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W 3. EF UniFed SBR TZRA HK/HK/UTIEB BRI 5 #4T R ERHEK  TUER K B 7R 88 R R 48K AR
BEHERBTZAARFNENBRBBEAGE. FRRRARKE/ B/ FEXHIZITH UniFed SBR K1Y 2%,
FETARFKKBEL o(C)/ p(PYE KK BRGEHRAKEBIBN T RREENRBBRGBW. BRER
B, X FARRBEK o(C)/ o(PYE, 2 HI1F BN M BRI RBEER, & p(C)/p(P) =23 I, REW HKB R RIK
B 0.89 kg/m®, ZBREN 94.67%, % p(C)/p(P)>23 B, A KBt B IR H T, B T MM 21T
TRER TR p(C)/ o (PYEAEEG KA FEIRBE:; 437K p(COD) BT BB IR H B % 8t & HK i Xk,
HK o(PYRRMK, (H4HK o(COD)FERAT, HiK WX FREM EREMAKR, R RFE RN EBRE. ZT TN
FHB T ERERRRETEE T RFOBRFBER, 0B EWRBHEL TH BRAFH L.

XA UniFed SBR TE; £IEEK; EWBRBE; 0(C)/o(P)
b5 %S, X703 HRARIREE: A X HWHES: 0254 - 0037(2009)01 - 0119 - 06

Hal, ¥ EMLBE T ZAESKP SFREIREABE, BV KERSECENESMES. BRE
FRET ZHEMBRBE LY, W BICTOREFRFMED L E TN #E A2/0 TER K& PhoStrip il
BRBTEPIE BHRSEAINEHREBMATAESFTENTR. FX3HET —FFHSKEDL
R 4% UniFed SBR K W F4E. UniFed SBR 24 & F&IE T 20 4 70 ERMBKFE, EFET
“Bathurst Box” 45 (F —MEMETE K HFE N B — B IS 15 IR AL S H R ) Ry 260t b, RAHKFF R T
EMINE XN CASS FEMKFH K ICEAS K bio-P IDEAWEMITE. BT 20 tHE R, HFXHEHF
B 75 K 40 2B I M AT B/ D A IR R L B I BN B RE TR KK SR Y E A, K HEE < B K
BHHEMGREH S EF R PO (R #K CRCWMPCL ) #1 Queensland K2 & Jurg. Keller EAF &R T 6k
FEBL— b o N 7 AR B AT PR B o BUAR 5 A9 R B AR BURUR Y UniFed SBR AR, #E 813 T E br % F
(ERREFSH . 5525231)4), (HE, HIFHARLERE M ML REHR.

B/ G HE S XK UniFed SBR R Z R AT B KNHEANRU BRI T H R N HFKTH
FHEASIN, FFUBR” LM FKE GRS KSR NS EEMESIET S, BT MAEsy K/
Hek =X, BP koK /HEZK/ DUI B B[R] B 3547, W FuE 17 7 NN PR B LM T R LA BB X HLER
B T4, FARBEE (PAOs) T MR SER A K F A EVURY, R BE & M BRBEBOR ;T R S E 84
RN AR R EE KO, HEHE L SBR R ERHEZM B, XERKKER T RNEHN
ARF RS, KXW ESRRAFE UniFed SBR KN RIS K, AR T HRLERL
EYIRR B RE.
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1 RBRAR.RESHE
1.1 RERERER

W44 B 47111 # UniFed SBR £ 4 1317, ik
BHENE 1. AEEKEIHHBEHERE, RN
TIRFEIN, BEEUIRERG IR 5 I8 2 &M,
G5 E—FABM i KEMEE— RTIWELE .
B SRR 0 “ R 3, A 5 H K 2 AT T i num |y o
BB A4 R, Bk B R SR ER A 2 S EH ) SRR 1A
Lk PR E W HEKET E 5, REEH Sk AR B B, /
R SR T A ML S Bk F A R AL T 4
BAE¥SHETFENRS, BN BREREHN =
EANZERGE, B3N TAAMNET. BMETa
Bl E R EG R 1R 2.8KE 3.HAKE 4.ZEH S.PCHEH

