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ENRICHMENT OF MICROBIAL POPULATIONS IN THE PROCESS OF BIOFILM FORMATION
IN ANAEROBIC FLUIDIZED BED REACTOR

OREKY R E KB K H K BN
Nobuo ARAKI* , Hideki HARADA™*, Kiyoshi MOMONOQI®*

ABSTRACT; The changes in biofilm physical properties and microbial activities with respect
to acid production, acetate production, methane productions from H. and from acetate, were
investigated during initial biofilm formation in anaerobic fluidized bed reactor, at four
different upflow velocities, i.e., 4, 7, 14 and 25 mehr~'. An initial biofilm formation
due to the direct adhesion of inoculum sludge onto the carrier surface occerred significantly
within 1 to 2 days in runs at 14 and 25 m-hr™' and the biofilm thickness developed up to 200
pm. Succeedingly to the initial adhesion, the biofilm thickness decreased eventually to
100 pm with time, while the biofilm density increased gradually to 120 and 60 mgecm™*, for
respective runs. For a run at 4 m-hr™', the whole bed was occupied by granulated sludge
having a size ranging 1 to 5 mm and containing several carriers. The microbial activities
for all four items increased rapidly to 5 to 30 times those of inoculum sludge in all runs
¥hen the larger upflow velocity was imposed, the more quickly those activities attained at
the respective saturation values. The biofilm activities, excluding in the item of acid
production, rose up to 5 to 7 times as large as those sludge grown in a suspended system.
KEYWORDS; Anaerobic treatment, Microbial activity, Biofilm formation, Fluidized bed reactor

1. FCBHIC

RSB ERE . IRSRHERDIKEFO M HEWUT S 0 2OBKOBEEIE . WA EE D /N OGP
ERERICBENICRBEIIRFTLILTHDL, INSOT D AR, TTIR—MOEBEEERE KOS
EAS ORBABIIBEAINTEY . RFTARBEETRL TS, BREAHAERERD . FREEYL
WEREBELT T 02 ZANDANZRINF-LBDTNE O, SEHFROERVEDLOE N - EEEH
LTWaIEno.. —BOBREMOILAPR SN ERETH 5,

HRUEMEDMIC I 5RO RIU—OMIBN TR RAITE THRMTON S, — . BEREmMLE
ML AEBYOSREIEE ., RRBRBORLINEOREME. THOLBAERE .. AFERFRILE. K
FEMUA 7 CHEBMBIEASY VEPTOMRBREMTEILER L > TEITEND Y s T
JUBEBE ARG . KW OMBR IS T, BMABEXBMPKBESEL S HATREERELL Y L -1

* EMT#5%sMFREART¥E (Dept. of Civil Engr., Nagaoka National College of Technology)
HEMEWEIEARFLFMBERFE (Dept. of Civil Engr., Nagaoka University of Technology)



FEEALARBRICH D, BMANAEEER oA TR, BTRSSNICEREICEMERETAIYT
B IO DNBORBOXABENERINTOAIENLERYRTH S, 1. FORFETH
. AYBREORCEMENIFREINLLESE, BEOSBMAEMLMITL > TEIIHENNIVEL S
HELHELTOEY AT 0 ADRI~ 7 v I TR AYBEOHBIBROBRETHH. TOR®DOS
O ADMBENERETSZHDLEUN D, WAKMABEWER Mot A ERE LCABERE UTHITS
S EVEBERA A XLERY L. AP0 R BEERERENARTILEND S,

BEMEAEYEI ., FREAEA Y VETH SethanothrixX BOEFERT A ERNE->TRRTEZ &
BRHSMIEINTVEY , Horgan 513 WPNEZA O THREK AR LU /S =2~ LiERNOEE
MEREM U, £, Kubas > 3, BAERBEAICER U EYEZRABE U TEERETL.
EEORBEENALOEMENOEHHERENGTIHAEERE LTS, FWFRITZ. RBKBERIGHN
OEAERMICATEWHT 2 WKEEYBICER U, AYENERTI28BICHY 20O BKEREBEO 4
BROZLFZEEBEFTOUTHEISBHF L. MBKEMEOME, BEE L - BN EROEL
EHBTAIER LD, FEBIEMEERICE TR, EYENOMENOER. BLUMBKY
RIGBROEEGBERT A~ —THI3 LARBEANEYEOE R RIZTHEBIIDVTHRFLLbDT
»5,

2. EBREELHE

2. 1\ ERES

ERIS. KEFUHERELZ0BICRELI2(BDOYERY v MEIRIGER(T13Y v-77-27§- MBF-250,
BHERH200rpm) & EARBEZNESEICRE LB LBORBEMRIEHE2 BN TIT -, Fig. lid.
WRUKEBRIGEOWMEEZR LD TH S, REHHE.

