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ABSTRACT  

Fluorosis is an endemic disease caused by excessive fluoride consumption in drinking water, and is a common manifestation in 

some rural communities in Nigeria.  Groundwater quality was assessed in the environs of Shendam area with emphasis on fluoride. 

Fourty groundwater samples were collected from wells in the field, physical properties measured in-situ, with major and minor 

ions analyzed. Sodium, calcium and potassium were analyzed by Flame Photometry, bicarbonate, sulphate and chloride were 

measured by titrimetric method, atomic Absorption Spectrophotometry was used to measure magnesium while fluoride was 

analyzed using fusion method. Results show that all groundwater parameters fall within recommended limits except for calcium in 

two localities and fluoride in all groundwater samples which ranged from 1.81 to 3.12 mg/L (mean 2.50 mg/L). Water-rock 

interaction resulting in silicate weathering was a major determinant of groundwater chemistry. Dominant groundwater facies was 

of the order Na+K–SO4–Cl (35%) > Ca+Mg, Na+K–HCO3 (30%) > Na+K–HCO3 (22.5%) > Ca+Mg, Na+K–SO4 (7.5%) > 

Ca+Mg–HCO3 (5%). Fluoride in groundwater was believed to have originated from fluoride bearing minerals of biotite, apatite 

and hornblende found in rocks of the study area. The role of ion exchange and desorption in fluoride mobilization was found to be 

minimal as revealed from correlation plots, ionic ratios and pH of the groundwater. Leaching and weathering of fluoride bearing 

minerals under slightly acidic conditions led to enrichment in groundwater. The dissolution of secondary minerals like fluorite 

which may develop in rock fractures, was also suggested as additional sources of fluoride because groundwater was under-saturated 

in relation to the mineral. Local fluoride treatment techniques like adsorption using clay material and Naglonda technique were 

recommended due to their effectiveness, ease of implementation and low cost. 
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INTRODUCTION 

Fluorosis is an endemic disease caused by excessive 

consumption of fluoride in drinking water. Fluoride is 

considered as a double edged sword, because, when it is 

consumed in drinking water and in foods in correct dosage, 

it strengthens the enamel and prevents dental caries while 

consumption in excess causes ugly brown stains on the teeth, 

called dental fluorosis (Hussain et al., 2004; Deraniyagala et 

al., 2000). When fluoride is consumed in drinking water 

above optimum concentration, it results in a number of 

health effects, including skeletal, dental and crippling 

skeletal fluorosis (Wijesundara and Srilanka, 2004). Long-

term ingestion of excessive fluoride has a chronic effect on 

the kidneys (Deraniyagala et al., 2000) and can also affect 

the nervous system as a significant relationship between 

water fluoride levels and Intelligence Quotient of school 
children in India (Aravind et al., 2016; Xu et al., 2020). 

Dissanayake (1991) noted that fluoride concentration 

ranging from 0 - 0.5mg/l results in dental caries; 0.5-1.5mg/l 

concentration promotes dental health and prevents tooth 

decay; 1.5-4.0mg/l concentrations results in dental fluorosis 

(mottled teeth); 4.0 – 10mg/l concentrations causes dental 

fluorosis and skeletal fluorosis; while concentrations greater 

than 10 mg/l result in crippling fluorosis. Consequently, the 

upper limit for fluoride in drinking water is fixed at 1.5 mg/l: 

above this limit, the water needs treatment for its removal 

(WHO, 2011). 

 

Fluorosis is a common manifestation in some rural 

communities in Nigeria as several cases of high fluoride in 

water have been reported. Illnesses related to high fluoride 

in water have been observed in Langtang and Fobur in 

Plateau State (Lar et al., 2007; Dibal et al., 2008), Kaltungo 

in Gombe State (Dibal and Lar, 2005), and parts of 

Adamawa, Benue, Katsina, Ogun, and Ogun States 

respectively (Dibal, 2015, Gbadebo, 2012, Emenike et al., 

2018). Many of these studies only report high fluoride in 

groundwater but seldom discuss the source and mobilization 

mechanism except in a few cases (Dibal, 2015; Dibal et al., 

2017). Generally, the source of fluoride in water is related 

primarily to the geology and climatic conditions of a place 

(Wijesundara and Srilanka, 2004) while pH, complex or 

precipitating ions and colloids, and residence time may 

trigger fluoride release into the environment (Apambire et 

al., 1997; Reddy et al., 2010; Rezaei et al., 2017).  The 

interplay of factors varies from place to place, and it is thus 

essential to understand the fluoride enrichment pathway in 

the study area. This study aims at appraising the fluoride 

hydrogeochemistry of groundwater from Shendam area. It is 

expected that this study's results will serve as a baseline 

guide to water resources management in tackling the 

fluorosis problem in the area.
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MATERIALS AND METHODS 

