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Abstract: By means of measuring maximal anaerobic phosphate release rates ( PRR) analyzing 16S rRNA with fluorescence in-situ hybridization ( FISH)
and observing membrane integrity by live/dead staining the aerobic decay characteristics of polyphosphate-accumulating organisms ( PAOs) in a
biological nutrient removal ( BNR) system and an enriched PAOs sequencing batch reactor ( SBR) system were investigated. It was experimentally
determined that a highly enriched culture of PAOs (91%) was obtained in the enriched PAO-SBR system by alternating the carbon source in the feed
between sodium acetate trihydrate and propionate over a 36 d switching cycle i.e. sodium acetate trihydrate (24 d) and propionate ( 12 d) . The
experimental results and calculations revealed that the decay rates of PAOs in the BNR and enriched PAO-SBR systems were 0. 113 d = and 0. 181 d !

respectively and the death rates were 0.048 d ! and 0.036 d ='. Tn addition the results also demonstrated that cell death contributed 42% and 20%

respectively to the cell decay in the BNR and enriched PAO-SBR systems. In other words the activity decay accounted for 58% and 80% of the total
cell decay. For this reason cell death was not a major factor causing the cell decay of PAOs but activity decay was mostly responsible for this process.
Keywords: endogenous processes; cell decay; cell death; activity decay; phosphate release rate ( PRR) ; fluorescence in-situ hybridization ( FISH) ;

LIVE/DEAD staining

1 ( Introduction)
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et al 1999; Lopez et al. 2006; Hao et al. 2010) ( pH- )
( Suttle
N 1994; Lee et al. 1996; van Loosdrecht et al 1999;
N Lopez et al. 2006; Hao et al. 2010) .
?
PAOs
- ( SBR)
( van Loosdrecht et al. 1999; Manser PAOs .
et al. 2006; Hao et al. 2010) . PAOs (PO}~ -P)
( BNR) ( PRR) N ( FISH)
LIVE/DEAD PAOs SBR
( ( AOB) ( NOB)) PAOs
( PAOs)
( BNR) PAOs
( Siegrist et al. 1999; PAOs
Manser et al. 2006; Salem et al. 2006; Hao
et al. 2009) PAOs
Lopez  (2006) PAOs PAOs
PAOs
2 ( Materials and methods)
2.1 ( BNR)
PAOs
BNR 1
BNR N N N /
( ) 5
( Arbrige et al. 1982; Lavallee et al. 2002) . 40.6.40.120 120 L. 420
( PCD) Led™! ( HRT) 18 h.
( SRT) 35d  23~25<C
( Yarmolinsky . (
1995) . N ) 60d
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Fig. 1 Schematic representation of a lab-scale BNR process
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( MLSS) (3910 £40) mg-L""'.

:COD 300 mg*L. "' .TP 5 mgL"'.TN 52 mg*L"".
2.2 PAOs SBR

PAOs -
SBR . SBR 5L 4 L
6 h 4
(5min) . ( 125min) . ( 158min) .
(2min) . ( 60min) ( 10min) 6
(
150 remin""'); 2
L
( DO)
2 Lemin .
83 mL
SRT 12 d. HRT 12 h.
PAOs SBR
(22.0+0.5) C.
pH DO pH

7.50+£0.05; pH

0.5 mol*L.”" NaOH 0.5 mol+L~" HC]
pH. DO

DO ; DO<0.1 mg-L™'
DO=3 mg*L™".
PAOs SBR BNR
(1 -
(NH,) (NO,)
(NOy)
( ATU)
. K, HPO,  KH, PO, Ca**
Mg’ 1L
A 1L B . @D A
(mgeL7™"): : NaAc *3H, 0 ( CH, CH, COOH)

1700( 0. 623) .NH,Cl 153.MgSO,»7H, 0 180.CaCl,»2H,0
28.5.ATU 60 1.5, 1.5; :
EDTA 6.FeCl#6H,0 0.9.H,BO, 0. 09, CuS0,*5H,0
0.018.KI 0. 108 . MnCl,+4H, 0 0. 072, NaMoO,+2H, O
0.036.ZnS0,#7H,0 0.072.CoCl*6H,0 0.09. @
B(mg-L"): K,HPO, 102.KH, PO, 80.

