‘M)Ja.ou os)f -\

OlRl OIS (i Qe olRilo (Ol 5 0 (g SB(S Hgld (cwiipe 0aSTESNS ¢ S IVl (cwdigee 09,5 -

IS GUL S | do el N LI
5 Smjlaezme gy (hy) plyte (Sl Slatss e slodle 5 00t QAL ANY toel g g b
3,50 03gll glalazme (55LwSy gl (oo 5 (Sujd Slahy) LS )2 abroh gk QAJLA/YY oy g,
bl Jdods (59,000 o el (5,0 Jolow conis g, sl ol ad 3 1 S oolai sl qA/VY/YA yLiss! g )b

wsl.m u..._:‘)S‘ ‘le_ﬂ: 9 cd..uy" M.._.Mrc u,.:l.o.: ‘L_Jb‘n)u@)ljji.uz J)_.‘.S ;,J}Q_M: )._.JQJ
shol Glaal ool ad 3 1,8 axg5 5,50 (Hlgie 5 dazme oolaiwl g o 25 ol jo o Jol s
Sz S Sl 3T slaails 5ol mals jglaedy (g pnly Sl (g (B yre (it (]
YYPW EWIRNE CONIP V- R SUWER P VT N SUO W] v 1N ENCRLIUUGE T DY NS -t

A 00 Con g o1 Jokoo <> g 0 Bacillus licheniformis — «oluy ahas « ) 40325 1 goadS 5519

Silwlaz S5 0,55 (i 00gl] ailaie Sl el S s0 S a5 dyga tammy 3 V9 ol Johw e Joko oty pls-cis
PH) cglie o Loyl i o o0 ot g o1 lacdl> jo g ol (o Ulss g o
Lg‘/..)‘_gfu_w‘s).‘s.”wj)..\_u ) (Y‘Q” ppm ‘\a”)’bl?wg/_]alcj(v A l_>)_t|).’
Ol S osl gz 35 (S 5ileg S 5 (miis Gy 9 Sl slaalls a g
Al eolaiwl placis B>
30 0dd i sla Jolw 4y by po (0o )0 #V) plscds Bl e o s tbpasdly

Lngi oy VE 5l e i S ja 0 090 YO+ PPIM s il g 5 baxe 1 ghmen 00y g8 (SS9 S oy

S 3T gla ol a5 Cos (P41 0) (5o mime OIS L oo ol sl Jslw  a_partovi@sbu.ac.ir

WS o 5 Q‘}’(So daasls J.:L_M: le L: L;)'—“‘ﬁ)";” U"f) )‘ oolaiwl L_: 6}—54&(&5
el laeay 0lg o ailalw (sl 5 oel 3506 gl s ailolws oy JLa!
Sgds ool ol Sl asbar o of31 gla Joluws ailoluw (gl (ool

Please cite this article as: Khanpour-Alikelayeh E, Partovinia A, Talebi A, Kermanian H. Biodegradation of crude oil by immobilized microbial cells in
alginate beads produced by electrospraying technique. Iranian Journal of Health and Environment. 2020;12(4):555-70.



https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

9y 2 Bl s St (nl 0,5 @i e sl 2]
=53y Ols=eas Johow Cnl ST (g5lpdlo S
03 5 weas T (S e Lap il g e JLiil (61
sl (S gbar ol aid 51,8 alise (e 4o
RN S RNEER SO TR JO I
OBl 45700555 g Jol> Slge (59, L (959 0955 Jobow
ooliwl .0 ,9] co pal B 1, (29 5ee Jolow 5l Saze oolai .l
Lilze sl 5T Jolow Ly aliie )3 ootz Jolow 5|
bl (9 S slaaisS 08 Ssp il ol
pae 2,558 0 5 STy alol jo Suome oola .l
Caoglia i l33l (Jobow L oa YT oly o it e ol
OV=YY) el laaiy 3o ials 5 i glyl b b sl
O =l (el 59, Glasse 1) (s S sl sl
bald cdeay Lol ogod conts Jladen S sladsl S s
Lapslsls e 5l ol Lol ol il 58
s 1y ean¥T co 55 Ul Pseudomonas L
o= 950 sl 5l )k izmen g 9 o
S a5 J jo a0 3l 0 5 St il
S Ly ermb ek sladionee G950 Jol
ol o=l 50 (YY) asled ade i ool 1 ales oo
5 039 O3l 9= o wd pd Sde 4 (ornb sla ey
3 e Jlaigd 5 YU (6 i B0 LB
So Sl (VF YY) sin Jlo,5 5 1 (6 i ot
sl sl al (g 50 (ormb Lo pocds (2 50 2,6 5 )
ol L oo gl sl gloggd Sl 3l S el
(G) 3 (M) B-D-mannuronate ¥4\ o,=; Jlasl
tio olwly a5 045 o JSis o-L-guluronate
Y0) s ilies glapyls 5 S 55 ol Loy
Lsis 5 o jle & g0t Slu il slaails (Y5
L sk LSt alo o 50 Jols 1S sty 4 iy
JeSis anld g sl plsiear ey j55mis b S
Sl S92y (S g, 90 5 S5 ail B 6l ol 5
Ojgoty JSi Ly g 0y kad O jgoay LSS Jelt 45

INAYS

e 3l 3l b S CS S ; A 355

do o
5 35! el @l e 3 (SSG Ol pla s
iS5 (bt DY g ams I (6 )l adsl ool
Seal jlanng Jlo)s slayeiS Gies g (aie
o5 By seee YL a5 Lol §1.0) il 55 5 oVl
w5-dise Lomlr (ol Gl G )b il g S plocis
8 5 (Sogll s 50 050 (] (SlapisS]
sloa¥ Oigod i glaodygld o s (V) as)b
et OeST ol @l aiilgi e O s (59, (8
Wil plasa 1) Gl (5w s Wed shwail 5 O
5 Opdosl L Jodome &jg0tr (S8 logn Sy aee
Sl o WsSe il a8 FSi slagis
s Sogll Vs o e 51 A(Y) anl e olusa
(tolal cois wde gl gl (Blassl 4 les e
Sosll (F-5) 5,5 o)Ll s lbolas g L5 g Jas
Oeeed 9 4320 il 50 Seaglie § Coon Sdoay (S
S an o szl b (o 5 @holb
&yt A ) Ed 00 s Sl yl o 4 g0 1SS
e 5 ilizes glvoly Cgjlame 5l e Sogll B3>
Jodoar2)lo 0929 (Sojglsm 9 (ploent (S SLahs,
S sboahs) (Sl DSl g oS Sddgn (o9 oS
by (Sigdsm slagts) =3 sladlo )0 oled
S (TR ) Cnl a8 5 5 azgi 0 )90 (i
T olse 5 48 olaeacdlS g Seoo 31 oolizal Ly VL
1y 00 ¥l 5 00,5 oolaisl (55,0l § ()5 amrte Les (lgieay
S aSles g ol sgicann) oz 6o sl
Swgd @ pody Ggyde (bg) An S e o
O VF ) el 00 o 00 lgusl § s 5 Lanma
@b Sy (ogas ;0 00l plonl GlEESS saes ()9S
b 3l S el 0393 05T (sl ok ailolus 5l ooli_uol
bazme ;0 Lap s )lg See Ssl9iSs g jos pae (B9 0]
5 9o yas (izred 5 Sl S5 58 0 Logas 03s ]
o s 53 140 (VF) Eans s ol 5 LT e

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Oy on g YSUle ,9ls oled!

