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Abstract: To investigate the mechanism of denitrifying phosphorus removal and provide functional strains for
nitrogen and phosphorus removal, denitrifying phosphorus removal bacteria ( DPB) were enriched and isolated
from A’SBR. This study made use of controlling the inflow water operation mode of A*SBR for DPB enrichment
and screening. The isolated DPB were complex formulated for construction of nitrogen and phosphorus removal
functional bacteria. Two-stage inflow water operating mode and high inflow water rate enabled DPB to become
rapidly dominant in the reactor. Five DPB strains were isolated and identified by the microbial identification
system with fatty acids. The DPB strain and phosphorus accumulating organisms or denitrobactcria were com-
plex formulated, the results showed that the best combination was b204 and 16. Its phosphorus removal rate
was 85.78% and its denitrification efficiency was 75. 02% , better than the single strains removal rate. Exper-
imental results also showed that DPB could become dominant populations quickly with optimum cultivation
conditions and appropriate influent.

Key words: biological phosphorous removing; enrichment ; phosphorus accumulating organisms ; denitrifying

phosphorus removal bacteria

s HHEE: 2009 —08 —06. SL Lk A= T
7] B H 2518 ;

BETE: EF AR A I H (50778052) ik velki 5 bl iﬁm iﬁ A2, o R

KERSERR T 900 R Tk Tt 19 A3 IR IRAE T8 C X RHK & 4 ok

H (QA200905 ) ; S Jp 145 40 T Rb 4 AR B9 (T 1) T&jtﬁ , PRLIE Gn AT 3 565 A0 2 s K A v 10 W By

BHTHI (11551370). TR KRB B IR E R TR A K TS Y By iR )

EEE N SR (1971—) , B BB
) i o iz —. RRALRR B T2 T4 R R e 5 5



- 36 - R

S

T

/4

NI F43 &

W — KT BN TR /K AR W Ak PR AR G A B
FEIARL. SR AL BRI 2 b D RE TR R S A AL 2R
BB, AR B SAASF T S B T ()25 3 8P B e
(9 A et v 2 B SRt v 7 R Y
T e AT el ] 7 B S )
Kuba (1994 ) " % B I Bt A6 Bk 1 10 B W B 1 5
18 BR A B AR AL, 18 BEA ] NO, AR e 132 4K
SEACANIE N Ak A7 (9 PHB, AT 25 B3R B K H AL,
TE R [R) I AT S A Ak, T fE T U B i T2
Hu J Y120 A B0 245 P ARG 4 o e
SEPETT AT AR IS A — O S R B R 12k
PRI T AR, AR [ A Ah 2 A AR X R A
RUER AR AT TS, T DPB 2 etk
PRAECH , Hi R 2 A 52 A A DRI 0 EL B S i 1]
KO T K AR AR A R, R 1L 3R
W L SR TR D, B AR S A SR i
Gl B WA PR AN 6T 75 53 DPB A ik
S AR AR B T 20 B A BRSO, 1 A TR Y
i) LIS S i e 2R e R ) o 8 LA B 1o , IS A A 2R
WAL T B Ay B

ASCRIAE ) A’SBR 3K K217 7 Rk
FmiE TG UE , LB T SO AL SR TR A PR AR
I A $5 SBR U Wl 28 48 70 15 15 1L Y 1Y) S i
PR WA, %5 55 1 T O PR 1) A R A 0, R0 2R e
SR AG AT TR A, R AL T — Rl DA
R o A i e A A SR W R 7 0, O S A AL R e
it LB P 2 — 2B BF 5 B S

I >

1.1 REURBEEEXRERETANX

A A SR B A ML BT R, A= Il R
Rk T 2 b 4% RS B4 A4 3 RS,
X 3 AIE Y AR W] LATE =5 18] b 34T 50 8,
AT AZER ) A T4 10 AR S R FH e
[P BEAT Y SBR B A oAy ' R

IR FH A2 A AR 25 em (755 50 em [l AL
£ SBR i, TAEAFN 19 L il ske B anj 1
Fii7R.

JS2 TS A SR W R 114 B R FH i T 7 A A Bt
K217 77 2RI COD S msmRER IL A7 (Y Al gk,
iR A SR T T ) B R DI BN () If A K S v JEE —
SE RO T B 1 75 U8 14 75 37 G A, bk 4 57 484 7
R , ik 2 PR 5 £ DPB iy H Y.

