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Abstract: Fluoride content in water has received a world-vattention due to its importance to health. Thiglgtattempts
to trace the factors responsible for low fluorigedls in the aquifers of the Jos Younger Granitespile the high fluorine
content in the rocks. A total of 41groundwater s®fl mining pond, 2 hand pumps and 38 hand duig)w@ rock samples
from the various lithological units, and 13 soicsens from two exposed locations were collected analyzed for their
fluorine content. Analysis of major cations wasrigat out using ICP-OES; the anions were analyzéagusie UV multi-ion
parameter and bicarbonates by titration methodorfle in underground water was determined by niaitiparameter.
Fluorine in rocks and soil were analyzed by thédfusnethod. The rock samples show variations iir fheorine content (Jos
— Bukuru Biotite Granite 6,231, aplo-pegmatic grewgneiss (basement rock) 4,864, Quartz-pyroxesmgsiife porphyry
1,280, Dilimi-Biotite Granite 258 and Ngeil Biotit8ranite-162 ppm). The soil sections from differéations also show
variations of fluorine with depth of sampling. Culatively, the fluorine content in the sections dhabride content in water
do not correlate with fluorine in rock in the roakits. The low content in the two media, indicdtatt 1. bulk fluorine have
not been released from minerals in the host rookisthose retained in soils have not been mobiltrethe groundwater. 2.
Fluorine have formed complexes with other ions andurring in compound form rather than ionic forApart from low
fluoride in about 70% of the water samples all ofh@rameters are within the WHO recommended limithouse hold uses.
Although there are no records on the effect of tmmsumption of fluoride in water, inferences frame data show that most
areas with low fluoride level should have dentalesa
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the last fifteen years in the earth sciences (Lt Bibal,
2013). Earlier studies in the area of epidemiologgre
carried out by Alakija, (1983), Bano et al, (198&hd
Wongdem et al, (2002). Before now, data exist as ph
water quality parameter, but none has linked theritle to
source and or health effect. Thompson, 1957 regorte

1. Introduction

Fluoride content in groundwater is of concern bseaof
two reasons — 1. Low content of fluoride (< 0.5 inglay
results in the development of dental caries. 2.08oftration
levels (> 1.5 mg/l) may result in development ofnté . .
fluorosis, skeletal fluorosis, neurological effeetproductive  flucride level in waters of the Gombe area to rafigen 0.0
effect, genetic effect, low intelligent quotienQ)l (WHO  — 2.1 _mg/l. In the Pleistocene seqllments of the dCha
2004; Hussain et al, 2004). Studies on fluoride irlformatlo_n, Barber, (1965) found fluoride level a® an_/I.
groundwater and effects on health of humans anchani Schoeneich and Mbonu, (1990) reported very lowrftlein
have been reported in different parts of the wdrtdh in 9roundwater in parts of Jos and Bukuru area. Otz
epidimeological study and the earth sciences fdt ower a  Ayegbusi, (2004) recorded value of 5.00 mg/l in ead
hundred years now. However, in Nigeria, geo-meditadies Formation _at Maiduguri. The link betw_een fluoride
on fluoride in groundwater and health receivedrdine in ~ °Ccurrence in groundwater and health was first mepoby
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Dibal and Lar in 2005. They reported the existeataigh
fluoride in groundwater in the basement aquife(katltungo
area) as the causal factor for the high inciderfcemattied
teeth in the area and environs. Lar et al, (200iKet the
source of the high fluoride in groundwater in Daggoarea
and the Furzi spring on the Jos Plateau, centrgemdi to
fluorite minerals in the host granite rocks whéreas caused
serious dental fluorosis in children. Lar and Tejé2008)
highlighted the human health effect related to
consumption of fluoride in groundwater particularly
Nigeria. Dibal, et al, (2008) reported the highidsnce of
dental fluorosis to consumption of high fluoride
groundwater of Langtang area. Dibal and Schoené€fif)9)
reported the occurrence of high fluoride in grouathw in
several rural communities in some parts of northdigeria.
Other studies on fluoride in groundwater are thot®ale
and Goni, 2012. Although the Younger Granite lidgés
which constitute the major aquifer units in the dosa have
been reported to have high fluorine content (riltecknd
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biotite granite) (Bowden, 1965), fluoride in growvater in
these aquifers have been reported to be geneaoally(< 0.5
mg/l) in many areas (Schoeneich and Mbonu, 199@ptah
2010, Solomon and Piwuna, 2011 and Dibal et al,2p01
Causes of high and low fluoride in Indian groundwdiave
been reported by Handa in 1975. He found out that t
chemical composition of ground water from confined
aquifers shows fluoride content below 1.0 mg/l gederally

