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

Metabolism in EBPR System
JIANG Tao, FANG Jing, SUN Pei-de, ZHONG Xiao, XU Shao-juan, FANG Zhi-guo

(School of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012, China)

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
(PHAs) metabolism in enhanced biological phosphorus removal ( EBPR) system were systematically studied. The results show that

, 15:1 and 10: 1) on flora changes and polyhydroxyalkanoates
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)% t0(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)% t0(34.25 £2.59) % . In various C/P systems in the anaerobic, the production
kinetic coefficients of PHB and PHV were K,5,, > K,,., > K5., > K,,., and K5., > K,,,, > K,5.,, > 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

10:1 »

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., > K., > 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
organisms ( GAOs) ; polyhydroxyalkanoates( PHAs) ; fluorescence in situ hybridization( FISH)
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SBL, PAOs W Wt P02 7K v i 48 e VE R 5 12 , LA PHASs
FTE 2 A7 A T 20 ML PN 5 200 B P 2R Wt R k0 A 4 It
PHAs & J it 9 RE B (ATP) |, [ iF R i 98 5 i o
J5ii i EMP (2 ED) & 2 B fi# 7 /E NADH, 4@ it
PHAs & Uit B8 J5 ). 4 480 B, PAOs S AL 73 il IR
S G L PHAs BEHCRE &, [R) I 8 48 BO% 7K iy
WA U B MR SR I A A AR Ay

PHAs £ 204 3 i 2. R -B-E 35 T MR IS (poly-
B-hydroxybutyrate, PHB ), 3-8 X & R ih
( polyhydroxyvalerate , PHV ) Fll 5 3-3% J-2-F 2 1L iR
£ ( poly-2-hydroxyvalerate, PH2MV ). H iff 5% &
B 2 o — B U, PAOs £ TR 0B A
PHAs ) £ 270 & PHB( >90% ) LA K /b & #y PHV
( <10% ), JLT- A PHZMV 5 ; 24 T Ry Ml — B
R BT, PAOs MR P R £ B 5454k PHV Fl PH2MV.
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AR T BHE Ry C/P(10 ~20 mg/mg, A COD/P i)
A7 T PAOs fy A4 . {HHE T 48 25 30 % B0 e 341K
ft) C/P(10 mg/mg, L TOC/TP i) &1+ F ,EBPR &
G iz A7 00 91 A B e R AR B 2 (HN T HOM DG Y Bt AR
Py AL v A W

PR , A BF 5 >R FH /N 3 B ARE 194 e itk =X s Iz 8
(SBR) , %8 A C/P(25:1.20:1 .15: 11 10: 1) %
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L1 {80 & flgtr T4

PAOs & £ 94k i 55 v I 42 F 15 Je ok A de N T
F TG K AR BR T [ 3 TE U, & AR IR [R]h 75 d.
AR C/P A 3R 55 DL s S 4F PAOs % i i (75 «
5) % (1 P ¥ U8 Sk a5 R F 4 S A TR SBR
I BN g A RS TR 2 L, Hy A HIL B .
N85 BRI AT 4 A FA W, B A 6 h, b R4 B
2.5 h, 4450 3 h, YLTE 15 min, ¥ /K 15 min. #f 7K
500 mL, A5 HRT 2y 24 h. &4 J& 147 2 BOK HE e
50 mL, AR SRT 2y 10 d. J W 2% 15 Je ¥ B 24 242 000
mg/L,iEFT KR 20°C £2°C ,pH K 7.5 ~ 8.0,
U748 BE DO ¥ BE R 2 ~3 mg/L.
1.2 5K

R KRN TR, & BUE K BT A R B
WAL (FR 1), 81T 1 B4~ JE 4] 500 mL 7K
& AW TS mL(fEICER | mL) ,B K 425 mL. 4
A~ SBR [A] I 2 3, Rk C/P 2351 2 25:1 .20: 1 ,15: 1
FL10: 1. #4538 172 A v DL 20 8 RN TR 28 BV
B, 1] B IF 18] 2y 7 d. SO A% 90 4 COD 152 200
mg/L.
L3 H ALK BT Iy i

