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A Study on the Sludge-reduced Sewage Treatment Process
Combined with Sludge Solubilization Technique Using Alkalophiles
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Abstract

Recently, one of the most interesting topic in the field of wastewater treatment is the disposal of excess
sludge. The new concept of excess sludge reduction with recirculation of solubilized sludge via effective
microorganisms for cell disruption within the wastewater treatment process has been developed in this
study. The alkalophiles for degradation of sludge cell wall were isolated as Exiguobacterium sp., which
could be more effectively solubilized sludge in the anaerobic condition. The SCOD of solubilized excess
sludge by Exiguobacterium sp. was up to about 2,000mg/L and average TN and TP concentration of
solubilized component were 117mg/L and 58mg/L, respectively and C/N ratio was more than 17. To
investigate the effects of solubilized sludge by alkalophiles on excess sludge reduction and nutrient
removal efficiency, the pilot plant of DFS-MBR process, combined with membrane bioreactor and sludge
solubilization tank, was operated. In the control run(without sludge solubilization), the daily sludge
production was about 4.54 kgMLVSS/day. However, in the DFY-MBR(with sludge solubilization), the daily
sludge production was decreased to 1.39kgMLVSS/day. The effluent quality satisfied the effluent
regulation in both cases. Furthermore, the DF®-MBR showed relatively better TN removal efficiency in spite
of high influent loading. So we concluded that the solubilized excess sludge by alkalophiles was effectively
degraded in the MBR process as the carbon source and 70% of sludge reduction efficiency can be
achieved.
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Fig. 3. SCOD of solubilized sludge by isolated strains.

domain Bacteria (20) (match seguences)
phylum Firmicutes (20)
class Baall (20)
order Bacillales (20)
family Bacllaceae (20)
genus Exiguobactenum (20}
S000401659  1.000 1388 Exiguobacterium sp. BTAML; AY205564

5000426113 0.987 1306 Exiguobacterium sp. Exi; AY744448
S000426329 0.984 1423 Ewguobacterium sp. JL-25; AY745823
SO000426354  1.000 1426 Exiguobactenum sp. JL-42; AY745848
S000426357  0.992 1426 Exiguobacterium sp. JL-48; AY745851
5000426358  1.000 1412 Exiguobacterium sp. JL-43; AY745852
5000426364 0987 1424 Exiguobacterium sp. JL-36; AY745858
5000426370 0,982 1426 Exiguobacterium sp. JL-35; AY745864
S000426374 1,000 1422 Exiguobacterium sp. JL-30; AY745868
S000466589  1.000 1405 Exiguobacterium lactigenes; 10C; AY818050
S000504076  0.987 1422 Exiguobacterium aestuari; TF-16; AY594264
5000594622 0987 1399 Emiguobacterium sp. 91X/A0L/15%; AY612767
S000616005  1.000 1353 bactenum M1C; DQ235553

5000626359 0984 1379 Exiguobacterium sp. AT1b; DQ302410
5000649438 0984 1398 Exiguobacterium sp. MAAC; DQ366351
000651362  1.000 1388 Exiguobacterium sp. AT4; DQ4D7713
5000651363  0.984 1366 Exiguobacterum sp. M37; DQ407714
SO00651365 1,000 1360 Exiguobacterium sp. GP40; DQ407716
S000651366  1.000 1363 Exguobacternium sp. PP32; DQ407717
SO00651369 1,000 1395 Exiguobactenium sp. India.orange; DQ407720

Fig. 4. Identification of X-1 strain using the 16S-y RNA sequencing
analysis.
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Fig. 5. SCOD concentration of solubilized sludge at various TS
concentration (Top: TS 0.8%, Middle: TS 1.0%, Bottom: TS
1.2%).
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Fig. 6. Variation of SCOD in solubilization tank at aerobic and
anaerobic condition.
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COD, 2319 10.6 278.9 12.3 366.8 14.0
SS 143.3 <1.0 3745 <1.0 5715 <1.0
TN 35.6 10.1 379 10.1 414 8.2
T-P 43 0.8 53 0.9 6.8 1.1
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