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Assessment of constructed wetlands for removing hazardous contaminants from landfill leachate
Title by lab-scale experiments
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Abstract of Thesis

Open landfills is the most popular method for solid waste treatment in developing countries, however, those
landfills are mostly non-engineered facilities, resulting in emission of polluted leachate to environments. The
Landfill leachate is capable of producing sever environmental impacts, including eutrophication or toxic effects on
aquatic organisms resulting from ammonia, heavy metals, or organic compounds. Many treatment methods have
been used for treating landfill leachate but either they have high operational costs or they produce dangerous
by-products. Hence, constructed wetlands (CWs) are proposed as a low-cost alternative providing sustainable
treatment of landfill leachate. In addition to warm climates favor plant growth, microbial activity and leachate
evapotranspiration in the treatment wetland systems, CWs are expected to be widely applied in
tropical/subtropical regions among developing countries.

The thesis consists of five chapters and two appendices. Chapter 1 represented the brief background, objective,
and scope of this thesis. The main objective of the thesis is to assess the removal of hazardous contaminants from
landfill leachate by lab-scale CWs.

Chapter 2 reviewed the related studies including landfill leachate composition in Southeast Asia and landfill
leachate treatment in CWs for development of lab-scale experimental systems on decontaminating landfill
leachate using CWs. According to the review, various factors that may influence treatment processes were
discussed in this study, such as synthetic leachate design, treatment wetland configuration, and climate
conditions.

Chapter 3 investigated the removal efficiencies of heavy metals from synthetic landfill leachate by lab-scale
CWs with three vegetation types (unplanted, planted with common reed, or with common rush) and four different
influent runs (old leachate, young leachate, high-strength young leachate, and young leachate at short retention
times). Those variables were compared to elucidate the proper designs and operations of CWs for efficient heavy
metal removal. Furthermore, the metal distribution in different soil layers (upper, middle, and lower) and
different plant tissues (leaf, stem, and root) of CWs was also measured to explore the possible removal processes
of heavy metals in CWs.

Chapter 4 was conducted to elucidate the removal efficiencies of phenolic compounds (phenol, bisphenol A, and
4-tertbutylphenol) in lab-scale CWs using leachate treatment experiments and to investigate the removal
mechanisms using rhizosphere microbial experiments. In the leachate treatment experiments, lab-scale CWs
were used to remove these phenolic compounds from synthetic landfill leachate with various factors, i.e. the plant
presence, the leachate composition, and retention time/seasonal change in the CWs. In the rhizosphere microbial
experiments, populations and carbon source utilization potentials of microbes, and adsorption and biodegradation
processes were studied to clarify the phenolic compound removal mechanisms.

Chapter 5 pointed out the summary, overall conclusions, and future perspectives of this thesis. CWs are
demonstrated as effective for treating landfill leachate at high concentrations of heavy metals and phenolic
compounds. The removal efficiencies, the influence factors, the key design parameters of CW and the possible
removal pathways all can be used in the application of CWs to deal with landfill leachate treatment in the future.

Furthermore, in Appendix A, a wide range of literature review of landfill leachate in Southeast Asia was
carried out, and finally 66 landfill leachates of 34 landfills of 49 literatures were collected for database

construction. The main proposes of this study are to build a wastewater database of landfill leachate in Southeast
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Asia, to evaluate various factors on impacting leachate composition, and to investigate the treatment technology
of landfill leachate in this region.

In Appendix B, twelve pilot-scale constructed wetlands with different configurations were set up in the field to
evaluate the removal and factors that influence removal of sulfonamides (sulfadiazine, sulfapyridine,
sulfacetamide, sulfamethazine and sulfamethoxazole) and trimethoprim from domestic sewage. The treatments
included four flow types (downward vertical flow, upward vertical flow, surface flow, and horizontal flow), three
substrates (vesuvianite, gravel, and zeolite), three plants (Thalia dealbata, Arundo donax var. versicolor, and

unplanted) and three hydraulic loading rates (0.125, 0.25, 0.5 m/d) across two seasons (summer and winter).
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