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Abstract
This is the first paper reporting on results obtained in a metal bioaccumulation study in the Vaal River system. It discusses
concentrations of four non-essential elements (strontium, aluminium, lead and nickel) in water, sediment and various fish
tissues. A second paper will report on concentration levels of the remaining five essential trace metals (chrome, copper,
iron, manganese and zinc) studied. While heavy metals did accumulate in C. gariepinus tissues, no clear trends emerged
with regard to differences between localities (Vaal Dam and Vaal River Barrage) or surveys. The highest non-essential
element metal concentrations were generally recorded in gill (filaments and arches), followed by muscle, liver and lastly
skin. This general trend appears to be in agreement with trends observed by other workers and reported in the literature. Variability in tissue metal concentrations in C. gariepinus within locality and seasons observed in this study is also
reflected in results from available literature. This accentuates the importance of factors that influence the concentrations
and bioavailability of trace metals.
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Introduction
Synopsis
With South Africa’s unallocated water supplies dwindling
(Blignaut and van Heerden, 2009), pollution levels (including
heavy metal pollution) will influence future water conservation and management policy-making decisions. Furthermore,
metal pollution may globally have a severe negative impact on
human health (Castro-González and Méndez-Armenta, 2008),
with South Africa being no exception (Strydom et al., 2006).
In fish, lesions caused by low concentrations of trace metals could lead to functional alterations and interference with
fundamental processes such as osmoregulation, gas exchange
and metabolism (Pandey et al., 2008), and subsequently also
affect community structure (Bervoets et al., 2005). Heavy
metals can be defined as ‘electropositive elements having a
density of greater than five’ (Roebuck, 1992). This definition
invariably lumps together 40 metals of different properties and
degrees of acute and chronic toxicity (Roebuck, 1992). With
regards to the periodic table, the transition elements are generally termed ‘heavy metals’ or simply ‘metals’ (Sorensen, 1991).
Possible sources include wastewater arising from informal
settlements (Jackson et al., 2007), leachates from domestic and
industrial landfill sites (Moodley et al., 2007), mining activities, disposal of metal-containing industrial effluents (Lloyd,
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1992; Purves, 1985; Phuong et al., 1998), municipal wastewater,
dry docking companies and petrol filling stations (Shriadah,
1998). Presence of metals in natural waters may either result
in positive effects when the metals present are essential for life
in low concentrations, or negative (i.e. toxicologically undesirable) effects (Galvin, 1996). Toxicity of metals is dependent
on the availability of the metal in the ionised form (Sorensen,
1991). This in turn is influenced by factors such as hardness,
pH, dissolved oxygen, temperature, salinity, interactions with
heavy metal salts and other particles such as suspended solids
(Hartung, 1973; Mance, 1987; Wang, 1987; Burton et al., 1972).
Synergistic combined effects or additive joint actions of metals have been documented (Enserink et al., 1991; Palaniappan
and Karthikeyan, 2009). Antagonistic interactions also occur
(e.g. Kwong and Niyogi, 2009). Sorption of several metals to
hydrous ferric oxide (Johnson, 1986; Hem, 1977; Swallow et
al., 1980) and manganese oxide (Loganathan and Burau, 1973)
has been studied. Another factor affecting toxicity of metals
is alkalinity (Köck et al., 1995). It is, however, not only water
quality variables and chemical elements that are important
determinants of metal availability and toxicity. A large number
of biological variables also play a significant role with regard
to metal accumulation. These include interspecies variations
(Giesy and Wiener, 1977; Lowe et al., 1985), orientation to the
sediment and behaviour (Kligour, 1991; Kidwell et al., 1995),
as well as life stages present (Mance, 1987). Synthetic chelating
agents (e.g. ethylene diamine tetraacetic acid) can also reduce
metal toxicity (Muramoto, 1980; James et al., 1998). Effects of
metal toxicity are varied, ranging from gross pathologies like
scale deformation (Yoshitomi et al., 1998) and liver degeneration (Woodward et al., 1994), to the disruption of metabolic
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