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Abstract
Monitoring of fluoride concentrations in groundwater, identification of sources, and monitoring of the impact of fluoride on
human health was undertaken in Siloam Village, Limpopo Province, South Africa. Most of the inhabitants of Siloam Village
rely on groundwater for domestic use due to inadequate pipe-borne water supply. A preliminary survey showing that some
community members in Siloam Village have mottled teeth motivated the study. Temperature and pH were measured in the
field while fluoride and calcium in groundwater were analysed in the laboratory. A survey was conducted to obtain information on the impact of fluoride on human health. 40% of the households and 1 primary school in Siloam Village were interviewed. Fluoride concentrations in groundwater samples were found to be higher than the Department of Water Affairs and
World Health Organization recommended values for domestic use of 1 mg/ℓ and 1.5 mg/ℓ, respectively. The results of paired
two-tailed t-tests showed significant differences between mean values of pH, temperature, calcium and fluoride concentrations for all paired comparisons between 3 sites, with the exception of comparisons between sites GW1 (community borehole) and GW2 (artesian spring). Alkaline pH, low calcium concentrations, high groundwater temperatures and semi-arid
climatic conditions of the study area may cause elevated fluoride concentrations in groundwater, by increasing the solubility
of fluoride-bearing formations (fluorite). A survey revealed that 87% of the households use groundwater while 85% of these
have family members with mottled teeth. 50% of children between the ages of 11 and 14 in Siloam Primary School also have
mottled teeth. There is thus evidence suggesting negative human health impacts of high fluoride concentrations in ground
water in Siloam Village. The majority of the community was found to be aware of the fluorides in groundwater and the health
impacts thereof making interventions easy to promote.
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Introduction
Groundwater is the most widely used source of drinking water
in many rural communities in South Africa. Due to relatively
arid conditions prevailing in Limpopo Province, 75% of the
population has been shown to be dependent on groundwater as
a source of water supply (Botha and Van Rooyen, 2001). This is
despite the fact that groundwater in most parts of South Africa
is known to have high concentrations of fluoride causing a preponderance of dental fluorosis (WHO, 2000; Bailey et al., 2006;
Rivett et al., 2006; Feenstra et al., 2007). North West, Limpopo,
and Northern Cape have been identified as provinces displaying
high levels of fluorides in groundwater, often as high as 30 mg/ℓ
(WHO, 2000). Siloam Village is an example of a rural village in
South Africa dependent on untreated groundwater for domestic
use due to inadequate pipe-borne water supply. A preliminary
survey showing that some of the community members in Siloam
Village have mottled (discoloured) teeth motivated this study.
Ncube and Schutte (2005) indicated that there is lack of
adequate information on the status of fluoride in the country’s
groundwater resources and on the environmental and health
impacts of fluoride. They assessed groundwater fluoride data
from the Department of Water Affairs and Forestry’s Water
Management System database for the period 1996–2000, in
order to establish the distribution of fluoride ion concentrations
in groundwater and the impact of dietary fluoride on dental
health in South Africa. Median fluoride values of groundwater
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sources were plotted on a GIS map to assess fluoride distribution across South Africa. The results indicated that the problem
of high fluoride ion concentrations is prevalent in Limpopo,
Northern Cape, North-West and KwaZulu-Natal Provinces,
where large populations still live in rural areas and mostly use
groundwater for drinking purposes. The current study assessed
fluoride concentrations in groundwater at Siloam Village for the
periods August–October 2006 and January–May 2007. Thus,
the current study provides more detailed information on actual
fluoride concentrations in the study area. The occurrence of dental fluorosis in the Free State, North West, KwaZulu-Natal and
Western Cape Provinces was also assessed by Ncube and Schutte
(2005) – Limpopo Province was omitted from this survey.
McCaffrey and Willis (2001) investigated the distribution
of fluoride-rich groundwater in the North-West and Limpopo
Provinces of South Africa. High fluoride concentrations in
groundwater were attributed to several causes, including high
fluorine content of aquifers, low groundwater flow rates, an
arid and semi-arid climate increasing potential evaporation,
and water with a high pH. Though the study covered northern
regions of South Africa, it excluded Siloam Village.
The current study has investigated fluoride concentrations in
Siloam Village, as an example of a typical rural village in South
Africa with high fluoride concentrations, the likely sources of
fluoride, the factors affecting concentration and the impacts
on human health. Earlier studies, such as Mashai (2007) and
Odiyo and Makungo (2009), have shown high concentrations
of fluoride in groundwater at Siloam Village. The study aimed
at providing detailed, precise, accurate and reliable information on fluoride concentrations in Siloam Village. Such a study
provides site-specific information that can be used to infer the
scale of risk at the point of use and can therefore aid in planning
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