COD 800 mgL™' P
COD:P =20:1.
( NaCH,C00+3H,0

40 mg*L™'

CH,CH,COOH) 36 d
(3 x SRT) (Lu et al.
2006) 24d  NaCH,C00+3H,0( 2 x SRT)
12d CH,;CH,COOH( I x SRT) PAOs

. PAOs SBR
90 d . MLSS
35) mg*L™" PO, P.
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Fig. 2 "The device for measuring the decay rates of PAOs
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2 (1L PAOs ( Vadivelu et al.
(10 min) 2006a; 2006 b) .
. 10 mL 25500 2.4
mgel.”"  NaCH,COO0°+3H,0 COD MLSS 105°C
200 mg+L~'( BNR ( APHA 1995) ;
COD) . 3 ( MLVSS) 550°C
min 20 mL PO, P ( APHA 1995) ; PO, P
6 . ( APHA 1995) ; VFA 5
PAOs SBR PAOs ( Moosbrugger et al. 1993) ;
BNR PAOs ( Gly) ( Jenkins et al. 1993) .
PAOs SBR 2.5 ( FISH)
SBR ATU ( FISH) BNR
NO,  NO;. PAOs SBR PAOs
PRR ( Amann 1995) . 4%
(1) ( Lesouef et al. 1992; Hao 2 h; 1 x
et al. 2009) PAOs PBS ( 3 )
b= -In(R,/R,) X1/t (1)
b PAOs (d™") R, 50% 80%  98% 3 min.
PRR (mg*L"*h™" P ) R, ( 1 « =
PRR (mg'L_"h_l P ) 0.9 mol*L™" NaCl 0.02 mol*L™* Tris-HCI( pH =
(d). 7.4) 0.01% (SDS)  35%
( DFA)) 46 °C 2 h.
( Siegrist et al. 1999; Lopez ( 10.005 mol+L™" EDTA
et al. 2006, Lu et al. 2007) . (pH =8.0) 0.02 mol*L™" Tris-HCI( pH =7.2)
7d 0.01% SDS 0.9 mol*L"'NaCl) 48 «C 20
min. ( Zeiss
Axioskop 40)
1
Table 1 16S rRNA targeted oligonucleotide probes
5
EUB338-1 " GCTGCCTCCCGTAGGAGT Bacteria FITC Amann et al. 1990
EUB338-I * GCAGCCACCCGTAGGTGT Bacteria FITC Daims et al. 1999
EUB338-I1" GCTGCCACCCGTAGGTGT Bacteria FITC Daims et al. 1999
PAO 462" CCGTCATCTACWCAGGGTATTAAC Candidatus Accumulibacter phosphatis TAMRA  Crocetti et al. 2000
PAO 651" CCCTCTGCCAAACTCCAG Candidatus Accumulibacter phosphatis TAMRA  Crocetti et al. 2000
PAO 846" GTTAGCTACGGCACTAAAAGG Candidatus Accumulibacter phosphatis TAMRA  Crocetti et al. 2000
:* EUBmix ( EUB338-1 \EUB338-11  EUB338-Il 1:1:1 ) PAOmix ( PAO462.PAO651 PAO832 1:1:1 ).
FISH Invitrogen

2.6 LIVE/DEAD

( 2008)

3 ( Results)
3.1 PAOs SBR
PAOs SBR

POKIPS
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VFA  Gly 3 VFA 70 mg+L") PO}~ P
Cly CoD 3 Gly PAOs .
( VFA) PAOSs PAOs  SBR
PAOs Gly ; PO, P
80 mg*L~'( 3.2 PAOs
T4 Er — 400 PAOS 4
4 PAOs
— 370
[ PAOs
E 30 £
= 3 w:]D 7 d ( )
E a0 & (0.113 + 0. 006) d~' ( BNR ) (0. 181 =
N & -1
o L C 0.020) d"'(SBR ). 2
( ASM2) ( Gujer et al. 1995) EAWAG
: 230 (0.2 d7") ( Rieger
0 50 100 150 200 250 300
Il /min et al. 2001) Lopez  (2006)
.. (0.15d7") Lopez
3 PAOs SBR PO;” P.VFA
Gly
Fig. 3 Typical profiles of phosphate VFA and glycogen for the PRR (
enriched PAO-SBR system during an operational ( steady : mg'Lil'h *1; Lopez : mg'gfl'h -1 VSS ) .
state) cycle
5 a. 6 b.
= 4 _LI\.__\.\. =~ s g\-\.—\.\
N =l
i ERENE
E 2+ g
E y==0.133x+4.672 5 2 - y==0.181x+5 551
S R*=0.9929 E gL R*=0.9654
- 0 | | | | | | J - 0 | | | | | | |
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
fit ] /d 1] /d
4 PAOs (a. BNR ;b. SBR )
Fig. 4 Decreasing trends in the activities of PAOs during the aerobic decay experiments ( a. BNR; b. SBR)
3.3 FISH 5. 5 FISH 6.
BNR PAOs SBR FISH PAOs
5 BNR (a) SBR (b) FISH ( FITC EUB338,,;, ; TAMRA
PAOmix PAOs; FITC EUB338,,, TAMRA PAOmix )
Fig) 50O WISH (photos for the studge samples ofy BNRA(| &) [andi enriched RAC-SBR{ b)|-systems (KITC labeled BUBy, targets hllithe/bagteria, ((green)

