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ABSTRACT

This research report suggests the use of duckweed pond systems for the treatment of municipal
wastewater. In the current study, an aquatic plant duckweed that is locally available in quiescent
waters, ponds and lakes with high nutrient contents were used as an alternative cost effective
biological tool for the treatment of municipal wastewater to remove concentrations of organic
matter, nutrients and pathogens. Duckweed fronds were introduced into the experimental setup
that was carried out at Busitema University premises; where a known mass of duckweed fronds
was introduced in the basin. Wastewater quality parameters were tested basing on the varying

intervals in the retention period.

The experiments were conducted under outdoor environmental conditions for a retention period
of 21 days.

Efficiencies of duckweed for the treatment of municipal wastewater were assessed by measuring
some of the physico-chemical parameters and faecal coliforms in the treated wastewater. The
observations showed reduction levels of COD (82.60- 83.28%), Nitrate Nitrogen (63.79 —
67.74%), Ammonia Nitrogen (86.22-87.20%), Total Nitrogen (70.11-73.48%), dissolved
phosphorus (82.11-85.83%), total phosphorus (73.54-75.88%), faecal coliforms (95.50- 99.70%)
for duckweed ponds and COD (82.30- 84.84%), nitrate-nitrogen (65.69-68.28%), ammonia
nitrogen (64.24-67.02%), total nitrogen (63.59-69.42%), dissolved phosphorus (43.58-
50.12%),total phosphorus (54.09-58.66%), faecal coliforms (99.63- 99.73%) for ponds without
duckweed.

Compared with the National standards for discharge of effluents to the environment, all parameters
of the duckweed effluents were within the standard limit values except the value for the feacal
coliforms which was outside the range. The results showed that duckweed can be successfully

used for treatment of municipal wastewater.

An experiment about how the amount of duckweed used affects the nutrient uptake was also
conducted. A total of 4 density loads: M1 (25%), M2 (55%), M3 (80%), M4 (100%) of
inoculation masses were used. Changes in wastewater and duckweed mass characteristics were
recorded for a period of 21 days. The nutrient load in the wastewater reduced significantly in all
the three replications of the 4 experimental setups where the experiment of the 25% duckweed

mass showed the maximum nutrient removal from the wastewater.
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CHAPTER ONE.
1.0 INTRODUCTION

1.2 Background of the study

The treatment of wastewater in the third world or the developing countries is still a great
problem. This contributes to one of the major causes of illnesses to the people and degradation of
the environment. Duckweed ponds are of the lowest cost compared to the other conventional
methods of wastewater treatment, low-maintenance, highly efficient, entirely natural and highly
ecologically sustainable to the environment (Awuah et al., 2015). Duckweed species have shown
characteristics that make duckweed based wastewater treatment very attractive. They are used
not only for wastewater treatment but also for nutrient recovery. Ozengin and Elmaci (2007) says
that the reason for this is the rapid multiplication of duckweeds is the high protein content of its

biomass.

Tororo National Water and Sewage Cooperation (NWSC) has anaerobic, primary and secondary
facultative ponds and artificial wetland. The treatment infrastructures are situated in Nyangole
zone in Tororo municipality, along Mbale Road. The estimated wastewater flow into the
treatment system is 400m®/day. Worst of it is that the wetland leaks (Seeps) probably due to the
poor workmanship during its construction with a lot of nitrates, feacal coliforms and phosphates
that are hazardous to the health of people, animals, aquatic life and the entire environment. This
affects the retention time and the overall performance. (NWSC, 2013)

People have simply taken wastewater treatment just for granted by disposing off of untreated
sewage and wastewater to water bodies such as lakes, rivers and streams because the existing
methods of wastewater treatment are expensive and besides that there is no direct economic
return to the people. This is also because most of the people in third world countries live below
the poverty line of $ 1.90 per day or less (World Bank, july 9 2017). Duckweed pond systems are
usually the most appropriate method of domestic and municipal wastewater treatment in
developing countries, where the climate is most favorable for their operation; that is to say
duckweed (lemna minor) grow best in tropical climates with temperatures ranging from 20°C to
30°C. Some wastewater discharges contain a large amount of non-biodegradable organic matter,

which cannot be treated properly in a conventional biological wastewater treatment plant (Choi
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