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AL, Rk 2 EpEiakl LRV LR Eanammox ) 77 ¥ —D X 5 A ERBREEE DM
+EBEBE LTTFoTz, EAifiEanammox V) 77 Z —OHEEFAHLICEERAT ZHEAL, V77 F—TF
WOWMAR L ARERVERBOEEZHGETE _BRATF v TRAFREGLTok, £z, AT v 7R
AESHR T, HRTZ BREAICER L TABEOFMERZ T oz, ZBAT v THAF RN THRTZ0.2 hic ¥
TEETBI LRI, V77 ¥ —3%EOopHEERME SN, VT 7 ¥ B PEOBRRETEN LA L.,
Y7o x—El UTRK312 kg N m” day DERREFELER Lz, ZOFHEL, ThETIRBRES
Nizanammox J 7 2 #—Z L A ERBREEE L LTEETH S,
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1. [ZLC®HIZ

BSMET L = 7MY (amammox) 71 R1X, BESRGR
BT TT V=T & EREEN O EEERT R ERT S
EYFHTHS U, anammmox 7Rk, HEROER
BEZoE A THAIMLEEE LT BRERUE

BHOMIEPAE, LIz batied 57D0EN.,

W, ETAED LRAT DREVEREOER /L &0
BEZALTEY., NiEk7r=r7ax hoOHEIH
RENTNS 2, UL, anammox HIEHIIEEEEIEOE
KRR CTH Y | BFERESED TR ERFEEN
FEICHETH DT, anammox I DL - AREICES
T HERIIRRD THR,

INETIESH bIT. ratme PCR EZ AWV
anammox HB TR ERFE - RIEFEZERL. H
BERE LCRLE LBREERT AL EFREE L

= 3, SbiT, TBIR L7 EE25R % A & AN
ke Uiz LIRRA 5 2 U 7 7 & — Tk LESEERE1T
5z LTV, anammox B ORI 2RI
L % kb S L0727 F—2ke LT, BOEHR
MREEETERTE R, VT 7 F—%FHTIE
anammox M E B+ D IEET AR L2122 H T,

anammox ST E A EAE LTV Z LB LM
o7 3, ZoEAE LT, aammox FHEEIX pH O LFIC
S OIEME RS AFREER H D Z LR S LT
bl BESOYT I E-TBNTYH, VT E
— BRI D anammox HIE X pH D ERIC L VR
EFRZITIREERE L BILD,

FITAME T, VT 7 —~OEERAFE
BRT vy IRAFRICEID B2, HRT 2EMHT52 &
Xy, V77 F—%EEICRIT S pH LR OMHIZR
Hlee VT 7 X —#AFUCISIT D pH O LR ZHHEIL,
Y77 &2 —tPENCRIT D aammox TEMER R < HERFS
Brilizky, V7o F—2kL LCouEREHDR L
#RAHZEEEE LT

