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ABSTRACT

The present study evaluates the presence of fluoride and some heavy metals in groundwater from shallow
aquifers around Ogbomosho, Southwest Nigeria. The fluoride concentration ranged from 1.35 mg/l to 2.75 meg/l
with a mean value of 1.58 mg/l as against the recommended value of 1.50 ing/l by World Health Organiization and
Nigerian Standard for Drinking Water Quality. Continuous use of water from this area may result to colouration of
the 1eeth (dental fluorosis) and deformation of the bone and skeleton (skeletal fluorosis) especially in children below
the age of five. The high fluoride contenr in growndwarer from shallow agnifers in the area as well as the heavy
metals may be attributed to water-rock interaction during the process of percolation with fluoride-bearing rocks
under arid, low precipitation, and high evapotranspiration conditions leading to intensive chemical weathering and
bedrock dissolution of the granite aquifers in the area. The heavy metal enrchment iy i the increasing order of: Ni
> Mn> Cr>Cd > Fe > Cu > Zn. These findings suggest that the enrichiment of the groundwater system in the area
is geogenic and is a function of the local geology. It is recommended that people living in the coawrse grained
porphyritic biotire granite dominated area should discontinue the use of groundwater from hand dug wells for
domestic and drinking purposes in arder 1o avoid the ocenrrence of fluorasis in future. Regular monitoring of the
groundwater in the area is advocated. Furthermaore, envirommental friendly technigues such as plyto-renediation
and bio-remediation should be employed 1o absorh the flupride and heavy metal in the groundwarer systeii.

Keywords: Groundwater Quality Assessment. Fluorosis, Heavy Metals Contamination, Shallow
Aquifers, Ogbomosho and Southwest Nigeria

INTRODUCTION

According to UNICEF (1999), about 65 inillion people globally are affected by either skelewl or dental
fluorosis. Fluoresis is an shnormal disease of the bone and teeth due to excessive intake of fluoride trough water or
food. Skeletal fluorosis is a enippling disease with major manifestation af overgrowth or distortion of the bones
leading 1o total deformity of the individual. Dental fluorosis is the damage of the teeth in form of permanerit dark-
brown colouration. Bath skeletal and dental fluorosis are as a result of consumption of water with fluoride
concentration greater 1.5mg/l (NSDWQ, 2007 WHO, 2010) while fluoride content below or equal ta 1.5mg/l in
water i beneficial in building strong bones and wooth (Ahmad er ¢f., 2010).

Groundwater 15 one of (he most important natural resources that when contaminated by either narural or
anthropogenic means is difficull and expensive to clean-up. Fluorosis is a disease affecting the bone and teeth of
humans due to excessive intake of fluoride either through water or food. Heavy metal pollution is a burning
environmental issue due their toxic, persistent and bio-accumulative nature,

Waters with high levels of fluoride content are mostly found at the foot of high mountains and in areas
where the sea has made geological deposits. The known fluoride belt on land include: one that stretches [rom Syria
through Jordan. Egypt. Nigeria. Ghanu. Libya. Algeria. Sudan and Kenya. and another that stretches fram; Turkey
through Irag, ran, Afghanistan, India. northern Thailand and China (Fie. 1), Long-term ingestion of laree amoun(s
of flueride in (he body can lead to potentially severe skeletal problems. The early symptoms of skeletal fluorosis
include stffness and pain in the joinls, In severe case, the bone structure may change and Jigaments may calcifly.
with resulting impairment of museles and pain. Acute ligh-level exposure to fluoride causes immediate effects ol
abdominal pain. excessive suliva. Auusea and vomiting, Stizures and muscle spusm may also oceur (Chae e @l
2007: Amine and Aradi. 20145,
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About 85% of all communicable diseases affecting human being are either water borne or water related.
Fluoride in groundwater in primarily derived from decomposition/dissociation and dissolution of fluoride bearing
minerals and secondly by the use of fertilizer containing {luoride impurities (Saxena and Ahmed, 2002). Fluoride
contamination in groundwater in parts of northern Nigerian may be attributed to lithogenic interference arising from
rock-water interaction as well as pro-longed application of phesphatic fertilizer containing fluorideas impurities
(Aminu and Amadi; 2014). Amadi ef @l., (2015) revealed that lithozenic cantamination of groundwater depends on
climate of the area, pH. flow pattern and frequency. ionic exchange, resident time. chemistry and mineralogy of the
rock. High fluoride concentration in groundwater may persist for years, decades, centuries, and can contaminate the
faod chain (Chidambaram e al.. 2003: McAllister er al., 2005 Chae et al., 2007; Dan-Hassan ef al., 2012).

