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Abstract
The nitrate-nitrogen concentration in water supplied to clinics in Limpopo Province is too high to be fit for human consumption (35 to 75 mg/ℓ NO3-N). Therefore, small-scale technologies (reverse osmosis, ion-exchange and electrodialysis)
were evaluated for nitrate-nitrogen removal to make the water potable (< 10 mg/ℓ NO3-N). It was found that the reverse
osmosis process should function well for nitrate-nitrogen removal. Nitrate-nitrogen could be reduced from a concentration
of 35 to 43 mg/ℓ in 1 case to a concentration of between 1.4 and 5.5 mg/ℓ in the treated water. In another case it could be
reduced from 54 to 72 mg/ℓ to 12 to 17 mg/ℓ in the treated water. The water was also effectively desalinated. The ionexchange process could also reduce the nitrate-nitrogen concentration to less than 10 mg/ℓ in the treated water. However,
the water could not be efficiently desalinated and the process should function better when the level of total dissolved solids
in the feed is not very high. The electrodialysis process should also function well for nitrate-nitrogen and salinity removal.
However, the electrodialysis process is more complicated to operate. The reverse osmosis and ion-exchange processes are
therefore suggested for nitrate-nitrogen removal at clinics. Capital costs for small-scale reverse osmosis and ion-exchange
units are estimated at ZAR7 000 and ZAR10 000, respectively. Operational costs for reverse osmosis and ion-exchange are
estimated at ZAR3.16/m3 and ZAR3.60/m3 of treated water, respectively.
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Introduction
Many borehole waters in rural areas in South Africa are not fit
for human consumption because the nitrate-nitrogen (>6 mg/ℓ),
fluoride (>1 mg/ℓ) and salinity (>1 000 mg/ℓ) concentrations are
too high (Schoeman and Steyn, 2000). High nitrate-nitrogen
concentrations in drinking water can cause an illness called
methaemoglobinaemia or ‘Blue Baby Syndrome’ in small
children. This happens when the nitrate is reduced to nitrite
in the gastrointestinal tract and the nitrite reacts directly with
haemoglobin in the bloodstream to produce methaemoglobin
with consequent impairment of oxygen transportation. The
reaction of nitrite with haemoglobin can be especially hazardous in infants under 3 months of age. Serious, and occasionally
fatal, poisoning in infants has occurred following the ingestion
of untreated well waters with nitrate-nitrogen concentration
levels greater than 10 mg/ℓ (Holden et al., 1970). Other adverse
human health effects associated with high nitrate-nitrogen
concentrations in water include spontaneous abortions, the
possibility of malformations in children, increased incidence of
hyperthyroidism (goitre), and bladder cancer (Weyer, 2001).
The nitrate-nitrogen concentration of many borehole waters
near clinics in the Limpopo Province is very high (30 to 70 mg/ℓ
NO3-N). In many cases this is the only source of water nearby,
and this water is not suitable for potable purposes, although the
water is consumed for these purposes. Consequently, the nitratenitrogen concentration in the borehole waters should be reduced
to potable standards (< 10 mg/ℓ NO3-N). Many clinics require
only about 250 ℓ/d of potable water. Therefore, small-scale treatment technologies are required for water denitrification.
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Reverse osmosis (RO), ion-exchange (IX), electrodialysis
(ED) and biological denitrification technologies, which are successfully used for large-scale denitrification of water, should all
be suitable technologies for small-scale application. A newlydeveloped membrane biofilm reactor also appears to have merit
for small-scale usage (Chung et al., 2007). However, each of
these technologies has its own advantages and disadvantages
for water denitrification. Biological denitrification, for example, can remove nitrate-nitrogen very effectively from water.
However, the perception that the water is in contact with bacteria, which are responsible for the removal of nitrate-nitrogen,
is not always acceptable to people. The control of a biological
process could also be difficult in a rural area. Reverse osmosis,
IX and ED can also remove nitrate-nitrogen very effectively
from contaminated waters (Tisseau, 1998; Kesore et al., 1997;
Lauch and Guter, 1986). The control of these processes in rural
areas should be easier than that of a biological process. Very
little information is available regarding the biofilm reactor
for nitrate-nitrogen removal. Therefore, the RO, IX and ED
processes were selected for the small-scale removal of nitratenitrogen from boreholes serving clinics in rural areas.
The objectives of the investigation were to:
• Evaluate RO, IX and ED for nitrate-nitrogen removal at
clinics
• Establish the most suitable technology for use at clinics
• Determine the preliminary economics of the processes
• Recommend the most suitable technology for use at clinics

Nitrogen sources
Waste of organic origin in soil contains nitrogen in protein
form. The 1st transformation step is protein degradation (proteolysis and ammonia fixation of molecules) into ammonianitrogen by micro-organisms (DWAF, 1996). The 2nd step is the
nitrification (2 phases) performed by autotrophic bacteria:
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