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Kinetic Model of Enhanced Biological Phosphorus Removal with Mixed Acetic

and Propionic Acids as Carbon Sources ( III ) : Model Application

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: The kinetic model based on SCFAs metabolism was applied for the prediction of phosphorus-and glycogen-accumulating
organisms ( PAO and GAO) competition with different carbon sources and m(P)/m(COD) ratios. When acetic acid was used as the
sole carbon source, the biomass compositions were almost the same as those before cultivation, and neither PAO nor GAO could be out-
competed from EBPR. However, increasing propionic acid in the influent helped PAO to be the predominance organism, and EBPR
performance kept excellent when the ratio of propionate to mixed acids (acetate + propionate) was higher than 0. 33. It also found that
the m(P)/m(COD) ratio should be kept at 0. 04-0. 10 to avoid phosphorus became a limiting factor for PAO growth. This was because
at low m(P)/m(COD) ratios, such as 0.01, GAO would take up 95% of the total (PAO + GAO) biomass.

Key words: phosphorus accumulating organisms (PAO) ; glycogen accumulating organisms ( GAO) ; kinetic simulation; competition;
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Table 1  Initial parameters for the simulation of SBR process
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Fig. 1 Simulation the effect of propionate to SCFAs ratios on

the PAO-GAO competition
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& 3 AR m(P)/m(COD) Fizfy 60 d J5 )2
Jof e TR IO ) AT ARG, DA AT DA U M b A
m(P)/m(COD) Flhx I 4 % PAO-GAO 35 4+ 1) 5
me. & 3 FTLUE G, YN R i BT, EBPR
PAO fRMEAG T8 0 H; B VIR & =093, &
i PAO 11 Lt 1 i

HE 3w IE H,m(P)/m(COD) =0. 025 &
EBPR fig % Wiz 17 B CHELL B, 4 m (P)/m
(COD) <0.025 i}, PAO 1RA Z Bk i, GAO Lk
BAFSE AL 24 m(P)/m(COD) =0.04 i}, Ay
FIF PAO AR K. 4REE8 )i m(P)/m(COD) ELfil,
PAO LU S A B X AT REAZE KR PAO Tk 3R
19 70 FE (R AR TR T 2L

3 &Zig

(1) 24 EBPR R4 PAO Hl GAO & A 24 1
HULLTRAE Jy v — B AT, PAO B MEERAS AL 3, (1
Bl IR LL IR 32 2, PAO ¥4 Wi ot G 48 £ 5%
Hiufos .

(2)% m(P)/m(COD) <0.02 i}, PAO ¥ 8%k
th, GAO AW L. 4 m(P)/m(COD) K
0.01 i, GAO FEZ AT DL 5 4 S5t 1) 95% LA |-

(3)24 m(P)/m(COD) =0.025 B}, LitLh &
% | IA RIS SETNIRE AR, PAO Fl GAO HRICTL
AL R

(4)24 m(P)/m(COD) >0.04 I}, B # HNR &



3

SKAESE . LR/ NIRME D EBPR BRUSAY 3 ) # BRI (M) ——HE B 1

1007

100

(a) =4
PAO
80 T
£ 60 \
=
&
£ 40
=
20
GAO
(1]
_. 1o N
% 05 N\
%, 00 0.02 0.04 006 008 010
%A 7 m(PYm(COD)/gg!

Jeao, faao/%

100

(b) £¢5%
80 -
60 F
40
20 +
0 L L L | |
0 002 0.04 006 008 0.0

m(PYm(COD)/g-g!

BRE IR TR Sk 5 TR R i BRI B R—PIBR, Bl (IR ) /n(SCFAs ) /R HE
RIK I 0% . 9% . 33% . 50% . 67% , 91% , 100% (LA C it)
3 ##m(P)/m(COD)LLIZIT60 d FREFMED S TN =SB RITHE
Fig. 3 The 3D-surface plot and projection graph of biomass fraction after 60 d running at different m(P)/m(COD) ratios

ARG, PAO # T BORHIU] 2 A9 5 S 0 34, IN TR &
R, PAO A DS B B TR S ] B

S k.

