1749 UMU‘Y D)Lo.wc‘“\ 5,92 u'ﬂ'ww%gwd{w

Ol 35 Jlo g (s § 4 30T S (o 9 3
o ) ded 3l oudilu Z 0 45 g0z S bawgd

+ £ X M
e b e ol

VOAVD - PPty Geliot g uinligs oSS ¢S sl inins oS5 el g

VENIO L VP ity Gioivor ()35 s 03,5 ¢ pansd ponclign oSl oy yols Cog 7 2525 (1 g7

o s § il G 5 Sk (65l duaieiin > o) 5K oy YT EG s J 0 joed EStins gy SO
i 1 Ko sl Gl (51,3 7y 457 (ot ] A o30S s il ouks I g )6 46 g &G e 0 2] 3
5 Los I ST b 4 pame o) U7 i 030l D110 ol St anflon (51 03 0t 45,5157
O-10mg/L (5051 43 K cbilé . o5 S )15 anllls 3ym el S 3 iy U sloailolen &5 s oy YT il
Cbl 5 15,0°C (slas o iy Lol ks ) 5y (CCD) (5550 oS o = ol yulis] 5y FO-FO°C Lo 4
FooC 510 (slos g o altlojT closls L 581758 St (slaeds kool Comes 4 A Fmg/L
el izt (RT> A0 isils i Ui b 5 0 sl 5 o 4 g lle (S (sl o 5 i
Cpldls Jlo St gl ol 350 YO°C (slos 1zt Fe °C (slos 45 OISR 4 joui (61 o2 )6 48 gozes

K=Y Amg/L sKs=9,8Ymg/L V4=t dVmg/gBiomass-h j| L5 le F+ °C (slos 43

oo w«bjbjb L;{,Zuu}w (d//—f@ ijt;’.{.f&»ﬂ c‘_;:w:rj @fuﬁ&u&b‘(&&@j’j
KEY WORDS: Biodegradation, Kinetics, n-Hexane, Inhibitator substrate, Temperature.

EVRY-TY
el 013 BVOC Gl (sl SsSUsS oty bl o SOl slaca 5 5] (o3 (g o T iS5
ool S S A5l i ot el i) i A dmndl oS slagSann Sl
I o b o,les 5 e causp o Vb S Bgyme WVOC 4 65 wigi o Jobs |y b JSI 5 JT slapul
obey Jele da yiSly coled Sle 55 olawss G (sl yiiSTy 5 Capb 3)50 3 gMbl 5 LVOC i godisl3d iolj8l sl o
oy 3y90 1Sy 3 1y ploj Jole o S g 290 pile dame ) Olye (65 s S izmen 5 o3l gl
+E-mail: halladj@aut.ac.ir Ao fs outge™
(V) Volatile Organic Compound




1749 umu Y a,l.o..f} AR 8,93

Ol S IY] Kigs Gidgiy 50 D ) dols dlge  kies
it Lo g S 5l )3 (i s 4325 (59 2 b3 556
S laze )3 lod Coplus iB)S )18 () 3)90 dwgnl
o> b ol <l 0392 (a3 i 51 yihr diangisl
5L S e S Cope & ) 4T S
95w ©ygo 4 Seliw 3 Lod Sllae ol 36 Lol a0
03k )3 o> ST g Gimgly 53 sl 0ad (o2 yieS
GBS )8 dag d)50 (S () el il > Te-TOC
los yiul33l b (Jg b Gl oan Y] den ¥'+°C 5 &S (gpob
25,5 cdl s 4 23L ¥OC L

Sl Sl ahas > s (slold it (S0 s ]
SSS o oolitwl asuiel bglswe (sg,50e Sl (555 51
Ol 5 S o Jos oS 5l te ) sl il > lag B
o il gogb) Gllug 5 b PH Jooo oIy LI &
2 slausle Lol ly )3 B o B Sl (G sl
) whd @ Cund @ JEI KL el )
Do) w8 o ol Sl AlS 5 (ly ol laoe 5 2L ySY
o g8 oS Nyl cpl p olSiagg Sl (B rimen
D] Sgd e 500 SlaS 5 oy Sl 33!

988 5 )b (eghune A3y Cle 4 > 9w
Wil Jolite (slaghg) 4 (i 039 (homiw il e
Slagdyy el p gy cnl Sl Cas i Sl (i &9
cutS bz gy 4 Johe SWE gy Cund ) ead ol
V] o9 odlitwl (coppluse 33y I (G0e38 (s &
hord Conj g (038 Sloadld &l ly ook b 4
o35 (b (Jole ady 383 g @y (b))l pslaie @
D] Gl 4,5y (St (sl punslS S

ptee o3 oY G lsis 4 (38 (il cnl
b 5 0bj i)S ol Cools 4 ang b ol oad oalinal
g oxd g 5B 3)ly (Sobo 4 S5 cnl (I YL b
A Sty oo bl S 0 031 ]y o (dlalamo s 4
ol gy dagy Mo b 55 ey gyl ] 4k
Slalllas o Jgid 5 (Fgl5 (5 Alo (cows dlga (S0 S
SY byl w0 plosl bl (g9, 2 Sl (Satis
oot ) (st gl i ld ) IS Bl St (6l
g Cusl S0 SOl Shy LB 4 tn ol 5wl
3Se s Yol SIS gy 1 b Bsingsy ol s

R g5 = (ole

Ol g ikieil ! ole!