thdelow 0.5 mg/l. He also reported positive correlatbetween

fluoride and silica as well as between fluoréaael sodium in
groundwater, which indicate a silica-mineral souroé

influoride. Hitchon, (1995) found out that fluoride adsorbed

on clay minerals, where ionic exchange takes placel
hence fluoride ions partly replaced which may léadow
fluoride in groundwater. According to (Abu Rukahdan
Alsokhny, 2004; Jacks et al, 2004), the concemmnaf
fluoride in groundwater depends on the geologiclaémical
and physical characteristics of aquifers (e.g, gityoand
acidity of soils, rocks, temperature and depth).
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Rock chemistry, groundwater age, well depth, hyaljii  meters depending on availability of sources. 250plaktic
condition, residence time and geologic structuree arbottles were used to collect water samples. Twapsesreach
important factors of fluoride rich groundwater (Eaimds, were collected at every sampling point. One sanfien
1994; Kim and Jeong, 2005). The aim of this stusiyamn each sample point was then acidified with two draps
attempt to trace the factors responsible for loveldluoride  concentrated pure nitric acid to a pH of <2 for #aenples

content in the Younger Granite Aquifer. that will be used for the detection of cation. Rbgk
o parameters such (temperature, Total Dissolved $6Ii®S),
1.1. Description of the Study Area Electrical Conductivity (EC), and pH) for all thersples

Geographically the area lies between Latitudd89 and were determined in the field with the Oakton 5/.6
9%58'308" and Longitudes 80".00" and 855'00.00", with pH/temperature meter and TDS/EC meter. The Indectiv

aerial extent of about 106 Knwithin the Younger Granite Coupled Plasma- Optical Emission Spectrophoton@gp-

Province of Nigeria. The Younger Granites are ctter&zed OIES) was u;eié;)ﬂ;rllalgse the .m?:jor gatprnhs .;Incﬁ trac
by circular intrusions and represent one of thesital areas elements at the aboratory In Canada. The Mo

of occurrences of ring-complexes in the world. They non - Parameter Bench Photometer (HI 83200) was used to

orogenic rocks, which have intruded the Late Préeam to g(:]termlned_ ﬂlfosr'd_e at th\(/thL_Jlnlvr(]e rsg/c;;‘l i]OIS Facubf
Lower Paleozioc Basement Complex of Northern N&geria arnaceutical sciences, lle the ulti-lon draeter

. . Model 721 was used to determine ,S&hd bicarbonate and
N - S trend (Tumer, 1983). Ring fauling and caofd chloride were by titration method at the Univesitly Jos,
Department of Geology. Soil samples were collectd
intervals of 1 meter from weathered section of fos -
Bukuru biotite granite the largest rock type whaanstitutes
an aquifer (Plates). Fresh rock samples were a#lected

subsidence are the major tectonic controls govgrrihe
emplacement of the Younger Granite (Macleod el @r1).
These controls have operated during the volcanit te
stages of the emplacement cycles. The pattern itiflin

volcanism has been determined largely by ring tndcg , . .

which have extended to the surface. These fracturggm the different rock types. Soil sample; weredirat

controlled the alignment and distribution of thentse and room .temperf’;\ture and both (rock and soil) samplesew

the major cauldron of the same mechanism at great?Plve”Z.ed with FRITSCH PLANETARY MICRO. N.“LL

depth, beneath the lava accumulation, which loedlithe Pulverisette 7). 1'5. grammes of each were W?'gmdg
éAINSWORTH electric balance for analysis. Fluorinadcks

peripheral ring dykes and the granitic plutons. Th . . I
Younger Granites exhibit a variety of rock typedjigh and soils were analysed by the Fusion method aAGMIE
ILaboratory.

present similar characteristics throughout the who
province. These rock types include; biotite graritnblende . .
biotite granites, rhyolite, riebeckite - biotiteagite, syenite, 3. Results and Discussion
gabbro, pyroxene -fayalite granite (Macleod et H71).