(1]

(2]

[3]

[4]

S, BRER)T. ZBR/INERYEN EBPR BRIE (4 35 F 24 A5 R
FE( 1) —BERIWEST [ J]. IRBEREE, 2013, 34(3) : 993-
997.
S, BRER)T. ZBR/INERYESN EBPR BRIR (4 35 F 24 A5 BB
F(I) U] BRI, 2013, 34(3) : 998-
1003.

Lopez-Vazquez C M, Oehmen A, Hooijmans C M, et al. Modeling
the PAO-GAO competition; Effects of carbon source, pH and
temperature[ J]. Water Research, 2009, 43(2) . 450-469.
Houweling D, Comeau Y, Takacs I, et al. Comment on
“Modelling the PAO-GAO competition; effects of carbon source,
pH and temperature” by Lopez-Vazquez, C. M., Oehmen, A. ,
Hooijmans, C. M., Brdjanovic, D., Gijzen, H. J., Yuan,
7. , van Loosdrecht, M. C. M. Water Res. (2009)[J]. Water
Research, 2009, 43(11) ; 2947-2949.

Van Loosdrecht M C M, Oehmen A, Hooijmans C M, et al.
Response to the comment on *“ Modelling the PAO-GAO
competition: Effects of carbon source, pH and temperature” by
Dwight Houweling et al. [J]. Water Research, 2009, 43(11) .
2950-2951.

Brdjanovic D, Logemann S, Van Loosdrecht M C M, et al.
Influence of temperature on biological phosphorus removal:
process and molecular ecological studies[J]. Water Research,
1998, 32(4): 1035-1048.

Brdjanovic D, Van Loosdrecht M C M, Hooijmans C M, et al.
Temperature effects on physiology of biological phosphorus
removal [ J]. Journal of Environmental Engineering-ASCE.

1997, 123(2) ; 144-153.

(8]

[11]

[12]

[13]

[14]

[15]

Whang L M, Park J K. Competition between polyphosphate-and

glycogen-accumulating  organisms in  biological phosphorus

removal systems — effect of temperature[ J]. Water Science and
Technology, 2002, 46(1-2) : 191-194.

Erdal U G, Erdal Z K, Randall C W. The competition between
PAOs organisms ) and GAOs
in EBPR ( enhanced

( phosphorus  accumulating
( glycogen accumulating organisms )
biological phosphorus removal ) systems at different temperatures
and the effects on system performance[ J]. Water Science and
Technology, 2003, 47(11) . 1-8.

Lopez-Vazquez C M, Song Y, Hooijmans C M, et al. Short-term
temperature effects on the anaerobic metabolism of glycogen
accumulating organisms[ J]. Biotechnology and Bioengineering,
2007, 97(3) ; 483-495.

Chen Y G, Randall A A, McCue T. The efficiency of enhanced
biological phosphorus removal from real wastewater affected by
different ratios of acetic to propionic acid[ J]. Water Research,
2004, 38(1): 27-36.

Chen Y G, Liu Y, Zhou Q, et al. Enhanced phosphorus
biological removal from wastewater—effect of microorganism
acclimatization with different ratios of short-chain fatty acids
mixture[ J]. Biochemical Engineering Journal, 2005, 27 (1) .
24-32.

XUFHE. IR/ LR LA e pH Xk SR B 1 o 4R 110 1 ik 2E W) B ol
ARG D], L. FPRE, 2006.

LR, WM/ SRR ) K pH X R W R R D].
g RIYERE:, 2006.

Ren N Q, Kang H, Wang X H, et al. Short-term effect of
temperature variation on the competition between PAOs and
GAOs during acclimation period of an EBPR system [ J ].
Frontiers of Environmental Science and Engineering in China,

2011, 5(2): 277-282.



