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%% B 16S rDNA M5 541 #h oAV B, vARARIZFAIZ R B MR T10 *F KB a9 e fig & o 38
A7, ARG AR EATHRAL, [4R] @4 T10 2% 2% Je i (Pseudomonas putida).
AmBEE., BOMAAREL TIOANAERKA Y, FTHERBOGMRERS LT, £
B R4 AR L A 10%. =% 4 30 °C. 451k A 180 rimin &4F T, *t 4046 R\ R E .
pH Fe R S8y B @b s R4 T M4 KB KE 3 000 mg/L. pH 7.5 o R
80 mL/250 mL, kB &M FE R G TiA%) 87.56%. [436] T10 #4845 &% 45 & iR 69 4
BrJk K, JF Bt REr A BORG TR A, AT —F AR A4k A 28 A8 R KR AEHF
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Identification of degradative bacterium of phenol and its
degradation characterization

LI Hui-Juan ZHAO Cong WANG Li~ CAO Zhi-Kun SHAO Xian-Xiang
(College of Chemical and Environmental Engineering, Shandong University of Science and Technology,
Qingdao, Shandong 266519, China)

Abstract: [Objective] A phenol-degradative strain named T10 which was isolated from the
soil sample of a chemical plant was identified, and increased degradative rate of phenol by op-
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timizing the growth conditions. [Methods] The strain was identified by morphological obser-
vation, physiological and biochemical properties and 16S rDNA sequence analysis. The phe-
nol-degradative capacity of strain T10 was analyzed when they were cultured in a series of
liquid media containing different pH, initial phenol concentration and liquid volume. [Results]
The strain T10 belongs to Pseudomonas putida. Glucose and peptone can reduce growth period
of strain T10, and the degradation rate of phenol was improved 1.7 times. Under the condition
of inoculating concentration 10%, 30 °C and 180 r/min, the phenol removal rate of strain T10
could reach 87.56% when initial phenol concentration, pH and liquid volume were
3 000 mg/L, 7.5, 80 mL/250 mL, respectively. [Conclusion] The experimental data show that
strain T10 can tolerate wastewater containing higher concentration phenol, and has stronger
degradation ability on phenol. These results would provide reliable basis for further treatment
of wastewater containing phenol by the means of biological method.

Keywords: Pseudomonas putida, Phenol, Degradating characterization, Response surface

methodology

K E T =2 R, XK EERK,
P IGE | B RS SN A T AT A A A
Mo RE AR LHA AR, iR,
BES IR ™ B A, BN, Mok o
WEEFF2E 0 0.1 mo/L B, £ R 23 2R IR R
B T 24K ORI BER R 5-25 mg/L B, a2k
AP ERAET P AR R AT A ) 3 R IR T
M. . XEAC. WBRE. 458, Ykl RIARLLK
T2 Tk K v, A e K 2R s (Y HE
T FE 535 3 000—4 000 mg/LB 4, ) 2 At
WK, ZRE R Rk 10 000 mg/LB, Tk
W I K B R S HE R 45 PR B R T BT L,
A T N B A 0 A BB, 5
UM TR R R, EEAERY N
(Environmental protection agency, EPA)MLE &K
H R SRR T 0.1 mo/L®, FRETG KA HE
PR IE(GBBIT8-1996) i, 4 & B iy — U bRifE: |
HARUERN = RESr 512 0.5.0.5 A1 2.0 mg/L.

H HTAS S R K () 5k A R AE . |
WGP | f i . bR A=y

R e o A R e — R e B AT 3k R
BRI T, B RAFRR T, R
DL B S T 3 A% A 2 (R B 7 i (Pseudomonas) . A~
ST @ (Acinetobacter) 22 381U fH B g f % 4
Vi 14 R ek 2 — JBCAE 2 000 mg/L 7247
ARSI MEAR T 1) R RUK AR R 3o 45
2| 9 BRREIERE MR TR RE, g5k T10 1Y
PRI VKRBT 52 2R I Ve B i 1% 3 500 mg/L, @i 16S
rDNA JF51) ., JEZA . A B AR5 i % s kA T
THILETE, XTI R R T T R
GtiaR, AR A R PR K B R IR

