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ABSTRACT

Water fluoridation has been considered a global environmental challenge in the past decade since
most humans rely on water for their daily needs. The purpose of this study was to determine the
fluoride concentrations in water sources in some parts of Taraba State, Nigeria. An aggregate of
twenty-one (21) water samples were retrieved from different sources in twelve (12) diverse points
within the study area and assessed for its physico-chemical composition with emphasis on fluoride
content following standard field and laboratory procedures. Fluorides samples shows general
concentration ranges from 0.49-3.57 mg/L. Zing, Yakoko and Monkin samples from Zing LGA
recorded 3.57 mg/L, 3.15 mg/L and 2.15 mg/L respectively for well samples and 2.05 mg/L, 2.2 mg/L
and 1.79 mg/L respectively for Hand dung borehole, similarly, Gulum and Kona water samples from
Jalingo LGA recorded 2.7, 2.15 respectively for well samples and 1.8 mg/L, 1.7 mg/L borehole
alsol.63 mg/L, 1.65 mg/L, 1.66 mg/L for borehole,1.55 mg/L, 1.74 mg/L, 1.90 mg/L for well
respectively. It was observed About 10% of the water samples complied with the minimum (0.5 mg/L)
and maximum (1.5 mg/L) threshold values for fluoride in drinking water (WHO, 2017). About 86%
of samples were found to exceed the maximum permissible limits, while 4% of the samples had
fluoride concentrations lower than the minimum acceptable limit (0.5 mg/L). The results of the study
showed that high fluoride concentrations in the water samples were due to the geological and
chemical composition of the underlying deep aquifers as well as to contributions from anthropogenic
activities such as the use of fertilizer and pesticides in the area
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INTRODUCTION

Water is a finite and fragile natural resource, and the majority of it is held in the oceans as salt water
(Barlow, 2003). As a result of effluents and pollutants, drinking water in poor nations, and Nigeria in
particular, is prone to toxins (Dabi and Jidauna, 2010; Jidauna et al., 2013). In many industrialised
and emerging nations, common rural water sources including boreholes, wells, and streams are the
most valued natural water sources because of their huge storage capacities and dependability during
dry spells or droughts (Ali et al., 2016). Poor waste management systems are a problem in the majority
of Nigerian communities, particularly in rural areas. The only sources of water for drinking and other
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uses in the majority of rural settlements in Nigeria are surface (ponds, streams, and rivers) and
groundwater. It is difficult to build institutional structures that will guarantee that drinking water
facilities or sources are safe from contamination, maintained, and managed in an effective, equitable,
and sustainable way, making the provision of safe drinking water in rural regions a significant
problem.

One of the biggest global environmental pollution concerns recently identified and acknowledged is
fluoride poisoning of surface and underground water (Mahamud, 2012). An essential mineral called
fluoride can be found in extremely small amounts in nature (Oladoja, 2016). According to Fawell ef
al., (2006), Mamatha and Rao (2010), the majority of fluoride in groundwater is geogenic, meaning
it comes from the breakdown of rocks that contain fluoride ions. Due to fluoride's profound impact
on human physiology, its inclusion in drinking water sources is a contentious issue on a global scale
(Oladoja et al., 2016). A sufficient amount of fluoride (between 0.5 and 1.5 mg/L) can prevent dental
caries, especially in young children under the age of 8 but a deficiency can lead to cardiovascular
disease, osteoporosis, and dental caries (Fawell and Nieuwenhuijsen, 2003).

This study aimed at determining the fluoride concentration levels of selected water sources from three
(3) local governments in Taraba State namely; Zing, Jalingo and Karim-Lamido, LGA.

