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In Chapter 1, the aim and scope of this study were laid out. This study intended to elucidate the effect of
aeration and leachate recirculation on stabilization of solid waste and development of microbial populations in
landfill bioreactors. The landfill bioreactors are solid-state reactors where microorganisms degrade many
components of solid waste resulting in the accelerated treatment of solid waste in situ.

In Chapter 2, the generation and disposal processes of solid wastes in Ho Chi Minh City, Vietnam were
reviewed as a case study of the current situation of the solid waste management in Asian developing countries.
Solid waste generation is significantly increasing with growth of urban population as well as GDP. The solid
wastes with high biodegradable fractions emit heavily polluted odors and leachate from the landfill sites and
cause serious environmental problems. Consequently, necessity of bioreactor landfills as a new disposal
technology was discussed for the sustainable waste management.

In Chapter 3, microbial population dynamics and treatment performance of the solid waste in lab-scale
conventional, anaerobic, and aerobic landfill reactors were studied. The conventional reactor (2.25 1) was
operated without leachate recirculation and aeration, but the other reactors used leachate recirculation at 200
ml/d and without aeration (anaerobic bioreactor) or with aeration at 2 1/min (aerobic bioreactor). The respective
final waste volumes on day 138 of the conventional, anaerobic, and aerobic reactors were approximately 75, 65,
and 60% of the initial volumes. Leachate recirculation in the anaerobic bioreactor accelerated biochemical
reactions and promoted methane production. However, leachate from the anaerobic bioreactor showed TOC
and NH4-N concentrations that were as high as those of the conventional reactor. Aeration lowered leachate
production and methane concentration and decreased organic matter in the solid waste and leachate.
Furthermore, the MPN value of amoA gene specific for ammonia-oxidizing bacteria reached 105 MPN-copies/g-
dry in the aerobic bioreactor, where nitrogen was effectively removed from the solid waste and leachate. During

the first 72 days, the aerobic bioreactor’s MPN value of fungal 18S rDNA was the highest among reactors, but it
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decreased gradually. All reactors showed similar MPN values of eubacterial 16S rDNA, nirS, and nirK. The
advances of aerobic landfill bioreactors for accelerative stabilization were shown. However, this method must
consume energy for air supply.

In Chapter 4, intermittent aeration was studied as a method of the energy reduction. Three reactors were
operated without aeration (control reactor, CR), with cyclical 6-h aeration at 2 1/min and 6-h non-aeration
(intermittently aerated reactor, IAR), and with continuous aeration at 2 I/min (continuously aerated reactor,
CAR). The performance of IAR with a half time of air supply was highest in the reactors on day 90. The
respective solid weight, organic carbon, and waste volume on day 90 in CR, TAR, and CAR were 50.9, 39.1 and
47.5% ;5 46.5, 29.3 and 35.0% ; 69, 38, and 53% of the initial values. Organic carbon and nitrogen compounds in
leachate in TAR and CAR showed significant decreases in comparison to those in CR. There are significant
differences of relative abundance of aerobic and anaerobic microorganisms among three reactors. The MPN
value of the mcrA gene specific for methanogen drastically increased in IAR, where high methane production was
observed. The acetate-utilizing methanogen, Methanosarcinales, became dominant to 56% of archaea in IAR.
Nevertheless, the Ho-utilizing methanogen, Methanobacteriales, was the predominant archaea in CR and CAR,
where methane production was not observed.

In Chapter 5, useful findings and knowledge obtained in this study were summarized. It was concluded that
landfill bioreactors are a technology for improving landfills in Asian developing countries. High performance on
solid waste degradation will be obtained by leachate recirculation and aeration. Organic carbon and nitrogen
compounds in leachate will also show significant decreases in the aerobic reactors. Intermittently aerated
landfill bioreactors will be a better form and possible method for accelerative stabilization of solid wastes and

development of aerobic and anaerobic microbial populations with low energy consumption.
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(1) BEREICHLT VT HIBIZBIT 2T OB ERNEEIR AT L%, X F A A—FIdigdhle LTE
L, HHAD L GDP OHANCHE, BEFEVRAERNEML THODICHHEDb L BERRMIENILS S OB E HA
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