COD IEBE R # \MLSS 45 i il 72 75 ¥k = % (K
FZE 7K W 4 A7 7 s (38 DU R ) ). 7K B 28 5 Sk DB 4K
LS I E. DO i pH R I JPBJ-608 i #5 5
DO Jf % 4 F1 PHBJ-260 {8 #5 X pH I & 1 7E £k
W
1.4 JAREYIE T

I R #8 1% M Ve RE L ST B 1 % 1
T LR A7 LA A 1 35 e v 3 A 0 1k (ORI A B
W 1 % ) BRI A7t #E b PHAs N2 kA4
A4k SR JE KRR i 10 000 r/min .0 2 min, 37 1
T, N w2 28 vh WIS Yk, 710 000 r/min B 0 2
min, F 3% 5 P, B A R RE IR R R AR
TR T 4R (- 54°C A1 10 Pa)20 h X [
FEA R VR T 1 5 520k AR W Fo 5 J5 A T4 2
e H.
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Table 1

Composition of synthetic wastewater/g+L ™"

AW B & R ICR W
NH, Cl 1.02 KH, PO, 0. 103 FeCl, -6H,0 1.5
MgSO0, -7H, 0 1.2 K,HPO, -3H,0 0.173 H,BO, 0.15
CaCl, -2H,0 0.19 CuS0, *5H,0 0.03
M 0.01 K1 0.18
B3 0.01 MnCl, -4H, 0 0.12
2 () 10(5.6 mL) Na, MoO+2H, O 0. 06
ATU (fi A3 350) 0. 008 ZnS0, -7H,0 0.12
CoCl, -6H,0 0.15
EDTA 10

FRELC 10 mg T4 19 36 PR35 e AE & T iR 48
] BF )RR A 2 mL G005 A 2 mL R PR BRI
W OFEFE AL AE 10 mL A% 45 h 100°C JH i 20 h, % 4]
FEEWR.RIEIMA T mL & 7K RIZNR A, DU 1
h WG 25 525 BRI W T R & W 7%
B —ANERN,IEIMA 0.5 ~1.0 g By LK BB
B, B BT L G T ] SR 3 - T R S
ﬁéﬁﬁ
BT 26 A1 R - AU 2% R Agilent6890N , 4%,
%ﬁ%%;’éﬂ%ﬁjﬂ DB-5 #£+,30 m £ ,0.25 mm
PAE,0.25 wm J5 5 FAF FIR B DR 250°C, A T 45 U5
JES 250°C . SR JUFR P TH, & 4h b il o 80°C , {5 B8
1 min,#RJ5 LA 10 C/min {4 72 7 FHiR 3] 140°C |, F 15
B3 min. —NFE g I E IR D 10 min, 5 YRR
4 1 pL. PHB .PHV PH2MV J 4 /2 %l 7 4 45 B4
BF ) 23 5 R 1,67 . 2,32, 2.96 Fil 3.76 min. 75 545
WM F B ET A PH2MV [ 4% A #E &, 0 2-
hydroxycaproicacid Fl PH2MV J2&[&] 4> R A4, K 1 1
2-hydroxycaproicacid f{ % PH2MV gk o RO
1.5 FISH 53 b7 5 1
A Wy W v >R F] FISH B 12 , 43 # J7 32 [m) SCik
[17]. B 300 L 3 P75 Je if i, ZEFE A oA 3 A%
R 4% 2 W EE 1R 2 W, T 4°C [ 22 3h, I 1 x
PBS W ik 3 I, IR T 1 x PBS-Z B (MRFLLE 1:
D)W, T -20C LR AA8H vl H.
SCE v FH 16S rRNA #8241 EUB338mix . PAOmix
H1 GAOmix. EUB338mix #4145 EUB338 £ 4} (5'-
GCTGCCTCCCGTAGGAGT-3") \EUB338- 11 # 4t (5'-
GCAGCCACCCGTAGGTGT-3") #1 EUB338-1 4§ 4t
(5'-GCTGCCACCCGTAGGTGT-3") ; PAOmix 5 £ 3
$& PAO462 ¥ %t (5'-CCGTCATCTACWCAGGGTAT
TAAC-3") PAO651 ¥4} (5'-CCCTCTGCCAAACTCC
AG-3") 1 PAO846 # £ (5'-GTTAGCTACGGCACT

AAAA GG-3') ; GAOmix 45 41 3 #& GAOQ431 # 4
(5'-TCCCCGCCTAAAGGGCTT-3") , GAOQ989 445 £}
(5'-TTCCCCGGATGTCAAGGC-3") f1 GB-G2 #§ %}
(5'-TTCCCCAGATGTCAAGGC-3").

