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High Rate Treatment of Low Strength Wastewater by an EGSB Reactor.
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ABSTRACT; In this study, an expanded granular studge bed (EGSB) reactor, inoculated with mesophilic granular
sludge, was applied to the treatment of low strength wastewater (0.6-0.8 gCOD/L) in order to investigate the process
reliability. The EGSB reactor was operated at 20°C for over 200 days. The upflow velocity of wastewater in the reactor
was set at 5 m/h by the recirculation of effluent. The EGSB reactor achieved 12 kgCOD/m3/day with HRT of 1.5 hr at
the day 76. After that, process performance was well maintained for over 140 days. At the COD loading of 12
kgCOD/m3/day, the COD removal and the total methane conversion were 60-70% and 40-50% respectively. The
settleability of retained sludge slightly deteriorated during first 70 days. However, after that, sludge settleability was
improved due to the reconstruction of granular sludge. As a result, sludge concentration was maintained around 45-50
gVSS/L throughout the experiment. Low temperature operation caused a drastic increase of 20°C activity of the
retained sludge. As compared with the activity of seed sludge, acetate-fed methanogenic activity increased upto 35
times at 20°C (0.5 gCOD/gVSS/day) and 16 times at 35°C (1.8 gCOD/gVSS/day) on day 254.
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Fig. 1 Schematic diagram of an EGSB reactor.

Total volume: 16.8L
Temperature : 20°C

Upflow velocity: 5 m/h

Table 1 Medium composition of feed solution.

Fr4.5: 2.25: 225 DEIRZR &2 AN THEKE H Substrates mg/L Trace Element | mg/L ]
v \7‘:0 ]\Iﬁﬁk@%ﬂﬁk% Table 1 L:H?f;«c) ?3'57](@{% Sucrose 360 (as COD) FeS0,4-7H,0 7
o s i N CH,COONa | 180 (as COD) | CoCl-6H;0 | 0.17

Aﬁ%@/&?li%ﬁﬁ,ﬁﬁ%t@ 0.6~0.8 gCODor/L g; Yeast Extract | 80 (as COD) | ZnSO,7H,0 | 0.15
RBIICHIE L, En. BMAKF ORGSR CH3CH,COOH | 180 (as COD) HsBO; 0.06
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$ABEARMF0D HRT (Hydraulic Retention Time: KRS NR,CI 37 NICIz+6H20 004

e B e \ KH,PO, 33 CuCh-2H,0 | 0.027
RO & Hffaﬁ)ci 12 sl EE)B BRRAMIS 16 MgCly-6H;0 13 NazMo0,-2H,0 | 0.025
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THEREIREE . W AERE, HARKZEOSTEIToT, COD RUREBMEREOREIZIT, FEBEREKE
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Fig. 4 Size distribution of granular sludge, expressed in percentage of the total number and the total

volume of granules. (a) day 0; (b) day 63; (c) day 126.
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Fig. 6 Temperature dependency of methane producing activity of the retained sludge. (a) acetate; (b) H»/COy;
(c) propionate; (d) increment of the methanogenic activity on day 254 as compared with activity of seed

sludge at 20°C and 35°C.
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Fig. 7 Profiles of COD concentration (a) and COD residual rate (b) along
the reactor height (7 kgCOD/m’/day, HRT 2.5 hrs).
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DHINC E > CTHREEMET T2 EB8HEIR TS 19, —F, HHEIEE 500 mgCOD/L DAMEHE
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5~10%LEF Lz EOHEL 2SR TWS 7, Zhud, JEKERICE U 2T v Uy R EHEkOBzhZm
Bl otz tEZ NG, 5%, LRBRMEEZ BV T-RHOELELITS Z 22k, REGRD
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Fig. 8 Scanning electron micrographs (SEM) of retained granular sludge. A: Mesophilically grown
granular sludge treating sugars used as seed. B: The granular sludge obtained from EGSB reactor on day

254. (a) Entire view of granular sludge; (b) The outer surface structure of granular sludge; (c) Interior
structure of granular sludge.

