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Thermophilic treatment of an alcohol distillery wastewater by UASB reactor
inoculated with mesophilically-grown granular sludge

K-, BEEEH. HARR. HHBEE. ABS

Kazuaki SYUTSUBO#*, Hideki HARADA*, Hiroshi SUZUKI**, Kiyoshi MOMONOI*, Akiyoshi OHASHI*

ABSTRACT; In order to investigate the performance of thermophilic UASB reactor and the behavior of methanogenic
activities of the retained siudge, a laboratory-scale UASB reactor was operated at 55°C over 8 months by feeding with an
alcohol distillery wastewater. The reactor was inoculated with granular sludge grown on a carbohydrate (fruit juice)
wastewater under a mesophilic condition (35°C).

The maximum COD loading achieved was 30 kgCOD/ur’/d, corresponding to a HRT of 7.2 h for influent strength of
9000mgCODY/ ¢ , witha COD removal efficiency of around 85%. During a period of COD loading of 30 keCOD/m’/d,
propionate and acetate accumulated in the effluent up to about 300-600mgCOD/ ¢ and 100 mgCOD/ £ , respectively.
Although the settleability of the retained slﬁdge deteriorated from the initial SVI (based on VSS) of 25m ¢ /gVSS to 52
during the first 80 days, its value gradually improved finally to 21 due to a significant proliferation of thermophilic
methanogens.

Thermophilic cultivation caused a drastic shift in temperature dependence of methanogenic activities of the retained
sludge. On the day 202, acetate- and hydrogen-utilizing methanogenic activities exhibited their optimum values at 65°C,
while that of propionate-fed methanogenic activity occurred at 55 °C. Comparing in methanogenic activities at 55°C
between the retained sludge and the seed sludge, acetate-fed activity increased finally by 4.4 times, propionate-fed activity
by 4.6 times, and hydrogen-fed activity by3.5 times. Fairly lower value of propionate-fed methanogenic activity, i.e., only
1/5 of acetate-fed activity and furthermore only 1/23 of hydrogen-fed activity, suggested that the propionate degradation is
subject to be a rate-limiting step in thermophilic condition.

KEY WORDS ; Thermophilic anaerobic treatment , Alcohol distillery wastewater, UASB process, granulation ,

Methanogenic activity, Temperature dependency
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Fig. 3 Changes in effluent VFA concentration.
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Z D% Methanothrix ORIFHFRADERBBENICTbNIZ &0 5, EROMMAEHENDD, KRBIZE — 228
RRM (65°C) ~ev 7 LEbDLHEfllEND,

(2) KRFBEEN LD A Z HEFFIEY: (Fig8(b))

IKREEP L DA Z A RIEE. SEEERAIIC 1240 ~45°CIt U — 7 BSFELE Lo A8, SEEEERR %57 H B oy A
THIZOSC~L v 7 MBS T LTH Y., MM L2.35COD/gVSS/d & HEHR % L 2 EREER L. 20K,
SEREDBGIC OB ATE M N L. 2028 H o B4 T5.95C0D/gVSS/d (65°C) iT& Lic, — e Bimto 2
RIV2KFEILEA & o BB Th 5. Methanobacterium thermoautotrophicum V%, % O BEBE H365~70°C
EERTHENZ LHFBEINRTNEY, &, thermoautotrophicum WEEE T I =a —LthTHEHE L2V 5L
DO BB T h, KEP S DA X L EREILRBIEE D ERICHE S THINL, 6SCTRAMEEZT Lz,
LLEDRE LY. AFEERR T thermoautotrophicum MBS A & HilE OKFEEALM) thofcikd. 65CHIET
BAREREzATHASEL YD L EX NS,

(3 TuEF BEEILOA X EREY (Fig.8©)

TuEF BRSO A Y U ERRENE. BEE TIE37~41°CRhE TRAMEZ SR Ulc s, EERB#ESTaE o
BETSS CicE—7ny 7 b L., 2l ERBEEEILLR» Tk, BERBESTHBORKERE (55°0)
., HEROH MMIZETET Lz 0%, EE0o#RC s TEEARRAHENL, BKNIK
0.24gCOD/gVSS/d (55°C) IE L. BEEL. KEZE TN 2 » B OEBE CRAE EER. HEBE LT
FRECETER LI L, 7ud VBEE TRIERENY/4 GTHEH) BECECTERLEZZERL, 7
u AV EREME (Acetogenic B) MEIRESIMGEIRT D101, A F U AERMIE & UTRIB %% 28
DHETHY, BEEESEET (55C) TORZ— 7y 7HHTR, 7oA BOBRKESBRELRY BN
EDVHIE Uz,