R SR Wi B 1) o SR R BT 2 T /s a8 A7 07
2, BN A B Kas Ay 3 A a3, A J 301 P ot
K HRHEK , FEAK HE 0. 67 (HEHEARFR S T 4R

B2 L) . AEF W AR HEVR IR S BT IR A
H& 2l COD 2y 250 mg/L (LK ; Bl 48 BT
HBPEAE PO, HI NO, ~ RYBL/K, HE/K P T e 3
2509 19 mg/L,NO, ™ JFt i e i MR 7 B A AL

1 2 3 4 5

—_
(=)

Ei. -
T Uk
6 74% | 1
L ﬁﬁému
I
I
|
I
Ly
|

lj<l

~] 19

<l

K
1 V]

—

[\=)
(=]

17
o~

N

I

-

1A B 2— i85 (0 7K A6 3 3— 1 % 1 5 4—HCD 15 Bk A5 S—

NaOH 57K 4 ;6—ORP 9l i {8 7— it K P B 9 ; 8—pH 59—

BEPEAX; 10—3 HCI o 50 85 11—3F NaOH. s 3 5 12—HF 11

13—ORP §f3%; 14—pH 4% 15—HF M 15 16—k i

5 17—KNO 7K 3 18— 3058 5 19— 20— g i 30 .
E1 RESLHES SBR RuEEER

J K “Lfryk
I | | [

" e
| REBEE JUEY | BB DUy
l VK |

30h 0.5h 4.0 h 0.5h

B2 A’SBR RESHEHEEEIMLMETHR
1.2 REUEBENSE.GE

R E AR R AR5 T B R A= A7 3
PEG R REIRA -MRk 43 B RO 22 LU AR B U A T
BRI RS % T W 0 19 43 B R IR BEIR 5°F
Wik b A R e B RO Ak SR T R
K FRR REIR AT AR

WRAE T A %2k 5 7%, DPB A 43 B9 1L 55 IR o
Al RETT EE LA K A B AR . — e A R
BEFEAERT, DPB A ] g A, IR UL , i 919 A R H
TR AR E AR WL ERAE TR
B Wy AR A T A3 S 4R IR AR R R A
BRI AL JCK LR 4N 5 g; Na,HPO, - 2H,0
0.023 g;MgSO, - 7H,0 0.5 g;CaCl, - H,0 0.2 g;
(NH,),S0, 2.0 g; &K 1 000 mL; ff#Ic &
I mL. & @ RE S5 LK Z M8 5.0 g; KH,PO,
0. 125 g;MgSO, - 7TH,0 0.5 ¢g;CaCl, - H,00.2 g;
(NH,),S0, 2.0 g; 7&K 1 000 mL; i3 & 6 %
1 mL(45 mg/L NO,~ - N fy KNO, ${it, #4fz 1



2 B, A S A SR R 4R O 1 S R - 37 -
Rrits ZhA) - Ve SRR T, 2R G A I e

i 3 1 LA R U B, BRI 7 SR 8 i SR
Ferf 30 CHER 24 hJm, M HE 3R R W OD
{EL, HIJCH /KIS OD {6 —BUR A& B 77 2%
SERUREINE PO,° — P STk BE 1 A8 Ak, 4%
ARG T HE IR b B IR R AR Al LA R £h ik
J5iRHe \PHB B {5 Poly — P iR Gt (4 B ku i 40,
A5 16 v e s st PR L SR W R e ) TR
B, M5 AZ AR 1. i — 2 2 AR RO 98
br, %5 DPB I [R) A0 i RUBR AL RE , K inA- KNO,
PR e W R R v T K TR e 20 AR B P A A o, B
30 “CH5F7 24 h 5 ORI A 1 OD {5 — 205 hn
A FERBRER, R II B PEAR AT IR &, R I
FEMISE PO,”" —P I NO, ™ - N Tk BE i 24k,
M7k AR 1. AR B RIS E = R