Jolew gl 90,0 plocai Bis loul, anglie o
g Sdne dn az g Ly izen g ol ol 5 et
0595,k sl Blp S8 slanle o Sliil slaails
Sl g Sloill sladils pluw zals gl (g pwlg 2SIl
Pl Cds () 42525 ooy Al Cgzr 2 JLA

28, 1,5 ol 8,50 s 3 0351 ol 5|

o 595 g ol

il 3lo (55lwoolol g pamnsils g yKno -

St )5S Sadll (29,500 g (glulaz g laieds
ol i (8 ool S asigad 1) g LSy
iS e Ve ML sl e YOO b
Jsil slscai oo oV g byl (Sase sl sl
L sobeSil S jo Ve 0C sls jo Lol o ool
30 aas 6 RS W S 5, Y Soe 4 VO-TPM g0
il bk 1) - UL i lize (Sl slaojl,
ol 5 CiS LB o) g e (slodyg s 5 415l 5 sad
39790 (529,50 Sdigw Wad 55l alls 5 glulax
ab b slacudy (69) 2 &3 Jlw S8 g, 4
(85515 o) a5 plsea plS Sl g5l (Sone
S35 2 il )lg Soe 0y o ot (glulan
iome S Tr e BT sg0m g5l a5 glacel 5 dacal,
55 2 lyio iniS s g3l il sLa S sy
o (Tripticase Soy Agar (TSA)) cees b=
VESTRNA 5 g bl 6,250 olwls asos
o5l o Jols g BLAST 5 JUT L 5 oss sl
sod (gl 6,55L wsw genbank LIy
Bacillus licheniformis 4545 o |, cals op i
ol Glid as 0 VUAS sga > alis wo o b

el 65, 6L 5l el dbale sjlweslel (ol
LysbsSil o YEh g ass s s cons 5T e iy
Jsloee «(6 ;8L oy 51 ey o i BlagSS Y-0C slawo
L 55 Jsbo sl MID gIL) (h5d505d o

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

boy

bole o, 1nd &g oy 5 Sid el o cewl d =i
Selislis ooy L 9 S ags ool 9 s Sl
a5y J5 JeSis Jolms (190 4 g ol jo 0, had &5 0
J..L...u 65)5 u)s_.ocb (_;5.1_»4 oA u_..»...u LSLQQ““)"L"
65}5 slaasls Oy gody UL_,.:)JT u,.._J);Lo (YY) B9 o0
aislyd g cl lo )65 5 (6 5eS o> Jlail cogass
Sl ol Cetl 35l 4SS Ll el 5oll o] uSis
LY nlo b J5 sleals Goes 8 sla g ;045
aS ool o )Ll Sliass (ol 1o g wileas LSis O mm
O0S Ogemdgal udas ol gla g, 5l iize ]
La g, o=l aS (YA ) asles,S eolaiwl Ladils plw
LQJ—‘ u\.\_u) u;..’.uo ulS_A‘ 9 0699 YL, Aoy ID)L_..-.A YB_A.M
5o f&:>5f plw b sladls ades u;b.; (U PG . SN
smeL,s ERE Ql)és_ﬂ.; ol ‘cs.’.ij 9 u_sS—“’)" d)La.,o
5 95 0 D8 58 (Sl xSl e (e o
Jbew )'l ‘5{955 0,kad o e 67:.'4_..4 Q.._,..S A.E_,.ulgt\.g
35 Slodyn oy (il Slse 5 (65,50 s
08 89,8 An amio sla T L 6 slhas i
gr“‘:’.)ﬁfﬂ‘ Ql)\isjlj Y XY YY) 0,5 odgy YU 5=
bl )lg S ol ety (omlio slpay ;57 00l
&l 6yl S (KS5 cons bl lalllas 4y drgs L
oolaiwl 590 g Sin ) 4 o 0 Jolw s
A8 o ol Gass Bue ol pl el 48 S5 )18


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Hebate dm o eols 1,8 s el (g9, P OC sl o Y
OFeeerpm e, w b abl asle loul Jobw oo
2l 5L (5lmloz 5l e g 0 Sty Gl ) e MIN Siae
4 g o adlol sas b ywl olodl el 4 ba Jolw
Jebods b Jelw (g yuwlg xS ol ,8 g L o oolo
SIYML o e g8 saSTy Jodoe jo eSS
Moo llS eadS” Jgdmo (g9l B, b a0, ad & yg0a
O JS) ans Jaiie (o, somms Jlasl Jadowe) ¢/
55 L o3l lmo oy oy« gy ol 5 oslil L
ooedS Sl T LSz g oo sloul o ,e Jlasl Ca?*
Qe Lol glm sad LSty glaails oo o
e— g \.\.h.\JLo.Ajl) LS")'C OMOJLAS‘ J5_L7LA )QY h [GEN )
o S sla sl asledly Sl 6 T ol g
9Pl ol B Sz () 2 cpl o 4S8 Sl S SS g

