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A 7 ARRE AR AR AR A R B LB BGRG REN AR ), A 10°C. pH A A 7.5.
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Abstract: Screening seven strains of efficient phenol degradation bacterium in activated sludge from Harbin
Taiping sewage treatment plant. These strains can use phenol as the only available carbon sources and en-
ergy. Based on inspects the growth and degradation of phenol in different temperature, pH value, and differ-
ent phenol concentration. We can determine that the optimal temperature of seven bacterias is 10°C, the op-
timal pH value is 7.5, the lagest concentration of degradation of phenol is 3000 mg/L. From the study of
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degradation performance by these seven bacteriums shows that it has strong ability of phenol degradation. In

the condition of 10°C, pH 7.5, fluid for 50 mL, vaccination is 15%, vibration velocity wave 160 r/min, deg-

radation rate of 500 mg/L phenol can reach more than 90% after 48 h in the training. Glucose to the growth

of bacteria and phenol degradation ability all have certain effects, when glucose concentration is 500 mg/L,

the degradation rate of phenol is still more than 80%. The study on treatment contain other carbon sources of

hydroxyl benzene wastewater has certain significance. Through the analysis DGGE strip map shows that the

brightness can explain these bacteria are advantage bacterium in each system, and strong activityin sewage,

its dominant position can be exist steadily. Rich strips are 2, 4, 24, 28, and it is showing its diversity in sew-

age system.
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J 05 42°C—43°C, 5 182°C, FE =R FHIATK .
kT HIA AR, JLT R A i
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KR Z S KI5 G5, K= AV 2 M E
R TR AR R R R, KA PR 52 3
FEERGR . MK H A 0.002-0.015 mg/L B, A
TS A R EENE R, SR K IED.
1 25 HE A KAR S5 ™ B 52 7K T SR ki . BR T
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HHC & K805 QS REE
(Rhizobia)'® . #35(Alga Ochromonas danica)”, W
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T3 4% A T4
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Fre R S B AR B SR 29 PR o PR T e ZB0R BOAT 28
AL PR By K, MK BRI . F AT AR X
B K B AL B E A B RS, (ER) e
T3 132 7K 19 A FRASCR IR AN AR . 6 ] i VR B 55 i 2
K AT A= Py Ak RN, D ZBTAE S K o R R
W E AR, AT B BT BT IR LA, AR 2E 2% ]
DRI BESG A A0SR REAE 4 i T2k W X B A i A2 T2 2,
WD REATT AR, Xk dul 2 AR v 5 B IR K A Ak B
A AT BB S
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By RO PRIPIREE, LRk R A R
RIS A SE 5 RT LB S i e v A — 28 3
L kMR T H AR ST T, BT
A, SRR HETERCR, R IR AT 2l Bl A AT B
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1 Sl Ae

1.1 #&EKiR

WS IR AR5 7K o
1.2 EHRE

(1) EERESFE: EAE10 g, BELERS g, NaCl
10 g, H,O 1000 mL, pH 7.0, $3%3E7E 1 x 10°Pa K
B 20 min J5 % .

(2) Y4k ks 3% 5L (NH,),S0, 3 g, KH,PO,
0.5 g, Na,HPO, 0.5 g, MgSO47H,0 0.3 g, ffitc%
# 1 mL, H,O 1000 mL, pH 7.5, 1 x 10° Pa K
20 min, FREHEE A S5 UE R B B AN AR BE (0.5
1.0, 1.5, 2.0, 2.5, 3.0 gL)RZEBHATR . Sk 740
H B Maifbit, nA 8.0 mL ZEEHA A 20 g
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(3) Tk RE AL FYIfbRE R

(4) W ICE W FeSO47H,0 0.5 g, MnSO4-H,0
0.15 g, ZnSO, 0.14 g, CoCl, 0.2 g, H,0 1000 mL

(5) RHAFEFRE: FRE 3 g HEHAK 10 g
NaCl5g, Ifg 15-20 g, 7% /K 1000 mL, pH
7.2-7.5, 1 x 10° Pa K& 20 min, 54 HEIMAZ
Tt U % A R VR B (0.5, 1.0, 1.5, 2.0, 2.5,
3.0 g/L)IZEB W 8.0 mL, Wi, H%
25 10 mL, il CRHE, BT

