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AHSTHACr 

The study area Kaltungo town. constitute part of I :50,000 (Sheet 171) Kaltungo N F It 
lies between latitude 9"481 0011N and 9°501 3811N and I 1"161 0011f and I 1''121 4511

c II 
covers an area of 2R 7km" on ;1 scale of I :25,000. Bima Sandslunc <'<m�lllul(' ahoul 7�•. 
of the geology whid1 was dcposilc..-cl uncomformahly on the Older (ira111rc that con�lrtul(• 

the llHtin inlier i11 !ho �111cly urrn. Snmplcs cnllcl;ICd for tlio rc.·•wnrrh nm1pn-.c In wntcr 
samples from I land dug wells au<l llorcholcs, o rock sarnplc was cullcctc<l 1'10111 Kalt1111go 

hill, in order lo nss<'SS the quality of ground water in area The '011nplc<; "ere s11hJCCtcd to 

gcochcmrcal analysis for cations and anions especially nuoridc ·1he1c..o<;ult \\nS c<11npa1cd 

with the Wurl<l I kalth Organization (WI IU). National 1\gcncy 1'01 l'o<•d and ll111g 

Adtninistralion and L:orllrol (NAFDAC) an<l Nation:il P1im:iry l>1111J..111g \-V:itcr Hc-u11la1io11 

(Nl'DWR) standard kvc ls It was found that an almurmal conrc1111at101111f nuo11dc. oon 

a11d nitrat e withm Kaltungo town was observed. spccilic.1lly i11 ( 'rc>5' Sahon lone and 

Okra arc..1. This might be rcsponsrblc for <lc111a.I nuorosis. \\l11d1 '" ClUllOllUI Ill Ilic ;'ifC:l, 

this is a disease d111rn.:tc1 izcd by dos.:oloocJ, l>lach•11t'll. 111otthl aml doalk, 1t·c1lo 

especially during child hood, whe11 teeth os dc, clop 111!;! 
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AUSTl<ACT 

The study area Kaltungo town, constitute pan of I :50,000 (Sheet 173) Kaltungo N.E. It 

lies bchv�cn laiiil11.1c 9''..;r,1 0011N and ')'')01 .�:;11N :ll1d I 1°t(,1 0011[ and I 1111:!1 4511E. It 

covers an area of28 7kmz on a �cA1le of i ·25.0(JO Rima Sandstone constitute ahout 75% 

of the geology which was deposited uncomformably on the Older Granite that constitute 

the main inlier in the study area. Samples colleclcd for the research comprise. to waler 

samples from I land dug wells and Doreholes, a rock sample was collected from Kaltungo 
hill, in order to assess the ri1rnlity of ground water in ari�a The samples were suhjected to 

geochemical analysis for cations and anions especially fluoride. The result was compared 

with the World Health Organization (WHO). National Agency for Food and Drug 

Administration and Control (NAFDAC) and National Primary Drinking Water 

Regulation (NPOWR) standard levels It was found that an abnormal concentrntinn of 

fluoride, iron and nitrate within Kaltungo town was observed. specifically in Cross Sabon 

line and Okra area. This might be responsible for dental tluoro"s. which 1s common m 

the are:a. ihi5 is a di3ea5c chaiactciiz..:d by �i;;�v:va�d. b:ackeiic;d. 1.·,vn:cd aiil.1 cha:ky teeth 

especially during child hood. when l<'clh i' ,t,•v<'lnping 
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CHAPTER ONE 

1.0 INTRODUCTION 

Water is n necessity, a resource an<l a major factor in pull111ion 

problem. The quality of any water resource is its suitability for intended 

uses. The quality of any waler resources cJepcnJs 011 its physical. 

chemical and biological (bacteriological) character islics which in t11rn 

depend on the geology of the area alld impacts of hunrnn activities. 

Pollution of water resources occur when the quality or the waler is 

degraded or its uscfi1lness to humans and other organisms is impai1cd as a 

result of certain sul>slanccs (Davis and Cornwell. 1988). It may also occur 

because of natural constituents or waler due lo geology or the a1ca in 

which the water occurs (natural pollution) or the pollution mny he c;iuscd 

by the impacts of human activities on the waler resources (man 111adc 

pollution). 

Ground water was defined sensu slricto l>y Darvinskii, ( 1935) as 

the finely divided waler in form of droplets which fills the void in rocks 

and is capable of flowing through these voids. Groundwater to that 

poriion of the water beneath the surface of the earth that can be collected 

in wells, tunnels, or drainage galleries Iha! flows nahrrally lo !he earih 

surface via seeps or springs. Ground water is a major source of waler for 

many rmmicipalitics and industries and for irrigation. 



The pollulion of waler conslilulcs one or lhc major imporlanl, 

difficult and complex problems con fronting the Nigerian cnvironmc111al 

health authorities. Dirty water is the wurlc.I biggest health risk accounting. 

For as much as 80% of diseases in developing co11111rics is 

altributablc to water problem. (W.11.0 1996) estimates that 1.7 billion 

people arc living wilhoul adequate sanilalion and lhat world wide. 10 
million people die annually from polluted drinking water. There arc likely 

to be 400million people suffering from schistosumiasis, 160 million wilh 

malaria and 10 111illion with onchuce1 �iasis. /\II lhcsc di�cas.c c;11r lie 

water related although other environmental fm:lors can also he i11rporta111 

(W.11.0 1996). 

fluoride is a mineral that accurs nalurally in lhe c:arlh's c11r�I. \\al..:1 

and food as negatively dwrgcd ion (F') lluoride is co nside red :i 11acc 

clement because s111nll a111ounts arc presen t in lhe I.Jody (2.ug in adults). 

Water witlr high fluoride content is 111uslly fi.mnd in calciurn delicient 

groundwater in many basement aquifers such as gne iss and granite, in 

geothcnr1al waler and in so111c scdirncntary basins (11·11w who 

int/entity/en). 

Groundwater with high fluoride concentration occurs 111 111any 

areas of the world including large parts of /\frica, China, the Middle East 

and southern /\sia. One of the highest known fluoride belt occurs along 

lands frum Eritcria to Malawi. There is another belt from Turkey llumrgli 
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Iraq, Iran, J\lgha11ista11, India, Northern Thailand a11d l'hina ·1 he 

J\mericans and Jap;rn hare similar belts (www. who. inl/enlily/en). 

fluoride is founcJ in vegetables, fruils, lea and other crops. though 

water has the highest conlribulor to daily n11oride inlake. Fl1101 ide is also 

found i n  the almosplu:rc originating f'rum dust of lluuricJe eonlai111ng soil 

from gaseous industrial waste, from burning of coal fires in populated 

area and from gases of volcanic activity. Though fluoride in v;irying 

com:cnlraliun is freely av;iil<�blc i11 11alure, must sludies 011 ll11rn ide intake 

have been dune in developed countries (www_ \\ho. i111/enlily/en). 

Usually, the 111ost abundant cation co11stituc11t in \\alcr arc caki11111. 

mag11esiu111 and sodiu111. l'otassi11 111 is prescnt but usually in (a,·cr 

concentrntion than sodi11111. The ah1111da11t anion constit11en1s Cl111si�t of 

bicarbonalc, sulµhalc and chloride. The cal ions and anions arc hclic,·cd lo 

be in equilibrium wilh one another. hence Ilic 1u.:ul1ahly of' 111osl 11aler. 