Fig.9 I BERRE202 A OS5 CREFSETEBIDEEE, LO A Z VEREREOEE R L. Tk,
O WIR U, EBRILOFEREMERETHD, FEELAG T TOSSCIRBT D A ¥ A EREE
(22 HE Y12, 7ubFdrBAEOEEE2ERICEX DL, HBREETEHS K AEEE IR B HBREL
BEEZRLTRY., AR TIRICABELENLLOA Z VEFBEESER LT Y. 2RIZH LT, udd
VEEMBIH S PRI o THW B HBSREN ., F o, BRI CIiR T2 G MK, 2ToERIC
BOTIS~45ETHY, VT2 2 —-0OBERGIC LY REFRI~OBBEOEMMBRFCZEALLEX L
nd.

3. 4 BRETROBEMEL
Fig. 10 2 HifEI B W ie Y = — ABKUBHE 75 = 2 — AR (Fig 10A(D~10A3) . RUBRKNIZIBE X
NEBRSS=a—nFER (Fig. 10B(1) ~10B(3)) DOSEMIZ X H2BBHEER Lit. (DRIKS T =2 — A&l
DLt EY. QREFSS=a—L0REEEEL. QRIS I=a - ELHMIOBBRRERL .
Fig 10A(l) IRHBIZ AW PR S 5 = 2 — A ORI EORBRREERT. REEHETREKOERICLY, %
KEEREETERLTVWD ZLABRATE S, DR 7o - VEE T, REDERENBISEEL 2> T
BY. FERIZDR VI Methanothix BEOBRE O £ DHEAHK L (Fig.10A(2)) o FigI0AGHZHIBS T =2 —
ABROBELEIEEOBEE EA2R Lz, JORA TR, SREPRERESBLERLR2->TRBY. HOFE
IERRO RV —BOWBEOEELHATED, FiglBOIKHE S I =a —AHREN IO & #EE,
Fig IBQI BB S I = a— A OXREHEOBRERE L TRT, BRI 72— ARMAEHE TR HRS TP =2 —
AEH (Fig. 10AQ2)) THEINERE. BRE. Methanothrix PRETIEOLIZ. v 774722 MRO
13 EMethanothrix DA 52 DEDBH IR RENTWDEZ LBERTED, BRI I=a2— AHERERE THE
KTz IR H5E O Methanothrix OFBVL, EZEIME 0B B P LR AR ENTETRY. REBROF
ERIR L BERARI00E BT M ELTWS (Figt BR) . Fig BRI, BB/ I =a—A{HRH
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Fig.10 Scanning electron micrographs of the glanular sludge.

A : The seed granular sludge grown under a mesophilic condition (35 T)
on a carbohydrate (fruit juice) wastewater.

B : Thermophilically-grown granular sludge developed in the UASB reactor
treating alcohol distillery waste.

(1) : Cross sectional view of the granular sludge ( bar length: 15 xzm),
(2) : The outer surface structure of granular sludge ( bar length: § 4z m),

(3) : Interior (middle part) structure of granular sludge, ( bar length:A=5 x m:B=3pm).
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Fig.11 Optical microscopic observations of the exterior part of granular sludge.

A : The seed granular sludge ( mesophilically-grown ) .
B : Thermophilically-grown granular sludge ( after 230 days ) .
Each upper-lower pair illustrates an identical field under (1) phase contrast , and (2) fluorescence.

