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Streptomyces albido flavus 72 F Micrococcus luteus 73, % 2B & 3 AT E X L%, HF H Z1.
2223 MWLy 13 3. B EM MR TREW. GRWHL, RoWl ¥ ERNF
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RTBAHERBETURRB ARG A ERAFR A HERXORBE £ RN . BE6H
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Tab.1 Three strains to degrade nitrobenzene
T bk 4 B GenBank ¥ 345 % I Fi (R 58 5
Rhodotorula mucilaginosa 71 DQ778627 CGMCC No. 1758
Streptomyces albido flavus 72~ DQ855477 CGMCC No. 1759
Micrococcus luteus 73 DQ855476 CGMCC No. 1760

1.2 Higedk

TEHLEE 3% 3% £ . Na, HPO, « 12H,0 7.0 g/L,
KH,PO, 1. 0 g/L, CaCl, + 2H,0 0. 01 g/L,
MgSO, « 7TH,0 0. 02 g/L. ¥ B4k 0. 002 g/L,
pH 7.0.

[T 44 A5F THT B FR L AE O HLER G SR P i A
2% B8 A1 100 mg/L Y FEZK.
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1.3 B A i RE 4 dpe it 52 e B 0y o
LRI FRHE T A 2% B BR . LA 5
K (100~1 800 mg/ L) Ay Mk —h . & IR Bl F 4 . WL
SEEARTE TCHLER P A b i A KA L.
1.4 RARMNANGRIE A
TELHLER R 7 3, LU F b & 9 (20~ 100
mg/ L) JpME— BRI, 7E S AERE AR A5 T B EIR G
TR N 5 B AL G 0 ) B A A O
1.5 AW F UL K S iy oo e 3 £#
g R 6 A 119 2 e
ETHLEREE SIS ImA 2% ~10% NaCl 1
200 mg/L FYHEOR , 76 S AERE IR 25 110 T . B4R T
Xof i R o e 1 5
TETCALEE By 2 £ b, A 50~ 200 mg/L &
M F1 200 mg/L Al FEOR  FE B AR R 2R 11 T, B 4%
% Ty Xof T R A R 1 5
TETHLER B SR b, A 25 ~100 mg/L %
e Hl 200 mg/L A B8 AE e AR B AR A5 0 T . B 5%
R e Xof T S R R e 1 52
1.6 »HrJiik
1.6.1 BAMHE(TOO R T R TOC-5000
S3HTAX (Shimadzu, H A% & 75 2k 0L SCHER[S .
1.6.2 AEARFORENE R SRR (G
E Agilent 2% & Agilent 1100). 6% & 4. (603%
#H,XDB-Cjs (4. 6 mm X 150 mm, 5 pm, Agilent
ANFEDSHEI ML VAR EE « VOK) « V(EERR) =
70 :29 ¢ 153, 0. 9 mL/min; UV ¥ |, 268
nm; AR, 20 °C;#EEE, 20 L.
1.6.3 HteAHpsmk Ealx KA JASCOV-
560 24T WL 43 60 BE T 2

2 gl Svhie

2.1 IEASEERAE AL

FETCALER 15 77 56 LUK A 9 L m A 3 k5
B A B (LT R ) 8 10 mg/ L, 3 IRIEAS %
(R 2L HETZ G LR 3 28 19 L B A % g (h™ D)
FAERR S 21,22 .73 R AER . B — SR
BIHEAT 3 WCE 52 LI, I 4 B R AT R T B

26 2RI, Z1 J2 52 M i 35 O LU B il R 1)
RN Wl 23,22, %5236 45 B 505 243
Bl e — B (L3 3).

Y 21.722.73 B AER L A 1 2 3 3.
k2 EXERHRER

Tab. 2 Results of orthogonal experiments

M %
RN 4 q/h™!
71 72 Z3
1 1 1 1 0. 929
2 1 2 2 1.004
3 1 3 3 1. 200
4 2 2 3 0.931
5 2 3 1 0.812
6 2 1 2 0.763
7 3 3 2 0.712
8 3 1 3 0.670
9 3 2 1 0. 620
ki 3.132 2.361 2.361
ks 2.505 2.556 2.478
ks 2.001 2.742 2. 802
KT 1 3 3
K, 1. 044 0.787 0.787
K 0. 835 0. 852 0. 826
K 0. 667 0. 908 0. 934
R 0. 337 0.121 0. 147
F I 71 73 72

£3 ERERFELHMN

Tab. 3 Variance analysis to the orthogonal
experiments
A% df ss s? F Fo o1
73 2 0.214  0.107 107.000 99.000
72 2 0.022 0.011 11.000 99.000
Z1 2 0.036 0.018 18.000 99.000
R 2% 2 0.002  0.001
BAE S 0.274

2.2 RAWE 3 BRI R LR

AW T IR A TR 3 Bk o T A R i
5 PR AH LE . FE A R 46 W B 200 mg/ L 1Y
ZAEE R G T AT A BN W B PR BT A 1F T R A
Tl L2 O ELIR A 0T i 22 2R 1) e R TR A2 o T2 42

