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Abstract: 
The purpose of this study is to study the impact of the depth of groundwater aquifers in the Maradi region on 
variations in fluoride ion content. To achieve this objective, the analysis of fluoride ion concentrations in well 

and borehole water samples was carried out. The depths of the wells and boreholes as well as the piezometric 

levels of these works have been determined. The lithological logs of some boreholes have been drawn. The 

results obtained show that the contents of fluoride ions in borehole waters are higher than those obtained in 

well waters. Also, these results also show that these levels in groundwater in the study area increase with depth. 
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I. Introduction 
Renewable fresh water is an essential resource for life [1]. Naturally filtered by the soil, groundwater is 

most often of good quality [2, 3, 4]. The chemical composition of water from the natural environment is very 

variable. It depends on the geological nature of the soil from which it comes and also on the reactive substances 

that it could have encountered during the flow [5]. Groundwater quality can be altered [6, 7, 8, 9, 10]. The 

climatic changes observed in recent years, characterized by the increase in average temperature and the scarcity 

of rainfall, have resulted in the deterioration of the quality and availability of water [11]. Such is the case with 

the presence of fluoride salt in groundwater, which is an undesirable substance, even toxic at very high levels 

([F-] > 1.5 mg/L, [12]. Fluoride is known to contaminate groundwater supplies worldwide [13]. In Niger, 
studies have shown that the waters of the locality of Tibiri in the Maradi region have abnormal levels of fluoride 

ions [14, 15]. It is therefore imperative to monitor the variations in the fluoride ion content in drinking water in 

the Maradi region. According to [16, 17], the release of fluoride ions into groundwater generally depends on the 

mineralogical composition of the rocks. According to [18], the fluoride ion content increases with depth. The 

objective of this study is to study the impact of the depth of groundwater in the Continental Intercalaire and/or 

Hamadien aquifers on the variation in fluoride ion content (Maradi region, central Niger). 
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II. Material And Methods 
The map below gives the representation of the Maradi I Niger. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Geographical position of the study area in Niger 

 

During this study, data was first collected on the depths of wells and boreholes at the level of the 

Regional Direction of Hydraulics of Maradi [14]. The works selected mainly concern wells and boreholes with 

the highest fluoride ion contents. Thus, in November 2020, water samples were taken from the structures in 

study area (figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Location of sampling sites 
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The water samples were taken in polyethylene bottles. The bottles were first washed and then rinsed 

with distilled water. They were first rinsed with water to be sampled before any sampling. The samples thus 

taken were transported to the laboratory in appropriate thermoses. The fluoride ion content was determined by 

spectrophotometry using a DR3900 type spectrophotometer (wavelength = 580 nm). 

 

III. Result 
2.1. Fluoride ion content of wells and boreholes 

Figure 3 shows the variation in fluoride ion content in well water as a function of depth. Figure 4 shows that of 
borehole water as a function of depth. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Variation in fluoride ion content as a function of depth (well water) 

 

Figure 4 shows that the fluoride ion contents in the well waters of the Maradi region increase with depth. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: variation in fluoride ion content as a function of depth (borehole water) 

 

Figure 4 shows that the fluoride ion content in the borehole waters of the study area increases with depth. This 

figure also shows that the fluoride ion contents in all the boreholes exceed the values of the fluoride ion contents 

obtained in the wells. 
 

2.2. Geological nature and lithological logs of the study area 

Figure 5 corresponds to the lithologic section of a borehole (F1) in the study area, the fluoride ion 

content of which was 6.9 mg/L with a flow rate of 33 m3/h. Figure 6 is that of another borehole (F2) close to the 

first. The fluoride ion content of the water from this borehole is 0.15 mg/L. These figures show that the soil 

formations at roof level consist of a sequence of fine sands, fine gravels and fine clay sandstones to a depth of 

about 75 M. And beyond this depth, clay-type minerals constitute the most abundant fractions of the soil I the 

study area. 
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Figure 6: log-lithology of the 2nd borehole (F2) 

