Functionalised natural zeolite and its potential for treating
drinking water containing excess amount of nitrate
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Abstract
An excess level of nitrate in drinking water is responsible for methemoglobinemia, or ‘blue baby’ disease. Consequently,
management of nitrate in drinking water is universally of public health interest. In this study, clinoptilolite functionalised
with cationic surfactant hexadecyltrimethyl ammonium (HDTMA) was used for the removal of nitrate from drinking water.
The effects of surfactant loading, adsorbent dosage, pH, coexisting ions, temperature and environmental water quality on
the adsorption of nitrate were investigated. It was found that adsorption was optimum when the initial concentration of the
functionalising surfactant was 3 000 mg∙ℓ-1. An increase in adsorbent dosage raised the percentage removal of nitrate. The
valency of the coexisting anion had a major effect on nitrate removal, with the presence of phosphate (a trivalent anion)
leading to the lowest removal ability. Temperature and pH had negligible effects on adsorbent performance. Environmental
water samples (natural groundwater samples from Limpopo Province, South Africa) were tested and it was found that the
World Health Organisation (WHO) regulatory compliance can be achieved even when the initial concentration of nitrate
exceeds 300 mg∙ℓ-1. Equilibrium data was modelled using the Freundlich and Langmuir isotherms and the data conformed
well to the Freundlich isotherm, indicating the heterogeneous nature of the active sites. Kinetically, nitrate adsorption was
best described by the pseudo-second rate equation.
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Introduction
A number of rural communities in South Africa use ground
water for drinking purposes. In some cases this water is impure
due to high concentrations of nitrates (Schoeman and Steyn,
2003). Pietersen (2005) reported that groundwater in South
Africa often has high nitrate values, which exceed 50 mg∙ℓ-1, the
limit recommended by the world Health Organisation (WHO).
Colvin et al. (2008) further noted that South Africa has some
of the highest natural nitrate levels in the world (>500 mg∙ℓ-1
NO3-N). Nitrates can spread in the environment either naturally
or due to anthropogenic activities (Stadler et al., 2008). It is
well recognised that the presence of excess nitrates in drinking
water can be detrimental to a variety of living species, including man. A high concentration of nitrate in drinking water
leads to production of nitrosamine, which is related to cancer
and increases the risk of diseases such as methemoglobinemia
in newborn infants (Mažeikienė et al., 2008; Bouwer, 1989;
Samatya et al., 2006). Hence, reduction of nitrates in drinking
water to permissible levels is mandatory.
A number of physico-chemical technologies, such as
reverse osmosis (Bohdziewicz, 1999), ion exchange (Bae et
al., 2002; Clifford and Liu, 1993) and chemical precipitation
(Ayyasamy et al., 2007) are available for nitrate removal from
water (Schoeman and Steyn, 2003). However, some of these
methods are either expensive, inefficient or not user-friendly.
With the world economic meltdown, no country is spared, and
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thus countries are emphasising reducing costs as well as developing technologies which add value to the lives of people. It is
therefore necessary to screen techniques to find which ones suit
rural communities such as those of South Africa. In doing so, a
number of factors that form the basis of a decision framework
are considered. These factors include: cost, regulatory compliance and public perception and acceptance. For these reasons, a
technique based on adsorption processes is an attractive alternative for rural communities (Onyango and Matsuda, 2006).
The removal of anionic contaminants from water by
adsorption methods has been widely studied in recent years.
Interest is growing in the use of natural materials, due to their
cost implication. One such material is zeolite (Bowman et
al., 2000; Ranck, 2005). Zeolites are synthetic or naturallyoccurring hydrated alumino silicates with a cage-like structure,
high external cationic exchange capacity and high surface area.
The structural framework of zeolite is negatively charged due
to isomorphic substitution of aluminium for silicon (Onyango,
2006). Thus, loading anionic contaminants like nitrates onto its
surface is only negligibly possible, due to coulumbic repulsive
forces (Kumar et al., 2006). Therefore, to render the zeolite
suitable for anionic contaminant removal from water, its surface charge property must be altered using appropriate charge
reversing chemical species (Onyango et al., 2004). While some
researchers have utilised synthetic zeolites for water treatment,
in this study we exploit the readily available and cheaper natural clinoptilolite from the Western Cape area of South Africa.
There is hardly any information in literature on the use of this
zeolitic tuff in purifying water containing health-hazardous
anions such as nitrate. The study aims to demonstrate the performance of this material in nitrate removal from water, with
respect to surfactant loading, adsorbent dosage, pH, coexisting
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