mE 1 PR, R E N A E VLB B R w 6.—§E\. 7.8.9.D0.0BP. pH i E{X 10. 31|
S SBR BLH, HARE 900 mm, A HEN WAIE B EER LARE
#, 815 210 mm, BABEFL 40 L. BRI E Fig.1 Schmatic diagram of pilot test of UniFed SBR system
P 2 BB 1T B shiE ], MTURB AR T E
ARBT R RHEK  EREES TUEM K& BR B s XA E. REEZEE TET:4F8
BREN25C, &1 | RATHHRFERAE(RS5+2) C. KERABBIXZER, UHDIMAERMAL
B, BREBRHE 0.2 m*/h. KA Multi 340i ZIEB XL IRE pH.IE R E DO K& LE R H AL ORP
B AU AE LI 2 I A B ) pH ., o (DO)HI V(ORP)ER A L.

1.2 RBAREIFIEN L

RRFRTEUDSEEEZREMUABR I EEFRFER, KRR E R L XFHTAEE D
Ry EFTEK, EET R EXNE B, KERERA—E 83, BEKRERERENTELE 1L
BRI RS RSO (81 E i, U T AR R BYRELE T W~5 M ARREZTRBY
HRA R E B A SR EIR

] o
—

®1 REFTDREBTROKERET

Table 1 The constitutes of domestic wastewater

iR ‘ ¥E , HE ST BB T
p(COD)/(kg-m™?) 186 ~265 225.5 5B-3 & COD He# il & X
p(PO3™-P)/ (kg m™3) 4.01~5.54 4.78 HE I ML T AR T A
o(NH; -N)/(kg-m™?) 38.06~58.25 48.16 44 PR B L B R 5 ()

p(TN)/(kg-m™3) 43.80~61.85 52.83 Multi N/C 3000 & TN, TOC # &%
pH 7.4~17.5 7.45 Multi 340i BUE &R T
2 ER59%H

2.1 FE#K p(COD)MBELRERHR IR W .
BERGHIBAT IO A K 2 h, ZSHEHER 1 min, BRI 2~ 3h(RHEHK o(COD)RAWEH),



18 BfEYE, %. UniFed SBR TEXM £ IEBKEBIM IR 121

p(MLSS) EH#1E 3 500 kg/m?, B T BE#K p(C)/ p(P)E, TEH KPR IN— 2 BE Z BRI p(COD),
HRRFEKPBERRKRELE. SN AHBRSH BN 10 min B, UIE COD.E4. LHSA WA
BERAR A BBV BE, I 2 F1E 3 W LAE R R #E7K o(COD) X F H7K p(P)BI .

== p(COD)=320.5 kg/m? 30

N
W

-+ p(COD)=394.3 kg/m?

£ 20 -+ p(COD)=368.7 kg/m* & -a- p(COD)=484.6 kg/m*
g s p(COD)=472.5 kg/m* g 20
w 15 o0
% &
< 10 = 10
) )
g 3 g
0 1 1 1 0
0 20 40 80 120 0 20 40 80 120 160
t /min t/ min
E2 HokWH 25% B REBEK p(COD)X P HK B3 HoKHR 33%ERRFE#HK o(COD)M P B
BUR A B R W
Fig.2 The effect of phosphorus removal of different Fig.3 The effect of phosphorus removal of different
p(COD) at 25% decant ratio 2(COD) at 33% decant ratio

LB, #7K p(COD)AR], X FRKFBEH ZBRBURF AR, B 2 P Y HKH R 25% B, 3K
p(COD)4r 514 320.5.368.7 M1 472.5 kg/m? B, BI#E/K o(C)/ p(P)Z 5 Ft b, B B iy H 7K o B 43 B
5 0.67.0 # 0 kg/m* (B HBRUUTF), HRFTUBHBEH, RAH o(C)/p(P)EXN FEBHE R B AXBES
BAEBKEW,HE o(C)/ p(P)HHX, BRXBEBEST N 8.52.10.66 1 21.87 kg/m?, T B 7T LAF H B
F p(C)/ p(PYHI K, p(P) 5B B AK A% A4 B (8] 22 7 45 4 BP "% % L £ R W 7+, B 0.92 mgPO; ~/
(gMLSS-h)HKE 4.07 mg PO}~ /(gMLSS-h); FI#EZE 3 o, ¥ HEK o B 25 % K Z 33 % B, AT A& 3L
E 2 FRIBEMEE; SIFE A, R40H COD A BIFH EBRBE, HHENHFKE 320.5~472.5 kg/m®
ERSERMEE 20~30 kg/m®, COD EBRMEHEEET] 90% A b, AL EHR A FEIRE b KV 350
BT R