O] (sowmd (om0 § (oo A gl

Sy90 0 eMbl b cwl GiSly Siaw ey o )3
Bl oy b g pusl)lg e Ay Casp) STy Stz

Sy ok lPe SeMbl i il cus o L
Je il adal woly 5l 295 b CurS 3y50
olodize Sy ol & baye oyl 5 38> (Satiw
aual dlobo Jllas bylyd 08 aipy o 1) el classly
adal oy Gl 29 gl & e 4 S b
Y] 25L saate Jae Canny (slad,lsbinl

(10358 g &y (g Syl )3 () o5 il B S
S porde (pl 4 il 4S5 )18 adllas 3)50 95l &g 4
o yobo &y (gt 3 3l odal Cawd &y (295 5 (2959 (saclile
LY-0] Wloads o3y )5 4 powpe (S gdbdlre
V] (2hdo 5 [F] sos bawg 485 &0 glaingyy 5
dal) g Sle Cpgo @ () gl St adlas (4
G55 53 odes JIS! Ll canl 015 oolital (yiie - uilSis
posiege 5 py> JUl odmy (slossy dg2g 45 Cunl ol 5 Sl
e el (s sl yld o s 4Y 5 mlo B 56
@ul 5 by Cand & s yidd 3 (Sl JS dslee LL U
Qapunsl8)lg So bawgs 0an ¥l ayjo5 S5 Syt s sl
Cuol p3Y 9S00 (guypt 3 [A] G 050 9)S0 o83 5l il
i e 9 bl o il bame G )3 a9 500 U
olej 5l b Cpge 4 laze ) dgpge eaVl clale
290590 by Sl e gl (D) iy D9 (g Sojl]
ol 3)90 55, Ndmggy 0> bawgs |jtngw ) 45 L
JAWY] cul a3 )5 )18

ol okt ol dllis 3 SSUsS St (slo e
J9355 = Lb () i St W] 4K imgh 5
Ll g 25 b oy il asle SSLeS (St sloJa b
oIS s Jho yo glad Claypo dladiy Jlo 9 S8 )5 dogi 390
axg Gy ballie I (gl Cpimen Dy e op i
o ila g 59390 (St o 1 osty YT w5 4 jo Szt
LY A ] led S eolal

Nuly o) @S uhd e IS el b))
s & Ld )b cuedl Hjluws bd @ ) STy slacol
oSl )35 g0 S (29,50 Cumar jlo 5 Cipu lacll
sl Sy 9 8 JW copo gz ladele p 0358 6]

\Al



1749 umu Y a,l.o..f} AR 8,93

O elosas e b Lol oo g o slal cuS Lagseo VemL (4l
s$lsSil S e bl Pl 50 iz o LD
g Vo-rpm L yly (Vision Scientific VS-8480SF) Juo
pro Vb i 5B 5 SUsS les gloojl o o 5l e
Sl glegsS lawg 5 b clale g ab (S uges ol
A o (655

Wl GRSl Cpols 5 JiSe ol colp 4 ey L
Dyl 095 @lo B y0 ool oyl Clale s (5550l Sl
O] e oySejlul SaS L oAJ...{YT chle s coplpl
g @l B oIS chle b s Joloe YL B 5B
oS oy B 5 35 bopyo ob s (55 gy S 4 Jgise |y 5
S 5 4 jor Bl b jho 4 e JB 3 oS chls
3 lp e g i Slacyps b el (i) (S d9
VY] walJL;o \\GY/; 9 V\/\D‘”){I){ Cuiy A ¥.°C 9 Yo dLo.) 2
S b chale w85 ©jpe gl slue cnlpl
clale (39 b 4 4257 b 5o oad pbosl Clllas 5> Al e
Esee S0 b g oyl Bro o151 b 56 50 oY
.[\p A ANY cYY] Cawl 04 u»)]}f )Lé 93

olei > Gl i @b g 85 e 5l plisebl
Olaod S0 4y IS (gladiges St sl ialoj] plosl
S walb a9 )See Jole (3933 (g Ll dayionie L
olise clale welw Ar Cue jd &S ed o ol ass
5 bl ples cwl awsls Sl s 5 56
2585 bl 185 5l b bas ol

i By

oS by (E B el bubll b
Osw b (Younglin ACME-6100 Juo) (o35 8l Ssileg,s
posla Lol 5 s TRACSIL TRB-5 (30mx0.53mmx3.0pm)
A0+ sy gl g 5l Kl iS5, 5 (lod b sl
SVATY) 5 mL/min ).3‘).3 J.nlb- )lf UL’)} GLd g \Y-°C 9 yY¥-.
(Vo ML (JS" oo & (yibean) (G55 Sy bawgs (6 p5 gl
slp g 0 mL G SIS 5leg)S 4 55 e A5 el
ok 0358 Sid b (o (g Uy Sl s P OmS
A ealatwl [YY] d)jojlxl b)lA.}LL.u‘ dh’bufé” b d’U@"

e IR Jlo i (S 42 55 Sy (o) 2

O] (sowmd (om0 § (oo A gl

S St il aasuio Ghagh cpl Baa gy oyl
S 2 Pk & 2 ()8 dsgerme S by IS Sl
DF] 35 oas eslimal o1 5 5%e Gls ly ) ik
sVl clale o o dlos 5 ope bajzoll b piomen
Obl 3 85 8 dagi 3)50 Y Bl (233l (3l sl
2Bl laazs blp e 8L (Satw sla e
AW w)f K

