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EST LB RRRMEFEOMED LAY BEL
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EVAT LOMEDIHEL T, BURAKIT 24 —Thd
DHS (downflow hanging sponge: TRl SR AR L) U7
H—DEREL, FROISIEAEKEEEL T =
T ETRMEAT A a ol T IR A T AV BR
{bET A E=TEEICH B L, A2 RERREOIMT —
FOWSEEAT-T, = A B LT =T B LOEES
BHRATEAEL . PaFAY B LIC B AT A A B
lELis

2. RERAE

(1) BEEE S LU

SERITITEERT om, ME110emO M EFEOFEEA T LRI
2 cmfDRITLZ L BO AT (248 ent’) 2UT
45— EEEDUS THALTE RO ERUGR B
ToA—w Wz ([J-1), fEREEL TEMFIREKTI0ME
2RISR O AR REIC LA T, AFY

F-1 HEHATHEAROMAL (mgl!)

KH.PO, 11 MnCl,+4H,0 0.04
CaCl,*2H.0 5 CuCl:*2H.0 0.027
MgCl;-6H.0 33 Na,MoO,*2H,0 0.025
KCl 16 AlCI, 0.013
NH,Cl 150 NiCl;-6H,0 0.024
FeSO,-TH.0 549 Na,SeO, 0.002
CoCl,-6H.0  0.17 Na.WO.-H:0  0.003
ZnS0,-7H:0  0.15 NaHCO, 400
H,BO, 0.06
70 mm
2 S
S ESHA
2cmBEDRY
LYK Y

255 mm , 255 mm , 255 mm , 255 mm

-

s

B-1 EERICHERORRERGR VR T 24— (5
[ABIDHSY 724 —) Ol

HA (100%) Tr8—T%ATV, AZEAIfS S-S T
Hk (F1) 2V7 28— EEIDEE TSR, RBFCU7 24—
I ETEEEEATV, HEKRIZ & EN A AY - D
(b5 fEaATotz, VT 2¥—OMEIT, phase 1 (day 0-60):
HRT 28§f] (AR PAREO AR ZETEHH) | 2ein &
095 Iday”, phase 2 (day 61-128): HRT 28], Z84(fit#A /25
Iday", phase 3 (day 129-204): HRT 1B, 284 fit#s 25
Iday’, phase 4 (day 205-225): HRT 0.5%5H], Ze4ifitéaiitas
lday', D&M TA°CTIT T,

(2) A

AT AY R A AT T2, UT 75 — DN i
HDEEAFAZ AEE | H AR $R 2 Y O A E AT
oz, EFEAZOERITIE, ~yFAR—ANAIovRT
F7EERVE, ET, 122 mO AT VBRI TAEK AR
(T L, A ST =S, R A
R EATACT2HIZ20 mMOHeCLZ1 mifisnL 7 F =2
BT L, T0O%, 2 ST IENO Y T NA D
FVVT20 miB|EHhE RN ALITRL , ~yRA~— %5
iz, 7T VARSI L, [UCEEMRIEE LT, ~v A
AR RPOAF MR RIE L, VT 22— REHmON
AL, TV IR— RO RZA RN % T
LA AL L, AY L BEORIEICIXTCDR
gt Ui A2 v 1/57 (GC-14BPT, SHIMADZU) ,
LI EEOREITIXTCDR M A f N Ay~ s 7
(GC-8A, SHIMADZU) %Fiv =, Ef= U7 2#—DiiAK
BIUMETKOAMEREFIRE (NH,-N, NO,-N, NOy-N) iZ.
P T NE02 ymDT A NE—THRUT= %, A A ra<hy
77 (LC-10A, SHIMADZU) % v CilllELT -,