Description of Study Area 

The study area lies between latitudes 8o45'N to 9o00'N and 

longitudes 8o15'E to 8o30'E of the Nigeria Topographical 

Survey, Shendam Sheet 212 NW. The areal extent of the 

study area is about 748.02 Km2 with Shendam town being 

the largest settlement. Other settlements include Yelwa, 

Kawo, and Tengzet, among others. The area is characterized 

by a continental tropical climate, a climatic condition 

characterized by wide seasonal variations of temperature 

(Nimzing, 2014). The rainy and dry seasons caused by two 

prevailing winds define the seasons experienced in the area. 

The north-easterly wind is responsible for the harmattan 

season, while the second is the southwestern wind, which is 

responsible for the rainy season. 

Figure 1: Location map of the study area. 

 

Geologically, the study area is underlain by biotite granite 

which covers about 56% of the study area and is intruded by 

medium-grained granite in the central and southeastern parts 

and covers about 43% of the study area. Syenite also occurs 

in the area and appears to have also intruded into the biotite 

granite in the northeast portion of the study area. 

 

Water Sampling and Analysis 

Water was sampled from forty selected hand-dug wells for 

chemical analysis. Eighty containers of one litter each were 

washed before taking to the field. Two separate samples 

were collected from each water point, one for the 

determination of anions and the second one to determine 

cations. Physical parameters such as temperature, 

conductivity, pH and the total dissolved solids were obtained 

during the fieldwork with the four-in-one meter 

(PH/EC/TDS/ Temperature-model Mi 806 combined meter). 

The sample for the cations was acidified with concentrated 

nitric acid (HNO3) to a pH of approximately two and was 

firmly capped to reduce the absorption of ions from the 

solution and the formation of bonds between the containers 

and the ions. After that, the sample was preserved in the deep 

freezer before taken to the laboratory for analysis. 

 

Laboratory analyses were done for major cations, anions, 

and Fluoride in the Department of Soil Science Laboratory 

Ahmadu Bello University, Zaria and Adamawa State Water 

Board Yola State. Concentrations of major cations 

(magnesium, calcium, sodium, and potassium) and major 

anions (bicarbonate, sulphate, nitrate, and chloride) were 

measured using Flame Photometer (used for sodium, 

calcium, and potassium), titrimetric method (used for 

bicarbonate, sulphate, and chloride), and Atomic Absorption 
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Spectrophotometer (used for magnesium and nitrate). 

Fluoride was determined using the Fusion method. 

Statistical and Spatial Analysis 

Descriptive statistics of groundwater physicochemical 

parameters and correlation analysis between fluoride and 

other groundwater properties were done using Microsoft 

Excel 2010 software package.  

 

Geochemical Modeling 

The dominant ionic phases/water facies were classified 

using the Piper tri-linear diagram and Schoeller plots (Piper, 

1944; Schoeller, 1967). The PHREEQC programming 

bundle (Parkhurst, D.L.& Appelo, 1999) was used to 

estimate the degree of saturation of fluoride related minerals 

(calcite and fluorite) in the water samples. The saturation 

indices, which indicate the thermodynamic tendency of 

minerals to dissolve or precipitate, was computed using 

equation (1) 

𝑆𝐼 = (𝐼𝐴𝑃
𝐾𝑇⁄ )   (1) 

Where SI means saturation index, IAP is ion activity 

product, and KT is the solubility product constant for the 

dissociation of the mineral in question. Based on the SI 

value, the saturation states are recognized as in equilibrium 

when SI = 0, undersaturation when SI < 0, and oversaturation 

when SI > 0. 

Rock Sampling and Petrographic Analysis 

The rock samples were collected from the three rock types 

in the area. Thin sections were prepared and studied at 

Geology Department Ahmadu Bello University, Zaria. 

 

RESULTS 

Groundwater Hydrogeochemistry 

A summary of groundwater physico-chemistry is given in 

Table 1. All the water samples analyzed within the study 

area are oligomineral based on mineralization (TDS, which 

is < 1 g/l or < 1000 mg/l). Apart from pH and Ca, all other 

physicochemical parameters measured fall within WHO 

(2017) standard. pH values range from 4.3 to 8.32, with an 

average of 5.54. The pH indicates acidic conditions apart 

from Panki (8.32) and Gurungang (7.65), which are 

respectively alkaline. EC ranges from 21 to 800µS/cm, with 

an average value of 292.13µS/cm (Table 1). Ca2+ranges from 

0.13 to 253.10mg/l with an average of 27.29mg/l. High Ca 

concentration in groundwater above drinking guidelines of  

100 mg/l (WHO, 2017) was observed in M. Uku and Labbi. 