(6) ZH P A FIAE AL S B SR BE 1 2 DL SCHiR[12]
2 LW
2.1 KESVEMEREMNEESIIK

PRI B A R IR SR — W i A KR Ak
B R R BRI JC B Ak R R R 50 mL
SRR SR, 78 10°C, 160 r/min 32 KR 1% 1
F% 48 h Ji, BURG 5 5 R 3 mL, 434 mh TR
32 54 500 mg/L F1 1000 mg/L (1) 50 mL i Y4k
WARRE IR, 7E 10°C, 160 r/min (R K F4EEEIR
Dk FE 48 ho SRk 5 AT o [R]I2R Hk BE Hy 0.5,
1.0, 1.5, 2.0 g/L Z ¥ 3.0 g/L.
22 RESVEMERENDBHFIZREE
22.1 DB ME S ERA 10 5B
LI G ARVE S F kT, BB T 10°C AYE
AR SR 48 h, USSR MRV . ARt
BB TR, SRASEA R 2k, PRECR VR R T
MBS, REL 3 W, K535 0 sl Fh i F
Pepp s phim i 55 5 F TR AR, R E KA,
A 4°C vKkFa Y, ARIRARAE R
222 B KRR R AGE N R AR SR
K¥EFRIG, /8B 0%E F, £ 8000 r/min KT
B0 15 min, FFE BIEW, K5 EOE PINAK

1F PR 2 WU, 15T B O B ISR U TE I TR A,
TR, WL PR IR 3 Wk, LA RBRE AR R
B 8 35 2, A5 21 T R PR TSI R 855 7 S 16 s o
B, UL 10% (/)RR Rt A 2] 500 me/L R
A TEHLER B FR P, 76 10°C . 160 r/min AYFE K H1 55
I, B B TA)IRORE, 3 3 000 745 5 VR P O 1 A 4% Wk
JEE 110785 A L 2 5 B 44X 4 114 A At 1) AR50 o
223 BEME T WIS R0 A B AR T Al T TR R
Fr VR K IR S REEEE, FIR& R IR 3L
BT KRR SR I, WA TR B A BE T (S5 R 1
Tl 5 i 2 T % i P R S 36 ) PR I, X TR R P i
FTEEA VAN Jo 10 50 S 56 T 95 1) v SR ol
224 BEMEE: (1) =RORM GRS S0
g PRBUD R E L T E R BUERNE, 10°C fHIk
it 48 h e, WARTRIAMATEZAS . (2) 4T 1 By
A SR 22 [R50 50 UL SCHR[12]. (3) 16S rRNA
FEAINE, R 16S rRNA A (038 FH 5 #) R518
F338(#% GC J&)¥ M fR L[N 41 DNA, B 3 uL =4
DL 1 %35 i B 5 g Fi A AS
2.3 EKEMFRMERZAEE

R 4-38 2R MR X PR v B 1A T s
2.4 SXEMEBREDEE RN E

B B TR A YRR 37 10 R 0 B 1A 2 1) 0
B, 7E 8000 r/min 5 F &0 15 min, FE LW
T, SR ) B0 O A IS TR ) W R R A AR
P50 B 0 IR U VE A AR, PR 0, e o
PR 3 Wk, DA RBRTE AR ZR 10 B R R 3k . 145 5]
(14 TR A FH TC ML R 355 77 S P R A W o 7B R TRl i ot
R B 1 R Y TG ML R T R O A — 2 B Y T TR
(10%, ¥7/V). pH 7.0, 10°C. 160 r/min $% FKIR% 55 5%,
B Iy — B B [0 5% 5 B AR ORI Uk B, 2815
ORI R R, AR

S AREBRRIRE - BUEAE R R B R AR E

WA (%) =

x 100%

25 FRER B AR ik B2

3 EEBETFXN R KRR
B IR

3.1 pH B
BB SR R R 27 04 75 00 TR 44 7328 21 350
B, 1F 8000 r/min &4 FE.L 15 min, HE i
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T, BRJG B OIS T G R % P R
50 B 0 IR UV A A, FRUCES L, At e
PR 3 Wk, DL RBRTE R R 1 B R R 3k . 145 5]
B B R TEHLER B SR LR B 2 W . LA 15% (VD)
4 a4 E) pH 4398 5.5, 6.0, 6.5, 7.0, 7.5,
8.0.8.5.9.0, KMk 0.5 ¢/L By FRAEH, T
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160 r/min, 10°C fHEFE IR HE 5%, 48 h 557
FE R B B B A P AR T TR
3.2 IRERFNE