el i e €000 > 2
R TR pE O

.y shS 0151

YU Sy wdss s S
&

d E)Oé = = LS S J gl

Nl

—_—

5929 sk o il -1 JS5
Gty B g5 b WLy HT s o

e 3l 3l b S CS S ; A 355

Sl o ags e M zgs Jobo ;0 ) (5)95 atuilo
oz oy Ve gl an mdbiale wlil Jolw ailels
Syl @l VE <) CFU/ML Jolss coisS Lo
e 5 s s Sl sl it 4585 L s
o5 ,See sl VY x) " CFU/ML Jslos gl 4l
A ool wl ould il O g ody
4325 Lo lojl 50 ool 5550 CnliS lapma -
pLoCd (g
Mineral Salt Medium) oz slocSes ciS Lo
KH,PO, ¥ g Na,HPO, vavg LLs (MSM)
g MgSO, /v g CHNaO, Vg NHCl ¥ g
+/+¥ g MoO, -/-vo g CaCl, -/-\ g FeCl, +/-¥
oolsl ,hie o1V L s CoNLO, +/-\Y g ZnSO,
Syl VomIn @acs an VY-°C les L gNSg51 0 g
oKiws bwg ceiS b pH S5 51 s 0
2905 Y Ll Ly a8 os (5 ojlwil ospH
s HCL jloslil L (55L 5 ool baoo pH Lo ol
&lp pols Giss j0 0d pdas 4 90 g9, V N NaOH
Yoo 0 B. licheniformis a4 Uy ;)
Lo )5 (oaBly o0g Il laome 0 (S el
s b5 L o (bye ol (6,00 alie) YO g/l oS
b )3 35250 (loord Slyo alS (5oiod (1l 6l
Obeg S se sla Ml izmod ((Hame slasSes S
s o solii ol YU sl oo o L )5S0
CIMVE G/ oyais o593 APISYR) ol Ll uSi
ol 3l oa ool il (g an o sl el o as
sl oo Sl ] g i
390 (529550 Johows Gl 9 ymonly (g3 Lmwoilol -
Sl T o yle
20,0 Y (W/V) Jodome ol il G 5ile (s5Lmoslel (sl
Lol e T ay ol T ay s ol 3T s o ags
Sl 05 6 S ol (Kilil s ot asls Lo
MING e g Jydome 058 o JlS j5boay 05 45|

. %ﬁ yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Oy on g YSUle ,9ls oled!

Sl glaolosl ass o b oo rals Bis> lews],
a4 axg b oad pbxl baadale Sl oogase jo oud
Olsieas pPH 5 pbcis cble )56 5o cadsl sla w2
oley S0 LS S g,y een ol sl g Wl
S8 oyl 0,90 (One factor at a time (OFAT))
i NaCl 5 5565 (lie uizman () Jgaz) <5
ol A cwl S a ayY las obksl Yog/L o4 Y0
Slrmgs Slorear (w3 + YD) 356l5 STl 5
PG (fm) 4528 g il Cgz Bpo (S8
ssbolee sl sas solarwl  aBisle;l elde o
"mdabale gilwoskel g el g S ise yo &S
sl Jokw ailols (slawslas cw)p Cgz b oold o9
S ST Glaails jo sal s 5 o] oy,
oSy wlolss g0 yo ,0 solatwl 5,00 slo S L
S8 g Al a,S Ll o VY XV CFU/MmL Jols
ol Jsle Y ML )1 o ol ot slaiales]
S0 Spmly S anlp Gl G (298 Jsho s>

b plail bl Ll o
sladls o> vals iolejl as el ;53 a4y o3Y
Cilite Laclle Ly g Sen oo gy Lyl
@dsorption) i s> ;lywe )y yolateas slsciis
ol s s g ol plasl Jsls sloadls vy cois
sloals g plocw an,0 ¥ hwge jgba as
0 sals Giolesl dbsed j0 058 o i Sl
olfo.as Ao (e slo S eSS e 63l_> (_gLQQJJ
m ) et Bdo (b5 Cr plicw
5,9 (evaporation) , s -ty cos (olewd
b Bi > o wgie jebbds 4S5 35 18 adlas
oo 5 b ol 511 sl plscd oo, 0

O sd i

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

ATAR

sl slo Lo -

2 Laails ooyl slaaly gloanl () p j5taie 4
ole S woe au V N NaCl Jgd=e ;0 YV °C slao
el 39, 0Ll o 5 b eols 18 55 5LeSIl S s o
Ouzad (Y0) alosgs Hlasl MlS Laasls a5 o sonl i
gloals glasl ;o csS b PH 51 ) sl
sl il glac a8 Lo e i LS_is luy]
Okl 5o s ey AV B L PHD 5L 5 (s
lolome 1 Syl slawls a5 4 as e La il
ot 53t b 3 L sl s sl 5 o555
(Jdo Ged 40 30h (o B LS lisS ey s
el ST lails (6l bl cdeay imghy ol 5o
oimlesl Jolye 5l 550 e Ll 24 L ol pH o
20 slagilesl 6l ganal g (i bl 5 5 B
WAL () (3

Sosliwl L plocdi (s 4 o0 (o—wyp -
o i 3 O3 Jgluw

sl ple o)) 50 (s 4528 Glatalosl (o p (2] 5o
Lol css by b YomL )5 o2 L Ve - mL
Lgobije, VF Gae 4 YV °C sls 9 VO« TPM g0
5 il pll (g5lea Lulh o g ,95lsSSl Sed ye 1S
Syl sleails sylul o) n oz sl slagiales]
GpH 5l rwy b sline e Lulys o
B Glesl 0,00 (0 # VoA Q) 55k 5 S gl
o A g Jobe slepH jo a5 ol svalie 088
W 55 elS Slnyll slawls absS oloj o
addllas 5)90 0 5V GLPH «(ou) Gl (sl azmiyo
oa ¥l chle Bl wyp jshite 4 Guizes 25 I8
adsl slackile Sy slagiole;l )0 (sSL 45 5
Gly 0 ppm Nd-e KO- FOee Jolbw sl
2 as ol plad byl mls ol adlas ofj1 Jslo
S Spdywres Sded pBod ol glacdkile
2 g e JESl Cosgume ¢ o5 (Bloavailability)


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

V-
V-
Y-
Y-
YO -
VO -
AARE
AR

VO XD -

A EREA AR

v 3 02 b e S § 2 35

O S w5 41355 S5l 3 (w3590 (5l yeS L polio - Jgu

< < < °© < o < o < ©

\

. oSS Jobo

¢

I

7 sl3T Jghw

\d

A
ol 29520 Jobw 9 o 5le
sals Jokw (g plocdi 5 2uiS Lapome

29590 Jokw (399 () 3 295590 Jolw of yob 4 (W) Wl HT badils o1 9%uwg Ko g gliad —F S

090 95w Jie @i S8 samliv jslated
i pll bails I 5K See oomlive b3l glaails

sl s o0l LS Y SE 8 oy sSss See 5uUT il

%y t_—m/ﬁﬂy
1PAA Gl /ole2 0)lait /pasjlgs 093 |
;

N Ol a0 il sgy ale (ol iadgy ale aobilind
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Ol 5 a¥iSle— y5 olol!

