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Abstract: A sequencing batch bioreactor (SBR) was used to treat pentachlorophenol (PCP) wastewater with
the co-metabolic carbon source of methanol, and the influent PCP was controlled as 10 mg/L. In addition,
another SBR only supplied methanol was set as control. The effects of PCP on sludge acute toxicity and micro-
bial community were studied by the luminescent bacterium acute toxicity bioassy and denaturing gradient gel
electrophoresis technique ,and the function of dominant microbes on sludge acute toxicity was deeply analyzed.
Results showed that during the period of 1 — 19 days, the sludge activity was significantly inhibited after injec-
ting into 10 mg/L. PCP in influent, the sludge flocs were disintegrated and the PCP was difficult to degrade. The
effluent chemical oxygen demands (COD) and sludge acute toxicity under PCP stress were significantly higher
than the control. The regeneration of sludge activity was slow due to the PCP contamination. No PCP was added
during 20 - 32 days and 2 mg/L. PCP was added during 33 — 75 days, the removal of influent COD and PCP
was still poor. The adsorbed PCP in sludge causing the increase of sludge acute toxicity was only one of the rea-
sons. The metabolic intermediates of PCP and secretive secondary metabolites by the enriched dominant

microbes should not be ignored in the process of PCP degradation, which played an important role in causing

the sludge acute toxicity.

0 5%

AN AP BT B S KA B W) 12
AT Tolb d B9 A2 7= i #, 4n 2,4 - @R B
(2,4-DCP) fi12,4,5 - =5 KW (2,4,5-TCP)
KEFATFTARZ 2,4-D F12,4,5-T 47", HE&
KWy (PCP) T I HUR I B 9A %6 72 X %
BRI G W E AR, X B AR 45
A T AR a3 . A, 38 ol AR 7 ik ik
TR K (AR FR AR /K i 405 0K ) rh & A
RS B A A A T
A RACA P20 A= Py A AN AT 386 1) 4
FLOEE A RES RS  BUR RN =
BN, VF 2 [ SRR S Oy A RN TS
et O R A A A T AR K T A A o)
(GB 5749—2006 ) #1442 ,4 ,6 — =5 KM (2,4,
6-TCP) \PCP & ZFh & 1 24k & W) 91 o B 3 kS
DFEFR , FESR HE RO K M 2R A5 P 1 Jo
U AT R

AR ST I, R T W B AN AL 2= 5 v Yy ml
TIE K P A KA E YR LB B K PR
HoAn 5 Yy (ans i 9y (SS) PR 23 52 Ml H
REFRRCR L A, FE TS Y ol R R, R
KA EW 2= A Z Tl 8] 74, S R KA 3 B

RIS R, AT R A 2 V5 e o oy
G TETG e T2, 2 & 24k & 9Nk i 3 1
15 URTE AR LB & B 25 Wy i [R) sf mT 2 B AL
TS T )5 Yy, FL TR L5 4 5 A [ s g 25 1
BT X S, K. Kamn 25" BFSELBE,
MGG 3 25 2l A 1Y) T Bk Pseudomonas stutzeri
CL7 a4 4k o1 fa ¥k JiE 35 600 mg/L (1) PCP.

SR, 7E R 96 MRS U8 12 Ab BR R /K &
LSRR, K i 58 3 2 R 1K
FHATEAH S Kb G L BRSBUR (/2
G W A Bl g 2 TR ik B A2 | o il S T 2%
AP DL S B RE O 16 55 , T OC T Ak S G 26
A P15 e B A O ) B ) F R 3 0, 2
W T R AR R 24 A W L S R X e B 1
(R, SEF R SRR WS T A 8K
PRAG K RIS R I Ak FE v R AR T
FEFT S50 i B b L, R R 32 75 ge ) oo
LG AT At v 2% (SBR) A LA B
AR R IR Y PCP K, 45 il FLiE K PCP Jit
R R 10 mg/L, WF58 PCP X5 e &tk & i
S , JF 43 A DL A R A5 T 2
PEFFEAIVEF , LA A A DAk A0 BE Tl % /K
(135 U 2 1 7 M 0 B2 75 e e R A0 R 4R 4t
%%,



