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Background
• Groundwater is an important resource for arid communities, 44% of 

sub-Saharan Africa has limited access to clean water
• A combination of natural and anthropogenic factors determine 

groundwater quality
• Geologic Processes: rock-water interaction, weathering, 

precipitation/dissolution and evaporation
• Fluoride is beneficial below 1.5 ppm, above is harmful to health 

causing hypothyroidism, fluorosis and more



Background

• Several provinces of South Africa 
have over 4ppm F in water

• Common geologic sources of F 
include volcanic, gneissic, and 
granitic minerals, and rocks; 
fluorite, fluorapatite, 
hydroxyapatite, cryolite, and 
hornblende

(IGRAC 2009)



Study Objectives
• Identify the geological mechanisms that lead to high F concentration 

in Kwazulu-Natal region
• Perform chemometric modeling to show the possibility of high F 

concentrations
• Spread awareness, get aid for Kwazulu-Natal



Study area



Method overview

• Groundwater samples taken from 49 Bore Holes in Northern Kwazulu-
Natal

• Electrical conductivity (EC) and pH were measured in field with 
meters

• Ion chromatography for major and minor Ion analyses
• Titration for bicarbonate and carbonate evaluation
• Various software for interpretation/chemometric modeling
• ArcGIS for mapping
• PHREEQC for Saturation indices



Concentration Data



Study Conclusions Overview
• High concentrations of fluoride associated with NaCl water. 
• Mineral weathering, evaporation and wastewater infiltration control 

the water chemistry
• Calcite precipitation and groundwater fluoride concentrations control 

fluorite solubility
• Statistical analyses show that mineral weathering, evaporation, longer 

residence time, wastewater, nitrification, and ion exchange influenced 
the water chemistry

• Geochemical and chemometric methods showed that fluoride 
concentrations are driven by evaporation





Evaporation Bootcamp: Faure  18.3
• When water evaporates the minerals that stay behind become more 

concentrated
• If two elements ex; X and Y don't react or form solids their 

concentrations increase together in a linear relationship
• If X or Y precipitates the other element will continue to rise in 

concentration
• If both X and Y precipitate in a fixed ratio their concentrations 

decrease
• This process acts as a geochemical divide and influences changes in 

water chemistry due to evaporation

m= (Y)/(X)

(X)f=g(X)i



Faure Fig 20.4



My Evaporation Analyses Objectives

• Use PHREEQC to see how evaporation changes concentrations and SI's in 
Kwazulu-Natal water

• See what happens to concentration and SI data if the temperature is 
increased to the maximum temp recorded in the study, 30 °C

(Guerra, n.d.)



PHREEQC input



25°C PHREEQC Output: Solution Composition

Before Evaporation After Evaporation

VS



25°C PHREEQC Output: F speciation
Before Evaporation

After Evaporation



25°C PHREEQC Output: 
Saturation Indices

Before Evaporation



25°C PHREEQC Output: 
Saturation Indices

After Evaporation



Max Temp PHREEQC Output: Solution Composition

After Evaporation at 25 C After Evaporation at 30.3 C=



Max Temp PHREEQC Output: F speciation
After Evaporation at 25°C

After Evaporation at 30.3°C



25°C PHREEQC Output: 
Saturation Indices

After Evaporation



30.3°C PHREEQC Output: 
Saturation Indices

After Evaporation



Summary of Results
• Evaporation increases the concentration of fluoride ions
• Evaporation changes the solubility indices of essentially all minerals
• Evaporation changes F speciation, making MgF+ the dominant F 

species
• 30° C evaporation creates equal concentration of fluoride, but 

different species distribution than 25°C
• Temperature changes the solubility indices of each mineral 

independently, no overarching trend, but higher temperature did 
make fluorite more soluble.

(OEHHA, 2025)



Key takeaways
• Evaporation is a driving force in how geology impacts water quality
• As the effects of climate change continue to grow, the fluoride 

concentration/water quality of the groundwater will continue to 
change

(Abbot et al., 2025)
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