HUANJING KEXUE Vol.34  No.3

Environmental Science ( monthly) Mar. 15, 2013

CONTENTS

Estimation of PM, 5 over Eastern China from MODIS Aerosol Optical Depth Using the Back Propagation Neural Network —«+eseeeeeeseeeees GUO Jian-ping, WU Ye-rong, ZHANG Xiao-ye, et al. ( 817 )
Comparison of Atmospheric Particulate Matter and Aerosol Optical Depth in Beijing City «++eeeeeseesrerserssrsmenensnnienensininenens LIN Hai-feng, XIN Jin-yuan, ZHANG Wen-yu, et al. ( 826 )
Impacts of Meteorological Factors on Atmospheric Methane Mole Fractions in the Background Area of Yangtze River Delta «+:«+-eseereeseeeees PU Jing-jiao, XU Hong-hui, GU Jun-giang, et al. ( 835 )
Dispersion and Analysis of Odor Pollution in Landfill Area Under the Enclosed Operation Condition LU Peng, WU Shi-xing, DAI Zhi-feng, et al. ( 842 )

Distribution Characteristics and Sea-Air Fluxes of Volatile Halocarbons in the East China Sea in Winter
Intra- and Inter-annual Variabilities of Particulate Organic Matter in the Mirs Bay from 2000 to 2010

