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Abstract
The full-scale single-stage tertiary nitrifying trickling filter (NTF) at the Citrusdal Wastewater Treatment Plant provides for
external nitrification of unclarified effluent from the facultative aerobic lagoon in order to meet standard effluent ammonia
concentration requirements. The apparent ammonia nitrification rate (ApANR, gN/m 2 media surface∙d) of the NTF was
sensitive to particulate organic loading rates which were predominantly in the form of algae, and the soluble COD removal
rates increased under cold climates. Installation of forced-air ventilation fans improved the nitrification efficiency from 15%
to 43%. An increase in hydraulic loading rate (HLR) by effluent recirculation significantly improved the ApANR, eradicated
filter flies and decreased the prevalence of worms. Maximum ApANR of ~1.0 gN/m 2∙d was achieved yielding an ammoniaremoval efficiency of approximately 71%. Profile samples collected along the NTF media depth indicated poor media wetting
at low HLR resulting in low ApANR (<0.5 gN/m 2∙d). Also during the cold and rainy winter period, poor biofilm activity and
prevalence of motile algae were observed, and under low hydraulic loading rates and warmer temperatures, a dominance of
filter flies and fly larvae were observed. In contrast, in controlled laboratory studies, ApANRs up to 1.72 gN/m 2∙d (22.1 mgN/ℓ
removal) were attained, which, in conformity with full-scale, was also found to be sensitive to hydraulic loading conditions.
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Introduction
In South Africa, many wastewater treatment plants (WWTPs)
extended with nitrification denitrification biological excess P
removal activated sludge (NDBEPRAS) continue to operate
their rock-filled trickling filters (TFs). Instead of using them
for organics removal and nitrification, there is growing interest in integrating them with NDBEPRAS systems in an external
nitrification flow scheme (Hu et al., 2000). In such a scheme,
the full influent flow (after primary settling) is discharged to
the anaerobic reactor of the NDBEPRAS system, after which
the activated sludge is separated from the water by internal settling tanks. The clarified supernatant is pumped to the TF for
nitrification and the activated sludge to the anoxic reactor of the
NDBEPRAS system, where the nitrified trickling filter effluent
rejoins the main NDBEPRAS system. This external nitrification
BEPRAS system has several advantages over continuing to use
the trickling filters for organics removal and nitrification, such
as significantly reduced oxygen demand (>50%) and biological
N and P removal on the full wastewater flow. To date full-scale
studies in South Africa have been performed only with rockmedia NTFs, for example the one operated at Daspoort WWTP
(Muller et al., 2004; 2006a; b).
This paper describes an investigation on the full-scale operation of the nitrifying TF (NTF) at the 1 Mℓ/d Citrusdal WWTP.
This WWTP comprises a 4.2 d retention time lagoon with aeration only in the first half to allow for solids settlement in the
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second half. The lagoon effluent from the end of the settling zone
is pumped to a plastic media NTF unit in order to meet standard
effluent ammonia concentration requirements of < 3.0 mgN/ℓ.
The NTF tower is 5.5 m wide, 5.5 m long and 5.4 m high. The
plastic media has a specific surface of 142 m 2/m3, yielding a total
media surface (At) of 23 100 m 2 in the tower. The wastewater
is distributed over the NTF media through ~100 garden spray
nozzles suspended 0.5 m above the media. After a single pass
(recirculation was added during this investigation) the NTF effluent is discharged to a series of 5 maturation ponds and used for
irrigating the golf course in summer, when flow in the Olifants
River is low.
The NTF tower was tested over a period of 2 years (Sept 05
to Sept 07) to determine its nitrification capacity and to compare
this with rock-media NTFs. This information is important in
the event that rock media in existing TFs need to be replaced
with plastic media. The principle objective was to measure the
apparent ammonia nitrification rates (ApANR) under full-scale
conditions where ventilation, wetting rates and predator proliferation can affect this rate. The ApANR (gN ammonia nitrified/
m 2 media surface∙d) is an overall rate based on NTF influent
and effluent ammonia concentrations. This ApANR is a global
NTF average and masks any differences in the internal (local)
performance of the biofilm or media inefficiency due to poorly
wetted areas and patchy biofilm formation due to the presence of
predators or clogging by suspended solids. A laboratory-scale
NTF was operated in parallel to the full-scale NTF for 323 d to
observe the ApANR rates that could be achieved under controlled conditions.
Literature review
Extensive research has been done on the design and operation of
tertiary NTFs (Gujer and Boller, 1984; 1986; Boller and Gujer,
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