A SHALTIRERY T £k DPB.
x1 KERAWMBBERAZ

SyHT H FAUWsR7S

COD/(mg « L°1) A TR B
p(NO; = =N)/(mg- L") B3 R O Tk
p(PO~ =P)/(mg- L") 2k B wiow o1:- $EN

pH pH HLH%

ORP ORP Hi%

DO RS HTY

MLSS ERlierS

1.3 BREBIEHNEE

M TG KA B R G 1 52 2= 1, 1A= iy el d
FrICHL e A LS PR I A PR i R GG DL, M2
IRl IR 5 S BRI N — B A L. SERR B R
N e A5 R AE A R — NS R G, IS
AR S — A B b e 1 D 2 T 2 45
UIfe A BAE AL A 58 R G Re. TR AR
UL 7 H B 90 ) R AR Ko SRl ) S i), K2
6 %o} 28 3ek 7 1 H ) R AT B AL R R A . i
T < TC R AR Y R A2 I TR R PR OD L — 3R
LB B KNO, 11 5 8 15 77 L 1 % TH 25 4%
SRIG T 30 CHEFR, 7o AR, R G 1 i k2
PATIR A, S WHGRE 2 PO, — P i NO; ™ - N
J R B AR AL, X6 HE R SR A I R B A B B
2 HR5H
2.1 REURBEE

TEAREEA A B & Y P, 83 m ik
LU FTG B 7K A R 32 A7 7 2O B S g L B ol PR
FER G HGE. B & R Aa AT Rl A S

Thies . B2 B A R R 2 ¥ 1 (LI 3
4) , ST B RS N E 24 4 me/ L, BRAR B X
BRIGAEARER S 58 mg/L, KERF 1K 100% , REGLiA
2 0 1 S AL BRIERICR.

6 L

—

R/ (mg - L
- oW
T
[ ]
[ ]
L]
[ ]

B3 REARBEERPRFSREE

w KA e KSR a R R
60 AAAAAAA—]()O
am

;“\50 IIIIII’IIIII
- A AA

7 80

60

40

A LR/ %

20

0
0 3 6 9 12 15

t/d
B4 RECEBHESHRAGHAESHR

TE & YL, A’SBR R40 8 T RaE, K
SN i AR DR AR/ il A8 T 1 22 AT, M E
13 T30 9 B i A 99 1 2 40 v ol s e e o e
COD J5 5t e i RS 1% 6 5 o B85 7 2 B st 2 ( AL
Ks).

FEIRE B B, COD Ji it ¥k i 48 A 22 [
Sl IO R R T, 2R B W S e R g R
SRR AW BOR I, M 28 rhoil o otk 52 184 Jn 39
24.9 mg/L. iE AR BEIES 1 /NG P, RG] )
TRRENAY SR A e IR 42, B 5 MILSS W -1
A 4. 89 mg/h, & 5E MLSS Ui kT 343 58y
6 mg/h, Hifi; PO,>” — P A {HFEM NO, - - N &R
1.22 mg/mg. o5t 4.5 h BYBLE I B, RGh #E R
U BRI TR 6 T 1 Mk B2 43 3] T R 31 0. 47 mg/LL
3.4 mg/L, G0 6R w AB A 3wk 95% A
94% , FBRIAR A LR 3. 8 B L ol 22, JE K
5 Sk SR B R g R T 2R %) 1M A o ARl Py i
R TR CR I UV R GE E AT
FERFRELL NO, ~ — N g B 32 AR A7 WL 14 i
AL IR BE T, DPB 1k SBR & ¢ v 1 £ 35 71 il



S

-+ 38 - R T

/4

EN FoAR F43 &

»e
e

1o K HE RN Bt K B AR R s A Ot S A A
TR B SR WA DR s A A, ol S il AL B e 2R ¢
TERJE PRI ] PR 58 1 e A

e e NO,-N =+ COD

1250
~ 30
—_ 4 ax
@25 200 ‘q
<20 1150 &
® 15 =
s 100 8
= 10 )
£ 5 150
QU

0 40 80 120 160200 240 280 320 360 400 440
t/min
B5 A’SBR E&£YMLAHAHIRE

2.2 REHEBEHNSE.FIE

J it P SRl 2 o B e B i 13X 4> AN ]
9 25 0 ok A A () — M A 52 B A — Bl e 1 R R
BRI ER A IO B (2 RS A L) S 4
BRI —Fif G AP W TR X5 S e R ( 240 7 2 T
W) S22 T 114 — b BE B I A 2 5, AT M A O
AN ) 20 B A AR A R R A S Sk PR L
PR RN S R QBRI ECR - B - BRI TR
TR, B BE S AiF T 00 480, SLRE IR SR Wi 5 75 4 %]
(0,) B A (NO; ™ ) PRI T 8 IR o 14 48 e B ]
CISSEIEUIR 370 R & N A NS R K A ]
FREE P REAT 1R R | Al R R I R T e
Sty ipi Al PHB Jokr e (U B 36 (L35 2) ,
oK S BT L A4 31 [7] 20 Jd S BR DR AR B i DPB.

