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Molecular Analysis of Microbial Community Structures in the Novel Sulfur Redox Action Process
Applied to Low Temperature Treatment of Deicing Fluid Wastewater

AHERIE AR I, SCREAS, (LD EF] >, mIBEE e, REFRIL
Takahiro IMAI*, Nobuo ARAKI*, Yoshihisa BUNGO**, Takashi YAMAGUCHI**,
Masanobu TAKAHASHI*** and Akihiro NAGANO*##*

ABSTRACT; Microbial community structure was characterized in a novel wastewater treatment process
facilitating a sulfur-redox cycle by microorganisms such as sulfate-reducing bacteria (SRB) and sulfur-
oxidizing bacteria (SOB). A combined system consisting of an upflow anaerobic sludge blanket reactor
(UASB) and an aerobic downflow hanging sponge (DHS) reactor was applied for low temperature treatment of
deicing fluid wastewater. The whole process achieved over 90% of CODcr removal efficiency with less than
30 mg-CODcr/L in the final effluent, at an operating temperature of 8 °C and at an HRT of 12h. In UASB
sludge, Acetobacterium sp. and Desulfobulbus sp. were found to be predominant species as the relative
abundance to DAPI-stained total cells was 10% and 14%, respectively, by clone libraries of 16S rRNA genes
and fluorescence in situ hybridization (FISH). Relatively high sulfate reducing activity from acetate was
determined by serum vial tests, but the absolute identification of acetate utilizing SRB could not be made
through molecular techniques. In DHS sludge, Tetracoccus sp., Thiomonas sp. and Acidthiobacillus sp. could
be a numerically dominant component of microbial communities for removal of residual COD and sulfur
oxidation in UASB effluents.

KEYWORD; low temperature wastewater treatment, upflow anaerobic sludge blanket, sulfate-reducing

bacteria, microbial community structure, 16S rRNA gene clone library
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EHICERYE DML, BEOFSMEAKE TRERCERE S LY 2 RBEE Tl L, 00K
DO ERROBREHICIRET S & CHBERTHEOERLZRHFTILLOTHD, ZTOVAT
LOEBEIY, BEOBEHELEOERERLE S A ¥ VERBEMEBREG TRIEIZEE SR TEE3
DKL, BEBEE THE I EBNEREAET TLEOESEZRHTL 200 Y, BARBICEY
TH—EOMBEE T HERT LRI D, AVAT ADRL ZAIMBERCHEIIHE, JUBEHEE
MRt R PRI OBEIID > TAFTAZ L BHMEShTEY + 5 | R ET2EE, Y
PEFUHGE L TAREHERRBME THD Y,

DY AT MHETRE KD IRLEA~DOHK
HABOMEA A T T2 b0 ThH D, 2T, & e
I EROMBEEKOBREIZRHAINT
WOEMBERERONE VIRV AT AEEAH

L7e& 254, EIAEN 10CLFO&EMIZENT

b BIFRUEBEEY B, BRKOEELEIZOW
T E TRi2 R HFESR IR TE RS2 10
I KRR O BRI B T 2 MR R B Substrate
FTAHMBIIHRAMIZHITE A EFRE IR TV 2D
DOBRBRTH D, KL AT LAEREBERK, HiC =

(EA R ~O%R % {51 RAIC RS Final stluent
WAEMBELH LT ILERD D, 51T, & el ]
IR CREIREIMAEMBICI SOV TRERGE

1: Mixing system  3: Siudge bed 5: Biogas port 7: Sponge carrier

EmF—L, VT 7 X —NIIBREICRFET2H 2:Cooling aystem  4: water jacket  6: Sprinkler system
WEBRRT D LERD D, AMREHADHILE  Fig.1 Schematic diagram of the experimental
FEWA T NEFEEALIZV AT A EBEROIKE set-up.
WBIZEAL, Y AT AADIGROMAEDFESL