TAMRA lab

PAOs are visualized in yellow because of binding of probes)

eled PAOmix target PAOs ( red) .
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(p>0.05). 6 60% +14% (BNR ) 91% +7% ( SBR
PAOs 7d ( ) )
90% o 100% - 1.
’ 3
75% |- 80%
= 60%:\{\£—\H
e = 60% -
H® 45% |- =
z B o0 L
#® 300, | =
30% -
15% |- 20% -
0 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 0 1 R 4 5 6 7
it /d e /d
6  PAOs ( a. BNR b. PAOs SBR )

Fig. 6 Fractions of viable PAOs in total viable bacteria ( the error bars indicate the standard errors a. BNR b. enriched PAO-SBR)

3.4 LIVE/DEAD (p<0.01).
BNR PAOs SBR
LIVE/DEAD 7. LIVE/DEAD MLVSS
8.

7 BNR  (a) SBR  (b) LIVE/DEAD ( )
Fig. 7 LIVE/DEAD photos for the sludge samples of BNR ( a) and enriched PAO-SBR( b) systems( Viable cells are visualized in green dead cells

are visualized in red)

70% a. 80% b.
60% 70%
= 50% = 60%
2 400 B 50%
2 E 4%
2 30% 2
= = 30%
0,
s 20% HZ 20%
10% 10%
0 | | | | | | | 0 | | | | | | |
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
R /d R /d
8 ( a. BNR b. PAOs SBR )

Fig. 8 Fraction variations of viable cells during the decay experiments ( the error bars indicate the standard errors a. BNR b. enriched PAO-SBR)

MLVSS FISH LIVE/DEAD 9
(2) ( Hao et al. 2009) BNR BNR PAOs SBR PAOs
PAOs SBR PAOs (6.048 £0.004) d™"" (0.036 =
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0. 003 d'l) . PAOs FISH
X, =MxPxL (2) L LIVE/DEAD
X, PAOs (mg-L'l COD ) M
MLVSS( mg+L™") P
80 a 85 b
= 75 — 80 -
5 ER—
50 a0 1
\\_E/ 7_0-.-_\%\{_\%_\{ \\_E/ 7_5._\E_\—}\{\E
= =
Toesr y=0.048x+7.213 70 | y=-0.036x+7.728
R2=0.9797 R2=0.9812
6.0 L L L L L L ! 6.5 | | | | I I |
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Rt /d Rt /d
9 PAOs ( a. BNR b. PAOs SBR )

Fig. 9 Decreasing trends in the concentrations of the viable PAOs during the decay experiments ( the error bars indicate the standard errors a. BNR

b. enriched PAO-SBR)

4 ( Discussion)
4.1 BNR SBR PAOs
PAOs SBR PAOs
((0.181 £0.020) d ") BNR PAOs
((0.113 £0.006) d~")
SRT ( BNR SRT =

35d; SBR SRT =12d).  SRT
( Salem et al. 2006)

PAOs SBR
BNR

PAOs

2 PAOs

Table 2 Calculated fractions ( with standard errors) of cell death and activity decay of PAOs

4.2 PAOs
2 PAOs
PAOs
(
et al. 1995) .

PAOs
PAOs

. PAOs

( PCD)
PAOs

PHA) ( Matsuo et al. 1992; Smolders

PHA . Gly
(Lu et al.
PAOs

PAOs

2007) .

PAOs BNR 2% +4%

PAO-SBR 20% +3%

(0.048 £0.004) /
(0.113 0. 006)

(0.036 £0.003) /
(0. 181 +0.020)

58% +4%

80% +3%

1-(0.048 £0.004) /
(0.113 £0.006)
1-(0.036 =0.003) /
(0. 181 £0.020)
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( Henze et al. 1987;
1999; Gujer et al. 1995; 1999) .
( )
5 ( Conclusions)
1)
2)  PAOs SBR T=(22.0+
0.5) C pH=7.50+0.05 COD/P =20:1
( NaCH,COO+3H,0  CH,CH,COOH)
36d( 3 x SRT) PAOs
91%
3) ( PRR)
BNR PAOs SBR
PAOs 0.113d™" 0.181d7".
4) LIVE/DEAD FISH
BNR PAOs SBR
PAOs 0.048d" 0.036d"'
2% 20%.
PAOs
50
(TU Delft) (1AW) (Water
Research )
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