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fili % USBRREBNKE, BEHEHRBAENERTREIANESET BEVESR
# (EBPR) R & W Iy 2 N E B A4 W 3 Rk B (PAO) fr B ¥ H (GAO) ., ML P/C Fosg 5
REX2NKBEREALFREAGEHEEN T H, BP/CTULRARREEE Ac-
cumulibacter ; TEK P/C T UL 78 & % Competibacter, YA H B 8 & «-GAO, I % pH.EJE .
HEBEDOHARTELAUT, EEXIRMENRET K, 8ELERE Accumulibacter
b 80% , R POT-P th %k k% 7 3k 98% bk, Comperibacter & 90% ,a-GAO 4, 5 A 45 %
AW, st — R B AKRE AT 2B M E Rk g 8% RE.

K] mUAMBRERL, REE, REW, 5%, hifs

ZEWE 7 (phosphorus accumulating organisms , PAO)
FIZRBEE (glycogen accumulating organisms, GAO) /255
AL A= W) % B (enhanced biological phosphorus removal
system, EBPR) R4t FEZMAEMF . BILAED
FRBER A SR A PAO My 2wl , 8 3k HE S Rl
BRMARG D LB, B2 EBPR REH AL
T GAO AR B L E 2 it GAO Xt FERBER
AIEMTTER, A5 PAO REFE S A R IIBRIE
Uk, S FIBF 5T PAO Fil GAO Y A 3 I AR ALl
BB, fEMER BT E A RER B A T
IR IS VAL E YL iRt DR

JLHEERBIFE LM S iR 5 7 N B 4
B TREZHBABRBENRER AR, ATIXE A
XSS 55 7= YR WE ST PAO AR H AR, (HEX
B P RRAR - HOCEWEERTRER
P GEBEATAR PAO; AR T IZHE T R A
J& PAO 75 EH B BA TR 7] [ Z0RH IX 9 A [A) 4L
K EBPR R & B UL ENWRBREERER
EBPR 759 B & i A #1 R (L FG R SR P =4, IR

I EE LR R EAAE PHA WEE 2 RUERREL
WURLITEERE) o EIlL, AiE TR Ir SRR AR
FTihg. SE T RESNTRATTEY
%07 ¥ % EBPR B AW R RE AT r R K E,
Bond' /45 \ % #154k EBPR L, EBPR R4 K&
T MM AEY, &% %N Rhodocyclus , Hessel-
mann[g]fﬁl’ 24 3% Fh ik A M o ¢ Candidatus Accumulibacter
Phosphatis” , B ¥R M “ Accumulibacter” . )5 NZHER
& (8-13] B accumulibacter TEAS[A K] EBPR &5k
BN HES ZRMIE, B accumulibacter &
PAO B2 Z A,

DAGHES 37 O 2203 85 GAO B %5 3R 5 PAO 3%
&4 R ik, M ERRREES Y ARE
TTE P& EEHRAK, B ENTEAE GAO, 7
TP AT BB AL T GAO K% Nielsen
KM DGGE £ R H K & B —H GAO, EB T
Gammaproteobacteria , i B W RN ¢ Candidatus Com-

petibacter Phosphatis” , T8 #5241« Competibacter” , 33X Fh 12
YR BAFAE T L5 % MR bRTs KA BT iR L)
EBPR {5 A5, 55 —Fl GAO & Beer '™ R BLHY AL-
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RIH G 4 (G-bacteria) ™) IR IR/ HKFRZ N
Alphaproteobacteri- GAOT, a-GAO,

ETHMPRIVKR, 25 8L accumulibacter |
competibacter Fla-GAO, DL & E R F YR B LiE 7Y
ToEERWIST PAO, GAO A B AL (L5 Y 28 B i L )
DB g, Rt A EEB3REE
M EARE LA EE,

1 M5k

1.1 SBR XM ZFHIEST

AT R R it =T PR V5 e i (SBR) B #% , SBR
25 T0cm, AR 20em, BAEFH 4L, B AT N
10L,  H A [B) R 42 ol 5 I Y I Pl 2 B S BT iz
TR HShES . FERRERASEYRS, AR
BRI R . RERS RS B, fRIE
TREMERAFERRES . BN EETEE
HEIEJRAE (20 £ 2) CTEREIN o

SBR R M #F 8RBT 4 N EH, B4 58 6h, &
ANEAB A 2min BEK, 2.5h REBEE, 3h IFE B
A, 3min YLIEM! 25min K&, 7K 7458 B E) K2k
8.5h,