2. REHE

) U7 8—RUEEREH

AEEBRTIL, HEREERE L AR CEEE1T-> T
VW5 _Emfilanammox U 7 7 X —RD 31 A A EER
L. B-UZRT & 3108 Y = 25 VLD R %AW
HiEE LTHRE L7226 mm, £R280 mm, &FFE150
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mLO N T ZAWG 5 LY 77—z N\TEREHZ
PRI CESEMRS Ls, $3008 EEEZ 4TV,
mammoxME DFIE 1T o 7=, EREBIAE L=, AW
FIZBIT Banammox V) 77 X —DERSE K O T
EHOER R U, AW CIL, Phase3, 4, 5. 6
WBWT, EERATE U 77 ¥ —hEEc A1)
TAHZEIZLY, VT Z—RPEBOmAD LY AT
HEE L FIRE. RGEORE R “BRT v 7 HATH
ASHERETo, T VT 7 4 —KHN ComE
KREGBRL, YT o7& —0O%XE (Zone A-Zone Dy TOLL
MR L, anammoxNZ X B ER N A EFHEFC
A IEERIRD S /8 e ANHEET D T & BN :}ﬂl
BT B EMTY 77 Z—245ERIDICHRE LT-, NH'N
B UNO;-NIEEEIINH, N : NO,-N =12: 1, KHCOEEEI
500 mg/L, ?fkmpHmzﬂn CERIZ X V). BEE
BEOI3TOICERE L, EHIC, FHHNO;-NIEEEHS50 mglL,
PHIZHRHHZK DpHA B iEpHD FRRCH B 83U TIZAR S &
IENTNTE L, Fi-, EHERRRICER IR T
B L. WEEESE (DO)%ZDOFH (DOSZ, KRK) THIES 5
ZEIEDOl mgLLLTIZ L, ~y RAR—IX~ZERY
RERISHRBBRT D 2 b TEH R ERFRIREEIT R - 72,
Fio KEFHIFENH HRTZ01-L6hNIRE L, Y
T 7 F—OWRASBROHRICET 7o VEIEZREL,
FEHIOFBITIIN 7 ABICHRIGEM N AR IE (B
11 L, 23 %RV, [UEOREREIZEN WD, |
VRRICEVER L, &b, BERIRERELET L
R=ULNy I ERETH LT, EHNEOTHI L
ek ED 5/\ v RANR—Z~DEEROBAEEINTE,
F a—TIEREORERE BN BT 7 —A v K
Fa— (PharMed BPT Tubing, MASTERFLEX, llinois U.S.A)
AL, B AR R e 21T o T,

Zone C

Zone B
EERAE

Zone A

262%./

B AR TR Z ARG T LR ) T 5 F—

#F-1 anammox V T 7 ¥ —OiEERS{t:
EEam (day)
Phase 1 35

Phase 2 9 1.6

Phase 3 40 BIRA0; 1.6 #$8; 0.8 (RTYTHA)
Phase 4 15 BIEER; 0.8 #$48; 0.4 (RTYTHA)
Phase 5 9 HI450; 0.4 B38; 0.2 (RFYTHA)
Phase 6 16 BTEB; 0.2 44, 0.1 (RTYTHA)

HRT ()
08

SEH S AR i
(NH,),80,
NaNO,
KHCO,
KH,PO,
MgS0O,*7H,0
CaCly*2H,0

[mgiL]
140-420
120-410
500

27

300

180

wsﬁﬁxﬁ (TESI,TESE)

EFER 37°C

DO 0.1 mg/LELF
FmApH 7.2+0.1
J755—5k 150 mL

TES(Trace Element Solution) I
EDTA 15 [g/L]
FeSO,-7H,0 9.14

TES(Trace Element Solution) I
EDTA 15 [g/L]
ZnS0,-7TH,0 043

CoCl,*6H,0 0.24
MnCly*4H,0 0.99
CuSs0,-5H,0 0.25
Na,Mo,+2H,0 0.22
NiCl,*6H,0 0.19
Na,Se0,- 10H,0 0.21
HyBOs 0.0014

@ KEPH

LIRS T AU T 02— DR A T T B 7=
VTN E Q2 um DAVT VT A E— (DISMIC-
13CP, ADVANTEC) CIg@%, A A v su~w b5 7
(DIONEX D-100, B 7> %5 A : JonPac CS3, DIONEX.
BaA A T A TonPac AS9-HC, DIONEX)% VT U 7 7
H—OEEHR USEHZKD NHS N, NO,-N KT NOs-N #
EERBIE LT, E7=. pH # (B212, HORIBAYZ AV T
Y TNO pH ZRIE LT,