1 MRS

1.1 EFE

(1) 2216 KRk FebEfhiLd) 0.1%, &AM
0.5%; [EI{AEEFRELRIIN 2.0%35 05

(2) MSM 5% (g/L): NH;NO;3 1.00, NaCl

0.20, MgSO,7H,O 0.20, K;SO, 0.20, K;HPO,
0.50, KH,PO, 0.50, FeCl, 0.01, H 10% NaOH i

pH & 7.0,
1.2 R AE
1.2.1 BEFKIFEIE: WAL T REMIKEE 1 mL
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FIHRE 1 g 43542 A L)L 500 mg/L 2K ) Sy E— B U5
) 20 mL MSM 3}z, 30 °C. 180 r/min #R%
Fi3% 5d; B L mL IR A 20 mL iR K
FRFkrh, 30 °C., 180 r/min JR¥%155F 5.d; AHARAE
3G, FIEFR MRS R BETE 2216 ARG TR
B ERIZHESR, WRTETETEZ W m AR R
MSM #5555 B HEA T 32 PR S0, 2R I i 52 1
TR B ey I PR A T S 2255 50 o

1.2.2 BHREE: (1) JBEEEE: 7F 2216 [E{ALE
FRAEEPRIZIE TR T10 W, B EEERTE 5 mL
2216 WAk SR HE Y, 30 °C }57% 24 h, AW
1%BEE IR YL (0, FEBE ST EE (TS JEM-100CXII)
SR TR AR A, I IEAH

(2) 7Y% H4iE DNA 2 Bl ) &
(TIANGEN) 48 U241 7 2 R 240 DNA, DL R4
DNA A, 27F #1 1492R 4 16S rDNA 5]
#47 PCR. PCR ™Ik /G, FHBEREHEEERL [k
A G (TIANGEN) IR 2y 1.5 kb 19 H IS,
4R pMD-18T #iAR (LA T), A kF E. coli
DH50 Bz A4, K P 2 ik b iR
YA R FIDNY . R EFS 2% 16S rDNA JF
Sl 1t BLAST 45 GenBank HiAH & 41 AT
Fexf, FHHIH MEGA 4.0 BT B384 Mk
PEAA,

(3) oA LR M K 2216 [FiA
SR L BB T A I VE A I . R . AR (R
L PIBRABE A= 05) 1 DNA B [E ARG 75 1
%Ik, 30 °C 53¢ 2-3 d, % HARR BRI o 43
SIEC 100 pL BIEANA 5 mL AR ER | IV ANBRER TR
AR 77 i T DK il 565 o B A kv, S HOAH R AR,
T AH R ER I R B RGP . K 3%ryid AL R
VST 3B R b, b R R L Akl
1.2.3 TI10 WFREAPERFFFIERIRA SR T10 WHEFITE
2216 WARREFEIL R 12 h (30 °C. 180 r/min),
DL 10% AR R T MSM BEgE3krh, $ieiiE
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FIRILAAR IR EE . pH (FH 1 mol/L HCI 5 1 mol/L
NaOH 57 ) F i FE Rz H 5% B 1A o 4T
BRI 0.1%FMInBR IR (i Ag ks . REAE . SBREN) AN
0.1%/MIMAIR (FE H R MSM 15723 R 7 1%
I o KA 4-F IR AL E & R rh oK
WREE, AR AR e I TR M L BR

1.2.4 WARIELEME T10 BFEMEEEIRIEH: LU
WITRZR BB . pH I S A A e 1 TR AR A 1
PIZR, DA 9 25 5 25 hy e IO A (Y) 647 Hh o 40
Hucit, IR Design Expert 1755
T BAERE AT DAL S, Z AR R, i
FES R EIAKT

2 G50

21 BHHHIES. £BEUMSFEEER

TI0 Wk B b E e, ANEN, BRI, 5%
1.0 mm—-2.0 mm, T, HIERSEER, £t
WAERE, IR, nE 1A FiR . FEE R
W SR R EDE, TR, K21 um A
i, F829 700 nm 247, i 1B FR.

