HEMR7OSIoN [RENBEEEALARRBALNEEREHERR

MEMHOT VI LICEZ2BIRRIRR /A LERWFATR

HHT7—2—1

MRRART—<

RAET7 o E=7E{t(@anammox) 7O R ZE8#ELT-
BAR-EIRLF— EARRERBREVAT LA
DFFE

LEEXFXF R T FHRBIRRRE T FEBM
G B8

BEEW M—2—4

FRREME (ERORBERZRNTOHBRE)

HEROWHIE - RERITICEDERRE anammoxRIslcEHERRE

P

Wa N
— BILRES @ A — A
- RERG — FFEVIR

A / oL %@
4 NH,*

NH4+ Noz- ‘j ______ N03' P E=F NOZ-
FUEZT 0.50, AR E{cAE z

%znjmﬂ Eﬂ:ﬁﬁj - FhaEiE anammoxifE i
NEPRR TR
HANEBRBEB( A2/ N, 0wt s SEBRBR(AR/—I)
(1.9 ka/kg-N) N,0 100%HI® | (0 kg/ka-N) N
[ F 53 NH,* NO.
EEEAS : . EEFS 4 2
a8 o0/ koM N - BOMIE (gl:}gm?é)/kg WAL e

canammoxRHSBEMRAHAN,0HR)FREL LY,
CRETBRORERLXIB(BRAT0%)ICHIEENS,

BEIRNF-BOEMFENERRETOCALL THE

[#2mw m—2-4 |




\ HEARIER -

DANIEKEWNIET BE S EIE —anammox i Fl)!) 7 52—
DEAF

QAL TO RN REEHEDRET
@Anammox7 At AN & E S DR ET

@R FEYEHFESLVTA7O0 0 —IZ KB MEMEE
SERRAT

G®AnammoxE D A2/ LT (ER20EEDIEFH)
@®EBE/KE AL ER (anammoxTHERAD#H)

[#2mm m—2-4 |

T

DODANILEKZWNIET HEHFHIE —
anammoxiti 51') 7 72— F ¥

BREN D-2-4




AT O5—
Z8E: 800 mL
- FRREERE

‘\ & 150 mL

Anammox Jx i
NH,* + NO,~
— NO,;~

+ Nt

L J‘.‘.r-]mwmibﬂig-_

BABIERG
NH* + O, —NO,~

BB HIE) 7 23— DEFE

® TFUE-TARE W NEERERE
¢ EHEEREE — BRE

> |

| EROEULPEUEM(250 uM) EROFS LTI EEN

Loading and Conversion Rate (kg-N/m3/day)

"0 50 100 150 200 250 300 350 400 450
Running day

S RZEMLGE N EHIE T O R DEEIZEKTD)

BRI EATHRANIC L TRIF OREA,

BRAW D24 |

|6f33




EXATE LA RILIERRL D H G

0.8

A FUESTHEBAE W REEREE

0.7 & HHEBERZEE € Free ammonia (NH,) BE
A

0 0.5

B H1E

NH,:NOB® ;& Z i
(Anthonisen et al., 1976)
160

w s o
S o o
(1/EHN-Bw) Z/= eluowwe o814

N
o

N
o

1.0 15
ZRBHE (kg-N/m3/day)

ERRHREBANICRE W) NHBEOLS W) BHMIEOREL

[ ®xmm m—2-4 |

|?f33

0.6
Partial
05 | nitrification

Nitrate production rate (kg-N m- day")

Okabe eral., (2011) Bioresource Tech.

