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Abstract: The impacts of sludge retention time ( SRT) on low oxygen limited filamentous sludge bulking system were investigated based on sequencing
batch reactors ( SBR) . The SBRs were operated at both anaerobic/aerobic and purely aerobic patterns. Under limited filamentous bulking condition
variations of sludge settleability nitrogen and phosphorus removal process and sludge characteristics were analyzed at different SRTs. Generally with
sufficient aerobic hydraulic retention time low ambient oxygen did not deteriorate nitrification process of limited filamentous bulking sludge. In contrast
it contributed to the occurrence of simultaneous nitrification denitrification ( SND) and singe aerobic phosphorus removal. Operated at anaerobic/aerobic
pattern SRT was inversely proportional to the specific nitrification rate specific phosphorus releasing rate and phosphorus uptaking rate while in directly
proportional to SND ratio and sludge phosphorus content. Decrease of SRT at single aerobic pattern did not weaken the influence on the nitrification
process but strengthen the phosphorus removal effect. The specific oxygen utilizing rate carbohydrate to protein ratio in extracellular polymeric substances
( EPS) and viscosity of the activated sludge were all inversely proportional to SRT. Slight decrease of SRT improved sludge settleability. At anaerobic/
aerobic pattern micro-oxygen in anaerobic period easily induced to excessive filamentous sludge bulking. At purely aerobic pattern extreme small SRT
tended to cause severe increase of sludge viscosity hence viscous sludge bulking bursts out.
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) ( Guo et al. 2010) ; Peng
1 ( Introduction)
SBR
( Peng et al. 2012) ; Tian
( Tian et al. 2011) .
SRT .
( SRT) SRT N
SRT
’ ’ ( 2 ( Materials and methods)
2012; Yoon et al. 2004) . 2.1
0.66 ¢ CH,COONa * 3H,0 0.17 ¢
NH,Cl 0.04 ¢ KH,PO, 0.38 g NaHCO, 0.04 ¢
( CaCl, * 2H, 0 0.08 g MgSO, 0.3 mL
2008) . ( Smolders et al. 1994) C:N:P 24.4:5.1:1.
. Guo / 1
(AO)
Table 1 ~ Water quality of wastewater
COD BOD; NH, N PO}~ P (CaCO; )
/(mgeL1) 326.9 210.0 43.7 8.6 400
2.2 SRT.
SBR (SVI) 330 mLeg™'
700 mm 200 mm /
12 L. 10 c¢m ( Peng
et al. 2012)
3 / ;
( 1 ) (3L). 4
N N 2.
2
Table 2 Operational model under different experimental stages
DO/
/h /h /h /h /h /mL  (mgeL™") SKT/d
/ SBR1 0.5 2.0 1.0 0.5 2.0 100 0.6~0.7 12.5
SBR2 0.5 2.0 1.0 0.5 2.0 200 0.9~1.0 6.25
SBR3 0.5 2.0 1.0 0.5 2.0 400 1.2~1.3 3.125
SBRA 0 2.0 1.0 0.5 2.5 100 0.9~1.0 10.0
SBRB 0 2.0 1.0 0.5 2.5 200 1.3~1.4 5.0
SBRC 0 2.0 1.0 0.5 2.5 400 1.7~1.8 2.5
SBRD 0 2.0 1.0 0.5 2.5 800 2.8~2.9 1.25
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1

Fig. 1  Schematic diagram of experimental equipment

2.3
COD.NH, N.NO; N.NO; N.PO}~P.SV.SVI
MLSS (
2002) .
4 C 3 h
( SOUR) Joanna ( Surmacz—
Gorska et al. 1996) . ( EPS)
( Bura et al. 1998) -
( Dubois et al. 1956) Folin—
( Lowry et al. 1951).
SOUR  EPS 0.5 h
OLYMPUS BX51
NDJ-79 DO pH  WTW 340i
3 ( Results and discussion)
3.1 SRT
MLSS
2 . 2
MLSS 2576 2060 1650
mgeL ™" 2236.1883.1491 1223
mgeL™"'
. SRT
SRT

( Sezgin et al. 1978) .