The major ions that are commonly analysed fur <lomestic, agric11lt11ral anti 

industrial use includes:- N01', PO/·, SO/', r:·, CL', Ca�', Mg21, C1r1' Fe 

(T) and Na+. I 11 Kal111ngo area of Gorn be stale, excess intake of fluoride 

has shown various cases of denia l  ll11orosis which is a disease 

characterized by discoloured, blackened, mottled or chalky teeth 

especially during adulthood , when teeth is developing. Also severe and 

permanent bone and juinl deformation of skelclal lluorosis is assuciate<l 

with chronic intake of excess fluoride. 



In lhis study, an allempl has been made lo invcsligale 1hc,d1emical 

quality or groundwater from hand-dug wells and UOll:lioks i11 Kah1111go 

area or Gu111bc slalc mid also the effects of the 101:!.s in lhc a1ca lo 

determine the stability, or water for domeslic as well ;is ind1 1s1 r ial u�es in 

the area. 

I. I All\IS AND OU,JECTIVES 

The objectives and expected benefits of this resean.:h work include the 

following: 

•:• Tu dclcrminc the hydrochc111istry and !he suitability or g11>11111lwn1cr 

in Ka lt ungo area or Uombc state for human cons11111plio11 

·:· To determine the inllupnce or lilhulugy Oil hyd1u-che1111�ll) ol lhe 

sludy area 

•:• To determine gro11ndwatcr po llution sources and 1f possihlc i.:0111c 

011! with solu tions lo the problems 

•:• To assess the irnpncl of s111rnu11Jing geology lo high concent1alion 

or fluoride present in the nrca and i ls i11t111c11cc 011 living crealures 

especially humnn beings. 

•!• To satisfy the partial requirement for award of 13. Tech. Pewee in 

Applied Geology of the Abuhnkar Tafawa flalewa lluivc1s1ly, 

Uauchi. 
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1.2 LOCATION, EXTENT AND ACCESSIBLIT\' 
The study area Kaltu,ngo town, constitnte part uf I :0.(JOO (sheet 

173) Kaltungo N.E. It lies between latitude 9" 481 0011 N and 9" 501 ]811 N 
and longitude 11° 161 0011 E and 11° 121 4511 E. ·1 he work was carried 

out on a scale of I :25, 000 and covers an area of about (28. 7k1111 J. the 
location 111<1p of the study area is shown in Fig I 

The study area is accessible though a major ta1 red IO<ld that lc11ds 

to Kaltungo township fro111 Gombe town and it is interconnected mostly 

by footpaths and some motorable untarrcd roads and is ;icccs�ihle 

throughout the year. 

1.3 HELIEF ANI> DRAINAGE 

The area is or mo1.h.:rnte to high relief. It is 111a1 kcd by isolated hills 

and sandstones cliffs towards the north c;istcrn pa1 t. ·1 here arc ,.," iq11s 

hills peaks which stand out within this general elevation among whiL'ii is 
the fo111ous Kila11g peak (4,242ft) Carter ct al, 196'.1. l3ouldc1s and minor 

hills surround it. The prominent one being Kaltungu hill, l'hilliµ 's hill 

found between Kilang and Kaltungo town 

The area is well drained by network of ephemeral ri' crs and 

streams, which gather most.of the run-off from the hills. The d1ainagc 

system exhibits a dendritic pattern and is dominated hy river Kaltungo 



which nows fro111 north-cast to the south-west. The main ri\'er channel 

has a straight to slightly sinous coarse. 

1.4 CLll\tATE AND VEGETATION 

The area is characterized by two' 
dist incl season, the wet and dry 

sensons. The wet season slarts in May mid ends in Oclobcr while lhc dry 

season runs from Noven1her lo lnle April. The average min fall per year is 

600-1000111111 Carter et al, ( 1963) wilh average lc1npe1a1t11.: on I "C in !he 

dry season and about 21 ''C in wet season. The highc�I lc111pc1a1111c un:ur 

just before lhc rniny season begins ;ind humidity is high in !he 1ai11111g 

season . 

The :irea is also se111i-arid en ,·irun111cn1 c.:harnc1c1 izcd \\'ith spa1 sc 

vegetalio11, slnnled trees 1nos1ly kanje, with sh111bs ;rnd 1ho111y bushes al 

the stream hanks. 

l.S SETTLEl\IENT AND LANI> lJSE 

The area is sparsely popu lalcd with the majur villages aligned 

along 111otorablc roads while !he s111allcr ones arc seallcrcd in the intc1 ior 

of the mapped are:i. 

The major land use in the area is farming the farmers µrndic.:e 

shilling cultivalion and crop rotalion which enable soil fc.:1tility tu be 

maintained. farming is done ma inly in the rainy season. The main 
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agricultural produce arc: guinea corn, 111illct, maize, groundnut and beaus. 
They also grow cash crops such as cotton. During the dt-y season, ti11 ming 
is restricted to the llootl plaiq or the major rivers antl it t igatcd plots. ·1 hey 
alsn keep herds of gonls and catllc which supply lhc111 with milk rind 
meat. 
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CllAPTEI{ TWO 

1.0 LITERATu1rn HEVIEW 

2.1 GEOLOGY OF GOMBE STATE 

Geologically, Gombe state and its environment lies within the 
upper Benue Trough. The <1rea is underlain predominantly by sedimentary 
rocks. Outcrops of crystalline rocks occur as hills fonning an inlier within 
the sedimentary rocks. The crystalline rocks of the area ·are made up of 
granite-gneisses, biotilc-gncisscs and pcgmalile which collectively form 
an ancient cryslrilline floor on which lhe Cretaceous sediments were 
deposited. The inlier has structural control on the area and influenced 
both the surface and subsurface drainage. 

Most of the area is underh1in by sediments ranging from 

Cretaceous to Quaternary and the formations rest upon an ancient 

crystalline basement with smaller out crops of Basement Complex 

forming the Gombe inlier. The formations includes: Basement complex 

this consist mainly of Older Granites and magnetite and are Precambrian 

in age. The Older Granites are further divider into 3 (Carter et al, 1963). 

Syntectonic granite which include anatectic migrnatites and 

equiangular or porphyritic granite: 

Fire grained granites· occurring in a group of 2 minor intrusive 

bodies 
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Basic and intermediate plutonic rocks (older) which are wide spread 
but individual occurrences arc small 

The stratigraphy of the Benue trough has been described by 
Reyment, ( 1965), who presented the stratigraphy of the different 
depositional basic in the country and created a large lithostratigraphic 
division. (Carter et al, (1963); Fayose, (1979); C.A Kogbe, 1972; Obaje et 
al, (1999); Akande et al, (1998) and others have all described the 
stratigraphy of the 13cnuc Trough. The trough is generally divided into 
lower, middle and upper parts. The upper Benue trough is the focus of the 
study. The stratigraphy of the upper 13cnue trough is shown in Table I. 