However, the following rock types characterizedghely area;
Jos —Bukuru Biotite Granite, N’'geil Biotite Granite
hornblende biotite granite, Dilimi Biotite Graniteaplo- : L )
pegmatitic granite gneiss (Basement rock), Naraguiartz —gneiss, Jos Biotite Granite and Quartz-pyroxeyeife

Pyroxene Fayalite Porphyry and the weathered Chdesalt porpr_]yry). From the Tqble 1, The .‘]OS - Bukuru _Be'aoti
(Laterite) (Fig 1) Granite shows the highest fluorine concentration of

6,231ppm at location 1 and 914 ppm at locationh& is

Tablel shows the concentration of fluorine in tloeks
sampled at 7 locations on different rock types witthe
study area (Dillimi-Biotite —Granite, aplo- pegnttigranite

followed by the aplo-pegmatitic granite —gneisssgraent
2. Methodology rock) with 4,864, Dillimi Biotite —Granie, 2,587, U@rtz-
Pyroxenes-Fayalite Porphyry 1,280. The Ngeil Béotit

Water samples were collected from different soutbesd ) ! .
P ( Granite has the lowest concentration of fluorind ghpm.

dug wells, hand pumps and mining ponds) at intsrg&d200

Table 1.Concentration of fluorine in rocks at various locations in the study area

SID Longitude Latitude Date Rock type F( ppm)
LR1 854 38 948.9 11/4/2012 Dillimi-Biotite -Granite 2,587
LR2 850 39.3 9 56 49.6 12/4/2012 Aplo-pegmatitic granite-gneiss 4,864
LR3 851 53.2 95549.7 12/4/2012 Jos - Bukuru Biotite Granite 6,231
LR4 850 06.7 951531 12/4/2012 Ngell Biotite Granite 162
LR5 854 30.8 956 27.6 13/4/2012 Quartz -pyroxene-fayalite pophyry 1,280
LR6 85328.6 954 15.6 13/4/2012 Jos - Bukuru Biotite Granite 914

LR7 850 25.3 95153.2 13/4/2012 Ngell Biotite Granite 47
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The concentration of fluorine in the soil sampleken and fluoride in water samples of the study area toadr
from weathered sections of the Jos-Bukuru Biotitar@e at physical parameters and Table 4 shows the sumnfattyeo
two locations (only rock type with exposed weathesection) data. Temperature ranges from 23 to 25.50 °C witiean of
is shown in Table 2. From (Table 2), it shows tthet soils 24.5°C. pH, ranges from 7 to 11.1 with an averadgeop8.2
generally have moderate concentration of fluorinevéver; indicating neutral to alkaline water in the areaotal
there are variations of fluorine content in thefal#nt Dissolved Solids (TDS) ranges from 3 to 598 mgthwiew
sections with the bottom layers from the two lomasi having  wells having TDS > 500 mg/l indicating such handgj aeells
the highest concentrations and the top have the limay probably have been affected by residentialugol.
concentration. The sample LS1-4 a sample colleatethe Calcium level is relatively high except at locasoh an 2
bottom of the soil section at location 1 has flaeri which have 0.57 and 0.81 ppm respectively. Magmesiu
concentration of 598 ppm. The sample LS2-5 a samaplen ranges from <0.05 to 14.18 ppm on average 2.15 ppm.
at the bottom of the soil section at location 2 Haserine  Sodium concentration is relatively high exceptamiations 1
concentration of 375 ppm. The top soils represeriigd and 50 which recorded 0.63 and 1.09 ppm respegtivel
samples LST-2 and LST-1 from locations 2 and ZPotassium is generally low except at location 3@nehthe
respectively have fluorine concentrations of 153npand concentration is 44.9 ppm. Sulphate concentratign i
188 ppm probably indicating leaching of fluorinerr the generally low ranging from 6.5 to 42.5 on average68,
top to bottom. The samples LLSM-1 and LSV1 aressoilchloride ranges from 0.00 to 206 on average 301&
from weathered pegmatite vein with fluorine concativn of absence of chloride in some locations could only be
246 and 263 ppm respectively. Generally it can lbgeoved explained on the basis of analytical error, sinde i
that all the soil sections have lower fluorine @t conservatively behaves in the geochemical envirgiime
compared to the parent rock. The top soils appedratre Bicarbonates concentration ranges from 8.8 to 328 pn
lower fluorine concentration than those at the dmatwhich — average 68.27. Fluoride concentration level is Veny; it
could probably explains the high concentratiorhattiottom. ranges from 0.01 to 1.56. 97% of the locations Hawide
Probably this is because they are friable and laated as a level of less than 1.5. These areas include Ralfiel
sink for the fluorine to be leached down to thetdymt Zaramaganda, Baza Bakwoi and Tudun Wada

