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Development of a Cost -effective Novel Sewage Treatment System by a
combination of UASB Reactor and the “Fourth Generation” Downflow Hanging Sponge (DHS)
Reactor
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ABSTRACT; A long term experiment was carried out to evaluate the process performance of sewage treatment system
consisting of UASB pre-treatment and the “Fourth generation DHS” post-treatment unit. After the successful operation of
second and third generation DHS reactors, the fourth generation DHS reactor was developed to overcome few
shortcomings of its predecessors. This reactor was designed to further enhance the treatment efficiency and simplify the
construction process in real scale, especially for application in developing countries. Configuration of the reactor was
modified to enhance the dissolution of air into the wastewater and to avert the possible clogging of the reactor especially
during sudden washout from UASB reactor. The whole system was operated at a total HRT of 8h (UASB: 6h & DHS: 2h)
for a period of over 600 days. The combined system was able to remove 96% of unfiltered BOD with only 9 mg/L
remaining in the final effluent. Likewise, F. coli were removed by 3.45 log with the final count of 10°to 10" MPN/100ml in
the final effluent. Nutrient removal by the system was also satisfactory.

KEYWORDS; Aerobic post-treatment; DHS reactor; sewage treatment; UASB reactor.
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Table 1 Summary of process performance.

Parameters SEWAGE UASB effluent DHS effluent % removal

HRT 6h 2h by UASB by the whole system
Unfiltered BOD {mgiL) 240 (178) 78 (44) 9 (5) 67 96

Filtered BOD (mg/L) 82 (31) 42 (25) 4(3) 49 95
Unfiltered COD¢y (malL) 532 (428) 195 (85) 46 (16) 63 91

Filtered COD¢, (Mg/L) 160 (50) 89 (27) 29 (11) 45 82
Unfiltered Kjeldahl (mg-N/L) 46 (29) 40 (10) 28(9) - 40

NH, (mg-N/L) 21(7) 25 (5) 18 (6) - 28

NO, (mg-N/L) - . 1(1) - -

NO, (mg-N/L) - - 4(3) - -

SS (mglL) 262 (151) 66 (39) 17(9) 75 93

Fecal coliform (MPN/100ml) 4.1 x 107 3.0x10° 1.9 x 10* 1.20 log 3.45 log

Total coliform (MPN/100ml) 6.6 x 107 5.8 x 10° 3.4 x10° 1.18 log 3.47 log

DO (mg/L) 0 (0) 0(0) 5-7 - -

Sampling numbers = 231 times. Figures in parentheses () are standard deviations
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Fig.2  Time course of (a) unfiltered BOD, (b) unfiltered COD,; and (c) F. coli in sewage, UASB effluent and

DHS effluent.
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Fig. 3 Wastewater profiles along the height of DHS reactor (2) Nitrogen species; (b) unfiltered BOD, CODy, and SS;

& (c)Dissolved oxygen (DO).
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Fig.4 Organic and ammonium nitrogen loading and removal rates in each modules in DHS.
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Fig. 5 Retained sludge in DHS reactor (a) distribution of retained sludge along the height of DHS (b) sludge
development in DHS along the time in terms of SS and VSS.
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Fig. 6 SEM images of (a) clean sponge & (b) sponge with biomass (x 60)
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