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Abstract: By parallel operation of three phosphorus removal systems (SBR) using different electron acceptors of O, NO; and NO, » process
characteristics and inherent competition mechanism of microorganisms were discussed. Although NO, had no direct inhibition on anoxic
phosphorus uptake after the DPAO cultivation, system performance was still much lower than that with NO; as electron acceptor. And it
ultimately resulted from the washout of the group of DPAO (DPAO; ) that lacked the ability to denitrify NO; and the enhanced GAO growth in
the system. Being the efficient electron acceptors NO; or O, supplying SBRs removed phosphorus smoothly and comparatively; in viewpoint of
stiochoimetry and constitution of functional bacteria. In all three test systems, mass of GAO was present to exhaust limited organics with PAO
population. Moreover total PAO could be divided into 6 distinct groups, i.e.» Py Pys P.s Py» Poy and Poy,» based on the abilities of
utilizing different electron acceptors. And facultative PAO of Py and Pgy, were found as the main contributors for the phosphorus removal . The
higher ratio they accounted in sludge, the more capacity the system possessed to remove phosphorus, i.e., SBR, > SBR,s > SBR,; .

Key words: biological phosphorus removal; electron acceptor; phosphorus accumulating organism(PAQO); glycogen accumulating organism
(GAO); stiochoimetry
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FEHH 4E 18 mg/L, C/N Eb 5.5 (COD-NaAc/NO; -N);
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Table 1  Detailed composition of the synthetic wastewater

LaeLY| W mge L || fe5 WP /mge 1!
COD (NaAc) 110 Cu (CuSO,*5H,0) 0.001
N (NH,CD 5 H; BO; 0.025
P (KH,PO,) 5 I (KD 0.025
Mg (MgS0, *7H,0) 6 Mn (MnCl, *4H,0) 0.003
Ca (CaCl,*2H,0) 3 Zn (ZnS0, *7H, 0D 0.006
K (KCD 10 Co (CoCl, *6H,0) 0.008
EDTA 2 Fe (FeCl; *6H,0) 0.065
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Fig.1 Phosphorus removal in the SBR,> SBR,s and SBR3
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It Noy w2, B EK NO; A 2 mg/LIt
4 30 mg/L, NO, ,,, (B4R NO; DAH S HE A 2 mg/L34
A 22 mg/L, 1l NO;,,, (BEK NO; DM 1 mg/LE N 6

mg/L.fH H T 52 21 /g 7 AR 20 19% 25k (1) BRI, B A
NO; 7842, SBR,; ' DPAO,, 3 {H A 5 i 5 e 3 0 AH
AR, IX R SBR 2K I C/N 5.5 AR
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Table 2 Comparison of performance between SBR,s SBR,s and SBR,;

2% T SRT ss VSS Ve BT ES BEWER REURWEE O WBER SRR
T ik /A fmgrL™' mgeL”! (P/VSS) /% /mg* 1" (P/COD) /mg*1.”! (P/VSS)
SBR, O, 12.5 1860 1450 0.064 88 33.7 0.38 37.6 25.9
SBRs  NOj 12.5 1340 950 0.092 84 30.8 0.35 34.5 36.3
SBR;  NO; 12.5 1160 920 0.059 66 17.6 0.23 20.4 2.0
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Fig.2  Concentrations of NO; and NO; at the

start and end of anoxic stage in the SBR,5
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Fig.3  Variation of the amounts of anoxic phosphorus

uptake and P/N ratio in the SBR,5 and SBR 3
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Table 3 Change amounts of the substances in bulk and sludge during typical operational cycle in the three test systems

fobr IR B U B

SBR, SBR, SBR,5 SBR, SBR,s SBR,3
HAc (BL C 1) /mgeL~! -36 -36 -36 — — —
PO}~ (L Pl /mgeL~! 33.7 30.8 17.6 -37.6 -34.5 -20.4
Bl CBLC ) /mge L™t -21.6 -18.9 -28.2 18.3 21.2 31.3
PHB (LA C ) /mgeL™! 47.3 48.1 41.7 -46.2 -45.0 -42.1
PHV (LA C ¥ /mgeL~! 5.7 3.8 19.5 -4.5 -4.1 -19.6
158 PHV/PHA/ % — 5.0 9.4 32.8
TR R R LB (Gly/vss) — 0.15 0.14 0.19
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Fig.4 Profiles of N> P» acetate and cell-stored polymers during

a typical operational cycle in the three test systems
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Table 4 Mass fraction of PAO, GAO and OHO in sludge

from the three test systems

ARG WTRMAE MLVSS PAO GAO OHO
SBR, O, 1450 0.39~0.62 0.34~0.55  0.06
SBR,s NO; 950  0.40~0.61 0.31~0.52  0.08
SBR;s  NOs 920 0.28~0.41 0.54~0.67 0.05

%5 3MRLEH PAO B HEEF SPRR/SPUR
Table 5 Calculated P content in PAO and SPRR/SPUR based

on PAO mass in the three test systems

24 HRTHER  PAO FiR SPRR SPUR
(PIVSSyu)  (P/VSSpyo)  /mg*(grh)~! /mge(goh)"!
SBR, 0.064 0.091~0.138 25.2~40.1 10.4
SBR,s 0.092 0.134~0.209 35.7~54.4 14.7
SBR,3 0.059 0.119~0.175 31.8~46.6 8.7

WIATHTIA , SBR, #H LL SBR 4 1) PAO H( = A FH
B/ (DPAOs B FERR HH R 40D . NO, Hl NO; R AH %%
It 5 0, SBR,; N DPAOL X NO; 1A HI 2%
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M, (16 mg P/L) /) T~ il S0 W B My, 3K Moy (20
me/L)E W], S RT PAO & 7 15122 3 OR 3 Y g
OB R G0, (RATS v A5 S S0 S R A B S,
SBR; 1 P, /Py, Fl Poy, i PAO %3 11 60% F1 40% , 1M
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I, B A R 48 K A AZA IR 532 4T, B4k 15 2 1)
PAO "I EL & R L] P, HEPE T, S AT A7 AEF
B AR AR, BT RGIS TR E

BB /mg L
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Fig.5 Amounts of P uptake by three types of sludge
under different conditions of electron acceptor
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Pox. 55 6 KA PAOCP, FE[F] T Py ): HH, Py J& T
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K 6, TICHE WS RS BR i SBR HY, et PAO #1042
ARG 5E MR RE Y £ A, 78 PAO H ) EL A 43 )ik

®6 TEPAOHERETRPRILH %
Table 6  Percentage of different groups of PAO occupied in different types of sludge/ %

B0 CERERRUN PAO Py Py P./Py, Pox Poxa
SBR o, fT PAO 1 th 5 0 58 37

’ o7 VSS LG 1~2 0 16 ~24 10~ 15
SBR, NO; & PAO 1 L #i 0 31 25 4"

' 7 VSS [ LL 0 ~19 10 ~ 18 ~ 27"
SER., NO; f7 PAO [ H:@J 0 0 60 0 40

" A7 VSS [ LAl 0 0 23 ~ 37 0 16 ~25

1) N Pox 5 Pong Z FHCARE

SRAF Py~ Pona £ 10T 1480 W8 Tl 2 1) DT ik LL 451D
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