Identification of sources and infiltration regimes of nitrate in
the semi-arid Kalahari: Regional differences and implications
for groundwater management
S Stadler1*, AS Talma2, G Tredoux3 and J Wrabel4

Federal Institute for Geosciences and Natural Resources (BGR), Stilleweg 2, D-30655 Hannover, Germany
2
CSIR (Natural Resources and the Environment), PO Box 395, Pretoria 0001, South Africa
3
CSIR (Natural Resources and the Environment), PO Box 320, Stellenbosch 7599, South Africa
4
Ministry of Water Affairs and Forestry, Windhoek, Namibia

1

Abstract
The Kalahari region of southern Africa offers much potential for nitrogen input into its groundwater. High nitrate concentrations in Kalahari groundwater are therefore quite common and are caused by both anthropogenic and natural sources.
Forecasting groundwater nitrate concentrations remains challenging. Source identification of nitrate contamination in
groundwater is an important first step for groundwater management and quality prediction, and is aided by isotope analysis
of nitrate in the water. Comparative data from 3 groundwater study sites in the Kalahari of Botswana and Namibia with
widely different characteristics are presented. Two of the sites (Ghanzi and Gobabis) have shallow water tables in fractured quartzite. These aquifers were affected by pollution from cattle wastes (manure) and septic tank outflows resulting
in groundwater nitrate levels exceeding 1 000 mg NO3/ℓ and in δ15N values of between +7 and +20 ‰ AIR. Short-term
increases of groundwater nitrate concentrations were triggered by exceptional rainfall events occurring every 10-20 years.
At the third site (Serowe in Botswana) there is similar land use and land cover, yet the aquifers are deeper, groundwater
dates to Late-Pleistocene age and borehole levels do not show a response to present-day high-rainfall episodes. Nitrate
levels up to 219 mg/ℓ are found, but lower 15N content (δ15N of +3 to +8 ‰) indicates a natural origin of the nitrate. In this
area pollution nitrate is sufficiently delayed in the vadose zone, reaching the saturated zone much later. The data from all 3
sites suggest that nitrogen management options can only be evaluated once an understanding of sources, processes and flow
patterns has been established.
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Introduction
Nitrate is a common groundwater contaminant that has severe
health implications for infants and animals (WHO, 1998;
Addiscott et al., 1991). Exceedances of the WHO guideline
value of 50 mg/ℓ (as NO3) for drinking water for humans
(WHO, 1998) are observed in many countries. Nitrate is
reduced to nitrite in the digestive system of a ruminant and
then forms methaemoglobin which reduces the oxygen transport capacity of the blood. Without adaptation and the generation of enzymes for decomposing methaemoglobin, the
rapid intake of excessive nitrate levels in the water will kill
the animals due to asphyxiation (Carlson and Breeze, 1984).
Ruminants can tolerate quite high levels of nitrate but need a
period to adapt to increasing levels, which has led some countries to introduce different nitrate guideline values for different
types of livestock (e.g. 100 - 400 mg NO3/ℓ in South Africa)
(DWAF 1996).
In temperate climate regions, increased nitrate concentrations are almost exclusively of anthropogenic origin, mainly
related to agricultural activities and sewage problems (e.g.
Tredoux and Talma, 2006; Razoskowa-Jaworek and Sadurski,
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2004; Canter, 1997). Similarly, studies in (semi-)arid locations have shown increased nitrate concentrations attributed
to unsewered sanitation and sewage leaching (Anayah and
Almasri, 2009; Jacks et al., 1999; Williams et al., 1998; Jacks
and Sharma, 1983), animal waste (e.g. Shomar et al., 2008;
Lafthoui et al., 2003; Tredoux et al., 2001; Foster, 1985; Heaton,
1984), the influence of agricultural practices (e.g. Kaown et al.,
2009; Saadi and Maslouhi, 2003; Pacheco et al., 2001; Hadas
et al., 1999; Edmunds and Gaye, 1997; Heaton, 1985), influence from mines (Rosenthal et al., 1988) or land-use changes
(e.g. Favreau et al., 2003; Girard and Hillaire-Marcel, 1997).
In (semi-)arid regions, however, natural processes have additionally been identified as sources of elevated nitrate levels in
groundwater, due to the dominance of various forms of biological nitrogen fixing over the complementary nitrate consumption by plants (Stadler et al., 2008; Lowe and Wallace, 2001;
Edmunds and Gaye, 1997; Verhagen, 1995; Barnes et al., 1992;
Marrett et al., 1990; Rosenthal et al., 1987; Heaton et al., 1983;
Lawrence, 1983).
Isotopic methods aid the understanding of the processes
taking place in the groundwater system (saturated and unsaturated zones), their timing and the sources of water and pollutants (Geyh, 2000). Time scales are especially important in arid
areas where recharge is low and sporadic, and may have been
quite different in the past (De Vries, 1984). The isotopic composition of nitrate (15N/14N and 18O/16O) is a useful indicator of
the sources of nitrogen to groundwater (see general review by
Kendall (1998), and local applications in Talma and Tredoux
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