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Abstract

More than 90% of municipal solid waste (MSW) in developing countries is disposed of
in landfills. In Bhutan, about 90% of solid waste is disposed of in landfills. One of the
significant problems associated with landfills is the generation of leachate. Landfill
leachates are highly contaminated waste waters containing high concentrations of
organic matter (OM) measured as biochemical oxygen demand (BOD) and chemical
oxygen demand (COD), ammonia, halogenated hydrocarbons and trace elements. The
direct release of leachate into the environment may pose potential risks and hazards to
public health and ecosystems. As a result, cost effective and environmentally acceptable
treatments of leachate are sought. This research aims to examine leachate characteristics
and two low cost passive treatment options.

The characteristics of a typical leachate generated at a modern sanitary landfill were
investigated by analysis of long-term monitoring data collected at Summerhill Waste
Management Centre (SWMC), Newcastle, NSW. Leachate production from the SWMC
landfill was clearly related to rainfall events at the landfill site. Rainfall has a direct
impact on the volume of leachate produced and consequently on its chemical
characteristics. Thus, leachate treatment systems must have provisions for the variation
In concentrations.

The primary goal of this study was to investigate the suitability of two low cost passive
leachate treatment options, which are viable and suitable for adoption in Bhutan. Two
laboratory bench scale experiments were undertaken. The first experiment involved
surface aeration of raw leachate over a period of 20 days, while the second investigated
the treatment performance of three low cost filter media (Granular Activated Carbon
(GAC), Blast Furnace Slag (BFS) and sand) by examining their sorption efficiencies in
a series of column experiments. Leachate samples were collected from the landfill at
SWMC.

The results of the research showed that a medium strength landfill leachate can be
treated by both methods to reduce the concentrations of certain parameters. Aerobic
treatment enhanced the leachate quality mainly through removal of ammonia and OM
(>95%). It resulted in significant pollutant reductions as opposed to no aeration, which
resulted in anoxic conditions. Column experiments provided leachate treatment
essentially by lowering soluble reactive phosphorus (SRP) concentration. BFS and GAC
have performed comparatively better with P-removal efficiencies of 92% and 67%,
respectively, than sand (40%) in the laboratory work undertaken.

Finally, the research results also suggested landfills in Bhutan do not have appropriate
leachate and gas collection facilities. Due to a lack of proper waste segregation, the
leachates produced in landfills could be chemically complex. Composting is suggested
as a sustainable alternative for SWM in Bhutan to reduce the 50-60% of organic waste
disposed of in the landfills if leachate collection and treatment cannot be afforded.