Hlows 3130 g CunS Lo il g S0
byt ddlas cpl 0 edlitwl 3)50 (2B dcgeze
sty ikt 0 Sdas g9y [VF] Lwpd Gimgly )3 oS (stw yild
ans gly ol ol Covd 4 g 0ad ploxl OlRe oy Bl
SETZY sols oS lame 4 a9 ,Suo il (il Lo
Slod b ilisSSl 53 joy dw Gdo &y L 0D o (gdne
(JoS wsy g Ll Gl s ad e I8 YASC
T s (g9, 3l s o ytusl S35 aliusg & oypuailS S0
Has 8ol oad byl Hlate Ol VOemML 4 ¢ odd anilp
plslis g W) (29,5 Ggmilpes Jolome s 4 b
@i slaphlojl plxl ca Jsle cpl I YemL i
N digy Bjlde cpl ol 0 b il culS laoe OemL 4

b ptolS Gialejl o plosl iy i 2)90 loj b

tlrosed dlgo &S5 (AN ol L) (3S (igiy ol
Sy 8y il i lame as (gl b islejl > by )5 4
PS5 oY i) )5 4 S Lame dme Dlge (S 5 NS dy
5 g e ) FeSOeVH,O yi) 5 p)S o0 KH(PO;
.Ml.gun CaCl“ )A—J 2 P)i ’/’Y ‘(NH\:)YSO\c

Lok,

Ko a ik e (St gl
c\f/\ si/\c ¢\°/V cd)lf }lﬁ 2 dl)im 4;]5‘ clale can l) \Y-mL

(V) Teflon-coated silicon septa and aluminum crimp caps

\Al

Ry F = (oole



DY sl o o,lend FY 0,93

Vool
a,
3
4 .
] [
?3:, e
° A

SRE
o v P n Sk
(51,5 Hlw 4 y3) Led

Ol g ikieil ! ole!

(5 52 o5 o) il

Ol (oo (s digen § (somad &) il

Yo
IR 2l Eha aaje
= 0
[ -1z
12 - 24
24 - 3
Y e £ - 4
48 - &0
M s - 7z
o - a4
= 84

Yo

o f-

(51,5 Hlw 4 y3) Led

CBIE 5 lod Jilia )3 0aiy¥T s waoy g1ail,S 3900 5 gedans lg0i =) S5

YO°C 2 YO°C jl o> yiol3l b a1 Gl doyd 48 dgus g0 00
FO°C glod > opg 4 FO°C U YOC 3l am Jg 1l o Lyil58l
Bl e ials pl &8 Wb e GialS Gl @ e ol
ool 350 Pl SIS 5 (s yn mpd Ll B 4 o
Vb slad ) (0950 Cumer b ials I 4 pa g
Ol o Blo plej 5 VY] apasd imgy 5> domd ()l
olixe clale s Caol o oy 55 g ild 40 lea
yow g9 o5 odn Yl Gla ials Cuw 0-YO mg/L o)l
Sl odb (SIa5h s 56 opl &5 A oyd Bl woyy dals
ol 020 YT (YL claclale

w3 e i |y Bl (595 2 lod yially 13 s (SMl)ST oges
Cawl 0391 il Bl gy p ocdale UL Blie o oS
&S wibe ZAY I pYL Gls e oy ol (g0ymS
Cawl 03> &y O-YYmg/L clale ¢ YY-FVC plod (o5
YEO°C slod )l58] o5 5l oolatwl b Bls aipy jlade ¢ puicron
ol odal Cows 4 AF(mg/L) cdalé

FooC 9 YO clod g5 ol owd ay &S pladonss & 4595 b
o) 2 o3 b 5 (5S84 (St oy S
b S )ty 250 hn slo el 3 ( St slagally
s 035 adgl cbale (Ble St o slatlojl
de pl il 0l w8 S a5 > Sl ade slye eled g
il laowe YemL (3w 0y SuiS (59 (g pSojlul b
S YAV emg/L il

b ol 53l g 812 Glale)T (2150

ol chle 5 Sllas slod Gloj oo Sl gy yslaie &
ooy kg agilell (lel (Sl Il (s (ST
Gy ol » s bl (€CD) Vighe Spe b
hb 9 23b e (w)p 2y90 slaially iVl bl g Lo
5 535 o 4 O ccgppma b ¥ LY ()il 2k 90 4
bl pd Sene (sl Glalell WY ggeme )3 g ool y> daiB ¥
Ol gl S aB)S I @ ) S Gy culS b
g lod a5 3y90 (slayliie (392 csbio g s peSojlul b5 Ll
aw g A 48,8 a0 £V ply o lde pdaw O > clale
D-Y0 mE/L 5 YO-FOC iy 4 cdale o Lo oymly o Y
5 sl Minitab 15 1531 p 5 Lawss