Table 3, shows the concentrations of major catiangns

Table 2.Concentration of fluorine in the soil samples at two locationsin the study area: Location: Ray Field Weathered Sections

SID Date Depth (m) Texture colour Soil type F ppm
LST2 11/4/2012 surface coarse-grained Reddish-Brown lateritic 155
LS37 11/4/2012 0-1 fine- grained Brownish clay 288
LS1-3 11/4/2012 1-2 Medium grained  Reddish-Brown lateritic 170
LS1-4 11/4/2012 2-3 fine- grained Reddish-Brown clay 598
LSM-1 11/4/2012 3-4 Medium grained  Brownish clay 246
LS2-3 11/4/2012 4-5 fine- grained Pinkish white clay 202
LS1-2 11/4/2012 5-6 fine- grained Brownish clay 302

Location: Air Force Base Weathered Sections

LS2-4 11/4/2012 surface fine- grained Pinkish white clay 212
LSV1 11/4/2012 0-1 Medium grained  Pinkish white clay 263
LST1 11/4/2012 1-2 fine- grained Reddish-Brown lateritic 188
LS15 11/4/2012 2-3 fine- grained Reddish-Brown clay 231
LS2-2 11/4/2012 3-4 coarse-grained Brownish clay 200

LS2-5 11/4/2012 4-5 fine-grained Brownish clay 375
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Table 3.Compositions of groundwater in the study area