Minerals in rock that contain fluoride include: fluorite. apatite, fluomica, cryolite, epidote, topaz,
phospherite; tremolite, amphiboles, villaumie and elay (Boyle and Chagnon, 1995). The chemistry of groundwater
are modifies as it migrates from one arex to another due exchange of ions in the course of its movement. Studies
have shown that hydrogeochemical processes such as dissalution. chemical weathering, decomposition, itonic
exchange processes and resident time along flow path controls the chemisiry of groundwater in shallow aquifers
(Olasehinde et al.. 2015; Amadi e al., 2015).
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Fig.1: Map of fluoride occurrence in groundwater across the World (After IGRAC, 2004)
MATERIALS and METHODS

Study Area Description

Ogbormose wwn lies hetween 4" [0°E 10 4"20°E of the Greenwich Meridian and 8"00°'N to 8"13°N of the
Equatar. The geology of this area (Fig. 29 has been swdied by many workers (Oyawoye, 1964; Olarewaju, 2006).
However some work has licen dene in recent past on the hydrogeophysies und hydrogeochemistry of the arca
(Olasehinde er @l 20135), The study area lies within North-central Nigeria which is underluin by the Basemient
Complex terrain choracterized by Mignuartive-gness complex, low grade schisi belt and the older granite suites. The
study area is dominated by banded-gneiss. aranite-anciss and granites with some quartzite intrusion (Fie. 2).

The study area is churpcterized hy nwo season’s namely wet and iy seusons, Relative humidily cun be as

high as 72% duning the beginning of the riny season and could fall rapidly dunne the diy season. The highest
amount of precipitavan occurs during July und August. The highest montaly wmperature is usually expenenced
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during March with temperature of about 30 °C and the lowest occurring in August with a temperature of about 25°C.
Vegelation lype is ol Guinea Savannzh and the area is mostly dominated by shrubs and grasses while tree are
sparsely populated.
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Fig. 2: Geology map of the study Area

Sampling

A total of 40 groundwater samples fram shullow aquifers were eollected and taking into account the
direction of groundwater flow and the density of the population within the studied area. The sampling was carried
oul between April and August, 2014, Glassware and vessels were treated in 10% (v/v) nitric acid solution for 24
hours and were washied with distilled and deionized water. The samiples for caton determination were collected in
polypropylene containers, labeled and immediately few drops of HNOs (ultra-pure grade) to pH < 2 were added o
prevent loss of metals, bacterial and fungal growth and then stored in a refrizerator while samples for anion analysis
were collected in glass containers. The physical parameters were determined insitu in the field using appropriate
instruments in accordance with APHA (2008) siandard. The samples were stored on ice in cooler boxes and
transported to the luboratory immediately after samplhing was completed.

Laboratory Analysis

The physical parameters are measured in the field using martini M1 806 with sensitive probe. The cations
and heavy metals wete determined using ICP-ODES methad while tluoride was determined using Hana Hatch 83300
Multi-parameter Specirophotometer. Sulphate was analvzed by colorimetrie method while bicarbouute and chlaride
were determined by ttnimetric method. Nitrate deternimnation was by ultra violet visible Spectrophotometer.




Proceedings of the 12th ChemClass Conference.
Copyright ©2016.

Statistical Analysis of Hydrochemical data
Principal Component Analysis

The Principal Component Analvsis (PCA) is a statistical technique that focused on data reduction in order
10 understund a small number of components that explain most af the variations observed in a much larger number
of manifest variables (Abdullah and Ars, 2007; Amadi, er «l., 2010). It attemp! o dentify new underlying factors
that give a better understanding the relationship within a set of data (Praus. 20035). Principal Component analysis is
based more on explaining the covariance stroclure of the variables than with explaining the variances (Lambarkis, e
al., 200)4). The purpose of principal component analysis is Lo interpret the structure within the variance-covariance
matrix of a multivariate data collection. It uses the extraction of the eigenvalues and eigenvectors from the mauix of
correlation or covariance. The information gained about the interdependencics between observed variables can be
used later to reduce the set of variables in a dataset (Prasad and Nuaroyana. 2004: Olobaniyi and Owoyemi.. 2006).
SPSS-window-16 version was the siatistical software used to perform principal component analysis on the data set.

