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Abstract The dnaeroblc ~anoxic-oxic (AAO) process as _l)sed to investigate the WligtiofPo! the drdmeterb of water quality when the”
dl@solved oxygeil (_DG) in the aerobic tan,k was' (’nn{:ﬂed “at a low concentration./ The re@ult% indicated the systemi stitl” had good™”
phoaphorus and, Aitrogen removal efficiencies when the DO’ concentration in the aeroblcj.tank was d%‘creased from 2. 00 mgsL. " to 1..00
mg-LT" and 0, 50 mgsL ™", and the effluent lndexes L()l-llid meet the first class A'stafidard for the “discharge standard of pollutants for
miinic 1pal wastewaterdreatment plant” (GB18918 20_02) of China. The activated slitdge mmodel of the AAO process was developed by
BioWin 4. | software. The_sensitivities of the/model paramqte‘fs were analyzed, and the model parameters, such as amount of
polyh};dro;(yalkanghte (PHA) stored per unit ofacetaté or tﬁ'é“.p:l_'opi'gnate sequestered by phosphorus accumulating bacteria ( Yy, 4 o0 ) »
the arlnount“af phosphorus stored per unit of PHA oxidized in aerobic conditions by phosphorus accumulating bacteria (Y, 5 sorpic ) > the
maximum specific growth rate of ammonia oxidizing bacteria ( Monas.a) > and the maximum specific growth rate of nitrite oxidizing bacteria
(Mpax.x ) » were calibrated and validated by the dynamic simulation. In addition, the energy consumption of the aeration was simulated
and evaluated. The results showed that when the DO concentration in the aerobic tank was decreased from 2. 00 mg-L™" to 1.00
mg-L™" and 0.50 mg-L™", the air flow could be reduced by 23.8% and 38.1%,
increased by 7.2% and 11. 7% , respectively.

and the oxygen transfer efficiency could be

Key words: AAO process; DO concentration; phosphorus and nitrogen removal ; simulation; energy consumption of aeration
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Table 2 Input data for the activated sludge model for the lab-scale AAO reactor
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£5 IS MLSS & H/KKREREARRFAM DO iRE

ZH4TH TIC &

Table 5 TIC of MLSS in the aerobic tank and effluent parameters under different DO concentration conditions

BB IS DO Ve TIC
/mg-L"! MLSS COD PO}~ -P TP NH, -N NO; -N TN
I 2.00 0. 10 0.16 0.27 0.23 0.28 0.26 0.21
I 1. 00 0.07 0.11 0.27 0.17 0.27 0.18 0.18
1 0.50 0. 06 0.10 0.48 0.19 0.34 0.28 0.23
®6 AEFEMDOREEFGHTHESREMERBUE
Table 6  Air flow and oxygen transfer efficiency in the aerobic tank under different DO concentration conditions
W L5t DO ¥R 2SR /m? -h ! A SRR %o A
/gL B FHE & T
I 2.00 0.17 ~0.24 0.21 30.8 ~32.6 31.7
I 1. 00 0.14 ~0.19 0.16 37.5~40.2 38.9
1 0.50 0.10~0.15 0.13 42.2 ~45.4 43.4
denitritation[ J ]. Water Research, 2014, 57 162-171.
3 ZE-I’/B [5] LiangW H, Yu C, Ren H Q, et al. Minimization of nitrous

(1) 474503t DO ¥ BE A 2. 00 mg- L~ B AIK 2]
1. 00 mg-L~"F10. 50 mg-L'IHﬂL,,ﬁzééﬁﬂfl?i?,ﬂ\ﬁ R 4r
E’J%@éﬂ%: RO, KK 48 bR 24 BE T A2 TR (O

TG /KA BT 35 G W HE i bn ) (GB 18918+ 2002)

EPEI’J P A FRAfE.