SID Longititude Latitudes Date Source Depth Elev(m) EC T (°c) pH
SD1 08°54'41.7" 9°49'6" 11/4/2012 MP 1.5m 4241 6 22.5 111
SD2 08°54'38" 09°48'9" 11/4/2012 well 3.5m 4218 17 23.2 9.7
SD3 08°53'17.6" 09°52'37.1" 11/4/2012 well 3.5m 4241 203 23 9.1
SD4 08°53'17.3" 09°52'42.0" 11/4/2012 well 5m 4152 11 26 9.1
SD5 08°52'51.4" 09°52'57" 11/4/2012 HP None 4204 40 27 8
SD6 08°52'49.5" 09°53'04.9" 11/4/2012 well 7m 4172 149 23 8.4
SD7 08°53'06.4" 09°53'03.2" 11/4/2012 well 6m 4208 437 25 7.9
SD9 08°54'11.9" 09°52'33.6" 11/4/2012 well 10m 4218 136 24 8.2
SD10 08°53'58.1" 09°52'38.1" 11/4/2012 well 1.3m 4214 40 24.5 9.1
SD11 08°53'36.4" 09°53'53.5" 11/4/2012 well 0.5m 3985 289 24 8.1
SD12 08°51'25.9" 09°57'22.6" 12/4/2012 well 7m 4142 351 24.2 8.3
SD13 08°50'27" 09°58'17.8" 12/4/2012 HP 10.6m 3850 67 25 9.1
SD14 08°50'42.2" 09°56'50.6" 12/4/2012 well 10m 3808 86 24 9.1
SD15 08°50'52.3" 09°56'54" 12/4/2012 well 5.5m 3781.8 146 23.2 8.8
SD16 08°51'15.2" 09°56'53.4" 12/4/2012 well 8m 3768.7 102 24 8.8
SD18 08°50'47.5" 09°57'57.8" 12/4/2012 well 7.8m 3693 68 23.5 8.8
SD19 08°51'32.9" 09°56'28.6" 12/4/2012 well 8.8m 3775 72 24 8.8
SD20 08°51'53.2" 09°55'49.7" 12/4/2012 well 3.8m 3857 284 25 8.1
SD21 08°50'51.5" 09°55'38.4" 12/4/2012 well 3.7m 3873 387 25 8.2
SD22 08°53'21.9" 09°55'04.2 12/4/2012 well 3m 3988 415 24 85
SD23 08°50'06.7" 09°51'53.1" 12/4/2012 well 10m 4283 7 25 9.3
SD24 08°52'14.3" 09°54'21.5" 13/4/2012 well 5m 4063 81 24 9.7
SD27 080 5140.6 090 54 05.3 13/04/2012 well 5m 4080 1138 24 7.5
SD29 08°51'48.1" 09°54'23.1" 13/4/2012 well 4.2m 4001 408 245 8
SD30 08°59'30.4" 09°54'32.1" 13/4/2012 well 4.2m 4044 1178 24 7.3
SD31 08°51'57.9" 09°53'53.7" 13/4/2012 well im 4077 126 255 8.2
SD32 08°51'10.6" 09°53'10.6" 13/4/2012 well 6.4m 4100 79 235 8.6
SD33 08°50'57.8" 09°52'02.6" 13/4/2012 well 3m 4296.8 76 23.5 85
SD36 08°50'09.3" 09°50'29.5" 13/4/2012 well 5.8m 4319.7 9 24 9
SD37 08°50'25.2" 09°50'53.7" 13/4/2012 well 8.9m 4303 12 24.5 9
SD38 08°50'32.6" 09°50'50.0" 13/4/2012 well 3.2m 4286 8 25 9
SD41 08°50'48.0" 09°52'57.3" 13/4/2012 well 5.5m 4346 29 23 8.4
SD43 08°52'11.3" 09°52'54.0" 13/4/2012 well 6.8m 4195 81 25 8.7
SD45 08°54'42.5" 09°54'15.2" 14/4/2012 well 4.4m 4031 94 23 8.5
SD46 08°50'51.9" 09°55'00.6" 14/4/2012 well 5.7m 4011 339 24 8
SD47 08°54'53.6" 09°56'00.2" 14/4/2012 well 5.2m 3919.6 235 25 7.8
SD48 08°54'30.8" 09°56'27.6" 14/4/2012 well 5.9m 3880 166 25 7.3
SD49 08°54'16.1" 09°57'14.2" 14/4/2012 well 6.1m 3922.8 30 25 7.9
SD50 08°53'28.6" 09°54'15.6" 14/4/2012 well 5m 4096.7 117 245 8.7
SD29 08°51'48.1" 09°54'23.1" 13/4/2012 well 4.2m 4001 408 24.5 8
SD30 08°59'30.4" 09°54'32.1" 13/4/2012 well 4.2m 4044 1178 24 7.3
SD31 08°51'57.9" 09°53'53.7" 13/4/2012 well 1im 4077 126 25.5 8.2
SD32 08°51'10.6" 09°53'10.6" 13/4/2012 well 6.4m 4100 79 235 8.6
SD33 08°50'57.8" 09°52'02.6" 13/4/2012 well 3m 4296.8 76 23.5 85
SD36 08°50'09.3" 09°50'29.5" 13/4/2012 well 5.8m 4319.7 9 24 9
SD37 08°50'25.2" 09°50'53.7" 13/4/2012 well 8.9m 4303 12 245 9
SD38 08°50'32.6" 09°50'50.0" 13/4/2012 well 3.2m 4286 8 25 9
SD41 08°50'48.0" 09°52'57.3" 13/4/2012 well 5.5m 4346 29 23 8.4
SD43 08°52'11.3" 09°52'54.0" 13/4/2012 well 6.8m 4195 81 25 8.7
SD45 08°54'42.5" 09°54'15.2" 14/4/2012 well 4.4m 4031 94 23 8.5
SD46 08°50'51.9" 09°55'00.6" 14/4/2012 well 5.7m 4011 339 24 8
SD47 08°54'53.6" 09°56'00.2" 14/4/2012 well 5.2m 3919.6 235 25 7.8
SD48 08°54'30.8" 09°56'27.6" 14/4/2012 well 5.9m 3880 166 25 7.3
SD49 08°54'16.1" 09°57'14.2" 14/4/2012 well 6.1m 3922.8 30 25 7.9
SD50 08°53'28.6" 09°54'15.6" 14/4/2012 well 5m 4096.7 117 245 8.7
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Table 3.Continued