Vo T861 2 - B A 0 R R 40 A% J5 TR 7R I 4 PR R
FEAL TR R, B2 WL A 5 38 5 U T W A A 1 2 B
AL TS T 50% 80% 98% i 2, rf 4% i K 3
min, X5 7F 46°C 4228 2 h, 24 38 G2 WP L 43 4n 1
0.9 mol/L NaCl,20 mmol/L Tris-HC1,0.01% SDS,
35% % B F WO, 20% 1: 1/ EUB338mix F
PAOmix & & 4 41 5% 20% 1: 1§ EUB338mix Al
GAOmix JR 5 %4, pH 7.2 (g sk &I A 2 HEAL,
SHEFLA 3 9L, 78 L HE% EUB338mix fil PAOmix
BG4, T HER EUB338mix fl GAOmix & &
). 2238 )5 F 48°C H 4% 3¢ W Uk W (40 mmol/L
NaCl,20 mmol/L Tris-HC1,0.01% SDS,pH 7.2) it}
Bt 20 min, 2 5 P ZE WK U8 25 5% B DR, LTI T
A I A LT TG Wl ), SR 5 s 3R AR 3
W LA H . )T S 9O 8] B R (IXT1, H AR
Olympus) W %2, Jf A Bd £ 8 440 | R, 31015
PAOs il GAOs 7£ 4T H 1) L 6]

W1 A~ EBPR R4ET 1 kEk 3 A, By R b
HER AT PAOs 76 418 1 L9, F HEZR 13 GAOs 1E 4
B L, 1AL AT 3R A FISH B8 5 50 5K, B4 1
HEH- 25 3K, PAOs 5% GAOs M F 25 K, 1 k5 (6
ANAL) 7T 3R 45 FISH i fr 300 5K (£ 1 I /- 150 5%,
PAOs o, GAOs & B 150 ). A it , s dt 3k 4% FISH
Bl F 1200 5K, Horb 2 5 IR B 600 5K, PAOs i} i 300
3K, GAOs H A 300 k.
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2.1 RJE C/P %} EBPR &% COD FI#k iz £h £
A
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C/PAy5Ik 25:1.20: 1 15: 1 /1 10: 11y 4 4~
EBPR Z4irf COD (1 2 [ 232 il 1] ] 22 41 4% 10 4 & 1
fin. 1 A[ %, KRR C/P By EBPR & 4 b COD
() 23 B AR BA 35 DX, AR BE o a2 AT I (8] Y 3 i
W FROE , e ik 8 90% A4

ANF C/P Z A B REE L BR R 2 s, 4
C/P 433k 25:1.,20: 1/ 15: LI}, 18 B A~ 25 2215} ]
(10 d) @R h 25 BR R H0 L4 &, 35 80% L L.
M C/P Ry 10: 1R R G, FENIIF R IZ 170 4 d I,
iR £h 1 B I A B 80% |, 0 i 25 35 17 B 1] () 14
I, AR R 0 L BR R 2R T B IS 1T A 8 d B RER
EHEBRFE R 0% . A C/P 4 COD Fiugh g #5 7F
iE47 10 d Jg5— JE W N A5 B B g ok B R O L B RN
WA 2 frs, Nl 48, C/P 2 10: 1 £ 48 COD A
AP R BR A (A FLRERR Eh 19 L BR R 0, HE T 1t
BFRG A COD MBFREEEEA —E w7 EM
TETE.

