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Elucidation of N20 production/consumption mechanisms in biofilms and development
of a wastewater treatment technology mitigating N20 emission
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This study aimed at developing a novel biofilm process mitigating the
emissions of highly potent greenhouse gas, nitrous oxide (N20). The process is based on a biofilm on
a gas-permeable membrane where the exhaust gas from an aeration tank, containing N20, is supplied.
The reactor operation demonstrated that the biofilm process substantially alleviates N20 emission by
bacteria consuming N20 in the biofilm. The microbial community analysis successfully identified
promising N20-consuming bacteria. Furthermore, physiological experiments revealed favorable ranges

of tempe:ature and oxygen levels for the selected bacteria to maximize their N20 consumption
potentials.

15N



N-O N.O CO, 265
IPCC, 2014, the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change
Ravishankaraet al., 2009, Science 326: 123-125

N2O
N2O
N2O
N2O
N2O
N2O
N2O N-O
Nzo NZO
N2O N-O
N2O 1 N2O
N2O N,-O
N2O N-O
Nzo NZO
N2O
N2O
5
N2O
N2O
N2O N-O

N20

N2O



N-O

N-O
NOs-N
pH
N-O N N-O
A B
A B A: B=1:4 2L
NOs-N NOs-N
Run 1, MLSS 17,200 mg/L Run 2, MLSS 17,600 mg/L, NOs-N 1.5
mg-N/L 2 pH 5+0.1
N20 (D-N20) DO pH
N20 (G-N20)
NOs-N H.S 20+0.3°C
N20
200 mL
N20 600 mg-C/L 200
mg-N/L C/IN 3 200 mg-C/L 200 mg-N/L C/IN 1 2
pum NO
D-N2O DO N.O
16S rRNA
DNA 16SrRNA
16SrRNA
16SrRNA
Langilleet al., 2013, Nature Biotechnol. 31: 814-821
N2O N20O
N2O N.O
N2O Azospira sp. 113
DO
Azospira sp. 113 N20 DO
D-N2O 10 mL
Azospira sp. 113 Azospira sp. 109 Paracoccus denitrificans  Pseudomonas stutzeri
4 15~35°C DO D-N:O
N2O

N2O



5N BNOs N2O
Nzo Nz NzO NZO
Azospira sp. 113 Pseudomonas stutzeri  N2O
N2O
N2O
N2O
N20
3L MLSS 1,000 mg/L
72 mg-C/L  NOz 20 mg-N/L
D-N2O
N2O N2O N2O
N20
Run 1 D-N2O A N2O
Run 2 NOs-N N2O
120 N20 NOz-N 2.6 mg-N 3.0 mg-N
N2O N2O N2
H.S 2mg-S'L N0
2% Panetal., 2013, Environ. ci. Technol. 47: 8408-
8415 H2S 40 mg-S/L pH
pH5 H.S pKan=7.02 pKa=139 N0
pH NOs-N
N20
N20
CIN 1 3
N20
1-2
N2O
D-N2O N20 NO
NO N20
N2O N2
N2O
N20
Nzo Nzo N2
N20
16S rRNA
Comamonadaceae Rhodocyclaceae Xanthomonodaceae Saprospiraceae



Comamonadaceae Rhodocyclaceae

Xanthomonodaceae N20
Rhodocyclaceae Saprospiraceae N20
Rhodocyclaceae Azospira
Azospira sp. 113 N2O
N2O N2O
Rhodocyclaceae  Azospira Azospira sp. 113
N20
nosZ Cladell Azospira
sp. 113 109 Paracoccus denitrificans Pseudomonas stutzeri 4
N20O Azospirasp. 113
109 N2O Azospira sp. 113 109
N20 Azospira sp. 113 N2O
Azospira sp. 113 N2O
2 Azospirasp. 113
30°C N20
N2O N2O
Nzo NZO
15N
15NO3' 44 N>O N> N-O
N20
Azospirasp. 113 Pseudomonasstutzeri 2
Azospira sp. 113 N2O N2O
Azospira sp. 113 N2O
N20
NOs NOy D-N>O
NO3' D-N-O NOs' D-N-O G-N-O
1 D-N20O N20
N20 1~10mg-N/L/h
Azospira sp. 113 N2O N20O

N2O



8 8 4 1

Suenaga, T., Aoyagi, R., Sakamoto, N., Riya, S., Ohashi, H., Hosomi, M., Tokuyama, H. and 126

Terada, A.

Immobilization of Azospira sp strain 113 by gel entrapment for mitigation of N20 from 2018

biological wastewater treatment plants: Biokinetic characterization and modeling

Journal of Bioscience and Bioengineering 213-219
DOl

10.1016/j . jbiosc.2018.02.014

Yokota, N., Mineshima, R., Yamaguchi, H., Hirase, T., Ishikawa, H., Azuma, T., Hosomi, M. and 2019

Terada, A.

