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Abstract
There are currently no South African nutrient standards for estuarine waters since the concentration of nutrients in the water
column will not necessarily be predictive of the response by aquatic biota. In this paper a more suitable approach to assessing
nutrients in relation to ecosystem integrity is proposed through compiling a nutrient mass balance for an estuary, which can
identify major sources and sinks of nutrients. Recently there has been a move to develop budgets that link several variables
using known stoichiometric relationships using limited data availability to infer underlying fluxes. The LOICZ biogeochemical budgeting protocol was applied to data from the Mhlathuze, Mvoti, Nhlabane and Thukela Estuaries in KwaZulu-Natal.
Results indicated that these estuaries are all net sources of dissolved inorganic nitrogen and phosphates. The application of
the flux-derived parameters used in the LOICZ modelling approach was used to demonstrate how nutrient assessment categories can be assigned to estuaries. As the LOICZ-derived fluxes represent steady-state conditions these were regarded as the
reference/benchmark or present ecological state conditions. Alterations in the nutrient assessment category are demonstrated
using hypothetical conditions in the Mhlathuze Estuary.
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Introduction
The chemistry of estuaries is dependent on a combination of tidal
pulses, riverine flow, hydrodynamic and autochthonous biological processes (Allanson and Winter, 1999). The total concentrations (i.e. μg/ℓ) of nitrogen (N) and phosphates (P) in the water
column are useful measures of the potential for eutrophication
but they can often overestimate what is actually bioavailable for
plant growth. Moreover, only measuring the concentration of
nutrients in the water column does not take into account the fact
that polluted water bodies will have significant stores of N and
P in the sediments and associated with suspended particulate
matter. Plants can derive their nutrients from sources other than
in the water column, e.g. sea-grass beds meet their high nutrient
demands by trapping nutrients and by uptake and recycling in
the beds, not in the water column (Erftemeijer and Middleburg,
1995). Thus the concentration of nutrients in the water column
will not necessarily be predictive of the response by aquatic
biota. Grobbelaar (1992) argued that over-simplified models of
nutrient loads are inadequate for estuaries and other ecosystems
where hydrodynamic factors and high turbidity can mediate the
effects of nutrients, as is the case in most South African estuaries.
It is for these reasons that there are currently no South African nutrient standards for estuarine waters. If available international standards (e.g. Australian) were adopted, then virtually
all of South Africa’s estuaries would be classified as eutrophic
(Harrison et al., 2000). According to Harrison et al. (2000) the
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duce relatively higher nutrient concentrations. KwaZulu-Natal
is a good example where nutrient concentrations, derived from
detrital sources, result in relatively high background nutrient levels (Harrison et al., 2000). A more suitable approach to assessing nutrients in relation to ecosystem integrity would be through
compiling a nutrient mass balance for an ecosystem, which can
often help to identify major sources and sinks of nutrients. A
mass balance represents all of the nutrients already present (i.e.
water, sediments and biota) plus inputs, less the outputs (i.e.
outflows and harvested biota like fish); what is left equals the
internal load (Ekholm et al., 1997). Once the internal load is
quantified, the external and internal processes which influence
the load (e.g. biogeochemical cycling, primary production, etc.)
can be identified. Information from the mass balance model will
permit the locations where management actions can be targeted,
which may include reduction of nutrient loads going into the system, preventing the release of nutrients from the sediments, or
harvesting biota as a way to remove nutrients (ANZECC, 2000).
This sort of approach is invariably more complicated than the
traditional approach of dealing with issues such as nutrient pollution in isolation of other factors, but ecosystems are complex
and if they are to be understood and managed sustainably a
more sophisticated approach is required where whole ecosystem
dynamics are taken into account (ANZECC, 2000).
This paper reports on the interpretation of chemical data
from four sub-tropical estuaries in KwaZulu-Natal using the
United Nations Environmental Program (UNEP) biogeochemical modelling framework. One of the central concerns of
UNEPs ‘International Geosphere-Biosphere Program: A Study
of Global Change’ (IGBP) is an improved understanding of the
global carbon cycle and the likely changes which might occur
as a consequence of global changes, both systemic and cumulative. ‘The Land Ocean Interactions in the Coastal Zone (LOICZ)
Core Project’ of the IGBP, established in 1993, is concerned with
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