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Abstract
Multivariate statistical analysis was used to investigate changes in water chemistry at 5 river sites in the Vaal Dam catchment, draining the Highveld grasslands. These grasslands receive more than 8 kg sulphur (S) ha-1∙year-1 and 6 kg nitrogen (N) ha-1∙year-1 via atmospheric deposition. It was hypothesised that between 1991 and 2008 concentrations of dissolved
mineral salts, sulphate, nitrate and ammonium would increase as a result of the S and N deposition received. Significant
spatial differences were found, by analysis of covariance, between sites within the catchment. Canonical correspondence
analysis (CCA) showed that the environmental variables used in the analysis, discharge and month of sampling, explained
a small proportion of the total variance in the data set – less than 10% at each site. However, the total data set variance,
explained by the 4 hypothetical axes generated by the CCA was >93% for all 5 sites. Sulphate, nitrate-plus-nitrite, ammonium and phosphate concentrations increased at 1 site each, between 1991 and 2008. Over the same time frame, acidneutralising capacity was decreased significantly at 1 of the 5 river sites. The concentrations of the ions analysed, with
rare exception, were within the limits set by the national drinking water guidelines, between 1991 and 2008. Nitrogen and
sulphur concentrations at the five selected river sites within the Vaal Dam catchment did not show a statistically significant
increase between 1995 and 2008.
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et al., 2001; Cooper, 2005; Kowalik et al., 2007; Baron et al.,
2009; Oberholster et al., 2011).
The levels of deposition to the Highveld generally, and the
Vaal Dam catchment specifically, prompted concern that the
catchment would show elevated salt concentrations as a result
of S deposition and inputs of S and other ions transferred from
soil storage pools into rivers via runoff (Taviv and Herold,
1989). Elevated salt concentrations have the potential to reduce
irrigated crop production (Van Rensburg et al., 2008) and cause
eutrophication (Roos and Pieterse, 1995). The economic cost
of purification of salt-enriched water to industrial requirements
is an additional concern (Urban Econ., 2000). As a result of
abstraction for domestic, industrial and irrigation use, and
subsequent return flow, salt concentrations are already problematic in the middle and lower Vaal River system (below the
Vaal Dam) where water is abstracted for irrigated crop agriculture (Braune and Rogers, 1987; Roos and Pieterse, 1995;
Van Rensburg et al., 2008). Although mine effluent is a major
contributor to salinity, increased salt concentrations as a result
of atmospheric S and N deposition may be impacting the Vaal
River system and ecosystem services further downstream than
where the deposition is received.
Subsequent to the concern raised by the modelling study
of Taviv and Herold (1989), Fey and Guy (1993) investigated
the capacity of the major soil types of the Vaal Dam catchment to retain SO42-. Their methods included the textural and
chemical characterisation of the soils, as well as 3 methods for
assessing SO42- adsorption. They found that the retention capacity over most of the catchment was low (Fey and Guy, 1993).
More recent assessment showed that the soils of the central
Highveld grasslands, which also form the central region of the
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The Vaal Dam and Vaal Barrage supply Gauteng, and beyond,
with water for domestic and industrial use. The catchment
for these reservoirs covers the Highveld grasslands. Sulphur
(S) and nitrogen (N) are deposited in the catchment as a
result of the clustering of coal-fired power stations and other
industrial activities. Atmospheric deposition ranges between
1 and >35 kg S∙ha1∙year1 and 1 and >15 kg N∙ha1∙year1 over the
Highveld, generally, with sites near stationary point sources
receiving more than double these amounts (Blight et al.,
2009; Collett et al., 2010). These quantities are comparable
with industrialised sites elsewhere in the world (Dovland and
Pederson, 1996: 5 to 15 kg N∙ha-1∙year-1; and, more recently,
Dentener et al., 2006: 10 to 70 kg S∙ha-1∙year-1) where the
impacts have resulted in disturbed ecosystem services (for
example, the review of the eastern USA by Lovett et al., 2009).
Disturbances to ecosystem functioning occur after deposition
of S and N compounds and include acidification of soils and
waters affecting the chemical cycling processes, and can be
harmful to biota within these ecosystems (Wellburn 1994).
International studies with regard to impacts on aquatic systems
have investigated changes in concentrations of S, N, aluminium
(Al), alkalinity, base cations, and changes in pH (Baron et al.,
2000; Evans et al., 2001; Kernan and Helliwell, 2001; Wright