LI Xu-lu, ZHOU Yi-pin, XIA Hua-yong

849 )
857)
874
882

(
(
(
(
HE Zhen, LU Xiao-lan, YANG Gui-peng (
(
(864
(
(
(

Phytoplankton Assemblages and Their Relation to Environmental Factors by Multivariate Statistic Analysis in Bohai Bay «+++++ -+ ZHOU Ran, PENG Shi-tao, QIN Xue-bo, et al. )
Characteristics and Evolution of Hydrochemical Compositions of Freshwater Lake in Tibetan Plateau «+:tovseseereeevesesierenensienen WANG Peng, SHANG Ying-nan, SHEN Li-cheng, et al. )
Estimation of Nonpoint Source Pollutant Loads and Optimization of the Best Management Practices (BMPs) in the Zhangweinan River Basin = «++++++++++- XU Hua-shan, XU Zong-xue, LIU Pin )
An Object-Oriented Intelligent Engineering Design Approach for Lake Pollution Control Z0U Rui,ZHOU Jing,LIU Yong, et al. ( 892 )
Contribution of Plant Litters to Sediments Organic Matter in Jiulong River Estuary Wetland + LUO Zhuan-xi, QIU Zhao-zheng, WANG Zhen-hong, et al. (1900 )
Application of Tiered Approach to Assess the Impact of Backfilling Remediated Soil on Groundwater ««+w+-+=sssseresresessnsenennensneneens ZHONG Mao-sheng, JIANG Lin, YAO Jue-jun, et al. ( 907 )
Removal of Nitrate from Groundwater Using Permeable Reactive Barrier s+ LI Xiu-li, YANG Jun-jun, LU Xiao-xia, et al. ( 914 )
Research on Pollution Load of Sediments in Storm Sewer in Beijing District +«+eseseesesrerserssessnesnscnsnnsenss s + LI Hai-yan, XU Bo-ping, XU Shang-ling, e al. ( 919 )
Occurrence and Risk Assessment of Five Selected PPCPs in Municipal Wastewater Treatment Plant and the Receiving Water -+ WEN Zhi-hao, DUAN Yan-ping, MENG Xiang-zhou, et al. ( 927 )
Microbial Risk Assessment of Urban Water Bodies for Aesthetical and Recreational Uses +««+«+sssseesssssensmimmnmnimnnniniise SUN Fu, SHA Jing, ZHANG Yi-fan, et al. ( 933 )
Study on Removal of Di-(2-Ethylhexyl) Phthalate by Using of Small-Scale Biological Aerated Filter «-«+«ssessesseseeseesensinsinsnnnsininnnncnenens LI Wei, ZHAO Jing, YU Jian, et al. ( 943 )
Mechanism of Membrane Fouling and Filtration Characteristics in a Membrane Bioreactor for Industrial Wastewater Treatment «-«+-++-+++-++ FAN Ju-hong, YU Su-lin, ZHANG Pei-shuai, et al. ( 950 )
Enhanced Electro-Chemical Oxidation of Acid Red 3R Solution with Phosphotungstic Acid Supported on y-Al,0 ** YUE Lin, WANG Kai-hong, GUO Jian-bo, e al. ( 955 )
Degradation Kinetics of Activated Carbon Catalyzed Persulfate Oxidation Orange G YANG Mei-mei, ZHOU Shao-gi, LIU Dan, et al. ( 962 )
Study on the Start-up of the Anaerobic Baffled Reactor for Treating Alkali-deweighting and Dyeing-printing Wastewater «+-«+«++esseeereeereereeneeees YANG Bo, ZHONG Qi-jun, LI Fang, et al. ( 968 )
Study on the Pollutants Removal Performance Along the Advanced Treatment in Tannery Wastewater by 0,-BAF YU Bin, LIU Rui, CHENG Jia-di, et al. ( 974 )
Effect of Pilot UASB-SFSBR-MAP Process for the Large Scale Swine Wastewater Treatment — +eeceseeseereesesesenensinenensinenne WANG Liang, CHEN Chong-jun, CHEN Ying-xu, et al. ( 979 )
Cultivation of Aerobic Granular Sludge with Municipal Wastewater and Studies on Its Characteristics Under the Continuous Flow -++++:+++-- NIU Shu, DUAN Bai-chuan, ZHANG Zuo-li, et al. ( 986 )
Kinelic Model of Enhanced Biological Phosphorus Removal with Mixed Acetic and Propionic Acids as Carhon Sources ( I ) : Model Constitution ** +++ ZHANG Chao, CHEN Yin-guang ( 993 )
Kinetic Model of Enhanced Biological Phosphorus Removal with Mixed Acetic and Propionic Acids as Carbon Sources ( II) : Process Simulation - - ZHANG Chao, CHEN Yin-guang ( 998 )
Kinetic Model of Enhanced Biological Phosphorus Removal with Mixed Acetic and Propionic Acids as Carhon Sources ( Il) : Model Application - +++ ZHANG Chao, CHEN Yin-guang ( 1004 )
Comparative Study on Water-air CO,, CH, Flux in Two Tributaries in the Three Gorges Reservoir, China »+ LI Zhe, BAI Lei, GUO Jin-song, et al. (1008)
Factors Influencing the Spatial Variability in Soil Respiration Under Different Land Use Regimes CHEN Shu-tao, LIU Qiao-hui, HU Zheng-hua, et al. (1017)

Differences in Soil Respiration Between Cropland and Grassland Ecosystems and Factors Influencing Soil Respiration on the Loess Plateau +««+ereeseeesereressinieniniinin.

............................................................................................................................................................... ZHOU Xiao-gang, ZHANG Yan-jun, NAN Ya-fang, et al. ( 1026)
Application and Benefit Evaluation of Tiered Health Risk Assessment Approach on Site Contaminated by Benzene ~+-+++eeeererreserereeeenes JIANG Lin, ZHONG Mao-sheng, LIANG Jin, et al. (1034)
History of Heavy Metal Pollution from Tidal Flat in Haizhou Bay »«««eseseesrereeresemenenminencnenininenssninenns ZHANG Rui, ZHANG Fan, LIU Fu-cheng, et al. (1044 )

Accumulation, Distribution and Pollution Assessment of Heavy Metals in Surface Sediment of Caohai Plateau Wetland, Guizhou Provinge «+:«+stssssssesssesssnssiensnennmninensninneens