TL10 TR A9 A BHLA: £b 25 5 25 1 S 7 i ) ik
fiff | AHERER AN AHIRER A JFRE Sy M BH I, Ve e |
R . A . DNA Bl SE2 A F o H T
MER T10 HkE 16S rDNA FEFI4E R (K 2)4&
NCBI 3 I BLAST %t e e xt, 255 3E 5
I —EE KT 97% P31 4ok H TG RAB
PRI T i (Pseudomonas sp.). it MEGA 4.0 4%
HHATRESTIT RN R G L BEWILE 2, 1F

1 T10 BEEE(A)RIES BEE(B) (19 000x)
Fig. 1 Colony (A) and transmission electron micro-
graph (B) of strain T10 (19 000x)
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AATTCGAGCTCGGTACCCGGGGATCCTCTAGAGATTCCAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTC
GAGCGGATGAAAGGAGCTTGCTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGACAACGTTTCGAAAG
GAACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCCTTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTG
AGGTAATGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGG
CAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTG
GGAGGAAGGGTTGTAGATTAATACTCTGCAATTTTGACGTTACCGACAGAATAAGCACCGGCTAACTCTGTGCCAGCAGCCGCGGTAATACAGA
GGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAACTG
CATCCAAAACTGGCAAGCTAGAGTATGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCG
AAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG
TCAACTAGCCGTTGGGAGCCTTGAGCTCTTAGTGGCGCAGCTAACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAA
TGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGCCTTGACATCCAATGAACTTT
CCAGAGATGGATTGGTGCCTTCGGGAACATTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAAC
GAGCGCAACCCTTGTCCTTAGTTACCAGCACGTAATGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCA
AGTCATCATGGCCCTTACGGCCTGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAA
CCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGGTGAATACGTTCCC
GGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCACCAGAAGTAGCTAGTCTAACCTTCGGGAGGACGGTTACCACGGTGTGATT
CATGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAAATCGTCGACCTGCAGGCAGCAA

Pseudomonas sp. JLF-a390 (FM201274)

Pseudomonas sp. Ps 3-10 (AF468450)
Pseudomonas jessenii (AF068259)
— Pseudomonas reinekei MT1T (AM293565)
T10

68 Pseudomonas putida Tg (EU275363)
93

Pseudomonas sp. Ps 9-14 (AF468452)

] Pseudomonas moraviensis CCM 7280 (AY970952)

Pseudomonas chlororaphis JF3835 (FJ168539)

%8 Pseudomonas tolaasii (D84028)
97 { Pseudomonas orientalis (AF064457)
80 Pseudomonas trivialis DSM 14937" (AJ492831)
Pseudomonas lutea OK2 (AY364537)
Pseudomonas fulva NRIC 0180" (AB060136)
64 Pseudomonas vranovensis CCM 7279 (AY970951)
—
0.002

2 T10 E#kAY 16S IDNA FHILERFIRLE L ER
Fig. 2 The sequence and construction of the phylogenic tree by 16S rDNA of strain T10
Note: Bootstrap percentages (from 1 000 replicates) are indicated at nodes. Bar, 0.002 substitutions per nucleotide position.

UTE€a 07/t I Ea o NI R i b7/ D B ST U] a8 e
fiEo T10 % 10% 5t A Fh TR A 5 1001
41500, 2250, 3000, 3 750 F1 4 500 mg/L F)
MSM 17573 (pH 7.0), 30°C., 180 r/min &4