(2) % T BioWin 4. 1 ?J\ﬁ:ﬁJ_T AAO I i
TS YRR A K K e f b A RS U’i%ﬁz
ok H ?%%At@ T 4 2 £ T 1_%3‘%
R p&ﬁﬂé%%ﬂﬂﬁ&%ﬁ}ﬁ%ﬁﬂ
W2 W9 PHA 7 TRyl ) %@%é@
ﬁ?ﬁ’%\/ﬂﬁ P HA E’Jﬁ%@e E( Yo pta, serobic i /ﬁfﬁﬂﬁ PRl H{}
A i W ) PO L o
KA KR (p,,,, ) BEAT T REIE A2 IE 5 A2
AT A AR AAO /N 2 7 28 10 B 4800 MLSS J%
KK R BR IR AR Ak

(3) 5450 DO H B R 2. 00 mg- L~ B AH L,
14t DO ¥ JE 4 1.00 mg-L~"' F10.50 mg-L~"ff
2 T4 23. 8% F1 38. 1% , A FE R RCR T
HE 7.2 /M11.7%.
3% Sk
[1] LiuGQ, Wang J M. Quantifying the chronic effect of low DO on

the nitrification process[ J]. Chemosphere, 2015, 141; 19-25.
(2] XTI, #5302, SRS K AL RERE ST R REHEIEL ) ).

SR, 2012, (11); 136-137.

Liu J L, Jiang W J. Analysis of energy consumption of municipal

sewage plant and measures of energy saving[ J]. Journal of Green

Science and Technology, 2012, (11): 136-137.

[3] LiuG Q, Wang J] M. Modeling effects of DO and SRT on
activated sludge decay and production [ J]. Water Research,
2015, 80 169-178.

[4] RegmiP, Miller M W, Holgate B, et al. Control of aeration,

aerobic SRT and COD input for mainstream nitritation/

[6]

[8]

9]

[10]

[12]

[13]

oxide emission from CASS process treating low (‘arbon source
domestic wastewater; Effect of feeding strdtegy dnd aemllon rate
[J]. Bioresource Teqhnology, 2015, 198: 172- 180_,!' /

Singh V, Pandey N D. A comparison of performaq,pe of=ADMI
and monod model treating low strength wastewale.rlu["':]] ..~Materials
Today: Pfocdedings, 2016, 3(10) : 4157-4167. y 48

Zhu Z Y“” Wang R Y4 Li'Y M. Evaluation of the Elontrol Gf;'atggy
for aeratmn Pnprgv redu(‘tlon in a nutrient remeoyving wa@thatPr
tredtment pldl‘lt ‘_k)ased on the couphng of ASMI to an deratlon
model[]] Blochemlcjl Engmeermg Journal 2017 124 -421-
53.  F 4
Liu ¢ Q f\‘xfang J M= |Long term low DO enriches_and shifts
nitrifier commumly in activated sludge [ J ].
Science: & Tec};}mlogy, 2013 ,‘.47( 10) : 5109-5117.

T, W, BT, S S TR T kb B
R E R J]. TAlksKARHE, 2014, 34(7): 1-4

Wang W Y, Huang Y, Gu X D, et al. Research progress in the

application of mathematical model of

-
Environmental

sludge to
2014, 34

activated
wastewater treatment[ J ]. Industrial Water Treatment,
(7):1-4

Wu X H, Yang Y, Wu G M, et al. Simulation and optimization
of a coking wastewater biological treatment process by activated
(ASM) [J].
Management, 2016, 165 235-242.

Gao F, Nan J, Zhang X H. Simulating a cyclic activated sludge

sludge models Journal of Environmental

system by employing a modified ASM3 model for wastewater
treatment[ J]. Bioprocess and Biosystems Engineering, 2017, 40
(6) : 877-890.

Yang S S, Guo W Q, Chen Y D,

sludge reduction and nutrient removal in an A% MO-M system:

et al. Simultaneous in-situ

performances, mechanisms, and modeling with an extended
ASM2d model[ J]. Water Research, 2016, 88. 524-537.
B, RBOR, 0. BUEBLRITE TS KA BT REREFE
BTSRRI, PO, 2016, 35(6) : 150-153.
Cao TT, ZhuZ Y, Li Y M. Research and application progress of
mathematical models for energy saving and consumption reduction
2016, 35

in wastewater treatment [ J]. Sichuan Environment,

(6): 150-153.



226 A 39 &

[14] REF, T3S, ZE0kAF. ASMI HEG B SR B X5 7K Ab 2R denitrification biological filter[ J]. China Environmental Science,
JTRIBSUNE T (1], FREERA A, 2013, 33(6): 1629- 2014, 34(10) ; 2505-2512.