DI OBBHERE RT. ZOWME. 1ZE AL EMHBKERILMEA Z 4% I T dH D Methanobacteriumfk O
FREICL->THDORTBY., /=2 — VARV THHBREPORBE~ORE 21— a7 b8
bl Z EBSH LMo T U EOBBERLVEEEINLHRS T =2 — N HRIE. REREOEIC X
D ZO—ERITMBELRROBDEBA (Fig.6 ZR) . RKREBEMOIH OREORBERL, /F=2—1
TR CAHICBOTHEESENT 52 LItk > T MBI BIFRRER 25 =2 — L BERSERE b
DT LBYISMITR T, »
Fig. 11 K EI AW TR 2 5 =2 — AR (Fig.11A) BROBEIRS 7= 2—A75R (Fig.11B) OHINFHD %
SIS LB B EERT () WmWEHEE. (2): HNHEE). RS T =2 AR TReKIThE
THEEDFIE LTI Y. AMUASR D WIS thlsRIzfT IR > THRAICHEHDHE £ DM 22- L (Fig.11A(2) .
Yo, 22— A hOEIRB O TIRIEE A EHENTFEEL 2D o, — BRI IZ Methanobacterium J& .
Methanosarcina J&MD * 2 > BIZAIEERE F o 2% < &H. HXFEMSET TIIHOMED & S K AR DHm W
HHEFH S TODZ L BHERENTND, F i3 A # VRS IS BN EE L. AREEFBEBET
W0 FuFr—PhREFHD0EFi» Hk#ERL2ERTIHOTL Fuyrfr—CHREEFL LT, BFE
WADREZE>TND, ETCF 4 13 3EFEA20nm ONRE2FARRIR L. Z OBRLRIZAT20m THRWENEZFETD Z
ERRIBNTWEY, Z0Z LY, /22— AOhOTOERNENEIRER. EEORMBBRELZ>TE
Y. Methanobacterium 20 HDIEIER L UMFIERNE L Kp o zfed Ll END . MRS T =2 —LBR T
. /9 =a—ARMIKIZHHOBORBIFELTEY . 77 =a— VNI EIZITh o> TROVEER
DI MRS (Fig.11B(2)) . SEMIZX2MBE (Fig.10B(2),(3)) »bb. FI=a—NVKifiEx. 74 7
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A v MRISEE O Methanothrix 12 &> CEHEbLNTE Y. BOWHN% T 5 Methanobacterium B DB#IE, 79 =a —
MAERIZZ S FIEL TV Z L BRI TS, Zhib. BBRUASBY 7 7 ¥ —HN TR EN LS5 ma—
Nk, REGERE E AT, RV EBORRZ I TMEEE L TWBZ EBH LM R Tz, BHY LTS A
TRk (T afl BEEE. Yu AU 2RAVWEBEUASBY T/ Z—DAZ— vT v 7ERIEBNTH. &
PR LA ZEBEOREB ST =2 —ABRIERTIZ Lo T, BAEMENET 45keCODMY/d) THE
ERHETH . BEUASBOAZ~ T v 7Tk, 74 5 A MRIZH T B Methanothrix Z 1Mz LT
B, URECEND TS —A BB EEPBEF—RA VP THDHLELORD,

4. B
FIFEOFRER. BT O L5 mAstshi,

1. BRUASBY T/ 2 -t k27 ha— A KBk OEGUEERYTo L 25, BEHER 180A T
CODA T 30keCOD/m*/ d ZFFA L. ¥, CODREELO~NPORITFRMIRNE R LTz, L LA
b, Tha—ANERBEkhOBERIVHESIFRETDHD 2. HACODERE3000mgCOD/ ¢ T3t L300~
400mgCOD/ ¢ BIEDEHECODMS E S L THEREFE L. FBABKE Bl AL AH A LD LB BvE.
LRI BN B R DR IEBRHN~OBIR R, 752 a—ABRICEER 77 0 4 —THBH, £D—F
FRREEIC L DBKRH A ERZ. REFROVAEY Vo - 7Y N (Fut RO/ 2HE52 1M
Dol

2. MBI DRSSoa—ABERE. RERBROEILE L 20— RLUEROBD 2B, iR
EBEODDOEEOREE RIZ L, /5 =a—AETAUABIKBOTHEED SRBRE~ORE 21 —
arI 7 MBELBI LI LT, W EN R IFLBRS S = a—AHRABREINDZ Z LHHSL
M ot. EHY Gk, BIENBREABESREE LTERUASBORZ — NP vy 72TV S5 =a—n
OBRE TI200H L2 BELTWA O L, AERRTIE. RIF2HE ST =2~ OBFRICE U’
IRI00 HAEE LFPkE i EiRE N, FRSF =2 a—ABEROBEUA S BAoEORESRENT,

