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Investigation of Para-nitrophenol Biodegradation in Shake Flasks and
External Airlift Bioreactor by Alcaligenes faecalis

Leili Abkar’ Fereshteh Naeimpoor’

(Received Sep. 17, 2009  Accepted June 29, 2010)

Abstract

In this study, removal of para-nitrophenol (PNP) from synthetic wastewater by Alcaligens faecalis was
investigated for the first time in an external airlift bioreactor. The effect of factors such as pH (6, 7 and 8) and
nitrogen source (yeast extract, peptone and urea) as well as initial PNP concentration (50, 75, 100 and 125
mg/lit) on PNP removal and bacterial growth was first examined in shake flask experiments. Then, performance
of airlift bioreactor was studied at various aeration rates (1, 2 and 4 1/min) and initial PNP concentrations (50, 75
and 100 mg/lit). In shake flask experiments, yeast extract and pH value of 8 led to the highest bacterial growth
and PNP removal. In all bioreactor experiments, PNP removal was higher and biodegradation time was lower
compared to shake flask experiments. The maximum of 40 and 60% PNP removal were obtained in shake flask
and bioreactor experiments at 50 mg/l initial PNP concentration respectively. Among examined aeration rates,
2 L/min resulted in the highest PNP removal percentage at all initial PNP concentration.

Keywords: Alcaligenes faecalis, External Airlift Bioreactor, Para-nitrophenol (PNP), Wastewater,
Biodegradation.

1. M.Sc., School of Chemical Eng., Biotech. Research Lab., Iran University PRUCRISE NPT e 58t LT s i aSils ) il SIS
of Sciences and Tech., Tehran 65 gl o

2. Assist. Prof., School of Chemical Eng., Biotech. Research Lab., Iran L e e e T A ) i
University of Sciences and Tech., Tehran (Corresponding Author) S g ple Kf“" “5”1"54”' s o8l pud (i saSiils Lpsled =Y
(+98 21) 77451500 fnaeim@iust.ac.ir fhaeim@iust.ac.ir (+ Y1) YYF010+ + (s sais 5) 065 012

88 wllsligal 1#9: Jlu P aglods


www.SID.ir

Lleails |y 28 (54525 U5 ol o0 5 6515
Gilse oo bl Jibs - wasdll Clay s s
byl 5 S G5l 425 15 S8 (e 4 55 55
ke Sl (San il guS a3 S ) s S5 sl
Do) 55 55 sl ow Slinie w55 &
5 el 51 (S bl g sl S Sl e dke
4 2B g el clie 5 8] se Sl ean Yl ssle a5
3158 Lot 3 ele el Bl (5 ba 58T s 5l eolizd
oF 3l 5 el 3 030t U S go 4 4 53 s
Dl e

sboan 351 (S5 Sl 585 oy 55815 gl ol s
Cn 53 po pathy a3 b Sy bl (gl i Sl
<3k pas ol (S Ak s 15 el Ol i
GFn Ao DIl ool Colu e (SOl 50
Vdsaz 5seasls a8l s o5l e o o e 5 L0
S 3 25 3 Ssline (Lo, o581 50 5 LS Sl o Laas g
ol s 03551 sz YT

Gis 3o Slye Sl Etes , Sle iy L
ot 5o il Sl 53" g 5 S8 les Lasan YT
L Jsymhly Bis s (2, 5 Sl 5 e85 J—:"'U anllas
A5 g oIS i IS 555 3 iz

ds) 5ol =Y

ol 4le 40 5 a5 S0 -\ Y

ST 5 25U, Loy LT s szl s 50 iS5 S
3165k 5 S yots 6,SL ) 35 AV ATCC oIS 6
Oleslw g aracls ol 2l slas L 5 Lo JU () 50usIS 55 0
S S5 bs (55 5 4 Ol smio 5 oo Sledagy,
2348 Gkl rw-:i@)‘)ﬁ:-‘ o) I a sl s ST
(L?U'“ugiﬁs‘-*-’uwr*l“ﬂ?ﬁfdmﬁo‘m’)w
MMSJ"—MJ‘—JLA-A\ﬁc—LLML‘%wLM“d;
CBlE b s oo oslas 5 o ISy bld ik
&.c\...;V\;’;.uq}.g;)fsjbﬁ;j&)@ppfé);\' AR
ol et ol 31 an ) e vt w53 S5 Lame (glos s
P Oamay g ud Blsl gdae cuiS e s 3l ) La 00 ¢
a3 Y gles 5 Yoorpm Hes 53 (e L& 50 wils) cel
353U ol el s lineay 1Sl S s L