AE8cn, B X160cmDIEEHEA S LT, THORMAEE AS
WEELHMOMMMEL VMBS NTOS, #5 LT {—E—D—'
B »30cndF EH 5 20cnfIBIcE>0H 7Y v ®) . @
ORI, BEOBRIERF 2~ TRV Fick 8 o = ]
DIERS A U GIEA L. BIEKR BB RE L .
AUN—Fy FH AL R 2B THRETEE I LT, - °
RIEBRNOBRER. 7+—F—Yvh vy M2k 30T g ® of| @
ICHHE U 7o, RIGSEERFARL. BRA Atk - o
D ERRMA AR Tnehot Tneh™1, 25meh i g Erm
e L. ThFN%E Run-1.2.3.4& Uiz, fH51IKE . g e ?
S UNE—XEEREEET LA THEEL, BAA o | e )
KTEH BAL TR, - OERROFHNER = ° ¥
0.480nTH h . HHER 1.696gecn*TH 5, £z, 2 el @ l
BEFHSTRISEATAR S2U0cnE 153 & 5 il & ®
RIRAREBE Uic, HKICE BRELFRBLTO 8 ® G
RWROWERE ., RHEHE108ET5E. Theh n ®
105%(Run-1) . 110%(Run-2) . 130%(Run-3) . 195%(Run-

1:FLUIDIZED BED REACTOR 2:DISTRIBUTOR
DTH5, 3:SEPARATOR 4:RECYCLE PUMP 5:FEED PUMP
2. 2 EBEHEHE SAKET 91CONSTANT TONP-ABPARATUS. 101WEY TEST

GASMETER 11:SUBSTRATE RESERVOIR

RYERBFIEBEDORS— T v i3, @EHERELT
T F 7K IR A R (L B R ( 15600mg-VSS+1-1) A 1 Fig. 1 Schematics of the fluidized bed reactor.

— 2 —



AU. Table WUy afi+ XAF LIV 2ERDETSATEYE (Conposition MB)ERWTEEE
Bt Lo COATEEOERMIEBEIX. 2000ng-COD1"'TH B, Y TRAY v rERAEBRRZ.. RYHEKER
UCRBERERAL. BBETHOAEEO10EBEZE (20000mg-COD-1"" ) EHRTAS0B £/ 5 & H IR
BHCHEA U, BEROWMMBFEOREZ . K TI32540ng-VSS 17, 2 ¥ v b Ti21920mg-VSS-17!
Tholeo —H RMKBRICHD X5 — MEOHFEY AN 0. 5¢-C0D-17"-d™ ' TH B 0%, RIGHOME
I EBGE LN SBMMIC LSS e, RIENEIGH LT TR U AW BT3B AR5 B W 12 HE
BURESE., RUEKO LARREE—HICET IS TOMMICHER L - EWIE Sk ER RO Y
YTV OLDREBRE LTI EHhE, RTFHEZEMBA LK,

3. BSiIrF*®

FEBRRICBIA2EEHOLLER]IZ. Yy EX 5y PABEEBERBLURBENEYEBEEZ -S>
EWMEAOBREFAEZFBELU12mINC AR YT UV OXDBRIFICERL, 0.7 ) —8XH 2%
HAOTHAITERE., 24~30FHBEBCY+—F—"2AATREL. BRLABZEHEDA S MLET -1,
Z D% Table 1 IZ78 U7-#4(Composition BF1G) | IRAEMB(CIFI6) /KFE(DIFG) . FeBR(EIF16) 2 £
BIpNVF—RELUTHE UL EHEH 21000 ng-C0D-17" & B & SITHEMOKEN B 1 T IVHOKRM
MAEER) U, BROKEANBEREI LG Ay VERBZHET A ER L > THAHEBESHKRT 514
EWTBRERE . BiE. KFEELUA S VEH. BBRELREA S VEHOZNZhOFEEEFEM L,