MATERIAL AND METHODS
Reagents
All materials and reagent used were of analytical standard.
Study Area

The study areas are within Taraba State, which is geographically located at 8°0'0"N 10°30'0"E. Taraba
State shares borders with six neighbouring states in Nigeria, including Plateau, Benue, Bauchi,
Adamawa, Gombe, and Nassarawa States. (Fig. 3.1). The area of Taraba State is 54,473 square
kilometres. The states of Plateau, Nassarawa, and Benue border Taraba state to the west. Adamawa
State and the Republic of Cameroon border Taraba state to the east. The State is mostly located in the
centre of Nigeria and has an undulating topography with a few isolated mountainous features,
including the beautiful and well-known Mambilla Plateau. The majority of the state is in the tropical
zone, and its southern and northern halves both have grassland as vegetation.

Sample collection

In five chosen local government areas, namely Zing (Zing, Yakok, and Monkin), Jalingo (Kona,
Gulum, and Maigwa), and Karim-Lamido (Karim, Mangai, and Mutumdaya), Taraba State, a total of
twenty-one (21) samples were randomly collected from three different sampling points (three hand-
dug well samples, three borehole water samples, and three samples from the surface Stream). Before
soaking in diluted HCI (0.05M) for about 24 hours, sample containers were properly cleaned with
detergents, rinsed with water, and then filled with distilled water. After that, they were dried by air in
a dust-free setting. Containers were washed twice with pertinent samples at the collecting station,
then filled with samples and securely corked.

Determination of Water Quality Parameters

Multi-parameter Water Quality Monitor was used to measure the physicochemical parameters which
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includes pH, Temperature TDS, Dissolved Oxygen (DO), Turbidity, Hardness, Alkalinity, Electrical
conductivity (EC), Chloride, Nitrate, Phosphate, Magnesium, Calcium and sulphate. Prior to analysis

the meter was calibrated to ensure accurate quality measurement.

Determination of Fluoride Ion Concentration

SPANDs Spectrophometric methods was used for the determination of fluoride concentrations of the

collected water samples.

Table 1: showing all the keys for sampling points and water sources.

LGA Location Water Source/Keys
Borehole Well Stream
Zing Zing ZAl ZA2 ZS
Yakoko ZB1 ZB2
Monkin ZCl1 7C2
Jalingo Kona JA1 JA2 JS
Gulum JB1 IB2
Magwai JC1 IC2
Karim-Lamido  Karim KA1 KA2 KS
Mangai KB1 KB2
Mutum-daya KC1 KC2
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RESULT AND DISCUSSION

Table 2 shows the mean concentration of fluoride in mg/L in water samples from the three (3) water
sources and the sample area.

The results showed level of fluoride concentration from water sourced from borehole and well in
Zing, Karim-Lamido and Jalingo were above WHO permissible limits while the fluoride
concentration of stream from zing and Jalingo were within the WHO permissible limit while that of
Karim-Lamido fall below the WHO permissible limits.

LGA Location Concentration (mg/L)
Zing ZAl 2.08
ZB1 2.30
ZCl1 1.80
ZA2 3.56
ZB2 3.15
7C2 2.16
7S 0.72
Jalingo JA1 1.81
JB1 1.78
IC1 1.73
JA2 1.83
JB2 1.78
IC2 1.73
JS 0.68
Karim-lamido KAl 1.63
KBI 1.65
KC1 1.66
KA2 1.88
KB2 1.74
KC2 1.90
KS 0.49
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The range of fluoride concentrations is 0.49 to 3.57 mg/L. According to the WHO's 2017 report, just
10% of the water samples met the fluoride threshold levels for drinking water, which are 0.5 mg/L
and 1.5 mg/L, respectively. While 4% of the samples had fluoride concentrations below the permitted
minimum (0.5 mg/L), 86% of the samples were found to surpass the maximum permissible limits.
Values for both borehole (2.30 mg/L), well (3.56 mg/L) and stream (0.39 mg/L) water reported in
Zing, Jalingo and Karim-lamido LGA were generally similar to those reported by iwar ef al., (2021).
Several factors, including the chemical makeup of the traversing groundwater, its contact or residence
time with fluorine-bearing materials found in the geological formations, and a variety of
anthropogenic activities, can be linked to high fluoride levels in water samples from Zing, Jalingo,
and Karimlamido. . From the study conducted a significant variation of fluoride concentration was
observed in different locations. It was observed that the fluoride concentration in Zing, Jalingo and
Karim-Lamido were higher than the WHO permissible limit, this results is in accordance with a
research conducted by Munta et al., (2020).