100

80
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40

CODE£RE/%
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0 1 1 1 1 1 1 1 1 1

t/d

E1 A [E C/PH COD E(RBxE

Fig.1 COD removal in various C/P systems
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Fig.2 Phosphate removal in various C/P systems

2.2 EBPR RGEHEA FISH 73 H7

23 10 d s S 4 A E C/P Y EBPR
RGP WU RRER AR T A2, FE R IAE PAOs
H GAOs 7E4x T8 Hh i 7 e il iy A2 4. 1 3 B s & C/P
102 11 200 1 EBPR £ &% FISH A6 €] J-. 285
Giitit s, LB C/P 4350k 2501200 1,158 11 10 1

1) 4 > EBPR R 4iH PAOs 7E4 W H T o 19 F ) 53
Bk (76.42 +1.24)% . (71.98 £2.09)% . (66. 67
+1.56)% F1(10.40 £0.97)% , GAOs 7 4 1 v fif
oL A Bk (16.36 = 3.41)% , (21.51 +
3.08)% .(25.39 +1.02) % F1(34.25 +2.59) % . b
% C/P ]\ 25: 1% 10: 1, GAOs 7E 2B T i 5 1k
BB yE n, i PAOs ¥ /. C/P 435 25: 1,
20: 171 15: 18§, PAOs F1 GAOs [ & 5 & ik 5
92% LJ I, 1 C/P Sy 10: 18F & 45 PAOs Fl GAOs ja
A HA 44.65% A7 N FISH #0  & R T
PIWLEE S C/P 2 100 1A 4 3 i W i /b T HAh R 4.
B ULHEI 72 C/P 2y 10: 1 R4 rh , — T T GAOs
22U PAOs B R HBHE T GAOs W AT BRIk fE
S B G GAOs 9k BEAH S B0TS YR KR B ROR
FEAR, X — 250 Sl s R — B (B 2 Mk 2) ;00—
Jr RS h PAOs g i (1) 1 3 9 /0 T 350 B Bl 0%
REAR. oAb, AR 2 AT, C/P g 100 1 R G2 COD &
%55 90% L) |, 1fii PAOs F1 GAOs i 7F M h
T 7 19 R 44, 65% |, HE T L B R S b A7 R &
B, BT PAOs , GAOs — 2 {4 #& R 45 h 11
COD.
x2 AEC/P—/FHHK CODF P LEHLIFR
Table 2 Situation of COD and phosphate in a cycle in

various C/P systems

=] 25:1 20: 1 15:1 10: 1
7K COD ¥ /mg-L ™! 225.1 229.2  223.1 229.2
JEWA COD #k B /mg 1~ 5.2 10.5 0 13. 1
K Pk /mg- L ! 8.1 9.6 12.5 20. 1
IREBEK P e /mg-1.7" 46.7 82.9 97.3 37.1
U4 BEK P e B /mg- L ™! 0 1.2 0.6 36.0
COD L%/ % 97.7 95.4 100 94.3
P R/ % 100 87.5 94.9 0

2.3 KA C/P X PHAs & 5 3h F1 24 1 5

Z3d 10 d BT A BR S (LA SR M iU ) , N T
C/P 41 F iy 4 4~ EBPR R4 KA B PHAs PHB Al
PHV W8l Jy 2= A8k th & &l 4 firs. vl LU H, C/P
435k 2501 20: 1F1 15: 1% EBPR &%, PHAs &
AR 1 h Py B Ok TR, i C/P R
10: 1240 PHAs HAg /@i, NIE 4 380 DB
H,C/P 2 10: 1 &G rf , PHB & & B 1K T H Al &
e, PHV &0 & THAM RS A R H
HRBEA AN ) PH2ZMV [ 7748, 3% 5 SCHlik i 38 A1 45
DL 28 KR IE T PAOs JLP- R4 pi PH2ZMV '

HZ9 3 1% T A AR C/P &4 PHB Fl
PHV 5 it 75 IR 480 B B sf (] 25 A1 50 43 50 i A7 8045
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%3 AEC/PE&METPHBH# PHY SRS EETNESH
Table 3 Production and consumption kinetics parameters of PHB and PHV in various C/P systems
S 25:1 20:1 15:1 10:
PHB PHV PHB PHV PHB PHV PHB PHV
ay 17h 1 1.5 1 1 1 1 2.5 2.5
Ly 2/h 2.5 2 1.5 1 2.5 2 3 3
K, (£ 1) 0.0679 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, (IH#E) 0.0326 0.0119 0.0367 0.0217 0.024 6 0.0106 0.0015 0.003 2
R% 0.9822 0.8174 0.990 1 0.908 9 0.990 4 0.8547 0.5202 0.412'1
10 1AY & MGE A, H PHB 5 SUH KT PHV, T
/Py 10: 1t PHB f) & A i 2 W] /N T PHV. ¥ 010 @ PliAS P 101
BEF R B, L SR R BRI, PAOs 4 1 PHAs o0 ook
LI PHB Y % (> 90% )%, GAOs & i PHAs DA & oo .
PHB 1 PHV Jy '/, & G5t PHB 1 PHV L fi] A7 3 00 e
PLEPE R me s PAOs A1 GAOs g9 b . E A WF 5T 0.122.5 30 35 40 45 50 55 60

