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Abgract :By pardld operation of three phogphorus renova sysems (BR) usng different ectron acceptorsof O, , NO; and NO, , process
characterigics and inherent conpetition mechanism of microorganians were discussed. Although NO, had ro direct inhibition on amoxic
phogphorus uptake dter the DPAO cultivaion, sysem performance was gill much lower than that with NO; as dectron acceptor. And it
utimetely resulted from the washout of the group of DPAO (DPAOs) that lacked the ability to denitrify NO, and the enhanced GAO growth in
the sygem. Beng the dficient dectron acceptor , NO; or O, supplying BRs removed phogphorus syoothly and conparatively , in viempoint of
giochoimetry and conditution of functiond bacteria. In al three teg sysems, massof GAO was present to exhaug limited organicswith PAO
population. Moreover , totd PAO ocould be divided into 6 diginct groups, i.e. , Py, By, P, R, Pov and Pow , based on the ahlities of
utilizing different eectron acceptors. And facultative PAO of Poy and Py, Were found as the main cortri butorsfor the phogphorus renova . The
higher ratio they acoounted in dudge , the nore cepacity the sysem possessed to renove phogplorus, i.e. , BR, > BRs > BRs;.

Key words: biologca phosphorus remova ; dectron acceptor ; phogphorus accumulating organism ( PAO) ; dyoogen accumulaing organism
(QAO) ; diochoimetry
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1
Table 1 Detailed conpostion of the synthetic wastewater
fmgL? fmg-L*
QoD (NaAc) 110 Cu (CuSD,- 5H,0) 0.001
N (NH,Q) 5 HsBO3 0.025
P (KH,PO,) 5 1 (K1) 0.025
Mg (MgS0,- 7H,0) 6 Mn (MnQ ;- 4H,0) 0.003
Ca (Cady- 2H,0) 3 Zn (Zn0y- 7H,0) 0. 006
K (KQ) 10 @ (@A, 6H,0) 0.008
EDTA 2 Fe (Feds: 6H,0) 0. 065
2
2.1
BR, BRs BRs 60 60 100
d. 1, 20d 40d,8BR, BRs
, 88% 84% BRs ' BR,
40 %(
ATP ™| BRs DPAO
, VSS BR, 34 %,
2; PAO.

10 - —o— H/KSBR,
—o— Hi/KSBRgs
—a— {i/KSBRn3

—a— REAKSBR,
—o— JR¥EASBRas
—a— JR¥ASBR3

1 SBR, SBRys

e} l/d

SBRg

Fg.1 Phoghorus renovd in the BR, , BRs and BR

BRs $BRs , NO;
( 2 ,
40 d PO} ( RO )  Pim
( FO; ") ( P, ) BRs
3mgl 0.4mg/L( 1);DPAO
(GAO) ,
NGO, DPAO (
DPAOs) , 40d 1d DPAO NGO,
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NO; . 2, NO; 2 mglL mg/L. ,
30 mg/lL NO; ap ( NC; ) 2 mglL NO, ,BRs DPAOs
2mgl, NOju( NO;) 1mgl 6 : BRs C/N5.5
2 SBR, SBRs SBRy
Table 2 Qonparion of peformance between BR, , BRs and BRg
SRT s VSS
/d fogrl "t /gLt (PVSS [% fmgL "t (P/COD) gLt (PSS
BR, O 12.5 1860 1450 0.064 83 33.7 0.38 37.6 25.9
BRs  NO; 12.5 1340 950 0.092 84 30.8 0.35 4.5 36.3
BRe __ NO; 12.5 1160 920 0.059 66 17.6 0.23 20.4 22.0
32 45 03
—O— GETRIR A 2
2 L —o— GRAVI LR -
—8— GRE KRR R = 0.2

- =0 BRECR AR L g 27 ’

% = z

o0

§ 16 § 18 -

Z Jg ‘ —a— R SBRas 1, 0.1

8 9 —0— B8R SBRu3
—e— P/N SBRns
—o—P/N SBRu
0 L L I | 0
‘ 0 20 40 60 80 100
0 . —
3 SBRs SBRg P/N
2 SBRg NO3 NO3 Fg.3 Varidion o the amounts of anoxic phoghorus
Fig.2 Concentrationsof NO; and NO; a the wtake and P/N ratio in the BRys and BRyg
dart and end of aroxic gage in the BRg
3 /

41 64 d ,NO, NO; O, NO; BR,
0mglL , BRs PO 38yl 14 BRs APAO
mgl, POim O.4mgl  3.1mgl( 1). ( ) DPAO ,

NO; , BRs( BRs) Murnleitner . AFO; /
DPAO, NO; , A HAc A GyA HAc A PHAA HAC 0.96 0.85
NGO, ( DPAGs) . DPAOs (P/C) 0.60 0.53(C/C) 1.47 1.44(C/C);
DPAG; AFO; APHA A QyA PHA 0.74
. , 65 100 d NG, 0.70(P/C) 0.36 0.43(C/C).AQyAHAC APHA/
: JFOm  AHAC :

PO o 14  3.1mglL 22 PAC : PHA
1.7mgL( 1), NOza 18 mglL 12 mg/L ( ) PAO NADH +
2, GO . H™/NAD