T2 WEGER %
ik 24 h 48 h 24 h 48 h PHE Sk
b31 21.93 86. 56 25. 66 54.48 + -
al3  18.81 5793 90.54 92.14 - -

b3 21.96 58.75 93.57 94.90 - -
b1l - 63. 81 - 94.77 - -
as 27.73 78. 87 70. 26 73.33 + +
b3b  32.72 85. 08 75. 41 74.53 + +
b9 40. 14 85.35 80. 16 84. 96 + +
2 4230 83.32 7630 78.68  + +
1204 67.09 71.06 94.95 9441  + +
2.3 REUBRBIENETE
FIIF Shelock I i R %5 /2 R 4t , 45 A 3B 70
PRAFRA RS R AR S TR SIS

JIit AR AT R R 25 5 M AR e B, &5
I 3.

T TSN R A BT s O Bl 22 ¢ o L 7Y
AIOLH R (LR D5 O TR AR AN ST

HEDEE &, A LIS, b RN 1% ~
10% , T H AL ) B BRI RE T S A2 200, L 4
P ) A fi L T J ( Pseudomonas ) FS L T
J& ( Aerodomonas ). L H BT Jm RE WS i UK
JK PP AR T2 10 2R WA T I P 0 5 5 B P i e
JE B A BRBERR B, RIVZE RS2 1F T RO A
TEGF S S 1F T B i MU, O RE 68 R AR W 1R
FRUT BRI B 1 T R T 2R B
BRI T s R R R R R A S o TR
BRFT B, i 45 2R 5 E A BF ST BN — B
®3 REELEESER

173 [l
aS Aeromonas — ichthiosmia
b31 Citrobacter freundii
bl1 Neisseria — mucosa
b204 Pseudomonas — stutzeri
2.4 EMER

Xof 2 3 300 07 0 R SO B U I T 16,19,
AR AL BE 776 b1 a5 b204, I fiff b 3R 45
FY GS HHATRENL A BL. I 6 AT LI H,6 FiiZ
B 772 b1l x a5 b1l x b204 .19 x GS. b204 x
16 FRCREAT  #RIA S T 4 B A Rk, H
Hh 24 h & CRICR B Y SR b204 x 16, IR R
85.78% , ALK N 75. 02% , Hi%HT b204 AT 4
Bk SR 67.09% , B I J5 W B s R R, ik
85. 78% , KR i A5 5] 3 B vy, &2 M U M AL
BT T R AR AR RS 1Y 75. 02% KF,
BN TR B AR A H . R ECHT 16 518 AR
BREFBCRAR LT (94. 86% ) , {HXF T A 20 %A 57
iR T A2 S R DR AR v B i R 1 ) et 52k 30
TEFERBESCR. U SR L HAR,
LA A ARG Sh AT D BE A BRI S
BT TR B RS 5 R 1 2 e, LA R B B R
e A= iR L T ) A TR A AN
100 OB LR WAKKRE
80
60 r

40 |

20

O lixeS b11xb204 19xGS b204x16 bIIXGS 16xGS
E6 SRER
T % 16 x GS BIRUR fe 22, WRR B
FARRAL PEACRARANES , Forp A9 16 S5 BRBERCRAR
b MidF A AL TE GS BA B I ARE ). (H



2

B, A5 < SR A SR W T AR I e LR -39

FRAR A ICAN(H 35 BE 18 g Ak BESCR , &2 IC i S i 2%
FERBERE ST, I RRE T A B T . W I P9 R g
J& GS WA S B = A 1 B Al o, A i f
16 AYLERZ NG, T TR 16 IR ILT .
TEXA AR T 16 FH 5 CS A4, X GS Wl
PR T AR, 51 B RCR B R [ GS Bk
SR 16 I G R A, GS B X T BRI H
19, S BEFH AR iy Ak BHECR.