15 Rk, T10 5 P. putida Tg w7k [A] PP ik
99% LA I, Uk, T10 B J& % 5L P
(Pseudomonas putida T10).

2.2 TI10 HAEPPEMEFF RV R

221 VHAEEHREX T10 EFEREERIFIN:
KA —FATEAYLY, HW RS IRA G

TEIRIR A B TR, Ay IAERSEFE 48 h F11 96 h )5 BURE
AW v BE 25 a1 3 s, 537 48 hif, T10
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RO AR T E A W10 B, T BAEAS IR0 2R B vk
TRAEHEZES, B3 96 h 5, RkEAE
1500-3 000 mg/L yl[El N, FEREREMREYRE 145
U, HORW LBRRIE T 85%, FEARMKIE Rk
3 000 mg/L B, ZBRIFAh 85.16%; (HAI4G A
WEE =3 750 mg/L B, BRI AR T A E 0 K
FERRAR, ZREAE 30%, BEIARRA: Ktz 210
WG FEBARR B R EE O N, TR RRR I A
FHPR AR R E— A B U5 R RE L T B AR s e
FER By HLA SR AN B, X E R EE
K, MHIAEERNAERK, SEORE BEARET T %
DASIE B SR SRS st i, IRG AR E E h
3000 mg/L.

90

80+ P v Z 048 h

o @96 h

50+

%V.V.RF%%

1 500 2250 3 000 3750 4500
Initial phenol concentration (mg/L)

B 3 #IAFENIKE X T10 HFEMRARE A S NE
Fig. 3 Influence of initial phenol concentration on
phenol degradation of strain T10

Phenol removal percentage (%)

222 FREI T10 FPEREEERRISFAD: FIFE
15 4L W) AT A28 i B0 W B A SR T I R e i A
MR, TR P A PG R F T EAT T 58
2L CO,. H,0 Il NH,M ., Szt rfsg F e 1k-
BRI RT TR 25 58 T10 BRI 405 R 17
i, ZERRIAFEIRIGF 0 B e s R AR
Priein 20%, SRE LRSS T 23% (Bl
7)), WIACHERT T10 oM A4, T8 A S s
AR . Wi i A R A R
SN PR R A R AR RO . AR SE00 M AT 12
L PO A [ 2 B S R 7 e SR %o T A R e S 1
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REAYSZIR . K5 T10 BRIH% 100642 Pl 2 Fh T AN r) 3%
(30, 50, 80, 100 #1 120 mL/250 mL)f MSM
RE SRR (WA B e E 4 3 000 mg/L, pH 7.0)H7,
30 °C. 180 r/min A4 M EHESRZ S 48 h, HUHE
TR BE L 45 L ULIE] 4: SEWi o 30-80 mL ji
IR, KBy ZBRRITE 44%, HEE AT 5%;
MR R T 80 mL B, YA v e 4L & B I i
AR, WREREZE, KBAREANE 30%, &
JEEILPRIE T, — kMR K, TAERCRE,
e RE 80 mL Iy = .

e

0 30 60 90 120 150

N BN
(=N =}

Phenol removal
percentage (%)

(=)

Liquid volume (mL)

4 FRBEX T10 EFERFRENRISFI0
Fig. 4 Influence of liquid volume on phenol degrada-
tion of strain T10

2.2.3 % pH 3 T10 BFEMEEEIRIFI: B3
SLAY pH AOCEMR R, B PR
4 T10 B4 10%4E R 4200 T AW pH (6.0, 7.0,
7.5, 8.0 Fl 8.5)MWILG AR B 3 000 mg/L
MSM $5 3256, 30 °C. 180 r/min &4 T 1H IR R
Vil 48 h, WOREMIPR IR B, 25 5L LRI 5, &
W], BEMRAE pH 7.0-8.0 2 Al A A s i % A
T, 48 h I 223553 30%L |, pH 7.5 IR Y
RN 39.03%; 1E pH<6.0 Fil pH=8.5 I}, %
By BRI T 20%, FEACR SAS I IR EE T,
BRI R ) 2 T AR i 1 52 2 3, pH ] BB 3 52 )
R Ty 1) 5 - Al RN R T o8 fge o R v A DG B 1
A WIE R, A5 DAOR AR R i — B 5 RN RE DR Y 1
AR R RE D T B, AR TRy A=
K, R A R i R B0 kst
B T10 DARRREAR AR (1) il w1 s pH R 7.5,
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Fig. 5 Influence of pH on phenol degradation of strain
T10