1636. [21] WAEZE. REREIREE A/0 T2 M1 SBR T2 A 40y Ji0 AU
ZhuZ Y, Wang R Y, Li Y M. Aeration model coupled with AT D], R, HK K%, 2007.

ASMI1: case study for wastewater treatment plant [ J]. Acta Hu Y Q. Study on biological nitrogen and phosphorus removal by
Scientiae Circumstantiae, 2013, 33(6) : 1629-1636. the A/0O process and SBR process under low DO condition[ D]J.

[15] Gabarrén S, Dalmau M, Porro J, et al. Optimization of full-scale Chongging: Chongqing University, 2007.
membrane bioreactors for wastewater treatment through a model- [22] fEhk, &%, W22, 55, Ik DO T AGS-SBR #-Fik COD/N
based approach[ J]. Chemical Engineering Journal, 2015, 267 ; ARSI B AT R AE SRR BE T (1], BREERL2E, 2016,
34-42. 37(6) : 2259-2265.

[16] SunJ Y, Liang P, Yan X X, et al. Reducing aeration energy Xin X, Guan L, Yao Y D, et al. Long-term performance and
consumption in a large-scale membrane bioreactor; process bacterial community composition analysis of AGS-SBR treating the
simulation and engineering application [ J ]. Water Research, low COD/N sewage at low DO concentration condition [ J].
2016, 93. 205-213. Environmental Science, 2016, 37(6) ; 2259-2265.

[17] Oleyiblo O J, Cao J S, Feng Q, et al. Evaluation and (23] 9595, e, 505, & U SO BR IR 15 K — Ak b 3
improvement of wastewater treatment plant performance using T EBRBE R m [ ], 4KHEK, 2014, 40(5): 129-
BioWin[ J]. Chinese Journal of Oceanology and Limnology, 133.

2015, 33(2) . 468-476. JiFY, Jin Z, Guo Q, et al. Influence of dissolved oxygen on

[18] Vitanza R, Colussi I, Cortesi A, et al. Implementing a nitrogen and phosphorus removal in integration treatment process
respirometry-based model into BioWin software to simulate of low-carbon source sewage [ J ]. Water & Wq,slewater
waslewater treatment plant operations [ J . Journal of Water Engineering, 2014, 40(5) : 129-133. — -~
Process Engineering, 2016, 9. 267-275. [24] Z=WHE, M7, 25310, SBR /fﬂ‘ﬂi{ﬁ@(‘ﬁmfﬁ7k

[19] Liwarska-Bizukojc E, Biernacki R. Identification of~flie most ﬂﬁﬁ;ﬁ(%&ﬂﬁﬁﬁﬁ (7]. Tk e %’?I[xvc, 2006, 12
sensitive parameters in the activated sludge model impleggg'm't’ed in (2): 112: 115 \ Iy -
BioWin software[ J]. Bioresource Technology, 2010, _101( 19). LiY]J, Sun HL P, Li J Y. ' Study on law and efTeLt Q phosphorus
7278-7285. H. f and mlm en rempVal from| municipal wastewater with luuf.éa;jfon

[20] ARk, ﬁ@/lgl ?%1% fiﬁﬁ’ﬂﬁ/[é(& E’Jﬁ{a*ﬁ?l }:J"*%&Iﬁ source; by 5equ’enc1ng*hdlch reactor ( SBR) [ J-] Jo‘_mlnal of

~TELT]. EPELITFH»% 2014, 34(10)'. 2505 - 25124 Tlan]ln‘llln?j;.ltutgof Utban ‘Q_‘ghstrucllon, 2006, 12 (2)": J12-.
Zou Z b,\.-bhl,.‘ (C /Li X W. Simulation dnd"moﬂe pati 115. ‘ X P o ’
- P .' - .l__.-‘l i ) .u..- “ | . e
= : F = ‘:‘:m’- ! J{ 'l‘ - 4 F.
e gy .1 | ¥
‘ — J W | - .