.................................................................................................................................................................. ZHANG Qing-hai, LIN Chang-hu, TAN Hong, et al. ( 1055)
Assessment and Correlation Analysis of Heavy Metals Pollution in Soil of Dajinshan Island ««+-«+seseeseeseserenenmimmcnineincnennes CHENG Fang, CHENG Jin-ping, SANG Heng-chun et al. (1062)
Fraction Distribution and Risk Assessment of Heavy Metals in Stream Sediments from a Typical Nonferrous Metals Mining City -+ LI Ru-zhong, JIANG Yan-min, PAN Cheng-rong, et al. ( 1067)

Contamination and Health Risk for Heavy Metals via Consumption of Vegetables Grown in Fragmentary Vegetable Plots from a Typical Nonferrous Metals Mine City ~ «++esrereresssesssesnennenens
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L[ Ru Zh(mg, PAN Cheng I‘Orlg, XU Jlng Jlngy el al ( 1076)
Correlativity Study of the Distribution of Soil Magnetic Susceptibility and the Heavy Metal Contents in Xi'an ity =~ «++veoeereeereesesnsssesenneees CHEN Xiu-duan, LU Xin-wei, YANG Guang ( 1086 )
Distribution Characteristics and Environmental Significance of Heavy Metals in Soil Particle Size Fractions from Tropical Forests in China +++s+sssssessesssssisissnsnsninmninniniiiies
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" GONG Cang, XU Dian-dou,CHENG Hang-xin, et al. (1094 )
-+ ZHANG Shu-nan, JIA Zhao-yue, XIAO Run-lin, et al. (1101 )
Fractions and Adsorption Characteristics of Phosphorus on Sediments and Soils in Water Level Fluctuating Zone of the Pengxi River, a Tributary of the Three Gorges Reservoir «+:+s+:+eseeeeess
SUN Wen-bin, DU Bin, ZHAO Xiu-lan, et al. (1107)
++ ZHONG Jin-kui, ZHAO Bao-wei, ZHU Kun, et al. (1114)
Residual Levels in Air, Soil and Soil-Air Exchange of Organochlorine Pesticides in Hami Region of Xinjiang and Its Potential Ecological Rigk «+++s+ereerereressrerssnmmmninnsiiisiiinnns

Study on Phosphorus Adsorption Characteristic of Sediments in an Ecological Ditch

Sorption Behavior of Triton X-100 on Loess and Affecting Factors

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MA Zi-long, MAO Xiao-xuan, DING Zhong-yuan, et al. ( 1120)
Levels and Sources of Decabromodiphenyl Ether and Dechlorane Plus in Xining and Tianjun, Qinghai Province, China HE Chang, JIN Jun, MA Zhao-hui, et al. (1129)
Vertical Distribution of PBDEs and DL-PCBs in Sediments of Taihu Lake MA Zhao-hui, JIN Jun, QI Xue-kui, et al. (1136)
Characteristics of Organic Pollutants in the Sediments from a Typical Electronics Industrial Zone LIU Jin,DENG Dai-yong, XU Mei-ying, et al. ( 1142)
Emission Characteristics of Polycyclic Aromatic Hydrocarhons in Exhaust Particles from a Diesel Car -+ TAN Pi-qiang, ZHOU Zhou, HU Zhi-yuan, et al. (1150 )
Characterization of PAHs in Fly Ashes from Coke Production MU Ling, PENG Lin, LIU Xiao-feng, et al. (1156 )
Comparison of PAHs Distribution in Stabilized Sludge by Sludge Drying Bed and Reed Bed CUI Yu-bo, SUN Hong-jie, RAN Chun-qiu, et al. (1161 )
Effects of Adsorbents on Partitioning and Fixation of Heavy Metals in the Incineration Process of Sewage Sludge srereeereerereseesenne LIU Jing-yong, SUN Shui-yu, CHEN Tao ( 1166 )
Environmental Toxicity of Waste Foundry Sand Bt + ZHANG Hai-feng, WANG Yu-jue, WANG Jin-lin, et al. (1174)
Construction and Properties of a Microbial Whole-cell Sensor CBI0 for the Bioavailability Detection of C1® * -+ HOU Qi-hui, MA An-zhou, ZHUANG Xu-liang, et al. (1181)