¥ Cerol
% American Type Culture Collection (ATCC )

9 Jlu P ajlods

doddo -
Loyl sy olend mlio 53 28 5 sbe b LS5
Sl 5 LSl alssg, Of s OS5 ol w58 0 o5
Sl 352 50 (oS Slmosls xi b Sl mlis ) 255
Jb JS el oo il il plis s b olSs
Slany Jssad (3158 b chle @i jsba 3 8 515
5 ko gloasly gl s s o S 00 55 LalRa, VL
33 e Sskn 000 B0 wspuma 53 U S5 ol sl
o Sl 515 JS U ol oS 5 oz [N el 2
-‘:—N‘J—:-lf"ﬁjg—?-:b>p—<gk:-‘f“ s 3, ady wsle
I¥l w5 Sl ()fgL-‘ (ARSI

J s Sl s S slens S asle (Sl Glens S sl
NCEUHIC S U RPN A1 P PR P RO ) P
3 S il mlis 53 gy solinl Jdsag by 20 - F
s 557 oole el [0-Y] s g0 Sl (A DS 5 o 5 e
2alS ol g o ol VU Sl Sa VT 2,3 L T
cmeves LP] 5300 0Ll s (S5 s sl 5 o
5o s Jsbs =¥ LS T a5 e s ezl s
b el V] cmitosls 51,5 SU s lbaaasy VT 45,8
4 el 3 U5 0ol ) Com 2018 (gl rmlis i (slats
(S cidmie ledg s w3 aSHIE bl 5558 Cad
oo (Kisdsn B (JBs s Bl (Sislsm 5 olesd
Ol il Y e a5 pae i 5 bma b (L85l
N3 Oliime 4z 55 3550 G332 43 oS 5 o p0 0 3lse of Jas
IN-Asoflclles g

Al 53 (ra L8515 Ko 5l aslinal b (S35 5 555
o L sls Jubs s = F Con 0l 0l Bl 0 b s
¥ 0la ) S 0l oo 5 e CBlis sl 55158
st VY] bz S el o) e S L
sl 31 (Kool blie 3l st g3lulir (sl eilS)l5 Sn
B s Sl VT slse (S5 Bi s e
oS 5T sSiSsns LSba elisago g ST 50
- JalS e s 525 3B mslas (g 5lulas s ) bl 5l oS
PSS PR WPPPER S AL AL IR NP PR

! Chen et al.

; U.S. Environmental Protection Agency (USEPA)
MoraXella

Pseuoumonas

Arthrobacter

Rhodococcus

ESIENC MRV RN

Nocardia

ulsligal  0F


www.SID.ir

05 5 5 I g wdy (g S0 5l -W-Y

Sl Pz se dsb o e 58 Sl Shealizal by (Jsho a5,
e 51 ey =955 Olien e 55t 3 550 (65 05310
By 590100 Ssk mle shaslil L bl 00 S
%505 Jloys /) sgm g 55 Jsbows PH caids 10 S
on Jsb 03 b (6558wl 133 S s 0T 51 5VL L
S 335000 2155 20 55 385 Sl o8ts Jaw g 2l ¥
O Wsed 53 357 5m 2520 Ol e s llaal (i by e
ye] 3385

3 815 58155 —$-Y
VS 5 TS S 55 s S ol gb YL s
MJ‘MW‘)J sslaul .))}A)}:S‘)}:..l .J}.f;@ sanlin