Average Mg2+ concentration was 6.24 mg/L with ranges 

between 0.05 to 6.24mg/L. All groundwater samples were 

within drinking water guidelines in terms of Mg. K+ also 

ranged from 1.39 to 66.09 mg/l with an average of 8.62 mg/l 

while Na+ concentration ranges from 4.2 to 150.33 mg/l with 

an average of 36.58 mg/l.  

 

Table 1: Summary of Groundwater Physico-chemistry 

Parameter Mean Min Max WHO (2017) 

pH 6.29 3 8.32 6.5-8.5 

Temp 27.25 25 32 - 

TDS (mg/l) 146.28 10 490 1000 

EC 292.13 21 800 - 

Ca 27.29 0.13 253.11 100 

Mg 6.24 0.05 22.31 50 

K 8.62 1.39 66.09 - 

Na 36.58 4.2 150.33 200 

HCO3
2- 180.62 0.6 410 500-1000 

SO4
2- 17.15 0.24 32.44 250 

Cl 20.13 0.3 46.21 250 

NO3
2- 15.81 0.01 41.96 50-100 

F 2.50 1.81 3.12 ≥0.5≤1.5 

[Na]/[Cl] 23.752 0.518 169.780 - 

 

Both K+ and Na+ occur within guideline limits in the study 

area (Table 1). In the case of anions, HCO3
2- ranges from 0.6 

to 410 mg/l (average of 180.62 mg/l) and falls within the 

WHO standard (Table 1). SO4
2-concentration ranges from 

0.24 to 32.44 mg/l with an average of 17.15 mg/l. The 

concentration of Cl- ranges from 0.3 to 46.21 mg/l with an 

average of 20.13 mg/l and is below the WHO (2017) 

recommended limits of 250 mg/l. NO3 concentration ranges 

from 0.01 to 41.96 mg/l with an average of 15.81 mg/l, 

indicating biotic activity. All groundwater analyzed within 

the study area showed fluoride pollution with concentrations 

above the 1.5 mg/l upper limit of WHO (2017). Fluoride 

ranges from 1.81 to 3.12 mg/l (mean of 2.50 mg/l). 
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Water-rock Interaction and Groundwater Types 

Gibbs (1970) divided processes that affect water chemistry 

to be chiefly evaporation/crystallization (characteristic of 

arid/semi-arid regions), water-rock interaction, or 

precipitation (characteristic of tropical areas). The Gibbs 

plot drawn for the study area revealed rock dominance (rock 

weathering dominance as used by Dibal, 2015) to be 

significant in determining groundwater chemistry (Figure 2). 

Molar Na+/Cl- < 1 usually shows the effect of halite 

dissolution while molar Na+/Cl- > 1 points to silicate 

weathering (Stallard and Edmond, 1983; Narshima and 

Sadarshan, 2017; Sakram and Adimalla, 2018). Results from 

the study area indicate silicate weathering is the main 

process of water-rock interaction because 95% of molar 

ratios of Na+/Cl- in the study area are > 1 (ranges from 0.518 

– 169.780) (Table 1).  

Piper plot (Piper, 1944), as well as Schoeller plot (Schoeller, 

1967), was used to determine the predominant groundwater 

facies in the study area (Figure 3 and 4, Table 3). Na+K–

SO4–Cl facies was more abundant, with 14 of the 40 samples 

(representing 35%). Ca+Mg, Na+K–HCO3 facies were the 

second most abundant water facies in the study area, 

constituting 30% of the samples (representing 12 of 40). 

Na+K–HCO3 facies constituted 22.5% of the samples 

(representing 9 of 40). Three samples were Ca+Mg, Na+K–

SO4 facies groundwater (7.5%), and two samples were 

Ca+Mg–HCO3 facies groundwater (5%). The dominant ions 

occurring in groundwater from the study are summarized by 

the Schoeller plot which indicates average cation abundance 

of the order Na>Ca>Mg while for anions, SO4>HCO3>Cl 

(Figure 4). 

 

Rock Mineralogy 

Petrographic results indicate that quartz, plagioclase, 

orthoclase, and biotite are present in all the rocks (Plate I, 

Table 2). Other minerals present include microcline, 

muscovite, hornblende, pyroxene, apatite, and magnetite. 