) g baxd

o (55051l pwito 13l il <00 I j2eS P lade doslis
odol Cawd 4y (gladonss b o Hboliae (o)lol clajiales]
oau Yl Gls oS 3l lis ANOVA 455 5 inles] olhb )
D91 boline 93 423 5l e g (Jad o2 ©jgo 4 led el (6l
26 (YO-FDC) oy 3590 503k 3 Lod yial)ly byl ol
clle i g cwl atih ean¥l Bls g9y p g)bline
il aoe BB 5L (0-Y0 mg/L) oy y

au YT Glo suoyd (clail)S loges g prdaw lages V S5 4o
o Dol 13 8 bl 64 pay Bl g lod s Jldo

(V) Central Composite Design

R g5 = (ole

V¥



WY Gl ¥ o)lond Y 293 e IR Jlo g (St § 42525 Sy (o) 2 B

Fe0C g ¥ (glod 1 I ptumigan (53,0051 (3385 a5 55 Ly cliteo (S (530 (51 ol g (6152 03l Conwd a4y (5o laio =) Jgoo

4 ool Candy sl yiolyb 055 (sl lada )
R? Sl e
Vmax(mgHexane/ 01515l (glytamges b (Sitow loJo 5
K (mg/L) K; (mg/L) Ks (mg/L) sbiomass.h) 1Y) p
¥ Yo ¥ Yo ¥ ) ¥. ) ¥. Yo
< AAY - A0 - - Yo FA V8 q,0Y VoY Yo YAYO V= VinaxS/(S+Ks+S%K)) RIS \
< AN AR | YSES | SN | VYA | VAN VXY | YAA £ FY A V= VxS (1+S/K)/(S+Ks+SY/Ky) s Y
< AAY SAVO | FVOS | VeS| YooY | WY W Y YA VY YA V= VinaxS/(S+Ks+S/K((1+S/K)) $b ¥
<A <AY - - Wy WE WEE | WA | YEaY Y ry V= Vimax[€xp(-S/K]) - exp(-S/Ks)] 2P ¥
< AS VY - - VOAE | WVer eE0 | SYAS | YYAD YOAY V= VimaxS[exp(-S/K)1/(S+Ks) L o
- FY - FY - - Y. AOVEY | VANV | SVA YY¥ Y,oF V= VinaxS/((S+Ks) (1+S/Ky)) ooyl | F
\ - AV - - - VFAY - £Y,-¥ - MY - V= VinaxS/[(S+Ks).exp(-S/Ky)] sl V/
o (- ¥ (<
1 =47 (mg/L) =47 (mg/L)
-&-9.4 (mg/L) [Hm-9.4 (mg/L)
. v 141 (me/l) . Y 14,1 mg/1)
% =<18.8(mg/L) % [><18.8(mg/L)
: A ~+23.5(mg/) : Yo Li23 5 me/1)
28.3(mg/L) |-8-28.3(mg/L)
“3-3 Yo :33 (...:/t) ‘.‘33\ Y. —33 (me/)
;:5\ 1 é 1]
N <
% Ve x Vo
- 6 \- N A._\\‘
. VY Y¥ \itd fA e \Al . VY Y¥ \ed fA e vy AF

(celw) gl (cels) b

YO °C (0 £F+ °C (Gl .cilises sbaaal Cile 13 loj b o35 ClAle o puuds .Y JSUS

WFemgll Yl L o 5 orpen ol g JB s oley b ol i slad (o 5 ) U
(ol 0aiis &yl (slavdoe) A 00D (Sl gud o )T & ¢S ol 08 oay YO OC 9 ¥+ (glod > iy 4y 185155 adol (slaclale
Lo oo ) Sy o adsl e g9, 31 (DR) Vsis 55 S ol Gls agd e snd (QlY) S5 3 o5 asSilen
s | 3.5 (SDR) Msis 0319 Ty Do oo dumle clale ol Cawd 4y adllas 390 adgl (glaclale plos clp ¥+°C (glod
s dog bl o Cond 4 L 0398 Ayl clalé p Jlged e YOC sbod o (09)Sue dsgasme oyl (V) S & dogi b Lol
5 sy Ao Wlgty &8 09y sl Jao (8l Jlis 4 b o 1) (VY mg/L 5 YAY YD) oJSe (VL ekl cudlgs
bgo of olile | 350 i oy 6 s o (S b () 459 (e o5 4358 oS b & ol AF o
Og3 cnl 53 o3litl 3)90 (St (slaJde ) Jgdo 13 S (a8 & bgrye 1ld o 05 £9pb Jloj y3b S Jlam Lo ) >
590 Jae b Jde j sl jiel )l coles U ol o odly ol S5 bl YOOC (slod )3 bnyguaslS g So A3y 32955 9
Al duglie BB S35 5l dgy sk 4 g8 bybses il S YL glackile