- 60 -

Ba50 2021482 A 436 5 4514

1 bRk
1.1 FERFIRZNEE

FEA ] PCP (fh2aal, 45 =98.5% ) ,
R RERAE T TOOK HRE (4 AT et | [ 2
S 2= R A B |] ™5 W (0 21, 4l
J#=99.9% ) , bt | REEHE A FRA A 75
aliyK , Y E ELGA #f 4l K AL (47 KR il
W58 R OCHF I T3 VR8T RkBe R ot 3o
JI 7 5 AxyPrep DNA B [H1 GG £, 251 Axy-
gen 23w 775 pED = T # A&7 & . Amp 7% LB
g, RIGRFHEWRHA RA R TAE 2%
(1 x ), AR T A TR B A BR 2 )
7 5 oAb 2R 14k A3 A Al s AL 4

FEAULR  LC - 20ATVP B = RORAH (58
1, HAR B HEN 572 DXY = 2 A 4 35 0 5
A, HRHBE R st RIS T 5 00 - 1 BN
TIPS, S MR AR A IR A | 7
GZX -9030 MBE U 5 KU T4 , B2
ARAF BRI 75 TOL - 18 M B & 55
BRI O, 2 R # AR 77 Fivek-
asyTM Y pH If, LIRS - $ER 2088 (1
) A BR 2N 7 775 YSI B 45X DO 3, 1 i 4
TR A G A R AT ™.
1.2 LWAR

BeRpi5 el B LTS K AL BT RS
M, %5 AR E] SBR FI 4 3 KIEBEA 24 h
WAL FE. SCGF SBR A A B A S L, HE
JERINAES 51K 25 em F120 em. EANIRILG TS
Ye B i B2 (MLSS ) FIRFR 8 H (SVI) 4353 A
2.5 g/L F190 mL/g. B4~ SBR iz 17 7K 7]
5 B8 B[R] CHRT ) #2461 Ry 12 h, BAK Sy 3K
0.25 h,izfF 11 h, ik 0.5 h FIHEK 0.25 h. i
B SBR 11T L2 B - i E IR B, g
SRR R B R 3 R E O 2 b SR {5 AR R
(DO) 5y HE 75 e 78 7 He fih , B S A v x5

HEAT B FE, 4 DO B W E Oy (1.5 +
0.5) mg/L, & HAMRE EEHE. SBR 17 1 [H]
R BE 42 O (25 £1) °C L Jd@ it NaHCO, ¥
Fif HCL P88 K 9 pH {H )y 7.2 £ 0. 4. Jl i
HER R I 2, B AN I A7 i v v e Y o e TR
FEHITE 2.5 o/ L Ach.

S T R K AR K, R R Ak
U8, 1 1 2E 7K Ak 27 5 4 B (COD) g (300 +
20) mg/L,N JL R Ml Py £ 43 5 th JR &
KH, PO, $2fit JFh A b WA KT Ktk
T 3R, BB B 3 5T 5 W B 30 R
CO(NH,), 32 meg/L KH,PO, 13 mg/L MgS0, - 7H,0
23.9 mg/L FeCl, - 6H,0 7.0 mg/L, CaCl, - H,0
7.6 mg/L . CoSO, - 7H,0 0.2 mg/L ZnCl, 0.09 mg/
L. MnSO, - H,0 0. 06 mg/L, CuSO, - 5H,0
0.047 mg/L Fl Na,MoO, - 2H,0 0.05 mg/L. H
— > SBR # /K Hr HURbh 35 HEE, S %o BR 2 5 o —
A~ SBR 7K FP R oAb 58— € B AL, B
J W 10 mg/L 1 PCP, iy siie 9852
PCP Jilpi8 175 e S P e AT s BE S5 18, I 0 A
PEFA TR T e Sk wE Pk /R .
1.3 #EmiNERS A E