(19 20]
2 P/C PHV :
2.2 A0 PBRs .
SRR , AFO; AHACAPHAAHAC AFO; /
, 4 , A PHA , AQyAHAc AGyAPHA
, , PRlyP
] PHV  PHA (32.8%)
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Table 3 Change anpunts of the subgances in bulk and dudge during typica operationd cycle in the three tes sygems
/
BR, BRs BRg BR, BRs BRg
Hic( C ) /mgL™! -36 -36 -3 — — —
PO ( P ) /gLt 3.7 30.8 17.6 - 37.6 -34.5 - 20.4
(¢ )/mgL? -21.6 -18.9 -28.2 18.3 212 313
PHB( C ) /mgL*t 47.3 48.1 41.7 - 46.2 - 45.0 - 421
PHV ( C ) /mgL?t 5.7 3.8 19.5 - 4.5 -4.1 -19.6
PHV/PHA/ % — 5.0 9.4 32.8
(QYNVS — 0.15 0.14 0.19
) QoD ; PAO
- 0.02(PVSS ; PAO Q0D
} F FO;’ , QoD A0
F; s , QoD OHO;
& 2 PAO 0.07 0.10(P/COD-HAC) ™.
5 , RO
= —) 0 4 1
120 BR, BRs BRs PAO GAO OHO
—-HRLE: -o- R
- —— HAc 4 BR, BRs
- % E,, ., PAO> GAO>OHO,
= E }
&0
£ Y 60 § NO; 0O; . GAO
g 2 : ,GAO
2 PAO .NO; NO;
GAO BRs (0.54
0.67) ,
40 120
—— B —-— VR 5 PAO PAO
—— HAc —O0— HER
30 -O0- PHB _ —0— PHV - [SPRR = P/(VSSxo- t) ] [ SFUR
- C =l
0 E" =P/(VSSua- t) ]. , GAO BRs
&0
£ 2 = . . PAO
g § BRs . DPRO
10 N .BR,_ PAO ,
0 0 APAO , A/O
0 1 2 3 4
it ) /h AIA N !
RO, BR,
4 3 N P 33R”5 S3Rrs-
) ) 2.4 PAO
Fg.4 Pdilesd N, P, acetate and cell-gored polymers during
atypica operationd cycle in the three tet sygems PAO ’ PAO
O, NG; NO;
2.3 , BR PAO
VR PAO GAO 5 BR, BRs BRs;
, _ NO, NO; O, 3
, : PAO GAO  OHO( (Moxn Mov  Mo).
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(= PAO 6 3 40
P, O X Pn, O NO,”
- . - - [0 NOs~
NO; 7 Pan, O NO; NO 30 - oo,
N = Y NO; Py, T
NO; — NO; NO; & 20 20
y n s EﬂTﬂi 20 §
DPAO. Murrieitner ! : ]
PAO 50 %. 10 |
4 3 PAO GAO OHO
Table 4 Massfraction of PAO, GAO and OHO in dudge 0 |
from the three tes sysems SBRm3
MLVSS PAO GAO OHO
BR, O 1450 0.39 0.62 0.3 0.5 0.06
BRs NOs 950 0.40 0.61 0.31 0.52 0.08 53
BRg NO; 20 028 041 0.5 0.67 0.05 Fg.5 Anountsd P uptake by three typesdf dudge
under different conditions of electron acceptor
5 3 PAO SPRR/SPUR BR, Mo (31 ITg/L) Mo (35
Table 5 Cdculaed P content in PAO and SPRR/SPUR based L M o4 P Ma > M
on PAO messin the three tet sysems mL) own (24 Mg P/L) . Moy N
PAO SPRR SFUR NO;  DPAO NG, ,
(PNVSSua) (PNSSno)  /mg- (g h) "' /jmg-(g-h) "t NO; P. R Pr/Run
B 0.064 0.091 0.138 25.2 40. 0.
Fo L0182 dd 104 31% 25%, 44% Py Pou ,
BRs 0.092 0.134 0.209 367 54.4 14.7
BRe 0.069 0119 0.175 3.8 46.6 8.7 Pov  Pown
) . BRs
JBRs BRs PAO P Pon DPAG:s.
(DPAGS ). NG, NO; , BR Mown Moy
,<BRs DPAOs NO; Mo( P ) 10 23 38nmglL,
NO, | NO, DPAO , PAO (2]
NOS ’ I:)n I%\ln . I:)O PCN I:)ONn 5 % 58 % 37 % f
Mo (16 mg PL) Monn Moy (20 A/O PAO P
mg/L) : PAO (e 2 Poun.
’ . ) ) l:)O R\l I:)n l:)Nn IDON
$Rr6 Pn/R\In Pd\ln PAO 60 % 40 % ’ PCNn 6 mo ( Pn R\m) . ] PO
PP A Pw ( Mawn = Moy > Mo) . APAO R P./Ban DPAO ; Pn Pon
: A/A : APAO DPAO , PAO
PAO Pon ) 6, BR PAO
) , PAO
6 PAO /%
Table 6 Percentage of different groups of PAO occupied in different types of dudge/ %
PAO Po Py Pn/Pan Pon Ponn
BR, o, PAO 5 0 0 58 37
VSS 1 2 0 0 16 24 10 15
@R NO: PAO 0 31 25 449
i Os VSS 0 12 19 10 15 18 279
BR NO: PAO 0 0 60 0 40
" O: VSS 0 0 23 37 0 16 25

1)  Pwn  Pown ( Pon Ponn
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