Notable is the fact that the biotite granite rock is richer in 

 

 

 
 

Figure 2: Gibbs plot showing water-rock interaction as the dominant mechanism for groundwater chemistry 

 

Table 2: Hydrogeochemical Facies obtained from Piper Diagram (Piper, 1944) 

Water Facies/Type Sampling stations Number of 

samples 

Percentage 

(%) 

Na+K–SO4–Cl Kawo, Puken, Panki, Kwashe, Gugur, Kapjul, Dafur, 

Naburu, Gurung, Dunkul, U. Zam, Longuel, Duruka, 

Tuku 

14 35 

Ca+Mg, Na+K–HCO3 D. Walla, Gongvel, Kwapta, K. Papa, Kapgal, Kabang, 

Nani, Yashi, Meji, Kempia, Kwapsa, Karhwa 

12 30 

Na+K–HCO3 Lakung, Ngbung, S. Kasu, S. dam, Kawaku, Dungmo, 

Kurun 2, A. Kabari, Yak 

9 22.5 

Ca+Mg, Na+K–SO4 Yelwa, Tengzet, Kurung 3 7.5 

Ca+Mg–HCO3 M. Uku, Labbi 2 5 

TOTAL  40 100 

 

biotite, medium-grained granite has the highest percentage volume of microcline while syenite has higher orthoclase mineral 

compared to the lithologies (Table 2) 
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Figure 3:  Piper plot showing groundwater facies in the study area 

 

 
Figure 4: Schoeller Plot showing dominant ions within the study area 
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Plate I: Biotite granite under crossed polarized light (XPL) (a) and plane-polarized light (b); Medium grained granite under XPL 

(c) and PPL (d); Syenite under XPL (e) and PPL (f). (BIO) means biotite, (QTZ) means quartz, (PL) means plagioclase, (ORTH) 

means orthoclase, (HNB) means hornblende, (PRX) means pyroxene, (MU) means muscovite, (APA) means apatite, (MGT) 

means magnetite. Mag. = X100 
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Table 3: Summary of the mineralogy of major rock types 

Mineral 

(Vol. %) 
Biotite 

Granite 

Medium Grained 

Granite 

Syenite 

Quartz  20 15 5 

Orthoclase  20 15 35 

Plagioclase  10 20 10 

Microcline  7 35 - 

Biotite  20 10 10 

Muscovite  3 5 - 

Hornblende  10 - 15 

Pyroxene  - - 3 

Apatite  10 - 7 

Magnetite  - - 15 

Total 100 100 100 

 

DISCUSSION 

Source of Groundwater Fluoride 

Groundwater chemistry is determined by geology, degree of 

chemical weathering of various rocks, recharge source, flow 

path, and anthropogenic sources (Afolabi et al., 2017; 

Abusu, 2019). Fluoride bearing minerals like fluorite, 

fluorapatite, biotite, muscovite and amphiboles, 

temperature, pH, anion capacity of the aquifer, size of the 

aquifer (geological formation), and contact time determine 

the concentration of fluoride in groundwater (Apambire et 

al., 1997; Farooqi et al., 2007; Reddy et al. 2010; Rezaei et 

al., 2017). The fluoride-bearing minerals biotite, apatite, and 

hornblende occur within the study area (Table 3). However, 

the F-bearing mineral concentration in rock may not be 

directly proportional to elevated fluoride concentration in 

groundwater because leachable fluoride is different from the 

fluoride content of rock (Reddy et al., 2010; 

Dharmagunawardhane, 2011). Dharmagunawardhane et al. 

(2016), working in Sri Lanka, observed that apatite had the 

highest fluoride in the basement rocks studied (apatite > 

biotite > titanite > hornblende) though leachable fluoride 

was highest in hornblende after weathering. In this study, 

weathering of fluoride-bearing minerals is thought to be the 

source of elevated fluoride concentration in the area. This 

scenario is plausible in the study area as most of the 

groundwater analyzed in this study was sourced from 

weathered overburden aquifers whose chemistry controls 

fluoride dissolution (Dharmagunawardhane et al., 2016). 

Apatite, fluorite, hornblende, and soils consisting of clay 

minerals were found to be the sources of F in nearby 

Langtang (Dibal et al., 2016).  

 

Groundwater fluoride can also originate from the interaction 

of secondarily occurring fluorites and calcite as all 

groundwater samples appear to be under-saturated in terms 

of both minerals leading to likely dissolution in groundwater 

(Figure 5). Despite the role of water-rock interaction on the 

chemical character of groundwater, the spatial distribution 

of water types within the study area appears not to occur 

systematically (Figure 6). Under ideal condition, the five 

groundwater facies observed in the study area will evolve in 

the format [Ca+Mg-HCO3] – [Ca+Mg, Na+K-HCO3] – 

[Ca+Mg, Na+K-SO4]and [Na+K-HCO3] – [Na+K-SO4] as it 

flows from recharge to discharge areas because chemical 

constituents increase with the length of the flow path (Al-

Agha and El-Nakhal, 2004; Akoachere et al., 2019).