(V) Degradation Rate (Y) Specific Degradation Rate



1749 UMU Y D)Low:} AR 8,93

[P PTRTY

(mg Hexane/g Blomass.h) dis 059 &

Yo Y. Y. fr b s e
(5 32 055 o) o550 claké

Blod 3 O3S gl CBLE b Gis sjug gy et -F S
yooC

35 ag) slacble b s sk ¢ Clyusts ¥ US55
slayliin Y Jods o el oad ooy LS YO°C (sled o
wlod (St o i 4 bgyyo (ol ol yb ool Cwd
Wl 0 00l L Jao yb (gllad Slrypo jlis ol yor 4 55 YO°C
Sl gl g g iy (St Jao dw o2 Lod cpl )3 425
o3l Lol ol nlio w Rl ey 5 4y g 5,05 ¢y
Dgd o 03 e i pilla Jas

b Dteage a (w0395 hled Ks (odae lade
@ ) 0395 Vb bl K oy polie [YF] ams 0 L5
Sl dbj 0 by Cepw b s 0 &S Cunl Tuogue
oib pd kel Cand 4 Ks Hlade St b s plos 5
o3k ) g oles Jo o 4 F+°C (glod ;5 2,AV-33)V(mg/L)
Ccups b as )3 .cwl YO°C (slod jd o YA-YV,AQ(mg/L)
PN TR CI T N TR A T
ol Joo Sl b plply s awglie 1B ola (556
Vo \V(mg/L) 5 ¥+°C slod > 30Y(mg/L) ,ly K ke
dae 90 M) g oo 0100 &S job ylad .l YO°C (slod o
s 25 i

S3hik il eaad lis K (Satow gol)ly (ooas luds
Sl e bwg (liSa Bl )5 g 5lo (g9 g
&S amd o ol Kp (oYh polie .l cuiS base )0 34390
IVET 3)b ad)bil (glpiwwaw Jlie 1 (o0 Caoglio s 039
S sadse cly Kioglajliie )V Joix 4 g L
9 ¥+°C lod o WYF-YO0V(mE/L) (o5l ;3 (65UsS

B3 = (ole

Ol g ikieil ! ole!

O] (sowmd (om0 § (oo A gl

Ve
Wbl sls ooty

—— opalls
—_—— w2

M —— sl
— ¥
—— Lol

st gyt

(mg Hexane/g Blomass.h) Qs 2519 & 5

(A 3 05 o) o550 clale
slod > ol gl il b Bla oy £ ek SV USS

¥.°C

adllas 3)50 (glitmgu & Cusl jadule ladonis & a2 g5 L
clle S a9 0)b o 430 didur (g5 S0
e il ¥l bl £ Sigy o VL LIS 40 o
uf.\_:)b)b oa S e e LSLQJJ_A U"l b laoaly u.;l).,l...s
Jie e dbas Slaype coyd Hlide dulao LB aud b5l
A5 plosl MATLAB 7.8 138l 5 (K8 4y )8 (pl 398 Cyoeed
> )_)‘C’OC (_SLAQ ).) O‘}iﬁ db O)J9 C).; ).&A.iJY‘ L}gu)
) Settew o555 ln s g o] 05555 4y sloclile
Jie oy Jie oy yine Sl gy cpl 51l solles laedls b
o R Uad Sl ye ey e Lawgs ol 5 g ecplla
bgsyo (sl yiall odel Cawd @y (sl lado V Jodo ;5 395 oo
Slaye Hlde olyon 4y ¥+°C slod o  Sitiw sl Jso @
Gl 0ads 1)l Jae o (gl

aS amd e oLt |y aoe ol 35 R sl e (g
5 et ei—da Sl g g il (Setiw Lo i
o e s 4 ((AAS) R oYL e b glavlio LB
S 429 5 el ke b edemg slo e jl aslitl o bl ]
Wyl ol yon 4y Lﬁi{\!m‘ Ao (6 5lwdiage &l Lh"j
degome (ml by (35 Bl gl (s (Satiow J2e
ol S bl & Jao cpl oy o Gl i Ol ()18
2 08,33l (gl ytung S b St )2 sl (2L
S yp b e

b ol 55 YO°C (slod )3 (tawj i sln ) gy !

\Zd



1749 umu Y D)Lows AR 8,93

e O3 Jlo g (a1 5505 Sionnr (o 5 2

O] (sowmd (om0 § (oo A gl

Aamgar U i 13 liSee Olalllao )3 (Il oo (Sl (5 ol yb dws e =Y Jgus

4 &y (°C) > | Ky(mg/L) Ks(mg/L) Vmax(Mg/g biomass.h) [Jrompom 29,590 455 N
ol oyl ¥ Yo ¥A {0V YoV Ol i) il il osdls o6 degaze
V4] Y Y YA \4 B Fusarium solani Bl
[¥Y] Y - Y¥FY VY vy e¥s Ol Rhodococcus sp. ECI
[4] Yo -V SYA ayA " 595 | s ik ) osles (Sl asgee
[Ya] Y ¥F ¥ Vo) Y Y0 By Pseudomonas putidaPPOI
[VY] Yy AT YWAA Yy be Oy bl Rhodococcus pyridinovorans PYJ-1
[A] Yo Y500 ¥¥e ey ool | ) 1 5 osslis 6,5 dsgese
[\Y] YA o)) Y5 VY DA " p-cresol Gliomastix indicus MTCC
] Y. Ya s psa P Jod P.putida MTCC 1194

el 05 ol 51558 ol 1pmol=.086 mg/L fii cups 5l (a

s o o7 3,0 Ay 0 Vg o3l g st b sl ) izgy 003 453 N7 ) iy 13, oy s uliol y ool (b

Caw] 0 428y a7 10 | s 0385 line hai Cjpo dy 0l 45D iy Hlido (C

9 2l o & o3l 3 (Vow panlund el g S &
S asgarme (sl Bl dndey (391 S D) )5 (%S
3o 039 Gpliel g oS By (s ik I oailie
sl 045 04D

e il (658568 dae dxya il Jao 0 Kg ol
ool Cwd 4y s o Ao i g dalgd YL Bls o9 &5
pologd QLySl pals &8 wiles e 5l Lo adllas )
85 g 4 50 Slidlae & o bl Wbl ooyt (Vo
sl yiag g pioS