10 
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The upper Benue trough is in the nor1hern par; of the basin and is 
characteristically Y-shape one arm of the Y-shape is the E-W trending 
Yola Arm (the main arm) and the other is the N l 80°E Gongola Arm 
(Carter cl al, I %::1 ). 

The stratigraphic succession or the Gongola Basin in the upper 
Benue Trough is characterized by a succession of continental to marine 
deposits ranging from Aptian to Paleocene. In both tlie Gongola and 
Yola Arms of the Basin, the Albian I3ima Sandstone formation lies 
uncomformably on the Precambrian Basement. The stratigraphy is being 
envisaged as follows: 

•!• The Bima formation: The I3ima Sandstone is found at the base of 
the sedimentary succession and ranges from Upper Aptian to lower 
Albian age (Allix et al, 1 9 8 1  ). The Sandstone fonnation ranges in 
thickness from I OOm to 3000111, and has maximum development at  

the Lamurde anticline (Allix et al,  l 981  ). In the area Bima 

Sandstone is divided into lower, middle and upper Bima members. 

The Lower Bi ma member consist of highly friable units with overall 

thickness ranging from 0 to I 500meters. The Middle Bima member is 

composed of 300m to 1 200m of coarse-grained sandstone with clays and 

shales in fining upward cycles each 5 to I 0 meter thick. The Upper Birna 

member comprises of fine to coarse - grained sandstone characterized by 
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tabular cross-bedding with relatively thick sets. The averaging thickness 
i s  500meter reaching a maximum of I SOOmeters. 
•:• The Yolde Formation: The Cenomanian Yolde formation lies 

conformably on the Bima sandstone, and represents the transition 
sequence between the continental Bi111a sandstone and the 111arine 
deposits of the lower part or the Pindiga formation. The lower 
sandstone-mudstone is interpreted to be of ·shore line-lagoonal 
origin. The upper port ion with thinly and regularly bedded, 
bioturbated and with low diversity bivalves at the top is of shallow 
marine (Zaborski et al, I 998). 

•:• The Pindiga Formation : The Pi11dig;i formation comprises of the 
calcareous beds and day-shale deposits. It makes up the greater part 
of the upper Cretaceous deposits in the upper Benue trough. About 

80meter of shaly mudstones with limestones intercalations are 

overlain by about I 60meters of strata consisting of almost shaly 

m u<lstones with levels of bedded sandstones. 

•:• The Gongila Formation: Falconer ( 19 I I )  mentioned the locality I 

mile south of Gongila village where the limestone is clearly shown 

resting upon the lower series of white and red, sandstones and grits . 
The Gongila formation passed laterally lo the east and lo the south 

into the Pindiga formation, typical developments of which are found 

around Bara, Gulani and Balbaya. 
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•!• The Com be Formalion: The Go111be sandstones consists of ahernating thin beds of silty shale and fine to medium grained 
sandstone with some intercalated thin Daggy ironstones and some 
poor quality coal. The formation ranges in age form upper Santonian 
to Maastrichtian and is about 300meters thick (Zaborski el al, 1 997). 

•!• The Kerri-Kerri Formation: The Kerri-Kerri formation overlies 
the Gombe sandstone and it is Paleocene in age (Adegoke et al, 
1 978). The Kerri-Kerri formation is characterized by fine lo coarse 
sands interbeds of sandy gravels, sihstones and clays (Dike, 1993). 

•!• The \'ola Arm: The Yola arm is the E-W trending portion of the 

basin and comprises the conti11cntal l3irna sandstone, Yolde 

formation, the Dukul, .lessu, Sckuliyc, Numanha shale and Lamja 

sandstone formation in an upward succession. This is the 

stratigraphy of the main arm (SW-NE) forming Muri-Lau Basin. 

2.2 HYDROGEOLOGY OF GOMBE STATE 

The Benne and Gongola have perennial surface now and their 

importance as a source of water is reflected by the concentration of 

population near their banks. Settlements along the Benue, especially to 

the west of Lau, is restricted by the shortage of suitable village sites 

owing lo seasonal flooding. 
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I n  Gombe state, ponds have been excavated on the waterless plain 
near Wawa and these now provide the water supply for a number of new 
settlements. The loss of water through evaporation is high; in the northern 
part of the area it is estimated al 6H per year and exposed bodies' water. 

Ground water in crystalline rock is confined to pockets and patches 
of weathered rock where well usually encounter water at shallow depths 
but yields are otlen small and subject to marked seaso1ial fluctuations. 
Ground water has been obtained from the basement in the weathered zone 
and occasionally also form Joint systems and fracture in fresh rocks. A lot 
of complexities due to the tectonism that affected the area, there is 
tendency to have differences in possibility of getting water even with 
close range of distances. 

In the sedimentary formations, apart from the Yoldc and Gongila 

formation and the Gombc formation, the Cretaceous rocks are 

disappointing as sources of ground water. The Bima formation which 

consist chiefly of sandstones, forms a comparatively poor groundwater 

reservoir. Well yield in this formation are often small, owing to low 

permeability of these sediments which may contain much interstitial clay. 

High yields can usually be obtained form wells in the Kerri-Kerri 

fom1ation where the water table is shallow. Unfortunately in many part. of 

tl1e outcrops the water lies at too great depth to be reached by open wells. 

This is the case in the waterless COlllltry between Gombe and Wawa. 
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2.3 PREVIOUS WORK 
The earlier geological work done in the area was by Falconer 

( 1 9 1 1 ), as part of the mineral survey of Northern Nigeria. The recognized 
by presence of sediments of Cretaceous and Eocene ages-the Yolde, 
Pindiga and Gombe sandstone. They also described the area part of the 
Nigeria Basement Complex comprising gneisses and migmaliles 
(Precambrian-lower Paleozoic), which were intruded in various places by 
a relatively younger suite of rocks, the Older Granite. 

Carter, Barber and Tail ( 1 963) summarized the geology of the area 
as consisting of crystalline basement represented mainly by granite rocks, 

overlain by sedimentary and volcanic rocks ranging in age from upper 

Cretaceous to Quaternary. Barber ct al, ( 1 957) differentiated the Bima 

sandstone; which they called lhc Bima grits. According to Carter et al, 

( 1 963) the Bi ma formal ion consists of coarse b'Tained thick bedded 

feldspathie sandstone with intercalation of thin bands of siltstone and 

mudstone. The formation attains maxi mum development in the Lamurde 

anticline. The sediments were deposited in a fluvial and deltaic 

environ1i1e11t in Albian to Cenomanian time. 
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2.4 G EOLOG Y  OF Tl lE STUDY AHEA 
The study area (Kaltungo town) lies within the upper 8enue trough 

of N i geria which is characterized by major rock types. Generally the area 
consists of older granites and basically overlain by the Bima formation. 
The Older Granite constitute the inlier since the area is within a 
sedimentary basin and consist mainly of the Bima sandstone. The Older 
Granite are scattered all over the area and believed to have· been emplaced 
during pan African orogeny (Rahaman 1 976 and Van Bruman et al 1 977) 
and formed the inliers. The sedimentary rocks consist of Bi ma formation 
which comprise largely of non 111ari11e sedi111ents that rest with 111arked 
unconformity on the l3asc111cnt Co111plcx (fig 2). 
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2.5 l lYDROGF.OLOGY OF Ti ii<:  STllDY AIU�A 

Most of the groundwater in the Kaltungo area occurs either 1'1,m1 

bnsement complex w ith in weathered and fractured zones or in sed imentary 

formation with porous and pcrn1cabJe layers with the 111i 11eraJ COlllJJOSition of 

the water dcpeuding on the environment where it occurs and the clement 

fo1111ing the rocks. 