a7

SID TDS Ca Mg Na K SO4 Cl HCO3 F
SD1 3 0.57 0.07 1.09 0.44 6.5 ND 8.8 0.12
SD2 8 0.81 0.09 2.66 1.72 7.9 0 10.1 0.02
SD3 104 11.09 1.38 26.51 7.25 10.7 21.27 64 0.21
SD4 6 1.06 0.08 2.34 0.61 7.5 7.09 120 0.07
SD5 20 4.36 1.24 2.18 1.22 8 21.27 18.18 0.02
SD6 75 10.87 1.87 13.58 6.93 12.2 14.18 40.4 0.01
SD7 221 31.50 5.01 39.26 12.96 11.8 63.81 30.3 1.27
SD9 68 25.96 0.21 2.72 291 19.6 92.17 44.44 0.12
SD10 20 2.48 0.47 4.40 2.82 12.1 0 62.62 1.18
SD11 149 34.02 14.18 7.60 1.87 14 14.18 144 1.22
SD12 177 33.03 5.11 28.29 6.16 16.3 14.18 141.4 0.16
SD13 33 3.14 1.54 10.62 2.07 14.8 28.36 76.76 0.12
SD14 43 9.53 0.33 7.90 3.20 8.45 25 42.42 0.18
SD15 72 16.40 0.55 5.93 11.36 9 4.2 38.38 1.19
SD16 52 15.93 0.48 3.50 3.21 135 0 58.58 0.16
SD18 34 4.13 1.30 8.72 2.83 9.2 49.63 50.5 0.51
SD19 36 4.98 0.83 6.84 5.00 13 14.18 54.54 0.2
SD20 145 22.52 3.68 25.11 7.05 18.6 28.36 84 0.09
SD21 191 25.63 2.55 39.95 10.42 9.75 7.09 200 0.06
SD22 208 14.83 1.61 51.50 10.03 19.4 35.45 52.52 131
SD23 3 0.27 <0.05 1.68 0.74 375 42.54 60.6 0.38
SD24 41 6.67 0.68 6.49 4.56 8.9 42.54 12.12 0.49
SD27 181 73.95 12.92 127.73 27.34 8.0 42.54 480 0.26
SD29 206 27.04 3.17 29.81 25.47 115 42.54 158 0.41
SD30 598 71.51 10.14 113.05 44.97 12.6 77.99 328 0.11
SD31 61 8.02 1.44 11.56 6.68 42.5 205.6 129.28 0.34
SD32 38 5.56 0.50 6.48 6.30 8.8 42.54 10.1 0.19
SD33 38 4.18 0.81 8.70 2.79 10.5 42.54 14.14 1.14
SD36 4 0.55 <0.05 211 0.24 20.5 184.3 20.2 0.27
SD37 7 L.N.R. L.N.R. L.N.R. L.N.R. 15.3 21.27 20.2 1.36
SD38 4 0.37 0.05 1.28 0.56 14.4 7.09 20.2 1.01
SD41 14 2.92 0.27 2.58 1.48 12.8 21.27 20.2 1.04
SD43 41 2.67 0.48 10.57 7.45 8.1 21.27 20.2 0.13
SD45 47 7.50 0.63 9.18 4.38 9.7 77.99 10.1 111
SD46 173 16.28 3.11 34.42 9.78 8.8 56.72 14.14 0.1
SD47 118 10.75 1.18 30.73 8.22 8.9 56.72 16.16 1.15
SD48 84 6.70 1.15 21.50 8.90 8.49 63.81 10.1 1.14
SD49 15 1.91 0.31 2.81 3.42 9.75 28.36 18.18 1.56
SD50 48 1.38 0.12 0.63 0.24 7.98 63.81 14.14 1.42
SD29 206 27.04 3.17 29.81 25.47 115 42.54 158 0.41
SD30 598 71.51 10.14 113.05 44.97 12.6 77.99 328 0.11
SD31 61 8.02 1.44 11.56 6.68 42.5 205.6 129.28 0.34
SD32 38 5.56 0.50 6.48 6.30 8.8 42.54 10.1 0.19
SD33 38 4.18 0.81 8.70 2.79 10.5 42.54 14.14 1.14
SD36 4 0.55 <0.05 211 0.24 20.5 184.3 20.2 0.27
SD37 7 L.N.R. L.N.R. L.N.R. L.N.R. 15.3 21.27 20.2 1.36
SD38 4 0.37 0.05 1.28 0.56 14.4 7.09 20.2 1.01
SD41 14 2.92 0.27 2.58 1.48 12.8 21.27 20.2 1.04
SD43 41 2.67 0.48 10.57 7.45 8.1 21.27 20.2 0.13
SD45 47 7.50 0.63 9.18 4.38 9.7 77.99 10.1 111
SD46 173 16.28 3.11 34.42 9.78 8.8 56.72 14.14 0.1
SD47 118 10.75 1.18 30.73 8.22 8.9 56.72 16.16 1.15
SD48 84 6.70 1.15 21.50 8.90 8.49 63.81 10.1 1.14
SD49 15 1.91 0.31 2.81 3.42 9.75 28.36 18.18 1.56
SD50 48 1.38 0.12 0.63 0.24 7.98 63.81 14.14 142
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Table 4.Minima, maxima, mean and standard deviations of analyzed water samplesin the study area.
N Minimum Maximum Mean Std. Deviation
EC 41 6 94 35.68 27.595
Temp 41 23 27 24.25 .923
pH 41 7 11 8.20 .782
TDS 41 3 598 85.98 105.487
Ca 40 0 74 13.36 16.899
Mg 38 0 14 2.15 3.318
Na 40 1 127 18.35 26.880
K 40 0 44 6.48 8.476
SO4 40 7 42 12.69 7.138
Cl 39 0 92 30.95 23.943
HCO3 40 9 480 68.27 92.913
F 40 0 1 .35 .483
Valid N (listwise) 36
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Fig 2 (a — k).Relationship between Fluoride and some Parametersin the Sudy Area