A pH A1 DO 373500 % SBR 121748
T pH {HF DO {H. # BRSCHER [ 14 ] R
PR TR A% TR B I A M /K COD i) Joi kB < T
SBR 121745 5 (7K AR, K HAE 4000 /min 2%
AR E L S min 5T E . SR HHE S A E
SBR iz 47 [A] ) MLSS 254k, : Bt 100 mL 72 /31
SIRTRKIR AW, SRR (B E) g,
TE 105 CZ&F T U6 FREE. A SRR A i
G2 15 e 7K AR L Je AH Hr 5% BE ) PCP Jot o vk
JE AR Ry A K (B R 80h 1% B &
R ) FIH TR A ( —FRFEE 2 2 8) 4
TR 40 °C, HERE AR 10 wl, il 1 mL/
min, A 280 nm, [ AN SO C - 18
(250 nm x4.6 nm,5 wm) ; AKAHZ 0.45 um



REE,F ERXHNTRAGERMEALEME Y H

.61 -

UERR I g IS, LR E L PCP ) BT i vk B T
VEAHTT SC 2B P ZE MU , 15 FH 08 3k % I e
PCP [y i Vi
1.4 SR2UESENNERE

ZHECR13] R AR R S Y
S BN 5 Ve B A v R SL R Al A A
KA 0 J53 6 53 B0CH 3% (1) NaCl % W0H W 58 &
JEFFI T3 R T 05, 4 2 00 W KOG
FeFh 3] 50 mL K iR (REH R 5 o/ L
B 5 o/L. 7§ = B 3 g/L, NaCl 30 g/L,
Na,HPO, 5 ¢/L fil KH,PO, 1 ¢/L) Hif47115 3%,
M RO AT RAL T B KR A TI5 T 2
PEBEPE I A 5 3R A A 0 e 25 R, 75 3
A 7 OGS e SR HEAT W R AL 3L 5 5 3o A )
BEPEICIN A B 5 R G TR AT UL B 1 AR A,
I FAR 0 R LA V5 U8 2k B 1 i A8 1k, B
ANFER TN 3 WK, BOF (.
1.5 BWELEHSTAE

FIFH B B - SDS — G4 S B,
ARXFV5 Y8 H LRI DNA JEATHRE, R B IR
WEE I L YkCH AR TR DNA R4 7RI 2R
AT 16 S LIy 351 9))¥ 51k 357-F-GC.5'-
CGCCCGCLGCGCGCGGEGGGLGEEGECGGGGE-
CACGGGGGGGGCCTACGAGGCAGCAG3';
Wi B B ¥ FE %1 4 51815’ -ATTACCGCGGCT-
GCTGG-3". #&#}# BioLinker 2 &] 19 45¢ BH 5 43 31|
HEATEE —FCFNEE 4% PCR 473 S iy, Hy 3™
Y8 1k 40% ~ 60% 1 AL M B R EE IR HL Ik
(DGGE) #4740 85, AUk S H0R Eh - UKk 2% b
WA TAE 2% vy, M % 80 V, /K i il
60 °C HL KIS ] Ry 16. 5 h, B UK 45 B J5 o ek
EHEAT Y €0 A B, TR G = RNk &
KR TN YT EIRRIE SR

PIFI 2 5 kY 35T RS 1 55—k
FAF, R 28 GC R I 4544, >k F AxyPrep
DNA ¥ i [ i 7] &5 [l die PCR 7= 4, F) H

pED - T A&7 & 7efe PCR 7= 4. Phik w
PCR 741, H Amp $iiPE LB 3555, i TR
B35 3 0Dy (R 2 ~3 B, X8 51T PCR 3
B Yk B R AR B R R
AT A 3 AT S 58 DAPRGIE DU > 45
{14 f

i1 A B A R S R AT
X% , 2B T 2RI 519 3 K 2307 51145
HEIA FASTA 4% X9 750 SO, 78 NCBI it
17 BLAST X} s #4 [F— DGGE e 4 iy 3 478
B P 45 SR AT alignment 437, 460 0 457 1) —
FPE I o6 25 3 bR (UM B s R P RS S
HEAT .
2 iR 50HE
2.1 ik COD F1 PCP B E