(3) DNAHIH B UPCRIEIR

16S IRNA BEFIZE I REMBIT 217 5 7wiz, E
FEA T 5 7 7 & —ORiHER(Zone A), FERE(Zone B
+ Zone C), RUME ¥ (Zone DYb> b ENFN A A R
YN 30T PR ; 35 mL. PREEE 20
mL. % 2.5 mL), DNA #hii %47 5 & C-80°C Tl
BFELE, Z0%, BIRULEZYV 7L 200 Ul % Fast
DNA Spin Kit (BIO101)% i\ C DNA ®itH %17 -7, HiliH
&¥7Z DNA i3, Hoefer DyNA Quant 200 (Amersham)% Fiv >
TRE gul)ZRIE U, fh Sz DNAE20°C TR
EL,
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HH &7 DNA % Sigma ¢ Tag DNA polymerase &
Planctomycerals B X UEMEICRRIR T4 <w—k Y
b Pladéf F% UF Univ1387r "% VM C PCRIBIBZ4T - 72

PCR 7’12 7' AIHIEAZENEDS 94°CC 5 min, [94°C: 90 sec.

62°C: 90sec, 72°C : 1 min]x25 Y1 27 /b, BflZ 2°CT 4
min & L7=, B6hiz PCREMIT 1%7 F o —REXIK
By CHERR LT,

@ on—2z= = T RURERR
PCR BT A 1%, Wizard PCR Minipreps DNA purification
system  (promega)% AV CRESI% ., pGEM-T vector cloning
system (promega)Z VT F T R T p—A— a3 VBT
o7, 75 A3 K DNA i3 Wizard Plus Minipreps DNA
purification system (promega)Z IV CEIY - FEE L, 12IE
168 DEAEIROHEEEIFIIL ABI Prism 3100 Genetic Analyzer

(PE Applied Biosystemns) CHRIE L7z, & DALIZHEETIL,

BLAST % BWCHRM & ik L=, £72. CLUSTAL
W %y & — 2 M BV VT Neighbour-Joining ¥ 4z & ¥ %5
HtE ek Uiz,

®) 1M T T VLY TLOEREEDRE
FISH {ED7= 0 ORMLEE LT, LARI T AU T2

F—BEYIEY TNV ERIR L, 4%/ 37 R LTIV
St N (PFAVAIRC RNA #[EE @°C. 12248 L7z,
RNA ZEE &z ¥ 7L, PBS THtd 3 o2 [E)
L. OTC-Compound (Tissue-Tek)tZiZ1% S 87-%-20C TR
BITHRE U, B LAEYET Ty Vs T4 A
1 h—J (CRYOCUTI800, Leica)® VYT, AWM, ik
RS 1020 um FHESTRFAIC L CEE SR
sva=myZUEgRE, B9F U CHIEREHDATA
F#'S R (Cel-Line Associates, Inc)iZBfHiF, BEZ L7, +
VINEBERBEELERATA Fid=& J — K
(50%—80%—96%—>30%—80%DIE T4 5 43y L. FISH
BRI 5 £ CACTTREL,

© A IXY LEAF FFo—TRUFISHE
FISHEOFEL, (Amamn, 1995) ', (Okabe etal, 1999) @
DIFHECYEIL LTz, FISH IRICAW=#eA ) IX7 1V
AF Fru—T %, SHECERGZ EUB3S PR
Candidatus Brocadia anammaxidans 55972 AMX820 0 2
HMETHD, KFETHW e —7 1 3&BHD 16S
RNA sequencing database 1Z2-3< ARB software package
(hittp:/Awww.arb-home.de/) @ PROBE _DESIGN tool (& & 0 #%&t
L7, ¥7-. Tu—T7ORRMIT ARB dabase 12 X D FE
WL N T YA = 3 L OEEERIIERICLY
WE Lir, 7 u—7 3 fluorescein isothiocyanate (FITC)E 7o
1 tetramethylrhodamine S-isothiocyanate (TRITC) CHER = 4172

HYOERAWL, NTVEAE—2 3% 46CT 3 B
BTV 201k 48°CT 20 S E1T o0z, 7Y
BA P~ g LYo 7t SeEA L — Y —Sass
(LSM510, Zeiss)% FAVNT, 5 488 nm (Ar L—H—) & 543
mm HeNe L—HF—)D L —HF—TRF ¥ VEITVEEL
7

