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Abstract
Wastewater from a sewage treatment works is channelled through a series of inter-connected settling ponds into a stream.
Furthermore, leachates from a domestic and industrial landfill site are disposed into the first pond. From the variety of
plants growing in the ponds, A. sessilis, P. stratiotes, R. steudelii and T. capensis were investigated for their ability to uptake
chromium, lead and nickel (these metals are toxic to humans while nickel is also involved in plant growth). The levels of the
metals in the water, plants and sludge were determined using an inductively coupled plasma-mass spectrometer (ICP-MS).
For the plants, the amounts of the metals in roots, stems and leaves were also measured. In general it was found that the plants
accumulated up to 15% of the level of metals in the water and that accumulation depends on the plant species as well as on
the organ of the plant. The concentrations of metals in the water in the last pond were found to be well within the limits set by
the South African National Water Act of 1998 for discharge of water into rivers. Furthermore, the results of this study, which
involved a real system, were compared with those from model studies where conditions of the system could be controlled by
the investigator.
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Introduction
Water is regarded, internationally, as the most fundamental and
indispensable of all natural resources (Ashton and Seetal, 2002).
The management of water resources is a big challenge for most
countries of the world. In Africa, the need to recycle wastewater
is increasing due to the dire shortage of freshwater. Large-scale
wastewater treatment constitutes a very important part of the
management of water resources. In view of this, the reuse of
treated water from a sewage treatment plant can make a significant contribution to the water resources of industrialised cities.
Many industries do, and will, use recycled water provided that
such water will not cause short- or long-term damage to their
machinery due to the presence of heavy metals.
Physical and chemical treatment (Chan et al., 2006) of wastewater may involve one or more of the following: ion exchange
(Taylor, 2006), reverse osmosis (Qdais, 2004), electrolysis
(Fischer et al., 2005), precipitation (Banfalvi, 2006) and reduction (Chang, 2005). All of these processes are relatively expensive. Thus cheaper alternatives which are suitable for large-scale
application need to be established. Green plants have been identified as miners of the earth. They are the major accumulators
of inorganic nutrients upon which other life forms are directly
or indirectly dependent (Baker, 1983). Plants known as ‘hyperaccumulators’ (Zhang et al., 2002; Odjegba and Fasidi, 2004)
have been shown to accumulate hundred or thousand times more
metals than ‘normal’ plants.
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Uptake of metals by terrestrial plants has been studied by
several workers some examples being Ghaderian et al. (2007);
Wu et al. (2007), Dahmani-Muller et al. (2000) and Van Aardt
and Erdmann (2004). The various categories of water plants
useful in phytoremediation have been identified by, among
others, Outridge and Noeller (1991). Studies on aquatic plants
involving wetlands and paddy-fields were done by researchers such as Gaur et al. (1994); Fazeli et al. (1998) and Almela
et al. (2002). Investigations on aquatic plants in streams, rivers, water and reservoirs were carried out by e.g. Del Rio et
al. (2002); Valitutto et al. (2007); Szsymermanowska et al.
(1999); Kassim et al. (1997); Hozhina et al. (2001); SameckaCymerman et al. (2002); Arribere et al. (2003) and Cardwell
et al. (2002). Work on plants found in saline water has been
described in the literature by Quan et al. (2007); Macfarlane
and Burchett (2002); Nienhuis (1986); Carter and Ericksen
(1992); Catsiki and Panayotidis (1993); Romeo et al. (1995);
and Warnau et al. (1995).
In the light of the literature search described above, it was
found that very little work has been done on plants in settling
ponds serving a sewage treatment facility. In view of this, our
study focused on the uptake of heavy metals by aquatic plants
growing in the settling ponds of a sewage works. Furthermore
this project was motivated by the need to:
• Compare the bioaccumulation of Cr, Pb and Ni by a given
plant in the settling ponds (a real system) with that obtained
in model systems using a tank
• Determine the distribution of the selected metals among
water, plants and sludge
• Ascertain the distribution of the selected metals within the
organs of the plants.
• Determine the concentrations of the selected metals in
the water being disposed into the Umhlangane River (see
Fig. 1).
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