HHENMNTT2HDTHS,

2. RERH %
21 RBEBRUYOTY LT
Figl CEREBOBEZRT, RRERB I Table 1 Operating condition
UASB & AR VBRIBKARK (LLFT Downflow HRT  UASB temp. Sulfate conc.
. RUN Day ; ) (mg-S/L) Carbon source
Hanging Sponge: DHS & #&97) THEAL L 72, UASB ()
0-105 52 14 50 Propylene glycol

IH T AEE T0cm, N 10X 10cm (2K EED B

1

2 106-354 24 8 50 Propylene glycol
ZEE (LLT GSS CHET) ZEXEL, 5% 10L (& 3 355-505 24 8 50 Propylene glycol
T L%5FE 7L, GSS AR 3L) & L7, DHS x4 5 4 506568 24 8 % Antifrecze

5 570-653 12 8 90 Antifreeze

LEE 102em, WA 20X20cm D HIZ 25X25 X
17em OAF L DBEK 00 KERE Lz, ARV VHREIRFRICES S5em, 1 B 5K, 5§ 18 B
H EiF 7z, UASB #LHE/KiZ DHS O LIS T L, DHS THROWEEO LBAEEA RN 2 (B
R¥ 0~545 H) /13088t 1 (GEER A B 545~715 H) T UASB (OEE L CGEERL T, EBRE
BILEEFS AT O - DICRRENICERE Lz, Table 1 2V AT AOEERERZ T, SEESEH
IZ RUN1-5 & L, A5 A2fE0 HRT % 12~52 hr, ABIRE 8~14COLMGTEE L, BEE LT
RUNI-3 X7 a7V a— WV BB 2% MY, CODer (BAT COD E#F7) 550mg-COD/L.,
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NH,*20mg-N/L, PO,*10mg-P/L {28 L72, RUN4~S (ZBIEHIFEKZAKEKTHRKRL, 550mg-COD/L
KARBIVICHREBLILLORMB L, AHICIIFBEEZRML, BEIL 50~90mg-S/L IZRE LT,
BEKIZovrlLyZ Y a—A kML, 7t B (1020mgl) &ERE (1~5mgl) 28 A
TW5, BAMREE ORITIZILEESRES 620 H B UASB & DHS 7 Hi5REAZRI L TRV,

Table 2 List of 16S rRNA-targeted oligonucleotide used in this study

Method Name Sequence(5'-3') Target FA(%) Ref.
Cloning EUB338mix-F AC(A/T) CCTACGGG(T/A)GGC(T/A)GC Most Bacteria - 17
Some sulfate-reducing bacteria of the §-
SRB385-F CCTGACGCAGCGACGCLG proteobacteria, other & -proteobacteria - 18
and Gram-positive bacteria
UNIV1500.degR GGYTACCTTGTTACGACTT All Organisms - 19
FISH EUB338 GCTGCCTCCCGTAGGAGT Most Bacteria 30 17
ARC915 GTGCTCCCCCGCCAATTCCT Archaea 35 20
SRB385 CGGCGTCGCTGCGTCAGG \dentical with SRB385-F 30 18

Family Desulfobacteriaceae,and non

SRB385Db CGGCGTTGCTGCGTCAGG . . 30 21
sulfate-reducing bacteria

DSV1292 CAATCCGGACTGGGACGC Destuilfovibrio spp. 10 22

Dsbb660 GAATTCCACTTTCCCCTCTG Desulfobulbus spp. 30 23

DSB129 CAGGCTTGAAGGCAGATT Desulfobacter spp. 15 23

DBM221 TGCGCGGACTCATCTTCAAA Desulfobacterium spp. 25 23

AW GGCTATTCCTTTCCATAGGG Acetobacterium sp. 15 24

22 UASB 5 ROBEBIER TEEHER

UASB {BROFBMULETHE O AHED O MIEL M T 2720, BROEEE BT TOVERE
R AT 70, 5IEREHL UASB FTH LY 20cm OB S H6REL, U UEERE ATk, &
FTUF A AU, BEHERGT T, A FABICHER & BRRE 2 7 Uk, EHERBIT 122mL
NATABERG, EBBRECIVETBRELBEOH LS (BgE, VoBmiy Ty r—, HME
THE, VHRY L) (BTA (NaS « 9H,0 ; SfIRE 250mg/L) &FML, pH & 70101 [TFREL
. BEIZFAFH, BB, KK, TuttL /Y a—, Big, o vh o, B o RxAF L
L, FIEARRASIE RS 100mg-S/L, #H COD M 2000mg-COD/L & LT L1z, /31 TILNIGTRIRE
i 3500~4000mg-VSS/L & U, BREAHE TTIEMEILRBE R OB 1T & 0 3l L 72,