2 S e Ve i caS b 4 Jibs - T L oS50
0= 55h 5l 5l am Lad sl as Sl Jady 2 )
ids Vo Sads o gmandes 4255 ¥ glos 4By 5 59 Free s
15 6T (ODgon) (5,55 aimeils 5 a5 it S35lse 58 o b
03 20,3 0 ol st sel @;q@ibqu)‘\..xp)frzléﬁ \ sue

b oslizal 81y 50 5 ) el 93 o

e gl ciS lame - Y-
Jold 555850 5 ol sosad e 35 s Sume EtS o
5 ¢35 /\ KoHPOs 2] s 0 SV KHPOy 2] 55 0 ST/Y
255 50/ MgSOLTH0 2] 55 0,5 /) NaCl =)
sl30 Jslons w50 dre 5355050 Jslme 51 2d L ¥ 5 (NHL)CI
22 ()—6&:-"* *+ .EDTA z=J (;é'*’ O v Jold (gdsesn
55 ¢Skt e HsBOs =) s o S e Y+ FeSO,TH20 1)
¢ Skt ZnS0.TH0 2 35 ¢ 8 Jeo)+ CoCl.6H,0 1)
NayM004. 7H0 ;=2 s ¢ St MnSO4.7H0 ,=J 5»

Iy,

Riser P . P
iDowncomer —d s (JJH:"’\ s NiSO.7TH,0 ,—=J s VJJH:.J
4 Szlzfgtror sylae 2d s ()f \ 5 S8 2] s r)§~/a .35 CuC1,.2H,0

LYY 500 ] s oslinl oS gl s s 0l 5254 osie
23 Sl VT 4525 5 Oslize slo 581 g 5,8 - s
Gﬁm dbo'}:ae aale clale bJé.lY' sale )}JS.JP.?D )}JS‘) t;’.; r.....:.'alSJb)S\:a
(2,2) ¢ Ske) s ¥ ()
(&
PySe Py Frooifes Js % BENSC W St I )
g\\/] Ql)liw R \
S35 5k - AREATA Jb ISy Jib v/8 Sooe J sy polis0 99 300
[A]
: q- Y.o-¥0- Jab /N0 Sl 3 Ugoss
I te et
8] ol . EIp
}C{L;"J)L“ BECIFIR VAR Yoo sAe Qo oy J00 v/0 3 S5 lisosagn
[V-] obler (ol woan VT s S5l 2l
. YO-\+- LéJ‘v:S): a.)..l;“\]‘j;
! o\)t[sw]j@u Voo Yo NERER N 0 Ssie aagb 5 4581, G Jb
A
s 5 ol Ve fa- NEPEEX Y (355581, et Il )
[vY] e a5 b
5 Bajaj
6 Vinod
7 Reddy
¥ Fluidized Bed
® Pseudomonas putida
10 Viggiani et al.
Psedomonas Stutzer
Saravanan et al.
m-Cerol
* Tomei et al.
Two Phase Sequencing Batch Reactor
oy allsls g ol 9 Jlu P aglods


www.SID.ir

S ey 0 SIS NOAY garsls b o Sy JIS1 5 e gile
g2l ils s lsm 55 s S8 5 O L sShsm 0500 o
il

gl '

| | Pl

1t

les 22459

IR PO T BYWE (PFIPS-E Y

o iolos] —#-¥

SIS o L5 YO o s slacdl s 0l ) oS sla s o
5 st 453 Vo gls Sles Ll 5 s ) A O
S Ve djlsrpli)ﬁ:s‘)ﬁ)’ﬁdtéjﬂ))’*“ S
glos oo g aids 5o 2T 5V sl pline 3 Y s 1)
285 ol g 203 VAR Y s

S 5 i -

o3 cuiS-\-¥

P95 g L s -V-N-Y

S ORPITY JCIVVPIE QU B P A O R el Dl
aily e LS00 LecSolo gl 5,0 sn ja 555 50 w3l o
PRIt AR P PR WAV PE PPN A T PPN RESR
2S5 Bl s s s (S35 25 mte 5 (S e Ol

9 Jlu P ajlods

92U kil s e ¥ Culis b (oS o 4l
W\r_p},_uw\‘\‘ PYARKIN 1 PR IR 3 U PN
Ao Bl V/0 58 aiSn 5 5 alaie o o3 gy 1) S 815
As S5 flogm S og koo V0l Glesly g b 5 0
AYR] i S 51500 S50 51 sl Joolgb 4 05 #lsm

