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Figure 1 Schematic diagram of EGSB reactor used in this study

(2) HHhEE
a) KB

U7 o B —DEREEHED - DICEEANIZ R -« Bk
ARy bTHLFY T L, KE (SS, VSS, CODa,
&), A ATRAERE, FAMEOSHE1T-7=.

CODcrif EEDBIE Y, SHEEAKESHE DR-2500,
HACH) % V>, SS - VSSIBE DRIEITIZFLR045 1 mdD
H T AMETER (GB-140, ADVANTEC) # Rz, HX
EREORERE, HANy FWER A AT REREL
7o, BREZA L TEBRTAA—F—ZX>THIEL
fo. HAMRR (AF V) OHIIE, TCOERBATA RS
o< k75 7 (GC8A, Shimadzu) 244 L7-.
bATEA 2 HE

FE122 mLE T b3 TAICKIENRA LRV E D
MK AR Y T - ke LTk, IR0
mLE U O ERVWTERZ®EL, ~y FAA—
REBRTTZ (EE102 mL) . WIZ2SCICRE LT 4 —
F—IRAZ A TABERE L, 100 pmTIEFREE &
3L, RIRTEREC LZ%, SHEOAS VEES
TCD-GCTRIEL, UUTORERN~Q) T/ A 7R,
AR A A Z B2 RO, )& QDOFHMLIRK
102 mL¥7/= 0 OEFEA X B LD, B, FHERQ®
003011, 25°C, 1amiZif 5 * & v OBEIRETHS.

CHin gas phase (inL-CH4)

- CH (%)
= 750 20 mil (1)

CHy in Liquid phase (mL-CH4)

CH, (%,
= IJT(() X (122-20) mL X 0.0301 @

o R FROYIEGMHRTTE

V77 B—RRBEROY AT ONT, HIREE
(MLSS, MLVSS) K UVEIEILREFEAZ (SVD) ORIE % ERRY
AT o7, I5TERE R OVE IR ERREDORIE L TARER
FHRIZHEC TITo7. %2, EGSBY 77 & —iEEnih
%484 B HIZIREBHBIROONLEZRIE L. ONHOBIE
F3CN corder MT-700, YANACO#) % AV TiTo 7.
d) A 2 HEREIERER

TREHEIRD A ¥ VERTEEIEREER OFH) , Eik
BfA% 1238 B, 1798 H, 296HH, 5918 BiZ, Port 2k
DERE LI RERETRIC OV CRIE L. BHEERE
10°C, 20°C, 35°C: L, RBREE L LUCHiE, o't
VBE, kFEAVE. HERIERIZS mMY VBN Y T 7
— TEEEEZITY, RESHAF—TH—IZHE
(10000 pm, HPBOFMHE]) SH7-%, FEIZ2 mLE T H3A
TIARIZAEL. B8, vy =——7T
e IEMI20 pmD b &, A FH AR S EREE

- 580 -



RIFMICIE L, TORENSEATSRE @VSS) %7
DDA Z AAERIEEE Rz
¢) PCR-DGGEAIC & SR EBROE#MENT

RIS O EEE 2 RAET 572D, DGGE
% (Denaturing Gradient Gel Electrophoresis, ZSMEBIEEE AR
T INVESHKENR) I XL BT 2 T o 7.

T5VERVEHIBGSB Y 7 7 & —Bnfa447%363 A B iZPont 2
FORIm L7, (BRAEN S ODNARHIE, P—Xb
—Z =R E VT o7 BREEIEEE (50 ngheadtion)
& UCEIEME (Domain Bacteria) & A & S ARGHIERE (37
#liE4, Domain Archaea) {Z-DV VTHREEAY7216S RNAEE T
ZHERY & L7-PCR (Polymerase Chain Reaction) #81E %1T > 7
PCREIBR DT F 4 v —i%, HIEME IOV TIEMIE
GC, 53R "%, #H#E 2>\ T it ARCISTEGC,
ARCOIR ® & ZhFh v iz

ERUKENIDCode™ (BioRad) % V>, ZEHEHIDMEE A
BEABEEER LT, 20V, (CCTRAEEDERKEN%
1Tvy, ABHFICHEIE T D MEwRED N R RIE R L
7o BMHEINERENZ AL RO B LEFT, EE
BCANOBRE AT o 721%, BEAA S OB EEF & OMF
AL, BRI ET AEYRELRIE L.

3. ERMERRUEE

(1) EGSBY 747 2 —{Z & 3 FKDEENIEEER

Fgure 2IZEGSB U 7 7 & —I|Z & B F/K DRI LS
OFRERERT. R OFEHEEII LY, FAKE
13°CAB2TC L RE L EB LT Figure2 () . EGSBY 7
7 Z—|JHRTSHE GBI E BRAA L,  HRTZEMT5 2
& CERMICE#AT 2 LR &8, EiRBEs%eR B
(ZISHRT2EH] CRHH A T4 keCODer » m® + day”
ICEELT-.