224 SdEREFAEIER T10 HPEEFRINRI R
ma: 5T & B AT A L I T T 1 A2 1Y)
o R FEE JES W 0 o) T 3 a8 R A R AR B AL B
B VR AR 2 Bl SR W 9 i 2 ), ARSI A
WITAZE Y > 3 000 mg/L MSM (pH 7.5)15 5%
Ferf, SE N 0.1%S MG IE (A b, TERE A
CBREN)F 0.1% 50 fin A (FE H FR), 30 °C.
180 r/min 5 F THIRIRZ HEFE 48 h, HUREIR L
WeRE . 25 UL 6, 20 48 h BRI, MSM 1
5 35 v 43 A TN B 1 R R AR 25 W ) TR AR AR R A
1, ODgoo T4 L E 1.4 F1 0.6, X156 B8 3 ¥R
/Ui R P Y ORI 28 A 08 7 5 SN ] P 4 e A
Yk, W 7 WTLAE G, ARSI R A
MITEOLT, T10 TR & A 2R 1 1 5 24 A 4 v,
IR FIE 80%LL 1, FLIR] AR I AS SR
Tnas IR AR IERT T10 BARRE AR AR B 3% (46.5%) 2
U LTAE, FEARIBRIE Y, 2R T10 TR R
A BH AR IEVEFE, 5537 48 h XA Y
fif IR 5] 81%., WS IR FE R A 0E— J7 I g s i
HEER G S R B A DGR, 50— T A2
W 5528 2 (R AE R e el e, AT 855
TR R A I T R A K A 1 R0 s s
X SRR COD Y E (151 8), A& I 4 Bl 7 TR 14
AR RET COD Tk E4EIE 70%, W& & T
Hoh B N AR, 2 AR 2 i 2 A o i
HERARR A, B T AR R R, A

AR USAGIHE XS 5 B R 26 8 (4 A,
B Lob SFABFFT e R—80, Ll 4 i
AR SR IRD, 82 o T R e A I ) kR AR B 1
e

1.6
14
1.2 F §
s 1.0+ \
S 08 | \
0.6
04 | §§
02 r
0 1 1 @ 1 l§§
Peptone  Glucose  Sucrose NaAc

E 6 SMniRFIFIRXS T10 EEKHIFMN
Fig. 6 Effect of additional carbon and nitrogen source
on the growth of strain T10
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g 8 r §
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2,

g 40 F NN

5 20 | N
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B 7 SMniREFAEIRX T10 BB AY R0
Fig. 7 Effect of additional carbon and nitrogen source
on degradation capacity of strain T10

80
70 |
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50
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0 1 oSS 1
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COD contribution percentage (%)
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B8 JSMnEkiRFNEIRTE T10 BRI ZF2H9 COD
Tk

Fig. 8 Effect of additional carbon and nitrogen source
on COD for degradation capacity of strain T10
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225 MZEEML T10 BEEBERRIES
52 AR 7 T A3 AT S AR A4 Design expert 511
T 3 HIER 5K 1)3k 20 ASSEg s AT e L T
GYHT, SRR HE RS A R (B FRE 96 h HiURE

R1 KBSEFKT
Table 1 Experimental parameters and levels

M5E) . ARy 22 5047 W3R 2 A5k 3. 20 451
IS Wi —2REAT R A, JE 14 A, —2RE
FECOAXEA O S, BAER 6 K, HTMET

R AINIT L

IKF-
= Level
Factors -1.68 1 0 1 1.68
A: pH 6.66 7.00 7.50 8.00 8.34
Y TA=R
B.' %ﬁi 63.18 70.00 80.00 90.00 96.82
Liquid volume (mL)
- LT T Sk B
C: WAL 1738.66 2 250.00 3000.00 3750.00 4261.34

Initial phenol concentration (mg/L)

