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Background 

Metals are amongst, if not the most commonly used indicators of sediment quality in coastal 

and marine ecosystems. This is justified as it reflects the wide societal use of metals, and that 

they are common and often significant contaminants of sediment. However, interpreting if a 

metal concentration reflects contamination, and identifying if it is at a concentration that 

presents a toxic risk in the absence of toxicity testing, is complicated. This is because metals 

are a naturally occurring component of sediment, because their concentration may naturally 

vary widely over relatively small spatial scales depending on sediment grain size and total 

organic content, and because despite input and transport dissimilarities naturally occurring 

and anthropogenically introduced metals tend to accumulate in the same areas. The mere 

presence of metal concentrations in sediment does not automatically imply it is contaminated. 

A ‘high’ metal concentration also does not automatically imply contamination, due to the 

strong sediment grain size control on metal concentrations.  

 

To meaningfully interpret metal concentrations in sediment the factors influencing their 

natural variation must be compensated for before naturally occurring concentrations can be 

differentiated from anthropogenically enhanced concentrations. This can be accomplished by 

the procedure of geochemical normalisation, which mathematically normalises metal 

concentrations to a co-occurring element that provides a tracer of crustal decomposition. 

However, this approach is usually not followed, particularly amongst African investigators, 

but when it is there are pitfalls to the most common normalisation procedure of calculating 

enrichment factors. 

 

To demonstrate the need for, and value of geochemical normalisation as a tool for 

interpreting metal concentrations in sediment, we discuss the findings of a study that 

investigated metal concentrations in several estuarine ecosystems in the greater Durban area 

on the east coast of South Africa. We also use the results to highlight pitfalls associated with 

the uncritical use of sediment quality guidelines for estimating the toxicological significance 

of metal concentrations in sediment.  

 

Methods 

The concentrations of twelve metals were analysed in sediment sampled at 4 – 17 stations in 

ten estuaries and one estuarine embayment (Durban Bay) in the greater Durban area in 

KwaZulu-Natal, South Africa. Catchments of the estuaries and embayment range from highly 

urbanised and industrialised through to rural. The estuarine embayment is also home to the 

Port of Durban, one of Africa’s busiest ports. Baseline concentrations for metals in the 

sediment were defined through geochemical normalisation, using aluminium as the 

normaliser. The baseline concentrations were then used to identify and quantify the 

magnitude of contamination where this was evident. 
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Results 

Geochemical normalisation revealed that the baseline concentrations of several metals in 

sediment from nine of the estuaries were (often very) different to baseline concentrations in 

sediment from Durban Bay and its two neighbouring estuaries, namely the Isipingo and 

Mgeni estuaries. This is particularly interesting as three of the estuaries are situated to the 

north and five to the south of Durban Bay and the Isipingo and Mgeni estuaries. There is 

clearly a geological (mineralogical) anomaly in the central part of Durban that accounts for 

the different in baseline concentrations across the studied systems. The important point is that 

this would not have been identified were the metal concentrations not normalised, leading to 

very different conclusions on the presence and magnitude of metal contamination of sediment 

compared to the use of baseline concentrations. This fairly unique mineralogical anomaly 

thus provides a compelling example of the need for normalisation as a tool for identifying 

metal contaminated sediment, and the pitfalls of interpreting such metal concentrations in the 

absence of normalisation.  

 

It would appear that no African country apart from South Africa has defined sediment quality 

guidelines. As a result, many African investigators use guidelines defined for another 

jurisdiction when estimating the potential toxicological risk of metal concentrations in 

sediment. However, this fails to consider that there may be (and usually are) significant 

geological differences between the area for which guidelines are defined and the study area in 

question. In other words, metal concentrations can naturally differ widely from area to 

another (as is the case in this study). We use the findings of this study to show that sediment 

quality guidelines defined by NOAA for use in US estuarine and coastal ecosystems, which 

are often used by African investigators to estimate the potential toxicological implications of 

metal concentrations in sediment, have important limitations on the east coast of South 

Africa. This is because baseline concentrations for several metals in the estuarine systems 

investigated exceed one or both guidelines defined by NOAA. This implies the metal 

concentrations pose a possible to probable toxic risk to benthic macrofauna. This cannot be 

the case, however, as the concentrations are of a baseline nature and should present no risk as 

they are incorporated into the crystal lattice of the sediment.  

 

The baseline models were used to evaluate the extent and degree of metal contamination of 

sediment in the studied estuaries. Sediment in parts of the Isipingo River estuary was 

extremely contaminated. In fact, the highest, or amongst the highest concentrations of 

cadmium and zinc ever measured in sediment in South African coastal ecosystems was 

measured in sediment from this system. Sediment in parts of Durban Bay is also significantly 

metal contaminated.  

 

Conclusion 

Many investigators fail to appreciate the complexities associated with interpreting metal 

concentrations in sediment. Metal contamination cannot simply be inferred from raw metal 

concentrations. Sediment quality guidelines should also not simply be adopted from another 

jurisdiction. Errors that are commonplace in these approaches can have significant ecological 

and management implications, including the focussing of costly resources on areas where 

there is a perceived problem when this is not the case and vice versa. The definition of 

baseline metal concentrations provides an important tool that can be used to identify metal 

contaminated sediment and identify if sediment quality guidelines adopted from another 

jurisdiction can be used in a study area.  

 