 

 
 

Figure 5: log-lithology of the 1st borehole (F1) 
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Figure 7: Geological map of the Maradi region 

 

IV. Discussion 
The results obtained show that the fluoride ion contents in the borehole waters of the Maradi region are 

high. According to [19 ,20], these high levels could be due to natural contamination due to hornblende, biotite 

and cryolite minerals. These results also show that the fluoride ion contents increase with depth at well level 

than at borehole level. According to the Ministry of Hydraulics of Niger (MHE/Niger), the water reserves in the 

study area are estimated at several billion cubic meters. These data show that the study area contains significant 
groundwater resources. According to [21], groundwater can carry 0 to 67.2 ppm of fluorine by dissolving 

fluorinated rocks in contact with water. Similarly, according to [22, 23, 24, 25], the contact time between 

fluorinated rocks and deep waters would help facilitate the release of fluoride ions. Figure 7 shows that the rocks 

outcropping in the study area are made up of granites, aeolian sands, fine fluvial sands, gravels... The 

lithological logs in Figures 5 and 6 also show that the outcropping formations in the area The study area consists 

of fine sands, fine gravels and fine clayey sandstone to a depth of approximately 75 m. Indeed, according to 

Ellis and Mahon, 1964, silicate rocks (essentially formed by silicon with the addition of Al, Mg, Fe, K, Ca, etc.) 

and the surfaces of crystal grains, release very small quantities of fluorine by leaching from these rocks. Also, 

according to [21], fluorine is found in silicate minerals because of its lipophilic character. Its similarity in radius 

and ionic charge with certain elements means that it easily replaces OH- or Cl- ions. However, these results 

show that, at depths greater than 75 m, the subsoil is essentially formed of shales, clayey sandstones, clayey 

gravels, siliceous clays, slightly clayey medium sandstones. This vertical succession of facies constitutes the 
main sequence of aquifers in the study area. The sedimentary clays frequently encountered at depth in the study 

area would contribute to the fluoridation of groundwater. According to [26], clays are capable of fixing fluorine; 

and this action would contribute to a fluoridation of the waters in contact with the rocks by dissolution. Also, 

according to [27], all the fluorine mobilized during weathering is not dissolved in solution in ionic form, but a 

large part is transported in suspension by the clay fraction contained in geological formations. Similarly, 

according to [21], the fluoride ion content increases according to the nature of the rock. Thus, in sedimentary 

rocks, these contents vary from 80 – 450 ppm for sandstone; equal to 270 ppm for limestone; varies from 800 – 

900 ppm for gypsum and anhydrite. Also, according to [28], the factors influencing the fluorine content of 

underground rocks are: the availability and solubility of salts in the rock. However, it is noted that the 
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temperature within a structure increases with the depth of the order of 1°C every thirty (30) meters [29]; and this 

thermal rise could promote the fluoridation of groundwater in the study area following the increase in depth. 

According to [30, 31], high temperatures facilitate the release of fluoride ions. Also, according to [30]; high 

levels of fluoride ions in groundwater may be due to high water temperature. Furthermore, the Maradi region 

shares the same borders with the Tahoua region.  

According to the work carried out by the Inter-African Committee for Hydraulic Studies (CIEH) on 

geochemical analyses, it appears that the aquifers of the Continental Intercalaire and/or Hamadien cover the 

entire central band of Niger. However, these aquifers are also shared by the deep aquifer waters of the Tahoua 

region, which is a phosphate region. In view of the above, it can be said that the fluoride ion contamination of 

the confined aquifers in the Maradi region could also be linked to contamination from a phosphate deposit. 
 

