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Abstract
Uranium (U) pollution of the surface water and groundwater of the Wonderfonteinspruit (WFS) catchment caused by gold
mining over more than a century has been an ongoing concern for several decades. Triggered by a recent increase in media
attention, political pressure on governmental authorities has mounted to assess the associated health risks and implement
appropriate mitigation measures. However, owing to the complexity of the catchment arising from the presence of a multitude of dischargers, a complex karst hydrology and large-scale modifications thereof by deep-level gold mining, most
attempts to address the issue to date have been limited to uncoordinated ad hoc studies generally suffering from a lack of
temporal and spatial representivity of the underlying data. Part 2 of a series of 2 papers aimed at quantifying the extent
of mining-related U pollution in the WFS catchment, this paper addresses the pollution of surface water, groundwater, as
well as mine effluent. Based on close to 3 400 measured U concentrations (mostly unpublished) of water samples gathered
between 1997 and 2008, an overview of U levels and associated loads in the WFS catchment is provided. Results indicate
that U levels in water resources of the whole catchment have increased markedly, even though U loads emitted by some
large gold mines in the Far West Rand have been significantly reduced. A major contributing factor is highly polluted water
decanting from the flooded mine void in the West Rand, which was diverted to the WFS. Over the reference period, an average of some 3.5 t of dissolved U has been released into the fluvial system from monitored discharge points alone. However,
since the WFS dries up well before it joins the Mooi River this U load does not usually impact on the water supply system
of downstream Potchefstroom directly. It may, however, indirectly reach Potchefstroom since much of the water from the
WFS recharges the underlying karst aquifer of the Boskop Turffontein Compartment (BTC), the single most important
water resource for Potchefstroom. Compared to 1997, groundwater in the BTC showed the highest relative increase in U
levels of the whole WFS catchment, resulting in some 800 kg/a of U flowing into Boskop Dam, Potchefstroom’s main water
reservoir. Of particular concern is the fact that U levels in the WFS are comparable to those detected in the Northern Cape
(South Africa), which have been linked geostatistically to abnormal haematological values related to increased incidences of
leukaemia observed in residents of the area.
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Introduction
During more than a century of gold mining in the catchment
of the Wonderfonteinspruit (WFS) deep-level gold mining
brought more than 100 000 t of U3O8, from depths of up to
3 000 m, to the densely-populated surface areas of the West
Rand (WR) and Far West Rand (FWR) (Winde, 2010). While,
since 1952, U-producing gold mines in South Africa exported
a total of some 240 000 t of U, more than double that amount
(approx. 600 000 t) is estimated to still be contained in gold
mining tailings covering some 400 km² in the Witwatersrand
basin (Creamer, 2007; Robb and Robb, 1998, Winde, 2006c).
These slimes dams and associated infrastructure such as return
water dams, pipelines, metallurgical plants, etc., together with
un-mined uraniferous ore in the mine void constitute a multitude of sources from which U migrates, mostly uncontrolled,
into the environment. In addition to wind and water erosion
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of slimes dams transporting uraniferous tailings particles into
adjacent areas, the chemical leaching of U from tailings particles and subsequent waterborne transport as a dissolved phase
into subjacent aquifers and nearby streams (termed ‘aqueous
pathways’) often constitutes the single largest source of mining-related water pollution. In mined-out areas such as the West
Rand and Central Rand of the Witwatersrand basin, water flowing out of flooded mine voids may act as another major source
of U pollution affecting surface water and groundwater.
U pollution in the WFS catchment has recently received
increased media attention, frequently unsettling members of
the general public with sometimes sensationalised reports on
adverse health effects on people and animals living in the area
(Winde, 2010). Since recent findings on U toxicity suggest that,
apart from long-known impacts on kidneys, U may also damage the brain, impact on genetic information (DNA) and act as
an endocrine-disrupting compound. Therefore, voiced concerns on possible health implications and risks, despite possible
sensationalism, need to be taken seriously. While many of the
new findings on U toxicity are based on animal experiments,
this is not true for a South African study which linked elevated
U levels in groundwater to higher incidences of atypical lymphocytes related to leukaemia in the community involved,
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