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Effects of C/P on the Competition Between PAQOs and GAOs and PHAs

Metabolism in EBPR System
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Abstract:Based on accumulating enrich phosphorus accumulating organisms (PAOs) in activated sludge and by fluorescence in situ
hybridization (FISH) technique the effects of C/P (25:1 20:1 15:1 and 10: 1) on flora changes and polyhydroxyalkanoates
(PHAs) metabolism in enhanced biological phosphorus removal (EBPR) system were systematically studied. The results show that
after 10 days treatment (acetate as carbon source) the systems with C/P of 25:1 20:1 and 15: 1 have good phosphate removal rate
(> 88%); while for C/P of 10: 1 system the phosphate removal rate was 0% . FISH results showed that the content of PAOs
decreased from(76.42 +1.24)% to(10.40 £0.97)% with C/P decreasing from 25: 1 to 10: 1 while glycogen accumulating
organisms (GAOs) increased from(16.36 £3.41)% to(34.25 £2.59)% . In various C/P systems in the anaerobic the production
kinetic coefficients of PHB and PHV were K,;., > K,,., > K5, > K., and K5., > K,,., > K,;.,, > K,,,, respectively. The PHB
production in the proportion of PHAs decreased from 85% to 24% while PHV increased from 15% to 76% with C/P decreasing from
25:1 to 10: 1. For various C/P systems in the aerobic phase their consumption kinetic coefficients of both PHB and PHV were K,,,, >
K., > Ki5., > K,,.,. PHB (the proportion of PHAs is 71% 75% ) was the main consumption component in C/P of the 25:1 20:1
and 15:1 systems; while PHV (the proportion of PHAs is 71% ) was the main consumption component in C/P of 10: 1 system. It is
suggested that an increases of GAOs and decreases of PAOs in the EBPR system lead to the decreasing of PHB production and
consumption and to the increasing of PHV.

Key words:enhanced biological phosphorus removal (EBPR) ; phosphorus accumulating organisms (PAOs) ; glycogen accumulating
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accumulating organisms GAOs)  PAOs ( Fluorescence in situ
: hybridization FISH) C/P  EBPR
EBPR PAOs  GAOs C/p
EBPR C/P  PAOs
c/p’ . Y .pH’ . HEN ! GAOs PHAs
o C/P  EBPR PAOs
GAOs .
C/p PAOs “ 7 . !
“ 7 1.1
“ 7 PAOs
(polyhydroxyalkanoates PHAs) 75 d.
! . ’ c/P PAOs (75 =
EBPR 5)% . 4 SBR
PAOs PHAs 2 L
; 4 6 h
PHAs (ATP) ; 2.5 h 3h 15 min 15 min.
EMP( ED) NADH, 500 mL HRT 24 h.
PHAs PAOs 50 mL SRT 10 d. 2 000
PHAs mg/L 20C +2°C pH 7.5 ~8.0
e DO 2 ~3 mg/L.
PHAs 3 I B- (poly- 1.2
B-hydroxybutyrate PHB ) 3- A B
(polyhydroxyvalerate PHV) 3- 2- « D 500 mL
( poly2-hydroxyvalerate PH2MV ). A 75 mL( 1 mL) B 425 mlL.4
0w PAOs SBR C/P 25:1.20:1.15:1
PHAs PHB( >90% ) PHV 10: 1.
(<10%) PH2MV ; 7 d. COD 200
PAOs PHV  PH2MV. mg/L.
Oehmen S 1.3
EBPR PAOs GAOs N N COD. +MLSS (
N ( )).
PHAs PAOs  GAOs . DO pH JPBJ-608
PHAs DO PHBJ260 pH
.C/P PAOs
GAOs 3o 1.4
C/P( >50 mg/mg CoOD/P ) GAOs 1 %
C/P(10 ~20 mg/mg COD/P ) (
PAOs i ’ 1 %) PHAs
C/P(10 mg/mg TOC/TP ) EBPR 10 000 r/min 2 min
10 000 r/min 2
min
(-54C 10 Pa)20 h

(SBR)
EBPR

C/P(25:1.20:1.15:1
PHAs

10:1)
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1
Table 1

JgeL!

Composition of synthetic wastewater/g*L ™!