UT 28 —D AT AR5 Bl L, A A B
UT 22— SN AT AR DAY AR LUK
DVEAF AL AR SRR,

(3) FRDIEFER

IGIROH TV A3 T 25 —1ERRAA T, 60H B (phase
1).128HE (phase 2), 177H E (phase 3), 35102258 B
(phase 4) (Z1To7=, Ub TRALIZAR AR EE)T
25 —mEE0HL, V775 — LI, . FEiciiid52
RPERENIELLZ2EEPBS v 77 —ICi2 L. E
ey M O TAR b GRS T b £ CHER
Uiz, REUT=I5iRIZPBS /37 7—% MU THEiL . DNA
i F i ERREOREIZAY V=

(4) 16S RNAHE TSRO A LSRR

A EERRNTIZ6R E L1288 HOH LT AZONT
Tof=, 15IEABODNAHIE, FastDNA SPIN Kit for Soil
(QBiogene) Z#HWWT, IS TWa7rha— /It~ T
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1To7=, MWMHLZDNAZ T L —hELT, EED16S
RNABGFEARLLT-7F(~—&vh (EUB338F/1492R)
B35 KT8, ONE Shot LA PCR MIX (#45/344) VT,
HEED16S RNABHE FOPCRIEIES 1T o=, PCREUGIE,
A CTS TV N, ERIE94C - 308D, S0°C -
307D, 72°C - 1532000V A INEWH A I NAT o714, Ttk
IZT2°CTA DGR TITo7=, PCREMIIQIAquick PCR
Purification Kit (Qiagen) THIBIL 7= . TOPO XL PCR Cloning
Kit (Invitrogen) 2B\ YTt aba— > Tora—=
CTEAT, Y INDIO— ST FYEER LI,

Bra— O BEEIWIZ T304 (BR) IZfRr2 &L
7=, BoNFE R ITHRREI7% A LOL DR R —D
OTU (Operational Taxonomic Unit) &L T/HEL. £OTUD{X
REFVE D FRFAMTICAV, D FREARTIZIZARB
TS LRERL, TIAAMNAToI 1%, B EE
FAWTREMONEEEI T, REMOBTOMIBLE
1000 BT —bANG o 7 RATIZ SORRREL T2,

%‘ Phase 1 Phase 2 é Phase 3 i Phase 4
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g 4of] [40 'y
H D &8
B 2of d20 *
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P >l
& o L0000 0
< 0 50 100 150 200
= Tz M (day)
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BB, K POBREA - REYT 75— bHEHEN
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3
'.5 3
Q
8 00
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g o)
#
& 1
R
BN
0 o 2 'l L J
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28 8% (kgCOD-m*-day)

-3 EEARIDHS V7 25— DAY AT LAY BRI
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B R AR - BAAIDHSY 7 27—, A D
Fr o RBIRE LT R R ALEK A HRT265 ), 225 %
095 Iday! (AR PEARYIOETEEHERIIZS mPm>day™)
TENRENBHELI T 27 —DIEEA PG LT, TORER.
TEERBASED OB MR TAY R ERII%BLL EICEEL
D%, phase 1 TCIZITHL THBBLL LT A BREL R
ELTERTE (R-2), EREUEEAHM (AR
YODERBAFRITI0 nfm>day") XH7-phase 2T phase |
LIZIERBEOASRENER TET, T, HRTZEHEL
WA ATiE EASE T o225, HRTIFEDOphase
ITAZFRERITHI0%, HRT%E3053 12 LT-phase 4TI Iy
AT ARERH 0% ~MET L (K-2), EBRTHWYT
I E—DEN AR CEREODORAAT L ATFEAT L RE
HEDBRAE Ty LSRR, RIT 27— DB RAZ AR
EHEFEITBLE2 kgCODm>day’ (AFZCODIBRALTH
R) THHEDH7= (H-3),

AW TRV EBEARDHS) 777 — X AR V4B kL
L TAVWEBERYOKNEER THY, RRAHREFTY
BERBROUAy 2 TIMNIBEINT, +272i151E%
REFLTY V= (Bfz225R B [ERETR] ORRESRRIT
AR HBEEOAIESY 7100 - 11000 mg-VSST), =, A
EHENNEHT-phase 3, H4ZI31F DB OpHEL7-7SEREE THY,
BAEBICATEL-LTHO T RV EE LN, Lzt
2T, AZUBRESEFEH2 keCOD m* day FREE CHRITH I A2
T RER I HDEE BN (i),