( Chudoba et al.
1973)

SRT
SRT

SBR2 SBRD

2 SRT (a. /
ib. )
Fig.2 Impacts of SRT on sludge settleability under limited
filamentous sludge bulking system ( a. anaerobic/aerobic

operation pattern; b. single aerobic operation pattern)

/ SBR2

DO 0.2 mg*L™"
0.1 mge*L~". Martins
( Martins et al. 2004) . SBR2
SBRD  SRT
1.25d 0.64 kgekg 'ed""
EPS

( Sponza 2002) .
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4.92.4.06 3.66mg°L *h~'  SRT
. . SRT
3.2 / SRT . MLSS
/ 2.00.2.32  3.31 mgeg *h".
40 Leh ™! 3 DO 0.6 ~1.3
DO ( 2 ) mgel, "~ ( SND)
8 h . SND  (SND =100% x
SND / ) 63.87% -31.
54% 10.97% SRT
SRT
SND
( Mahendran et al. 2012) .
( )
SRT
22.74.23.40.25.41 mgeg '*h™" 7.51.8.
10.8.81 mgeg~'*h~". PO, P
SBR 8.8% 4.6% 2.
6% SRT
3.3 SRT
4 .
4.14.3.55.2.39 1.17
mgeL"'*h"~! SRT
SRT 1.
85.1.88.1.61.0.96 mg*g *h .
SBRC  SBRD SRT 2.5d 1.
25 d
3 SRT / SBRC  SBRD
(a. SBRI SRT = 12.5 d; b. 20
SBR2 SRT = 6.25 d;c. SBR3 SRT = 3.125 d)
Fig.3 Tmpacts of SRT on nitrogen and phosphorus removal
performance under limited filamentous sludge bulking system ;@
operated in anaerobic/aerobic pattern in a typical cycle ( a. ( AOB) ( NOB)
SBR1 SRT=12.5 d;b. SBR2 SRT =6.25 d; c. SBR3 AOB  NOB SRT
SRT =3.125 d) AOB NOB ( Kowalchuk and
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Stephen 2001) AOB
4(d)
SND

SND 41. 41%

33.79%16.69% 1.30% SRT

SND
@

/

4 SRT
c. SBRC SRT=2.5 d;d. SBRD SRT =1.25 d)

( PHA)
SND
( Meyer et al. 2005) ;@
DO ( 2
3.4 ) DO

SND

(a. SBRA SRT =10.0 d; b. SBRB SRT =5.0 d;

Fig.4 Impacts of SRT on nitrogen and phosphorus removal performance under limited filamentous sludge bulking system operated as single aerobic

pattern in a typical cycle( a. SBRA SRT =10.0 d; b. SBRB SRT =5.0 d; c. SBRC SRT=2.5 d;d. SBRD SRT =1.25 d)

(2004) SBR

Wang  (2009)
( Glycogen) PHA
PO, P 8.14.7.47.6.62 3.80 mg

o7 SRT
0.6%.0.9% .1.0%
1.5% SRT

.SBRD  SRT 1.254d
EPS. EPS
( 2008)
SRT
3.4 SRT
. SRT
SRT
SOUR  EPS
SRT 3
SOUR SRT
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SRT DO 2
SRT . SOUR
SOUR DO . SRT
DO
1.5h DO
3
Table 3 Sludge characteristics under different experimental stages
SOUR/ EPS / EPS / EPS /
(mgeg™'*h~") (mgeg™") (mgeg™") EPS
/ SBR1 26.89 20. 18 17.38 1.16
SBR2 46.07 27.58 17.99 1.53
SBR3 51.26 26.42 14.57 1.81
SBRA 45.57 24.81 17.29 1.44
SBRB 59.56 28.27 17.93 1.58
SBRC 74. 66 31.42 17.22 1.83
SBRD 91.48 36.92 4.05 9.10
EPS N . . SRT
(Liu et al. 2010) SRT
SRT S
Liao ( Liao et al. )
4 ( Conclusions)
2001) . SRT
1) SRT 5~12.5d SRT
. EPS
SRT /
. EPS
( Andreadakis 1993).  SRT ; SRT EPS
2) DO
EPS.  SRT 0.6~1.8 mgeL"" 8 h
EPS SND
/ SRT
SND SRT
( Frolund et al. SRT ;
1994) . SBRD 9.1 SRT
SRT
. SBRD 2.45 mPass PO, P SRT )
1.21.1.25 1.32 mPa-s. 3) SRT . SRT
EPS SOUR EPS

( Schuler and Jang 2007) . SRT
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