RESULTS and DISCUSSION ,

The results of the laboratory analyses are summarized in Table 1. The pH value ranged from 6.70 10 7.25
with a mean value of 6,96. The pH values fall within the acceptuble Timit of 6.50 0 8.50 postulated by Nigerian
Standard for Drinking Water Quality (NSDWQ, 2007). The pH is a good water quality parameter indicating the
acidity .or alkalinity of a medium. The conductivity values ranged between 6.88 ps/fem to 1710 psiem with an
average value of 678.65 ps/cm. The conductivity valudes in most locations exceed the WHO uaceepiable limit of
10000 ps/em. Electrical conductivity is an indication of dissolved materials in water as water in ils pure state does
not conduet electricity. The concentration of total dissolved solid (TDS) varied from 81.30 mg/l to 110805 mg/
with @ mean value of 461.76 mg/l. The concentration of TDS in some locations was higher than the recommended
value of 500.0 mg/l (WHO, 2010; NSDWQ, 2007).

~ The ohigined TDS value in each location is directly proportional to the amount of dissolved ions in
groundwater from that location and it is relative (Amadi er al.. 2014). Even though no direct health effects is Known
for TDS. certain components of TDS. such as chlorides, sulphates, bicarbonates, carbonates, magnesium, caicium,
sodium and patassium affects corrosion or encrustation in water distribution systems. TDS level (> 500 mg/1) causes
scaling in water pipes which can reduce the lifespan of water heaters. boilers, kettles, pots, and steam irons.
Hardness of water is due to the presence of calctum and magnesium ions and it reduces lather formation-as well as
increases the boiling point of water (Lohani er al., 2008). Hardness of water also leads to the formation of scales in
sinks. pipe fittings and cooking utensils (Nwankwoala et al.. 2014).

The concentration of fluoride ranged between 1.35 mg/l to 2.75 mg/l with an average value of 1.58 mg/l.
These values tmply that the fluoride concentration in groundwater in most locations exceeds the permissibles limit of
1.5 mg/l (WHO, 2010; NSDWQ, 2007). Since there was no known industsy in the area that could have dischurged
fTuoride rich-effluent into the soil or surface water. high fluoride concentration in groundwater of an area may be
awributed to weathering and dissolution of rocks as well as irrigation processes which also accelerates weathering of
rocks (Murthy et al., 2003; Amadi er al.. 2013).

Table i: Descriptive Summary of the Physico-chemical Parameters analyzed

Paramelters Minimuim Muximum Meun NSDWQ (2007)
pH 6.70 7.25 6.96 6.30-8.50
Conductivity 6.88 L 710.00 678.65 1000.00
TDS 81.30 1108.00 466.75 S00.00
Fluoride [.35 2.75 1.38 1.50
Nickei (.00 0.09 0.04 0,02
Chromium 0.0 [.060 0.06 0.05
Cadmium 0.00 00l 0.003 0.003
Copper 0.10 [.06 042 1.00
Zinc 0.00 (12 0.34 3.00

Iron 0.01 048 0.2z (.30
Manganese 0.00 0.07 003 002
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Fluoride when consumed in inadeqguate quantilies (< 0.5 mg/l) causes health probiems like den(al caiies.
lack of formation of dental enamel and deficiency of mineralization of hones, especially among the childrén (Fluliler
er al., 1982). Also. fuoride when consumed in excess (> 1.5 mg/Ih. it leads to several health complications such as
skeletal and or dental tluorosis (Deshmukh er al.. 1993). Being a cumulative bane seeking mineral, the resultant
skeletal and dental changes/ metabolic processes are progressively alfected negatively. Fluoride is a typical
lithophile element under terrestrial conditicns and studics haye revealed their association with granitic rocks. It is a
major constituent in silicate rocks especially those of late maematic stages rvpified in apatite, Fluorspar. Cryolite
and Fluovapatite as well as villiaurmite and syenites (Aminu and Amadi. 2015). According to Omueti (1977), the
fixation of the hulk of fluoride as complex hvdraxy-silicates and hydraxyalumine-silicates, in which the hydroxyl
wons (OH) are largely replaced by (luoride are commaon in amphiboles and minerals of the micy family (biotite and
muscovite). ’