SCH ], SBR Hi 7k COD, PCP JF it e i
FMLSS 19728 4045 & 43 ) UL 1—&] 3, Horp
10 mg/1..0 mg/T. F1 2 mg/L $55:554H SBR A ]
BT B K PCP Jit i vk . SEa 9 A (5
1—9 d) , i F R4, SBR /K il B 2 i ki
%, 7E55 6 d BHIRE 14,6 C, UM B4 K
COD Jiti v £ 2 UG ) 100 mg/L(ILE 1). %
JE BT I R R0 G 25 R 5 52 T B R i)
B HON 10 d R4, Fiil 2 4 SBR 847
HE R (25 1) C X4 7K COD Fim ks
BRI FARE. B 22 d JF1AR 3 SBR 12
FTE59, X HRAL 7K COD Jig v 4 4 (85. 7 +
14.0) mg/L {5 BBl N3N, 33 52 R R B T
S5 R TE e R P T P B S T AR FE Y
1 8 T 5 B i, 30 SBR R Ge kA4 T WA
WP, Jo 2k ] 25 Jm i 46 J HRT (1) 7 =X if
7K COD [ LBRER.

FESS 1—20 d 18], k7K H i) PCP i vk
FER 10 mg/L, PSP 75 0eTs M, 15 Je 22 1K
fif (A B, S VE RO T, H K COD T Ik



62 - B35 2021452 f 4536 % 4511
PP T =, 5 19 d Bk F)] 353.2 mg/L( LA —HKF 2.0 /L WA 3), X WHIRUESE T

1) ,MLSS 7E55 20 d A B 2 f& % 1.4 o/L( WL
3). BB BL Ak PCP AR TG [ A , 7K AH A i
FHRAR R T RER PCP (WA 2), X2 H N
PCP A EM w5 CLEF8 p B FIE A
TRGE IR R R CL R el T
R BLRBER TG PR, R B m R A
fIC, #m _1 PCP iy =3 [a] 32 BHAS N, 5 2L PCP
DARE T S8 0804 W A, 5 PCP K iy ab B 22 L)
AT ERNES.

TESS 20—33 d H[A], 524040 SBR /K g
1B PCP, 7K COD Jif ik BE e 18 T 1%, 56
19 d [#353.2 mg/L F#K 54533 d 1 198. 4 mg/
L (OB 1), k02 R A i 0 W B 2 8 A Hh
PCP {5 f¢7E T SBR, J 1% i B it B /K AH (WL
2) v G RE MK R B8

TES 33—75 d HAE], P HE 5L 20 SBR K
PCP ot fE i 0 2 mg/1, Hi /K COD i ik
HEFFAE 200 mg/L Fff i 5 i3 17 F IR (25 60—
70 d) , ZKAHFNPEAH v 24 BEAS TN 2 PCP, H 5% B
45154 0. 38 mg/L F1 0. 81 mg/L, JLHT P
15 UC RS PCP ) AR B8 . 31X ] RE A2 T Hij
HEAK I PCP BN 75 U8 M, 3
JE K th ICIR S w4 N PCP, 15 U8 i P AR X
MRS FEAHERAITEOLT , 555520 SBR ) MLSS

400.01

— 10 mg/L 0 mg/L: 2 mg/L

2 :

£ 300.0f —0- S
= —— X HE A
=

= 200.0

=

o

o

S 100.0

v

=

0 10 20 30 40 50 60 70 80
I )/d
B 1 2 A SBR &K COD RERE M T
Fig. 1  Variation of effluent COD mass

concentration in both SBRs

PCP AREMEAE TR 3 805 TR s PEK 52 218 1y 3=
B SRS

TE R — BT, vl R B iR
orfr SBR RGeS 1 B M A8 1E, R
TR E 5 Bk HH B AR S W1 40 A PCP Bt fie
A AR R A R AN v ) 7, S T A T L R
o S U ) PCP [ A B A SR AR . 5
G, sk S B SR W%t T e T A A 40 £
I, AT 25 AL SR ARG Joi o2 e 38 1) S By a2t /K 9
s LTS U , Fir 15 U8 T8 70 WAl 25 PR A By 2R AL 5
Wy i P AL B vy 1 K S ) i A R