2k VL (Jae Gl Dtasgw (S95)1350 < jlade axpn
7S Cawlus adlhae 3)50 Al 5 b (950 Cumex
S Coge oSl g 3l el lyge 4 cuns
| gt S35 ol doy oS ] Laiie yla Aoles
STk (SHbik oS ol cdes ML (65,5 dae
pld o & WsSlen b o Cuenl GYL clackle
sl dnled Golds 6,50 (gl ptusgw b lyiusgw p»  (SW)bjL
porplugsd pAlE L5 1 adllae (pl 1 Iytagw (S50 <ol
$rSh bgle iz w5 (IS (aliiage g9 > (Vo
Oz ©ols G bl lytangu b (g ik 5l oad gl Sl
€5 9 g g9 4 a5 b bdjge 4y )3 )8 (6 pSadde
Dy en 043 (SH)5k I Folise (glaylade muilS)lg e

&5 dwdn @ baye gebile o anlie ¥ Jo
s WS pgo 55LS sbadlas s ol

\A4

Jde 3 S oy YOC slod > VW)¥-AV¥V(mg/L)
9 ¥°C oo » Yo FAME/L) 00> Ki Hlade pila
Made 50 cpl o bl .l YO°C slod (o V4,5 (mg/L)
9y S Bl ol Hls KuK b Sl aole
9 Ltasge 4 bl bojlide cpl oogpde Hlai I cadiis> )
Gl ohy 5 ) dxi cpl b Wb ce g dinte o)
Bl ohy Ep e & b 4wl a8
e 5l S ¥A°C s> > ¥VY(mg/gBiomass-h)
Sl @ dog b el ¥4°C glod > Y/AV(mg/gBiomass-h)
Wb Eoyd Sloj b SO 3w YOOC (slod > s 4jo8
Ol ol 0351 53850 ¥C slod 13 (S8 (g w3
Dy .\D:‘9> ¥.°C LSL:.) YR L)"] lemd?uu )i{) oy LSLH.A
ObS sloadlas ) osal cusd & glajall ¥ Joa>
S oy alde blpd )3 Bapinghy cpl 29800 03
Sy 43y Wlosd ploxil gyl pyw 3 5 dlgl aileb
Sk e il (St Jho )3 Vipar B> ofa £
2955 695 g Bl ohyg 5 & Cunl gee cpl 4 2l
OIS ailan (sladyge 3 Cunl JVL (29,50 Cumer b AlS
B> &5 a5 Sl ol 555 g Ol 4
Comd idgh opl 5 odel Cawd 4y doei .l anild (¢ i

Ry F = (oole



1749 umu Y a,l.o..f} AR 8,93

Ol g ikieil ! ole!

O] (sowmd (om0 § (oo A gl

Wilod (Suaw dagl g 33 48,8 olodil gl i gy cwr Bls diawing 3 31552 CLUE dug o Y Joua

(e (°C) L (mg/L) Bl 0329 &5 pouSlo s by clale 29,50 L5 h
oeek ol ¥ WAR ) yikd 5l oaslis o) degere
[Va] Y. vy ? Fusarium solani B1
L [vv] Y- FVA Y Rhodococcus sp. ECI )

P o_LJ)f.s k,‘ 9 k.v slooshy jlosliw] b ol duwles ((l

@B dsgeze ol &l Y S ol sl
dgr 008 485 ) & 55 e sln Sote & e LS ]
@B il g oMo (gt S cpl I o 3 5 0ad (glulie
Wl 0 03l 35 CuwgueS g 10 9590 (SlopunslS)lg s |
SasS b (095 (3 dsgerme Il CungeeS 355 1)
o &0 ey a5l 4wl gl cwl 5L
Sl oS cuwl (2)B (SLS (ladisS (S e gorme
alis Sy bl Sen OliSa Bl bS5
e oVl e b S Blo ey o il audl
S9dcse o3 518 cul 2 (58 (st kS Jlord L 09,8 Cume b
odiled 4 WS o L) Was WS S wile g e &S
Cuol San ;500 sladalllas ) .l ()] )3 25300 (sladisS plos
3 GliSe Bl (gl (@Vb jla el &5 s 65 S,
i 38es &5 Cunl 49y 9 355 )15 oolial 3)90
o 250 0 &S LSS cih sl b9y dsgese SO
P9 (os sl )3 &y st g (S S (9)Se de geme
Slles bl &y > ol gmio wlde ol sl
S degerme Sy gl hew) S L I ada
ol Al adisS | 5 o 5 i eolaidl jluw @d)e6 Cuwd
LBl ausly o3V ()l ST >
PlgSen 8 Gl ey 6 GBS L
odal Cuwd 4 Lad b 398wy loj ply 5 InX/Xg 5 (g o905
e B JSE > VY] 0g selgs by ey 5 Ll
W me/L G188 adgl cals (gl ploj b (st j 0395 cdals
e cdale cpl gl oad pay ¥ °C (glod o (V0 HL)

ol 04 0330 Wby 500

sl Lo 8 S gl a9 ySee 45 sixie &S gl ]
Stnd oo &5 iy Ll ) JS o) Wlgty o5 clalslas
IYF] il e