TESE TP LG B B, A 3R 1 4~ SBR ¥ 5%
YkiEle , I E&A — KM — B KRBT
I K, R B AN RS E IR & & accu-
mulibacter (R IRIE SR FF R NMG RS, T BB
TR EBAE— 7K FE T L A% 56 B, FF B W 7K R AT
FNEes , BN RHEK 7L, #Ek 7L, HK el 7710,

VIR B & 5 accumulibacter KWU)G , 1Y 2.1
TR RN RS AT T B - B /K BOBLAE A
BaPHAT, A EEHRER POy -P. 73— 1TH
R FTEE(COD) MEEERY R His
&S, AR #H T MR SRR KT
ME, EHFELEE ., R, ERBI 2 RS,
SRR ESE competibacter Fl a-GAO, X I X N A%
HIRE B accumulibacter Vi #5 FIHEVE , =AW 28
HRFEACHEAK HE 2,579,

1.2 FER/kFniERMTR

BRI = 2R K R Adrian BOTE 5200,
Bk W4 1, /K H &7 COD 800mg/L, IRIEE
£HW KA R IEBEREE A 53. 3mg POF-P/L 5
2mgPO;-P/L, Tk U5 R F 2 BR AR BR 38 i o B
RSB RR .

R1 BKESER

BaE @) BREE (gL
NH,Cl 0.1065g FeCl,-6H,0 1.5
MgS0, * 7TH,0 0.171g H,BO, 0.15
CaCl,*2H,0 0.0795¢g CuS0, - 5H,0 0.03
ATU 0.0021g KI 0.18
EHK 0.048g MnCl, -4H,0 0.12
] 0.525ml.  Na,Mo0,-2H,0  0.06
(Z.1%) 0.787ml ZnS0, * 7TH,0 0.12
ERW 0.575mL CoCl,*6H,0 0.15
pH 7.0 EDTA 10

WL BBt SBR SR #5 B2 B 75 U8 Jg It i
iFEE KA BRI R ZRTGR, BfE
R AL, BRIS IR A 7500mg/ Lo
1.3 SWAEE

COD 3R A 5B-1A U Pl =2 1% ; POT-P R &
A58 SR A B 5 V5 T Hh 1 BB I R A A
WDy LU B LS B R R A U IE R R R

RERFLARNTER (PHA) & B & KB IEM Bond
gl e TS TR A B 0 G 2R B, L
AHTEIZET 24h EHRE, T 1975 TR TE
B, A 2ml 45 F1 2mL BEAL I (3% BRAL B ),
KRR 105 CIH ML, B A E A 1mL 7818
IKEIZN R, B 5E 30min ¥ 1 B 2402 5 B &
RS G HT, B35 h 2R 6890 RSt

TR Crocetti 2510 f B2 /E J7 ¥ HEAT FISH 43#7 0
K 4% PFA, 4CEAE R X5 UERE S E 2 ~ 3ho X
[ 58 5 B Y5 TR BE A B A 41 B 10min J5 , KRR S
ERREHEEMES R E, SR P TREEEERE
F 50% 80% Fi1 98 % K 2. BEVE W H 7K 3min, %38
S22 A 0. 9mol/L NaCl.20mmol/L Tris/HCL.
19%SDS FIFF B, pHT . 20 K5 EHRIC I B iR
RET IR T G oP P, 2 46°C R 575 IR e A 24
3 2h, RAMEE TR T TR 2, 54 H G,
K FH VRN 5% v AE 48°C T BEBE 20min, 7ETF )G 1
B I 5 6 IR, X A TE VR AR S BE AL
% 20 ~ 25 5k 7 T € B 0T (IPP7.0 Software)

ZRBERE TN G AR S W DAPL L5 1)
Jriko 40 FISH B ETAR 3, 15 M5 Ve ke o & [ 2 W40
B BT K S, B FLIE BN 100pg/mL Y
DAPI 4%} OmL, BB H & B Smin J5, F Mili-Q 7K
Ve, BT oot 325 s 3 AR .
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F2 Fish Sitth RAMNBFEHE R

wEr FA  SObFRcEl Bis 731
EUB338 — FITC JLF4&# Eubacteria GCTGCCTCCCGTAGGAGT
PAOmix PAO462 35% Cy-3  Accumulibacter ’gfg;f((:}iT(;:(;GT ATTAAC
PAO651 35% Cy-3 CCCTCTGCCAAACTCCAG
PAOB46 35% Cy-3 GTTAGCTACGGCACTAAAAGG
GAOmix GA0431 35% Cy-3  competibacter TCCCCGCCTAAAGGGCTT
GA0989 35% Cy-3 TTCCCCGGATGTCAAGGC