Fluoride concentration levels recorded from boreholes and hand dug wells in Zing, Jalingo, and
Karim-lammido are significantly higher than those obtained by Malum et al., (2019) for boreholes
and handdug wells in Kaltungo, Gombe state, Nigeria. Fluoride concentrations in water above 1.5
mg/L have been linked to dental fluorosis in humans (particularly children), while excessive
concentrations have been linked to skeletal fluorosis in children and adults (WHO, 2004). This could
explain the mottling and colouring of teeth in the study area (Zing, Jalingo, and Karim-lamido).
Fluoride concentrations are sometimes described as a two-edged sword because low concentrations
can promote tooth cavities (Yousef ef al., 2018). According to recent research, it is believed that high
fluoride consumption can cause cancer in humans (WHO, 2004). Thus, fluoride removal from
drinking water supplies is highly essential in the provision of potable drinking water.

Mean Concentration Values of water quality parameter with WHO standard

A presentation summary of Water Quality Parameter, samples from all the three (3) sources of water
(Borehole, Well and Stream).
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Parameter Zing Jalingo Karim-Tamido WHO Limits
B W § B W § B W §
pH 6.95 6.74 6.62 6.62 6.62 6.58 6.54 733 6.54 6.5 -85

TDS (mg/l) 17350  276.67 388.00 | 11650 11650 17500 | 20317 23333 32500 | 1000

EC 38467 30817 45250 |38 38 26450 22650 1500
115.00 45450

(S/cm)

Turbidity L7 6.87 1353 155 155 1.55 201 50
12.87 1343

(NTU)

Hardness 10762 21333 14250 | 10933 10833 11351 21833 500
14150 14250

(mg/])

DO (mg) 30 385 361 (327 327 259|338 400 3@

Chloride 072 150 053 |01 07 060 133 200
057 0.60

(mgf)

Nitrates 215 455 268|211 21 200 34 50
2.56 247

(mg/)

Phosphate 152 213 158|182 192 162 167 6.5
14 153

(mgf)

Magnesim 273 869 S N X <

(mgf)

Caleium 23 307 281|216 216 336 248 150
257 2.64

(mg/)

Alkalinity 1136 14020 8466 | 1145 1143 1145 19813 230
9031 74561

(mg/)

Sulphates 1358 1349 1023 | 1356 1354 1355 1341 150
1009 1025

(mgf)
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Keys: S = Stream, W = Well, B = Borehole

The overall pH value of the samples ranged from 6.54 to 7.33. The lowest value was observed for
water from a hand dug well located in KA2 similarly as reported by Oko et al., (2014) while the
highest value was observed for water obtained in KB2. The water samples exhibited great variability
over the study area in terms of its pH values and were adjudged as slightly acidic to slightly alkaline
in composition. However, for drinking purposes, alkaline water is recommended as it helps in the
regulation of the physiological and metabolic functions in humans (WHO, 2017).

In the present study, water from well and stream sources had higher amount of dissolved solids
(397.50 and 388.0 mg/L), all in Zing LGA, correlating with their high turbidity and electrical
conductivities. Overall Mean TDS value of 232.57 mg/L obtained for water samples in the study area
were however lower than the WHO and NDWQS limits of 1000 and 500 mg/L.