  

 
Figure 5: Fluorite and calcite saturation indices 
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Figure 5: Geological map of study area showing drainage controlled lineaments, groundwater flow direction, discrepant 

distribution of water facies, and bubble plot of spatial fluoride distribution 
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Since observations in the study area are not systematic, it 

may indicate that groundwater characteristics also depend on 

the solubility and precipitation of secondary minerals like 

fluorite and calcite in fractures under various 

thermodynamic conditions because groundwater flow in the 

study area is structurally controlled. The flow pattern/flow 

route usually determines groundwater chemistry (Ado, 

2016; Afolabi et al., 2017; Abusu, 2019). Thus, secondary 

minerals like fluorite developed in basement fractures 

(lineaments) concentrate fluoride as groundwater flows 

through them. A similar occurrence was observed by Viero 

et al. (2009) while working in a terrain with similar geology 

in Brazil.  

 

Fluoride Mobilization Mechanism 
Fluoride is usually mobilized by ion exchange, desorption, 

dissolution, hydrolysis, and biochemical reactions (Saxena 

and Ahmed, 2003; Mukherjee and Singh, 2018). In 

desorption, OH- replaces F- releasing it into groundwater 

while cation exchange becomes prominent when Na+ 

replaces Ca2+ and Mg2+ in groundwater under alkaline 

conditions (Singh et al., 2011; Rasool et al., 2015; Xiao et 

al., 2015). Both mechanisms are unlikely in the study area 

due to the acidic nature of most of the studied groundwater. 

The negative correlation of F- with Ca2+ (R2=0.279) in the 

study area has been observed elsewhere and related to cation 

exchange or precipitation of calcite (Singaraja et al., 2018; 

Subba Rao et al., 2016) (Figure 7a). However, calcite 

precipitation is unlikely because water is undersaturated in 

terms of calcite (Figure 5). In general, cation exchange is 

usually marked by positive correlations of F with pH, Na+ 

and [Na]/[Ca+Na] respectively, and a negative relationship 

between [Ca+Mg]-[HCO3-SO4] and Na+K-Cl with slopes 

close to -1 away from the origin (Jalali, 2007; Fantong et al., 

2010; Dibal et al., 2017). In the study area, fluoride has a 

negligible correlation with pH (R2=0.0229) (Figure 7b), 

weak negative correlation with Na+ (R2=0.218) (Figure 7c) 

and [Na]/[Ca+Na] (R2=0.278) (Figure 7d). These 

correlations make cation exchange to be negligible in the 

study area. Additionally, the positive slope between 

[Ca+Mg]-[HCO3-SO4] and Na+K-Cl precludes cation 

exchange as a significant mechanism for fluoride enrichment 

in groundwater of the area (Figure 7e) (Jalali, 2007). Base 

exchange softening may also be shown by a positive 

correlation between fluoride and boron (Earle and Krough, 

2006). The negligible correlation (R2=0.0003) between 

fluoride and boron in this study also makes this occurrence 

minimal in the study area (Figure 7f). Mineral dissolution is 

usually pronounced at low pH (acidic pH) (Yidana et al., 

2012; Kularatne and Pitawala, 2012). The characteristic 

acidic nature of the groundwater in the study area (mean 

pH=5.79, ranging from 3 to 8.32) points to mineral 

dissolution as the main mechanism for fluoride mobilization 

in the study area.  At lower pH conditions, groundwater 

containing dissolved carbonic acid is thought to react with 

fluoride-bearing minerals, releasing F-, H+, and HCO
-

3 (Eqn 

II) (Singaraja et al., 2018).  
(𝐵𝑖𝑜𝑡𝑖𝑡𝑒)𝐾𝑀𝑔3[𝐴𝑙3𝑆𝑖3𝑂10]𝐹2 +  𝐻2𝐶𝑂3 +  2𝐻2𝑂 →

𝐾𝑀𝑔3[𝐴𝑙3𝑆𝑖3𝑂10](𝑂𝐻)2 +  2𝐹− + 3𝐻+ + 𝐻𝐶𝑂3
−   

(II)   

Consequently, fluoride from minerals like apatite, biotite 

and hornblende contained in the rocks of the study area and 

leached by weathering and dissolution under slightly acidic 

groundwater conditions are thought to be the cause of 

elevated fluoride in groundwater of the study area. A similar 

source was adduced by Dibal et al. (2015) while working in 

nearby Langtang. The spatial distribution of groundwater 

fluoride in the study area also shows higher fluoride 

concentration on biotite granite lithology, which is rich in 

the fluoride-bearing mineral biotite (Figure 6, Table 3).  