FEEH DI—2-4

Complete
nitrification

0.1 0.2 0.3
Air flow rate / ALR [(m3,;, d") / (kg-N m=3 ,me d77)"]

04




@Anammox7 O RNDBBEE LR

B HIE )7 72 —EfEET B HIEYT 75 —E R

~ 300 | ! T 1.2
1. : R BAERREEE
S 1 @ ERREEE 15.0 kg-N/m%/day
< 250 I — HRT @ 1.0
= , f
4 ! g &
2200 | @ 0.8
il | ® o
'ﬁg 15.0 @ : : .' 0.6 E
£ | Pepgd ) N
m 10.0 .' :: ® o0 @ ee .,
2 "’.o' ' oo ®e . ®

I
e oy ¢ "o o 0.2
*E |

| | |
x 0950 600 650 700 750 800 850 500"

EL T =k

oI —anammoxZ7OtE X [ZHE VT
FREW M—2-4 | ﬂkﬁﬁﬂ%iﬁﬁﬁo kg'Nlmaanammox rt~1'actork"lay%iﬁ,ﬁ W

Process type Reactor Substrate Removal rate References
(kg-N/m~/day)
_ CSTR-FBR Anaerobic digester supernatant 0.71 Jetten et.al. 1997
ﬂ_ﬂg%{b CSTR-FBR Anaerobic digester liquor 0.75 Van Dongen et al. 2001
—anammox CSIR-EBR Anagrobic digester superatant, _ 24_ _ Fuxetal 2002 _ _
_____ | Gas-lift Anaerobic digester supernatant 9.5 Wouter.et al. 2007
RDC - 0.6 Hippen et al. 1997
RDC - 0.4 Siegrist et al. 1998
B3 SBR Synthetic 0.11 Third et al. 2001
it Gas-ift  Synthetic 0.064  Sliekers et al. 2002
Tanammox  Gaslift  Synthetic 1.5 Siiekers et al. 2003
RDC - 1T Schmid et al. 2003
Moving bed - 1.0 Thole et al. 2005
UASB Anaerobic digester liquor 0.08 Ahn et al. 2006
SBR - 0.6 Wett et al. 2006
SBR - 0.4 Nyhuis et al. 2006
Moving bed 0.5 Szatkowska et al. 2007
CSTR; continuously stirred tank reactor, FBR; fluidized bed reactor
RDC ; rotating disk contactor, SBR; sequencing batch reactor

UASB; upflow anaerobic sludge blanket reactor
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B®AnammoxFAE D A345 / LR

BEER M—2—4

Ca. ‘B. sinica’ D £ EE 1S

B. sinica B. anammooxidans™ K. stuttgartiensis™

Temprature (° C) 25-45 20-43 25-37
pH 7.0-8.8 6.7-8.3 6.5-9.0
Growth rate (h-") 0.0041 0.0027 0.0026-0.0035
Biomass yield (mmol-C mmol-N-") 0.063 0.07 ND
Affinity for ammonium (mmol) 28 + 4 <5 ND
Affinity for nitrite (mmol) 86 + 4 <5 0.2-3
Activation energy (kJ mol-') 56 = 3 70 ND
Protein contents of biomass
(g-protein g-VSS-1) 0.61 06 ND
Tolerance
Nitrite (mmol) <16 7 13, 25
Dissolved oxygen (mmol) <63 <1 0-200
Phosphate (mmol) <20 ND 20, 21

** References; Jetten ef al. (2003); Strous er al, (1998, 1999)
#** References; Dapena-Mora ef al. (2007); Egli ef al. (2001); van der Star ef al. (2008)
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HRIEE % (bp) 4,001,127 4,218,325
= UATEE 100 TN 22
Contigs 1 5
G+HC B8 E (%) 41 41
FAlBEFH 3, 900 4,664
rRNA 1 X 16S-23S-5S (o S/ 1 X 16S-23S-5S
SERLE >98% - >98%
SRRMMARET | Bsnca | Ksutgeriensi
amo(ammonia monooxigenase) 0 0
hao (hydroxylamine e o
oxidoreductase) 12 85T 10&EF
nir (nitrite reductase) 5iEEF
nar (nitrate reductase) 15 8{F 168 1=F
nor(nitric oxide reductase) 2iEEF 3BIEF
nos (nitrous oxide reductase) 0 0
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1. Oshiki, M. , et al., Mectagenomic analysis of Candidatus Brocadia sinica. in preparation

2. Okabe, S., et al., Cell density dependent anammox activity of Candidarus Brocadia sinica. in preparation

3. Okabe, S., Oshiki, M., Takahashi, Y., and Satoh, H. (2011) N,O emission from a partial nitrification—anammox process and identification of
a key biological process of N,O emission from anammox granules. Water Research, 2011, 45(19), 6461-6470.