5 b Glemend la lanl 8150 00 S b 2l 61
Jslos L o 315 slgtand o 5 562 0T Lol 2015
Sl 5 do e o 5T st s NS as s Yo U]
S Lo o3Y lsn et asls S sl e O b J51s
3t 3 e i3s3 2 FO S L L ) gy e e
aids 3, Ve B ) (o Seslul ClbB L by, Gl e
Sl a8 ey S /Y sl B L Al G s
3519 ikd 5l e 5 1oa e o 355 s Sse
CT s 15 s 5 il a5 5,0 o3 S
83505 55 s 4 e 5 352 L

S Sl dlra-0-Y

JS gy e 515 s 58 (Sle i So310l o)
P AT IRV | 1. W% 4 BRSPS
oo 558050 VL 55 65505 5555w oy CeanS
31 iU L Gt 51z ile g 3l sl 55 S e
S olizal b oo g3 o sanlin slis ) SMes| & 50 51 Sils
e Sl Boast i el s pLis,) SMast ) (guda
oty

AP =pgh ")

byl ol 55 S

Sl g e s gl o sadsbul gLl Szt h

Foslo 0953 mle JBap easli sdons 20 o 5y (31 S

o 2 5L OWSIAP 5 o 20 0 S5k m

SLaSG ol 55 o sl iy Sl B 31l SISl

559) Cesty 1y 58 Swla ¥ galal

e, = 1-AP/(p,gL) ()
1-p,/p,

bly ol 55 S

SIS e 585 0503 b ails pr 58 Swibe &,

Ly o o 0 S5hS o g il py o 20

0303 gl Sl 2o (2955 55 o G250 Al

; Gas Hold Up
U

ullsligal  0A


www.SID.ir

03958, osde 5 At patide b (S35 55 mlie S et
A il o Sl 5 bl 5 asile (6505 Sl sl g5l>
23,8 g0 Bl Jibs 1 5l ey nalie G 3 5 0 sed 4D,
oS G335 ad g pesde asia sl Loyl gl
el ol 5 (528 Bl a3 0 Koo e 53 4 o

s sy 5 s e seia ssbas o 4 NS SL 5,

pH b oy p-Y--¥

A s pH b Ol S w36 s ) shiten,
V6 e Jds i Bl Ol 5 8 (oIS We SA 5V
sdalice &5 ghailen (¥ Jodr) i anslin K0S L el
S

ORIl e o g (e 5005 0ty a5 o PHL 21581
Oldine Lo 5 (gl iy Sl sy S by 13- F A
olis ollSen 5 s DV 0] cdhiis 2158 5 s
35t Koy e pH 4 Sudiay 15,23 S S ihosls
b e 580 (Saslash (el L) PH 2alS aors
55 o3 ead ol (Saislasly ddoe s 2 4525 W) cnl 2l
PH (530 oS 41 003 S0 BB sin (sl slalans o (5o
JENCUN[P: PRSI t PICK JONURICA L SN SRR
YA 55 85 0 sS4

Byl Bie 5 s Shus, npH JSI-Y Jsa

S e B )
R pH
(w2,2) (505 «mils)
s Y 5
t. /0 v
fA < /OYF A

by s S ,lask cale -Y-\-¥
S s \—“gfeuj (J s (Saolssb chle s shies
s S e VYO 5V e VO 0 liza e s o)
Cble S 1ms e ol s (05 F llSCs) s oL
VYO el 15 i ISIT (6 28U (51 s 2§ S a5k
SN T AP N JUSCUN e S
e S Ve YOO slghle (s Bl ol e cais sanlin
552l sl Sl n s o YN 5 YV/A K
Sicka slse I ol 3 s it 0f 3B Ul iy
s3bisnd pazr gbdsle ad g O o L CiS s 53552 5

! Zeyer et al.

M allslégal

sadd Ol JeoSe (0 S 5 (S50 5 pte e Sl e
5 I BPEROES FYCK P opyE-JOWN g W IR | )1 JOW
T 5l bl ) 5 0 8) Clle ways) 5 05t e
SV IS s andy w5 e Jske g a5 Bis
et sslas mlio SIS e sl 55 1SS 55 Bis s,
el et s, Y s s oles B 505l 5 055
las 5 sty ol wlie Hga 53 65k S ues o plis

06

05 |

04
~e
s 03

o las
0.2 i )QNH_)
-,

0.1 | A py
p 2
0

0 10 20 30 40 50 60
(cebe) ol
PSS AT LS i ST 5 s 5, -Y S8
O34 S 53055l 5 05ty et s slae 2l