YU Hao, WANG Ai-jie, CHEN Chuan (1190)

Effects of Physico-chemical Parameters on the Abundance of the Denitrification-associated Genes nirK, nirS and nosZ During Agricultural Waste Composting —«+«+«+sssessesresreseenenennenes

HU Chun-xiao, CHEN Yao-ning, ZHANG Jia-chao, et al. (1196)

Impact of PAHs on the Expression of PRDX in Earthworm ( Eisenia fetida) LIN Kang-li, ZHENG Sen-lin, SONG Yu-fang, et al. ( 1204 )

Preparation of OMC-Au/L-Lysine/Au Modified Glassy Carbon Electrode and the Study on Its Detection Response to Hydroquinone and Catechol = ««+xeseeseereesesesenenmsimineniisiinenn
.............................................................................................................................................................................. ZHOU Yao-yu, TANG Lin, LI Zhen, et al. (1211)

Risk Communication in Construction of New Nuclear Power Plant «+«««eeeeersssssseeninrriiiii HE Gui-zhen, LU Yong-long (1218)

Structure and Dynamics of Microbial Community in the Denitrifying Sulfide Removal Process




(AERIZEYE 6 RREZRS

E & KHAZ

B4 BEAE EH | N

B OF. (FUEREEH)
THENL AR FEIAE EZigr HON B O# L%
AOKE KSR aEE BRET & Al MRE
BRFHAZ BFAE 2 Ak R S BkdE | &
WO o5k Wk N W W BER

“ ﬁg ﬂ g ENVIRONMENTAL SCIENCE

( HUANJING KEXUE) (Monthly Started in 1976)
(AT 1976 418 AAIT))
20134E3 H 15 H 34% 431 Vol.34 No.3 Mar. 15, 2013
£ ""E”'k EP?F:{-%[‘;’% Superintended by Chinese Academy of Sciences
* B PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
1 7 (LiBIeiE N Academy of Sciences
AL 5T I 45 A5 30 Bl 22 B 5T Co-Sponsored by Beijing Municipal Research Institute of Environmental
MR = 7 S 4 Protection
* ORI I School of Environment, Tsinghua University
i B (HE P = ) 4 & B = Ejim;-in o b '(I?EYE[?;IG Zil-)]l:and f E I S (HUANJING
. . o . ite y e Editorial Board of Environmental Science 5
JemtHi 2871 {54 (1UE X 3UH
i} fE# O TE it KEXUE)

18 &, BB 415 . 100085 )
H13% .010-62941102 ,010-62849343
f£1.010-62849343

E-mail ; hjkx@ rcees. ac. cn

P. O. Box 2871, Beijing 100085 , China
Tel :010-62941102 ,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn

http://www. hjkx. ac. en http : //www. hjkx. ac. e¢n

H BR 44 % " ™ i Published by Science Press
Jb s R 16 & 16 Donghuangchenggen North Street,
MR B 4t . 100717 Beijing 100717, China
ED Rl 2 3T dtatdbakEpi— Printed by Beijing Bei Lin Printing House
) 1T 4% i * K ib Distributed by Science Press
FE 35 .010-64017032 Tel:010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT 1 & 2ELHIERE)S Domestic All Local Post Offices in China
B EE1T PEERREAE S BN Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. 0. Box 399, Beijing 100044 , China
RIS o EIR LS 2-821
B A ZE fir:90.000€ EsS&ITRS: M 205

BERSMRFEIT




	01.pdf
	fm.pdf
	zml.pdf

	20130327.pdf
	03.pdf
	yml.pdf
	fd.pdf