¥ : PAOmix i PAO462: PAO651:PAO846 = 1:1:1, GAOmix Ff GAO431: GAO989 = 1:1 DAEE /R ¥k BE L 2H Mo

1.4 EEFRMK

ABEFELL C/P FBRIE RS X BIA~H R A ik
PR IR R A B B 4 B A B 1, 7E1R C/P
T, BF COD 2 800mg/L. IEBEMREE 7 53 . 3mgPO; -P/L
I BE 7K 3% 3% accumulibacter, B 3 7K COD/P Ky
15mgCOD/mgPO; -P, HF competibacter & YN R )
HARZE IR ZBRINHEARIZIE L, T o-GAO EE K
WA B R Z R . M AR, accumulibacter F
ZERFITA BR AR AT LA, T L R SO R 2 R %
I, AT 38 o 508 SRR AN R A BRTR , 5 S LA
HEUA BN R BTAIR o-GAO, 7 LATR IR M Iy vt
ik competibacter , BETNE accumulibacter 5 PEH,
THFRE . BRIRSSHRBLTT K 3,

#3135 PAO HBRIE

COD(mg-T1)  BVER1 BrEk2 BvER3 BBi4 BrERs
HER 800 0 800 0 800
LR 0 800 0 800 0

K5 3% competibacter B} DL Z R 77 §% Y&, COD Ky
800mg/L, FE7K ' POT-P 4 2mg/L. HE WA 5855
accumulibacter WEEFEFEA[A]

B3 o-GAO BRI NTRER, COD 4 800mg/L,
#K POT-P Jg 2me/L, HoAth B A3 535 5% accumulibac-
ter Y EEFRIEAAIR]

2 BRI

2.1 EFHBHE

JRIL 5 B B s K A 3R T3S IS R ) DA
COD 24 800mg/L, PO} -P 2 53. 3mg/L HIBEK %5 I8
AT, BATEA A I, RO 5 VR A8 Bk B
. BIWNHE, RS HEAFMNERERE, 4R
i 1 A 2 Fw
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PO S-P (mg:L)
(=23
<

1 EFHBEME PO;-P

o UK o MO ) o RS —x— R

2 EFVEHE COD

HE B2 /T, RGN BERFANA, R
NiER BRI AR EBITH B, (HRIBITERH
W AEM, B, HE 1AL, REREB LT
SUHE F RE AR R BAR SR, RS R, R4 POT-P
HATE 60mg/L 274G, IT AL R, RS POT-P EEATE
20mg/L 7245, KR IAHR , X U6 R 7E R4t
PEAWESE, TEHTER/D . HR ARYE SCHtR
B, it PAO B 2 GAO R — 1 EE RS
RREB AR COD, H i R ae & Fk ir & A K.
FRLA, — RGP R E 4 T RE M PAO 5 GAO,
R IRE B RE R MR A4 LT COD, X
A AMRIF®A COD 5t B Bl A B 2, il 138
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WRIFRE A K, ff PAO B GAO B fEZ Ik
FERGH LA COD 7ELF E B AT, A
&l 2 FJ L, 25 R G R4 B R BERR A /D84 COD, 4
KFRS COD AR A B MR ), ULBA R A TE
KRE W EABFRE, 15 SR f COD KREAK,
XL IR T M FAETEfE PAO B GAO Y 'sf 48 i Bk
fifo M FISH 43#T 45 50l 0, BhEt R H AT ac-
cumulibacter , competibacter F1 a-GAO DL K K & H A
=,

AV R, S R E R AE LT =5
(1)K FH 68 P — BEBsF [ 5 0 A B, 6 T > 4R A,
HEMAEY— S Mg KA 8 CoD, 55— E
SFEIEKHE AN RS , IR B R LR, Wik B AR
IR, Q)BIKIE—KEEH 1T, F LTV
B, HEBRUIE , AN RRIREF IV iR o BT ATEK B
FYREA R, (3)RGH GAO Fil PAO K& B AR
A TR A AR COD Rt e, SBITATRKER
FEEK,