B

NH,CI 1.02 KH, PO, 0.103 FeCl,*6H,0 1.5
MgSO,+7H,0 1.2 K,HPO,*3H,0 0.173 H;BO, 0.15
CaCl, *2H, 0 0.19 CuSO0, *5H,0 0.03
0.01 KI 0.18
0.01 MnCl, *4H,0 0.12
« 10(5. 6 mL) Na,MoO*2H, 0 0.06
ATU ( ) 0. 008 ZnS0,*7H,0 0.12
CoCl, *6H,0 0.15
EDTA 10
10 mg AAAAGG3") ; GAOmix GAO0Q431
2 mL 2 mL (5'-TCCCCGCCTAAAGGGCTT3") GAO0Q989
10 mL 100°C 20 h (5'ITCCCCGGATGTCAAGGC3") GB-G2
1 mL 1 (5'-TTCCCCAGATGTCAAGGC3").
h 40
0.5~1.0¢g 2 pL
1L - 50% 80% 98% 3
min 46°C 2 h
Agilent6890N 0.9 mol/L NaCl 20 mmol/L Tris-HCl 0.01% SDS
; DB-5 30 m 0.25 mm 35% 20% 1:1 EUB338mix
0.25 pm ; 250C PAOmix 20% 1:1 EUB338mix
250°C . 80°C GAOmix pH 7.2( 2
1 min 10 °C /min 140°C 3 EUB338mix PAOmix
3 min. 10 min EUB338mix GAOmix
1 pL. PHB.PHV.PH2MV ). 48C (40 mmol/L
1.67.2.32,2.96  3.76 min. NaCl 20 mmol/L Tris-HCl 0.01% SDS pH 7.2)
PH2MV 2- 20 min
hydroxycaproicacid ~ PH2MV
2-hydroxycaproicacid PH2MV o (1IX71
1.5 FISH Olympus)
FISH PAOs  GAOs
17 . 300pL 3 1 EBPR 1
4% 4°C 3h 1 x PAOs GAOs
PBS 3 1 x PBS- ( 1: 1 FISH 50
1) -20C 25 PAOs  GAOs 25 1 (6
16S rRNA EUB338mix. PAOmix ) FISH 300 ( 150
GAOmix. EUB338mix EUB338 (5'- PAOs GAOs 150 ). FISH
GCTGCCTCCCGTAGGAGT3") .EUB338-1I (5'- 1200 600 PAOs 300
GCAGCCACCCGTAGGTGT=3") EUB338-II GAOs 300
(5'-GCTGCCACCCGTAGGTGT3") ; PAOmix 5
PA0O462 (5'-CCGTCATCTACWCAGGGTAT
TAAC3") .PAO651 (5'-CCCTCTGCCAAACTCC 2.1 C/P  EBPR COD

AG3") PAO846 (5'-GTTAGCTACGGCACT
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C/P 25:1.20:1.15:1 10: 1 4 4 EBPR PAOs
EBPR COD 1 (76.42 £1.24)%  (71.98 £2.09) % - (66. 67
1 C/P  EBPR COD £1.56)% (10.40 £0.97)% GAOs
(16.36 +3.41)% . (21.51 =
90% 3.08)% . (25.39 £1.02)% (34.25 £2.59)%.
Cc/pP 2 C/P  25:1 10:1 GAOs
C/p 25:1.20:1  15:1 PAOs .C/P 25: 1.
(10 d) 80% 20:1 15:1  PAOs GAOs
C/P 10:1 4 d 92 % C/p 10: 1 PAOs GAOs
80% 44. 65% . FISH
8 d C/p  10:1
0% . C/P COD C/P  10:1 GAOs
10 d PAOs GAOs
2 C/P 10:1 COD 8 GAOs
0 ¢ 2 2);
COoD PAOs
2 C/P  10:1 COD
100 90% PAOs GAOs
80 44.65%
E 6 PAOs. GAOs
Jg 40 -a-CP=15:1 Lo
S ol =201 2 c/p cop P
—e—C/P =251 Table 2 Situation of COD and phosphate in a cycle in
T R IR S
ud 25:1 2001 15:1 10:1
cOoD /mgeL"! 225.1  229.2  223.1 229.2
1 C/P  COD coD /mgel"! 52 10.5 0 13.1
Fig.1 COD removal in various C/P systems p Jmgel"! 31 96 12.5  20.1
P /mgeL~! 46.7 829  97.3  37.1
s W* con ' 1% e 93.7 9;:2 102. 6 ng
2 80F P 1% 100 87.5  94.9 0
g{ 60
£ w0l —~-cp=101 2.3 C/P  PHAs
o
ol T . C/P 4 EBPR PHAs.PHB
0 1 2 3 4 tzi 6 7 8 9 10 PLV 4 . c/p
25:1.20:1 15:1 EBPR PHAs
2 C/pP
Fig.2  Phosphate removal in various C/P systems th /P
10:1 PHAs . 4
2.2 EBPR FISH C/p 10:1 PHB
10 d 4 C/P EBPR PHV
PAOs PH2MV
GAOs .3 C/P PAOs PH2MV " .
10: 1 20:1 EBPR FISH C/pP PHB
C/P 25:1.20:1.15:1  10:1 PHV
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(a) C/P=10:1, &5 (b) C/P=10:1, PAOs
(c) C/P=20:1, &1 (d) C/P=20:1, PAOs
3 C/P 10:1 20:1 EBPR FISH ( x1000)
Fig.3  Pictures of FISH for C/P are 10: 1 and 20: 1 in EBPR systems( x 1 000)
o M =Ki+b M mg
' 0.10| (@) PHAs PHB  PHV ! K
E‘) 0.08 |- — .
1 0.06 —x-C/P=10:1
iﬁ 0.04 —a-C/P=15:1 ) c/p
£ 002 = C/P=20:1 PHB PHV
~ ——C/P=125:1
0 | | | | 1 3
0 0.5 1.0 15 2.0 2.5 3.0
- 3 C/P 10:1 PHB
g PHV .C/P
g
i 25:1.20:1 15:1 PHB
g 1h C/P 10:1 PHB
- 2.5 h. c/p
) : . : . 3.0 PHB K,
T W‘”’x .
E‘) 0.04 - -K25:1 > KZO:I > K15:1 > Kl():l C/p
E"o.oa_(C) PHV 25:1.20:1  15:1 PHB C/p
002 = 10: 1 2
>
5 00l- PHV C/P  25:1 PHV
00 0_‘5 1_I0 1_I5 210 2_I5 3.0 1.5h C/P 20:1 15:1 1h C/P
i 10: 1 2.5 h. C/P  PHV K,
4 PHAs.PHB PHV K., >K,., >K,5., >K,.,. C/P 25:1.20:1