ardl o9 o dlgidion ol wladss o 5V slajldy

eyl 50T -
L oaibodly el e inlesl oloj ol 5 oy
95 3 (GC-FID) 555 31,5 55leg 5" b, 5 oolai
(TPH) 85 (slay )S5000 g5z lstodr (2o 35
o9y b iged (aled (rimiyis P9y )3 b (5 S ol
5 Ol S ss PLe V0 ML L asle-mle gl 5o
and zhgiwl )L g (V1) ez Comd L) o551
iS5 yue (YA °C) Gl sles yo Pl s 5l Gy
Ol 9 058 (SS9 515 by 0a 2l el
il dwloes ) dlolas loolaiwl b slscis Ba s> ao)o

(1) pcas Bi> = (C.- C/IC.xN - - M

Lails plw -
b e98g Soe bawgs oal (550l ulisie el
sbails g mls . cul YO« » M oo o Jgi slaals
Laails 3oL 4 ol s Ll ol 4o 5g 90 oliyyll
Oy B 519 50 (6 pnslg 2SI 29, b g 002 Yo o - M
390 laails plaw.ccul asl jzals as,s VWY O KV
039 Y-0 MM 500 jo iy L8 Sladoy )0 cola ]
Gk el 0ad 08,91 ¥ Jgas ;o wledlbl ol as
3y il U Gaios ol 4 oaih Lol sla yigles]
5SS s 2l b glaails LS5 45 ot snalie
3wl o d el pd Ve eV UM sgu s> L >
alon ¥ o 55, i gl LB Slinios o b,k
Ot g ookl (o 58Ul g 5l (S8 )b 7 g )5 s
RO ERRIPIVE SN PORIIE SN SURPIE SO PRUESRR
al e P YY) iyl L | 55 Eodlab (g 5,5S0)
S oslial wli 3l gladils pla 2 LialS g Liiea,

sk s yo Sly HT 6 poudy LA 031051 0 guzmo - Jgu

& 009l bapxe b oas¥T Jol> s 5o
Mg -l ¥ mm Jsids s by PUF-tzy3
§6s e uhs = I oruls b3t
) - 0¥ ¥ mm e ol
(s o) <! Y/V-0/6 mm Jgid ol
(Y0) ol Y mm ol o]
(%) <l f-¥ mm ol oyl
() <! Y mm o s 65 o]
V) <l Y mm RERE ol
™ ol \Y.+-Y++ um s ooyl
(¥ <! Y mm Selgissi Y Y
) <! 6 mm LTS PVA-clays .y
V) ol £_¥ mm a5 ol

b 1PAA Lo /[o,lg2 6 Lo /@3 g 6,95
- Qlisoj /g2 0 jl93 09

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad

ijhe.tums.ac.ir

O#Y


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

oaisly

VSl oo pB s (s 05285 0 Lo o S
sanlin 45 jobyled wl oo 03,51 ¥ Jgaz ;0 39,
e 0 g5 sla sl ey Ll 2 85 5 o0
B3 e plEC ey o il sla sl an
SlaJolw dged 39 (Fmj i g BI> e (p iy
Gl laie plas ais samline s ,0 VY -+ o0l Cenls
b sdalin YO« - ppm slrcd e bale sV L ol pH
OVIVA ey e sV oll slaslos 55 a5 Jl> o
slolze jo A5 gbay ceul ool cvaliv an)o
et 43785 Gl el e Ly alis o 25
aS aes o i moll cwlongn YL BAs woy0
90,2 0 glacdale _wld oV a0 5IpH il b
03,5 Iy il (s 328 il g s Jolw 2>
sigdy 5 a5Vl slackile s 4 > s el
5 Sl aily i WS PH ol e el o
2L ple o jo Ll slaails g5l Lol
OH o , 36 Jdo an Yl ol (pl a8 wiaiis 4y j5
el Sloyl slaasls

e 3l 3l b S CS S ; A 355

SrSoll plici jyolie iy, C g C il o as
Ao oo las it ey g pte adasd 5 oad
sl eslawl b (GC) 35 81 5 5ileg,s 5T
(Agilent,6890N, USA) Jo &5 1 5s5leg,S
o HP-5MS o sge 5w g FID jLu 0T a0 5 ge
adg) &)l 4z s i bl /YO MM, Lk 5 ¥em s b
e b Jai> ¥ NN G s bed o) g odass T °C
@ Colps 40 g oY) °Cula)d °Cimin cos b
ey b (59,00 5 ale el Les ol 0 ) - mIN Gas
ot ool Jel> 8 oleseas YFmL/min oL >
e s e gl 5y e 5 5l a1 Ol o
ab s S L s Y- °C 4 va- °C

&bl 3ILT -
Loy o i gylaex slasols iagy ol o
b1 s,Ll 931 g Graphpad prism, 8 ,I;_sle 5
5 4y (Two-way ANOVA) s ,bgs il s
s b g Lo psie Ol 31 (6l e g S0l ol

S oy (b

00 s 9 13T (29 550 J ol dilobuw 31 oolisiw! b ol i i § B> oyl jme —F Jgi>

Bi> woys mSile (Y ),S0) Gds woys (1 ,,50) Bis sy gl ojled  glubesl byly
0YV/¥4 fans OYIAY \
OFIAD DOV ov/aq \ o
OF/-Y OF/AD SOR \ b Jsho
BN - YA DAY \§
FV/$5 FA/E- £510Y 0
-/ OY/+ A FAID $ .y
OY/VA IAY OY/FF v
OVIVA DO ey A

OFY

. ggjﬁg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Ol 5 a¥iSle— y5 olol!

o S sla gl bangs GC gl Jdows 5 a0
o PSR (Fj i 5l a5 8
B. a5 ol Lis GC zols .ol oas asl | ¥ S

259V

ogS s slag ST auses Ulgs licheniformis

5IUT Bllas col oo ools L F oz j0 a5 b len
50 b sl olw abllw IS 5 bas ANOVA
ails gy o, Shae sau¥T caliss glacale o pH
Sl g LS| plecd cws ) B> s 10 5 ol