(2) DHSY TP O5- D7 E=7RIE

Phase 1 Ci37TB=TELIXIZEALEITU Dol (B-
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CEZTEACBREITL, HESERLE: (F—FIERTR).
Phase 2TD7 - E=7RIEEIHMABEL TREL THY,
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72535, HRTASEHEL AT A IIEE TV vo7-phase 3, 4T
TrE=TREREIHDL ., BEEIphase 4TIHELAE
ERISRIS2<eo7 (R4), 728, RElZEL
THHBHIIZEAL R Lot (F—F3ElRR). —F
T, AP B S KR IE S M HERMTHEITL.
phase 3TIXATTOMIMITLL>TAT U RIEREN LR LT,
EbiTphase #ZIV YCHAZ L BREHBED Z/ L ORI RERR
T&7-(H-2, 3), ThBDHSVT7 74— HIH{kEAZ
EMLDEEEN, AF B DA TLI0LEREL TETT
BYARLTNE, 7TVE=T7EACABE LAY B EHE I
BREDOEABURIZHY, A5 BB O BRI
T HJFESE O HH 0, BRRHIR T CiiAZ B
BOHBEETHE GHBELHDS, LinhioT, AERT
LEREHBMLEAT B LOKIBER D1 >THEELE RS
hs,
AEBRTIIHEASKOMRIZIEZSMW LB TEELR
Mofei=th, AF LT E=T DBEKIZ—E Thol,
TR OBAFAY L BEH AR TRV AYChafndt
T ATHER VBB EICRZINIH TV L OIS, —
FCIOBBEOT =T ST NEAIL B HE
T3, LizdoT, TU =T HRELT(LSET-5E8 0,
AUBHGITHT AR BT S R ORMBETHS,

(3) DHSUP V45— DEEFHR
A BEUT =T OB AL L7DHSY 77
F—DEERIEREEEERAITY, AVBLOT U E=T
OBYLICE KT AERER L SH U -BRIPREEITA
#D_ERIzEbi o Tphase 3TRKEA R oT2A8, EbIZATE
HIStf-phase 4TILFITE T UL, Z0&&, AU EHKIC
BEETAEENRIIT7—0AR ERICHbETEM
LT3 (#2), EO—FTTUre=TEHLYDBERER
HE i Iphase 2ARBRAOL TV DTS, OB DE, Eif
DENTAZ B LBEOFT HMEERICERREHRL TS

;0,05 71V %

RIS BT HEERERIT - (1) TRENS,
9"% =K,a(Cs-C)-Rr (1)
ZIT Ka: MIEERBHARSRE (), Cs:fRfnEs
BRI (mgl"), C:IEFESRIREE (mglY), RSz

LBEERIYEERE (mgl™h")
R (1) 2T, BREEREREE 2R U - phase 3128175
BLRTSHEE 255 kgOymPday' ODHSY 775 —DRATERS
FERBIERRE Ka) 23HET5L, BON'LRD (2L,
VT o5 TERRIBLREL, V7 275 —NTARIBOBEFRER
EEA TR FEH OB R B O EHHE145%. L UTATER
FEBEE34 mgl! U7 77—hoDEHEROIERAELIE
H) OFFIBEERALHT)., Kilidid, $i4 ODHSV 77