 

CONCLUSION 

Most of the measured groundwater parameters fall within 

recommended limits except for calcium with 5% and 

fluoride with 100% of groundwater samples occurring above 

the recommended values. Fluoride ranged from 1.81 to 3.12 

mg/L (mean 2.50 mg/L). Water-rock interaction resulting in 

silicate weathering was found to be the major determinant of 

groundwater chemistry. The dominant ions indicate average 

cation abundance of Na>Ca>Mg while for anions, 

SO4>HCO3>Cl. The predominant groundwater facies was of 

the order Na+K–SO4–Cl (35%) > Ca+Mg, Na+K–HCO3 

(30%) > Na+K–HCO3 (22.5%) > Ca+Mg, Na+K–SO4 

(7.5%) > Ca+Mg–HCO3 (5%). Fluoride in groundwater was 

believed to have originated from fluoride-bearing minerals 

of biotite, apatite and hornblende found in rocks of the study 

area. The role of ion exchange and desorption in fluoride 

mobilization was found to be limited with leaching and 

weathering of fluoride-bearing minerals under slightly 

acidic conditions being the main cause of elevated fluoride 

in groundwater. The dissolution of secondary minerals like 

fluorite which may develop in rock fractures was also 

suggested as an additional fluoride source because 

groundwater was under-saturated in relation to the mineral. 

 

RECOMMENDATION 

Local fluoride treatment techniques like adsorption using 

clay material and Naglonda technique are recommended due 

to their effectiveness, ease of implementation and low cost. 
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Figure 7: Bivariate plot of (a) Ca vs F, (b) pH vs F, (c) Na vs F, (d) Na/(Na+Ca) vs F, (e) [(Ca+Mg)-(HCO

-

3 – SO
-

4)] vs (Na+K-

Cl),  and (e) B vs F 

 

 

REFERENCES 

Abusu, C. O. (2019). Hydrogeochemical characterization of 

groundwater in Kankara, northwestern Nigeria. 

Sustainable Water Resources. Management 5: 1615 

– 1625. 

Ado, M. (2016). Groundwater potential assessment of part 

of Kazaure area sheet 35 Kasaure SE , 

Northernwestern Nigeria. Unpublished MSc Thesis, 

Department of Geology, Ahmadu Bello Unversity, 

Zaria.  



Groundwater Fluoride…  Savannan Journal of Basic and Applied Sciences 

181 
 

Afolabi, O.O., Olatunji, S.O. and Wategire, E.D. (2017). 

Hydrogeochemical characterization of groundwater 

in Afe Babalola University, Ado-Ekiti Southwestern 

Nigeria. International Journal of Water Resource 

and Environmental Engineering 9(7): 133 – 141. 

Akoachere, R. A., Egbe, S.E., Eyong, T.A., Edimo, S.N., 

Longonje, S.N., Tambe, D.B. and Nelly, N.B. 

(2019). Seasonal variation in groundwater of the 

phreatic aquiferous formations in Douala city, 

Cameroon: Hydrogeochemistry and water quality. 

Open Access Library Journal 6, e5328 

Al-Agha, M.R. and El-Nakhal, A.A. (2004).  

Hydrochemicalfacies of groundwater in the Gaza 

Strip, Palestine. Hydrological Science Journal, 

49(3): 359 – 371. 

Apambire, W. B., Boyle, D. R. and Michel, F. A. (1997). 

Geochemistry, genesis, and health implications of 

fluoriferous groundwaters in the upper regions of 

Ghana. Environmental Geology, 33(1): 13–24. 

https://doi.org/10.1007/s002540050221 

Aravind, A., Dhanya, R. S., Narayan, A., Sam, G., Adarsh, 

V. J.  and Kiran, M. (2016). Effect of fluoridated 

water on intelligence in 10-12-year-old school 

children. Journal of International Society of 

Preventive and Community Dentistry, 6(3): S237–

S242. https://doi.org/10.4103/2231-0762.197204 

Deraniyagala,S. P., Chinthaka, S. D. M. and. Pathiratne, K. 

A. S (2000):   Free fluoride content in tea liquor and 

identification of efficient low cost Defluoridating 

materials. Vulvodava 1. (Sci ..y,I/). 9, PI' 69-78. 