REBRAOBEBICHE UEMEER . EVEGEBREEBETRICL > TZOEMEEHE LBk
EHHMBEEEAREZ L. B4 200U LOMEBOZEHRBEDEN S KD, . EWEBREDFE
BHERE, ERLEREZENL. 20BEF DOMEFBAOGEEFA UGEZF>RONERE LY . &
BHEMNLVSSIE . HE PO EMEEMFTBEO TV L > THENSFML ., HELEYHETREH %
LTl U, EMEEE L EMEFEEIL, HLVSS MIERAB PO REREYBRER OSSP
BHAOEZEER(05C) roRoniBARRORERRAOHMICENBEELFE L TROCEYBEAER,
SEM U,

Wil sir ECPHEERIE. BEBRBLICHESTHIE
YA kS B (104°C20min) U, £ D843 BE(4°C. Table 1 Sgb§trate compositions f01."
20min.8000rpn) b & # DR TTHBIECT = / — LEREHE) & the_[luld zed ol rose or expers:
WEL. BB REZEHCHDOMEEREE UTFHMU I,

Composition:A mg/l Composition:E mg/l

SUCROSE 1200 CH3COONa-3H20 1900
4. ;ﬁﬁ%&%ﬁ ;SEE%‘KED MILK Zgg YEAST EXTRACT 75
4. 1 FEER KoHPO, 36 Compzsition:F mg/1
- NaHCQ4 1500 NH,C 100
. Ay o 4 K,HPO 1450
Flg'zm‘ Run-1 4®E%ﬁﬁ&%ﬁV£C0Dc'(u&COD& Composition:B mg/l K}zlzl’oz 750
BIREEOLEZATHE, THENO Runig, (DB CLICOSE 1000 Nays- 90 200
EEMN SSLL LD EA MR T ALY ICATM EAZTO. B ) Composition:G mg/l
e e pe g C ition:C 1 MgClsoe 6H0 33.3
FEAET LB A REAME— I ICE T S THEETT  Chyongcoons 400  masoo-4h0  15.0
ote TRICKD . BARMHBRIFIA S VICETHR  picngomns | oesoosmgo oo
S BARE. BEBCE. KRB S B Rag (000 2SR (g 20 St
P & VEOMTEORWE O ERIRSEMBA TRIFIC  Composition:d 1 CoCly®6Hp0 1.2
Hy Gas 80  NajMoOy*2Hp0 1.0

AN/ LTS, Run-1 2T, BB BM LR cOp Gas 20

EIT > THRBAA Y VERMEOET R EERE (07 fonpioows Feeding: A+0
40~50H T5g-COD- 17 '-d'DEMITE L 12, Run-3TiE. Glucose: B+F+G Mixed Acids: C+F+G

~ _ . _ Hydrogen: D+F+G  Acetate: E+F+G
HHFI5g-COD-1" ed " IFE L BOD ., COATRIRAT

Vs_



HY., AFFRES EHOTCEKIGRERIB
$LUTFICAET Uico %72 Run-4DH K AN
3g-CODe1"'ed ' TH otz Thid. LFLRH M
MREOFUGTREIBEYBRDFEILL ST
LASICHEDN MM E TERTHHDIT. R
TERAR Y 72D D MLVSSHIMI K LiEdh oI &
DERTH S, RIGHNS ORI VSSiF. W
NORunbEERRTH BRI B ROKHIC L -
TEHWIRETH - 1ot T DI EERWIE %0
UTAE 2% L Run- 1.2Tid 50~100
mg-VSSe1~', Run-3.4Tix. 120~180mg-VSS-
1" Thoto

HRTZ B0HICREL CHlEEEIT> RS
v M3, ERUIMZM0 U CTRIFEA S VERMN
THbhTHH . CODBRERIZIGULTH -,
WP OETREEE. Y4#1920mg-VSS+17'THh -
To it LD HEER 1T - T2500mg-VSS 171 E T
wEICER U, EEEIORLIBICKE Ui,
4. 2 FEBEBRRICH[ANDOEMEIK

Fig. 3 &, MIKBERET I ORBELEIALEZRLL
bDTH B, Run- 34TR. W7 0 v 27 OGN
RERENFEST B 2 EiIck b RT)EKIE R
pAtR2~4H BICIZ I IGE Tk LD S EEfl & TR
Ufco SOMPIEFZ . KIGHHIK LEARES X
BERAULHBRNSMME 70y 7 ZEKRLU.
ZD7 0y 7 NBEALHO—HICIRETIREE
EBHDTHoTco CORF LT B Y ZiF. A
A BT BICONTHARRARERETALHIC
WL, £ Ulco — A Run-1.2Ti. %)
WIRERRERERT . RHRITATORIKICHE

(A)

B

Photo 1 Photographs of the biofilm at Tth day after start-up.(A) Run-2; (B) Run-3.
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