BB ERE-FEALSEETRET, BB R AE PAOs B ZEH £ K IREFEE, ER
EMr B, PAOs i M R B L S YR HE, M ARSI B P ENERREEKT SRBEEIY
(EEREHIBIR), FHFERN S REEERR(PHA) ; iIFE B B, PAOs FIH 41 PHA =4 fE &
SRRWEE, B HREFIEREKPBRAEN. M THESKYE, EEFEKRHERHENRS, HEHE
IR PAOs 4L T RFEF AR K FEVBREANS, 3 BN BRIB R T/ a R EFE, WKE
FRAN TR FRERBE I RBE RS M T PAOs RIKK /N FENY, B EERPHAWMS
REBFRERE, Faxt REFEELW, Fril PAOs T LGB FF 5 L2 MR BN Z S, REH RS
FIRHE AP EYBRE, #1788, XE PAOs EFE W Bt BB LB &4, FrLlgEK PHE LR
EEBBE, PAOs FIisFI MR L, BRI R4, B UL 72 57 S 0 By w7 A B IR 3%, {F TR B o 22 40 HH K B IR
B BB RERE.

2.2 FEHKEEXBEERBROR W@

WA 4 FTUAE S, YHEK K 25% MK ZE 40% 8, RE p(COD)EFRETE 368.7~394.3 kg/m®, A HE
KEBRTREMRBERAERK, TERAER KB BN G A RBE R 7 HE, HHKLE 25%H
KZE 40% 0, BB EME 10.66 kg/m® WK E 31.96 keg/m®, F#HILFRATH W 3 1%, BBEEB U EH
RE. XRENYLHK p(COD)ERE—EKFH, HKHBRK, HYTFRENZHARMLRE, X F
B PAOs FRREF I B VLB IEM &, PAOs BB E I REFH P A SR BEVRER S BB, UE
FIEG BRI EM B PAOs BB B TR B, AP R A BE R E. 3 H, YHKH N 40% BT RE BB
BRI B KA E A TR FHOK A&, RE N6 S HK e K, #K COD FEE# PAOs Fi fi
Rse, ALRERE, TUERSHENBREFRETEEBEIIEY, HERKUEEFRTREIFE,
PAOs W "] AGKSE AT R BT 0y, (E BB R B X EM L IR RR 5.
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40 45

-+ p(COD)=373.2 kg/m’

o - HEKLE =25% a ~
g 30 - ﬁF_]k tt =33% E 30 +P(COD)—5041 kg/m’
2 2 - HETK EE =40% &
& 10 g
& Q

0 0

0 20 40 80 120 160 0 20 40 80 120 160
t/ min t/ min
H 4 AHFE o(COD)TRRHEA LT P HERBRM E 0 5 HoKHA 0% AREK o(00D)X P ZBRBERMER
Fig.4 The effect of phosphorus removal of defferent decant Fig.5 The effect of phosphorus removal of defferent

ratio at same Poop poop at 40% decant ratio

ATH—FRIAKEN T ZRERBZROEW, #TMTXBRIE. mE S FR, Bk
p(COD) 5% 373.2 kg/m® F1 504. 1 kg/m’® B RFEEIFEHT 40 % HEK Ho, X4 3R G0 B AR B IR 7 SR
RZHEMFARMRU R, RAHREF R RO BRBREMBRBEER, FHHAKFH o(P)HERHRUT.
H—HRIERY, YHKAVRFREG, ZFEBRAIRDORERRE PAOs BB, HERKR
BE RO R, (3 RA R HIBRBEBOR . PrLAd, MK P HEVRM TR, B o(COD) R PAOs
RETEAT BRI A% AR R, BEE HEK HEAY K, RV RIS B4 89 BRBEBOCR, 91 T AEE B R 9 6 Bl 5 732
THE BB AR