W B R RIA T RS 75 00 1 I TR 1R 73256 3] 850
B, £ 8000 r/min 45/ MBS0 15 min, FE G
T, BRG DB TOIA JG T AG  RR % PR
P50 B 0 A5 ISR UL VE P DR AAR, FRUR B0, Ty 46
PR 3 Wk, DARBRIA AR SR R R K5 5
PR AR TCHLER I SR B R B . Lh 15% (VD)
(TR 2 3 pH 7.5, ZREVRIE R 0.5 g/L G SRk
W, ZMBIAE 4°C., 6°C, 8°C., 10°C. 15°C fH TR K
PRVGH%, PRIRHEH 160 r/min, 48 h J5 BUREIN 1S 37
FE R B TR AR R B VR
3.3 BRENEI

W FE R RIA T S5 35 00 7o I TR 1R 73206 3] 5.0
B, £ 8000 r/min 45/ FE0 15 min, FE LG
T, BRG B OAE TOIA JG T AG  RR % P R
50 8 0 A IR U UE B AR, PRS0, ANt e
PR 3 Wk, DARBRA RS R R K5 5
A TR AR I JCHLER 55 R LB A B . DL 15% (V/V)
MRS pH 7.5, AWK EN 0.5 g/L IREFRE
e, KEFRILEF 5 50, 100, 150, 250 mL
A, T 160 r/min, 10°C 18 38 KRR 7 55 5%,
48 h 54 75 B I B T R AR R I vk B
3.4 EEAIGAKE RIS

W B R RIA YT S 77 00 7o I TR 1R 7326 3] 5.0
B, £ 8000 r/min 45/ MBS0 15 min, FE G
T, BRGSO I T A R % P
50 B 0 IR U VE B AR, PRS0, ANt e o
PR 3 Uk, DARBRIA AR SR R M R S 5
{4 JC LR B SR LI L 2 . DL 15% (V7))
PP R pH 7.5 SRR W IR MR EE 23 5110 0.5.1.0,

R B e

4 HhFrHEFERE
it B %2

4.1 SMINFRIE RO 200

T, RGBT IS T A R % P R
50 B 0 IR UTVE A A, FRUCES L, At e
PR 3 Wk, DA RBRTE AR ZR 10 B i R R 0k 1645 5]
F R FCHLER R 2 B A B . PL 15% (V)
MR R R pH 7.5, ZREVRIE N 0.5 g/L M RE R4
T, AR AR . FLME . R . SRR SN,
W45 1.00, 0.92, 0.92, 1.00 1 2.27 g/L, F
160 r/min. 10°C fHIR#EIRIR G 5 FE, I Foxt g
SEHG, 48 h S s 55 B I B K B AR I AR TR
4.2 SMINEIRBIF N

W FHVE F5 A B R85 35 10 155 0 BT 4R 43206 1) 250
B, #£ 8000 r/min 45/ FEL 15 min, FE BRI
T, RGBT I T Y R % PV
A7 50 IR T E M BRA, FRRESC, At e %
AR 3 K, DARBRTE AR IR iR 9 0 . 4515 5
() B A TEMLER B SR I L B 2 . LA 15% (VD)
MR RLAE S pH 7.5, FREREE N 0.5 g/L MR FR 5L
Hr, A3 A NH,CLL (NH,),SO04 . (NH,),CO5 . NaNOs,
WeREEL4 0.1 g/L, F 160 r/min ., 10°C HIR$E KR
Bi R, s st RS, 48 he 8% 37 3k f W
BRI R BV
43 WMERTFZFBTHEMN