Dharmagunawardhane, H. A. (2011). Fluoride leaching 

capacity of some hard rock aquifers in an area of 

endemic fluorosis, Sri Lanka. Journal of the 

Geological Society of Sri Lanka  14: 21 – 28. 

Dharmagunawardhane, H., Malaviarachchi, S. and Burgess, 

W. (2016). Fluoride content of minerals in gneissic 

rocks at an area of endemic dental fluorosis in Sri 

Lanka: estimates from combined petrographic and 

electron microprobe analysis. Ceylon Journal of 

Science 45(1): 57 

Dibal, H.U. and Lar, U.A. (2005). Preliminary survey of 

fluoride concentrations in the groundwaters of 

Kaltungo Town and Environs. Gombe State. 

Northeastern Nigeria: Water qual. and Health 

Implications. Journal  of Environmental Sciences 

9(2): 736-742 

Dibal, H.U. (2015). Concentration of fluoride in 

groundwater and incidence of fluorosis in parts of 

Northern Nigeria. Unpublished Ph.D Dissertation, 

Department of Geology, Ahmadu Bello University, 

Zaria, Nigeria. P 217. 

Dibal, H. U., Dajilak, W. N., Lekmang, I. C., Nimze, L. W. 

and Yenne, E. Y. (2017). Seasonal variation in 

fluoride content in groundwater of Langtang area, 

Northcentral Nigeira.Contemporary Trends in 

Geoscience 6(1): 11 – 27. 

Dibal, H., Schoeneich, K., Lar, U., Garba, I., Lekmang, I. 

and Daspan, R. (2016). Hydrogeochemical appraisal 

of fluoride in groundwater of Langtang area, Plateau 

State, Nigeria. Global Journal of Geological Science 

14(1): 23. 

Dibal, H.U, Lekmang, I.C. and Lar, U.A. (2008). Dental 

fluorosis from drinking water consumption in 

Langtang Town, Plateau State. Continental Journal 

of Earth Science 3: 77-82  

Dissanayake C. B. (1991): The fluoride problem in ground 

water of Sri Lanka. Environmental problem and 

health. International  Journal and Environmental 

Studies 19: 195. 

Earle, S. and Krough, E. (2006). Elevated fluoride and boron 

levels in groundwater from the Nanaimo Group, 

Vancouver Island, Canada. Sea to Sky Geotechnique 

2: 1584 – 1591. 

Fantong, W. Y., Satake, H., Ayonghe, S. N., Suh, E. C., 

Adelana, S. M. et al. (2010). Geochemical 

provenance and spatial distribution of fluoride in 

groundwater of Mayo Tsanaga River Basin, Far 

North Region, Cameroon: implication for incidence 

of fluorosis and optimal consumption dose. 

Environmental Geochemistry and Health 32(2): 147 

– 163. 

Gbadebo A. M. (2012). Groundwater fluoride and dental 

fluorosis in southwestern  Nigeria. Environmental 

Geochemistry and Health, 34(5): 597–604. 

https://doi.org/10.1007/s10653-012-9455-1 

Hussain,  J., Sharma, K.C. and  Hussain, I. (2004). Fluoride 

in drinking water and its ill affect on human health: 

a review. Journal of Tissue Research 4(2):263–273 

Jalali, M. (2007). Hydrochemical identification of 

groundwater resources and their changes under the 

impacts of human activity in the Chah Basin in 

Western Iran. Environmental Monitoring and 

Assessment, 130, 347-364. 

Kularatne, K. U. K. S. And Pitawala, M. T. G. A. (2012). 

Leaching of fluoride from biotite Mica in soils: 

implication for fluoride in shallow groundwater. 

International Scholarly Research Network of Soil 

Science: 1 – 7. doi:10.5402/2012/739051. 

Lar, U.A., Dibal, H.U., Daspan, R. and Jaryum, S.W. (2007). 

Fluoride occurrence in the surface and groundwater 

of Fobur area of Jos East LGA of Plateau States. 

Journal of Environmental Science II(2): 99-105  

Mukherjee, I and Singh, U. K. (2018). Groundwater fluoride 

contamination, probable release, and containment 

mechanisms: a review on Indian context. 

Environmental Geochemistry and Health 40, 2259–

2301.  https://doi.org/10.1007/s10653-018-0096-x 

Parkhurst, D.L.and Appelo, C. A. J. (1999). User's Guide to 

PHREEQC (Version 2)—A Computer Program for 

Speciation, Batch-Reaction, One- Dimensional 

Transport, and Inverse Geochemical Calculations 

(PHREEQC (V). 

Piper, A.M. (1944). A Geographic procedure in 

geochemical interpretation of water analyses. 