HRIFSHT, WHA%E B AT — iR, W 1.1 B
k. BHHARNE—NEY, RS COD # PO; -
P EESR I (BL 7 W3R 1) 76 R4S AT Ve TR ok Bk
COD, #A J& 7€ 5 S B B IT 1 Wi 75 im A\ 4 B2 VR B 1
PO} -P, I 7571 Pk 4 COD 8 88 27 A B, Wb i
HRFAEMWER,

2.2  Accumulibacter IE &

HF GAO J2& PAO M RE R4, H It PAO
RILES F G0 T HEBR B AT A RE AR COD Y38 S 55 1
Ja R A B 2 6] GAO A K, IrbA—iH
Xt PAO A FI Xt GAO A FI| B 4% 14 9 B FH B R 48
B BRI LR R — R R 2, A S E i SR
U8 8 RN A8 7E A Z RN Y B Y IR «-GAO, £ LA
RN EYI BRI competibacter , JETIE accumulibac-
ter FTRE, A RS FIEE

11T 115 RJG, )R a8 B B 2 IR 10 AE P BR vk
REHFR S, R 3, 4 B, BEE TR B3
RGBT REA TR AL , R A BB A3, B
JERSRETE POy -P 2 200mg/L /i , S R B R B Bt
HK PO -P W E A B Img/L, FN, RERE
R COD KFRAES. HE 4 ol I, B17ATH, &
ixt COD M EBARE, HEFAREEITR, K
A8 COD =R FLF] 90% LU b, i H B COD #74
AP, X S0 #RJ2 EBPR 2 45 1 S0 4% 5, Ui B
PAO ZER G KB

o SEKONTH o PARAAR o FRLAE R

5]
L
<

gl
o4
8

PO -P(m

3 PAO R Ri5H) POF-P ER1ER

—o-HEROI AL o JREEFH o IFEAETR

COD(mg/L)

REFH
4 PAO RRIEEH) COD E=BIER

XA G — > L Y 3 9 B PO3-P, COD L
PAO B 2R-& 94 PHB, 2 RBERRH BUR & B 14
Pzl an gl 5 B o

2
A (h)

500

2

— 400
L 100 . ~
5 g 300
Pl s o
60 200 E
%7(5 // " BN ~
= 4) = . s
2« . " 100 S
= 20 N ~

0 TRLH0

0 3 6

2
#1181 (1)

5 SBR ZZHIHBAFHPHTRUEBR RS RUEK

B 5 AT, TR IR AN B, PAO TKARIA I I 22 58
PRERELAIURL , FF L IEBFBREL R OB SN KA, R]
PR FH L R A Y R B IR A A T e ) LR
FHELIR 32 FENE T BR (PHAs ) 1 TE XU 7 76 40 i
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W T RMFEN B, PAO 2f# PHA F= AL RER
LA 2 B 5B K, B RIS IEREIR R, LA 2
BRI AR . XTSI DL R BB Y
AT TSR E A2 B & T PAO HE
V5 IRNIZA 1) 4 HP BLRVRHE .

& 6 FE 7 52 & EH accumulibacter 158K
Tk BE DAPL YL (ol FISH M8 Fr. diEH Al LIE H,
WETEEEREEEEL T KER accumulibacter ,
accumulibacter KW} LA 5 B BB 80% £ 4, &
£ accumulibacter AR T M. &EMIZIRA LIE
R&fisssE , M Mk A 1 b 38 A 16 56 O T I F 55 1
%, T AR PAO W 78 3 1k A= W BB R 4
RO RS, REEDIRCE R R B o

6 PAOTSREISIRE DAPILERA

B 7 PAO SRR FISHEH

2.3 Competibacter 1= &

HRAE SCHRARE , competibacter X557 R 1) 28 & 22
W ORI N Z T Z, B2 competibac-
ter WA T R 2, B AR BB &= 1 PAO )L
s HE MR R TER)E , R 2 5 SBR iy, et
HEEHEFM(pH=7.0,1k P/C 55), KL ZBRAHRIE
B competibacter . EZ30R ine o = R OB E 1 W N T piin
ABEiatt, BXt coD KRR ILE 8.
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O R A AR

350
300 -
250 F
200 +

COD (mgl™)

150
100

R

8 Competibacter SBR 31 COD By

HE 8 Al L, REE# AR E 1T, X% COD A
R EBREES . COD ZBRFA LIE BN 9% , T
HEBRA COD EEIEREB LI, i A B AL R
COD B ARk . [RIE X 28 G0 B 1) 15 0 WE 0 A5,
HAREIBITE, REBWER T RBEHwEEE T, &
B R JLT-N Omg/Lo BL/KBLATH 1) PO3-P RFSR
WA ER, XURBEC L8 E Ut
ARG, RN BN T IRBFRE, EATEREMN
#& COD, & 1 PHA FREEY) i, MTEHFA T IEFE
PHA, & BWE R . B THEEAE poly-P BN THUE
YR N IBEE Y T, BT L R GExt FRRBE A T 5T
Mko B9 NEEBEN competibacter 5IR IR F o

