The effect of air supply on nitrogen removal using a biological
filter proposed for ventilated pit latrines
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Abstract
Pit latrines are the most commonly used sanitation systems in many developing countries. Various researchers have
reported elevated nitrate concentrations in groundwater in the vicinity of pit latrines and this could pose a serious health
risk to the users of the water source. Faecal sludge from pit latrines contains high concentrations of nitrogen and organic
matter (3-5 g∙ℓ−1 N and 20-50 g∙ℓ−1 COD); however, it is produced at a very low rate (1.5 ℓ∙capita−1∙d−1) relative to that of
waterborne sewage systems. A pit latrine basically only confines the waste and no real treatment takes place. In this
research the nitrogen was removed in a biological filter using a combination of nitrification and denitrification processes.
The aim of this investigation was to determine the effect of air supplied at different rates, namely, 0, 0.3, 1.0 and 2.0 m3∙h−1
N, on the biological filtration process. The application rate was 0.04 m3∙m−2∙d−1.
More than 90% removal of nitrogen was observed at an air supply rate of 1.0 m3∙h−1 N. At lower air supply rates nitrification was not complete. At an air supply rate of 2.0 m3∙h−1 nitrogen removal was also approx. 90%, but the biological filter
only became stable after about 2 months of operation, possibly due to desiccation of the biomass.
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Introduction
About 18.4 million people in South Africa do not have access
to proper sanitation systems, of which 6.7 million do not have
any sanitation service at all (DWAF, 2009). The system recommended by government (DWAF, 1996) as a basic level of service for a household is the ventilated improved pit latrine (VIP).
Ventilated improved pit systems which are poorly designed and
operated, or where the soil characteristics are not favourable,
can create a real danger of groundwater pollution. Most of the
pollutants are normally bound in the soil matrix by a variety of
chemical, physical and biological processes, preventing these
from reaching the groundwater. Nitrate, however, is not bound
and moves freely through the soil matrix to the groundwater
(Fourie and Van Ryneveld, 1995). Various researchers have
confirmed that elevated nitrate concentrations occur in groundwater in the vicinity of pit latrines (Lewis et al., 1980).
Nitrate is a health risk, especially for babies younger than
6 months, as it causes methaemoglobinaemia (also known as
‘blue babies’). In adults it causes an irritation of the mucous
membranes and is possibly also carcinogenic (Shuval and
Gruener, 1977; Terblanche, 1991). The recommended limit for
nitrate in drinking water in South Africa is 6 mg∙ℓ−1 as NO3-N
(DWAF, 1993).
According to the guidelines provided by DWAF (2002), a
VIP latrine should be designed to supply a service to households which consist of 6 persons. The hydraulic loading rate on
a VIP system will be approx. 0.04 m3∙m−2∙d−1, assuming that the
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pit serves a family of six and that the liquid contribution is
1.5 ℓ∙capita−1∙d−1 (Geigy, 1962). The majority of the total nitrogen excreted is in the form of urine, of which 84% consists of
urea, approx. 13.2 g∙d−1 (Geigy, 1962). The pit of a VIP system
contains a combination of fresh faecal matter and stored faecal
sludge. The age of the sludge in the pit varies from a few days
to several weeks. Thus, the composition of faecal sludge from
pit latrines varies considerably. Typical faecal sludge from pit
latrines and bucket systems contains 2 000-5 000 g∙ℓ−1 NH4-N
(Montangero and Strauss, 2002). The nitrogen load on a VIP
system is about 180 g∙m−2∙d−1 N (assuming that the TKN concentration is 5 g∙ℓ−1).
The organic content of urine and faeces is very high. Adult
faeces and urine, according to Van Ryneveld and Fourie (1993),
provides 19.3 g∙d−1 and 10.3 g∙d−1 BOD5, respectively. Czemiel
(2000) reported a BOD7 value of 20 g∙capita−1∙d−1 for the mixture of urine and faeces (faecal sludge). Assuming that the
concentration of the organic matter that will leach from a VIP
system will be 17 g∙ℓ−1, the organic loading rate will be 0.4
kg∙m−3∙d−1 BOD5.
A basic VIP system only confines the waste and no real
treatment takes place. Modifications to the basic system exist,
where urine and faecal matter are separated. The faecal matter
falls into the pit below, while the urine is diverted into a soakaway or collection pot. As the bulk of the nitrogen is in the
urine, there is a need to treat either the urine or the liquid fraction of the faecal sludge, in order to ensure safe disposal of the
leachate into the soil. A new modified VIP system is proposed,
where actual treatment of the nitrogen fraction takes place, as
the faecal sludge (faeces and urine) in the pit is allowed to leach
into a biological filter. The filter is packed with stones. The
vent pipe is fitted with an extractor fan (wind-driven ‘whirlybird’) to induce a draft through the filter. Thus, all of the liquid
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