The performance of plant species in removing nutrients
from stormwater in biofiltration systems in Cape Town
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Abstract
In 2009, the City of Cape Town (CoCT) adopted a stormwater policy which mandates that new and existing developments
should reduce the concentration of phosphorus and suspended solids in stormwater runoff by 45% and 80%, respectively,
but offered no explicit guidance about how these water quality targets might be achieved. This study aims to contribute to
the limited knowledge that exists about the performance of local plant species to treat stormwater. A large nursery-based
study was conducted to investigate the performance of 9 locally-occurring plant species to remove orthophosphate (PO4-3),
ammonia (NH3) and nitrate (NO3-) found in urban stormwater. Synthetic stormwater was applied to each species as well as
a control consisting only of soil (Malmesbury shale). The discharge was collected from a drainage pipe at the base of each
of the 150 containers. The results show that all species (excluding Ficinia) reduced the average concentrations of PO4-3 by
81% and NH3 by 90%. By contrast, NO3- was reduced by an average of 69% (excluding by Elegia and Phragmites) with 8 of
the 9 species removing significantly more than the control. The species that performed well for all three nutrients include
Agapanthus and turf grasses, Stenotaphrum and Pennisetum. The results of the study highlight three important factors in
the design of biofilters: that a substantial proportion of nutrients can be captured or absorbed by plants; that the soil medium
is an important factor in the removal of PO4-3 and NH3; and that plant choice is essential in the removal of NO3-. Future
research should test plant species in both the laboratory and field settings, and should include additional contaminants such
as household detergents, heavy metals and bacteria.
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Introduction
In 2009, the City of Cape Town (CoCT) adopted a stormwater
policy with the aim of reducing the pollution load in stormwater runoff. Indirectly, the policy also intended to address
mounting concerns about the general deterioration of urban
green spaces and the loss of biodiversity (CoCT, 2009). The
policy establishes water quality targets for all new and existing developments that are situated in catchments with sensitive
freshwater systems, and includes the targets of reducing phosphorus and suspended solids by 45% and 80%, respectively
(CoCT, 2009). The policy is consistent with the concept and
principles of sustainable drainage systems (SuDS), which typically include the use of a treatment train of vegetated filters
(i.e. biofilters) to reduce the rate of surface runoff and enhance
the natural processes of infiltration, sedimentation and biological uptake of nutrients prior to being released into freshwater
systems (Ghani, 2008; Melbourne Water, 2005; Villarreal et
al., 2004; EA, 2003; Bottcher et al., 1995; Livingston, 1992).
SuDS biofilters can vary in size, location and appearance (Hatt
et al., 2009), and include technologies such as vegetated filterstrips, roadside swales, green roofs, retention and detention
ponds, and natural and artificial wetlands (Australian WSUD
Guidelines, 2007; CIRIA, 2007; Woods-Ballard et al., 2007;
Knox City Council, 2002).
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Research has demonstrated that biofilters are able to
substantially reduce the concentration of suspended solids
(90–96%), heavy metals (>90%) and phosphorus (70–94%)
(Bratieres et al., 2008; Fletcher et al., 2007; Henderson et al.,
2007; Davis et al., 2001, 2003, 2006). However, total nitrogen
removal varies considerably (15–65%) due to the leaching of
nitrate (NO3-) from biofiltration systems (Bratieres et al., 2008).
Bratieres et al. (2008) emphasized the importance of treatment train design, as the uptake of each pollutant or nutrient is
influenced by a number of factors. For example, if a reduction
in total nitrogen is the primary objective, then the components
of the biofilter, that is the choice of plant species and soil, and
the layout of each treatment train element, must be designed
to prevent factors such as the leaching of nitrates (Davis et al.,
2006). However, in the case of total phosphorus and suspended
solids, biofilter systems consistently removed at least 80% of
both pollutants irrespective of the biofilter design (Bratieres
et al., 2008; Fletcher et al., 2007; Henderson et al., 2007). This
highlights the role of the soil media in removing certain pollutants, although various factors must be taken into account.
For example, Davis et al., (2001) found that organic matter
improved the extent to which heavy metals were removed, but
also encouraged the leaching of nutrients (Hsieh and Davis,
2005a, b). In addition, an increase in the soil depth improved
the removal of phosphorus, but increased the leaching of nitrate
(Davis et al., 2006). However, plant choice is also important for
targeting specific pollutants. For example, Read et al. (2008)
found that while Juncus species removed nutrients, they were
unable to remove heavy metals such as lead. Bratieres et al.
(2008) found that only 2 of the 5 plant species tested (Carex
and Melaleuca) were capable of removing more than 70% of
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