A substantial amount of this fluoride 1s relamed in subsoil harizons, where 1T complexes with Aluminiym
that is associated with phyllosilicates (Vaish and Vaish. 2002). The result of XRD analyses of the soil/rock sample
(Fig. 3) from the area reyveanled the presence of nacaphite, o fluoride rich mineral and the geochemical processes
described above may have been responsible fur their high concentration in the groundwater system in the area. The
concentration of fluoride in most of the location were observed to be higher than the recommended maximum
permissible limit of 1.3 mg/l (NSDWQ, 2007: WHO, 2010). A mean fluoride value of 1.58 mg/l (Tahle 1) calls for
urgent attention in terms of remediation before the sitvation becomes endemic as we have in Zango. Katsina Srate
(Aminu and Amadi, 2014) and Hong in Adwmawa Siate (Maspalma, 2014),
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Fig. 3: XRD Chart indicating the presence of Necaphite

The concentration of iron varied hetweerr 0.01 mg/l to 048 me/l and an averuge value of 025 mg/l as
against the permissible limit of 0.30 mz/A (WHO, 2010: NSDWQ. 2007y, lran is essential 1o the human body and its
deficiency causes coiter while high intake has vo known health effect except reasons of wste and avoidance of
staining of sinks and laundered textiles (Amadi ef af.. 200 3). The concentration range of manganese is 0.07 mg/land
a mean value of (.03 me/l. The mean concentratian is slichtly above the recommended WHO guideline value of
0.02 mg/l. Manganese is an important micronwivient for both plants and animals and alse plays on imporant role in
enzyme catalysis. However. it cancause dumnage the liver and other organs at relatively high concentration (Karbassi
et al.o 2008), Cadimium is a toxic ¢lement with na known essential bicloaical functicn and can travel far Tong
distance from 1he source of emission by atmospheric frunsport (WHQ, 2007 The average concentralion af
cadminm is 0.003 mg/l from the eroundw,ger analysis. The cancearation af zine in the water sample was below the
permissihle level of 300 ma/l (WHO, 20010: NSDWQ, 2007), Zinc is an essential growth element for plants and
arimals and also plays useful role oo vanety af cizyme systems which contmnbute 10 cnergy metabolism.
transcription and tanslation,
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The cancentmtion of pivhe! sariad Gom 000000 me Db g mrean valoe of GO meg/las ngams the
appros ed mnit af W02 ma/d (WHOL 2010: NSDWQL 20071 Neckel iy e prosenn un rammds ater dae o ¢ennical
weathering dnd dissolulion from nicke! ore-tearing fochs, Phe mcan conconiigion of chreommi and coppee in the
srounds iler are 10 mgdl and 042 g/l while thelr respoctve pormisible hisis are T el wnd .05 g/l
(WHO. 20J0: NSDWQ. 2007). Capper uinlike ¢hromiunt bius autfitivmal value Tor plats and afiitals and plays key
rale in body methalie processes, Similacly . the presence of these metal in e zrovndw ater sasiem inothe area i<
due to dissolulion processes occasioned by rovk-waner interaciion s anher Tavonrable s eoehemical condigions
prevalent in aren over a period of sealvgical thime.

Astrong positive correlaton witly Cu and Nioas well as Co amd Znas noted g1 <001 level (Fable 2V while s
lovy correlation of Crowith Mo oand Niosyas noted. Anexcellent relatianship ol Cu and Feowas established anthe studs
(Tuble 2y, This amplizs thut these metals e releised toto the avdssster by the me seocheneal processes, Also
a zood relatlionstip exists between TDS and conductivity as well as o whe and phE The Pliowtcbe and heavy metal
e released Into e groundwater syster ab shahtly low pHoand elesated wmperadace and heir presence inosaer
coptribute (o TDS content amd these makes groundwarer conduciive

