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Kinetic Model of Enhanced Biological Phosphorus Removal with Mixed Acetic

and Propionic Acids as Carbon Sources ( I ) : Process Simulation

ZHANG Chao"*, CHEN Yin-guang’

(1. Water Treatment Center of SINOPEC, Research Institute of Petroleum Processing, Beijing 100083, China; 2. State Key Laboratory
of Pollution Control and Resources Reuse, College of Environmental Science and Engineering, Tongji University, Shanghai 200092,
China)

Abstract: Two groups of sequencing batch reactors were used to study the metabolism substrate transformation of phosphorus-
accumulating organisms ( PAO) and glycogen-accumulating organisms ( GAO ) fed with mixed acetic and propionic acids. Seven
stoichiometry parameters and 24 kinetic parameters were contained in the PAO and GAO kinetic model, and stoichiometry parameters
were deduced from the stoichiometry models, while kinetic parameters were determined by experimental results. The kinetic model
parameters of stoichiometry and kinetics were determined according the experiments and the literature. Subsequently, the substrate
transformations of PAO and GAO were calculated by the Matlab software. The model curves matched the SBR experimental data well,
indicating that the kinetic model based on SCFAs metabolism could be used to simulate PAO and GAO in anaerobic-aerobic conditions.
Key words : phosphorus-accumulating organisms (PAO) ; glycogen-accumulating organisms (GAO) ; stoichiometry parameters; kinetic
parameters; kinetic model
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Table 1 Matrix of the stoichiometric coefficients for metabolic model
, B Bt
5 H 2 - _ - A
LR R LR iz RA R
YEEAs 0.43 0.32 n(P)/n(C) 0.42 0.27 0.42-0.15x  m(P)/m(COD)
R4 PAO Yielas 1.33 1.22 n(C)/n(C) 1.50 1.29 1.50 -0.21x  m(COD)/m(COD)
YEGAs 0.50 0.33 n(C)/n(C) 0.50 0.29 0.50 -0.21x  m(COD)/m(COD)
B4 GAO Y%EIFA* 1.75 1. 50 n(C)/n(C) 2.00 1.57 2.00-0.43x  m(COD)/m(COD)
YiCEAs 1.00 0. 67 n(C)/n(C) 1.00 0.57 1.00-0.43x  m(COD)/m(COD)
ymax 0.74 0. 80 n(C)/n(C) 0.74 0.73 m(COD)/m(COD)
14 PAO(S. ¥ yow 3.68 3.34 n(P)/n(C) 3.17 2.64 m(P)/m(COD)
v 0.90 1.06 n(C)/n(C) 0. 80 0.86 m(COD)/m(COD)
ippy " 0.015 0.015 n(P)/n(C) 0.013 0.013 0.013 m(P)/m(COD)
Vpyo = Ym 0.74 0.73 0.74 m(COD)/m(COD)
KE Ypua = 1/Y 3" 0.32 0.38 0.32+0.06x  m(COD)/m(P)
Yoy = Yo 0. 80 0. 86 0.80 +0.06x  m(COD)/m(COD)
FE GAQLIO: 1) Y™ (Vi) 0.75 0.73 n(C)/n(C) 0.74 0.67 0.74 -0.07x  m(COD)/m(COD)
Yo (Vo) 0.95 1.04 n(C)/n(C) 0.83 0.85 0.83+0.02x  m(COD)/m(COD)

1) PAO 1 GAO BG4 ATZRR N CH,, 09 O, 54 No. 20 Po. on
2.2 q(;wﬂ] qypp B

FEHAT I BB Z /T, K28 3 1% S 80k
%%j%//%ébﬂﬁiﬂj(ﬁ\{ﬁ, ’fﬁ%%ﬁé}fj}j} %%%;&ﬁn qscras

Fl miete MY 2 B A SE S R, O
SSCERESAT T A (R 2 K 3).
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Table 2 Comparison of the stoichimetric and the kinetic parameters in this study and the literature

sH mEEN to oo i
(21,0) [23] [24] [3] [5] Amp" [24) [3] [5] "

bip £

Yo PHA 3R 4( PHA/SCFAs) — L4913 130 143 1.50~1.29 1.33 217 191 2.00~1.57 [m(COD)/m(COD)]/gg~"

YESRASD) gl SCFAs FrEFERIBER — 049 033 030 0.43 0.50~0.29 0.33 117 0.91 1.00~0.67 [m(COD)/m(COD)]/g-g™"

YIGRA2) SOP & 28 ( SOP/SCFAs) — 060 053 053 0.5 0.42~027 — — — — [m(P)/m(COD)]/g+g~"

Yoro.cao FERAE(AEYrE/PHA) 0.63 0.63 058 063 0.63 074 0.5 0.63 0.63 [m(COD)/m(COD))/g+g~"

Yora W FERRE T2 PHA 0.20 020 032 020 0.20 0.32~0.33 — — — 0.74~0.67 [m(COD)/m(P)]/gg™"

Yoy R R A4 GLY/PHA) — — 100 100 1.00 0.80~0.86 100 1.00 1.00 0.83~0.85 [m(COD)/m(COD)]/gwg™"

Ippy T A i 0.2 — — — 0.2 0013 002 — — 003 [m(P)/m(COD)]/gg"