Syl 1y ooy oy g 0, 3,0 3929 831 g o0 s g,5un Jobw I g0

P<:/-0)
Lo 4 38 gl 4 gy o 49 ,bg3 (il ylg ILT -F Jgu
SIS P ke | JPIRER Olayo (uile o5 azy0 Wl po £ gozo ko
- p=-/7%00 F (\”, /\) = </OYAN YIAVO Y VYV/PY J>lws
als p=:/--¥Y F(\",/\):\J\\c £Y/a4 Y Y-f o, eS8
ab p=-/-\f- F(\,A):ﬂ/\‘f? IATRY \ IATAYN O 5551
- - - ZIV-Y A INNIAS o35louls
Norm. )
500
5 B
400 _
] 9 8 g
] - S e o
—é) 300—: . . = B 3 N
P 2 © ©
2000 2 b | g
100—‘ g } J I { ’\ p\
I LN BN | WU R Uuww N P Y
10 15 20 25
(4833) ©ilo3b ooy
Norm. | o)
500
400—3
300E T 8 6 e O 8
‘é) ] ? 5 5 3 O o g )
200 e . 4
hita} ? i TR & 9 J ('T
100] 2 S ) 89
B TRATIY P BV Y MJMJJML UlelJlJJJ L,UW e Ll L_ I

T
10

S S S
15
(4885) )lo3b Oloj

25

ety 42325 3l (9 B (AT OlaS J Bl (e dunnlin 5 (GC) (6315 (81,5 5ilo 5 5aIUT ¥ Jsis

ou Cadl (29 S0 s Jskbw g plocis

b 1PAA Lo /[o,lg2 6 Lo /@3 g 6,95
- Qlisoj /g2 0 jl93 09

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

oY


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Ve g/l an Ses cclale aS Sl ols olss Lyl wlaiss
2% 9 SIS (6 e 0 S oad Con sl S S,
Aoy ¥l a Lel (oS 0l5T sla sl Ly aslie
ARS YOI

S 5l 4 a5 el oa ool s L liios o
Jaie LinliEl U oll gla sl wlela 5l oolitul Uy
slo sl bl bl b oo Lials B> ol oY1
WS Jee 350 ogma (50 Ol oe eabieS
S ydayzs 50 Yoo Jle o ol )Kes 5 Zinjard
D555 00 oS s e sl ol by oS
b glacdile o as asels las oluil slaails
alie g,lu8, oa i cnss 5 ol sla sl <10 W/V
s sla sl ooV il ilsdl L Lal sl
O en 5 Liu aliins jgboas (F0) assg ,5ae] 5 sos
I R R Y e R N
50,8 ey 1y e cs g Ol slapanslS g S
Ae-m@/L aJgl clile 5 oS ols oL Lyl laslice
Je8 a0 A0l e saiianis g oyl sl ol
) ¥l b sLackle js 5 uisS ey Yo h L),
2 et =S easeas sl Jsbw &+ mg/L
(FF) asals las sau¥TBis>

Sy 325 sl YoV e o oK 4 Barreto
sloals 59,0 1) (LS el (i Lo ,Sg e
2 odke ol Lt Lol ol asa S e olipnls
G gl g)lanly 5l (AU ISt cs A S
sozme ooliiwl S al S o adé Bacillus subtilis

Gtz 50 (FF) 0,00 0529 5 oo CniS sl Jolw 5l
Sy 425 0 Ve f s o oK g Luan glie
o YIS Sl e 5H(TBT) s s 55
odS Sluyll glaals o (Chlorella vulgaris)
oSl o5 ol oyt Lyl olinion ass,S colinl
3l sl (Fosll cilises ol o w5 jold oo cis

o 3l 9oy e plie 4 | TBT ( Hlgie )90 (as

bFf

e 3l 3l b S CS S ; A 355

PLECE () i o) 0 (g b Lo ingh
Lyl g S 51 LadT 55T 0 Lol il a3 5 g0
slacp Sg0u a5 el 1ol oos oolawl ol & g0t
0503ty Joale S ey ool Sam ol 5o 5
Lo g Coaglie 2l slaby, 5l (S 9S00 s
ol dlss (555 2 Lo g 05900 LT e o sl e

(FY) el
Pl o) aied (0 aS ol sdalive yol> dslllas (o
et55am sl Jsa 5 5l o e sl gl o, Shae
Sl L as asols s soal cwoa 7= ls oem N
Sl s Soo bagi o iy a2 PH
A o 55 gLk s 5w il ]
2 Ol g Li o , 5Vl Bdo e (gal baome
B s lawgs (5gr Sjaiz 0 YOF Lo
oalS Lol cows ol s o licheniformis
B l5me § 9 a1 olS baealS g o cled 51 pH
DS oty (sl sl Lol L(FT) iy Lials ek
| 095 Sl a2l 55 (s e byl 5 o
3y 0 Shos ol sla Jolow ay o 500, Lo i
s LI a5 _sagh ;o ailin jgba aes jlis og 5
plsl =8 iy 432 595 2 Vo0 3 b po Ol e
A i 08B glo ol 45 050 S snalie aisls
PH aials o 5 ails 6,5V w55 (lime 3131 Joloos
L Lyl lidios wlwlp 05,5 o codled (5 500 S
bl peals b sbw e V5l S 4 pH pals
ks ol slaJobw e dlad o, # 4 pH a5 s
Colled an lizmes oad ot slaJolw Ll s ca B
Jozid (llgy as ol las jol ol as aiols aslol oy =
S e e el Il 8 o0d et sl Jolw
YOUF Jlo o ol Sian 5 Lin (FF) ool of5T gla sl
Olomed sy SUL Gl placds (i) 4 sl
53,5 osliil (9 S sla gl S sl 5 23z

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Oy on g YSUle ,9ls oled!

i il Jalge 4 olySsn 1y el ol s s
(oo DS 5l 50 sl Slge Ladloe gy A
S el lg S (pmafe) (IRl 50
Ui 5 e ol Jalye (5l 51 als S0,
Cwody gl ulwl yccidls bad e oals 208 o>
Souwl slale o B. licheniformis g sosl
2525 Sl 658 (Ul 5l (S slalass 4 S
oleadly conis > o Lol arl o950 plocal s
oS ol @Bl (il gy B e a4y gy B
Cslin a1l o Jslos o 85 4 oy e
- sn S (e Ll d ol 50 lap sl )l See
(b F)

bwgi ooy o Sops cu P Sl o
=l 52 0V) 9,5 0 D90 (s LSl S
S S Bl on 55 (P gleg S s el p Bdios
slan 8T w52 o wasewis B. licheniformis «g .
Sadeghazad .cl ails o5 o,Slae 75 0,z jouls
oy aily slagSIl 55 (VoY) 5en
s B. subtillis B. licheniformis axe . aw lawg
Ll mols b Gollae 05 S ) Pseudomonas
sla STl w § 930! w55 0 B. licheniformis
ool Slaalioe sl sl a5 Sl 00 (3850 0oyl
(OY) 0 oo 9l 1 aalliae

