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Abstract:  The anoxic-oxic—anoxic sequencing batch fixed biofilm coupled activated sludge
reactor (AOA-SBFASR) was constructed for a pilot study on the treatment of municipal wastewater. The
advanced nitrogen removal efficacy of the reactor was investigated, while the microbial communities as
well as the nitrogen metabolism pathways within the system were analyzed. The AOA-SBFASR process
demonstrated significant efficacy in the removal of COD, NH,/~N, and TN from wastewater, achieving
removal efficiencies of 92.55%, 98.75%, and 75.64%, respectively. Within a period of 55 days, the
microbial community composition underwent significant changes, with an observed increase in the relative
abundance of nitrifying bacteria, denitrifying bacteria, and microorganisms capable of degrading refractory

organic matters. Ammonia nitrogen was primarily eliminated through the complete nitrification process,
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while nitrate nitrogen was predominantly removed via denitrification and dissimilatory nitrate reduction

processes.

Key words: AOA-SBFASR process;

microbial community; nitrogen metabolic pathway
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Fig.1 Flow chart of AOA-SBFASR process
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Fig.2 Removal efficiency of COD
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Fig.3 Removal efficiency of TN
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Fig.5 PCA results of microbial community composition at

genus level
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Fig.8 Histogram of cumulative KO abundances in

nitrogen metabolic pathways

NO, =N &5 5L 4 JAL A Wi ik (7] PL A R 2 i
J S AR R R 3 S5 B i Ak i B i J5 o NHL'-N
BN, 3 2 A B vh D RE L K 19 KO = B2 2351y
0.012 74~0.017 01.0. 105 4~0. 119 7 F1 0. 143 6~
0. 164 8, W] AOA-SBFASR T. 2 v iy Jid Ui 72
TALFHE MR AL, — 200 R A PLETEHL S A il
B Wyt S8 AL Rl A A R S R L L i R
B P BB AR R R 340 S R 5 I Al Al IRk 1
1t AR IR A JF O AR OA 5N NH, =N, A —/)
T 3 i R Ak i I 2 18 3 (W) Ak i R £ 0 D it e 58
A

« 33 .



BH41E Bs5H

OE 4 K HE oK

www. cnww1985. com

3 #i#

@© AOA-SBFASR st & 4t XF 3k 17 75 /K
COD HI 24 £ B3 92. 55%, 7K COD e B K
3 & F 30 mg/L; XF NH,-N f) % ¥ £ B F 4
98. 75%, tH 7K NH, =N ¥ &£ 7F 0. 09~0. 98 mg/L 2 [1] ;
X R R B R 75. 64% , F- 4 K BRI
JE4'8. 33 mg/L.

@ FWAHTEE R B R, AOA-SBFASR T.Z;
BT R WU E WA B R, Sid AT Fn
WA I RE AR B B AN, SR T 2 i e
TEAER T ATE 55 d I8 & A2 B 0 A9 T80RR s DL 20 MREAR
RS T 106 KB T TR 11 31228 18 & , 7E 1 17K
b ABJE R TT (Proteobacteria) & N 7 WP B A 32V B
11 EJB 7KV b S AL IR T 8 (Nitrospira ) 16T A FEAS
R0 B AR FBE s AOA-SBFASR T2 Hh
TS AL 200 BT S5 i A 200 TR R EL AT B % i X o i ML)
) 240 TR A XS = B XA s, 2 B AOA-SBFASR T
T AR I AR T M P A LA R AT e AR
A7 A BRI .

@ AOA-SBFASR .2 rf G I 21 iy 04 it
B ALFE A AL | R Ak A R R 38 I S Al R R A8 5 LA
R A o S R 1 58 4 i A e R e AR Ak Dy il
AR A A 32 e R Ak BRI S AU
S IR 3 o S A A R R A I R A O A
VA — /N 43 i 1 3 30 D ok ) £ i R 3 38 i ik

FETE M

SE K

[ ] JA/NSk AL B2 28 PIBUA/O-MBBR T. 20/
YIRS RG], PR KHK, 2021, 37
(19): 72-77.
ZHOU Xiaolin, FAN Xing, BI Xuejun, et al. Pilot-
scale test and system optimization of two-stage A/O—

MBBR process for biological nitrogen removal[J]. China

Water & Wastewater, 2021, 37 (19) : 72-77 (in
Chinese).

[2] ZHOU Q, SUN H, JIA L, et al. Simultaneous
biological removal of nitrogen and phosphorus from
secondary effluent of wastewater treatment plants by
advanced treatment: a review[J]. Chemosphere, 2022,
296:134054.

(3] #Fut, mE, 7o, %. 523K SBR T2 AWM

RABAT R AL S A BT ] 25 KR K

(4]

[5]

[6]

(7]

[8]

[9]

[10]

« 34 -

2020, 36(23): 89-93, 107.

HUANG Zihong, XIANG Ting, FANG Hua, et al.
Operational condition optimization and mathematical
simulation of biological denitrification in step-feed SBR
process [J]. China Water & Wastewater, 2020, 36
(23): 89-93, 107 (in Chinese).

LEI L, NI J. Three-dimensional three-phase model for
simulation of hydrodynamics, oxygen mass transfer,
carbon oxidation, nitrification and denitrification in an
oxidation ditch [J]. Water Research, 2014, 53 (15) :
200-214.

TR, 2RI, 2220 TIFAS T2 AbFRTT 0TS K 1 bk
TG VERE ST J1 200 0], T E 2K K, 2016, 32
(7): 24-29.
GU Shengbo, LI Zhenchuan, LI Yi. Analysis on
pollutant removal performance and land saving potential
of IFAS process[J]. China Water & Wastewater, 2016,
32(7): 24-29(in Chinese).