V. Conclusion 

The objective of this study is to determine the impact of the depth of groundwater in the Continental 

Intercalary and/or Hamadian aquifers on the variations in fluoride ion content in the Maradi region. The results 

obtained show that the fluoride ion contents are higher in the boreholes than in the well. These results also show 

that the fluoride ion contents in the waters of the Continental Intercalaire and/or Hamadien aquifers increase 

with depth. This increase could be due to the dissolution of fluorinated minerals. This indicates an increase in 

fluoride ion levels at great depth and could expose populations who consume these waters to fluorisis. 

 

References 
[1]. Séraphin KK, Benoit KK, Marie-Jeanne O, Félix KK, Kouamé BD. Variation saisonnière des paramètres abiotiques de la lagune 

Aghien (Côte d’Ivoire). Journal of applied biosciences. 2017;120:12042-12052. 

[2]. MOUKANDI N. Ressources en eau souterraine et approvisionnement. Essai d’analyse socio-économique en région équatoriale 

humide (région de Brazzaville et Pointe-Noire, Congo). Thèse de doctorat 3
ème

 cycle. Académie de Montpellier, Université des 

Sciences et Techniques du Languedoc. 1984;201 p. 

[3]. NGOUALLA MM. Cartographie de l’hydrologie souterraines du Bassin versant de la Loémé par le système d’information 

géographique (S.I.G). Thèse de doctorat. Université Marien Ngouabi, Congo-Brazzaville. 2016;189 p.   

[4]. KOPA NJUYA A, Jonathan Daniel Hervé LIKENG, Alexandre NONO. (2012). Hydrodynamique et qualité des eaux souterraines 

dans le bassin sédimentaire de Douala (Cameroun) : cas des aquifères sur formations Quaternaires et Tertiaires. Int. J. Biol. 

Chem.Sci. 6(4) : August. 2012;1874-1894,. 

[5]. Nkounkou TD. Modélisation hydrodynamique et hydrochimique de l’aquifère 1 de la région de Pointe-Noire. 2017;Thèse, 

Université Marien Ngouabi, 103 p. 

[6]. Foster SSD. Groundwater for development – an overview of quality constraints. In H. Nash & G.J.H. Mc Call (Eds). Groundwater 

quality.17 th Special Report, London United : Chpman and Hall. 1995;pp. 1 -3.  

[7]. Mor S, Ravindra K, Dahiya RP, Chandra A. 2006. «  Leachate charactrization and assessment of groundwater pollution near 

municipal solid waste landfill site ». Environ Monit Assess, n°118. 2006;pp. 435 -456.  

[8]. Bouziane MT, Labadi A. Les eaux profondes de Biskra (Algérie). European Journal of Scientific Research. 2009;25(4) : 526-537. 

[9]. Dragon K. Application of factor analysis to study contamination of a semiconfined aquifer (Wielkopolska Buried Valley aquifer, 

Poland), J. Hydrology. 2006;331, 272-279. 

[10]. Kolsi, S, Bouri S, Hachicha W, Dhia, H. Implementation and evaluation of multivariate analysis for groundwater hydrochemistry 

assessment in arid environments : a case study of hajeb Elyoun-Jelma, Central Tunsia. Environ, Earth Sci. 2013;70 (5), 2215-2224. 

[11]. DeNicola E, Aburrizaiza OS, Siddique A, Khwaja H, Carpenter DO. Climate change and water scarty: the case of Saudia Arabia. 

Annals of Global Health, 81(3): 342-353. http://dx.doi.org/10.1016/j.aogh.2015.08.005  

[12]. OMS. Normas Internationales Para el agua potable. OMS : Ginebra. 1982;218. 

[13]. Sayyed H, Syed YH, Vidya P, Mazahar F. Fluoride ion concentration of groundwater from Dharmabad, District Nanded, 

Maharashtra. Int. Journ. Of Plant, Animal and Enviro. Scienc. Vol. 1, Issue- 3. 2011. 

[14]. Direction Régionale de l’Hydraulique et de l’Assainissement (DRH/A) Maradi. Rapport des travaux (Tibiri). 1998 

[15]. Direction Régionle de Santé Publique de Maradi (DRSP/Mdi) (1998). Rapport de mission d’enquête dans la localité de Tibiri. 

