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Abstract
This study was aimed at modifying the design of, constructing, evaluating and comparing chemical contaminant removal
efficiency by, 3 household water treatment filters. The filters were: 1) biosand filter (BSF); 2) the ceramic candle filter
(CCF); 3) bucket filter (BF). The filters were evaluated for their efficiency in removal of calcium, magnesium, iron and
arsenic, nitrates, phosphates, fluorides, total organic carbon and turbidity, by determining levels of these contaminants in
water before and after filtration through the filters. The effects of chlorophyll a concentration (mg/m3) of intake water, as
well as the effects of turbidity of intake water, on the flow rates of the filters was quantified and recommendations on the
quality of water that could be filtered through these filters were made. Chlorophyll a concentrations in intake water had a
positive correlation with the turbidity of the unfiltered water (r = 0.607).The flow rates of the filters were 0.8 ℓ/h - 6.48 ℓ/h
(BSF), 0.05 ℓ/h - 2.495 ℓ/h (CCF) and 106.5 ℓ/h - 160.5 ℓ/h (BF). Because of the large particle size materials used in constructing the BF and the design, which caused it to be a rapid sand filter, the biosand filter (BF) was found to have flow rates
significantly higher than those of BSF and CCF (p ≥ 0.05). There was no difference in the efficiency of removal of metals
(average 40% - 50%) by the filters (p ≥ 0.05), as the same removal mechanisms (straining, ammonification, fixation and
adsorption) were believed to be taking place in all of the filters. The CCF removed total organic carbon (TOC) (up to 39%)
better than the BSF and BF (p ≤ 0.05). The filters removed turbidity effectively with the BSF having the highest reduction
(70%). The average turbidity reduction efficiency was in the order BSF (70%) > BF (51%) > CCF (44%). The BSF, CCF and
BF reduced turbidity and other contaminants even after filtering a total cumulative volume greater than 1 000 ℓ.
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water (Kamiyango et al., 2009). There is therefore a need to
remove these contaminants to levels below the recommended
limits. Advanced treatment methods have been developed
to treat microbial and chemical contaminants from polluted
water. These treatment methods include ozonation, deep bed
filtration, depth filtration, membrane filtration, UV light and
reverse osmosis (Noubactep and Care, 2010). The drawback
with these methods is that they are expensive and thus cannot
be afforded by low-income rural people. Therefore there is a
need for the design of cost-effective household water treatment systems (HWTS) and this is one of the main objectives
of this work. The design of the filters should take into account
safe storage of the filtered water since treated water can be
re-contaminated during transportation and storage (Clasen
and Bastable, 2003). There are a number of HWTS that are
already available to the market, which includes ceramic candle filters (CCF), some of which are based on diatomaceous
earth, slow sand filters (SSF), porous pot filters, SONO filters
and bucket filters (Ahamed et al., 2009). A lot of research has
been done in evaluating their efficiency in removing microbial contaminants, but there is still a lack of data on their
performance in removing chemical contaminants which may
also be present in drinking water at high levels and hence
compromise human health. For example, Van Halem et al.
(2009) evaluated the performance of the silver-impregnated
ceramic pot filter in removing bacteria. This study presents
results for the performance of 3 HWTS in removing chemical contaminants from drinking water. The filters were the
biosand filter (BSF), the ceramic candle filter (CCF) and the
bucket filter (BF).
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There are a vast number of problems associated with industrialisation, which include high water pollution rates and lack of
adequate potable water, (Wang et al., 2010). Water is contaminated with various compounds which pose health risks when
they are excessively ingested by humans. Some pollutants
have aesthetic problems rather than health issues. Amongst
the vast number of pollutants that may be determined in water
are arsenic, iron, calcium, magnesium, fluorides, phosphates,
nitrates and total organic carbon. A list of the diseases that
may be caused by excessive intake of these contaminants
includes, but is not limited to, infantile methaemoglobinaemia, miscarriages and infant cyanosis (nitrates) (Bailey et al.,
1986); coronary heart diseases (iron); arsenicosis (arsenic)
(Gregor and Marsalek, 2004); bone damage, lesions of the
thyroid, endocrine glands and brain (fluorides) (Chem et al.,
2006); diarrhoea, hypotension and cardiac arrest (magnesium)
(Shills et al., 2006) and vascular and soft tissue calcification,
hypercalciuria and kidney stones (calcium) (Jackson et al.,
2006). Water-related diseases have been reported to claim
about 2.5 billion lives annually and the lives of approximately
6 000 children daily from diarrhoea (WHO/UNICEF, 2006).
Phosphates stimulate the growth of toxic cyanobacteria in

