Oestrogenic activity in drinking waters from a rural area in
the Waterberg District, Limpopo Province, South Africa
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Abstract
In South Africa, limited data are available regarding possible oestrogenic activity in the aquatic systems and especially drinking water. Water in the rural areas is often contaminated with a complex mixture of toxic compounds originating from nearby
industries, agriculture and households. In these rural areas the only access to drinking water is boreholes, natural springs and
rivers. Thus human exposure to environmental contaminants in drinking water is potentially high. Two rural communities
near Mokopane in the Waterberg district of the Limpopo Province were selected in order to screen for oestrogenic activity in
drinking water sources in a rural area. Eleven 1 ℓ water samples (Molekane n= 4; Sekuruwe n= 7), were collected in prepared
glass bottles and extracted on a SPE C18 cartridge and reconstituted into ethanol. The recombinant yeast oestrogen screen
was used to determine the oestrogenic activity in the extracts. 17β-estradiol (E2) was used as a positive control and the results
were expressed as estradiol equivalents (EEq). The EEq of the water from both the communities ranged between 0.63 - 2.48
x10 -9 g/ℓ. These concentrations are similar to other studies conducted in Korean river waters in rural and city areas and Flemish
surface waters. The recombinant yeast screen confirmed oestrogenic activity in the drinking water samples; further investigation is necessary to determine the source of the contamination and association with impaired growth.
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Introduction
Worldwide, there are a number of reports on the presence of a
variety of environmental chemicals with oestrogenic activity
in aquatic systems. A number of industrial, agricultural and
household chemicals released into the environment are believed
to disrupt normal endocrine function in humans and animals
(Colborn et al., 1993, Toppari et al., 1996, Jobling and Tyler,
2006). These endocrine disrupting chemicals (EDCs) include
a wide range of molecules such as organochlorine pesticides,
phthalates, alkylphenols, natural hormones and pharmaceuticals
(Safe and Gaido, 1998). Endocrine disruption has been associated with wildlife with observations documenting oestrogenic,
androgenic and anti-thyroid actions in fish found in sewage
and paper mill effluents; exposure of alligators to agricultural
chemicals; and exposure of birds, fish and mammals to complex
mixtures of chemicals in North America and Europe (Guillette,
2006). In South Africa the first histological evidence of intersex
in feral sharptooth catfish from oestrogen-polluted water was
reported by Barnhoorn et al. (2004). These effects in response
to ecologically relevant exposure levels have been observed in
a number of vertebrate species (Guillette, 2006), for example
infertility and behavioural changes in polar bears, beluga whales
and laboratory animals (Colborn et al., 1993; Kamrin, 1996;
Kilian et al.,2007).
Human health impacts that have been attributed to EDC
exposure include, abnormalities in male reproductive health
(Aneck-Hahn et al., 2007; De Jager et al., 1999; De Jager et al.,
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2001; Kamrin, 1996; Kilian et al., 2007; Phillips and Foster,
2008; Toppari et al., 1996); female reproductive health (Kirkhorn
and Schenker, 2002; Sharpe and Skakkebaek, 1993); increased
incidence of reproductive cancers (Sharpe and Skakkabaek,
1993); immunological effects (WHO, 2002); neurodevelopmental effects (Eskenazi et al., 2006) and thyroid disease (Phillips
and Foster, 2008; WHO, 2002). More recently diabetes, obesity
and anogenital distance have been identified as new biological
endpoints (Phillips and Foster, 2008).
Currently only limited data are available on the levels of
oestrogenic contamination in aquatic systems in South Africa.
A pilot study to determine the presence of specific chemicals
(p-nonylphenol (p-NP), polychlorinated biphenyls (PCBs) and
organochlorine pesticides) known to have oestrogenic activity
was performed on water samples from particular South African
rivers and dams during the summer of 1998/99. The results indicated that there was oestrogenic contamination in a number of
areas. A study done in November 2001 in the Rietvlei Nature
Reserve reported oestrogenic activity between 0.31 and 2.1
ng/ℓ in various surface and groundwater sites (Aneck-Hahn et
al., 2008). A more comprehensive study done in the Reserve
over a 2-year period indicated that the oestrogenic activity had
increased with cytotoxicity (69%) being reported in the YES
assay and oestrogenic activity between 0.16 and 1.92 ng/ℓ. The
more sensitive ER-Calux assay confirmed the oestrogenic activity between 0.32 and 16.0 ng/ℓ (Bornman et al., 2007). This is
a disturbing finding, in the light of the limited water resources
in South Africa, as many humans and animals are dependent
on these sources for their drinking water (De Jager et al., 2000;
Bornman et al., 2007).
In South Africa the environments in rural and urbanised
areas are often contaminated with a complex mixture of toxic
compounds originating from industries, agriculture and private
households (Aneck-Hahn, 2003). Many of these pollutants end
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