[16]. Raju NJ, Dey S, Das K. Fluoride contamination in ground waters of Sonbhadra district, Uttar Pradesh, India. Curr Sci. 2009;96 : 

979-985.   

[17]. Shan H, Ting L, Chuanyong J. Principal component analysis of fluoride geochemistry of groundwater in Shanxi and Inner 

Mongolia, China. J Geochem Explor. 2013;135 : 124-129.  

[18]. Lawan GA. Contamination en fluorure des eaux de consommation de la ville de Tibiri commune (Maradi-Niger). 2001. 

[19]. Marou G, Mahaman LIL, ANNE B. Lithogenic influence and geochemical reactions ponsible for the fluoride discharge in the 

groundwater of Hamadien continental, Dakoro department, Maradi, Niger. Sci. Sec. D; July 2019;vol 9, No.3;259-267. 

[20]. Moustapha BOF, Gourouza M. 2022. Determination of sources of fluoride contamination in groundwater in the Maradi region 

(central Niger) through a hydrochemical and geochemical approach. Int, Journ, of advanced research in science, engineering and 

technology. 2022;Vol. 9, issue 1 

[21]. Goni J, Greffard J, Leleu M, Monition L. Le fluor dans les eaux de boisson. 1973;BRGM.  

[22]. Apambire WB, Boyle DR, Michel FA. Geochemistry, genesis and health implications of fluoriferous groundwater in the upper 

regions of Ghana. Environ. Geol. 1997;33(1) : 13-24. 

[23]. Banks D, Reinmann C, Røyster O, Skarphagen H, Sӕther OM. Natural concentrations of major and trace elements in some 

Norwegian bedrock gronwater, Appl. Geochem. 1995;10:1-16. 

[24]. Dowgiallo J. Thermal water prospectiong results at Jelenia Gora-Cieplice (Sudetes, Poland) versus geothermometric forecasts. 

Envron. Geol. 2000;39:433-436. 

[25]. Shanker R, Thussu JL, Prasad JM. Geothermal studies at Tattapani hot spring area, Sarguja district, central India. Geothermics. 

2003;16:61-76. 

[26]. DAVAINE JJ. Les croutes silico-fluorées mésozoïques du Bazois. Description et modèle d’évolution. In ‘’Les paléosurfaces et leur 

métallogenèse’’. DRGST, BRGM. 1980;p. 212-300.  



Impact of the depth of groundwater in the Continental Intercalaire and/or Hamadien aquifers on .. 

DOI: 10.9790/5736-1504011319                             www.iosrjournals.org                                                19 | Page 

[27]. Ellis AJ, Mahon WAJ. Natural hydrothermal systems and experimental hot-water/rock interactions. Geochem. Cosmochim. Acta. 

1964;28, p. 1323-1357. 

[28]. Malkovsky C. Contribution to the problems of fluorine at low temperatures. Symp. Prob. Postmagmatics ore deposits – Prague, 

Geological Survey of Czsechoslovakia, Prague. 1965.  

[29]. ABABOU R. Eléments d’hydrologie souterraines. IMFT. Toulouse, France. 2005. 

[30]. Travi Y. Hydrogéologie et hydrogéochimie des aquifères du Sénégal : Hydrogéochimie du fluor dans les eaux souterraines ; Mém. 

Sci. Géo. 1993;95, 155p. 

[31]. Saxena VK, Ahmed S. Inferring the chemical parameters for the dissolution of fluoride in groundwater. Environ. Geol. 2003;43, 

731–736. 

 

 

 

Oumarou Farroukou MOUSTAPHA BELLO, et. al. “ Impact of the depth of groundwater in the 

Continental Intercalaire and/or Hamadien aquifers on the variation in fluoride ion content 

(Maradi Region, central Niger).” IOSR Journal of Applied Chemistry (IOSR-JAC), 15(04), 

(2022): pp 13-19. 