W FE SR R AT RBE S5 10 R 0 T8 1 286 3] 5 0
R, 7E 8000 r/min £1F T B0 15 min, FE LI
W, SR ) B0 oI T B R % A
50 B 0 IR UV I A, PRGBS L, Gt e
AR 3 WK, DA LBR AR H W 35 52 2 . K15 3]
4 TR A FH T AL R 355 55 S A oA R o T) A a5 8 in sk
HICR AT R X R, FLL10% (/)R
PR R PR EMWE N 0.5 g/L. pH 7.5 B CHLEL 1S
FEsrt, F 160 r/min. 10°C 18 IR 5% K T 5% 1 3%,
48 h i W85 57 J (4 W B R SR A (A PR T
44 AREIKMHIF) A

FRAERD IR B IR DR B A s 55 B HE 57 48 h IR
T3 3% A 17 50 BB A B R e L o-FR R . XK
Kl ZEAR. KR, ZE. m-HORM . p-HR
Jie . SRR S IR R A TR B, KR 4-7 d, W
HREGREEK,

IS

AN —i’z

5 FEF4 DNA H$EE

K F CTAB-NaCl ¥, EARATES WLSCHR[16].
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5.1 DNA fHIZRBIL L FNE

fi S8 0 B O HE EE) DNA R EE A
S AT AE (OD1go/ODgo), THELFTARFE i DNA 7 &
s R FEARsE DNA A2 o 77 & alifk
DNA 2B, Fralife/s 5L 41 DNA /E PCR 1)
B
5.2 #HE 16S rDNA ¥ &K R aytE
AR Z 5040 TR A A TR 9 16S tDNA ) V3 X3
MBI 8. 515 T:

EUE5149) F338(F% GC 3&): 5-CGCCCGCCGC
GCGCGGCGGGCGGGGCGGGGGCACGGGGGGC
CTACGGGAGGCAGCAG-3';

514 R518: 5'-ACCGCGGCTGCTGG-3'.

PCR WA Z (25 pL): 10 x Ex Tag (Mg*")Z%
W, 2.5 uL; 4 x ANTPs (2.5 mmol/L), 2 uL; #5147
F338, 1 uL; RS9 R518, 1 uL; cDNA 55 1 4% (%
B 10 £%), 1 uL; Ex Taq polymarase(5 U/uL), 0.2 uL;
J K ddH,0 #] 25 L.

PCR S 244 94°C 5 min; 94°C 30 s; 45°C—58°C
30's; 72°C 40 s, 30 MEH; 72°C 10 min,

TE#E1T DGGE ZHij, #fi\ PCR ¥ /& 1% IEHY"
. PCR S RIT=MI2 0.8% M B g8 i i Tk AS:
M, Bk M 1 x TAE, HIKZY 15-20 min,
5;3 PCR Rz F=4) W22 1445 E 5L BB K (DGGE)
o]

# PCR =¥ 4T DGGE 48 80 B350 My, I8

6.3 MEREELGR(E?2)

X EE 73 BT R il LUK AR OB H FISE L, SR PEAG L
A= Wi RV R AR X B

6 HRH5W®

6.1 =HMAYTHIE
6.1.1 HEHRBIFITE: I5KT TG kTS e ) 45 1 vk

H 28 RIS PR AE 1 L IR A B, A Bl FRic A
1-28 5, HFEAARB RN 0.5 g/L,
6.1.2 HHRBETH: FEWTHA 28 R E—2 0

T AR RE TR TR AR, LT 7 RRFERRRE TR
FIBERRS AR 2. 4. 14, 17, 20, 24, 28, HPFfE
KIHE N 1 g/L.

CRFEEERGEK)

6.2 E#AY

x1 THREREER
Table 1 Results of seven strains of bacteria staining
2R T TR R HER JENE iR i 3
Bacteriums Gram Capsult Flagellum Mobility
24 T + = + +
4# XUET + = + =
14# BR - = % #
174 R + - + -
20# - + = +
244 FF - - + +
284 ER + = + +
TE: + FORGERME; - FOREARPIE
Note: +: Means the result is positive; —: Means the result is
negative.