3 &% #

1) PR/ DLTEHE K/ i S8/ DUTE HE K AL 5 T
KBTI A T C N SEAEAY G L, X R
AL SR T A A, R A R N ] ek e
il e SR 38 A T R Ay P 4

2) SER LIRS R R 4E bR , 255 B OO |
R0 5% \ PHB 4L o Poly — P UKL Y {4 1)
Sy BRI, W R I A’SBR S it 43
PR3 2% R 85 0 1 T AL SR W TR, SR E Ol aS:
Aeromonas — ichthiosmia; b204. Pseudomonas —
stutzeriy; b31. Citrobacter freundii; bll . Neisseria

3)b204 FF 16 24575 58 AT LIAE O i 5 2
FRml AR AL 7). b204 55 R8T A R A AL T 2
Bic, & T RUOCR B o 19 0% b204 116, W i 3
85.78% , it A F K 75.02% , KA T FA T R X 3%
BT B0 I R R R ROR . S IC SR f 22 110
B 16 FAHILE GS A4, Bl AEA K
WEAE ST, LA 2N 70. 09% , AHXT T B B bk b 11 g
JIREAR, SREBAE AR S A 1 T T 28 T 1) 5 TG R BBk
) [ 20 M AR H Y.

5% Xk :

[1] WACHTMEISTER A, KUBA T, LOOSDRECHT van
M C M, et al. A sludge characterization assay for aer-
obicand denitrifying phosphorus removing sludge [ J].
Wat Res,1997,31(3) :471 —478.

[2] JENKINS D,TANDOI V. The applied microbiology of
enhanced biological phosphate removal accomplish-
ments and needs[ J]. Water Res, 1991,25.1471 -
1478.

[3] STARKENBURG van W, RENSINK J H, RIJS G B J.
Biological P —removal; state of the art in the Nether-
lands[ J]. Water Sci Technol, 1993,27.317 —328.

[4] KUBA T, LOOSDRECHT van M C M, HEIJNEN ] J.

Effect of cyclic oxygen exposure on the activity of

L6]

[7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

denitrifyingphosphorus removing bacteria[ J ]. Wat Sci
Tech,1996,34 .33 - 40.
HUJ Y, ONGS L, NG W], et al. A new method for
characterizing denitrifying phosphorus removal bacteria
by using three different types of electron acceptors
[J]. Wat Res, 2003,37(14) :3463 - 3467.
AHN J, DAIDOU T, TSUNEDA S. Characterization of
denitrifying phosphate — accumulating organisms culti-
vated under different electron acceptor conditions u-
sing polymerase chain reaction — denaturing gradient
gelel ectrophoresis assay[ J]. Water Research, 2002,
36.403 -412.
ZENG R J, YUAN Z, KELLER J. Model based analy-
sis of anaerobic acetate up take by a mixed culture of
polyphosphate accumulating and glycogen accumula-
ting organisms [ J |. Biotechnol Bioeng, 2003, 83
(3): 293 -302.
WANG L J, LI W, KANG L. Bioremediation of eu-
trophicated water by Acinetobacter Calcoaceticus [ J].
Bull Environ Contam Toxicol ,2007 ,78 :527 —530.
AHN Y H, SPEECE R E. Elutriated acid fermentation
of municipal primary sludge[ J]. Wat Res, 2006, 40
(11) . 2210 -2220.
ZENG J, YUAN Z, KELLER J. Effects of solids
concentration, pH and carbon addition on the pro-
duction rate and composition of volatile fatty acids in
prefermenters using primary sewage sludge[ J]. Wat
Sci Tech, 2006, 53(8) : 263 —269.
FARWN, R, FArAr. TR R B A r [T ].
W R Tl oK 2% % 4, 2007, 39 (18) 11327 -
1330.
LEMAIRE R, MEYER R, TASKE A, et al. Identif-
ying causes for N, O accumulation in a lab — scale se-
quencing batch reactor performing simultaneous nitri-
fication, denitrification and phosphorus removal[ J].
J Biotechnol, 2006, 122(1) . 62 -72.
Y, B K. WHRNZRYREITE)]. B
R ,2005, 29(1) : 59 - 63.
LU H, OEHMEN A, VIRDIS B, e al. Obtaining
highly enriched cultures of candidatus phosphate ac-
cumulating bacteria through altering carbon sources
[J]. Wat Res, 2006, 40(20) . 3838 —3848.
HE S, GU A, MCMAHON Z K D. Fine - scale
differences between accumulibacter — like bacteria in
enhanced biological phosphorus removal activated
sludge[ J]. Wat Sci Tech, 2006, 54 (1) 111 -
117.

(%mEE X H)



