Biological nitrate removal from synthetic wastewater using a
fungal consortium in one stage bioreactors
HA Greben1*, L-M Joubert 2, MP Tjatji1, HE Whites2 and A Botha2
1

Natural Resources and the Environment CSIR, PO Box 395, Pretoria 0001, South Africa
2
Department of Microbiology, University of Stellenbosch, Private bag X1, Stellenbosch, South Africa

Abstract
A series of lignocellulosic fungi, capable of cellulase and/or xylanase production, were isolated from soil to be used for cellulose degradation and nitrate removal from nitrate-rich wastewater in simple one-stage anaerobic bioreactors containing
grass cuttings as source of cellulose. The fungal consortium, consisting of six hyphomycetous isolates, some of which belong
to the genera Fusarium, Mucor and Penicillium, was able to remove a significant portion of the nitrate from the treated water.
The results were obtained for three bioreactors, i.e. FR, FRp and AFRp, differing in volume and mode of grass addition.
Bioreactor AFRp received autoclaved grass, instead of non-autoclaved grass containing natural microbial consortia, as supplied to FR and FRp. Nitrate removal in FR amounted to 89% removal efficiency, while this was 65% and 67% in FRp and
AFRp, respectively. The residual chemical oxygen demand (COD) concentration in FR was higher than 600 mg/ℓ, while it
was 355 and 379 mg/ℓ in FRp and AFRp, respectively. The similar nitrate removal results for AFRp and FRp indicated that
the micro-organisms attached to grass cuttings did not seem to affect the nitrate removal in the reactor. This observation has
led to the conclusion that the fungal consortium was, except for being able to degrade cellulose within the grass cuttings, also
responsible for nitrate removal from the synthetic nitrate-rich wastewater.
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Introduction
Elevated nitrate (NO3-) concentrations in groundwater, ranging from 150 mg/ℓ to 850 mg/ℓ (NO3--N), are a threat to South
African communities relying on groundwater as drinking water
(Tredoux, 1993; Meyer et al., 1997; Tredoux et al., 2001). Typical
toxic responses to nitrate exposure are methaemoglobinaemia
(Ergas and Reuss, 2001), abortion and still-born babies (Bruning-Fann and Kaneene, 1993). Therefore simple- to-operate and
cost-effective treatment technologies for nitrate removal from
nitrate-contaminated groundwater should be investigated
Robertson and Cherry (1995) as well as Blowes et al. (2000)
demonstrated passive in situ nitrate removal methods that are
mechanically simple and require little maintenance. Waste
lignocellulose-containing solids, such as sawdust, grass cuttings
and leaf compost, provided the carbon source for heterotrophic
denitrification. Filamentous soil fungi of the genus Fusarium are
known to utilise such waste materials as carbon source, and are
also known for their significant denitrification rates (Guest and
Smith, 2002; Shoun et al., 1992). Since the first empirical evidence was obtained on fungal denitrification, numerous biochemical and molecular studies were conducted on this phenomenon,
using pure cultures of various fungal taxa obtained from culture
collections (Shoun and Tanimoto 1991; Shoun et al., 1992; Kobayashi et al., 1996; Shoun et al., 1998; Tsuruta et al., 1998; Zhou et
al., 2002; Kumon et al., 2002; Watsuji et al., 2003).
Recent studies have indicated that, utilising organic carbon compounds as electron source, fungal dissimilatory nitrate
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ways (Takaya, 2002). The first respiratory nitrate denitrification
occurs under hypoxic conditions and is catalysed by the sequential reactions of nitrate reductase and nitrite reductase, resulting
in the formation of nitric oxide – the latter is then reduced via
the action of nitric oxide reductase resulting in the formation of
the gas nitrous oxide. The second pathway, i.e. ammonia fermentation, occurs under anaerobic conditions and comprises the
reduction of nitrate to ammonium, coupled with substrate-level
phosphorylation and the catabolic oxidation of electron donors,
such as alcohol to acetate (Zhou et al., 2002).
With the above as background, the aim of this study was
to isolate a series of lignocellulosic soil fungi, screen them
for cellulase and xylanase production, as well as for anaerobic
growth. Subsequently, a consortium of these isolates was evaluated for the ability to degrade cellulose, to produce acetate and
remove nitrate from a nitrate-containing feed water in a simple
one-stage reactor system containing grass cuttings as source of
cellulose.

Materials and methods
Fungal isolation
Moist chambers (1 ℓ conical flasks) for fungal isolation were
prepared by wetting 5 g autoclaved (121°C; 15 min) wheat-straw
with 15 mℓ filter-sterilised (Sartorius, Minisart; pore size 0.2
µm) nutrient solution consisting of 6.7 g/ℓ yeast nitrogen base
(YNB, Difco, ref. no. 239210) supplemented with 200 mg/ℓ filter-sterilised chloramphenicol (Sigma, Cat. No. C0378-25G).
The wetted straw was inoculated with 1 g compost-rich soil. Five
such aluminium-capped moist chambers were each incubated at
25ºC within a 20 ℓ plastic bag, along with a 1 ℓ conical flask
containing 100 mℓ distilled water. After 4 to 14 d of incubation isolation of fungi was conducted by aseptically transferring
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