F2 THREERELSR
Table 2 Results of sugar fermentation by seven strains of bacteria

M ERE  HARE REHE L Bk 2 2F Rk A g i JiIN: HEEm:
Bacteriums  Glucose Sucrose Lactose  Galactose = Maltose Fructose Xylose Sorbose Inositol Mannite
24 + - - - - + - + - +
44 + + + + + + + + + +
14# + + + + + - - - - +
17# = = = = = + = = = +
20# + + - + + + - - - +
24# - = = = = = = = = +
28# + + + + + + + - + +

T+ RNV, — R,

Note: +: It can product acid; —: It cannot product acid.
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6.4 7THEHMEBEUIEHIERGE?I)

R3 THEHMEHNEBEUIEER

Table 3

B YRR PR

Bacteriums Indole test mmoni-  Fat hy-

Phenylalanine

Results of other physiological and biochemical by seven strains of bacteria

iRk RN ﬁsﬂlﬁ;ﬁlﬁ? PREFEM SRR A4 L T e

Hydrolysis  Nitrate litmus  Methyl

V.Ptest Cellulose

agene test  drolyzing ammonia hydrolysis ofurea  reductase milk red
2# + = = = = = + + - - +
4# - + - + + - + - + + +
14# + = = = = = = + = = =
17# + - + - - - - + + + +
20# + - + - - + - + + + +
24# + = = = = = + = = = =
28# + - - - - + + + + + -
T+ RN — KA.
Note: +: It can hydrolysis; —: It cannot hydrolysis.
6.5 AERHRME R ZKAFIE(E 1)
120.00% 02 =24 wl4 317 020 224
035t 100.00% 7
030 y=2.6273x — 0.0043 £0.00% % g
- I 7
: R*=10.9948 ’ 2
025 r 60.00% 7
0.20 | 40.00% g
. /
015 20.00% /
0.10 1687
A4 0.00% —
0.05 1 55 60 65 70 75 80 85
0 1 1 1 " ,
0.0 0 0.05 0.10 0.15 & 2 pH 1.55{7]‘**“%%@'&%\& R
B Fig.2 Effects of pH value on phenol degradating by bacteria
1 RERFRAE 2
Fig. 1 Phenol standard curve 95 ) a4 A 41T 20 —— 24 ——
6.6 FEEMREMITE 20 1
AR bR 2 P T LR S 7 BRI R sl
[) 2 By o) i ok P ) B IR P B R 48 h i RS R, 14 1
HIE 2 PELIE, X 7 BREW AR — € i
.. . 05
WitE, FLREMERERTE 80%LL I, FLEKFH] 100%.
. e 0 1 1 1 1 1 1 ]
= + = z &7 4o r
6.7 ERINGIE T IS M E L K R R 55 60 65 70 75 80 85

A

6.7.1 pHERIENE: AS[R] pH (B X I Ak A= K K Rk it
RERE R UK 2 18 3, ATRAE L, 4 pH R 7.0 B,
AT XS 2 T3 114 2 A O R B A, LG R A T % e 2 R A
90%LA F; M pH/NF 7.0 80K TF 7.0 0, WG R 7
T3 2 it 3 0 T T B pH R S.S B, 2R3 e ot A5 SR
FRR I AE R ACR A B e 22 AW R WAk 4
G HFIR B B i a3 — 2

B3 pHENEHKEKMERNFIT
Fig. 3 Effects of pH value on bacteria growing

6.7.2 REMEM: FARRET, H% 2 d FHEk
TE 10°C Xof 42 3 114 R AR AR IR B T 90% LA |, 15
PR PR 9 f 1 PR AR D R iR 10°C, BAIGIR A 1F )3
ATRUER, JE T e w

6.7.3 RMBERIRIN: 15 AT IRY 8% R IK)
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FrAR, YR RO, AR R O R
b TR AR B R R
6.7.4 FKERVIIAIRE B &
WIATERE IR T 48 h G HAE K&
Wy e BE 25 S an i 4 FnfE s,

ALENE SN SRRl
USRS ZN RS

120.00%  80.2¢g/L 80.5g/L 81.5gL 825g/L m3.0gL

100.00%

80.00%
60.00%

40.00%
20.00%

VL LLL L L L T

NNANNAINARNNRN

%

0.00%

(S
N
—_
=
—_
<

20 24 28

Bl 4 FEEHIGE K E X B PRPE AR L RE R R
Fig. 4 The initial concentration of phenol bacteria de-
gradability