10.00 ¢ 10mg/L i O0mg/L ! 2 mg/L
~ : : —m— JKAHH
! 8.00 8
" —o— Jeif
e
E 6o0f
i
X
it 4.00
=
o]
T 2.007r
0 10 20 30 40 50 60 70
I a)/d

B2 %3 SBREATR AR,
JeAnf PCP iy iR B Z AL
Fig.2 Variation of PCP mass concentration in both

aqueous and sludge phases at the end of SBR cycle

3.01
2.5F
S 20t
—
2 15t
193]
3
= 1.0t —— X
—0— S
0.5F

0 10 20 30 40 50 60 70
I} [Hl/d
B3 24 SBR ¥ MLSS #9 % 4k
Fig.3 Variation of MLSS in both SBRs



REE,F ERXHNTRAGERMEALEME Y H

- 63 -

2.2 PCPREIEHDTREAMSENTK

XTALEE PCP 1 5256 20 V5 Y8 S ME R vE ik A7
W, 55 %F BZHAEXT b4 B, Hesh A28 1k an [#] 4
JIr7R. X BREHL TS Ve AR X0 6 3R 7E 25. 8% [T
W8, 3X AT RS TG e T U E AR R AR
IR DA P RN sl A 0 A 8 A B 53 410 )
T RICHIE PR G | R Y.

SR, AL 3R PCP Ry SEgn 4115 e 2 v sk 1
TR, HER R S ERIE 2
THEE B AL, W o 25 (R 1 I [ 31 ]
HEE 6—41 d, Hoh i R e st 20 1
PUAESS 33 d, & XFHALL Y 1. 84 5. SR, 7£ B
], 75 908 FP W B %) PCP o & e JE A8 A AR R (D
B2) 3k e I B = PR AR PCP AU S 25
TSt B RN 2 —. 755 49—70 d
(], S35 20 15 Ve B AE X S G 2R AR 35. 1% [t i
Bl JERTIRZH Y 1. 36 1. Rtk , Se 50 20 v e 2k
BEPERIE B A FE DLF 3 A5 T — 2 T
151852 PCP 53 = A K R A 4, H:

50.0r 10mg/L : Omg/L: 2mg/L

45.0f —m— X} R

40.0

350

ARG %

30.0

25.0

20.0

0 10 20 30 40 50 60 70
IS fi)/d

B4 2/ SBR ¥ i5 4k sh s Tl

Fig.4 Dynamic changes of sludge

acute toxicity in both SBRs

i i |

H o A W 2 5 BT e A M B R 0 1
s U PCP et A P e A AR ) S AR
] P 8, o 20T e S TR Y 4
G. Ruckdeschel 25" i 5% % B, PCP J% H: b i
P Z R AR YA FEEAE T, H RS ]
P RITEIE LU R IAE e I 25 = RIF 2R
A N 8 R R A 7 A ) 7S 05 B R e 3]
T, FIRERA — & e E b R,
PCP Ab B A i 8 SR VERY AR AR 2 22 Tl
AL RIER.
2.3 HBEEHXTEIEFENZI

AL PR PCP /K SBR 1217 70 d )5, @
it PCR-DGGE HeAR 7 {5 e i = 45 14, IF
XPRFST HATHEE , 45 A DL S (& AN [e) 4
AR E M A FL AR RE) IR 1. 380
PR 3 APATREIE AR B — TR M (Rl
11 3) X a] REJE H1 T 485 19 H #9450 B &%
A RS AR 8 B2 45717 B A ] T J 9 DNA. 5%
BT IR W T YR i 52 PCP
TEPEAI S Jm AR B AT T 1] ( Proteobac-
teria) (57 1.2.4.5 #16) , FLE @ N Methyl-
obacillus . Pseudomonas ., Porphyrobacter . Achro-
mobacter | Stenotrophomonas K1 Comamonas , H. {X
N ( Chloroflext) (55745 3) MIEEER ']
( Firmicutes) ( 517 7) , H1d )& 73 WK Levilinea
F1 Salimesophilobacter. SX 1M , Xt B 2H % 58 WA A1 34
J& £ M Chryseobacterium Leadbetterella  Ery-
sipelothrix . Pontibacillus . Bosea F1 Salimesophi-
lobacter™" , 1 F& W15 U8 ) 1 #E 45 #4) %2 K PCP
(R SEMR R AE S 5% L AIE S pR S 50 41 V5 T 2
TE W R A i 2 BAT R LR A 28 &

iR

B 5 %34 SBR 754 PCR-DGGE A
Fig.5 The gel image of PCR-DGGE from the acclimated SBR