1%

qscrn’) SCFAs WRHiE R H K 0.19~0.21 0.19~0.21 0.205 0.205  [m(COD)/m(COD)t]/g+(g+d) ~

dory” GLY Bk — 3 38 27 225 232~169 12 27 3 432~2.88 [m(COD)/m(COD)-t]/g(g-d) "

.y PP 7K i 5 L5 L5 28 2 LS LS2~109 — —  — [m(P)/m(COD)+t]/g-(g+d) ="

miyhic A, GAO R ALEHZ B - - - - — 0w - = — on q

Epro, cao BRAEKHER 1 1 0.84 107 0.8 0.8 1 07 0.6 4!

bpro. cro Xpao, caof IATEARHEL 0.2 015 008 02 015 01 008 01 015 01 4!

bpp Xppl) M w4 0.2 007 008 0.2 0.07 0.1 - - - d-!

bery Xey Moo 1 0.2 02 008 02 0.2 0.1 0.08 0.1 0.2 0.1 a-!

bpra Xpua P07 1 0.2 02 008 02 02 0.1 0.08 0.1 0.2 0.1 a-!

Ksepas  SscraJOIRZRE 4 4 3.63 4 4 3.6 63 4 4 3.6 [m(P)/V]/g+m"™

Keiy Yoy MIRIZRE — 0.0l 0000 0.001 0.00 0.000 0.0010.001 0.01  0.00l  [m(COD)/m( COD)}/g-g-l

Koo 0, MmAIES 0.2 — 0.2 - - 0.2 02 — — 0.2 [m(0,)/V]/g+m"~

Kpp Xppn 25 0.00 002 0.01 001 0.0  0.001 - - - [m(P)/m(COD)]/g+g "

Kps PP IEAEHI BRI A 2T 0.2 02 02 05 01 0.5 - - = [m(P)/V)/g+m~?

Ky LR SUE =R 0.00 0.0l 000 000 0.0l 0.0 00l 0.00 0.00 0.0l [m(P)/V]/g+m?

Max Xop/Xpro MK R 0.3 034 028 034 04 0.3 - - = — [m(P)/m(COD)]/g-g ™"

Ma Xory/XpaoB Xgry/X oaolIRR — 04 025 015 02 0.2 0.4 0.3 0.45 0425  [m(COD)/m(COD)]/g g™

Kipp Xppll AR AL 0.2 0.02 00000 0.02000 0001 @— — — [m(P)/m(COD)]/g+g ™"

K¢ Xy AP 2 8 0.2 — 0015 0.02 002 002 0015002 002 002  [m(COD)/m(COD)/grg"

Kpapp  JIF Xpplt £ PHA (HIREK 0.00 002 0.07 005 0.05 0.04 - - - [m(COD)/m(COD)]/g+g~"

Kppa FIFA: Ky PHA MR 5 — 002 003 0050025 0015 003 00 0.02 0.0l  [m(COD)/m(COD)]/gg"

Kooy  HF X JEA7H PHA MRIZRAK 0.00 002 012 001 0.05 01  0.008 0.0l 0.01 0.1 [m(COD)/m(COD)]/g+g~"

Ko H* IR AT 2 2.28x107° 228x107¢ — — — — [n(H*)/V]/mol+m =3

K n® IR 6.94x10~* 6.94x107% — — — [n(H*)/V]/molom =3

1) AR 2 2
FRARUTT VR0 =17V,

SCFAs &

SCFAs
Y(;I Y

W I % L 1)
= (1-Y5)/ Y5y,

SCFAs _
YS()P

§3 ﬁ]ﬁéé/jﬁ qdGLy ~ quE"]f_E_EI)

Table 3 Determination of ¢y and gpp

2) FOCER R ELAES  (H AR S B0 W B O] AT i 3 i
=Ysop/Ysr 3 3) WICHK[ 10,12,14,16,25]; 4) W3 3; 5) WICHR[ 26, 27]

- 4R W
Wi
SCHik qeLy qpp Sk qeLy qpp
Smolders 2513 0.062 7 0.040 1 Ochmen 214 0.0154 0.022
Pijuan 25157 3R 50 s 0. 027 — Pijuan 25157 A3 50 s 0.021 —
Pijuan %1% [ BRI 0.17 0.208 Pijuan 25 115) A0 $ e 0.15 0.208
PAO Oehmen (16 0.026 4 Oehmen (16 0.0209
Lu &:017] 0.0535 0.0376 Lu &:017) 0.0383 0.0287
Filipe 2181 0.04 0.1 Oehmen %5 0.0263 0.0229
NI 0. 0964 0.063 3 NI 0.070 4 0.0453
Filipe %019 0.1915 — —
GAO Zeng@“ljr 0. 068 — Zeng@“ljr 0.0411 —
Ochmen (16201 0.081 4 — Ochmen (16201 0.0402 —
AHF5E 0.18 — AR5 0.12 —
1) ForSCHk A B BRI IR IS B | 2 3 R AR SR TP B 5015 5 oy : [m(COD)/m(COD) « t]/g-(g+h) ™5 qpp:[ m(COD)/m

(COD) +1]/g+(g+h) 7!
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