The Figures 2 (a -k) show scatter plots betweeard the Temperature, TDS, Conductivity, Mg and Si@ the water.
physical parameters and other ionic constituentbiénstudy However, F exhibit negative relationship with pH, & and
area. There seem not to be a clear relationshipeaet F and HCO; and a poor but positive relationship with Na ard C
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Fig 4. Fluoride symbol map of the study area

3.1. Groundwater Types

Groundwater type is useful in determining groundwat
flow history, groundwater contact time and resideridigh
fluoride groundwaters have been associated to &¢iGIG;
water type (Handa, 1975, Gaciri and Davies, 19@Bn&nds,
1994 Ampambire et al, 1997; Fordyce, 2007). Lowelev
fluoride groundwaters have been associated to C@HC
water type (Handa, 1975, Gaciri and Davies, 19@Bn&nds,
1995). The ionic concentration of major cations antns in
groundwater of the study area are plotted in Pgpé€rillinear
Diagram (Fig. 3). The analysis of Piper diagramgasts the
majority of groundwater samples belong to the NaHCO,-
Cl (mixed) water type with very few which is of ti80,-Cl
water type.

In order to examine the relationship betweérekels in
groundwater and geology, the fluoride values wéoétqu on
geological map of the study area in the form of lsghmap
(Figure 4). It is observed that, of the 40 wellsdted on the
different lithological units which make up the afguiin the

Bukuru Biotite Granite, 3 (23%) are located on #pplo —
pegmatitic granite terrain, 2 (15%) in the DilimioHte-
Granite area and 3 (23%) are located on the Naaagudrtz-
pyroxene-fayalite-porphry granite terrain. The wellith
lower F content occur mostly in the Ngeil-Biotite Granite.
High concentration of Hn groundwater occurs in the Jos-
Bukuru -Biotite granite, Naraguta quartz —pyroxdaalite-
porphry granite and applo-pegmatitic granite asliexar
mentioned. The highest concentration of F- in gowater
occurs in the Jos-Bukuru -Biotite granite. It apgethat the
concentration of Fin groundwater is proportional to the
concentration of fluorine in the rocks (Fig 2).

