Oestrogenicity and chemical target analysis of water from
small-sized industries in Pretoria, South Africa
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Abstract
Increasing concern about endocrine disrupting chemicals (EDCs) and their effects on humans, animals and the environment
resulted in this study being conducted. Water from 7 sites in the Pretoria West area (South Africa), with significant numbers of
small-sized industries, was screened for oestrogenicity, using the Recombinant Yeast Cell Bioassay (RCBA). Target chemical
analyses were carried out to establish the presence of EDCs, including p-nonylphenol (p-NP), bisphenol A (BPA), phthalate
esters, polychlorinated biphenyls (PCBs) and various organochlorine pesticides, including dichlorodiphenyltrichloroethane
(DDT). p-NP, PCBs and organochlorine pesticides were detected using LECO Pegasus II MSTOF and BPA and phthalates
were detected using the GC-MS method. Oestrogenic activity was detected in all the samples collected from these sites. Lindane, an organochlorine pesticide, was detected at one site. p-NP, PCBs and phthalate esters were detected at some of the other
sites. Small-size industries were found to contribute to EDC pollution of water in the Pretoria West area.
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Introduction
Over the past two decades, increasing concern and public debate
have developed over the potential adverse effects of exposure
to a group of chemicals that have the potential to alter the normal functioning of the endocrine system in wildlife and humans
(Sharpe and Skakkebeak, 1993; NIEHS, 2006). A large number
of these are man-made and are present in the environment as
pollutants (Sharpe and Skakkebeak, 1993). These chemicals are
known as endocrine disrupting chemicals (EDCs) since they act
like oestrogens or mimic or suppress the action of hormones,
particularly oestrogen (McLachlan and Arnold, 1996).
EDCs are found in many everyday products including some
plastic bottles, metal food cans, flame retardants, toys, cosmetics, pesticides and detergents (NIEHS, 2006). A wide and varied
range of chemicals are thought to cause endocrine disruption.
These include diethylstilbestrol (DES), polychlorinated biphenyls (PCBs), dioxin and dioxin-like compounds, organochlorine
pesticides including dichlorodiphenyltrichloroethane (DDT),
alkylphenols and phthalate esters (EDSTAC, 1998; NIEHS,
2006).
The key health impacts that have been attributed to EDCs
include abnormalities in male reproductive health (Toppari et
al., 1996; Kamrin, 1996; De Jager et al., 1999; De Jager et al.,
2001; Rozati et al., 2002; Aneck-Hahn et al., 2007; Kilian et al.,
2007); female reproductive health (Sharpe and Skakkebeak,
1993; Kirkhorn and Schenker, 2002); increased incidences and
accelerated progression of cancers (Sharpe and Skakkebeak,
1993); immunological effects (Porter et al., 1999; WHO, 2002);
and neurodevelopment impacts (Eskenazi et al., 2006). Recent
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research published by Kaiser et al. (2005) suggests that pesticides and other man-made chemicals may lower male fertility
for at least 4 generations.
Male reproductive health
Concern is growing that abnormalities in male reproductive
health are becoming more frequent. There has been an increased
frequency of testicular cancer and of boys born with urethral
abnormalities and undescended testes. Sperm counts have
also declined by about a third in the past 20 years, at a rate of
about 2.1% per year, and the quality of sperm has declined as
well (Lutz, 1996; Swan et al., 2003; Aitken et al., 2004; Swan,
2006).
Studies have identified EDCs as causing infertility and
behavioural changes in species such as polar bears, beluga
whales, alligators and humans (Colborn et al., 1993; Kamrin,
1996). Relevant research in South Africa using environmental
toxicants with oestrogenic properties has also shown structural
changes in the reproductive system of male rats that have resulted
in decreased fertility parameters (De Jager et al., 1999; De Jager
et al., 2001; Kilian et al., 2007). This finding is supported by
the first histological evidence of intersex in feral sharptooth catfish from an oestrogen-polluted water source in Gauteng, South
Africa. Target chemical analyses showed that the water, sediment, and serum samples tested positive for p-NP (Barnhoorn et
al., 2004).
In South Africa research in this area is ongoing. Research
undertaken by the University of Pretoria on the effects of p-NP
and on mixtures of EDCs, including phytoestrogens, has shown
a general trend in decreased fertility parameters in adult rats
(Kilian et al., 2007). Semen quality with environmental DDT
exposure in young men living in a malaria area in the Limpopo
Province of South Africa showed impaired seminal parameters.
The high exposure levels of DDT and p,p’-dichlorodiphenyl-
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