23 B X FLRD 168 rRNA BIEF Y A— &

JBYEY L A O DNA HiHIEFR S P ol B L7, &k 620 A H® UASB i5{E L DHS
J5JE4 5 DNA 221 FREIL L, 16S RNA #EF# ¥ —7 v MZ PCR g7 o7, ALY
S =—+t v % Table 2 273, PCR B3 Gene Clean Kit (Q-BIO gene) % VTR L 7=1%, TOPO
TA Cloning Kit (Invitrogen) 2k o T2 u—qbLiz, Z0O%, HI[REER Haell, Tag1 (TaKaRa) %
FAV T RFLP AT 21TV I — 7 Ui, Z—7f L7z 16S IRNA BEFU A idA— b —F
—<w L FF ¥ 5 Y —DNA fEHT L 25 5 CEQR000 (BECKMAN COULTER) # FWTHIFELS 2k
7EL,NCBI (http://www.ncbinlm.nih.gov/) @ BLAST' {Z & ¥ BEAFED LHEEEOEWEEZRE LT,
FHMEAT T I The ARB project (hitp://www.arb-home de/) DHIEELFIT — & ~<— 2 —/1 ARB V>,
RS AE (NJ ) W 2AVTrZ e —r ORKNRMBEEE Lz, £z, £ ORI OHN?S
131000 BO T~ k2 b T o AL ORERELTZ,
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24 FISH %I & B Acetobacterium RHH & HiReia
RxHBEORE

FFRETHEB LS n— 7 LB AEY, BE
BVAET IR (FA(%)) BE (N4 TV FA¥—
v L RE 46°C) % Table 2 1Z5RY, FISH i
Amann'®’ O J I HEHL L 7=, ARC915, SRB3SS,
Dsbb660 '@ — 7% TRITC ¢, EUB338, DSV1292,
DSB129, DBM221, AW 7 o — 7 it Cy-3 T,
SRB385Db ' — 7% Cy-5 T, TNEh K%
&Lz,

3. ERBER
31 U703 —DNREEHE

Fig2 |2 COD BEORAE(E/RT, RUN I T
ERAZ— 7 7HB & LT HRT 52 hr TiE#RE L
7o & 2 A, MERMEREIL 30 BREE TEE L, U,
RUN 1 THRIBEAREZHT 5 UASB ORELT3IT
+8%, BV AF AT 86£4%& 72 o7, RUN 2 T
IX HRT % 24 hr [Z58#E L CERS U7, WAL COD
537 & 166mg/L. 2%t L, UASB LER/Kix 221+
T2mg/L., B#ALERAAT 127+56me/l, -, LR
TAEROBRERIT 76+:10%TH 7=, RUN 3
TIIMEBEE T B X85 HA T, UASB {ZF
AT AR % 90mg-S/L (28 L7, FEe
BT UASB DEEMAS IR RIFREEE S
Z, MEBEBEME % LA BY SR ET L,
A COD IIEE T 445+ 64mg/L, DFEAICKTL,
UASB ALEE/K T 115£37mg/L, BfEALBEK Tl
29+9mg/L & BIFRKENE LN, 2T UASB
DFREF T 35+£10%, VAT LEEDBRERT 94
3% & 25,

RUN 4, 5i2oW\WTix7u 'L 7Y o—u% %
WAy T HMEREKE R LZ, RUN 4T
UASBDBREZIT19+19% & RUN 3ITH TR L
7 DHSOF Y miseIIEm <R L TEY, v
AT AEEOBERTIOE55ME LN, HRT 12
hriZ 45§ L7ZRUN SCIXUASBOBRERMN16+7%
L L7z @@, RUN 4BEERIZDHSIZUASBALER
HREOETE2EML, X7 LA2EOREETIZ
T5%EHERF LT,

Fig.3 |Z RUN 3 IZBWWTHERK TH S UASB i

g 8

Total CODcr (mg. L-1)

o

0 200 400 600 800
time (days)

—eo— Substrate —+— UASBeff. —— Final eff.