American Geophysical Union 

Transactions.Washington D. C. 25:914 – 923. 

Rasool, A., Xiao, T., Baig, Z., Masood, S., Mostofa, K. and 

Iqbal, M. (2015). Co-Occurence of arsenic and 

fluoride in the groundwater of Punjab, Pakistan: 

source discrimination and health risk assessment. 

Environmental Science and Pollution 22(24): 

19729-19746. 



Groundwater Fluoride…  Savannan Journal of Basic and Applied Sciences 

182 
 

Reddy, D. V., Nagabhushanam, P., Sukhija, B. S., Reddy, A. 

G. S. S., and Smedley, P. L. (2010). Fluoride 

dynamics in the granitic aquifer of the Wailapally 

watershed, Nalgonda District, India. Chemical 

Geology, 269(3–4): 278–289. 

https://doi.org/10.1016/j.chemgeo.2009.10.003 

Rezaei, M., Nikbakht, M., and Shakeri, A. (2017). 

Geochemistry and sources of fluoride and nitrate 

contamination of groundwater in Lar area, south 

Iran. Environmental Science and Pollution 

Research, 24(18), 15471–15487. 

https://doi.org/10.1007/s11356-017-9108-0 

Sakram, G. and Adimalla, N. (2018). Hydrogeochemical 

characterization and assessment of water suitability 

for drinking and irrigation in crystalline rocks of 

Mothkur region, Telangana Sate, South India. 

Applied Water Science 8(143). 

Saxena, V. K., and Ahmed, S. (2003). Inferring the chemical 

parameters for the dissolution of fluoride in 

groundwater. Environmental Geology, 43, 731–736. 

https://doi.org/10. 1007/s00254-002-0672-2. 

Singaraja, C., Chidambaram, S., Jacob, N., Johnson Babu, 

G., Selvam, S., Anandhan, P., Rajeevkumar, E., 

Balamurugan, K., and Tamizharasan, K. (2018). 

Origin of high fluoride in groundwater of the 

Tuticorin district, Tamil Nadu, India. Applied Water 

Science, 8(2): 1–14. https://doi.org/10.1007/s13201-

018-0694-x 

Singh, C., Rina, K., Singh, R., Shashtri, S., Kamal., V. and 

Mukherjee, S. (2011). Geochemical modelling of 

high fluoride concentration in groundwater of 

Pokhran area of Rajasthan, India. Bulletin of 

Environmental Contamination and Toxicity 86(2): 

152 – 158. 

Stallard, R. F. and Edmond, J.M. (1983). Geochemistry of 

Amazon, the influence of geology and weathering 

environment on the dissolved load. Journal of 

Geophysical Research 88, 9671 – 9688. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subba Rao, N., Dinakar, A., Surya Rao, P., Rao, P. N., 

Madhnure, P., Prasad, K. M., and Sudarshan, G. 

(2016). Geochemical processes controlling fluoride-

bearing groundwater in the granitic aquifer of a 

semi-arid region. Journal of the Geological Society 

of India, 88(3), 350–356. 

https://doi.org/10.1007/s12594-016-0497-3 

Viero, A., Roisenberg, C., Roisenberg, a. and Vigo, A. 

(2009). The origin of fluoride in the granitic aquifer 

of Porto Alegre, Southern Brazil. Environmental 

Geolology 6(8): 1707 – 1719. 

WHO (2017) Guidelines for drinking-water quality: fourth 

edition incorporating the first addendum. Geneva: 

Licence: CC BY-NC-SA 3.0 IGO. Pp 1 – 541. 

Wijesundara, T. and Sri Lanka (2004): Low-cost 

defluoridation of water using broken bricks. 30th 

WEDC International Conference, Vientiane, Lao 

PDR. 

Xiao, J., Jin, Z., and Zhang, F. (2015). Geochemical controls 

on fluoride concentrations in natural waters from the 

middle Loess Plateau, China. Journal of 

Geochemical Exploration 159, 252 – 261. 

Xu, K., An, N., Huang, H. et al. (2020). Fluoride exposure 

and intelligence in school-age children: evidence 

from different windows of exposure susceptibility. 

BMC Public Health 20, 1657. 

https://doi.org/10.1186/s12889-020-09765-4 

Yidana, S., Ophori, D., Banoeng-Yakubo, B. and Samed, A. 

(2012). A factor model to explain the 

hydrochemistry and causes of fluoride enrichment in 

groundwater from the middle voltaian sedimentary 

aquifers in Northern Region, Ghana. Journal of 

Engineering and Applied Science 7(1): 50 – 68. 