4. Discussion of Results

The fluorine content in rocks of the study areahigh
except that of the Ngeil Biotite Granite area. Bods from
the different sections of the weathered Jos - Buliotite
Granite show variations in the content of fluoribat appear
to have higher fluorine content at the sectionthatbottom.

area, 13 (32%) have' Eoncentration between 0.53 and 1.56myjative (from top to bottom) value of fluorinellected

mg/l and 5 (38%) out of these 13, are located @ Xbs-

from a section in the Ray Field area show sligtdiyer than
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half the value obtained in the rock mass and ardbadAir
Force Base it has almost the same value in the moa$s.
There is a clear indication that fluorine has bésached,
evidenced from the low values obtained from the sop.
However, the values obtained from the differentisas and
the cumulative value especially that of the Rayd-&eas do
not correlate with the values obtained in the ranks. The
high pH, low TDS, High bicarbonate and Na, low @atent
of the water are factors which favour the accunmtabpf

satisfied, but it seems they have not been moklilipethe
water. This low level fluoride in the waters maylpably be
due non release of fluorine in the biotite minermtsl other
minerals which fluorine may be residing in, apaonfi those
that have been adsorbed to the bodies of claybaBlyp also,
fluorine may have formed complexes with other iomshe
water and the soils and may be occurring in comgduom
rather than in ionic form.
About 90% of the concentration of cations, anions a

fluoride in groundwater (Handa, 1975; Edmunds, 1994within the permissible standard limit prescribed WHO

Gaciri and Davies, 1993). However, the existenceheke
factors does not justify the content of fluoride the
groundwater of the study area. We therefore belieatapart
from fluorine that have been adsorbed to the bodieday,
bulk of the fluorine have not been leached from biatite
and other variety of minerals in the soils (Pickgri1995) or
probably fluorine may have formed complexes witheot
ions in soils or in the waters, rather than ocagyrin ionic
form.

4.1. Groundwater Quality

The groundwater quality of the study area is evellidy

comparing the range of values of different geoclocami
the World Health

parameters with the standard of
Organization (WHO 1984). Physico-chemical propertis#
analysed water samples show considerable variatiche
water quality with respect to their chemical conipos. The
waters in the study area are neutral to alkalingature. Nine
(22%) out of 40 water samples from the study a®eaepH

values above the WHO standard of 6.5 to 8.5 for dum

consumption. The electrical conductivity (EC) vauare
found to be within the range of 6 to 94 with meaue of
35.68. 91% of the samples were found to have E@egdess
than the maximum of 1,400 ppm at’@5specified by WHO
(2004). With the concentrations of Total DissolvBdlids
(TDS) ranging from 3 mg/l to 598 mg/l most of thenples
are classified as soft as mean values for TDS 983ess

than the prescribed limit of 500 mg/l WHO, (2004 f

drinking water. All the other ions found in the gralwater of
the study area are within the WHO (2004) standardhbuse
hold uses. With only 38% of water in the study ahneaing

fluoride level between 0.5 — 1.5 mg/l, most areas a g

imbibing water with fluoride below the recommendedtel
of 0.5 mg/l (WHO 2004). Although there is no recad
show the manifestation of dental caries in the \statka,
inferences can be drawn for the occurrence of tieatdes
owing to the low level of fluoride in the waters.

5. Summary and Conclusion

The Younger Granites rocks of the Jos, particulahnky
biotite granites as revealed
considerable amounts of fluorine, but generallyofide
levels in the groundwater is low. There is cleaidation that
fluorine has been leached as evidenced from thectmvent
in the top soils. Also, factors which favour theamulation
of fluoride in groundwater in the study area hawerb

in the study area,ehav

(2004) for drinking water..

38% of the Fcontent in the water samples are within the
permissible standard limit prescribed by WHO (200dh)
drinking water. Some locations, particularly theyfReld area,
have Flevels below the prescribed permissible standand li
by WHO 2004 for drinking water. People living inete
areas may likely suffer from dental carries.
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