Fig. 2 Time course of total-COD concentration
during treatment in UASB/DHS system.
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Fig.3 COD mass balance of UASB/DHS system
on the RUN 3.
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A COD % 100% & L, UASB, DHS {ZB$ % COD
X %ERT, UASB MARLBITH VAT LEED

Table 3 Sequence result of UASB/DHS clone at 620-day

Number of Sequence
clone/total homology

Closest relatives

COD D4R GEBMBEEAA, ARIHA  ——— dos (%)
alysis of
3 ] o, o/ 7% 2 =
BEREN 24%, 59% ThoTe, YAT LBED  THa33emer NV 500 dogR
ﬁ%% %\ﬁ’zﬂi , UASB O Eﬁ@&iﬁﬁfﬂ [t Ct A é—%% Uncultured Acetobacterium sp. 96/117 99%
- R . . ., & -proteobacteria UCB clone PL-11810 3/mz 96%
SR INZ, DHS MRFEET 5 MH 0 F RN Hafiia alvei 3117 98w
N N Syntrophobacter fumaroxidans 27117 98%
z yl \ - SIN yntrop:
E%L & 6%%%]}@?7%%5[/(1/ 52 k?f]‘)jﬁ’ & -proteobacteria UCB clone DCE10 2/117 99%
ST, Clostridia UCB clone 14-23 2/117 98%
) e _ . o Aguaspifium psychrophifum 17117 99%
Fig4 = UASB {5IRORABRIEE SCTOEEE Rahnelia.sp 'COC 21234" 7 99%
e = — Clostridia UCB clone RA13C8 /117 97%
by v E: 4
DFBUUETCIEERBROMR 2R T, Bk (Ace) | Bacteroidetes UCB clone mie-2 1117 99%
Zk% (HZ) 7» oEL % 7 U 2 (PI‘OGI}’) gg OP$ UCB clone vadin CAQ2 7117 97%
. ’ R ’ Clostridia UCB clone mfe-9 17117 98%
B (Buty) , 7’m A4 B (Prop) , B8 (Lact) Acrobacter sp. Clone 172 117 99%
. = S . - Clostridia UCB clone SHA-1 1117 99%
%f %g k L T %ﬁﬁ;ﬁ %{T G 7‘:— 2: e % ’ E/F@z‘:’ 70 = Clostridia UCB clone KD2-97 17117 97%
Ly Y a—iL, FobFrBERIIBLTH SRB385-F/UNIV1500.deg-R
" e . & -proteobacteria UCB clone PL-118B10 19/70 96%
BHE OB R E TSR R R LT, D.bulbus elongatus 1770 9%
Clostridia UCB clone 1A-23 9/70 98%
Clostridia UCB clone 2Z12C4 7/70 98%
32 ME S &N W @ 16S rRNA ﬁﬁ;w HSa— D.vibrio magneticus 6/70 98%
Sedmentbacter sp. BRSZ 5/70 95%
:/ﬁﬁ D.microbium baculatum 3/70 9%%
Clostridia UCB clone RFLP 34E 3/70 97%
S LN - 4
UASB THBMODMIZFES LTV 2L mEE Clostridia UCB clone RBICS 270 94%
B it e =53 4 - Alkalibacterium sp. 12A2 1/70 92%
ﬁi& E ‘6 ““Té ’ ﬁi& \620 H E ¢ %Kﬁi L & Uncultured rumen bacterium U29-GO7 1/70 95%
BREREHNC /7 a— A4 750V —2ERL, % Clostridia UCB clone A-2AX 1/70 93%
_ _ Clostridia UCB clone Rs-E70 1/70 91%
BT 24T o7z, Table 3 2B b= u—1r 7 Clostridia UCB clone SHA-1 170 99%
/( j :j U — 75_’ /:R ‘?‘o EUBS38m1x—F/UNIV15()Odeg- Analysis of DHS
RO ~w—%y hTHHEEN-Z72—1315 Uncultured Acetobacterium sp. 81/169 99%
. i N Tetracoccus cechi 55/169 99%
FEYE T, UASB {RIBIXHEYD CTEEMRMAEDRET Microbacterium sp. QUCZ212 6/169  99%
- iz - 75 NRYr Clostridium bowmani 5/169 99%
BB L ZJ)%U% Lﬁ‘o ﬁij = /& 117 7))6*@ Legionella lytium 3/169 97%
2N E "g‘]‘ v \%;Jé T Acetobacterium & ﬁ)*ﬁ Hj X ni. Leucobacter aridicollis 3/169 99%
. N . Acinetobacter sp. 2/169 99%
Acetobacterium BFIEIX T UV a— N EOREHY Clostridia UCB clone DE2.5 2169 93%
Brucella melitensis 2/169 98%
S SN A= MR G S -
REIRE CRESETORIMME LD Z &0 Mesorhizobium sp. Wifl-1 7169 97%
5 25, 26) T @%E%ﬁ‘ﬁﬂf A vyl U = Desulfobacter postgatei 17169 99%
’ Thiomanas sp. B3 1/169 99%
NEFRBRE TOMLTWALEZLND, FOfi Acidthiobacillus thioxidans 17169 99%
. . . X Alpha proteobacteria LMG20591 17169 100%
WHH & h o7 v — i3 Proteobacteria , Desulfobulbus elongatus 17169 96%
. sy 1 < . /8 Clostridia UCB clone AHU14 1/169 99%
Bacteroidetes, Bacilli I }a ‘?— & %') nT i) s o B a-proteobacteria UCB clone 4P32 1/169 99%
SNl ua—2rOPR CHREBERTELE > -8y Sphaerobacteridae UCB clone HN1-15 1/169 94%
Bllucellaceace bacterium isolate SS5 1/169 98%