3. AFUAREMOSEIREZ. B Yot AEOLTOEEEE TRBWT, KINo0EEM)
BRI BN RAICEBMC Y 7 VT3 RIS - . EIEREHE202H BicB ) 5 R BMEE L. BiEL.
KREHE (AZUHEBME) TIX6SC, 7 nbd VB E (Acctogenic ) TIXSS CLERLERO hu T4 vy
2N~ CRRBERERL . EiEbA%202 HEIZIZ, 55°CIRBITD A ¥ ARESRIET., EEHTE
LHELTETOEBIZRBWTIS~ASEML, V7 7 % —0EEREC XV REBRI~OHREOE
BBBIFRRENZZ LB LRI R ofe. $le. EEBEEHET TOSSCIRBITD A X AREYE (2028
YiZ, 7o UBEEOREMEENEITE XD L. BHERIE TIIRSHE. ARIEE TN BERE 2EEM
BFRLTBY., ZBRRATIIECABREENSOA X2 S REENEBRLTEY., ThitL T, Vet
VSR LD IRE R R > T AR E .

—211—



BEH 0

1

2

3)
4

5)

6)

7

8)

9

10)

11}

12)

13)

14)
15)

RHEEE, MEmEZR L2k (FER—F). THTRRAIv Y757y MUAB)

Bl ERAATEES. 220-280, 1988

B, RHEFHE. 8RR SHFEE. BBRUASBUT 7 ¥ —RIREROV 7 =2 — A BRGRRIE
SRS & A 2 L EREE MRS, HETEPIRRCE. 3%, P5T-67. 19%.

TokERBRG 1984 IR, HEEA. BARTAGER S

Rimkus, RR., Ryan, JM. and Cook, EJ.,, Full-scale thermophilic digestion at the West-south west sewage
treatment works, Chicago, Illinois, J. Wat. Poll. Con. Fed., 54, 1447-1457, 1982. '

Wiegant, W M. and Lettinga, G.,Thermophilic anaerobic digestion of sugars in upflow anaerobic sludge blanket
reactors, Biotechnol. and Bioeng., 27, 1603-1607, 1985.

Wiegant, W.M. Claassen, J. A. and Lettinga, G.,Thermophilic anaerobic digestion of high strength wastewaters,
Biotechnol. and Bioeng., 27, 1374-1381, 1985.

Uemura, S. , Harada, H., Inorganic composition and microbial characteristics of methanogenic granular sludge
grown in thermophilic upflow anaerobic sludge blanket reactor, Appl.Microbiol.Biotechnol., 43,358-364, 1995.
Uemura, S. , Harada, H., Microbial characteristics of methanogenic sludge consortia developed in thermophilic
UASB reactors, Appl.Microbiol.Biotechnol., 39, 654-660, 1993.

Hulshoff Pol, L.W., de Zeeuw, W. J., Velzeboer, C. T. M. and Lettinga, G.,Granulation in UASB-Reactors, Wat.
Sci. Tech., 15, 291-304, 1983.

Lier, J. B. van etal., Start-up of a thermophilic upflow sludge bed (UASB) reactor with mesophilic granular
sludge, Appl. Microbiol. Biotechnol., 37, 130-135, 1992.

Zinder, S. H. , Anguish, T. , Cardwell, C., Effects of temperature on methanogenesis in a thermophilic (58°C)
anaerobic digester, Appl. Environ. Microbiol., 47, 808-813, 1984.

Zinder, 8. H., Cardwell, S. C., Anguish, T., Lee, M. and Koch, M., Methanogenesis in a thermophilic anaerobic
digester: Methanothrix sp. as an important aceticlastic methanogen, Appl. Environ. Microbiol.,47, 796-807,
1984.

Balch W. E. et al., Methanogens : reevaluation of a unique biological group, Microbiol. Rev., 43, 260-296, 1979.
HHEEN. HME. MEEBA HERFEHESR, 1988

Eirich,L.D., Vogels,G.D., Wolfe,R.S., Proposed structure for coenzime F420 from Mecthanobacterium,
Biochemistry , 17,4583-4593,1978.

—212—