9 FEEFLERE competibacter i) FISH B

HE 9 TR N, BEERE NG, s N E
ETRKERNRBERE competibacter, EAITE AR LK,
BEFR, LA LB AT I, BIE KRG
BEE R, BB competibacter 29 &5 BVE ELH 90% A2
fio
2.4 a-GAOHIEE

AR AT R B B IR , AR IR B s H
2% T (pH="17.0,1% P/C %) Lk SBR3 R ML &4 a-
GAO, &tk 2 M HIG, R4 LB COD BB TR & -
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R EBTTHN], SR R R A RESKM N RER
WP R , A 4y b IR, IR] & B PHA U772 7E 40
M, 2R SR COD B B AR 1k, A B 4y
i PHA, & R . RERRINS ELE competibacter
1) SN 28 PR R AR AL, LA AR BER o SR, DA A
BELER B P R AL Z SS W EE FT L SBR3 5 SBR2
WA PS50 H LR IR A AR TR . 7€ SBR3 H kK&
BRI MARN BRI, ABATE A — 2
WA, T E & A PO R i ] T R EE—E,
TS CERIRE T o-GAO /MBS IEH 3,
[F] B B T FAE I & 48 EBPR RERIL T GAO
LA I R HERT «-GAO BN T R R H
FREE, W& 10 PiR. BRI A M TFO-
DF218 &1, (HIZASR T I , 3X i U B4 T A AE )
MAEVMEERN T REF MR EFRE, BT XM
AW, B LA B EHAEY

10 FEFH «-GAO i EUB £ 1B

3 # %

(DTEAEEFR AR A M IR OL T 7T LLE A &
£ IRIF KRB PAO B GAO, BE YT IR ik
FEREAT I, X TR MR A AR 3, A S L R
HEEX,

(2) A P/C FIBRIEFIZEIX 2 > 5 R R AT A
HR L EY R R EEN T . & P/C UL
RTABRRE B B 4 accumulibacter (PAO) ; ZE{% P/CF
IZRESE competibacter , AR & % o-GAO,

(3)3E T PR ALE Y pH i | FEK AT S5 561,
TEARDIRRIE T , AT B 4 = 280k iU 7l ,
BELER accumulibacier 5 80% , ZGEXT PO -P By 3=
MR A[ 35 98% L b competibacter 15 90% ,a-GAO 1,
SR IEE KA,

(4) B HRE T &4 B BN, Bl K 245

ST KB, RGOS — S RIFEWA
SR, BT R R B, S R R E R EE
ERIRM . WL, A UREDK A&, 5K Al
B SRR AR TR UK AR , 2R A8 S5 HR L% ) K B H
Fo WHNEUKF B ERBARTEREMBER
B, WA SE RV R BUE A TIIEHT H B K #EA R
BLARE , Torki A WA KIHBR B SRR,
PRAEDI AW, B LK — R AT BB 2 S B 2R
HEA

B E 30k
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Enrichment and culture of major organism groups in enhanced biological
phosphorus removal systems
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Abstract
This research focused on the enrichment of phosphorus accumulating organisms (PAQ) and glycogen accumulating
organisms ( GAO) in enhanced biological phosphorus removal (EBPR) systems——SBR reactors fed with activated
sludge. P/C and the carbon sources were considered as two main factors to control the enrichment conditions. So high P/
C and alternate acetate and propionate were supplied to PAO, low P/C and acetate were supplied to g-GAO, and low P/
C and propionate were supplied to a- GAO. Under the suitable pH, temperature, DO of the aerobic phase and load of the
influent, the enrichment of these three kinds of groups was achieved with the results below: Accumulibacter reached 80%
of the total bacteria, and the efficiency of P removal was over than 98% . Competibacter could reach 90% of the total bac-
teria, and also, a-GAO was a absolutely predominant group in its reactor. Furthermore, details just like the autoclaved
feed and the completely dissolved feed can affect the resulis of the enrichment work.
Key words: enhanced biological phosphorus removal system (EBPR), phosphorus accumulating organisms, glyco-

gen accumulating organisms, enrichment, predominant species
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