ERNTVWLI2MBEHICEL TR
Syntrophobacter fumaroxidans 721} Toh -7,
TEVEREBR D D UASB 7BIRISkk x A E 2 F AT BB TIEHEL R L TV D Z L RSN
TW5, 2 T, BEBHEETHEZERIC SRB38S-F/UNIVIS00degR D7 T A v—%y b TrZr2—V
B2 ER Ui, BHoho a— 3 70 555 Desulfobulbus B 11 2 11—, Desulfovibrio J&7> 6 7 71—
', Desulfomicrobium BH 3 7 u— g Ehiz, 19 7 o— Ui Sz Uncultured bacterium clone
PL-1IBI0 & 9 7 u— A &7 Uncultured bacterium clone 1A-23 DRI BIL L H b b IRBEEE

%UCB:abbrevated name of Uncuftured Bacterium
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TTHIEICB SN2 E BB LT,

WIZ, DHS {BIRICHESE S 2 A EE OfENT % EUB338mix-F/UNIV1500.degR O 7 4 <v—tk v
FCIToTe, Bohizs/u— 3 19 BET, Z05H0 2 FET T 169 7 a—rif 136 7 r—r%
H¥7, UASB i5JB & FERIC DHS {BR bl CHMAMAMHETHIZ LAHHALE, 0 2 &
X Acetobacterium J& & Tetracoccus J& Tdh 5, DHS OFREDBILEBETLY A 7 VDX —AEY TH DR
FEERLME T DV TIX Thiomonas J& & Acidthiobacillus BDSRH S iz,

33FISH ZIT& % Acetobacterium BME L BB  Table 4 Ratio of cells detected with the probes