N @j

3 RAWAEKIE

K1 ER TR R (NB) W) 5E YR R 200
mg/L B, 76 5 A A 2 1 IR A B0 A Kl 46
(oo NBMT ). AT, 36 h R A B XAy
FEIE MR R R 98, 8%, TOC KB N 99. 2%,
TR IR B A bR AR AR K
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Tab.4 The comparison of degrading characteristics between the consortium and pure strains

HRE WRE/TC pH B/ (remin~ ') $ERE/(mg « L01) BEMERTE /D TOC £BRZE/ % BRMZEE/(mg - LD

Z1 20~40 5.0~9.0 180 9 60 98.62 450
72 25~35 6.0~9.0 150 12 72 98.69 400
73 20~35 6.0~9.5 150 9 120 99.13 250
BEHE  15~40 4.0~10.0 150 10 36 99. 20 1 500
REHED 30 7.0 150 10
1) i W 1 2 1
120 JEEYIIE B, X AT RE S AR W 2 18] AR B A 0 AR
~ 200} 100 IRAHREE A HE Z A ML R
a ]
& 150 g0 ~ 2.5 W)UEHe AT i A 5 R 1) 5
> b - 2 3 43 TR D B A
Z 100f —=—P(NB) 160 & R e
I —e—p(TOC) s X} il J A A o A AN AR R, i TR 2 T DL B i
~ L 140 N\ T 2
g % AU W T S0 TR T S R Y g
g of 20 JREE I 24 75 35 %) B4 7 B 600 mag/L it 4 60 h
0 5 10 15 20 25 30 35 40 B30 44, 45 %0 SE K 2 120 h, JL-P 58 42 B fig.
t/h 3 AT 0L, i 2 A i 2R LR R P R BN IR A
1l BAEAKHL AR BN, 24 UG e =400 mg/L B IR A
Fig. 1 The growth curves of the consortium
R . 600 —=— 200 mg/L
2.4 RA ARSI R 500 —o—300 mg/L
W16 5 R + 3 4 A M 36 4 B LA O 9 40 iy

£5 RAWT R RIE A A 600 mg/L

Tab.5 The utilization of various carbon sources 00
by the consortium 100

72 Z3 0 12 24 36 48 60 72 84 96 108120

P(NB)/(mg-L")

I — itk 15 R Z1
CETS + - - + t/h
Ei17 + - - - RN e =
2 + 7 7
L m B2 AR AR A
B + — — — Fig. 2 The degradation of nitrobenzene by the
RS - - - o consortium at different initial concentrations
[IFS + - - -
PR + - - -
AR A FE 2R H R + + - — 150 72 9%h 120h
PORTEE- + - - - 130 - 48 h :
71 + + + + 110F 36h
M i Y + + + - o
6RILMIE TR+ + + - % I
SELMETR  — - — — E np
K + o+ + - 2 gl
K - - = -
&0 G S 1y =+ - + - or Z
. 4 _ _ _ 10
. gig . 200 300 400 500 600
. . P(NB)/(mg'L")
I - - - B B3 A14kkEI R AW A K&
8- Kk s - - — —
DU 4 + _ _ _ Fig. 3 The growth of the consortium at

W+ FRRAK —RRAEK different initial concentrations
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AR RIS K, 5] iR R B 400 mg/L B
PR A LE 2 A R Y B R R AR B 98 Do )L TR A
B AERI L6 M B 500 F 600 mg/ L i A 1 2 2 1
WK T 3.15% 1 4. 68%.
2.6 IR TERIERIE TR R AL AL A0 I fif

W H R (— Ll NaCl i 0 B0 i
3V WK HME T B AL 0 A Ak b 3R 4
N AE B AR B R R PR RN R R W) IR Wk B
200 mg/LI,EREE N 2%, 1R A B0 i FE 28 1Y 9% it
R FE 5 E B R 3% R 5 Y0 i IR A T X Y
() B f R 43 S AE 84 h Al 106 h 35 97. 08 % F
90. 80 %0 s MERIE H 7 Y0 A 10 %6 B, il 5L T B [ it
KB R R L PR R ) 25 4E K & 120 b A 3
R W A 2 AT TT 5K 47, 15 % A1 26, 55 %, fh AT
U TR B DA LA B I T R, T e R B <5 D0 1
ST A A% ik A R

2003
180
160
140
120f
100 f
80
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471
20f
0 12 24 36 48 60 72 84 96 108 120 132
t/h
B4 Be AR R BT TR 2R Ry AR

Fig. 4 The degradation of nitrobenzene by the

P(NB)/(mg-L™")

consortium in high salinity

2.7 AT VAR AR By sl 5 0 A % A A ke

HETR 1y o fit

Pl 5 16 43 R T AE B A R g A5 F TR il
RYNIR R EE S 200 mg/ L B, 2 By F K i A7 7
i S TR 19 B A SR B M o (phenol) <<100 mg/
L I TR T X 14 R A AN 52 52 ) 214 R 1 i
JE 09 150 mg/L B, Al B (1 R A 52 B M L 36 h
T B AR R i 5 Ol 56. 64260 MIRPIR BE o(NA) =
75 mg/L W, I 5 TR A W 6 M L 3E R L 36 h
i BE AR B i 32 0 32,56 0.

