Assessment of microbial contamination of groundwater in upper
Limphasa River catchment, located in a rural area of northern Malawi
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Abstract
In rural Africa, scientific evidence is often lacking to guide the scaling-up of groundwater as the safest source of potable
water. An investigation was conducted in the Upper Limphasa Catchment in northern Malawi to determine the safety of
groundwater sources and to explore factors influencing water quality. Water samples from 17 boreholes, 6 hand-dug wells
and 90 households were analysed for selected parameters. Portable incubators, multi-parameter probe and colorimetric
standard methods were used for field measurements, and standard methods were used for laboratory water analysis. Results
were compared to specified guidelines of the World Health Organization and Malawi Bureau of Standards to establish the
potability of water. Statistical results using non-parametric t-tests indicated that the wells were more contaminated with
E. coli bacteria than boreholes (p=6.2x10 -6), suggesting non-consideration of local hydrogeologic factors in groundwater
development. Water from boreholes that tested negative for pathogens at source tested positive at some households (total
coliform: p=0.0042 and E. coli p=7.8x10 -7) suggesting the effect of handling practices. Water from wells that was not treated
with chlorine showed higher levels of E. coli than treated water from the same sources, confirming the effectiveness of
chlorine in reducing pathogenic bacteria in households’ stored drinking-water, reinforcing the scientific basis for scaling up
chlorine as effective disinfectant. However, this study demonstrated that chlorine failed to effectively eliminate all pathogens in drinking water. As a case study in tropical rural environments in Africa, these findings on the suitability of using
chlorine as disinfectant and on factors explaining groundwater contamination, though provisional, provide a scientific basis
for assessing cost-effectiveness and sustainability of scaling-up the use of chlorine as a curative remedy and of systematically investigating local hydrogeologic factors in order to implement measures to protect groundwater quality in povertyprone rural communities.
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Introduction
Access to safe and sufficient water and sanitation is a basic
human need and is essential to human wellbeing (UN, 2006).
One of the United Nations Millennium Development Goals
(MDG) specifically addresses the problem of lack of access to
safe drinking water. This MDG aims to halve the proportion
of people without sustainable access to safe drinking water by
2015 (Cronin et al., 2006). Sub-Saharan Africa has the highest
proportion of poor people in the world, 44% of the population
in 2002 (World Bank, 2006). The region has the world’s fastest
growing population with a 2.2% annual growth rate leading
to increased pressure on water resources (Bordalo and SavvaBordalo, 2007). About 22 African countries, including Malawi,
fail to provide safe drinking water to half of their population
(Pritchard et al., 2007).
Malawi’s total population is 13 million, 11 million of
which live in rural areas, and has an annual growth rate of
2.8%. The demand for natural resources, including water to
sustain livelihoods, is therefore high (Malawi Government,
2008b; World Bank, 2005). Although water is generally
abundant in Malawi, 60% of the population lacks safe drinking water and improved sanitation (Pritchard et al., 2007).
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Consequently, water-related diseases continue to be one of the
major health problems in the country.
To contribute to achieving the UN MDGs, Malawi’s specific water policy objectives were developed to ensure that at
least 80% of the population have access to potable water, and to
reduce non-functional water-points from 31% to 25%, by 2011
(Malawi Government, 2008a). In Malawi, as in many developing countries, one of the major strategies to achieve these goals
has been to install protected water sources, such as boreholes
and protected shallow wells, to provide water of better quality (Wright et al., 2004). Most people in developing countries
depend on untreated groundwater supplies as safe sources
for their drinking water. The increasing demand to provide
water through such sources has resulted in concerns that some
groundwater sources might not be as safe as expected, thereby
endangering people’s lives. The major groundwater sources are:
• boreholes (tube wells) that are usually rig-drilled >20-m
deep and potentially tap deeper aquifers; and
• shallow wells (hand-dug wells) that are usually dug <20-m
deep and often tap unconfined aquifers (MacDonald and
Davies, 2000).
In rural areas, shallow wells are the traditional means of
accessing groundwater from shallow aquifers. A shallow well
is considered protected when fitted with a proper lid on top
(Malawi Government, 2005). Funds and services to provide
groundwater wells in rural Malawi are provided by the Malawi
Government agencies such as the water board division, water
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