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Abstract: The double-SRT (sludge retention time) hybrid denitrification process based on partial
anaerobic ammonia oxidation (Anammox) can realize the coupling of autotrophic denitrification and
heterotrophic denitrification, which shows good application potential in low-cost and high-efficiency
denitrification of municipal wastewater. To further explore the denitrification mechanism of this process,
analysis and optimization of the denitrification pathway, determination of the main nitrogen-removing

functional bacteria activity and analysis of the microbial community structure were carried out in a
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pilot-scale reactor that has been operated for 2 years. Intermittent aeration promoted the coupling of

short-cut nitrification and Anammox processes, and the nitrogen removal efficiency was the highest when

the aeration rate was 20 mL/min [DO of (0.18+£0.03) mg/L]. Anaerobic ammonia oxidizing bacteria
(AnAOB) were distributed in the biofilm with an activity of 44.60 mg/(¢VSS-d), and the detected AnAOB

was Candidatus Brocadia with relative abundance of 0.28%. Ammonia oxidizing bacteria (AOB) and

nitrite oxidizing bacteria (NOB) were mainly distributed in the suspended sludge, and their activities were
61.53 mg/(gVSS-d) and 86.95 mg/(gVSS-d), respectively. The detected genera of AOB and NOB were
mainly Nitrosomonas (0.10%) and Nitrospira (2.10%) respectively.
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Fig.1 Schematics of the pilot-scale reactor
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Tab.1 Influent and effluent quality and operating

1

conditions of the reactor

B VIV IRIZIEEN )
m H Ja sh B SARACH B
EEileE B SRR B
BTt E]/d 1~119 120~171 331~756
AMINO, =N/
10
(mg-L™) x x
N 15 min if-%8/15
q =
] &R < JG JG min B4
AR/
ﬂfl ﬁ,, 22.19~50.92[23.77~45.51| 25.80~93.70
(mg-L7"-d™)
HE7k COD/
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(mg-L™)
HE7K NH, =N/
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7K NH,*~N/
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Tab.2 Alpha diversity of the suspended sludge and biofilm

i H Ace Chao Shannon Simpson Coverage

A le 2203.732 2 254.406 5.722 0.014 0.989

O 1714 2109.316 2 063.056 5.451 0.015 0.987
620 d 2290.643 2299.345 5.486 0.019 0.984

756 d 3536.879 3447398 5.924 0.010 0.997

171d 1864.212 1 856.938 5.447 0.017 0.984

SR AE W 620 d 2220.177 2215.583 4.623 0.038 0.987
756 d 4258.756 4094.318 6.002 0.011 0.997
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Fig.2 Abundance distribution of bacterial communities at

phylum level
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Fig.3 Abundance distribution of bacterial communities at

genus level
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HNRE W (EPS) A F T AE MR A B
2.4.3  JRAINREE 13411 DL
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JEAEIFORHA Wy I b Y e 8 v, S AT SR A R —
FO RN AREIT 171 dJE  RA A T DI
TE AR NO, =N I NH, =N, A F] T HA KR s 4, 1
A= I B AR E B R 6. 13% 5 B T il s g v is
7453 G e 15 1A B) , 172~330 d) , AN A 25
B 4R AnAOB JCIk ARG LG 15 JR B 5, I itk
FE RN A 1247 620 dJ& , ZE W) BEAE il AnAOB YA
Xf A2 B 2 0. 13% 5 (H 2800 — B (a4 &2 Flis A7,
TE55 756 K, AnAOB (AR FETH 25 0. 28% , BEHI[H]
BRIESRESS ML E AnAOB B 46

KPR 22 4o h i) AOB 3 % 4 Nitrosomonas , 55
756 K HALETFE 5 SN A: W I (8 RH X 2 B 4330y
0. 10% F10. 04% , Ui B AOB = 2 73 A7 T 0% 15 18
o RNEARIZAT 756 d 5, B TE TS e I NOB 2
A Nitrospira , M1 %} 3= B S~ 2. 10%, 1 A= 90 & v i
NOB = % 2 norank_c__JG30-KF-CM66, H A X} 5
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C R S A TR, A2 PR T U8 AR W) I X 4y
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Tab.3 Functional bacteria for biological nitrogen

removal %
AHXS 2
. B A

L. [171 1620 [756 [ 171 |620 |756

A d d d d d | d
REA| Candidatus
AL Brocadia 2.3310.01/0.01 {0.01{6.13]0.13|0.28
S
ﬂgﬂﬁ Nitrosomonas |0.00/0.04|0.20{0.10/0.00 |0.03]0.04
Wil Nitrospira  {0.01]2.19]1.93(2.10/0.03 |0.26|0.22

e norank_c__

23] 1G30-KF—CM66 1.76/0.50{0.07 [0.18| 3.85]0.52|1.07
Actdovorax  [0.00]0.07|0.18 |0.01]0.00 [0.50|0.05
Aeromonas  |0.00[0.01]0.04{0.02|0.00 |9.43]0.06

Azospira 0.00{0.06{10.89|2.57| 0.00 [0.30|2.06
Bacillus 0.32{0.00{0.00|0.01{0.01 {0.00|0.04
Comamonas [0.11/0.06|/0.11|0.45/0.01 [0.25[1.13
Dechloromonas |0.01/0.08(5.31(0.33]/0.01|0.35(0.34
Denitratisoma (2.94]1.65|2.02(1.21]3.8910.24|1.38
Dokdonella 0.04/0.10(0.51 [0.17{0.03 |0.04|0.09
Flavobacterium 10.00{0.09|0.15 [0.06|0.03 |3.15|0.91
Haliangium 10.08(0.24|0.30]0.56{0.11|0.02{0.17
Halomonas 0.02]0.27(0.34{0.05]0.000.02{0.02
S Hyphomicrobium|0.52(0.77| 1.04{0.71|0.28 |0.10|0.35
%._ Novosphingobium|0.02]0.12|0.30 {0.10{ 0.03 |0.08{0.09
Ottowia 0.14|3.14]0.71 {0.33/0.09 |0.04|0.10
Pedobacter |0.00/0.00{0.00 [0.00| 0.00|0.00(0.04
Pseudomonas [0.01]0.05]|0.050.05]0.01 {2.00|0.10
Rhodobacter |0.07{0.12]0.39]0.50{0.12 |0.05|1.65
Rubrivivax  0.11{0.04|0.08 {0.03]0.05 |0.02|0.01
Simplicispira |0.00]0.06|0.09 |0.03]0.02 [0.25]0.20
Sulfuritalea 0.34]/0.13]0.4910.43|0.27 |0.09|0.42
Terrimonas  0.170.49|1.84|0.38]0.15(0.05/0.32
Thauera 0.01/0.07]0.59{0.19/0.01 |0.09]0.55
Thermomonas |0.04/0.03|0.21(9.19]0.02 [0.01|8.93
Zoogloea 0.00{0.02]0.14|0.00{ 0.00 [0.17|0.00
norank_c__OLB14|8.25|8.75|1.19 [1.31|14.38/0.79(2.52

3 &%

O B R G IR AR A A & A R R A
Yy 1, W P R 44,60 mg/(gVSS-d) , I F) fiy
AnAOB N Candidatus Brocadia , F %} 3 & 17 0. 28%;
1T 22, S0 T TR RITIE i 1R 3 Ak TR 522 0 A 72 B IR TS
Jerp 1% M2 51k 61. 53.86. 95 mg/(gVSS-d) , AOB
FINOB HYAHRT = EE 7351124 0. 10% F12. 10%.

GO AP/ S R X (R N R =R A
RS . 24 ) BRI E A 20 mL/min B, XL
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