200

150

100 | P(phenol)
—v—50 mg/L
| —=— 100 mg/L
—=—150 mg/L
——200 mg/L
0 5 10 15 20 25 30 35 40
t/h
S REWAERRFATHERNEM

Fig. 5 The degradation of nitrobenzene by the

P(NB)/(mg-L")

50

consortium in the presence of phenol

200 p

150

- P(NA)
——25mg/L
——50 mg/L
——T75mg/L
——100 mg/L
0 5 10 15 20 25 30 35 40
t/h

B6 RAWAERMEAETHERNEM

Fig. 6 The degradation of nitrobenzene by the

100

P(NB)/(mg-L™)

50

consortium in the presence of aniline
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i 3 I B8 S A5 3 R A B A R AR A B
Z1.22 M Z3 IR G W ERAERC L 1+ 3 ¢ 3, 7RI
filt A TR G T TR G TR I A R O Y IR A R
fif# 50 30 °C ,pH 7. 0,150 r/min, /b (TR
)10 mg/L. 5 3 BR BT A LL IR G T R 05 1 8K
200 ST R A R R OF B BRI
Y3 L YR A TR AT TE 500 1 R R A5 R R A Rk R
B 2. 21 25 1y Bl 2K e R K (200 mg/L) 3k
FE 2R B R i (4 990 46 VA€ 32 43 9 24 100 mg/ L il
50 mg/L . IR A B R I B R S 252 . I
TR S 25 R W G B A B Y 0 B A

=R
L.



816 X # # I A ¥ ¥ #

549 %

2% 3Cik :

[1] BARTHAR O Y. Removal of nitrobenzene vapors by
a tricking air biofilter [J]. Journal of Industrial
Microbiology and Biotechnology, 1997, 18(2):
293-296

[2] CHAUHAN A. JAIN P K. Degradation of

o-nitrobenzoate via anthranilic acid(o-aminobenzoate)

by Arthrobacter protophormiae: A plasmid-encoded
new pathway [J]. Biochemical and Biophysical
Research Communications, 2000, 267(1) :236-244

[3] HAIGLER B E, SPAIN ] C. Biotransformation of
nitrobenzene by  bacteria  containing  toluene

degradative pathways [ J]. Applied and Environmental

Microbiology, 1991, 57(11):3156-3161

(4] X8, EAR, “RALTT R FH” §REG R

H M I, 2004, 29(2):30-34

(7] %k 7 BRRAE.BEX.%. ¢WERRATED L
KHE A AT, Tk k4L, 2003, 23(6):18-20

[8] WU Z. WANG P. The determination and application
of total organic carbon (TOC) in the environmental
monitoring [ J]. Marine Environmental Science, 1995,
14(1) :44-49

[9] MORI Y. Characterization of a symbiotic coculture of
Clostridium  thermohydrosul furicum  YM3  and
Clostridium thermocellum YM4 [J]. Applied and
Environmental Microbiology, 1990, 56(1):37-42

[10] MURRAY W D.

Symbiotic  relationship  of

Bacteroides cellulosolvens and Clostridium
soccharolyticum in cellulose fermentation [J].
Applied and Environmental Microbiology, 1986,

51(4):710-714

(J]. LA A#, 2006, 19(2):152-154 [11] WOOLARD C R, RVINE R L. Treatment of

(5] 2% . ey, AEdE. HERFARMEENRF
WA R J] F Ak F F AR, 2006,
28(50) :552-555

(6] B .50 . Ew#EREKGEFRHREL]L

hypersaline wastewater in the sequencing batch

reactor [J]. [Elsevier Science, 1995, 29(4).

1159-1168

Construction of microbial consortium and
its directly aerobic biodegradation of nitrobenzene

WANG Jing" . WANG Jing. ZHENG Chun-li, ZHOU Ji-ti. LU Hong. QU Yuan-yuan

( School of Environmental and Biological Science and Technology, Dalian University of Technology, Dalian 116024, China )

Abstract: Three effective nitrobenzene degrading strains, Rhodotorula mucilaginosa 71,
Streptomyces albido flavus 72 and Micrococcus luteus 73 were isolated and identified. A defined
microbial consortium was constructed through orthogonal experiments by using Z1, Z2 and Z3. The
optimal ratio of Z1 to Z2 to Z3 is 1 + 3 + 3. Compared with pure strains, the consortium can degrade
nitrobenzene under severe conditions and has a wider substrates range. Considering the characteristics
of actual nitrobenzene wastewater, nitrobenzene degradation was investigated by the consortium under
high salinity, as well as phenol or aniline co-existence with nitrobenzene. The consortium can degrade
nitrobenzene effectively in high salinity of 5% (NaCl). The degradation of nitrobenzene (200 mg/L)

by the consortium is not influenced in the presence of 100 mg/L phenol or 50 mg/L aniline.

Key words: nitrobenzene; salinity; phenol; aniline; aerobic biodegradation