The groundwntcr in the nrea is mainly underlain hy crysta l line rock� 

of the bnse1nent eo111plex aml it is drained by one major river. the ri1·cr 

Kaltungo. Water supply to Willi  Vi l lage is by hand dug we ll�. this 

set1le111ent is located ou the Bi111a formation. The IJima formation is known 

to provide considerable unconfined ground water rcscn·oir. Water bearing 

fonnations are medium to coarse µrained sandstones at depth of 20-

60meters. 

The water supply polcntials of the area can be improved if  more 

boreholes are sited within and around the towu were fovorable water yield 

can be obtained. 
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CHAPTER THREE 

3.0 METHODOLOGY 

The field work lasted for three days comprising basically of two 
distinct pa11s. These consist of rock sampling within the area of study, 
groundwater sampling fro111 hand-dug wells and boreholes (Fig 3 map 
showing the sampling points). 

This was done in attempt to assess fluoride content present in the area, 
which is the basis or the discoloured, blackened, mottled or chalky teeth 
coloration. 

The methods used in carrying out this study can be grouped into two these 
are: 

l .  Sample collection 

2. Sample analysis 

3.1 WATER SAMPLE COLLECTION 

A total of ten ( 1 0) water samples were collected, 7 from hand -dug 

well and 3 from boreholes. Samples were collected by means of plastic 

containers, which will not react with the water. The containers had 

previously been cleaned with detergent and rinsed with distilled water before 

drying. When collecting the water samples fonn the hand-dug wells a rubber 
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bucket was used to draw water from the wells, the containers was rinsed se\·cral ti Illes with the sample before being filled with it. In the case of the boreholes, the water was allowed to nm waste for a few minutes and the containers were rinsed with the water sample two or three times before it was collected. 

After collecting the samples fro111 the sites, the samples were taken to 
the laboratory in an airtight container, for analysis. Plate 1-4 shows the 
various sampling points. 

3.2 ROCK SAMPLE COLLECTION 

The area of study consists of Older Granites and.the Cretaceous Bima 

sandstone. The Older Granite suite occurs as inlier since the area is known to 

be a sedimentary basin and consist mostly of the Bima sandstone. The study 

was restricted to surface geology that is by direct observation on the field. 

The area was traversed by foot and fresh samples were collected from one 

location and placed into the sample bag. 

3.3 WATER SAMPLE ANALYSIS 

The water samples collected were subjected to physical and chemical 

analysis in the laboratory. Nine parameters were analysed; three physical 

and six chemical parameters. This was done is assertion, the concentration of 
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Plate 1: Shows water sampling medium from Kulishin well 

(Location 7) 

Plate 2: Shows water sampling medium from Kalorgu borehole 

(Location 6) 
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Plate 3: Shows water sample collection from Termana well 

(Location 5) 

Plate 4: Shows water sample collection from Kalorgu borehole 

(Location 6) 
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fluoride (F) together with other elements such as; calcium (Ca2' ), 

copper (Cu2 ' ), sulphate (So/"), Iron Fe (T) and Nitrate (No3"). The physical 

parameter analysed were Temperature, potential hydrogen (pH) and Total 

Disolved Solids (TDS). 

3.4 ROCK SA M PLE ANALYSIS 

The rock sample collected were analysed in the laboratory to 

detennine the concentration in mg/I of fluoride (F") and calcium (Ca2' ). TI1e 

compositions of the rock were established on the basis of several hand 

specimen studies and thin sectio11 a11alysis. 

3.5 INSTRUMENTATION 

The instruments used during the water quality test and rock sample analysis 

were: 

I. TDS/Conductivity meter (HACH) model 44600-00 

II. Titrimetry-Digital Titrator (HACH) model 16-99-0 l 

Ill. Spectrophotometer (HACH) model DR/2000 

IV. HANNA Instruments p H  meter, model HI 28129. 

The above mentioned instruments are United State Environmental Protection 

Agency (USEPA) approved standard method for analysis of water, rock, soil 

and waste. 
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3.5.I TDS/CONDUSTIVITY METER (HACH) MODEL 44600--00 

The TDS/conductivity meter was used to measure temperature and 

Total Disolved Solids (TDS). The instrument consist of the following 

component a digital display serene, a probe, a read/enter button and a switch. 

A blind sample with zero water conductivityrrDS was used to calibrate the 

instrument. After calibration, a sample of 25ml was put to lest by dipping the 

probe attached to the conductivity meter into the sample. The Read/enter 

button was pressed to display the values of temperature (0C) and Total 

Dissolved Solids in (mg/I). Plate 5 shows a TDS/conductivity meter 

(HACH) model 44600-00. 

Plate S: TDS/Conductivity meter (HACH) model 44600-00 
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3.5.2 TITRJM ETRY-OJGITAL TITRATOR (HACH) MODEL 

01 

16-99-

Hach's digital titrator (plate 6) is a new concept in titrimctric analysis. 

It is a precision dispensing device fitted wi1.h conccntralcd titrants on 

comp:ict· containers c:illed cartridges. Each cartridge consists of a standard 

titrant. Accurate titrations are made without the bulk and fragility of 

conventional burettes. A main drive screw in the digital litrator controls a 

plunger which forces the solution from a tib·ation cartridge in a carefully 

regulated flow. The litrator body is conslructcd of precision-molded, he.wy-

duty chemical and impacl-rcsislanl acclal plaslic. Accuracy is rated at ± 1 %  

or better for a titration more 1han digits. for titration less than I 00 digits the 

accuracy is ± I digit. Each cartridge contains approximately I 3ml of 

titrating solutions, sufficient for 0-100 average titration. Most titrations are 

controlled tO ± 0.5% normalities with nonnality and tolerances listed on the 

label. The following are the steps used to carry out a titrimetry analysis. 

STEPS 

I. Select a sample volume and titration cartridge corresponding to the 

expected sample concentration from the table in each procedure. 
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2. 

3. 

Remove the polyethylene cap and insert a clean delivery tube into the 
end of the car1ridge 

For stationary titration, use a titra stir or a clamp holder and clamp to 
attach the titrator to a laboratory stand. 

4. Slide the cartridge into the titrator receptacle and look in position with a 
slight tum 

5. To start titrant flowing and flushing, the delivery tube, hold the trip o f  
the cartridge u p  turn the delivery knob until air i s  expelled and several 
drops of solution llow from the trip. As you turn the knob, a drive 
screw pushes a piston against the cartridge seal and force liquid out 

through the delive1y tube. The use the counter reset knob to tum the 

digital counter back to zero and wipe the tip. The tip can be rinsed with 

deionized water rather than wiped if desired. 

6. Use a graduated cylinder or pipette to measure the-sample volume from 

the given table. Transfer the sample into a 1 25 or 250ml flask. Dilute 

the approximate volume with deionized water if necessary. 