From borehole water sources, lowest electrical conductivity (199.00 uS/cm) was recorded for sample
obtained at JS, while highest value (426.5 uS/cm) was recorded for sample obtained at ZB1. On the
other hand, electrical conductivities of stream water ranged from 119 to 454.50 uS/cm, with the least
value observed in water from JS and highest value in water from KS. The observed mean (298.99
uS/cm) for the total water samples was lower than the permissible level (1500 pS/cm) recommended
by WHO and NSDWQ for drinking water quality (NSDWQ, 2007; WHO, 2020).

Chlorides in borehole water ranged from 0.55 mg/L in KA2 to 1.33 mg/L in KB2. In well sources,
values ranged from 0.59 mg/L in JC2 to 78.68 mg/L in IA2, while in stream sources, they ranged
from 0.535 to 18.35 mg/L with lowest and highest values observed at Zing LGA. Overall assessment
of the chloride content among all water samples revealed a mean value of 19.12 mg/L. Zing, Jalingo
and karim-lamido had lower values compared to what was reported by Iwar et al., (2021) for water
samples in Makurdi, although the values from the overall assessment were far below the minimum
permissible recommended by WHO, (2020) and NSDWQ, (2007).

Nitrate concentrations in the water samples from borehole, well and stream sources in the study area
ranged from 1.58 to 5.89 mg/L, with an overall mean value of 2.49 mg/L. Highest value was observed
in well water at ZC2. It was observed that despite the high use of agro-chemicals and fertilizers by
farmers in the study area, there was no violation. All samples fell with acceptable limits of 50 mg/L
established in standards (NSDWQ, 2007; WHO, 2020).

Turbidity values from borehole sources ranged from 0.885 to 1.745 NTU with least and highest values
observed in in ZS and KS, while those from well and stream sources ranged from 1.47 NTU in JB2
to 7.86 NTU in ZC2 and 10.68 NTU to 13.53 NTU in respectively. The overall turbidity value of the
water samples ranged from 0.885 to 13.53 NTU, with a mean value of 6.90 NTU. Furthermore total
water samples were lower than 50 NTU acceptable limit (NSDWQ, 2007; WHO, 2020).

Phosphate values in borehole water ranges from 1.44-2.13 mg/l with no sample showing violation.
All values were lower than the acceptable limit of 6.5 mk/L (NSDWQ, 2007; WHO, 2020).

Hardness Values for borehole water (107.67 mg/ L to 113.51 mg/L), well water (109.33 to 218.33
mg/L) and stream water (141.5 to 142.5 mg/L). High concentrations of carbonates in the study area
may have implications for pipes, water heating appliances, soap and detergent efficiency, fabric
colour, and human skin; however, they may be beneficial as they may contribute to the intake of
essential minerals like calcium and magnesium, despite increasing the boiling point of water. The
overall hardness mean of the samples indicate that they fall within the safe recommended limits (500
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mg/L) for drinking water (NSDWQ, 2007; WHO, 2020).

In the current study, all samples were far below the WHO (2020) acceptable limits of 150 mg/L for
Calcium in drinking water, with values ranging from 2.16-3.36, and mean value of 2.17 mg/L. Hence,
the water is free from health hazards and if excess calcium, it can cause depression of the function of
muscles and nervous tissues. There was no significant variation from the water samples in all the
locations and sources obtained.

Generally, water samples from boreholes in the present study displayed lower magnesium values
(2.75 to 2.90 mg/L) than their counterparts from wells (2.79 to 8.60 mg/L) and streams (9.44 to 10.24
mg/L) These values were far below the permissible value for the magnesium established for drinking
water and therefore pose no threat (NSDWQ, 2007; WHO, 2020). Far lower values were reported by
Musa et al., (2019) in their study within North central, Nigeria.

CONCLUSION

With over 90% of the samples having pH values that are in the acidic range, the physico-chemical
properties of the samples showed significant variation among the sources and locations. Fluoride
concentrations were found to be high in Zing, Karim-Lamido, and Jalingo; this may be the cause of
the area's residents' brown and coloured teeth.
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