Definition of baseline metal concentrations for assessing
metal enrichment of sediment from the south-eastern
Cape coastline of South Africa
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Abstract
Assessing metal contamination of sediment is complicated since metals are a ubiquitous, naturally occurring component of
sediment, their concentrations in un-contaminated sediment can vary by orders of magnitude over relatively small spatial
scales, and naturally occurring and anthropogenically introduced metals tend to accumulate in the same areas. To meaningfully interpret sediment metal data, factors affecting metal concentration variability in sediment must first be compensated
for before naturally occurring and anthropogenically introduced concentrations can be differentiated. This can be accomplished through the procedure of geochemical normalisation. Baseline metal concentration models developed through this
procedure can then be used to interpret metal concentrations measured in sediment from areas where anthropogenic metal
inputs are suspected. In this study baseline metal concentrations in sediment from the coastal zone between the Kromme
River estuary in St Francis Bay and the Nahoon River estuary in East London on the south-eastern Cape coastline of South
Africa are defined, for the purpose of differentiating between natural and anthropogenically introduced metal concentrations
in sediment from this region. Baseline concentration models were initially defined for three sub-regions of the coastline, and
then for the region as a whole. Aluminium and iron were found to be suitable for normalising the concentrations of copper,
cobalt, chromium, manganese, nickel, lead and zinc, but not concentrations of arsenic, cadmium and mercury. Baseline
concentrations of arsenic, cadmium and mercury above which enrichment can be inferred were defined using cumulative
probability and univariate plots. The manner in which the baseline models are used to interpret metal concentrations is demonstrated, using metal concentrations measured in sediment from the Port of East London. The baseline models are used to
assess the suitability of sediment quality guidelines (SQGs) developed by the Department of Environmental Affairs and Tourism (DEAT) for assessing the quality of sediment from the coastal zone of South Africa. The Special Care Level Guideline
for chromium is unsuitable for assessing the quality of sediment from the south-eastern Cape coastline since the guideline for
this metal specifies a concentration that is below the baseline concentration in sediment from this region.
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Introduction
Contaminants are introduced into coastal environments from
multiple anthropogenic sources. In urban areas a significant
proportion of the contaminant load is introduced in solution,
including through urban stormwater runoff and effluent discharge (Schiff and Gossett, 1998; Sutherland, 2000; Sutherland
and Tolosa, 2000; Matthai et al., 2002; Brown and Peake, 2006).
Many contaminants have low water solubility and are particlereactive (Olsen et al., 1982), and once introduced into surface
waters rapidly adsorb to suspended sediment and organic matter and are in this manner ‘scavenged’ from the water column
through flocculation, coagulation and sedimentation (De Groot
et al., 1976; Förstner and Wittman, 1979; Huh et al., 1992; Honeyman and Santschi, 1988; Mwanuzi and De Smedt, 1999; Hatje
et al., 2003). As a consequence, concentrations of most contaminants in bottom sediment and at the sediment water interface
usually exceed those in the overlying water column by several
orders of magnitude (Horowitz, 1991; Bryan and Langston,
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1992; Daskalakis and O’Connor, 1995).
Metals (for the sake of simplicity the metalloid arsenic is
referred to as a metal in this study) generally do not degrade, and
with continued input and limited sediment redistribution can
accumulate in depositional zones to concentrations high enough
to cause toxic effects to benthic and epibenthic organisms
(Chapman, 1989). Bottom sediment does not only act as a sink
for anthropogenically introduced metals however, but can also
be significant source. Metals can be remobilised and released
from sediment into the overlying water column through natural
and anthropogenic disturbance, including bioturbation, storms
and dredging (Förstner, 1989; Daskalakis and O’Connor, 1995;
Long et al., 1995; Goossens and Zwolsman, 1996; Zoumis et al.,
2001; Linge and Oldham, 2002; Eggleton and Thomas, 2004).
The importance of sediment as a source for metals long after the
major anthropogenic source has been removed or controlled is
highlighted by the case of mercury in San Francisco Bay (USA).
Although mercury loading to the bay associated with mining
activities was significantly reduced during the early 20th century, mercury remobilised from sediment continues to pose a
significant risk to biological and human health (Nriagu, 1994;
Flegal et al., 2005).
Not surprisingly, monitoring sediment metal concentrations
is the focus of attention in environmental impact/quality moni-
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