EETHEORYE to DAPI stained total cells in UASB
7 a— U ORER%Z S & IZ UASB % X U'DHS and DHS sludge.
{’%(E%ﬁ*+‘: e ﬁ@ﬁ%ﬁ%ﬁﬁ LTCQ %\70 B 7 ETJ?::B SSgAiSGB.I% 52.2D;§.4%
O DAPI B4 % § 5 & % Table 41279 ARCO15 . _
EUB338 7' o —7 T & 2 Mg DEIE X DAPI SRB385 37.2+55% =
Y MH TR LT UASB IR T 580+ 6.1% S o -
(n=10), DHS {5 T 522+54% (n=10) Th - DSB129 x =
Too 2LV AT LN 10°CEL T EEB D0, I DB:nvsm x -
10.4-+3.3% X

DRI CVEEE ASHEIT L7 VW FEJRFEBE 23RN 3% X Not detected, —Not examined
KHELTWSLDEEZ BN, Fig. 5
|Z3E#R 620 H E® UASB {BIRIZx LT
SRB385 71—/, Dsbb660 7' 11—, AW
7a—7%#MA L7z FISH EE%T7,

UASB 5B IZ Acetobacterium J& f i 1%
104+33% (n=10) , Desulfobulbus &
Bt 138%=47% (n=10) OFIA THE
L7, EUB338 7 u—7 CHRHESNIE
HE2HETD (HHBRED 16S IRNA 2 &
EEl) MlanE &% EET 5 L, UASB
HRIZZO 2 MOMERERD TRE2R
RE=2Lb—varzEdTns &
T& %, £72, SRB385 u—7 Ot
SEFEIE Dsbb660 Y —7 DFER LV b
KEWZ L 235 Desulfobulbus J&LAS D
RERIEESTHE b FEL TS, —7,
Desulfobacterales FHZ BT 5% < DFEE
MBI MBRERETMELsHRE T 2
SRB385Db F'm—7&, A& AR , -
EERE T 5 APCIIS 72 —7 D7 Figs Whole cell hybridization with fluorescent

Fvix UASB BN GIIRET 52 & oligonucleotide probe SRB385 (a, b), Dsbb660 (c, d),
[ET& s ol DHS BilRD 7 m— AW (e, f) to UASB sample. Identical fluorescent
AT THEMRIN ST Acetobacterium JB microscopic fields were viewed by U-excitation (a, ¢,
MIEE 1% FISH TIIRHTE 2220 7, ¢) and by G-excitation (b, d, f).
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4. 5%

AFFRIL I0CUT L Vo BREN TY RFRABREL BR LEMEORILERLY A 7 A &1E
LT FRBEKLHE S 2T ANICHEEINMEDBELPA L NIT H72DIZ 7 v — % FISH
E#MA L7z, UASB 3 LU DHS {58 EUB338mix-F/UNIV1500.deg-R {2 X 2 7 v — T Tid 20
EEEOZ7u—v U oBIhS, B 2MASBELZRE LTk, I UASB BRICI
Acetobacterium BOED HEIERBO TRKEL, ZTOMHEIIMEBABKOERS THB T u v 7
Ya— L EEBRCSRLTW b0 L TREAND, FEEEEITME & L TiX Desufobulbus J&,
Desulfovibrio J&, Desulfomicrbium B3R S 4, FISH 47 it Desulfobulbus BHE DFEREB &>
720 Desulfobulbus BB, MBEOHFET, BB L oL BESRTARER IR TNDZ
ED T BERRERCEENS oA BESRLTVELOLEZ LN S, Run3, 4 TR
A LTz COD A DENENK 30% & # 20%7° UASB RTHRESh TV, H#HEE&EToO COD BRE
JEAZ AEREHEICE DAY VERD L IMEBEETRGPRERRIEL & W o KR Tl
1792, UASB @ Run3, 4 TIIXFTABIZ LA LER L TWRNWI L0 b A X CERKIGPRER G
B LT Av, FISH HTIZB W THh UASB HlRNOHEHME 2 RET 2 ARCILS a—T7 D7 F
MEELBREERT, BERBRICBVWTLBEROA Y VAREEIBOD TS RETHo (F—
FIERR), —F, HBEEETEERR IR 2 E—REFE LEFGCTHLRBEETHAET LT
Y, UASB TO COD A DOBREEIFLBCARBERTTHENIEITL TV bDL#EFEIND,
LIL, AR TER L7 o — V@BV TR CVERBERE TEERIOER 2 7 v — 3R
HT2Z LT, < OELBCRIRBERTHE L RILT 5 SRB385Db v —7® FISH ¥
FABED D LRk, £ UASB WT COD BRELZHE S ME, 1SICERROSMICES L
TV ORBER THEOHENRETH S,