& S A
95 sl S a8 s oo i (IS
Sl alslss (60, Sag, wpendS DLyl slaails (950
odle a5 el 00l lamme 1 LS i japm
sk e (gl Ll s S 5l e Liblons
S e Ll s o LT cnglin (il s
Dy oo 0d¥T o 56 0 Losl (IS og g (i3l g
sl liee @y iU g 5l bl L (ioren
o JED S e 1 5 0l ials |, iyl sladils

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

4N

ol Jdody oluil a8 o s S azes Lyl asis
roek oSl e (595 2 05 (Sl 5L 5 YL

(V) sl (9,500 slodsbw cis 6l (sl
Vb Gl YV Jlo o ol ea 5 Sarioglu
A S (8l s 2SI ) ) e (] S
2 05,5 eoleiwl Pseudomonas  aeruginosa
SLIISE s o5, 2 5L sladsbon s, ol
Polyethylene oxide s Polyvinyl alcohol (PVA)
ol LT okt o Cendl 00 (9,551 (PEO)
St ssa loly Gl (S (S ange ol
soalive ol gl sl bws olie Bi> 5 o5y
BLIgL slaaSls a5 bl o iomen Lol oo ,S
o0 ool Lo (6l (onbin Jns ()9Sl
aled co 00l it slag pSL A (glasss an e
(FV) wigi 6,)laeS5 ¥ °C slos yo (SYsb ae sl
ooli ol L (Y+19) (6,500 Gudiow ;o o5 en 9 Sarioglu
b p oo s oz Morganella morganii 4,5 )
B> 00 (o y9 S G bl g 9l gy 45
gl elslp 038 oy ) (BB 7 095 (S
do s AYIVA 5 AT/F+ s ilgl oaiiensts sl Jsls L]
s omg/L slpao,e /YA 9A/FY - mg/L o,
ps,S adgl clale YO ME/L (ol ooy FAIVY 5V /F)
098 v lym J-Bla> 5 aiS an s VY h cae 4 |,
it B i3 Sl gy wig eolil Jlgie
38 ol g Broglu wliw jgba (YY) ool icals
SLIL s 00l Canls Sl oo oy Ol i a5
Ol a0 AY Bl 4y (3390 00 (59 551 5908
oSl g o 0, a5 azdly yo LT oo 03501 Sl |
Lol S )LSe bds o CnjealS sl Slss s,
(FA) 0550 2l Jslome b olad olo (5l oy (2
ol Goiod aline j (S Olidos ST s mlple
00l (G pmanilE g Ko a5 il o ools )l

SV Fjtiz (bl ol gladslas 4 cos


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Lo plscds as ooy I sloa Ol gl pllwias;"
abaie 0 Moo S 9,5 Jolw ailelus I oolazl
HSE ]85 ot (cwiigoe 4y 0y b5
S C)_f u_uu).b.obo ouS il B \YaA Jl_w —g—an
Q_'9" 6Lm6)5u (e ouS_iils u_ll.o.} l_| s
OB, el ool Lo ] as PRI W olzsls
dlgl e S LSBT 5ol e p3Y 095
I8 s s s el (gilulae b a4 (S )9

9 55 Ghemgh ol ploml Cgar (b SL g ols
Aoles gilo a8

References

1. Liang Y, Zhang X, Dai D, Li G. Porous biocarrier-
enhanced biodegradation of crude oil contaminated
soil. International Biodeterioration & Biodegrada-
tion. 2009;63(1):80-87.

2. Bovio E, Gnavi G, Prigione V, Spina F, Denaro
R, Yakimov M, et al. The culturable mycobiota of
a mediterranean marine site after an oil spill: iso-
lation, identification and potential application in
bioremediation. Science of the Total Environment.
2017;576:310-18.

3. Ausheva KA, Goncharuk DA, Babusenko ES,
Nekhaev SA, Sultygova ZS, Markvichev NS. Devel-
opment of a bacterial preparation based on immo-
bilized cells. Theoretical Foundations of Chemical
Engineering. 2008;42(5):767-73.

4. Gentili AR, Cubitto MA, Ferrero M, Rodriguéz MS.
Bioremediation of crude oil polluted seawater by a
hydrocarbon-degrading bacterial strain immobilized
on chitin and chitosan flakes. International Biodete-
rioration & Biodegradation. 2006;57(4):222-28.

5. Kok Kee W, Hazaimeh H, Mutalib SA, Abdullah
PS, Surif S. Self-immobilised bacterial consortium
culture as ready-to-use seed for crude oil bioreme-
diation under various saline conditions and seawater.
International Journal of Environmental Science and
Technology. 2014;12(7):2253-62.

6. Talaie Khozani AR, Jafarzadeh Haghighi fard N, Ta-
laie Khozani MR, Beheshti M. The determination of

Neg

e 3l 3l b S CS S ; A 355

Wilgse lelw ol 5 aal 336 Jolw et bl

S0 0l3T sl Jolws ailolw (gl (oo (5501 lgicas
2,8 8 eolaiwl o500 Ol A bas

S Sl
Alie ol o 1y g3lawesls g Lassls cay o0 cailE g0 Ll

...\_Sloo)f g,‘_aLC)

S0 yd 5 S

Ao Ly asbnbl 5l iy ol aJlie oyl

bio-kinetic coefficients of crude oil biodegradation
using Pseudomonas Aeruginosa bacteria. Iranian
Journal of Health and Environment 2010;3(2):111-
22 (in Persian).

7. Darvishi P, Mowla D, Ayatollahi S, Niazi A. Bio-
degradation of heavy crude oil in wastewater by an
efficient strain, ERCPPI-1. Desalination and Water
Treatment. 2011;28(1-3):46-54.

8. Safari M, Ahmady-Asbchin S, Soltani N. The poten-
tial of Cyanobacterium schizothrix vaginata ISC108
in biodegradation of crude oil. Iranian Journal of
Health and Environment 2014;7(3):363-74 (in Per-
sian).

9. Bao MT, Wang LN, Sun PY, Cao LX, Zou J, Li YM.
Biodegradation of crude oil using an efficient micro-
bial consortium in a simulated marine environment.
Marine Pollution Bulletin. 2012;64(6):1177-85.

10. Lin M, Liu Y, Chen W, Wang H, Hu X. Use of
bacteria-immobilized cotton fibers to absorb and
degrade crude oil. International Biodeterioration &
Biodegradation. 2014;88:8-12.

11. Partovinia A, Naeimpoor F. Phenanthrene biodeg-
radation by immobilized microbial consortium in
polyvinyl alcohol cryogel beads. International Bio-
deterioration & Biodegradation. 2013;85:337-44.