—8—02g/L —+—05gL —15¢gL
14 1 —%—25¢g/L —*%—3.0g/L

1.2
1.0

0.8 |

0.6 |
04 |

02 |

2 4 14 17 20 24 28

5 EERHIIEIRE N EMRE KL
Fig. 5 The initial concentration of effects on phenol effects
on bacteria growing

63nﬁ%§$%ﬁﬁﬂ%ﬁﬁiﬁ&%ﬁ$mm
Al

6.8.1 fIANTFRIRRFERIRIMD: B Rk XS A [ ik IR 1 A
FZERILIE 6 FE 7. ATUAE H, WARTEA #40
FEWE . LA . W . CRRENAETE I IE R AR R IR
[l

6.8.2 MATREIRIBEHIZIM: BRI A A R I A
FZEEE 8 FE 9, WLLEH, WAKEBESH
NH,Cl. NH,NO;, NaNO; i & 1E & A= K 3 X 2%
My HEAT R, FLIR AR SR AE 60%L) o

683 WETEBETFHENE: B LR HkA: K
T 8 R oy () S B 25 SR LI 10 FIE 11, T LA H,
ANTNAIE o6 3R A0 X e SIE  vh R T 9 e KB i 35
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Dextrose 8 Cane sugar 8 Lactose 8 Fructose @ Sodium acetate

120.00% [
100.00% | g

2

80.00% r
60.00%
40.00% r
20.00% r

s
Iits
§
EN

0.00% 4
2 4 14 17 20 24 28

Bl 6 A Bkl Xt B R Pek A 11 BE RO 22
Fig. 6 Different carbon sources on bacteria effect on phe-
nol degradated

—— Dextrose —®— Cane sugar —24— Lactose
2.0  —<—Fructose —*%— Sodium acetate

15 X~ 2

1.0

0.5

0 1 1 1 1 1 1 ]
2 4 14 17 20 24 28

B 7 AR RGN B R A AT RE RS2
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PCR ¥ 38, SR JH 0.8% Y B G W 8 M ri ik G 7 3

DGGE 7 Hr i i 4.
6.10 PCR Bz P4 Y25 146 £ 5 S BB 5k (DGGE)
Ll

DGGE R8T I 5 — 4 TRk T —A
AR 2 BAAL(OTU), Zi 1 550 L2 B W AH g
bz B S ERBERE E  Rh B B0 DL SO TR
WO S R, O ELAT RIS I 24N 5 2Rk . &5
W FEE, DLW Z R, &5 5 R,
FoniZ OTU my%am iz, BIVAH LY A% 4 T 55 i ik 22
PR AT DIARSE 4 205 A5 H i 2 R E R .
WA 14 Fros, 385 2% 052 B AT LA B 3 S0 1) 77 45
NRG PRI AR E . AT, ZRBERE TS K
R4 v R 30 HE Ao T 1, LA S A7 BE 8 A g
FEfE, Hrp 2, 4, 24, 28 5w, R TEA]
FETG K RS R 58 B A

S

(1) Uikt 7 BREEAE BE SR A B AR AT 3 2., 4.
14, 17, 20, 24, 28, iX 7 ¥R XRBEA —EH
WM, ELRR AR RARE 80%L) b, HEAE] 100%.
H 0.5 g/L A1 1.0 /L #eJ3E 0 2R iy Bk i 2 5 51 90% LA
I, ERORB AR 1R 3 3.0 g/L

(2) HEI % REAE IR A ) B i 2 8 1 AR
TR, FLBR R B IR I S AT 2R B 1) 2R 0 B A
AR HEVE R, AT A R TR 90 Ak R I 2 1 2

7
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Table 4 Utilization of different substrates by seven strains of bacteria
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g - 4-Chlorophenol Phenylformic Salicylic Dimethyl- g g p-Dihydro-  o-Dihydro-
Bacteriums ~ Phenol Aniline - " k Amino acid a-Naphthol
solution acid acid benzene xybenzene  xybenzene
2# 4= s s 4= 4 4= 4 4 - 4
44 ++ + - ++ + ++ ++ - - 4
14# S=F o - < SHE SHE - - 1
17# 4= + = 4 4 A= 4 - 4
20# ++ + - ++ + ++ ++ - - ++
24# ++ + - ++ + ++ ++ - -
28# S=F o - S=F < SHE SHE - -
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