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Abstract
A recent decline in water quality of the Berg River, Western Cape, South Africa, has led to the investigation into the degree
of metal pollution in the river system. This study was conducted over a period of one year, from May 2004 to May 2005.
The nitric acid digestion technique was used to extract metals from water, sediment and biofilm samples collected at various points (Site A – agricultural area, Site B – informal settlement and Site C – Newton pumping station) along the Berg
River. Metal concentrations were determined using inductively coupled plasma atomic emission spectrometry (ICP-AES).
The highest mean metal concentrations recorded were as follows; water samples, 6 mg·ℓ-1 for Al, 14.6 mg·ℓ-1 for Fe and 18.8
mg.ℓ-1 for Mn; sediment samples, 17 448.8 mg·kg-1 for Al and 26 473.3 mg·kg-1 for Fe; biofilm samples, 876.8 mg·ℓ-1 for Al and
1 017.5 mg·ℓ-1 for Fe. The increased availability, or noteworthy incidence of Al and Fe, could be due to the leaching of metals
into the river water from waste and household products associated with the informal settlement and the subsequent settling on
sediment. No guidelines were available for metals in biofilms. The highest recorded concentrations in water were for Site C
(agricultural area). Recorded concentrations in water fluctuated throughout the study period for most of the metals analysed,
but Al and Fe were consistently above the recommended guidelines as stipulated by the Department of Water Affairs and
Forestry and the Canadian Council of Ministers of the Environment.
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Introduction
Metals occur in less than 1% of the earth’s crust, with trace
amounts generally found in the environment (Alloway, 1995a).
When these concentrations exceed a stipulated limit (South
African Bureau of Standards, 2001; World Health Organisation,
1991), they may become toxic to the surrounding environment.
Sources of metal contamination include industrial and medical
waste (Dorigo et al., 2004), pesticides, petroleum by-products
(Mowat and Bundy, 2001), household products, as well as urban
and pharmaceutical waste (Brooks et al., 2003). Domestic and
household sources of metal contamination generally occur as a
result of corrosion of metal plumbing fittings, galvanised roofs
and wire fences [zinc (Zn), cadmium (Cd)], and healthcare
products, such as Zn- or selenium- (Se) containing shampoos
and Zn-containing baby creams (Alloway, 1995b). Silver paint
containing aluminium (Al), Al-coated roofs, saucepans and
utensils (Friberg et al., 1986), are also possible sources of
contamination.
Natural watercourses can also be contaminated with microorganisms, which inhabit the natural environment in the form
of planktonic organisms and sessile biofilms. Under favourable
conditions, micro-organisms will generally form a biofilm on
any surface exposed to an aqueous environment. These biofilms can be defined as a community of attached microbial cells
organised within extracellular polymer matrices (EPS). This
EPS assists in the bacterial survival by providing protection
against metals, predation and environmental fluctuations, and
also provide increased resistance against antimicrobial agents
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(Decho, 1990). Biofilms are advantageous in that they encapsulate toxic molecules, such as metals (Costerton et al., 1978),
by providing a substrate for them to adhere to, thereby limiting
the diffusion of biocides and other toxic molecules across the
EPS (De Beer et al., 1994; Huang et al., 1995). This implies that
the attached biofilm communities may then be employed in the
removal of toxins from aqueous systems, as the biofilms are able
to concentrate and bind ions from the passing water (Neu et al.,
1992).
The presence of metals in biofilms isolated from the Elbe
River in Germany was determined in a study by Friese et al.
(1997). They found fractions of several elements from stones
and plates incubated in the river. These elements included potassium (K), calcium (Ca), chromium (Cr), manganese (Mn), lead
(Pb), nickel (Ni), copper (Cu), zinc (Zn) and iron (Fe). Factors
contributing to microbial biodiversity and the tolerance of certain organisms to metals depend on the type of attachment material (e.g. glass, stones, leaves, rocks) the biofilm is isolated from,
the age of the biofilm and the concentration of the EPS. In addition, research has indicated that the predominant metals present
in streams and lakes are Zn, Pb, Cu, Fe and Mn (Geesey et al.,
1992; Nelson et al., 1996).
Metal concentrations in environmental samples, may be
determined using different analytical techniques. These techniques can be divided into single element analysis, using atomic
absorption spectrometry (AAS) and simultaneous multi-element analysis, using ICP-AES and X-ray fluorescence spectrometry (XRF). Vermeiren et al. (1990) investigated ICP-AES
as a method of determining the presence of the metals Cd, Pb,
Cu and Zn in natural waters. Certain samples were enriched
with specific concentrations of the metals, while others were
not. Comparison of the results obtained for the enriched and
non-enriched river water samples indicated that the technique is
accurate in the determination of metal concentrations.
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