Startup, performance, and microbial communities of an anammox reactor inoculated with 2019

indigenous sludge for the treatment of high-salinity and mesophilic underground brine

Clean Technologies and Environmental Policy 1001-1011
DOl

10.1007/s10098-019-01688-y

Suenaga, T., Aoyagi, T., Hosomi, M., Hori, T., Terada, A. 6

Draft genome sequence of Azospira sp. strain 113, a nitrous oxide-reducing bacterium harboring 2018

clade Il type nosZ

Genome Announcements e00414-18
DOl

10.1128/genomeA.00414-18

Kinh, C. T., Riya, S., Hosomi, M., Terada, A. 245

Identification of hotspots for NO and N 2 O production and consumption in counter- and co- 2017

diffusion biofilms for simultaneous nitrification and denitrification

Bioresource Technology 318 324

DOl
10.1016/j .biortech.2017.08.051




Sabba, F., Terada, A., Wells, G., Smets, B.F., Nerenberg, R.

102

Nitrous oxide emissions from biofilm processes for wastewater treatment 2018

Applied Microbiology and Biotechnology 9815-9829
DOI

10.1007/s00253-018-9332-7

Suenaga, T., Hori, T., Riya, S., Hosomi, M., Smets, Barth F., Terada, A. 53

Enrichment, Isolation, and Characterization of High-Affinity N20-Reducing Bacteria in a Gas- 2019

Permeable Membrane Reactor

Environmental Science & Technology

12101-12112

Dol
10.1021/acs.est.9b02237

Agrawal, S., Kinh, C. T., Schwartz, T., Hosomi, M., Terada, A., Lackner, S. 152

Determining uncertainties in PICRUSt analysis - An easy approach for autotrophic nitrogen 2019

removal

Biochemical Engineering Journal 107328
DOl

10.1016/j .bej .2019.107328

Yasuda, S., Toyoda, R., Agrawal, S., Suenaga, T., Riya, S., Hori, T., Lackner, S., Hosomi, M., in press

Terada, A.

Exploration and enrichment of methane-oxidizing bacteria derived from a rice paddy field 2020

emitting highly concentrated methane

Journal of Bioscience and Bioengineering

DOl
0.1016/j . jbiosc.2020.04.006




17

10

53

2019

N20

53

2019

N20

53

2019

70

2018




50

2018

Terada, A., Kinh, C.T., Suenaga, T., Hori, T., Riya, S., Hosomi, M.

A membrane-aerated biofilm reactor for efficient single-stage nitrogen removal and mitigation of nitrous oxide emission:
Proof-of-concept from biofilm depth profile analysis

IWA Water Reuse 2018

2018

20

2017

Akihiko Terada

Nitrous oxide emission from cost-effective nitrogen removal systems: Mechanisms and mitigation strategies

2017 International Conference on Environmental Pollution Control

2017




Akihiko Terada

Counter-current substrate diffusion biofilm as an innovative strategy for effective nitrogen removal from wastewaters:
Principles, performances and in situ biofilm analyses

The 8th China-Japan Symposium on Chemical Engineering

2017

Qian Yang Sijing Jia Shaolan Ding Taku Fujiwara

Effect of nitrate and hydrogen sulfide on N20 emission in sewage sludge treatment system

The 10th CESE Conference International Conference in Challenges in Environmental Science & Engineering

2017

Akihiko Terada

Membrane-aerated biofilm reactors for nitrogen removal and mitigation of nitrous oxide emission from wastewater streams

EnvironmentAsia 2017

2017

Akihiko Terada

A membrane-aerated biofilm reactor for cost-effective nitrogen removal with low greenhouse gas emissions: Insights from
macro and micro scale observations

The 5th EnvironmentAsia International Conference

2019




36 2019

2019

Suenaga, T., Ota, T., Hori, T., Riya, S., Hosomi, M., Chandran, K., Lackner, S., Smets, B.F., Terada, A.

Activity, abundance, and identification of N20-reducing bacteria present in Anammox biomass - Combination of 15N tracer and
molecular analyses

The 8th IWA Microbial Ecology and Water Engineering Specialist Conference (MEWE2019)

2019

Akihiko Terada

Counter-current substrate diffusion biofilms for nitrogen removal from wastewaters

The 2nd International Conference on Non-point Source Pollution Control and Aquatic Ecosystem Protection (NPAE-2019)

2019

15N N20

54

2020




Akihiko Terada

A Membrane-aerated Biofilm Reactor for Effective Nitrogen Removal from Wastewaters: Opportunities and Challenges

IEEC & BWR 2019

2019

(Fujiwara Taku)

(10314981) (16401)

(Hori Tomoyuki)

(20509533) (82626)

(Suenaga Toshikazu)

(80828377) (12605)