BEAb, SF 1 JEK A BB AR — S8 LU B kK o S B £ R, BF X H X UniFed SBR R 4t BR B AE 189 %
ma, BAAEE R 2.

x2 p(C)/p(P) R TFHERBRIHE
Table 2 Effect of p(C)/p(P) ratio on removal of phosphorus

HK p(COD)/ K p(P)/ RABR R/ K p(P)/ BERE/
(kgrm™) (kg'm™?) (kgm™) (kg-m™?) p(OVp(P) %
394.3 4.71 14.72 0 83.71 100
407.8 11.77 23.66 0 34.65 100
385.2 16.71 23.55 6,89 23.05 94.6

B3 2 T[4, #E7K p(COD)HEFFTE 400 kg/m® ZEAG RS, 3853 (5 T K 80 KH,PO, BB # K p(P),
A HIEHIAE 4.71.11.77 7 16.71 kg/m®, p(C)/ p(P){E L H 83.71 BEZE 23.05, N 7K po(P) RBEER K
EA B p(C)/p(PYEM FHERERBKEM, #7K o(C)/p(PYEBE, BELBRERK, 4 o(C)/
p(PYE % 23.05 B, 7K o(P) % 0.89 ke/m®, BEM RBRFEAEIAT] 94.6% , MERFRENBHEZRE. H
RAFT LA, #7K o(C)/ p(P)EH 34.65 B E 23.05 B}, BB EH FTREMK, RUHEE o(C)/o(P)E
HIREAR o (COD) ¥ PAOs A BB T EHWE K, B KB B 50 PAOs 7] R H 8B VIR IR 9 &
KT FEAK . B LATETS R BERY AR HERRRYBTHE T, UniFed SBR TE TSt p(C)/ o (PUMERKM ETF T KA R
BBt % p(C)/ p(P)>23 B REETT RS E T A9 B B% 2R B ABIF I KK .

2.3 BSENTHERHAROE®W

AFRBRIEN FREBRZBRBERWZWMAE 6 FiR, @ B MEEHBE R #K 0(COD) E 400 kg/
m’, RHEMIBZIT TN HK 2 h, ZFSIEHES 1 min, B 1 h 40 min 5 2 h 40 min (K IE RSB W RFHE
), VLI 20 min. & FABAHEK LA 40%, BIHEK 16 L, BB 518 H 7 0.2 m*/h(L& 1) 0.6 m®/h
(L& 2), IRIKFEEZ BB T RAERBEBEG L.

ME 6 hEH, Y RZFK LU LR THETH, RXHBBENADBEABRB AN EY AR, 4BS&
A 0.6 m®/h B, 7EHE S 10 min B, KAE B ABFHE N 10.77 ke/m®, T H4 B TEH 0.2 m*/h B, 78
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- BS# =0.6m’h

g 12 - B =02m*h = 0

£ g & -100

= o ~BE5 &8 =0.6m*h

% 4 X -200 ~ @S & =02 m'h

0 6 210 40 80 150 lgo ~3001 41 81 121 161 201
t/ min t/ min
6 AFEBRSEXT P XBRBERGER M7 AEBSKBAELEHN V(ORP)ZELLZR
Fig.6 The effect of phosphorus removal of defferent Fig.7 The profile of V(ORP) of defferent aeration
aeration intensity intensity in system

.20 min FHIABI R ABEBR 14.13 ke/m®, TE BABRBEME 3.36 ke/m®; T 2 1, RAZE 60 min it
BUSER T S S B, T LA 1 WFE 100 min B ST E K BE, 2 LA BRAENHK p(P)HERHBUT.
—IANA, ER M REBBEREESP, o(DO) MR 6

F#7£0.2 kg/m® LT, T V (ORP) W RLZE ~ 200 ~ ~ % :Egg 0.6 mh

300 mV, B V(ORP) S, 84 7 F RN E '