3. EBRRRRUER

(1) LEEfE
a) RF v TRAERIIC BT 30

% Phasel 23317 B HEAKFOIEAINH, N, NO,-NEE,
EUHRTZ 21, i, MABRARN. ERREEE,
EUHRTORE B2k, 72 b UNC & Phaselz 813 5 Y 7 2
& —ERE COEHERGRERER CERREICT D
FHERPEITRT, XHIT, WAKBEONHN RV
NO; NIEFEIL, anammoxiEPE DS BAFZ2NH, N : NO,-N =
12: U228 X TR E LY, £7o. KPhasell BT 5%
MK OREEMEET, REOMBEN < BT, FHA
FONO;NEE NS0 mgLAHRIC /25 &9 IZHE L TRE
L7z, Phase 11238V v CHRT#0.8 hiZ[EE VB & 1T -7
LA, BRBREBEEIEZEMIHEE L, TERRE
BEEIT102 kgN m® day ' CEIZERATT, 170 keN m® day”)
ThY., EEEICRT A ERRE~DOFERITITLEN
73% (Zone A), 10% (Zone B), 3% (Zone C), 14% (Zone D)T
hofe, TV T 7 F—EREHD38%IZIEY T 5 Zone
AIZBWT TEILL LDBERBBRESN, ROy
T, NHSNEUNO,NBEER+ Thomic bEH S
YT o B—DRT7 p—v ARELLETLTWABZ &
ZRLTWVWS, HRT#16 W iEE LIRAZRAREKT
&7 Phase 2TIE, FHIERRIDHAEIL67 keN m® day’
(EHZEFEATE 103 ke-N m® day™) & Phase LLZH~THRD L
72

b) R T v TRABEGR(CH T DN

U7y —DEEREME RIS, VT X% TER
F v FHAF R Y B2 EE 51T o 72, Phase 3 (AT
BRHRT; 1.6h, %458 HRT; 08y TA T v FHRAFAREA
#%. HRT#BFEEOITEE L QW o, FORER, Phase 5
FIEEFHRT; 040, % HRT; 02 Cid, V7o #—1%
IR DanammoxIETEN LR L, FIUTENY T 7 ¥ —
RO TR R FEEED 268 ke N m® day' & CHEML 7=
(H-3), E7=. Phase 5ITBWTiL, V77 ¥ —%BH
(Zone C + Zone D)3 U 7 7 # —2fKDOERREDSEIL b
KHEE LTV, &SHICHRTZER LERAT ML
7z Phase 61235\ VT, ZHRMRFHEED T ADI12 kg/m'/day
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SRAFRUREERE (kg-N m2 day™)

NH4+-NRUNOZ-NBEE (mg/L)

B LTS, LALLM D, HEREET DI i
KEFONORED LAPHER S h. ERBREFE LN
PR, U7 7 F—2oEERRFHER
Phase 5 & I 260kgNm® day™) Thov-, 2D E X
Y| Phase 612V VT U 77 ¥ —RPEE R OB 582N
MR TERBREEEIIRKGELL L E L BB,

450
400
350
300
250
200
150
100

B NHe N
([T Noz-N

[4)]
o

o

Phase 1 Phase2 Phase3 Phase4 Phase5 Phase6

X2 #&Phasel 31 ATAKFOIZHINH N, NO;N

=353
Phase 1 Phase 2 Phase 3 Phase 4 Phase5 Phase6
80.0 : — {18
700 i P 16
60.0 : —o—;ﬁJ\g%gﬁ o 114
| em— 2 [l E:
50.0 p T SARERE 12
o 10
400F o 3
i v 108 =
300} P 3 {06 2
20.0 :
<r 1 104
10.04 {02
0.0 " L ; d L 0.0
0 20 40| 60 80 100 120 140
AFoTmAmy  BEH (day)
30 T
RTYTRAM : ATYTHRA
1
=250 mmmm :
g ] i
% 20 :
-4 1
215 i
o !
® 10.2
#H 10| B
& i 1
#% 9:
21
W5 7o [lLte %
52 %