B3 = (ole

(A 2 055 o) o5 ke

¥

WoOYF YE O FA S YT AF

(celw) gl

adgl CllE (gl ploj b (g 0397 ClAlE Olyeti = O UKW
AF) mg/L o5

oy ol a3l by gl gl cble ol ape
L oliSe plge @Yl slackle b o cul codly ol
e ) bl ol b adlas 58 Gls SHlsjh 51 e
ddolne bl b 3l o sy S claadlas (gl sslon
epo Jobs o) chle e ol cpdlla Juo Bdie (ol
Cawl 0ol Cawd 4 WAR(mME/L) ply [YF] K > K
sl @ bag)B 5l ooliul (gl 0 S glacs 5 3929 L
plos 45 caly Jlanl Lo da ou¥T Gl (gl b ,SL wes
ol e )8 acgemo (glp ool Cowd 4y (Sitiw (sla yial )b
lasae jlaisl jalb ladiss plo Sl e (g 2
@ Cod ()8 dsgocmo &S 39 g0 Cublyy dox (¥ oo
oMb aubil jl caglie 3 g3Vl blg LAl (slaais
5 odal Cawd 4 sladoms 4 a9 b Jg 3,0 yuagw lawg
S5 5 3gbis 2yl ey Koo (el ol iz ¥ g
WS (oo Jos Jimd (63)l90 3 9 it (2l )3 (29)Sue degome

YA



1749 umu Y a)l.o..f} AR 8,93

515 hily il (sladons b oSUS (Sattw sl o
Gl Glise 9 A8 e (St sl gy ol
i 55655 (S e gl 26,5 5 oy 3y Jie o
b aBall @ b e sl pilla (S
2B degeme (pl bwg IS ) 4 (pien
sS4 .l 0395 153850 YOC (glod 4y Cnnd ¥+°C (glod
s> ;> Y)\Y(mg/gBiomassh) GBis 059 &5 cpyide o

el Cuwd 4 ¥+°C (glod ;> Y/0Y(mg/gBiomass-h) 4 Y&°C

Lol

e 1B Jlo i (S § 42 55 Sy (o) 2

O] (sowmd (om0 § (oo A gl

3 x, exp(kt)

V—(x./x.. ) (\—exp(kt))
35 4y Sl X g () 45y & ety b K dbles ) 5
ool (ML) g 039 cdale payiSlo Xy g (ML) g
oxd by aEtsles] claodls L MATLAB Jjile s Laug dslee )
R' 5k jbie bl cand & ol b dbho o) 3l ol b

X

()

Alotel Cawd 4y + AAD g+ YO (h_\) iy 38l e lawg

S 5 o

S by S ) @jpd St (GRag o2l 5
W8S B g D90 () il jlesdliz (2B dcgeone
i dlgo oS i b le CuliS lame S 4y (09,50 dsgetne ()
A5 il gy 0au YT eglre clacdale (clly oS jasuin
(CCD) 8y Sy gy doinlejl lol b lual )
Ab B S 4 ol Bl S clle g bod S sy el
Ol Gpae b (2B dcgerme (ul (i3 S0 )b B
ly 428y « O-YOmE/L clalé o YO-¥AC lod (o)l
b ol AF(mg/L) clale 4 YF0°C glod

Thawgd 2 IS8 ) 458 St 2 bod b dulio
a5 bl 0-Y0 mg/L ke gojl 5 5 ¥+°C 5 YO olod

&y

K mg/L gl 5 g dolre culs
K; mg/L ¢ S5,l55L cub
K ME/L sy dow Culs
R’ (o g
S mg/L d yius g clale
X mg/L (g 03¢5 clale
v mg/g biomass.h « 33> 6319 &3
Vimax mg/g biomass.h « 31> 6319 & 55 pos S lo
IIIIO s sl 6 ALY 2 Ol o )l
[1] Kennes Ch., Thalasso F., Review: Waste Gas Biotreatment Technology, J. Chem. Technol.
Biotechnol., 72, p. 303 (1998).
[2] Ellis T., Anselm C., Effect of Batch Discharges on Extant Biodegradation Kinetics in Activated-
Sludge Systems, Water Environ. Res., 71(3), p. 290 (1999).
[3] Arcangeli J., Arvin E., Modeling the Growth of a Methanotrophic Biofilm: Estimation of
Parameters and Variability, Biodegradation, 10, p. 177 (1999).
[4] Arriaga S., Revah S., Improving Hexane Removal by Enhancing Fungal Development in
a Microbial Consortium Biofilter, Biotechnol. Bioeng., 90, p. 107 (2005).
[5] Munoz R., Arriaga S., Hernandez S., Enhanced Hexane Biodegradation in a Two Phase
Partitioning Bioreactor: Overcoming Pollutant Transport Limitations, Process Biochem., 41,
p. 1614 (2006).
[6] Zamir S.M., Halladj R., Nasernejad B., Removal of Toluene Vapors Using a Fungal Biofilter
under Intermittent Loading, Process Saf. Environ. Protect., 89, p. 8 (2011).
va