HEE. WE 7 TUE S, ERSIFHEN, REEH 3 2

10 min T 1 4 V(ORP)RHETE -~ 200 mV BT, % £

R MRS, V(ORP) M L F T H PAOs B9 B 04T 81 121 161 201
BETR, AR T RB MAELR 2, £ ¢/ min

SAERT 20 min V(ORP) ¥R — 200 mV LT, iX F8 REBSEALN o(DO)VEEHE
BRAEMNT PAOs BB WK ERE BB ERE. Fig.8 The profile of p(DO) of different aeration
EAETA 1P (LES), REBRIBREBALST intensity in system

p(DO) R 72 7F i B 4 R FE B AR K F, FF7E 10 min

F—HRFHE 0.7 ke/m’, EEMILL R p(DO)RE LF; Wi /DRI BER RG T p(DO)—HLERTE 0.2
kg/m®, EERMALL K o(DO)RELF. W p(DOYM V(ORP) P77 T 34 BE )t B 71 Rl R B X T R 4L B
BEE R, RANBEERAERRS, EEEF BRI REBRAEHRICE, WA FE AR KRR, HD0FE
FTEYEE R R TR,

3 it

1) UniFed SBR R4t MAF #1217 77 2 B8 75 8L — A 2 57 4% o 46 B8 B RO /e 4K O T A S 8 IR L iR 41
MEFE IR, 15 COD MBEMA BRI ERRUR, K B B R 5 685 2 B R HEROR 4 5

2) %K p(COD)H 320.5 kg/m’ K FE 472.5 kg/m® B, H7K p(P)H 0.67 kg/m’ B E 0, %
HREHNKBEHELT, ZRETERE R AP HR M RIEHTE S, € PAOs 75 F i i
KRB HURY), BEIRIF A 2R ; MK o (COD) BN BB 1Y IR i B R B, B & HEK By R K
p(P)FRAE (B 43EK p(COD) 7RI, HEK L3t F B Z BRI R K, WRERFFERE ZBAE;

3) REFRFEA o(P), B K KBE AT, FTLAE HY o(C)/p(PYEN 23 BF, REMRERFREH
BEEIRFE(94.6%), 2 p(C)/p(PYHBTF 23 B, K p(P)HZER LR T, % UniFed SBR R4 A
FAE p(C)/ p(PYEM EE 15 KR LY BRBE;

4) WH—EHHK p(COD)I, KIR B E R FRATEBRRNBEBHREANE, H HRKBHRERK
MFNRRE, BEERIREBABR, EEHABRMRIHE.
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Study of UniFed SBR Process for Biological Phosphorus
Removal in Domestic Wastewater

TANG Xu-guang', WANG Shu-ying!, YUAN Zhi-guo’, ZHAO Chen-hong!
(1.Key Laboratory of Beijing Water Quality Science and Water Environment Recovery Engineering, Beijing University
of Technology, Beijing 100124; 2. Advanced Wastewater Management Centre, The University of Queensland, Australia)

Abstract: UniFed SBR process has the unique feature which is the introduction of the influent into the settled
sludge blanket during the settling and decant periods of the operation. It achieved suitable conditions for
denitrification and anaerobic phosphorus release and also had high rate of nitrogen and phosphorus removal. In
our experiment, this type of UniFed SBR process for treatment of domestic wastewater was used to study the
effect of p(C)/p(P) ratio, decant ratio, maximal removal of phosphorus loading and aeration intensity on
removal of phosphorus. Results show that when p (C)/p (P) ratio is 23, the removal efficiency of TP is
94.67% . When the ratio of p(C)/p(P) is higher than 23, the concentration of phosphorus in the effluent is
0 kg/m>. when the carbon source become the limiting factor to phosphorus release, the higher decant ratio is,
the lower phosphorus concentration in the effluent is. When the carbon source is adequate, the system is
proved to have a reliable performance in phosphorus removal. This system has great effect on phosphorus

removal in domestic wastewater, which provides a new method to enhance biological phosphorus removal.

Key words: UniFed SBR process; domestic wastewater; biological phosphorus removal; p(C)/p(P)
(g% & &)