0 A 2
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase6

X3 WAZRARM. FHREREFE, RUHRTORHE
ik, 72 UNIZPhaselzBIT B Y 77 #—
B R COMEERBREEER VEHRRE
WXt 3% 5E

) FHKPDpHDZEAE

TRATKDOpHZ T2H0.UZFRTE LT E D& Phasel 23317
LIHKDOFEHpHZ RIMITTRT, A7 v 7HAZEAL
HRTZBMBANCIERE L T Z LItk o T, HHKDE
BIpHi3#id LT Tz, Phase BV THRHIK DIy
pHIZ82 TH 7D L, U T2 F—EiERR UMY
D anammox{E D _EF-DMER U iz Phase SEAIRETIE,
HIZKDFEHIpHIE7.9 (Phase 5), 7.7 (Phase 6) 12K T LTV e,
BEFOMSRIZ L YD . anammoxffliid OIE I IpHS 3 LA LR
EEINDEVIHERDHD 9, B LOBEOHEICE
WT, #INERE AW TAEBIRNOpHS R 2 IE L7
BRIz A L., aammoxiEHEIT X 0 AMIEN TIIER0S
pHz =y MEERAKL D BV EMBER S TN
59 foT, AT v FHAEAR[DPhase 1% UPhase 2
2B D AMEPRRIC I T, pHASanammox B D
TS pH=6.7-83) DO _LIREE KIEIZ_EBEl->TW3
FREMEDSH B, BLEL V| SRHAKDpHD EFH80LLT
gl En=Z Llc kY, V77 Z—1%¥E0Danammox
EMERER L EEZBND,

6 ATy HRAYN
8.3

RFYTHA

- 8.2

8.0

79 79

Phase 1 Phase2 Phase 3 Phase 4 Phase5 Phase 6

B4 FAKOPHE 7240, U L7458 0045 Phasel 45
i BFHIAROEpH

@) FERICSE 1T Danammox I D FERS

Phase 1 (V 72 #—OFE&EFES BB) IBWT, U7
7 & —RiHER (Zone A), FHFENZone B + Zone C). R UY%
R (Zone D) DENEHNORME L D /31 A= R EHR L
FISH {E21T 077, SMBEICERNRES 2> 7 n—
7 EUB338 J (O} Candidatus Brocadia anammaxidans V5525
REFEE ST 1 —7 AMX820 i L 0 BB EHRL.
EUB338 CIZ &N 7-2HEIC ED 5 AMX0 TIER S
7= anammox HEOTEEBIGZEH Lz, TORE.
ANAMMOX #E D Y 7 7 5 — D& KE COFES &,
Zone A TX 95%, Zone B U8 C Tid M%, Zone D T
9% T&H Y, anammox MEIL L DERENZBWTHIED T
BWFEELTHEEL Qe &bIT, Phase 1 (V77 %
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—DIEERASA S B ) IKBWT, U7 7 #—RiREE (Zone -

A) ROMEEER (Zone D) DA v AR E LT,
anammox M ICEERA R T T A <—k v b Pldéf BT
Univ1387r % FAV T 16S RNA B{nFIo B3 < Rt &
Tofe. BT OBRICE SO CIER LIRS &
s 1Rd, TORER, V77 ¥R O%EIC
BWT, FREIRHEE 73%, %6%DEIA TRED

100 Candid

anammox FIED 7 u— L0 ENE, £, BH &R

7= anammox HE ® 7 v — |3 Candidatus Brocadia -
anammaridans V25 LT 2~9%6%DHEFEE R L TR Y,
HFED anammox W T A FREMESTRB SN, LIk

