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Thermophilic Anaerobic Treatment of a Lipid-rich Wastewater
by a Novel Multi-staged UASB Reactor

)il E*. XBERR*. EAFH
Tadashi TAGAWA,Akiyoshi OHASHI and Hideki HARADA

ABSTRACT; A novel multi-staged UASB (upflow anaerobic sludge blanket) reactor, which was
originally developed by our research group, was applied to thermophilic treatment of a lipid-rich wastewater
(dairy-milk). The reactor successfully reached a high COD loading of 35 kgCOD/m3/d after 190 days
operation, giving over 90% COD removal at a HRT of only 3.4 h for the influent 5000 mgCODY/L, of which 50
% is derived from lipid. This loading rate corresponds to two to three times as large as the maximum allowable
loading rate of mesophilic conventional-type UASB reactor receiving the identical wastewater (our previous
result).

A severe deterioration of mcthane production occurred due to adsorption of LFA (long-chain fatty
acids) to bacterial cell surfaces at the lower portion of sludge bed when the reactor temperature incidently
dropped from 55°C to 45°C for a period of merely 12 hours. In order to clarify the mechanism of inhibitory
effect of LFA adsorption, a separate vial-bottle activity test was conducted by using mesophilically-grown and
thermophilically-grown granular sludge. Absorption of LFA caused more vital inhibition on the thermophilic
sludge rather than the mesophilic sludge, due to cell lysis. Thermophilic acetate-utilizing methanogens were
far more susceptible to LFA inhibition, compared with thermophilic hydrogen-utilizing methanogens.
KEYWORDS; Anaerobic wastewater treatment, Thermophilic UASB process, Lipid-rich wastewater, LFA
inhibition, multi-staged UASB
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Fig.1 Experimental setup of a thermophilic multi-staged Upflow
anaerobic sludge bed reactor.
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Table 1 Composition of Milk wastewater used for substrate.

Component | Percentage based on weight (%) Percentage based on COD (%) Mineral (mg/L)
a a b (Milk stock solution)
Carbohydrate 4.5 27.4 25.4 Na 580
Protain 3 19.8 16.9 K 1380
Lipid 3.2 52.8 57.5 Ca 1250
Ash 0.7 Mg 120
Moisture 88.6 P 960

a.Data shown by manufacturer b:Calculated from analytical data

Table 2 Cultivation conditions of seed granular sludge.

Temp. |Sludge type |Wastewater COD loading rate |COD removal |CHy4 recovery
(°C) {(kgCOD/m3/d) (%) (%)
55 granule  [Sucrose+VFAs 23 97 90
36 granule  {fruit juice 3 80 80
36 granule |diluted milk 3 80 80
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U7z, EKBOVEFAREZ, BENSTIIIZ reactor receiving a diluted dairy-milk wastewater.
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Fig.4 Changes in Effluent SS and VSS conc.
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Fig.5 Photographs of (a) floating of granules in thermophilic milk-fed UASB reactor.
(CoD Ioading:35kgCODlm3/d), and (b) entrapped gas within a granule.



Table 3 Physico-chemical characteristics of retained sludge,floating sludge and fat-like material.

mean diameter | LFA content LFA composition ratio | Nitrogen content
(mm) (mgCOD/gVSS) (%) (mgN/gVSSs)
retained sludge 1.2 6.4 C, 56 134.3
(port 2) Cy 44
floating sludge 1.5 13.3 C, 64 153.5
C, 36
fat-like material - 1193.3 C, 04,C, 84,C, 50.7 335.0
C, 30.2,Cp,, 10.4
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Fig.7 Photographs of the retained granular sludge (COD Ioad:35kgCOD/m3/d).
(a) Cross sectional view of the retained granular sludge.
(b) Optical microscope observations of the retained granular sludge.
SEM observations of the outer surface structure of granular sludge.
(c) seed granular sludge(bar length:6 »x m)
(d) Thermophilically-grown granular sludge developed in the UASB reactor treating dairy-milk
wastewater(bar length:10 4 m)
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Fig.11 Changes in methanogenic activities of the retained sludge.
Each vial test was conducted at 55°C
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Fig.12 Inhibitory effect of LFA (palmitate) on methanogenic activity of thermophilically-
and mesophilically-grown granular sludge. H-MPA and A-MPA designate hydrogen-
fed and acetate-fed methane producing activities, respectively.
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