7. Add indicator to sample and swirl to mix 

8. Immerse the delivery tube in the solution and swirl the flask while 

titrating. Titrate by turning the delivery knob. Keep turning the knob 
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and swirling the sample until the end point is reached. Record the 
number of digits that appears in the digital counter window. 

9. Calculate the concentration of your sample by using the following 

formula 

Digit required x digit multiplier = sample concentration 

Where: Digit required = the number that appeared in the digital counter 

window 

Digit multiplier = the number from in the table given in the procedure. It 

takes into account the sample dilution and titrant strength 

' 

Plate 6. A digital titrator (HACH) model 16-19-01 

29 



3.5.3 SPECTROPllOTOMET R (llACll) MODEL DR/2000 

Spectrophotometer is an instrument is an instrument that measures 

transmission or apparent reflectance of visible light as a function of 

wavelength, permitting accurate analysis of colours or accurate comparison 

of luminous intensities of two sources or specific wavelengths. 

Spectrophotometing is a procedure which measures photometrically the 

wavelength range of radiant energy absorbed by a sample under analysis; ir 

can be by visible light, ultraviolet light, or x-rays. 111e instrument 

(spectrophotometer) was first lo zero. The wavelength for each parameter lo 

be analysed is available on a manual. all lhal was needed is lo punch lhe 

required digits on the enticement. The procedures (steps) carried out to 

detenuine the concenlTation of the elements in sample are: 

STEPS 

1.  

2. 

3. 

4. 

Enter the stored program number for the element. Press 2, 9, 5 

Read/enter. The display will show dial nm to the wavelength. 

Rotate tl1e wavelength dial until the small display slow 525nm. 

Press read/enter to show mg/I of the element to be analysed. 

Fill a cell with 25ml of sample. 
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5. Ifwe are analyzing for fluoride we add to the content a spadns powder 

reagent and swirl to mix. 

6. Place the sample in the spectrophotometer. 

7. Press shift timer and allow it for some few minutes. 

8. When the timer beeps the dispJay wiJI show the concentration of 

fluoride in mg/I. fill another cell (the blank) with 25m1 of sample. Place 

it into the cell holder close the light shield. 

9. Press zero-the display will show wait than O.Omg/l fluoride . 

10. Within eight minutes after the timer beeps, place the prepared sample 

into the cell holder. Close the light shield. 

1 1 .  Press read/enter the display will show WAIT then the result in mg/I for 

fluoride will be displayed on the screen. Plate 7 show a HACH 

DR/2000 SPECTROPHOTOMETER 

Plate 7: A spectrophotometer (HACH) model DR/2000 
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3.5.4 HANN A  INSTRUMENTS pH M ETER MODEL 1 1 1 28 1 29 
A pH meter is an electronic voltmeter using a pH responsive electrode 

that gives a direct conversion of voltage difierences to differences of pH at 
the temperature of measurement. pH measurement is the determination of 
the hydrogen-ion concentration 111 an ionized solution (such as 
phenolphthalein) or a pH meter. An instrument for the meas.urement of pH in 
tenns o f  the potential of an electrolytic pH sensitive cell chain is called a pH 
meter. The HANNA instnnnent pl-I meter measures pH (potential hydrogen), 
EC (electrical conductivity) and TDS (Total Dissolved Solids). lliis 

instrument has a glass electrode of thin walled glass bulb. When this bulb is 

immersed in a solution, a difference of potential which changes linearly with 

pH appears between the inner and outer surfaces. The instrument is 

calibrated using a buffer reagent at pH of 7.0 1 .  Take 25ml of sample in a 

container, select the parameter to be analysed and dip the probe into the 

sample and press your button. A reading will be displayed on the screen 

�howing the pH of the sample. Plate 8 shows a HANNA instrument pH 

meter. 
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Plate 8: A HANNA instrument. pH meter, model HI 28129. 

3.6 ANALYSIS OF PHYSICAL PARAMETERS 

The physical parameters analysis involved determination of physical 

qualities of water visible to the nacked eyes and easily detectable by the 

senses. A lot about the quality of water could be predicted from the physical 

properties exhibited by it. 

The following physical parameters were determined using the USEP A 

approved standard method for analysis of water: 

1. Temperature 

2. Potential Hydrogen (pH) 

3. Total Dissolved Solids (TDS) 

33 



3.6.1 TEM PERA TU R E/TOTAL DISOLVED SOLIDS (TDS) Temperature of water is a very important parameter in water analysis. Most of the properties (physical and chemical) depend on temperature of the 
water. Hence it is very essential t11at temperature of the water is taken at the 
time of sampling and analysis 

Total Dissolved Solids (TDS) refers to tJie amount of dissolved 
substances in water, which can be recovered after completely evaporating 
the water. 

The temperature/Total Dissolved Solids (TDS) was determined using 

conductivity/TDS meter. The apparatus was switched on, then a blind 

sample (water with zero conductivity/TDS) was used to zero tlie 

conductivity/TDS meter after which the sample in the cell was put into test 

by dipping a probe attached to the conductivity/TDS meter into the sample 

and then press read/enter button after which the meter displayed the value in 

fonn of digit.s, depending on the parameter. On pressing tlie button, the 

values for temperature (°C) and Total Dissolved Solids TDS in mg/I were 

displayed. This was done to detennine the presence of "free electrons" 

within the body of a sample and also the measure the effect of current flow 

in a solution. 
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3.6.2 POTENTIA L  HYDROGEN (pH) 

lllis is the value of hydrogen ion concentration (H+) and it influences 
other chemical factors especially flocculation. According to the theory of 

electrical dissolution, all liquids of which water is a constituent contain free 

hydrogen ion ( H ' )  and hydroxyl ion (Off), where the ions are equal, the 

liquids is said to be neutral (pH=?), but when (H') is higher than (Off) it is 

said to be acidic, and when (Off) is higher than (H') it is said to be alkaline 

(pH>?). 

TI1e pH for the sample was determined in the laboratory by using a 

HANNA instrnment pH meter. pH is important to this study because it tails 

us whether the sample contain excess hydroxide ion (Off) or excess 

hydrogen ion (H ').  Also the acidity and alkalinity are detennined fonn the 

pH. 

3.7 ANALYSIS OF CHEMICAL PARAMETERS 

The chemical analysis involves the determination of chemical quality 

of drinking water. Any water whose level of chemical contaminant either by 

organic or inorganic substances becomes higher than normal, the water is 

considered to be unhealthy for conswnption, domestic, agricultural as well 

as industrial uses. This is due to the fact that the water has become toxic and 
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can cause a lot of problems, and when such things are encountered, it is 
advisable to find out the possible solution to pollution rather than 
condemning the raw water source. 

The following chemical parameters were dctennined using the 

USEP A approved standard method for analysis of water: 

l .  Calcium (Ca2' )  

2. Fluoride ( F") 

3. Sulphate (S02"4) 

4. Nirrate (No.l·) 
5. Copper {Cu2') 

6. Total ion (Fe (T)) 

3.7.1 DETERMINATION OF Ca2• CONCENTRATION 

The analysis was conducted by using a digital titrator 50ml of sample 

was collected in a measuring cylinder; !ml of buffer solution was pipetted 

and added to the 50ml sample. Manver 2 Reagent was added to the solution 

sample. The colour of the solution then turns to red, it was then tilTated with 

Ethylene Di-amino tetra Acetic Acid (EDT A) till the colour change from red 

to pure blue. The number of digit required was recorded from the digital 

titrator-. The concentration of Ca2+ was calculated as follows: 
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Digit required x digit multiplier = tng/1 total hardness as CaC03 
Mg/I Ca=111g/I total hardness as C'aCo.1 x 0.4. 