CEERIERNIIEGSB ) 7 7 # —D . T A _FEII RS
FESSOERMAEL, BREAMIZSSOMENBEESNT

0 Raw Sewage ¢ Settled Sewage  © EGSB effluent

600
o After installing the sedimentation tank  (a)
500
T3 400
.
3 300
-4
)
> 2
7 7
TOOE:
&
%100 3% 300 40 S0 600 0 800
Time (days)
0 Raw Scwage e Settled Sewage  © EGSB effluent
N After installing the sedimentation tank (b))
=
[=]
Q
C
o0
£ .
P
5
£
o)
E]
c
100 200 300 400 500 600 700 800
Time (days)
_ o Total CH4 production o sewage temp.
45 6] 30 [
g 35 ]
2 o~ =
g5 3 10 8
o & 25 g
g 0 2
g2 S
E4 75 o 2
g2z 15 g
E 10 g o E"J @
- Eﬁ’ o
o
O al
0

100 200 300 300 600 700 800

400
Time (days)
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Table1 Summary of each perpormance (after setting up the sedimentation tank)

L. X . Sewage temp. < 20°C Sewage temp. > 20°C
Analysis item - Unit
Raw sewage |Settied sewage] EGSBeff. | Remonval cficiency (%) Raw sewage |Settled sewage] EGSBeff. | Remonval cficiency (%)
Total BOD . 160 (65) | 105 (43) 34.2 176 (61) | 115 (57) 34.8
Soluble Bop | MEBOD L 698 | 4303 366 209 | 5000 455
Total CODer G| 407093 27286) | 153 (46) 438 594 (592) | 292(88) | 167 (@3) 43.0
Solutle coDer | "EOP T 15158 | 1436 | 102 36 28.7 176 (s9) | 166(42) | 9938 40.1
50> mgS0> oL 36 (7) 0 (0.3) 99.7 28 (5) 1) 98.1
ss mgSSeL' | 286(295) | 95 (36) 48 (23) 499 294 (303) | 95(57) 50 (21) 47.1
vss mgvsseL'| 219049 | 7647 39 (22) 49.1 245 (265) | 73 (42) 41 (20) 42
Temp. C 14.1 (3) 142 (3) 2362 | 23.70)
pH - 7404) | 7202 7204) | 7102
DO LI() 0.3 (0.2) 0.5(06) | 0.1(0.1)
ORP mV 75 (88) | 277 (25) -190 (78) | -290 (27)
" Biogasprod. | NLeday! 1.8 (2.0) 9.0 (5.9)
Methane % % 282 (20.2) 62.3 (13.2)

*Standard deviations were presented in parentheses.
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Figure 3  Mass balance based on influent COD at each
temperature within EGSB reactor
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Figure 4 Time course of retained sludge properties. (a) Total
retained VSS , Studge loading , (b) SVI
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Figure 5 Physical properties of retained sludge in EGSB reactor.
(2) MLSS profiles , (b) MLVSS profiles , () MLVSS/MLSS
profiles ,(d) CN ratio profiles
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Figure 7 Temperature dependency of methane producing
activities of the retained sludge
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Domzin Bacteria (BEIEAIE) Tid N2 b, ciHMEEEAT
HKEHAE LTV BKIBE T R A7 —/VEGSBY 7 7 & —
DIRFHETRD, MATAKRUEKFIZB > THEL

CTBY, BELES S = o EORBRONS I

T (=1, ) IHIFEL TV A E SRR TE .
ZhU, Lactcoccus=C Anaerobivrio s DRES FRBEE RLAREIC
TRETHY, MATAFIIEL FETH LIRS
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IR 7 AR A —/VEGSB U 7 7 & —{RIFIEIED, KU
BOREBY VT MBI > THEEL TV, Tk
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BT 5 LRI TICHS L WA MEYTH S
ZEBH BN LA STNAD, ETAFIZE4572VFA
HEFEELTCWENL OO, FREEEETRILZIEINNT
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Table2 Comparison of activity based on 35°C

day 0 day 296 day 591
Substrate
35/35 20/35 10/35 35/35 20/35 10/35 35/35 20/35 10/35
Acetate 1 0.55 0.19 i 034 0.08 1 0.14
Propionate 1 032 0.11 1 0.41 0.15 1 0.61 -
H,/CO, 1 036 0.07 1 0.13 0.07 1 0.12 0.05
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(b) Domain Archaea _
Firure 8  Result of DGGE analysis. (a) Domain Bacteria , (b)
Domain Archaea

Table3  Sample name of DGGE analysis.* Granular sludge

grown in EGSB reactor fed with synthetic wastewater at 15°C
o9

Lane NO. Sample name

Refcrence granular sludge*
Raw sewage
Influent (sewage after sedimentation)
Effluent of EGSB reactor
Retained sludge (2.5 mm < X)
Retained sludge (1.18 < X < 2.5 mm)
Retained sludge (0.5 <X 1.18 mm)
Retained sludge (X < 0.05 mm)
_ Recference granular studge*
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272 () L—14)
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Evaluation of process of the Expanded Granular Sludge Bed (EGSB) reactor for
performance treatment of municipal sewage
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In this study, Expanded Granular Sludge Bed (EGSB) reactor, inoculated with mesophilic granular
sludge, was applied to the treatment of municipal sewage, in order to investigate the process reliability.
The EGSB reactor was operated at ambient temperature (9°C~27°C) for over 500 days with HRT of 2

hours, average OLR at 4.1 kgCOD * m™

- day'and 6 m « b of up-flow velocity. Suspended solid (SS)-

COD removal efficiency showed an fluctuation due to the high upflow velocity by effluent recirculation
in EGSB reactor, and influent sewage was not treated by primary-sedimentation. Consequently, the
preliminary sedimentation tank had been installed just prior to inlet of the EGSB reactor and able to
obtain the stability of influent SS concentration. As the result, the CODcr removal rate at HRT of 2 hours
was maintained at 44% without any effects of inconstant ambient temperature. The decline of the
temperature of sewage caused the decreace of the acvity and amount of retained sludge. However, it is
possible to retaine the one-third of granular sludge from initial amounts after 500 days operation.
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