Tahle 2: Overall Pearson™s correlation coelticient of the Analyzed Parameters

Cii Cr Cu e Mn Ni n 1§ pH NS Couil,
' | 00
Cr .55 1AM
Cu L2007 [ANALTY [ Oua
Fe 1).0064 (1271 0 567 | OO0
Mn .Y 0585 0213 0201 1000
Ny 1l r 542> (rad3=s= 177 (1.2 [ I
Zn (1036 (L3558 6=+ (342 0.098 (0,403 [-000
I R 0.005 0.dv DO 0022 ok ndr o 1K)
pH 0.16u (1,380 .08y 0365 0.206G 0.7 0N 0385 [0
TDS {1.256 0.065 0.221 0.043 0235 0360 0DASF 027 o33 Lo
ECond 0.167 (.234 0.163 0202 0124 028 DS 00xY 0500 0ea2EE 00N
= Correlation is sipnilicant at the (.01 leve! (2-1ailed)
# Correlatton is siznifteant af the .05 level (2-failed)
Tauble 3: Prinvipal Component Analysis of the Groundwater Systen jn the Arca
Parimeters PCI PC2 PC2 "4
Cr 0046 (120 -0.109 a2
Ni N.H28 (.20 0214 (.08
Fe 1 0,090 0.607 122
Mn 135 0.818 ().217 (25
Zu =061 0.623 312 o7
Cu 1,214 0. 145 1.525 23
Cd ) 16 0.739 (). IR3 (1254
F 786 .30 0.251) s
Pk 0.389 04 41,324 20
TLN th6sd (1.222 0175 0.518
E Cond 0740 (.18 (L5382 g
Elgrnvatue 2.846 2204 [ 852 | 3kh
Total vuriance (%) 200428 20.351 [6.922 [ 1 GNL
Cummualative % Th428 36778 (3,700 15,38

Prinerpal component snalysis was apphiod todatasel s b gonerated dow seemlican Lt Claoenvaloes

ST whialy eaplained 7338% of the vanfanoe o datasets amd ) s

afe ki ol Tl foealile sanpces ol

crodndwater vonaaitmaner, The fiest fgerar consics of njckel, Muowde pl elecenl comdne vy TECT i tolal
Uissodved sahel TT8) which accounts Tor 26439 of the wtal vamance Cable 31 The eanclment of nickel wnd
Muaride in tus 2eonmdsviter miayt be airibated 1o ihe weathering anid <tlsaguent slissoformar o oncke ez
fuer fde-vicl mrnerals inohe host-roek Ta the eonrse ol vock- water inferacton Acshehnly e cnsnamment Favenes
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chemical weathering and mineral dissolution. The dissolution of 1ons in water enhances the TDS and also makes
water conductive.

Factor 2 accounts for 20.35% of the total variance and it includes manganese, zinc, cadmium and fluoride
while Factor 3 has a high loading from ifon, copper and electrical conductivity and constitutes 16.92% of the total
variance (Table 3). Factor 4 has the moderate Joading of |1.68% of the tatal variance and comprises of chromium
and TDS. The occurrence of these frace elements in the groundwater system is as a result of lithologic influence
arising from rock-water interaction processes. There are no industries located in the area and as a result no effluents
are generated in the area that could be the possible source of these metals, hence they are most likely from the host-
rock. The occurrence of Flouride in Factors (1 and 2), Electrical conductivity in factors (land 3), total dissolved
solids in factors (1 and 4) and the heavy metals (Ni, Mn, Zn. Cd, Cr and Cu) are indication that these parameters
contribule significantly Lo the observed variance in the groundwater chemistry in the area (Table 3).

CONCLUSION and RECOMMENDATION

The presence of fluoride and trace elements such as copper, zinc, mckel, manganese, chromium, cadmium,
and iron in groundwater around Ogbomaosho was investigated in the study and their presence are no longer in doubt.
The quality of groundwater depends on the nature of surface run-offs, weathered products and mineralogical
camposition of the underlying rocks. The geology of an area has a strong influence on the chemistry of groundwater.
The natural processes of weathering and dissolution may be responsible for release of fluoride-bearing minerals as
well as heavy metals into groundwater system. The enrichment order of the heavy metal are: Ni > Mn > Cr> Cd >
Fe > Cu > Zn, People living in the granite dominated region should discontinue the use of groundwater from the
area for domestic and drinking purposes in order to avert the problem of tluoresis in the near fiture. The findings of
the present study agreed with the global fluoride disiribution (fig. 1). which ranks the study area as medium
(intermediate) with respect 1o fluoride content in groundwater, since the mean fluoride concentration (1.58 mg/l)
exceeds the maximom permissible limit (1.5 mg/l) recommiended by the Nigerian Standard for Drinking Water
Quality and World Health Organization. It is suggested that Phyto-remediation, bio-monitoring. bio-mining and bio-
remediation techniques be employed to monitor and control the fluoride and heavy metal in the groundwater system
at the observed early stage before dental and subsequently skeletal fluorosis occurs in the area.
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