3.7.2 DETERM l N A TION OF F" CONCENTRATlON 

25ML of the sample was collected and Spadns powder reagent was 

added to the sample. It was then placed in the spectrophotometer. After the 

spectrophotometer was programmed for the analysis of fluoride, the 

concentration was displayed on the screen. 

3.7.3 DETERMI NATlON OF so/· CONCENTRATION 

Sul fa Ver 4 powder pillow reagent was added to 25ml of the sample 

and then swirl lo dissolve for 20 seconds. It was left for 5 minutes for the 

reaction to take place, it was then transferred into spectrophotometer and the 

result was displayed. The water changed colour lo milky white 

3.7.4 DETERMINATION OF N03- CONCENTRAITON 

25ml of sample was collected in  the sample cell and a content of 

Nitraver 5 Nitrate reagent was added and shook thoroughly and left for 

fifteen n�inutes for t.he reaction to take place. It was then placed inside the 
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Digit required x digit multiplier = 111g11 total hardness as CaCo3 Mg/J Ca=mg!J total hardness as C'aCoJ x 0.4. 

3.7.2 DETE RM INATION or P- CONCENTRATION 
25ML of the sample was collected and Spadns powder reagent was 

added to the sample. It was then placed in the spectrophoton1eter. Aller the 
spectrophotometer was progra1111ned for the analysis of fluoride, the 
concentration was displayed on the screen. 

3.7.3 DETERM INATION OF so/· CONCENTRATION 

Sulfa Ver 4 powder pillow 1·eagc11t was added to 251111 of the sample 
and then swirl to dissolve for 20 seconds. It was left for 5 minutes for the 
reaction to take place, it was then transforred into spectrophotometer and the 
result was displayed. The water changed colour to milky white 

' 

3.7.4 DETERMINATION OF N03. CONCENTRAITON 

2Sml of sample was collected in the sample cell and a content of 

Nitraver 5 Nitrate reagent was added and shook thoroughly and left for 

fifteen minutes for t11e reaction lo take place. It was then placed inside the 
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apparatus, t he t imer was then pressed when the time beeps it displayed the result of Nitrogen. Multiplying the result by 4, 6 and 2 it gives mg/I No.i-

3.7.5 DETERM I N ATION OF Cui. CONCENTRATION 

25ml of sample was taken at a time and bicinchominate powder 
pillow reagent was added to it and then left for 2 minutes of reaction before 
being transferred into spectrophotometer. The concentration of Cu2' was 
displayed on the screen. 

3.7.6 DETERMINATION OF Fe (T) CONCENTRATION 

This was carried out by the use of DR/2000 spectrophotometer. 25ml 

of the sample was collected in the sample cell and content of Ferrover iron 

reagent powder pillow was added, shooked thoroughly and lefi for 3 minutes 

for the reaction takes place. The sample cell was then kept inside the 

apparatus and the shifter timer pressed, when the timer beeps it displayed 

mg/I to Fe (T). 
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4.0 

CHAPTER FOUR 
RESU LTS A NO INTERPRETATION 
The result o f  the physical and chemical parameters for both the water samples and rock sample were evaluated and interpreted and these results were compared w i th some standards shown in table 2. The mineralogy of the 

rock sample was established based on handspecin1en studies and thin section 
analysis. Plate (9 and I 0) shows the thin section slides. 

4. 1 PETROGRAPHIC IU.:SU LTS 

4. 1 . 1  KALTllNGO INLIER 

The study area Kaltungo lawn generally consists of Older Granites all 
over the area and was believed to have been emplaced during Pan African 
orogeny (Ralunan, 1988) and formed the inlier since the area is known as a 

sedimentary basin consisting mainly of the Sima-Sandstone. The 

petrographic variety of the Older Granite analysed is Biotite granite 

collected from Kaltungo hill in Kalorgu Village (location 6). The study area 

also consists of the coarse porphyritic granite which was dominant in the 

area covered by the map. 
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4.1.2 BIOTITE G RANITE : PETROLOGY 

4.1.2.1 HANO SPECIMEN 

SAMPLES 

DESCRIPTION OF THE ROCK 

In hand specimen, the rock exhibits a porphyritic texture with a dark 

mineral possible biotite. It also consist of a pinkish mineral likely feldspar 

and some colourless minerals possibly quartz. 

4.1.2.2 THIN SECTION DESCRJPTlON OF SLIDE 

The thin section study reveals that tl1e rock contains about 30% 

biotite, tabular in fonn with high relier and strongly pleochroic. In some part 

of the slide under Cross Polarized Light (XPL), the dark green mi.neral 

shows an initial stage in the alteration of biotite. Th� green mineral likely 

chlorite is intergrowing with the biotite (brown in colour). The feldspar 

present is orthoclase feldspar and they make up to about 45% of the slide. 

The ortl1oclase grains are a.nhedral and are colourless to cloudy under Plane 

Polarized Light (PPL). The chlorite minerals amount to about 20% of the 

slide shown on (plate 9 and 10). 

The chemical composition of the mineral present in the rock sample is 

as follows: 

- Biotite K (Mg,Feh A1Si3 010 (OH,F)2 
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Plate 9: Phenocryst ofOrthoclase in Biotite Granite 

(Under PPL) 

Plate 10: Biotite, Orthoclase and Chlorite in Biotite Granite 

(Under XPL) 
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_ Orthoclase K20 .Al2 0.i. 6Si02 
- Chlurite (Mg, Fe, A1)12 (Si, Al)R 020 (OH),,, 

Based on the chemical composition ofbiotite, i t  shows that 2 molecules of fluoride is present with is our primary ai111. Iron is also present in both Biotite and chlorite. 

Report rro1 1 1  lhc analysis (Table 3) l:U11clutlctl Oil Ilic rul:k sa111pll: for 
fluoride and calcium shows 1ha1 fluoride was not detected which were 
suppose to have a crustal abundance or 600ppm and 33000ppm respectively 
(Green 1 959, Taylor, 1 964 anti Wetlqiuhl 1969-1978) in granite an<l 111alic 

rocks. The analysis for calcium yielded a result of about 63.64mg/I (ppm) 

which was far bel ow lhe background v:rluc. The absence or fluoride in the 

rock sample might be due lo the partial digestion of the powdered granite 

sample with distilled waler ur the ab11urnml ..:011..:entration uf 1.he fluuritle 

from water in Ka l tungo town lrns no trnce from Ka ltungo hil ls. 