4. Oshiki, M., Shimokawa, M., Fujii, N., Satoh, H., and Okabe, S. (2011) Physiological characteristics of the anaerobic ammonium-oxidizing
bacterium 'Candidatus Brocadia Sinica'. Microbiology, 2011, 157, 1706-1713.

5. Okabe, S., Oshiki, M., Takahashi, K., and Satoh, H. (2011) Development of long-term stable partial nitrification and subsequent anammox
process. Bioresource Technology, 2011, 102(13), 6801-6807.

6. Cho, S., Fujii, N., Lee, T., and Okabe, S. (2011) Development of a simultaneous partial nitrification and anacrobic ammonia oxidation
process in a single reactor. Bioresource Technology, 102(2), 652-659.

7. Cho, S., Takahashi, Y., Fujii, N., Yamada, Y., Satoh, H., and Okabe, S. (2010) Nitrogen removal performance and microbial community
analysis of an anaerobic up-flow granular bed anammox reactor. Chemosphere, 78, 1129-1135.

8. W% BE.HE HX. TN E&.EH B 2007) ZERTyTRARX LRF R anammox) 7 72 —I2H 1T 0NEBHEOFTE. ML
SERICIR, 44, 201-206

1. R 2= RERTH

1. Okabe, S., Supper high-rate nitrogen removal by a partial nitrification and anammox process. The 8™ JST, NSFC Japan-China workshop on
“Technology for water pollution prevention™ Kyoto Japan, Nov. 14-16, 2011. (Invited speaker)

2. Oshiki, M., Satoh, H., and Okabe, S., Long-term operation of anaerobic ammonium oxidation (anammox) process in a membrane bioreactor
equipped with hollow fibred membranes. The 4th IWA-ASPIRE. Tokyo International Forum, Tokyo, Japan. Oct. 2-6, 2011. 13.

3. Okabe, S., N,O emission from a partial nitrification-anammox process. The 2nd International Conference on Nitrification and the 16th
European Nitrogen Cycle Meeting. Berg en Dal, The Netherlands. July 3-7, 2011, (Invited speaker)

4. Oshiki, M., Shinyako, K., Satoh, H., and Okabe, S., Physiological characteristics of the anaerobic ammonium-oxidizing bacterium
‘Candidatus Brocadia sinica’, responsible for high-rate nitrogen removal. The 2nd International Conference on Nitrification and the 16th
European Nitrogen Cycle Meeting. Berg en Dal, The Netherlands. July 3-7, 2011, (&S #£& 1)

5. Oshiki, M., Shinyake, K., Satoh, H., and Okabe, S., Comparative genomics and functional analysis for anammox bacteria, Candidatus
‘Brocadia sinica’ and Candidatus 'Kuenenia stuttgartiensis’. First International anammox Symposium 2011 (IANAS2011). Kumamoto, Japan.
May 20th, 2011. (EFEERH)

6. Okabe, S. In situ activity and spatial organization of anaerobic ammonium-oxidizing bacteria (anammox) in biofilms. IWA Biofilm
Technologies Conference, Singapore. January 8-10, 2008

7. Okabe, S., Ogasawara, Y., and Kindaichi, Y. In situ activity and spatial organization of anaerobic ammonium-oxidizing (anammox)
bacteria in biofilms. The 4th American Society for Microbiology Conference on Biofilms, Quebec, Canada. March 25-29, 2007 (Invited
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