12. Chackoshian Khorasani A-R, Mashreghi M, Yagh-
maei S. Investigating biodegradation of heavy fuel
oil by kinetic models and new third parametric equa-

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Oy on g YSUle ,9ls oled!

tion. Iranian Journal of Health and Environment
2013;6(3):307-18 (in Persian).

13. Partovinia A, Shamsollahi Z. Application of im-
mobilized microbial cells in biological treatment of
contaminated effluent with aromatic compounds: A
review article. Iranian Journal of Health and Envi-
ronment. 2019;12(2):273-88.

14. Kuyukina MS, Ivshina IB, Kamenskikh TN, Buli-
cheva MV, Stukova GI. Survival of cryogel-immobi-
lized Rhodococcus strains in crude oil-contaminated
soil and their impact on biodegradation efficiency.
International Biodeterioration & Biodegradation.
2013;84:118-25.

15. Lobakova E, Vasilieva S, Kashcheeva P, Ivanova
E, Dolnikova G, Chekanov K, et al. New bio-hybrid
materials for bioremoval of crude oil spills from ma-
rine waters. International Biodeterioration & Bio-
degradation. 2016;108:99-107.

16. Franzetti A, Caredda P, Ruggeri C, La Colla P,
Tamburini E, Papacchini M, et al. Potential applica-
tions of surface active compounds by Gordonia sp.
strain BS29 in soil remediation technologies. Che-
mosphere. 2009;75(6):801-807.

17. Abdeen Z, El-Sheshtawy HK, Moustafa Y. En-
hancement of crude oil biodegradation by immobi-
lizing of different bacterial strains on porous PVA
hydrogels or combining of them with their produced
biosurfactants. Journal of Petroleum & Environmen-
tal Biotechnology. 2014;5(5):1.

18. Kostov G, Mihail A, Mihaylov I, Poncelet D. Me-
chanical roperties of Ca-Alginate beads for ethanol
fermentation with immobilized yeast. Revue de Gé-
nie Industriel 2010;5:30-40.

19. Partovinia A, Rasekh B. Review of the immobi-
lized microbial cell systems for bioremediation of
petroleum hydrocarbons polluted environments.
Critical Reviews in Environmental Science and
Technology. 2018;48(1):1-38.

20. Luan TG, Jin J, Chan SMN, Wong YS, Tam NFY.
Biosorption and biodegradation of tributyltin (TBT)
by alginate immobilized Chlorella vulgaris beads
in several treatment cycles. Process Biochemistry.
2006;41(7):1560-65.

21. Rahman RN, Ghaza FM, Salleh AB, Basri M. Bio-
degradation of hydrocarbon contamination by im-

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

bryY

mobilized bacterial cells. Journal of Microbiology.
2006;44(3):354-59.

22. Klein S, Kuhn J, Avrahami R, Tarre S, Beliavski
M, Green M, et al. Encapsulation of bacterial cells
in electrospun microtubes. Biomacromolecules.
2009;10(7):1751-56.

23. Leenen EJTM, Dos Santos VAP, Grolle KCF,
Tramper J, Wijffels R. Characteristics of and selec-
tion criteria for support materials for cell immobi-
lization in wastewater treatment. Water Research.
1996;30(12):2985-96.

24. Bandhyopadhyay K, Das D, Bhattacharyya P,
Maiti BR. Reaction engineering studies on biodeg-
radation of phenol by Pseudomonas putida MTCC
1194 immobilized on calcium alginate. Biochemical
Engineering Journal. 2001;8(3):179-86.

25. Abou Seoud M, Maachi R. Biodegradation of
naphthalene by free and alginate entrapped Pseudo-
monas sp. Zeitschrift fiir Naturforschung - Section C
Journal of Biosciences. 2003;58(9-10):726-31.

26. Steffan S, Bardi L, Marzona M. Azo dye biodegra-
dation by microbial cultures immobilized in alginate
beads. Environment International. 2005;31(2):201-
205.

27. Martinsen A, SkjBk-Braek G, Smidsrsd O. Al-
ginate as immobilization material: 1. Correlation
between chemical and physical properties of algi-
nate gel beads. Biotechnology and Bioengineering.
1989;33(1):79-89.

28. Wang B, Wang Q, Liancai Z, Fengwei Y. Degrade
naphthalene using cells immobilized combining with
low-intensity ultrasonic technique. Colloids and Sur-
faces B: Biointerfaces. 2007;57(1):17-21.

29. Partovinia A, Vatankhah E. Experimental inves-
tigation into size and sphericity of alginate micro-
beads produced by electrospraying technique: Op-
erational condition optimization. Carbohydrate
Polymers. 2019;209:389-99.

30. Barron C, He J-Q. Alginate-based microcapsules
generated with the coaxial electrospray method for
clinical application. Journal of Biomaterials Science,
Polymer Edition. 2017;28(13):1245-55.

31. Xie J, Wang CH. Electrospray in the dripping
mode for cell microencapsulation. Journal of Colloid
and Interface Science. 2007;312(2):247-55.


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

32. Sarioglu OF, Celebioglu A, Tekinay T, Uyar T.
Bacteria-immobilized electrospun fibrous polymeric
webs for hexavalent chromium remediation in water.
International Journal of Environmental Science and
Technology. 2016;13(8):2057-66.

33. Estevinho BN, Lopes AR, Sousa V, Rocha F,
Nunes OC. Microencapsulation of Gulosibacter mo-
linativorax ON4(T) cells by a spray-drying process
using different biopolymers. Journal of Hazardous
Materials. 2017;338:85-92.

34. San Keskin NO, Celebioglu A, Sarioglu O, Ozkan
A, Uyar T, Tekinay T. Removal of a reactive dye
and hexavalent chromium by a reusable bacteria at-
tached electrospun nanofibrous web. RSC Advances.
2015;5:86867-74.

35. Siripattanakul S, Wirojanagud W, McEvoy J, Khan
E. Effect of cell-to-matrix ratio in polyvinyl alcohol
immobilized pure and mixed cultures on atrazine
degradation. Water, Air and Soil Pollution: Focus
2007 (4):257-66.

36. Hu ZC, Korus RA, Levinson WE, Crawford RL.
Adsorption and biodegradation of pentachlorophenol
by polyurethane-immobilized Flavobacterium. Envi-
ronmental science & technology. 1994;28(3):491-96.

37. Weir S, Dupuis S, Providenti M, Lee H, Trevors
J. Nutrient-enhanced survival of and phenanthrene
mineralization by alginate-encapsulated and freeP-
seudomonas sp. UG14Lr cells in creosote-contam-
inated soil slurries. Applied Microbiology and Bio-
technology. 1995;43(5):946-51.