50
= 40 | .
0 & A
g
~ 30 | * *
g .~
) e
o 20
; .
~ 10 - o5y

0

0 10 20 30 40 50
(CIRS

e 5 7S fa 5 b5 55 Bl e g, Y S8
205l 5 st e oslas il 550 SV s s IS U
ol s s

Sl 5 8L ad; il (S35 mle ST o

Jedy sl
by 5 Bl k3 e
(o) (sl UEEE
¥ </0 e o ylac
Y /Y o5
Y AYY) ol

49 Jlu P aglodi


www.SID.ir

3 815 5815 -Y-Y
acty sy san VT sl Gl 515 (Soaltysgann b,y i 5o
b s pslee il Glgs 5 s Juby s Bl 5 6 SU
53 sda] s aslin i S Lo s S Cul S e5Y
555555 Lt Ll adS 55 ooyl s s oLl bl
38 5 eslixal 5y g0

255055 (Sealia 3 9 poup LS5 (quoy - VY-V

o s o ey sn b Sl e LS Sl
2 A dalse 5l (Sl s Stgn sla, 5815 5 (Sealisgpae
QB 815 csle 5 (b 5l ey S Jle s 5 58 Sl
JUVES S| BT TIY W PR OV VTR I PV é;;‘g;w\ngJ
3l obiebl S gl vt wsls 58 Sl 5 sl &
@L:;}.u.x_& rl_".d‘)\_.l 9 L i lasl CL.J S § By
sacal ¥ Jgas s wls s SIS 93 0:Ske & 0w
Sxle sl gn & Ol b cd, e sl oS bl Lol
sl Cawsy liime S5 by pline C”L" RGNy
¥y v el e

S8 Suile  palsn 5 5 3 s =¥ s

S8 Subk (435 53 ) (2ol &
+/\00 \
/Y44 Y
< /Y0 ¥

S 5 5 LAl 2 S0 s adsl Cile S ) o - Y-Y-Y
J
A 52 Sk Ve B0 28 s Jiby 1 4l cle )
VoV o) ool & 5w 55 Judy 20 Gl 580 0, w5
b7 sl s of s S8 5 08 a0 4ids s 2
sl Bl 151 L o s e 05 55 el s 0251 )
Clle S s ealse £ GRIBIL e il o (2158
aids o s Yo ) Sl alsn & 5 il L sl sl e
ol aads 5o I T 4 ¥ sl alse £ 5 IG5
0 Jsax s oslsn sles 5 51 e s Bl ol nl e
el s es gl e S

Lo sl oyt 53 S8 o35Sl olsn ool sles 5 s

9 Jlu P ajlods

035555 Sl 23w Gro o 5l hase e L
bl 50 Gl sl ooy bt s (Sulasl
uaL'j.onj_.ae.\_.:;dJl_w\A.‘, d;;: JJ));‘...‘.;‘)LL oble u:..a““).‘)‘
SLaSsbog,l s [N0] el s sslea PNPL Ly
s o eSS (512 el 55 5 byl
e 2le oy gLl s (2 (NO2) 5205 55529
Gl S5 3 g led o B g0 | L“;w—:d'@;‘ﬁf{:-‘ Ll b
s LS5 oS wlhs s 05s) 1990 JLo s ol Kes 5 LS
s assls s glie y shal 1YL Sy CIS e
Jlbsa S w5500 -+ Iy Lae 53 552 90 oz slaacal sl
S 3 1553 Sl sledled wolsl LUl eSSl S o
oY Lol o sl e (58I 51 ol Tl es oo
Al Jsms 1l s e S Ve clile Sl Sie

1A ROWIN-PEF TP O LS P

0.6 -
0.5 4 — * — o
04
—-50ppm
8 0.3 4 —&— 75 ppm
02 —&— 100 ppm
-0~ 125ppm
0.1 4

0 10 20 30 40 50 60 70 80
(eelo) oley
Sle s oIS uin ST 5 8L aiy Sl s, -F S
Olsd S 5s 2 s e Sk \YO 510 VO O