4.2 WAT E R  ANALYSIS RESULT 

4.2.1 PHYSICAL PARAMETERS 

Temperature 

The measured temperature of the investigated water samples varied 

28.6°C and 29.0°C. The temperature value exceeds the WHO standard of 
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25"C. Though sampling was done around 7am- l 2noon, but yet the temperatw·e remains high. This high temperature (0C) value might have an 
effect on t he TDS (Total Dissolved Solids). Which arc quite below the 
pennissible limit defined by WHO and NAFDAC standards. Also 
temperature has an impact on the solutions, if temperature becomes high it 
will cause a high mobility of ions within a solution and al�� speeds up the 
chemical reaction as a catalyst. 

1>H (Potential Hydrogen) 

The measured pH of the sample varied between 7.38- 1 1 .44. The 

values fo r  9 sample falls within the WHO standard while I sample location 8 

exceeds. When the pH of the solution is less than 7 the liquid is said to be 

acidic and concentration of  this can innuence a chemical factor known as 

flocculation (a method for treating water supplies to reinove excess fluoride 

i n  water). This process is best cairied out under alkaline condition, lime is 

added, bleaching powder can also be added to disinfect the water. In th.is 

study, samples with low pH were characterized by high conductivity and 

vice versa. 
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Total Dissolved Solids (TDS) 

Total Dissolved Solids includes al l  solids materials in solution whether ion ized or not, it does not include suspended material or dissolved gas. Higher TDS in any water sample gives a greater level of pollution. The 
TDS values for all the water samples are below the maximum pennissible 
level. Thus all the water samples satis fy the World Health Organization 
WHO) recommendation for drinking (Table 2). From the \'alues obtained 
during the analysis it shows that pollution rate is minimal in the area because 
the values are lower than the maximum permissible level. 

Table: 2 

The guidelines on drinking water by World Health Organization 

(WHO), National Agency for food and Drug Administration and Control 

(NAFDAC NIG ERIA) and National Primary Drinking Water Regulation 

(NPDWR, US) is show in Table 2. 
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TABLE2. COMPARATIVE STANDARDS FOR DRINKING 

WATER 

No T EST MAXIMUM MAXll'vlUM MAXIMUM 
PARAMETERS ACCEPTABLE ALLOWABLE CONTAMINATED 

CONCENTRATION CONCENTRATION LEVEL 

(WHO) (NAFDAC) · (NPDWR,US) 

pH range 7.0-8.5 6.5-8.5 6.5-8.5 

Total Dissolved 1000 500 500 

Solid(TDS)Mg/L 

Tcmpcraturc(0c) 25 
- -

Calcium,Ca2+ 75 75 50 

Mgfl 
Coppcr,Cu2+ 2.0 1 .3 -

Mg.IL 

lron.Fc(T) 0.05-0.3 Not eKceeding 0.3 

Mg.IL 
1 .3 Floridc,F- 1 . 5  -

Mg.IL 

Sulphate,S042- 200 200 

Mg/L 

Nitrate, N03- so 1 0  

Mg.IL 

Source: (WHO, NAFDAC 
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Table 3: Results of Water and Rock Analysis 

PARAMETERS S I  S2 S3 S4 

Temperature, 28.80 28.80 28.70 28.80 
oC 
pH 7.7 1 7.98 7.75 7.38 
Total dissolved 346 3 1 6  80 122 
solid, (TDS) 
mg/I 
Calcium, ca-- 70.20 1 1 1 .7 20.64 40.56 
mg/I 
Copper, cu-- 0.34 0.36 0. 1 0.35 
mg/I 
Iron, Fe (T) 3. 1 7  2.70 4.04 2.88 
mg/I 
Fluoride, F. 1 .62 N.D 1 .60 1.36 
mg/I 
Sulphate, SQ4-· 27 34 7 ND 
mg/I 
Nitrate, NO:< 53.4 98.0 1 20.4 46.8 
mg/] 
KEY 
ND = Not Detected 

S5 S 6  S 7  SB 

28.6012 8.70 28.90 I 28.90 

7.49 I 7.54 7.50 
223 1 1 44.5 1 76 

i 
74.84 , 62.60 58.45 

0 . 1  0.23 0.96 --, ,-
3.02 4.68 , 3.2 1 

1 .24 1 .50 0.64 

22 9 24 

1 2 1 .2 90.4 108.6 

-16 

1 1 .44 
400.5 

1 0 1 .7 

0.48 

2.63 

0.94 

1 0  

164.04 

S9 S I O  RS NAFDAC & 
W.H.O 
STANDARDS 

29.00 29.00 28.90 25 

7.95 8.08 8.67 6.5 - 3.5 
2 6 1 . 5  264 1 05.5 500 

-
75.24 47.24 63.64 75 

1 .03 l .57  - 1 . 0  

2.60 2.6 1 - 0.3 

1 . 1 0 1 .26 N.D 1 .5 

34 32 - 250 

1 1 3.04 96.8 - 45 



·able 4 :  Sample 11u111bers, locatio11 name and source 

iample Number Location Name I Source 
S I -

Cross. Sabon Line : ! land Dug well 

S2 I Kasar Waic I Hand 11ug well 

S3 I 
Okra ! I land Dug well 

---· ·-· · - -- I IJorchulc (Han� pump) 
--S4 Kalarin 

- - I 
SS Terman a j 1 1a11d Dug well 

S6 Kalorgu 13orcholc (Hand pump) 

-----S7 Kulishiu I Hand Dug well 

SS J\.lill ionaircs Quartcrs I land Dug well 

i\ I 
S9 

I 
-·rv°iilii011aircs -Quarle;:si l land Dug well 

13 I I 

S I O  Gcncral Hospital 13oreholelhand dump) 

RS ( Rock Kalorgu Kaltungo Hi l l  

I Sample) 
\ 
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4.3 CHEMICAL PARAMETERS 
The chemical parameters were analysed to determine the concentration of 
the various elements in the water sample. These elements are divided in the 
following: 

a. Cations (positive ions) 

b. Anion (Negative ions) 

4.3.1 CATIONS 
The cations analysed are: Ca2+, Cu2', and Fe2-(T) 

120 

I 
A 

' 
"" r\ /\ I I \ 

. I . \\ . _,. . '° "I 1\ . . �. I ,. 1-c.>• I i • 
• 
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Figure 4: Concentration ofCa2+ in sample mediuro 

Calcium dissolved in water is one of the roost common sourcesof 
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water hardness content increases. Hard water interferes with almost every cleaning task from dish washing and laundering to bathing and other personal uses. Hard water has no health effect but rather it contributes to human dietary needs. 