Fig.4 Dynamic curves of PHAs PHB and PHV in anaerobic 15:1 PHB PHV C/P
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3 Cc/pP PHB PHV
Table 3 Production and consumption kinetics parameters of PHB and PHV in various C/P systems
25:1 20: 1 15:1 10: 1
PHB PHV PHB PHV PHB PHV PHB PHV
Loax 1 7h 1 1.5 1 1 1 1 2.5 2.5
Loax2 'h 2.5 2 1.5 1 2.5 2 3 3
K, ( ) 0.067 9 0.007 4 0.042 1 0.0205 0.0383 0.0224 0. 000 7 0.0017
Rf 0.9759 0.964 9 0.993 1 0.899 1 0.8712 0.3166 0.8182
K, ( ) 0.0326 0.0119 0.0367 0.0217 0.024 6 0.0106 0.0015 0.0032
R% 0.9822 0.8174 0.990 1 0.9089 0.990 4 0.8547 0.5202 0.412 1
10: 1 PHB PHV
C/P 10:1 PHB PHV. Ty o @ PiAS - CP =101
PAOSs PHAs é" 0.08 Bl
PHB (>90%) " GAOs PHASs & oo oo
PHB  PHV 10 PHB  PHV 3 002 TemCP =25
PAOs GAOs 0.102.5 3.0 35 4.0 4.5 5.0 55 6.0
C/P 25:1 PHAs  PHB ® 0,08 (b) PHB
85% PHV  15%;C/P 20:1 PHB 68% gggj\\
PHV  32%;C/P 15:1 PHB 58% PHV go:ozk
42% ;C/P 10:1 PHB 24% PHV 76%. SEEEN e N
25 3.0 35 4.0 4.5 5.0 5.5 6.0
C/P PHB  PHAs . 006
FISH C/P i 003
4 0.028
EBPR GAOs PAOs > 001 |
PHB  PHV ) s 30 33 40 45 50 35 60
t/h
2.4 C/P PHAs 5 PHAs.PHB PHV
5 C/p Fig.5 Dynamic curves of PHAs PHB and PHV in aerobic
PHAs.PHB  PHV
5 C/P 25:1.,20:1  15:1 PHAs PHB
PHAs 1.5~2.5h C/P
10: 1 PHAs PHB v C/P 10:1
PHB PHV PHAs PHV PHV
3 3
C/P  PHB  PHV K, 2.5 PHAs
Ky, > Ky, > K., >K,.,. C/P 6 PHAs
25:1.20:1  15:1 PHB -C/P 25:1.20:1
PHV( 2 ) C/P 10:1 PHB 15:1 C/p 10:1
PHV( 50%). C/p10:1
10d C/P  25:1 PHAs (PAOs  GAOs)
PHB  75% PHV  25%;C/P 20:1 PHB 6 4 C/p
72% PHV  28%;C/P 15:1 PHB 71% PHAs
PHV 29%;C/P 10:1 PHB  29% PHV
71% . C/P 25:1.20:1  15:1 PHAs PHAs.
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