38. Weir SC, Providenti MA, Lee H, Trevors JT. Effect
of alginate encapsulation and selected disinfectants
on survival of and phenanthrene mineralization by
Pseudomonas sp UG14Lr in creosote-contaminated
soil. Journal of Industrial Microbiology. 1996;16:62-
67.

39. Jianlong W, Liping H, Hanchang S, Yi Q. Biodeg-
radation of quinoline by gel immobilized Burkhold-
eria sp. Chemosphere. 2001;44(5):1041-46.

40. Mulla SI, Talwar MP, Bagewadi ZK, Hoskeri RS,
Ninnekar HZ. Enhanced degradation of 2-nitrotolu-
ene by immobilized cells of Micrococcus sp. strain
SMN-1. Chemosphere. 2013;90(6):1920-24.

41. Daassi D, Rodriguez-Couto S, Nasri M, Mechichi
T. Biodegradation of textile dyes by immobilized

OFA

e 3l 3l b S CS S ; A 355

laccase from Coriolopsis gallica into Ca-alginate
beads. International Biodeterioration & Biodegrada-
tion. 2014;90:71-78.

42. Siripattanakul S, Khan E. Fundamentals and ap-
plications of entrapped cell bioaugmentation for
contaminant removal. In: Shah V, editor. Emerging
environmental technologies. Netherlands: Springer;
2010.

43. Li T, Deng X, Wang J, Chen Y, He L, Sun Y, et al.
Biodegradation of nitrobenzene in a lysogeny broth
medium by a novel halophilic bacterium Bacillus li-
cheniformis. Marine Pollution Bulletin. 2014;89(1-
2):384-89.

44. Liu YJ, Zhang AN, Wang XC. Biodegradation of
phenol by using free and immobilized cells of Aci-
netobacter sp. XA05 and Sphingomonas sp. FG03.
Biochemical Engineering Journal. 2009;44(2):187-
92.

45. Zinjarde SS, Pant A. Crude oil degradation by free
and immobilized cells of Yarrowia lipolytica NCIM
3589. Journal of Environmental Science and Health,
Part A. 2000;35(5):755-63.

46. Barreto RV, Hissa DC, Paes FA, Grangeiro TB,
Nascimento RF, Rebelo LM, et al. New approach
for petroleum hydrocarbon degradation using bacte-
rial spores entrapped in chitosan beads. Bioresource
Technology. 2010;101(7):2121-25.

47. Sarioglu OF, Keskin NOS, Celebioglu A, Tekinay
T, Uyar T. Bacteria encapsulated electrospun nano-
fibrous webs for remediation of methylene blue dye
in water. Colloids and Surfaces B: Biointerfaces.
2017;152:245-51.

48. Eroglu E, Agarwal V, Bradshaw M, Chen X, Smith
S, Raston C, et al. Nitrate removal from liquid ef-
fluents using algae-immobilized chitosan nanofiber
mats. Green Chemistry. 2012;14:2682-85.

49. Ehrhardt HM, Rehm HJ. Phenol degradation by
microorganisms adsorbed on activated carbon. Ap-
plied Microbiology and Biotechnology 1985;21:32-
36.

50. Kapoor A, Kumar R, Kumar A, Sharma A, Prasad
S. Application of immobilized mixed bacterial cul-
ture for the degradation of phenol present in oil refin-
ery effluent. Journal of Environmental Science and
Health, Part A. 1998;33(6):1009-21.

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

Oy on g YSUle ,9ls oled!

51. Kubota K, Koma D, Matsumiya Y, Chung SY,
Kubo M. Phylogenetic analysis of long-chain hy-
drocarbon-degrading bacteria and evaluation of their
hydrocarbon-degradation by the 2,6-DCPIP assay.
Biodegradation. 2008;19(5):749-57.

52. Sadeghazad A, Ghaemi N. Microbial prevention
of wax precipitation in crude oil by biodegradation
mechanism. SPE Asia Pacific Oil and Gas Confer-
ence and Exhibition; 2003; Jakarta, Indonesia.

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

054


https://ijhe.tums.ac.ir/article-1-6294-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-19 |

£
£

AN
@ ;
\ £

m|
PR
7
%,
R &
gy \@

%, &
" of Environ®™®

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2020, Vol. 12, No. 4

&

e

)

HETH AND EXVIRONMENT

Original Article

Biodegradation of crude oil by immobilized microbial cells in alginate beads
produced by electrospraying technique

E Khanpour-Alikelayeh'?, A Partovinia>®, A Talebi!, H Kermanian?
1- Department of Environment, College of Environment, Karaj, Iran

2- Biorefinery Engineering Department, Faculty of New Technologies Engineering, Zirab Campus, Shahid Beheshti University,

Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 17 August 2019
Revised: 5 November 2019
Accepted: 12 November 2019
Published: 18 March 2020

Keywords: Biodegradation,
Wastewater treatments, Crude oil,
Cell immobilization, Free cell

*Corresponding Author:
a_partovi@sbu.ac.ir

Background and Objective: Petroleum compounds are major contributors
to aquatic environmental pollution. In recent years, biological treatments as
environmental-friendly and cost-effective techniques have been used alongside
the various physico-chemical methods. Microbial cell immobilization in hydrogel
carriers has been the focus of researchers due to various advantages such as
case of microbial species control, non-direct exposure of pollutants to the cells,
increasing cell resistance during different types of stresses and reusability. The
main goals of this study were introduction to electrospraying technique in order to
size reduction of alginate beads and comparison of heavy crude oil biodegradation
using an isolated strain of Bacillus licheniformis in free and immobilized cells.
Materials and Methods: The oil-degrading strain was isolated from oil-polluted
site on Kharg Island. Microbial cells were examined in both free and immobilized
systems under different conditions (pH=5,7) and initial crude oil concentration
(1500,3500 ppm). Electrospraying technique was used for alginate beads
production. Residual crude oil content was analyzed by gas chromatograph and
gravimetrically method.

Results: The maximum oil removal (61%) was obtained for the immobilized
cells at a concentration of 3500 ppm in neutral medium. Overall, according to the
results, after the 14" day, the biodegradation through the immobilized cells was
significantly (p<<0.05) higher than the free cells. Moreover, the cell immobilization
caused the microorganisms to be more resistant to the harsh environments.
Conclusion: This study showed that the immobilized microbial cell system has
a great potential for oil wastewater treatment. The electrospraying technique can
be used to overcome to the mass transfer limitations.
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