R2 KRRIHTRRER

Table 2 Experimental design and results

Factor A Ea(itBrEB Fei(itor\fi Expiringental ‘v’a lue
Run oH A o AR M R BRAR
Liquid volume (mL) Initial phenol concentration (mg/L) Phenol removal rate (%)
1 7.00 70.00 2250.00 70.90
2 7.00 90.00 3750.00 64.63
3 7.50 80.00 4261.34 72.82
4 7.00 70.00 3750.00 68.15
5 7.50 80.00 3000.00 87.48
6 7.00 90.00 2 250.00 64.46
7 7.50 80.00 3000.00 87.40
8 7.50 80.00 3000.00 87.30
9 7.50 63.18 3000.00 69.92
10 8.00 70.00 3750.00 59.16
11 7.50 96.82 3000.00 66.76
12 7.50 80.00 1738.66 69.33
13 6.66 80.00 3000.00 65.62
14 8.34 80.00 3000.00 65.54
15 8.00 90.00 3750.00 61.83
16 8.00 70.00 2 250.00 67.97
17 7.50 80.00 3000.00 87.56
18 8.00 90.00 2 250.00 70.08
19 7.50 80.00 3000.00 87.50
20 7.50 80.00 3000.00 87.30

http://journals.im.ac.cn/wswxtbcn
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Table 3 Regression model anova table
AR I Fi o ¥y )i F K DrobSE
Source Sum of Squares Mean Square F value
Model 1890.44 9 210.05 41.37 <0.000 1
A: pH 6.24 1 6.24 1.23 0.293 2
B Y =N
B.' %@i 8.06 1 8.06 1.59 0.236 0
Liquid volume (mL)
- 7 VAN Sz B
C: PURAMAE 13.89 1 13.89 2.73 0.1291
Initial phenol concentration (mg/L)
AB 27.16 1 27.16 5.35 0.043 2
AC 26.21 1 26.21 5.17 0.046 4
BC 1.51 1 1.51 0.30 0.596 9
A? 920.49 1 920.49 182.08 <0.000 1
B? 709.44 1 709.44 140.41 <0.000 1
c? 527.37 1 527.37 104.44 <0.000 1
%%% 50.77 10 5.08
Residual
YR
R . 50.71 5 10.14 863.40 <0.000 1
Lack of fit
25
AR 0.059 5 0.012
Pure error
FHL A B 0.973 8
R-squared
T&EEH&%,%%( 0.950 3
Adj R-squared
C.V. (%) 3.08

e 3 45 TR BT AR A (1 AN ) b B ] 25 545
i 2 (P<0.000 1), Ut IE I BR & H 15
el W ABLZ [B] A DG R I, LR AR 2R [ AR 2
L X R BE, LR IEn 5, pHA).
B it (B) . WA A VAR JE (C) I YR T 11 25 Sk
3% (P<0.000 1); pH(A) . %€ (B) . LA A H ik
JE(C). pH S3EBHE(AB) A pH SRR B
(AC)I P {E/NT 0.05 2 i 3 Pl 504K
e (BC)M) P {E KT 0.05 2 AEE . X Uil pH.
& VRt T 05 AR B VAR 5 5 2R 1 1Y) 25 B R A7 i
FAISEHE, Hoh pH A GRS X T10 B
(PN SRS AT ST E

PRI 863.40>0.05, 2= AN WE, UiHA
XTSRS IR 0L, SLhiRzE/; AR REE
y3.08, VLR 1 CE g, B RS IEPUE REL
R?.4j=0.9503, it Wiz A5 AU i fi B¢ 97.38% 14 Ml [
(EGPE T

MG AR A 30 R N

Y= 87.46-0.68A—0.77B—1.01C+1.84AB—

1.81AC+0.44BC—7.99A*~7.02B*—6.05C>

(R*=0.973 8, P<0.1)

FRARE 3R (1) 7 R R mT ARS8y 2 o A R 4
RSP 3508 B P an il 911 Zedr R T, R
K2R Z [ s i A SR e R OC R, B —
AKRAE A, AR LR RER R S KRN . 45
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Phenol removal percentage
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Fig. 9 The contours and response surface of pH and liquid volume effect on phenol degradative capacity of strain T10

Phenol removal percentage
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Fig. 10 The contours and response surface of pH and initial phenol concentration effect on
phenol degradative capacity of strain T10
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Fig. 11 The contours and response surface of initial phenol concentration and liquid volume effect on
phenol degradative capacity of strain T10
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