125
. 100 4
= '_‘_‘s"‘\\\‘_‘ —— 50 ppm
&0
E 75 -0~ 75ppm
g —&— 100 ppm
8 50 —&— 125 ppm
2 5
£

25

0

T T T T T T T T 1

0 10 20 30 40 5 60 70 80
(celo) 0l

i 5 8k o by 2 F i s w5, -0 S

s S ke 1T 5V e V0L 0r slekile s S G
O3 &S s

! Sikkema et al.

ulsligal -


www.SID.ir

558 s 5e AScide SO B lm elioe nm IYY] 55 05 Ol 35008 50 Coam Dl 5 s
Cﬁ uwmd\.w\e&;&)‘)gub&wj.bj L.aj:.)ﬁ}b J—.ﬁ)))éﬁl—w.&ﬁ)s@)\}hcj &‘ﬁ‘b)))ﬁ@&;)cu
sanlie gosls ods 4ids 55 YOG /N0, sl aalidl e mslyn may a5l Uy Wb o a5l Gis
Gl i s i3s3 Y0 sl 5B S WS Gl Sl (s el sl oad 55 5 B S

Gl Blm ao s pslgn £ ey Rl S s 5 L
Ievl iy b dzlse a8l 5 eud wl g 2es e 5 Bl Gl

i s il 20U s 53 (st Lilane 5 il

50 4 1_
45 |
= 40 |
o0
g 35
g 30
O
£ 2
20 |
15 T T T T T 1
O T T T T T T 1
0 5 10 15 20 25 30
0 5 10 15 20 25 30
(el s (celo sl
- e A . e “’*f;‘}.}.} ’La’.\; _V & ) _ .
R eSS ST e A VI i S0 s 5 S a2 S s F S
G AT Tl sl A S Yol sl glog il ad 5o p Sba O e o5 S
ads p ¥
=
o
2
@]
[=%]
z
=%}
A by
25 ‘ o
0 5 10 15 20 25 30 35 40 0 10 20 30 40
(o) obs (cob) ob
chle 555 ST ST em s Jiby - T i Sl iy, -8 SS 3 S L ISIT g 25\ a, Sl wiss —A S
G000 AT Tl ol Sl 0 e Sl V8 VO sl gles 5 b md s S VO ClLE 155 S15n 55815
N AR)

OD

0 10 20 30 40 50

(eeble)oles

Ao rﬁ&:ﬁ Voo ckle pss Sl iS5 s mﬂ,@lﬁw;ﬁ.ﬂ.(//—d,:ﬂe aiy Slas g, =V IS
@3 VoV ool gl 3L

5 ulslagul 1#9- Jlu P aglods


www.SID.ir

S rSanis-¥
oo 288 3 258 Ul 5l oSG et (5 S
5 S ol sy gl il 3 by 5Ll
(P39 pte Ol sede sslas g8 Sl ol Kby
Gis aeo s SRl e e jea 8 a5 Rl esdle

—_
o
o

-

PNP Conc.(mg/L)

©
o
L

>®
o
1

70 4

1 é . 60
6«\-@3;.}Jﬁj&)jﬁ)ﬁ:j)u.bj\bdbpjjﬁ@jﬁ 50 T T T T |
i 5 i w55 a5 sl Sl aslsm slas 5 Lesile .

>J_{L°.;)§4Lﬁ&_.é}aw\4_<ﬁo\))¢“5q@d$u
PRGN Y PYE P PN P PRSP FWRCNER
o 53 sy bl 4yl clale 2530 IS
ol L libl 3 Bis gl JralS e s ses s ralS el
YU oslgn & 5 Gl 58y S sSlysm 5 0l5) S s i
ol ey | Blo so s o e Ll olas s i3 55 2

(colu) 0l

533,80 58 5s Jiby ¥ Gl gles wis, - VY USS
@by p VoV N sl g b ) pe Sle e 2l

sles 55 sl sleble 55 Juby s Bis 0l e -0 Jyur
ST FUP- FYWITRE CE R v

M;:&A\SCJ—L; @:;:M?qQT i ‘ﬁ‘j Slls ('/')"Js‘}“J}ﬁ’J}:':’J-"Jv\’ .