" 64 - F2 596 2021452 1 4536 % 45 1 )
R ERRIE TR E BA X
Table 1 The genus and phylum from the identified dominant bands
Firs GenBank g AT 1) 1 HEME % GenBank [¥41] 5 REIRES
Methylobacillus arboreus 99 NR_108851.1 Betaproteobacteria
1 Pseudomonas entomophila 99 NR_102854. 1 Gammaproteobacteria
Pseudomonas entomophila 99 NR_102854. 1 Gammaproteobacteria
Pseudomonas entomophila 100 NR_102854. 1 Gammaproteobacteria
2 Pseudomonas entomophila 100 NR_102854. 1 Gammaproteobacteria
Pseudomonas entomophila 100 NR_102854. 1 Gammaproteobacteria
Levilinea saccharolytica 92 NR_040972.1 GNS bacteria
3 Levilinea saccharolytica 92 NR_040972.1 GNS bacteria
Porphyrobacter colymbi 100 NR_114328.1 Alphaproteobacteria
Achromobacter marplatensis 99 NR_074754.1 Betaproteobacteria
4 Achromobacter marplatensis 99 NR_074754.1 Betaproteobacteria
Achromobacter marplatensis 99 NR_074754.1 Betaproteobacteria
Stenotrophomonas maliophilia 99 NR_040804. 1 Gammaproteobacteria
5 Stenotrophomonas maliophilia 99 NR_040804. 1 Gammaproteobacteria
Stenotrophomonas maltophilia 99 NR_040804. 1 Gammaproteobacteria
Comamonas testosteroni CNB-2 100 NR_102841.1 Betaproteobacteria
6 Comamonas testosteroni CNB-2 100 NR_102841.1 Betaproteobacteria
Comamonas testosteroni CNB-2 100 NR_102841.1 Betaproteobacteria
Salimesophilobacter vulgaris 98 NR_109327.1 Firmicutes
7 Salimesophilobacter vulgaris 98 NR_109327.1 Firmicutes
Salimesophilobacter vulgaris 98 NR_109327.1 Firmicutes
Y £ 3% 55 B 1 T BE, W Pseudomonas ento- FEHEE.
mophila . Achromobacter marplatensis , Stenotroph-
3 45

omonas maliophilia F1Comamonas testosterone™"”.

95 Gk Wy W 38
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Fll Stenotrophomonas maltophilia W] 43 2 Fh IR 2%
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PR ] RE 2B 23 s e s g R AT, T
HAbYRGACIE ™ ¥, G 2 T 33 1 790 A A e ik
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F TR 1Y PCP AT HUAE G 5 Por-
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I HA B A AL S W R T RE , LA K2 4
R aVER A W ik — P i . A
W, s PCP A0 S i Ak A A i A = A Y
RGAE )2 5 e 5 e AR EA vl 2401y
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K, B BN LA H A i VR ) X BR 4L, B 5T PCP
Xof 15 e MR P R TR B 4 AR T B e, SRR A
*ﬁTﬁt?ﬁ}%‘ixﬂ%ﬂﬁ%«@%ﬁﬂ@{/ﬁﬁﬁ. (CEIDA
TNEELW: 1) HKH Y PCP (T WK N
10 mg/L>PE$%fﬂﬁ%JT{5/JE@ M, 15 U6 22 1A fiff 4
PG ™, sk COD il PCP Mk Lk B Al < B
R 5 30 2R 7K PCP oz £ vk B R AR A P80
TSUTE AT IHXME LIRS 52 ) /K Th i PCP 33k
TSV SRR B ARG I, s Ve 2tk s A
AU F B 2 5 e i PCP 513, PCP [ fig
LR A AR T ) ) g S 1 43 W 1Y
WA P25 | 5 e S s i
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