HUANJING KEXUE Vol.39  No. 1

Environmental Science ( monthly) Jan. 15, 2018

CONTENTS

Variation of 05 Concentration in Different Regions of Beijing from 2006-2015 WANG Zhan-shan, LI Yun-ting, AN Xin-xin, etal. ( 1 )
Source Apportionment of Black Carbon Aerosol in the North Suburb of Nanjing «+«+-eeesrereereeresienienenmninininie XIAO Si-han, YU Xing-na, ZHU Bin, etal. ( 9 )
Seasonal Characteristics and Ecological Risk Assessment of Heavy Metals in PM, Around Electroplating Plants + ZHAO Zhen-li, ZHAO Wei-tuo, HUANG Ting, et al. ( 18 )
Characteristics of Organic and Elemental Carbon in PM; and PM, 5 in Yulin City, Guangxi «eeeseeeeseseeressennssnniinnin: HUANG Jiong-li, CHEN Zhi-ming, MO Zhao-yu, et al. ( 27 )

Concentrations and Compositions of Different Forms of Nitrogen and Phosphorus in Atmospheric Aerosols in the Qingdao Coastal Region and over the Yellow and Bohai Sea ++eeeseesreeeees
~~~~~~~~~~~~~~~~~~~~ ZHANG Rui-feng, QI Jian-hua, DING Xue, et al. ( )

ANG Liu-lin, LI Min-hui, LIAO Cheng-hao, et al. ( )
* WEN Shuang, WANG Qiao, LI Yun-mei, et al. ( )
-+ WANG Kang, RAN Ning, LIN Zhong-bing, et al. ( 68 )
(77)

(8)

(9)

Air Quality Subarea Management: A case study of Guangdong Province

Remote Sensing Identification of Urban Black-Odor Water Bodies Based on High-Resolution Images: A Case Study in Nanjing -
Simulation of Nitrate Isotopic (3'3N and 8'80) by Coupling the Hydrology and Transport Processes Described by the SWAT Model
Estimation of and Control Strategies for Pollution Loads from Non-point Sources in the Chenghai Watershed

-+ CHEN Xue-kai, LIU Xiao-bo, PENG Wen-qi, et al.
YU Cong-cong, ZHAO Wei-tuo, GAO Xiao-feng, et al.
-+ ZHANG Xin-bo, SONG Zi, ZHANG Dan, et al.
in the Southwest Hilly Area of China ««+sereereesesmserensnenimncnennnnes
""" WANG Qiong, LI Nai-wen, LI Lei, et al. ( 109 )
Health Risk Evaluation of Organochlorine and Organophosphorous Pesticides in Groundwater in Beijing ping, PENG Cheng-wei, YANG Yang, et al. ( 117 )
Pollution Status and Risks of Dioxin-like Polychlorinated Biphenyls in the Soil of the Yellow River - YAO Hong, LU Shuang, ZHANG Xu, et al. ( 123 )
Effects of Flooding and Drying on the Transformation of Soil Inorganic Phosphorus in the Water-Level-Fluctuating Zone of the Three Gorges Reservoir, China «+:eseeseeseeeseressenenienenenns
............................................................................................................................................................... ZHOU Jian, LI Chun-hui, ZHANG Zhi-yong, e al. ( 130 )

Distribution Characteristics and Health Risk Assessment of Metals in Drinking Water Sources from the Luhun Reservoir
Distribution Characteristics and Health Risk Assessment of Antibiotics in the Water Supply System in Tianjin
Organic Distribution Characteristics and Influence on Drinking Water Quality in the Typical

................................................................................................................................................ ZHUO Rlll-%huﬂng, HUAkNG Ting_lin, ZHAANC Rul-f?ng, el al' ( 137
Enhanced Photoelectrocatalytic Oxidation of Cu( CN) 2~ and Synchronous Cathodic Deposition of Cu by Peroxydisulfate ++* DANG Cong-zhe, LI Yi-bing, WANG Yan-bin, et al. ( 145
Using HKUST-1 as a Template for Copper Oxides Preparation to Activate Peroxymonosulfate for RhB Degradation +++«+seseseeseeereseerenneneeens PU Jia-yi, WAN Jin-quan, WANG Yan, et al. ( 152
Evaluation of Performance of an Aminated Rosin-based Resin for Adsorption of Norfloxacin from Aqueous Solutions «+++++++=+++++++ MA Ya-hong, HUANG Wan-ting, DIAO Kai-sheng, et al. ( 161