K ,C/PR 25: 1) & 4 & M PHAs th PHB |5
85% ,PHV 5 15% ;C/P Jy 20: 18} PHB |5 68% ,
PHV 5 32% ;C/P 4 15: 15t PHB /5 58% ,PHV 5
42% ;C/PJy 10: 18 PHB [ 24% ,PHV 5 76% . I
& C/P By & ¥ />, PHB 7E PHAs H Jir o5 (9 [ 7]
BT REAR, I PHV 76 PHAs o it &7 (9 L 1) 38 %7 7+
X 455 FISH R 45 5% — 3, Wi & C/P 11
&A%, EBPR & %5 N GAOs b {5 38 Jiil i PAOs H 4
W, AT 5 3R 58 N PHB AL PHV LY 3] (9 A1 1
k.
2.4 K[A] C/P X PHAs JE#E ) J1 5 B 52

K5 iR AR C/P &R IF A B &g
A=y #E PHAs \PHB 1 PHV 3 /1248 fk i k. M
&5 AT4N,C/P 439k 25:1.20: 1F1 15: 1 R4 b A]
PI#EE] PHAs 76 1.5 ~2.5 h NI #ESE 4, 1fif C/P
9 10: 1 R ge v PHAs HoA /D& AYIHAE.

X} PHB #1 PHV WIHAEFHZ 2 3h J) 7 Oy B ik 47
A BENE SRR 3 Pros. K3 AT,
ARl C/P ) PHB F1 PHV JH#E R K, R E/NY
HEFI P38 F 2 Ky, > Kooy > K5y > Ky - C/P 43 5]
S 25: 1,200 1F 15: 10F & 48 PHB Ji #& 3l 2 K F
PHV (252 %) i C/P Jy 10: 1} R4 PHB 1Y #E
BOR B /NF PHV (25 50% ).

ZEATALER 10 d J5,C/P 9 25: 1B} #E ) PHAs
1 PHB [ 75% ,PHV [ 25% ; C/P 3 20: 1} PHB
di 72% ,PHV Y 28% ;C/P 3 15: 1} PHB [ 71% ,
PHV [ 29% ;C/P 4 10: 11 PHB |5 29% ,PHV 4
T1% . 3B C/P 43518 25:1 20: 1f1 15: 10 RS

'g" 0.05 m
%D 0.04 - (c) PHV

i 003 %
4o 0.02F

£ 001

0 I e i Y

25 3.0 35 4.0 4.5 5.0 5.5 6.0
t/

B 5 4 IPgEskEf PHAs.PHB #1 PHY FE B S EF ¥ s
Fig.5 Dynamic curves of PHAs,PHB and PHV in aerobic

#E PHAs () 22 040 2 PHB 33X 5 SCHk i — 2, L
LR Ay B U5 e 2R G W W T O 1 8h ) R 1 R i
PHB FT$2fitf e . i C/P Jy 10: LI, & S I 46
PHAs 1) E 85 & PHV, BT I PHV 1 43 i 2
REWMAEY R EE W EERREZ —.
2.5 PHAs 4 it 5 14 FE &Y L4

6 J& L A BRI 2 48— 4 5 1 P9 PHAS (1)
Hea i SIHAER B LA C/P43 50y 25: 1,200 1 AN
15: LI, ¥4 et R AE T R F C/P 2y 1011
R A ¥ G BB AN T FE AL, X AT BB T C/P g 10: 1
RSN He I BE (PAOs F1 GAOs) [y 34 & 1 B AIK T
H.ONE 6 ikl LUKk B, KB 4 4 C/P RGP
PHAs [+l #6103 i T H &4 i, ] &
GiTy e AR Wy T U BRI R TR P9 A% A Y
PHAs, 1M H.UH#E T JA 91 P98 & B9 PHAS.
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