—SHERICHARD AR D% AV =DHSY 7 7 5 —DEs
EEFREERERIL., K a2 FIHL TEOH#152 -84 WL
LT3, Fa DEBRICBITZAZ LT e=TELICH
ST ARRREEREED DR HLUK affb ., HH0OHIE L
IERIZEDHEEZRLTVWS, Tebb, AERTIIERER
WAL ASDHSY T 75— DR RIS HEE L RSB EITE T
ML7et=th, BFRBHSIREIC VR KA VR E A A2
kgOOD-m*day " BREEICHIBRENAbDLEZBND, Lizhio
T\ R RAINS TV T 75— G OBERIR LT
HAW T BREEE2SLIZ ERTEREELLNS, L
DURAG, ZEREHE REWMSCDLEBEAT RS
IHAHRL ., U7 25— SN A RASINL T, 278
ERPMETI2TNDHD, EIT, SHRIZERLHERD
BB LT CR<BERRETIRL, REREXRET
DR THBUBEEROUBLERAZRED, BEWRT
O—F WSRO AT IR E R EMERUAD DAY R EERE
DHERBMA LIZIISBETHBREE NG,

@) A5 fRC5 T HHEEE

YT 75 —(RRHBTROVRE R ORI, 60 A B (phase
1) HEU128 B B (phase 2) DY FIMZDNTITHTZ, £
DRERBONT AT BLMEEL ELNBI0— D, 3
ra—r P B2 S OUT Oy FRSFRMT O REE-5
WRY, 7a—RRTOREE. phase 1 TRUT7 /75— L#
EPERITIE Methylobacter, TEMZIX Methylocaldum JRIZIRR
72 type 1 £XiEND y-Proteobacteria V2[R AHIBEAS EE/2A
FUBMEABELL TRbEhz (B5), Fi= V775 — T
T type I DAZBHLABE TIHD Methylocystis b2/m—
UTHL apiFEREhz, ULhLigdis, 20—l h
HBEAZBLRABEOFIE I VThOERTIC BV TS 30%
BETh-oT, —F. A2/ —LELiEMETHS
Methylophilus V7 75— LGSR SN (27
a—0 20%). EBERBEHIR T Ty RGBS
JS=NVERRHREHEL TEATAEMNHON TS P, %
To FERRHRN LT NTERIRE AY ) — VLS OHE A

]2 A7 BB LUT e =T B SH B L/-DHSY 7
25 —DOEFEHERR
B BOREE (kg-Oym™day™)

ASLBE FUE=TRIE AR

Phase 1 0.66 (0.11)  0.25(0.11) 0.90 (0.18)

Phase2 0.79(0.04) 1.35(0.08)  2.14(0.11)

Phase3 1.48(0.16) 1.07(0.30)  2.55(0.37)

Phase 4 2.04(0.31) 0.19(0.23)  2.23 (0.40)
O VIR
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PRy

luteus, X72772

Methylosarcina fibrata, AF 177286

Bootstrap value
® > 95%
0> 85%

& 'y
“—— Mothylosarcing quisquillarum, AF177297
KID28C2-5 (3/91 clones, 1268 B 7 29— L&)
(D28C1~7 (16/98 ctones, 0B H Y 7 2 & —~HER)
KID26J1-3 (17/96 clones, 60B B Y 7 04 — Li8)
KID29C2-6 (3/91 clonas, 1268 B Y 7 2 9 —h§B)
KID28J2-1 (20/92 clones, 128H8 Y 7 2 ¥ — L&)
Methylobacter psychrophilus, AF152597, 1527
Methylobacter sp. T20, AF131868

KID26J1-8 (6/98 clones, 0B B ) 7 2% — L&B)
_Hnmzwz-s (4192 ctoncs, 1288 B ) 7 25— L)

Methylomonas methanica, AF 150806
£ Methyk aurantiaca, X72776

a >70%

0.1

§— Methylomonas nubra, AF304154

Lotk P

im, X72778

T

is philus, X73819
KID26J1-9 (3/96 clones, 60B B Y 7 24 — LE3)
KID29C2~3 (6/91 clones, 1288 8 ) 7 9 ¥ —hEB)
KID28C2~1 (27/91 clones, 1288 B Y 7 24 —hEd)
KID28G2~1 (42/92 clones, 1288 B Y 7 29 —TFiB)
KID29J2-2 (5/92 clones, 128BH Y 7 2% — L&B)
KID28G1~7 (18/96 clones, 60B B Y 7 29 ~TFiB)
Methylocaldum gracile, U89298
Methylocaldum tepidum, U89297