Arsenic(V) Removal by Granular Adsorbents Made from Backwashing Residuals from Biofilters for Iron and Manganese Removal -+« ZENG Hui-ping, LU Sai-sai, YANG Hang, et al. ( 170
Arsenic Adsorption and Iis Species on Ferrihydrite and Ferrihydrite Colloid =~ +x«+sessersereesessersenseneneniensnininiss s MA Yu-ling, MA Jie, CHEN Ya-li, et al. ( 179
Comparison of Amphoteric-Cationic and Amphoteric-Anionic Modified Magnetic Bentonites; Characterization and Sorption Capacity of Phemol — +++«ssesserserseneresienenisinininiininsnen
++=+ REN Shuang, MENG Zhao-fu, WANG Teng, et al. ( 187
ZHAO Xue, ZHANG Zi-feng, ZHU Fu-jie, et al. (

XU Wen-jia, CHENG Xiao-ying (

DAI Qi, LIU Rui, SHU Xiao-ming, et al. (

CAO Te-te, WANG Lin, LI Yong-mei (

GU Cheng-wei, CHEN Fang-min, LI Xiang, et al. ( 227
(

(

(

Pollution Characteristics of Parabens in Typical Sewage Wastewater -+

Influence of Hydraulic Retention Time on the Treatment of Polluted River Water by an Activated Carbon Rotating Biological Contactor

Removal and Influence of Ciprofloxacin in a Membrane Bioreactor

Operation of the AAQ Process Under Low Dissolved Oxygen Conditions and Its Simulation

Inhibitory Effects of Phosphate and Recovery on a Nitrification System )
Effect of Carbon Source on Lab-scale SAD Process in a Wastewater Treatment Plant »+= LI Dong, ZHAO Shi-xun, WANG Jun-an, et al. ( 232 )
Effect of Volume Loading Rate ( VLR) on Denitrifying Phosphorus Removal by the ABR-MBR Process LU Liang, YOU Wen, WEI Jia-min, et al. (239 )
Combined Process of DNBF-0;-GAC for Nitrogen and Phosphorus and Metabolite Advanced Removal = +:eoeteereseseesssescnsseinnien: ZHONG Li-yan, HAO Rui-xia, WANG Wei-dong, et al. ( 247 )
Influence of Operating Modes for the Alternating Anoxic/ Oxic Process on Biological Nitrogen Removal and Extracellular Polymeric Substances of Activated Sludge —+«+eeseseerserseresenennees
.............................................................................................................................................. SUN Hong-wei, CHEN Cui-zhong, WU Chang-feng, e al. ( 256 )
Effects of Nanoscale Zero-valent Iron (nZVI) on Denitrifying Performance of an Upflow Granular Sludge Bed Reactor ZHOU Feng, WANG Fan-fan, QIAN Fei-yue, et al. ( 263 )
Influence on Desulfurization Efficiency and Interactions of Fe/S and pH During H,S in situ Depression of High Solid Anaerobic Digestion -+ HAN Yun, CAO Yu-gin, ZHUO Yang, et al. ( 269 )
Analysis of Storage Sludge Composition Characteristics and Evolutionary Regularity in the Hunhe River Basin «+ee-eeesererenesiesienenes LIU Tian-tian, CUI Chong-wei, HE Jun-guo, et al. ( 276 )
Enhancement of Anaerobic Methane Production by Removal of Organic-bonding Metals from Sewage Sludge +«+«++sevseereeresmsereneneninienenennes LU Yi-qing, XU Ying, DONG Bin, et al. ( 284 )
Comparison of Different Leaching Methods for Heavy Metals in Sludge Fly Ash and Comprehensive Toxicity Evaluation - »+ WANG Feng, LI Run-dong, LI Yan-long, et al. (292 )
Diurnal Variations of CH, and N, O Fluxes from the Drained Aquaculture Pond in the Minjiang River Estuary During Early Winter -+ YANG Ping, TAN Li-shan, HUANG Jia-fang, et al. ( 300 )
Effects of Three Soil Amendments on Greenhouse Gas Emissions From Corn Fields in the Hetao Irrigation District «+:eseeseereeesererereseneneens WU Yan, HONG Mei, LIN Li-long, et al. ( 310 )
Effect of Organic Manure Substitution of Synthetic Nitrogen on Crop Yield and N,0 Emission in the Winter Wheat-Summer Maize Rotation System