.. " . . Voo Yo O M}ﬁ&:’}'&.ﬁl&
FENART P RTRLIA gj—ﬁwy#yad‘daﬁtﬁ» (A3 p S ske)
-¥ O‘)—*‘ds’”b—")’ S O‘ﬁs‘tﬁ“""“ﬁ AL A8y g“')-“tﬁ
J_"JJDVJSL?L'A\.. J\ MSL@J‘&A.J}J uL»..u BL J‘Jj‘f"‘" (“‘:‘.ijbﬂJ)
W ST [CSUN I v SN L] JPges ARG M*/ava ; i ;
>JS\3_QJ3_:S\JJ“:LL:_~‘3A_~L.4:_..4‘:6}}4\:.:..._»;)_&[4.; v f‘\“/\/ Y ¢

-0

1- Tomei, M.C., Annesini, M.C., and Bussoletti, S. (2004). “4-Nitrophenol biodegradation in a sequencing batch
reactor: Kinetic study and effect of filling time. ” Water Research, 38, 375-384.

2- Chen, J., Rulkens, W.H., and Bruning, H. (1997). “Photochemical elimination of phenols and COD in
industrial wastewaters.” Water Science Technology, 35, 231-238.

3- Spain, J.C., Vanveld, P.A., Monti, C. A., Pritchard, P. H., and Cripe, C.R. (1984). “Comparison of p-
nitrophenol biodegradation in field and laboratory test systems.” Applied and Environmental Microbiology,
48 (5), 944-950.

4- Bhatti, Z. L., Toda H., and Furukawa, K. (2002). “P-Nitrophenol degradation by activated sludge attached on
nonwovens.” Water Research, 36, 1135-1142.

5- Kulkarni, M., and Chaudhari A. (2006). “Biodegradation of p-nitrophenol by P. putida.” Bioresource
Technology, 97, 982-988.

6- Burns, L., Bradley, S., and White, J. (1994). “Immunotoxicity of mono-nitrotoluenes in female B6C3F1 mice:
L. Para-nitrotoluene.” Drug and Chemical Toxicology, 17, 317-358.

7- USEPA.(1980). Ambient water quality for Nitrophenols, EPA-440/5 80-063, US Environmental Protection
Agency, Washington DC, USA.

8- Zhang, J., Sun, Zh., Li, Y., Peng, X., Li, W., and Yana, Y. (2008). “Biodegradation of p-nitrophenol by
Rhodococcus sp. CN6 with high cell surface hydrophobicity.” Hazardous Materials, 163, 723-728.
9- Bhushan, B., Chauhan, A.S., Samanta, K., and Rakesh, K.J. (2000). “Kinetics of biodegradation of p-
nitrophenol by different bacteria.” Biochemical and Biophysical Research Communications, 274, 626-630.
10- Wan, N., Gu, J.D., and Yan, Y. (2007). “Degradation of p-nitrophenol by Achromobacter xylosoxidans Ns
isolated from wetland sediment.” International Biodeterioration and Biodegradation, 59, 90-96.

11- Gemini, V.L., Gallego, A., Oliveira, V.M., Gomez, C.E., Manfio, G.P., and Korol, S.E. (2005).
“Biodegradation and detoxification of p-nitrophenol by Rhodococcus wratislaviensis.” International
Biodeterioration and Biodegradation, 55, 103-108.

119 Jlu P ajlods allsls g ol

R4l


www.SID.ir

12- USEPA. (1976). Water quality criteria, US Environmental Protection Agency, Washington, DC.

13- Spain, J.C., and Gibson, D.T. (1991). “Pathway for biodegradation of p-nitrophenol in a Moraxella sp.”
Applied and Environmental Microbiology, 57(3), 812-819.

14- Prakash, D., Chauhan, A., and Rakesh, K.J. (1996). “Plasmid-encoded degradation of p-nitrophenol by
Pseudomonas cepacia.” Biochemical and Biophysical Research Communications, 1036, 375-381.

15- Loser, C.A., and Hertelt, I. (1998). “Growth kinetics of the 4-nitrophenol degrading strain Pseudomonas
putida PNPL.” Acta Biotechnology, 18 (1), 29-41.

16- Ye, J., Singh, A.P., and Ward, O. (2004). “Biodegradation of nitroaromatics and other nitrogen-containing
xenobiotics.” Microbiology and Biotechnology, 20, 117-135.