EGSB V77 #—X DEREL7=/EREBHI L, SRIRIMEBRAE AR I 21072 GNSB (green non-sulfur
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LB ENTU(T —FREP), ZD Chloroflexi FICET 5 GNSB MBI SRS T = 2 —/WIHREB TO
FEPFER SN TNE ),

3.7 DGGE EIZ& PRBEMEOEEMEN

REFBIR D DGGE fEMTHE R B G/ B, BEAMERER X OMERIME Fig 9 IR L, Thhb, Bt
FAEE 7 & o0 BRI (Domain Bacteria)l 2 BEICE A TR Y (03 FASSEM L), EiEOBBICME->THE
BOREREHRE O, BEAEME T, EROKBICE > CTRFOAV R 13, 14, 15 [TRENTE
Lactococcus =2 Anaerobivrio FDOH LT AT 2 B BT B/ 2B A R ER OB HR S, £
VORI A & AEFHIE O/, B RME O EREE THH Z EBMLN TN D 0, AT
Rk sucrose 2 FTe 2 &35, T L OBARMBEHOERENE LB DR, £, BT
N R16WREND Clostridium \ R LRIRM OB RAIE Vb Sz, S5, Favedr@sy
FEAEEE Syntrophobacter J& P\ CHTIRRTED AL FAS 10, 11, 12 TREEES I, FEORMBE OB, BT
WWHELTNDEBZLND /N F2, 6 bgHINT,

—J7, THIE(A 7 AERGREDIC OV T, EEROERIC L2 EEOB R ST, KEEHD
A B AT Methanobacterium formicicum (233 R 17)CEEBE & (LE A & AR HE Methanosaeta
soehngenii (732 R IIGER RSB SN, 2D OMEIIPREMED A 4 VEFME L LTasn T
%, HEHENROESER LY, A7 AERMEIC OO TIE35C LY & 200 TOEMEENENSE &2 E
W2 et ARIRIER D A ¥ AEAGHESERL L QOB AREMEDSR SN TE Y, BT, MEOHEE 2

o — RIS KD TR AT o TN B,

Domain Bacteria Domain Archaea .\
Day 0 13 28 63 104 0 28 104 N\,s"‘
hoadhoull B Bl ] - - Band No. Homology
: e uncultured bacterium SJA-168, 183/193 (94%), AJ009499
. Sulfurospirillum sp. EK7, 68/168 {100%), AJ535704
. Bacterium H4, 191/193 (98%), AY345546
. Tolumonas auensis, , 190194 (97%), X92889
Tolumonas auensis, , 190/194 (97%), X92883
Desulfomicrobium sp. 63, 189/195 (36%), AY666159
uncultured bacterium clone PeH50, 156/167 (93%), AJ576363
Rhizobiales bacterium RR47, 169/169 (100%), AB174816
uncultured bacterium SHA-38, 185/188 (98%), AJ249105
10 Syntrophobacter wolinii,186/195 (95%), X70906]
11. uncuitured bacterium clone SHA-237,AJ306777,194/194 (100%)
[Syntrophobacter fumaroxidans, strain MPOB,193/194 (39%), X82874]
12. uncultured bacterium clone SHA-237,AJ306777,195/195 (99%)
[Syntrophobacter fumaroxidans, strain MPOB,194/195 (99%), X82874]
13. uncultured bacterium clone ER1_4, 185/195 (100%), AY231304
[Lactococcus raffinolactis, 185/192 (96%), X54261]
14. uncultured bacterium clone 1iA-2,189/189 (100%), AJ488092
15. Anaerovibrio burkinabensis DSM 6283(T), 195/195 (100%), AJ010961

CENSOA LN

S ] 16. Clostridium sp. 44a-T5zd, 167/169 (98%), AY082483
. - : [Clostridium frigidicarnis 16S rRNA gene, 167/169 (98%), AF069742]
— e 412 17. Methanobacterium formicicum, 2431247 (98%), AY196659

18. Methanothrix (Methanosaeta) soehngenii,247/247 {100%), X51423

Fig. 9 Microbial community structure analysis of the retained sludge by PDR-DGGE and homological analysis.
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