XA, 228K, TRAE, 55 . IFAS Y5 KA T 20
WEFEHERELT]. PRI TR, 2022, 40(2): 214-224.

LIU Guohua, LI Qinyu, XU Xianglong, et al. Research
progress of IFAS process for wastewater treatment [J].
Environmental Engineering, 2022, 40 (2) : 214-224
(in Chinese).

CHEN P F, ZHANG R J, DU Z L, et al. Microbial
composition and nitrogen removal pathways in a novel
sequencing batch reactor integrated with semi-fixed
biofilm carrier: evidence from a pilot study for low- and
high-strength treatment [J]. Environmental
Science and Pollution Research, 2022, 29(32): 49105-
49115.

ZINATIZADEH A A L, GHAYTOOLI E. Simultaneous

sewage

nitrogen and carbon removal from wastewater at different
operating conditions in a moving bed biofilm reactor
(MBBR) : process modeling and optimization [J].
Journal of the Taiwan Institute of Chemical Engineers,
2015, 53: 98-111.

AR, XK, RENE , 45 . {55 AYO-MBBR —f&
B AL P 15 KREE [T ] ARAEFIEA , 2023, 49
(5):120-124, 134.

WU Donghao, LIU Xiaoyong, LIANG Xiaohui, et al.
Experimental study on treatment of rural domestic
wastewater  with inverted A*YO-MBBR integrated
equipment [7]. Technology of Water Treatment, 2023,
49(5):120-124, 134 (in Chinese).

REGMI P, MILLER W M, HOLGATE B, et al. Control



WWWw.

cnww1985. com

TR, 5 AOA-SBFASR 338 1 i7 7K 4 40 22 20 4k B RR 8 5%

FA41 A BS5H

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

of aeration, aerobic SRT and COD input for mainstream
nitritation/denitritation [ J ]. Water Research, 2014, 57:
162-171.

ZHANG Y P, LU G P, ZHANG H C,

Enhancement of nitrogen and phosphorus removal,

et al.

sludge reduction and microbial community structure in
an anaerobic/anoxic/oxic process coupled with composite
ferrate  solution [J]. Environmental
Research, 2020, 190: 110006.

YUE X, YU G, LIU Z, et al. Start-up of the completely

disintegration

autotrophic nitrogen removal over nitrite process with a
submerged aerated biological filter and the effect of
inorganic carbon on nitrogen removal and microbial
activity [J]. 2018, 254:
347-352.

IBARBALZ ¥ M, FIGUEROLA E L. M, ERIJMAN L,

Bioresource Technology,

et al. Industrial activated sludge exhibit unique bacterial
community composition at high taxonomic ranks [J].
Water Research, 2013, 47(11): 3854-3864.

PAN D, SHAO S, ZHONG J, et al. Performance and
mechanism of simultaneous nitrification—denitrification
and denitrifying phosphorus removal in long-term moving
bed  biofilm (MBBR) [J].
Technology, 2022, 348: 126726.
NIERYCHLO M, ANDERSEN K S, XU Y, et al.

MiDAS 3: an ecosystem—specific reference database,

reactor Bioresource

taxonomy and knowledge platform for activated sludge
and anaerobic digesters reveals species-level microbiome
composition of activated sludge [J]. Water Research,
2020, 182: 115955.

BURRELL P, KELLER ],

Characterisation of the bacterial consortium involved in

BLACKALL L L.

nitrite oxidation in activated sludge [J]. Water Science
and Technology, 1999, 39(6): 45-52.

MEHRANI M J, SOBOTKA D, KOWAL P, et al. The
occurrence and role of Niirospira in nitrogen removal
systems [J]. Bioresource Technology, 2020, 303:
122936.

RODRIGUES G R, HENRIQUE O, LUIS F, et al.

[19]

[20]

[21]

[22]

(23]

[24]

Unraveling the xylanolytic potential of Acidobacteria
bacterium AB60 from Cerrado soils [J]. FEMS
Microbiology Letters, 2020, 367: 149.

HOLMES D E, DANG Y, SMITH J A. Nitrogen cycling
during wastewater treatment [J]. Advances in Applied
Microbiology, 2019, 106: 113-192.
CASTRO-BARROS C M, JIA M, VAN LOOSDRECHT
M C M, et al. Evaluating the potential for dissimilatory
nitrate reduction by anammox bacteria for municipal
wastewater treatment [J]. Bioresource Technology,
2017, 233: 363-372.

WANG S, LIU C, WANG X, et al. Dissimilatory
nitrate reduction to ammonium (DNRA) in traditional
municipal wastewater treatment plants in China:
widespread but low contribution [J]. Water Research,
2020, 179(12): 115877.

TITET, 8. BOKAL IR b AL GS R 8 5k B T
FEHERLI]. AR5 54 TR 24, 2021, 43(6) :

134-144.

WAN Yuxuan, WANG Xin. Research progress of
dissimilatory  nitrate reduction to ammonium in
wastewater treatment [J]. Journal of Civil and

Environmental Engineering, 2021, 43(6): 134-144(in
Chinese).

KERN M, SIMON J. Electron transport chains and
bioenergetics of respiratory nitrogen metabolism in

Wolinella succinogenes and other Epsilonproteobacteria

[J]. Biochimica et Biophysica Acta (BBA) -
Bioenergetics, 2009, 1787(6) : 646-656.
JONES C M, GRAF D R, BRU D, et al. The

unaccounted yet abundant nitrous oxide-reducing

microbial community: a potential nitrous oxide sink[J].

The ISME Journal, 2013, 7(2): 417-426.

« 35 .

EZ B i IEE (1998- ), L, Hf KK, i+ A
FEA ST ) KA B AR
E-mail:2075836297@qq.com
Yr#& B H#9:2024-01-01
& B B #A:2024-03-18
(G X 5L )