17- Bajaj, M., Gallert, C., and Winter, J. (2008). “Biodegradation of high phenol containing synthetic wastewater
by an aerobic fixed bed reactor.” Bioresource Technology, 99(17), 8376-8381.

18- Vinod, A.V., and Reddy, G.V. (2006). “Mass transfer correlation for phenol biodegradation in a fluidized
bed bioreactor.” Hazardous Materials, 136, 727-734.

19- Viggiani, A., Olivieri, G., Siani, L., Donato, A.D., Marzocchell, A., Salatino, P., Barbieri, P., and Galli, E.
(2006). “An airlift biofilm reactor for the biodegradation of phenol by Pseudomonas stutzeri OX1.”
Biotechnology, 123, 464-477.

20- Saravanan, P., Pakshirajan, K., and Saha, P. (2008). “Biodegradation of phenol and m-cresol in a batch and
fed batch operated internal loop airlift bioreactor by indigenous mixed microbial culture predominantly
Pseudomonas sp.” Bioresource Technology, 99(18), 8553-8558.

21-Tomei, M. C., Annesini, M.C., Lubertia, R., Cento, G., and Senia, A. (2003). “Kinetics of 4-nitrophenol
biodegradation in a sequencing batch reactor.” Water Research, 37, 3803-3814.

22-Tomei, M.C., Annesini, M.C., Rita, S., and Daugulis, J.A. (2008). “Biodegradation of 4-nitrophenol in a
two-phase sequencing batch reactor: Concept demonstration, kinetics and modeling.” Applied Microbiology
Biotechnology, 80, 1105-1112.

23- Ray, P., Oubelli, M., and Loser, C. (1999). “Aerobic 4-nitrophenol degradation by microorganisms fixed in a
continuously working aerated solid-bed reactor.” Applied Microbiology and Biotechnology, 51, 284-290.

24- Khakbaz Varkani, M., and Naeimpoor, F. (2008). “Air lift bioreactor and its application on biological
removal of phenol.” 12" National Iranian Chemical Eng. Conf., Sahand University of Tech., Tabriz.
(In Persian)

25- Loh, K.C., and Liu, J. (2001). “External loop inversed fluidized bed airlift bioreactor (EIFBAB) for treating
high strength phenolic wastewater.” Chemical Engineering Science, 56, 6171-6176.

26- Freitas, C., Fialova, M., Zahradnik, J., and Teixeira, J. (2000). “Hydrodynamics of a three-phase external-
loop airlift bioreactor.” Chemical Engineering Science, 55, 4961-4972.

27- Nikaido, H. (2003). “Molecular basis of bacterial outer membrane permeability revisited.” Microbiology
Molecular Biology Review, 67, 593-656.

28- Rehman, A., Raza, Z. A., Afzal, M., and Khalid, Z.M. (2007). “Kinetics of p-nitrophenol degradation by
Pseudomonas pseudomallei wild and mutant strains.” Environmental Science and Health, 42, 1147-1154.
29- Zeyer, J., Kocher, H.P., and Timmis, K.N. (1986). “Influence of parasubstituents on the oxidative
metabolism of o-nitrophenols by Pseudomonas putida B2.” Applied Environmental Microbiology, 52, 334-

339.

30- Mehrnia, M.R., Towfighi, J., Bonakdarpour, B., and Akbarnejad, M.M. (2005). “Gas hold-up and oxygen
transfer in a draft-tube airlift bioreactor with petroleum-based liquids.” Biochemical Engineering, 22, 105-
110.

31- Sun, Sh., Liu, Ch., Wei, W., and Bao, X. (2006). “Hydrodynamics of an annulus airlift reactor.” Powder
Technology, 162, 201-07.

32-Yan, J., Jianping, W., Jing, B., Xiaoqiang, J., and Zongding, H. (2007). “Biodegradation of phenol at high
initial concentration by Alcaligenes faecalis.” Hazardous Materials, 147, 672-676.

33- Znad, H., Kasahara, N., and Kawase, Y. (2006). “Biological decomposition of herbicides (EPTC) by

activated sludge in a slurry bioreactor.” Process Biochemistry, 41, 1124-1128.

7 uleslagal 1#9- Jlu P aglods


www.SID.ir

