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About 25% of Ghana's population lacks access to essential drinking water 
services, and 73% do not have access to reliable and clean water sources. The 
population therefore relies on groundwater for drinking, especially in rural areas, 
though the fluoride contamination of groundwater leads to dental fluorosis 
(Alfredo, Lawler, & Katz, 2014). Children, especially in the first two years of life, 
are particularly susceptible to the adverse effects of fluoride and can retain 80–
90% of a fluoride dose, compared to 60% in adults (WHO, 2004).  
 
Despite numerous local studies, there is no spatially continuous picture of the 
fluoride contamination across Ghana, nor is there an estimate of how much of 
the population is potentially exposed to unsafe levels. Here, we spatially model 
the probability of fluoride concentrations exceeding a threshold of 1.0 mg/L in 
groundwater across Ghana to identify risk areas and estimate the number of 
children and adults exposed to unsafe fluoride levels in drinking water. We use a 
set of geospatial predictor variables with random forest, evaluate model 
performance using state-of-the-art spatial cross-validation and assess model 
uncertainties. We found that ~15% of the country has a high probability of fluoride 
contamination, with about 924,000 (3% of the population) and about 250,000 
children (0–9 years) exposed in at-risk areas. Geology and high 
evapotranspiration are the main drivers of contamination, which means the 
problem is expected to worsen with climate change. Our maps should raise 
awareness and understanding of fluoride contamination in Ghana and can advise 
local-level actions to avoid or mitigate fluoride-related risks. 

Figure 1. Fluoride concentrations in 
groundwater and topography. Red 
points represent fluoride 
concentration >1.0 mg/L. This image 
was created using ArcGIS Pro 
v.2.7.2.  
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