Ry F = (oole



1749 UMU‘Y D)Lo.wc‘”\ 5,92 UUMQM‘).!“QLQJ‘ u'ﬂ'ww%gwﬁw

al bl (B L oad il by Sy dly 4 len jlE I GluS 5 B wp s elyio [V]

(VYA S yrol sixino ol ¢ goped (quodige 0SS (655l giSTgm — (sond (pwige L)l (owlid S

[8] Jorio H., Brzezinski R., Heitz M., A Novel Procedure for the Measurement of the Kinetics of
Styrene Biodegradation in a Biofilter, J. Chem. Technol. Biotechnol., 80, p. 796 (2005).

[9] Delhomenie M., Nikiema J., Bibeau L., Heitz M., A New Method to Determine Themicrobial
Kinetic Parameters in Biological Air Filters, Chem. Eng. Sci., 63, p. 4126 (2008).

[10] Kim J., Oh K., Lee S., Kim S., Biodegradation of Phenol and Chlorophenols with Defined
Mixed Culture in Shake-Flasks and a Packed Bed Reactor, Process Biochem., 37, p. 1367 (2002).

[11] Ottengraf S.P.P., Van den Oever A., Kinetics of Organic Compound Removal from Waste
Gases with a Biological Ffilter, Biotechnol. Bioeng., 25, p. 3089 (1983).

[12] Jung I., Park Ch., Characteristics of Styrene Degradation by Rhodococcus Pyridinovorans
Isolated from a Viofilter, Chemosphere, 61, p. 451 (2005).

[13] Singh R.K., Kumar Sh., Kuma, S., Kumar A., Biodegradation Kinetic Studies for the Removal
of p-Cresol from Wastewater Using Gliomastix indicus MTCC 3869, Biochem. Eng. J., 40,
p- 293 (2008).

2l > I slaou VT Bl )3 agyli 5 dtgy (w3lgn Gl o L3 51y cp (2,8 DY
ol&uisls « SOu 5 (AR INLGA N ‘d)9j9.‘.§;9.u — (o 5 e .\w)] L;»L.w)lf ol ULL’ c“uwl)...l.\sy

(YA S sl gimino
[15] Moe W., Qi B., Performance of a Fungal Biofilter Treating Gas-Phase Solvent Mixtures
During Intermittent Loading, Water Res., 38, p. 2259 (2004).
[16] Maestre J., Gamisans X., Gabriel D., Lafuente J., Fungal Biofilters for Toluene Biofiltration:
Evaluation of the Performance with Four Packing Materials under Different Operating

Conditions, Chemosphere, 67, p. 684 (2007).

FMO) ol o punkigo 5 (comsd dypuiid Cplog syl \es g Saccharopolyspora erythraea
OYM)AY o

Streptomyces clavuligerus My oyl ime Gicxiaw o o @iliS wzp o) Blyo oz coudo vz (glol> [VA]

o] s ki 5 pansd dppei lBE C lre I ooliel b dysl KV g e 5

LYAV) AL e YY(Y)

[19] Fernandez A., Haaren B.V., Revah S., Phase Partition of Gaseous Hexane and Surface
Hydrophobicity of Fusarium Solani When Grown in Liquid and Solid Media with Hexanol and
Hexane, Biotechnol. Lett., 28, p. 2011 (2006).

[20] Fazaelipoor M.H., Shojaosadati S.A., Farahani E.V., Two Liquid Pphase Biofiltration for
Removal of n-Hexane from Polluted air, Environ. Eng. Sci., 23, p. 954 (2006).

R - (sole A



WY Gl ¥ o)lond Y 293 e IR Jlo g (St § 42525 Sy (o) 2 B

[21] Ashoworth R.A., Howe G.B., Mullins M.E., Rogers T.N., Air-Water Partitioning Coefficients
of Organics in Dilute Aqueous Solutions, J. Hazard. Mater., 18, p. 25 (1988).

[22] Lee E., Cho K., Characterization of Cyclohexane and Hexane Degradation by Rhodococcus sp.
EC1, Chemosphere, 71, p. 1738 (2008).

[23] APHA, “Standard Methods for the Examination of Water and Wastewater”, 19th ed., American
Public Health Association, Washington, DC, USA. (1995).

[24] Shuler M.L., Kargi F., "Bioprocess Engineering", Prentice-Hall Inc., New Jersey, (1992).

[25] Oh Y.S., Shareefdeen Z., Baltzis B.C., Bartha R., Interaction Between Benzene, Toluene, and
p-Xylene During Their Degradation, Biotechnol. Bioeng., 44, p. 533 (1994).

[26] Kumar A., Kumar Sh., Kumar S., Biodegradation Kinetics of Phenol and Catechol Using
Pseudomonas Putida MTCC 1194, Biochem. Eng. J., 22, p. 151 (2005).