XY, KIT7TIF—PNIZIIE—FED aammox HIEH—

BICEEL TV A Z LR SN,

Brocadia idans (AF375994) Netherlands

93

60

99

100

0.02

Anaerobic ammonium-oxidizing planctomycete clone 14 (AJ131819) Netherlands
Uncultured anoxic sludge bacterium KU1 (AB054006) Kumamoto
Clone MEBeBt (In this study)
100! Clone MEBeUp (In this study)
Uncultured Planctomycetales bacteium gene (AB176696) Japan
Candidatus Brocadia fulgida (DQ459989) Netherlands
Candidatus Anammoxoglobus propinicus (DQ301513) Netherlands
Planctomycete KSU-1 (AB057453) Kumamoto
Candidatus Jettenia asiatica (DQ301513) China
Uneuitured Planctomycete clone 3-3b6 (AY769988) USA
Uncultured anoxic sludge bacteium KU2 gene (AB054007) Kumamoto
Anaerobic ammonium-oxidizing planctomycete KOLL2a (AJ250882) Switzerland
Candidatus Kuenenia stutlgartiensis (AF375995) Germany

100 — Anoxic biofim clone Pla1-47 (AF202655) USA

Candidatus Scalindua wagnen (AY254882) UK
100 Candidatus Scalindua brodae (AY254883) UK
100 Candidatus Scalindua sorokinii (AY257181) Black Sea

Uncultured planctomycete clone A62 (AY360085) USA

Uncultured planctomycete clone C6 (AY360082) USA

Uncultured planctomycete clone B4 (AY266450) USA
100
96 Uncultured planctomycete clone A6 (AY266449) USA

X5  16SIRNABHE FIZE-3 < RFTAEHTIC & D anammoxiiEE DRHHH(1438 bp)

4, §3R

AL, _ERAFiEmammox Y 7 7 ¥ —DERKRE
WD T Tz, V77 ¥ —%T"BRAT v 7THA
HHA L L. HRT2EESHE L CERERZTI 2 ki
ko, V77 F—%LEOpH LR 2 L. anammox
U7 7 ¥ —%FEOANAMMOXTEE# 15 - #ERF &
BTz, aammoxV 77 Z—2fkL LT, HKE
SRERFHAE31 2 ke-Nim'iday %1268 L 72,

5. BiEE

AR, BEAEEZHLBSH FFERGEDS&
ST =T AL TV NAF VT 7 5
— & & LTEETRIB HANER S R T A DR & DNAT
v T W EDK OZ 2R ORI (K1508))

L WiThhi, ¥z, aammoxV 72 #—O3xrh BT
BROERICB L T, BBRERERTEMER &

H— %Eu&t::“%ﬁb \f:fi%i I/TCO - :b:'ﬁ%‘ab
CHR< AT LE T,
BEH
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Nitrogen removal performance of Two Step-Feeding Up-Flow anammox Biofilm
Reactor

Yoshitaka TAKAHASHI, Ikuo TSUSHIMAZ, Masaki SHIMOKAWA?
and Satoshi OKABE?

'Dept. of Environmental Engineering, Hokkaido University
*Water and Soil Environment Div., National Institute for Environmental Studies
3Dept. of Urban and Environmental Engineering, Graduate School of Engineering, Hokkaido University

The anaerobic ammonium-oxidizing (anammox) process is a new and promising alternative to the
conventional nitrogen removal processes. We have previously developed a high rate anammox biofilm
reactor. However, no anammox activity was detected at the second half of the reactor even though
sufficient amounts of NH," and NO,™ and high abundance of anammox bacteria were still present. We,
therefore, modified our reactor configuration to two step-feeding system and investigated the performance
of the modified two step-feeding up-flow anammox (anaerobic ammonium oxidation) biofilm reactor. A
nonwoven fabric sheet was used a carrier material of the biomass in the reactor. Synthetic medium was
fed into the reactor at the bottom and the middle part of the reactor at the same flow rate. The reactor was
operated over 120 days, during which the HRT was gradually reduced to increase the nitrogen loading
rate. During the operation with the two step-feeding, pH at the second half of the reactor was maintained
below 8.0, which increased the nitrogen removal in the second half of the reactor. Consequently, a
maximum nitrogen removal rate of 31.2 Kg-N/m*/day was attained. To our knowledge, such a high rate

has never been reported before.
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