DHS Tid UASB TRETERN SISO E LR D EELBTMEOBILISEITT S, UASB it
HAKD COD A IZEICEEETH Y, DHS THOD TRFIIAEBET L, Zhids a— VBT
EHD I 0 — PR ENTZ Terracoccus BRIENH - LD EE X 5N b, DHS {5RIZIE UASB {5
TeD Y 1 — AT & BIERIT Acetobacterium B 7 v — L WEEBmH &N 05, FISH i iz 7
WELNRD T2, Thid Acetobacterium BHIE UASB FHIAIEEH LT DHS IZMA LR SN
b0, KEFEOTZDICEEPETETIRBMAFEE LTHFELTWeb o L RIS 5, DHS
TETRICILER B ER{L A & LC Thiomonas B & Acidthiobacillus BD 7 m— 2 bt & v7c, DHS TiZ
EAKBEET COREBILENIRIFICETL TR, ThbOmMBEBLAEPKEEE> TV
LEZBND,

5. %0
MBEOBIET YA Z7AVEEA LERKLE S AT AxBERFEAORBABICER LA

I0CUTORMATY 90%LL LD COD BrEREEER LIz, 2OV AT L% T 5 UASB £ L UFDHS

IR SN I AEYBEEIZ DT 16S 1RNA BETFHH 24EM L L7 o—f#T L FISH EZ@EH

LTHAT L7 L 25, BUTORRBPELNT,

1) UASB 75 i{E @ EUB338mix-F/UNIV1500.degR (= & % 7 1 — R H7 Tix 15 8, SRB385-
F/UNIV1500.degR (&5 7 a— Tk 14 BLbPrRaEEo /7 a— v LIAoBTET, £
DA RIS THMTH o7, FISH AT OFESE, UASB {5IBIZIX EUB338 7 m—7 THiH
SNHMADEIEIT DAPI RN LT 580+6.1%TH Y, Acetobacterium BAEIT 104%
3.3%, Desulfobulbus BHE 13.8+47% T2 O 2EOME R RE REEZ HDTWE,
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2) UASB TiIBBEEBTRIGIZ L5 COD BRESEIT L, Bl B—RFR L LB TEER
BRIZHBWT S 5CTT 0047 gSO,-COD/gVSS/day DEETR LTIZAS, T2 LB OREE R THEIC
R HERRET Z N TERDo T,

3) EUB338mix-F/UNIV1500.deg-R {2 & 5 7 o — fZH7 CiX DHS {5/ 6 19 FE Lo BES 3, DHS
BTG B A MBEE S B U T, Tetracoccus /B & Acetobacterium B0 7 1 — L DRMIZTRE
BT & U T Thiomonas JB & Acidthiobacillus B2 O 7 e — vk aniz, LarL,
Acetobacterium BABE L FISH TlIBRHT A Z L BN TEx o Tz,

Eo 3

ARG, SO EER IS ERWE (O , BEER 16560489) , NEDO EEMIFFTEE
B S GREEE 01B63001d) OB EZIT TETLAELOTHS, ZZIKRLT, BHOEER
T3,

SEXR

D) ABEEZ, ILDEE, R)IKE, RIGEF, FAGEX, LA, WHE—, REHE (2003) €8 UASB #%
B R A HAG DY Y AT AOHRKRBEET Y 7 VERA L TAKLE, BREL2IFRRICE 40,
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