Oestrogen, testosterone, cytotoxin and cholinesterase inhibitor
removal during reclamation of sewage to drinking water
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Abstract
Namibia is the driest sub-Saharan country in Africa. Namibia’s capital, Windhoek, reclaims sewage water for domestic use
at the Goreangab Water Reclamation Plant (GWRP). Risks associated with sewage effluent and reclaimed sewage should be
closely monitored; therefore water at the Gammams Sewage Treatment Plant (GSTP) inlet and outlet, as well as reclaimed
water from the GWRP, were assayed using selected bioassays. Samples collected were analysed using enzyme-linked
immunosorbent-assays and chromogenic tests for steroid hormones, neurotoxicity, cytotoxicity and inflammatory activity.
Estradiol level at the sewage treatment inlet was 78 pg/mℓ and the treated sewage level showed an 83% to 95% reduction in
this, while after reclamation the level was below detection limit. Estrone concentrations at the sewage treatment inlet ranged
from 10 to 161 pg/mℓ. Sewage treatment reduced estrone by between 85% and 92%. After reclamation the level of estrone
was below detection limit. Testosterone ranged between 162 and 405 pg/mℓ at the sewage plant inlet. Sewage treatment
removed 96% of the initial testosterone. The residual testosterone was effectively removed by processes in GWRP and after
reclamation no testosterone was detected in water. Acetylcholinesterase (AChE) inhibition at the sewage treatment inlet was
50% while it was only 27% after sewage treatment. After reclamation AChE inhibition was not detected. Only water at the
sewage inlet in March and February showed cytotoxicity. High inflammatory activity was detected at the sewage plant inlet.
Sewage treatment reduced inflammatory activity by 64%. After reclamation low inflammatory activity was induced. Treated
sewage used for reclamation tested positive for most of the biomarkers and can pose a risk to human health. However,
reclamation successfully removed these contaminants. Due to the presence of contaminants in the intake water at the
reclamation plant, it is essential to routinely monitor the water produced by the reclamation plant for potential residues that
can adversely affect human health.
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INTRODUCTION
The protection and management of water resources are becoming increasingly important. The growing human population,
linked to its resource needs, puts existing water sources under
immense pressure due to unsustainable use and effects of various environmental pollutants. Namibia has to take special care
of its water sources, since it is the driest sub-Saharan African
country, with an average rainfall of 360 mm per year. More
than half of the surface of this country is considered semiarid to hyper-arid. This is further aggravated by extremely
high evaporation rates of 3 000–3 500 mm/a (Mendelsohn et
al., 2009). With a total land surface area of 825 000 km2 and
just over 2 million inhabitants it is one of the most sparsely
populated countries in the world (Mendelsohn et al., 2009).
Urbanisation has led to more than 10% of the country’s population settling in the capital city, Windhoek, resulting in an
increased demand for clean water.
Windhoek is a relatively small city and home to most of
the 250 000 people of the Khomas Region (Mendelsohn et al.,
2009). The current unofficial estimate for Windhoek’s population is more than 300 000 inhabitants. In 1969 water shortages
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led to the upgrade of the conventional water treatment plant in
the vicinity of the Goreangab Dam to a fully functional water
reclamation plant, with the purpose of reclaiming the final
effluent from the city’s Gammams Sewage Treatment Plant
(GSTP) (Du Pisani, 2006). The Goreangab Water Reclamation
Plant (GWRP) was the first water reclamation plant of its kind
in the world, where the final effluent from a sewage water
treatment plant was purified, together with water from the
Goreangab Dam, for domestic use and human consumption.
In full operation it could deliver up to 4 300 m3/day and the
reclaimed water was mixed with borehole water before being
delivered to the city of Windhoek (Du Pisani, 2006).
Goreangab Dam later became unfit for reclamation due to
increasing organic matter input from expansion of the city as
well as informal settlements that lie within the catchment area
of the dam. As a result only sewage effluent was reclaimed.
In subsequent years the water demand increased further and
water had to be sourced from further away. The GWRP underwent several upgrades to finally reach a capacity of between
7 500 and 8 000 m3/day in 1997 (Du Pisani, 2006; Kirchner and
Van Wyk, 2001). By this time the GWRP reached the end of its
viable life and a new, larger plant (also called the Goreangab
Water Reclamation Plant or new Goreangab Water Reclamation
Plant) was built with a capacity of 21 000 m3/day (Lahnsteiner
and Lempert, 2007). Currently it has the potential of supplying
up to 30% of the City of Windhoek’s water demand, the other
70% being supplied from the S Von Bach Dam located approximately 60 km from Windhoek, as well as from about
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