gedense, UBH300
ph isolate E10, EU672673

'Y

{ 7 Type [I Methanotroph

-5 165 RNAREFAINICIE-SSHBAEIDHS Y7 75 —~{REHEIRADAY L BH AR O 5y T FAAMTAE R, Type I :B8LUType DA%
BRI R DL EX BNA0UTDIE, 37— Ll LR HLOERLT S, R hrKID26~, KID29~H3AB5ECiaoh
feoa—, AyaRizso— O L a— AR SN 5RO B B LUV T 77— RO,

BB CHHE IBELHD B, ThoDEhb, ER
BHERDDAN phase 1 IZEV VTIL, AY/—VREFIENHD
MEDASBHEOR R HEL TERL TOEDTIEA
UEEREh, LaUenih, SEHM izt vCiE]
BIELISAHEUKD COD Vbt ¥aTh-i-ine
b, PRRIED O TN T, EREE

RUAHEINEET- phase 2 THIAY VBB OIS FML

£Io— AR 40 ~ S0RFRIEE ST, i, FOHERD
FALL LTl Methylosarcing DS HHEMUT, Btk
VT TIX Methylocaldum JRIZERS BN EERAY
B{LMIE Ttz (R-5), BIC phase 2 THRIVT 75— T
IZBVVT, TorE= 7B LI F S UM AN BRER LB AL
BAEREEINBIDIC ot (£70— oL TEHT
#110%), TOUHI, phase | TIHIZEALMLITEITL T
IioTDIZXEL ., phase 2 TIIFEA T E=T ($3 40 mg- N+
") DF) TORFREHFERITTES T OIS U A%
RTHAIEEZLND,

4.FEED

AR TIIEEARIDHSY 7 77— %{ERL, ToT=T L5

A ST SNV E AW TEFAS R E
HEBE(Tole, TORR., A7 BTV T 25— BeEME
HEODNILL LA, TO®RBEL TEITTIHR, AF
VBT =T R L EDL BRI AT B,
BRELTREIDYN ol Fie, VT /5 —NTAY U BRE
EEILIBo TV BDiy-Proteobacteriat Z /B3 Btype 10DAF
B LA ThoMAoh o, SkiT, EROGERIELE
KICEENTOHDTHA). FHLHRE B SATE KT
DRBFBEIT, AV B{LEINOHTHEDOBHERED
BEABMREBALHICL, BV AT IRE RIS EFHEE AR
LODMEERME (HRTRIUVERHHER) U775k
LRI T BB LETHD,

PR ABIZRIE, () B ¥ — ERBINR AR
# (NEDO) OAEMBED T VA ALICL DRI RAUTRNE
A NBERRE T 0L 7 O—RELTEMELIZ,
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To prevent emissions of greenhouse gas of methane, which is dissolved in process effluent from
anaerobic waste/wastewater treatment plant, we applied a down-flow hanging sponge reactor as post-
treatment to biologically oxidize the dissolved methane. Within 3 weeks after the reactor start up,
methane concentration in exhaust air from the reactor reduced o below 1% and methane removal
efficiencies achieved 95% with methane removal rate of 0.8 kgCOD'm™day”. After increasing methane-
loading rate, methane removal rate increased to 1.5 kgCOD-m>day™ with 90% removal efficiency. On the
other hand, only about 10% of influent ammonium was oxidized to nitrate during the first period. When
airflow increased to 2.5 L-day", nitrification efficiency also increased to approximately 70%. These
results indicated that methane oxidation could outcompete ammonium oxidation under limited oxygen
availability.

16S rRNA gene targeted cloning and phylogenetic analysis revealed that type I methanotroph was
dominant methane oxidizer, whereas type 11 methanotroph was detected in minor portion in the reactor.
Methylotrophic bacterium of Methylophilus was also dominantly detected under reduced airflow rate,
which suggests that some C1 compounds were intermediately formed during methane oxidation.
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