...................................................................................................................................................... HOU Miao-miao, LU Feng-lian, ZHANG Hong-tao,
Dynamics of Rice Photosynthesized Carbon Input and Tts Response to Nitrogen Fertilization at the Jointing Stage: '3C-CO, Pulse-labeling ++eveesersevsemsemsenniiiiiiiiie
............................................................................................................................................................ CHEN Shan, ZHU Zhen-ke, YUAN Hong-zhao, et al. ( 331')
Profile Distribution of Soil Organic and Inorganic Carhon Under Different Land Use Types in the Loess Plateau of Northern Shaanxi  *+* LAN Zhi-long, ZHAO Ying, ZHANG Jian-guo, et al. ( 339 )
Effect of Biochar on Ammonia Volatilization from Soils of Different Surface Conditions —++«++sxesssresssrerneenimsmnmennimnnnienees Z0U Juan, HU Xue-yu, ZHANG Yang-yang, et al. ( 343 )
Effects of Straw and Biochar Return in Soil on Soil Aggregate and Carbon Sequestration XU Guo-xin, WANG Zi-fang, GAO Ming, et al. ( 355 )
Assessment of the Availability of Soil Copper and Related Influencing Factors at a County Scale «+:«+ssseereereeeserensenenienenennineneenenns LI Jin-fen, QU Ming-kai, LIU Gang, et al. ( 363 )
Application of the LUR Model in the Prediction of Spatial Distributions of Soil Heavy Metals «+e+eeseeererenessenennennssnennens 7ENG Jing-jing, SHEN Chun-zhu, ZHOU Sheng-lu, et al. ( 371 )
Pollution Characteristics and Source Apportionment of Polycyclic Aromatic Hydrocarbons in Soils of Shenyang North New Area «+:++++++ LI Jia-kang, SONG Xue-ying, WEI Jian-bing, et al. ( 379 )
Passivation of Simulated Ph- and Cd-Contaminated Soil by Applying Combined Treatment of Phosphate, Humic Acid, and Fly Ash + ZHAO Qing-yuan, LI Xiao-ming, YANG Qi, et al. ( 389 )
Distribution and Accumulation of Cadmium in Paddy Soil and Rice Affected by Pollutant Sources Control and Improvement Measures FENG Wen-li, GUO Zhao-hui, SHI Lei, et al. ( 399 )
Differences in Cd Accumulation in Typical Soils Under the Double Rice System + LI Xin-yang, LONG Jian, WANG Shu-bing, et al. ( 406 )
Distribution Characteristics of Mercury in Reed Leaves from the Jiapigou Gold Mine in the Songhua River Upstream +=++ ZHANG Man-yin, LI Meng-jie, CUI Li-juan, et al. ( 415 )
Effect of Nitrate Amendment on Soil Denitrification Activity and Anthracene Anaerobic Degradation DAI Jun-shuai, ZUO Xiao-hu, WANG Ming-xia, et al. ( 422)
Effects of Long-term Fertilization Regimes on Microbial Biomass, Community Structure and Activity in a Paddy Soil ««+stseeoreeerereesneeees WANG Wei-hua, LIU Yi, TANG Hai-ming, et al. ( )

Analysis of Sulfate-Reducing and Sulfur-Oxidizing Prokaryote Community Structures in Marine Sediments with Different Sequencing Technologies -+

++ ZHANG Yu, MI Tie-zhu, ZHEN Yu

YUAN Li-juan, LIAO Qie-gen, ZHANG Li, et al. ( 450 )

+++ ZHANG Hao, WANG Pan-liang, YANG Qing-xiang, et al. ( 460 )

Influence of Air Pollution Control (APC) Systems and Furnace Type on the Characteristics of APC Residues from Municipal Solid Waste Incinerators «+«++sssssrerssssssmsisnunssinnnisninnnin
............................................................................................................................................................... ZHANG Hua, YU Si-yuan, SHAO Li-niing, et al. ( 467 )

Distribution of Multidrug-Resistant Bacteria and Antibiotic-Resistant Genes in Livestock Manures «+:+=s+xsseeseeees