The Ca2+ 
vaJues for sample number (2 and 8) are above the 

permissible value set out by the WHO and NAFDAC standard, the values 
stands out as anomalies, sample number (5 and 9) stands out as background 
value while sample ( 1 ,3,4,6,7 and 10) represent the threshold values. The 
locations with high concentration are within residential areas and it shows no 
effect on the people leaving there. In areas where dissolved calcium is very 
high, water could be a major contributor of calcium to diet, Evanko and 

Dzombak l997). 

i 

; .:, /\ I � " I\ I 

. --
Figure 5: Concentration ofCu2+ in sample medium 
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Copper is a trace element, and depending on its concentration in 

rinking water as well as pH of water, it is regard as toxic (Seim and 

:ischen dorf, 1990). Copper concentration is higher than the permissible 

inllt in millionaires Quarters (B) and General hospital (location 9 and I 0) 

Nith anomalous values of l.03 mg/l and l .57mg/I respectively. This is 

>robably due to the corrosion of interior plumbing. AU other value was 

t>elow the permissible limit indicating a low level of toxication. A number 

of studies in the United State indicate that copper level in drinking water 

samples can range from 0.005 to 1 8mg/1 (ATSDR, 1990; USEPA 1991). 
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Figure 6:Concentration of Fe (T) in sample medium 
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Iron is a common tnclallic element found in the earth crust. Water 
percolating through soil and rock can dissolve minerals containing iron and 

hold them in solution. Occasionally, iron pipes also may be source of iron 

water. Oxidation of dissolved iron particles in water changes the iron to 

white. then yellow and fmally to red-brown solid particles that settles out of 

the water. A problem that frequently results from iron in water is iron 

bacteria. These non pathogenic (non health treating) bacteria occurs in soil, 

shallow aquifers and some surface waters (Aamir and Tahir, 2003). In the 

study area, all the measured values for Fe2' are above the WHO maximum 

pem1issible limit of 0.3mg/l. The result shows that there is a direct relation 

between iron concentration and colour because all samples have high iron 

concentration have corresponding high values of colour. 
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4,3.2 ANION 

The anions analysed are F .  S04 and NO-... 

.. 

"r\ K . . - �� 
1� -
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i ,/ I 
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I� 
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Figure 7 :  Concentration ofF- in sample medium 

Thus a case of fluoride concentration is of more interest in the s� 

because it forms one of the most notable abnormalities present in the area. 

Fluoride is considered to be an essential element, although dental bcahh 

problem may arise frorn excess fluoride, hence bigh concentrarioo of 

fluoride in drinking water is harmful (WHO, 1996). In the study aR&-

fluoride concentration is below the value recommended by WHO. Fluoride 

concentration is higher than the permissible limit in Cross-Saboo liDc and 

Okra ,;11age (lo<•ri•• t ,.d 3) wid> on•""""" """" of t.6-1 -' 

L60mgll re-tively. 11U• ...,._, ""' d>< ft- '°"_. ,_... m 
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ater in these locations is high, which can cause dental flourosis. At location (Kalorgu) the value is equal to the NAFDAC and WHO standard. In cation (4, 5,7,8,9 and 1 0) the values are below the pennissible limit, thus m result in both dental caries (tooth decay) and fractures concentration of 
uoride was not detected in Kasarwaje, (location 2). These show the absence 
ffluoride in that area. 

300 
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• � 
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J !---���������������� � 
100 

50 

.L 
SI S2 .. .. 
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Figure 8: Concentration of So/· in sample medium 

.. •«> 

Sulphates are a combination of sulphur and oxygen and are part of 

naturally occurring minerals in some soil and rock fonnations that contain 

groundwater. The mineral dissolves overtime and is released into 

groundwater. Sulphate may have a laxative effect that can lead to 

dehydration and is of special concern for infants. With time, people and 
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g livestock will become acclimated to the sulphate and the symptoms >pear. Sulphur oxidizing bacteria pose no known human health risk C, 1994). However, sulphate concentration in the study area is low 
pared to the maximum permissible limit. For location 4 (Kalarin) it was 

detected. 
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Figure 9: Concentration of N03- in sample medium 

The concentration of N03- in the investigated water calJs for concern. 

Vhen compared with the WHO standard value of 45mg/I, all the samples for 
he IO location have values greater than the recommended value by WHO, 

vith location 8 and 9 been highest. Only one value was below the maximum 

1cceptable concentration (WHO). Nitrate is becoming increasingly 

widespread because of agricultural activities and disposal of sewage on or 
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1eath the lan<l surface.  The direct source of nitrate in grow1d water 
ginates as N0-3 from wastes or commercial fertilizer applied to laud 

:face (Adelana and Olasehinde, 2003). Based on the result gotten from 

: analysis, we can conclusively say that the high value of N0-3 in the study 

:a (Kaltungo town) could be connected to high agricultural activities in the 

1dy area. High nitrate levels in water have serious health 
.
implication and 

n result in a number of diseases. Generally nitrate is a cause for concern in 

inking water i,rreater than I Omg/I (Nl'DWR, US 200 I) .  At concentration 

vet greater than this there is an increased risk of babies developing infant 

athaemoglobineamia, a disease commonly known as "blue baby" 

•ndrome (Canter 1996 ). Other human health e,fTects suspected to 

�gravated by nitrate intake arc hypertension. the "hot clog" headache, 

:rtain cancer, some birth defects (congenital malfonnations) and 

pontaneous absorption (Lamb, 1985). 

Location 8 aml 9 show very high concentration this is because 

gricultural activities and disposal of sewage is very rapid in the area and 

Jso cattle rearers do take their catties for grazing. So if they dispose their 

vaste pr�duct and it come in contact with rainwater it percolate into the 

:ubsurface and contaminates the water 
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C l l APTrm FIVE 

OISC l l SSION, SlJMMARY AND CONCLUSION 

FLUORIDE GEOCHEMISTRY ANO DENTAL l l EALTl-I 

The geochemistry o f  lluoridcs in groundwater and the dental health of 

1H111itics, particuhirly those depending on groundwater for their drink ing 

lies i s  one of the best known relationships between geochemistry 

ent (\Vood, 1974) although dental health problems 111ay arise for111 an 

SS or lluoridc. Many water supply schemes particularly in developing 

l\rics where <lug wells and deep boreholes form the major water sources . 

ain excess lluoride and as such are harmful to dental health 

srmayake, 199 1  ). Countries with cmlc111ic lluorosis due to excess 

ride in drinking water extend for111 Syria through Jordan. Egypt, Libya. 

cria. Morocco and th<: l{i!l val ley of Western Africa through the Sudan 

Kenya. 

Table 5 shows the illlpact of f1uoride and several organizations 

iughout the world have considered lluoridating water supplies in areas 

ere the water supplies do not provide the optimum trends of lluoride. 
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Table 5 :  Impact of lluoride on health (Source WHO, 1 87 1 )  
oncentration or Impact on health 1oride 
ii 
O - 0.Smg/I 

Limited_growth and fertility Dental caries 
5 - l .Smg/I 

S - 4 .0m�I 
0 - I O.Omg/l 

lo.Omg/_I ___ _ ---

Promotes dental health resulting in healthy teeth: Prevents tooth decay 
dental lluorosis (mollling of teeth) 
Dental lluorosis, skeletal fluorosis (pain in back and 

�c�k_bone)_ --· __ ___ 
Crippling lluorosis 

- ---·-· 

The most salient feature of the geochemistry of fluoride is it ability to 

easy exchange with \he 01-r ion. which has an ionic radius similar lo \hat of 

lhe F ion. The lluoride-hydro:-.:yl exchange in geological 111a1crials has 

therefore been a subject 111uch studied (Gillberg, 1964; Stor111er and 

Carmichael. 1 97 1  ). Fluoride in the surface and groundwater are derived 

from: 

a. Leaching of the rocks rich i n  fluorine, e.g granite 750ppm; alkali rocks 

950 pp111; volcanic ash and benttonites 750ppn�: phosphatic fertilizer 

3.0 - 3. 5 %  

b .  Dissolution of fluorides from volcanic gases by percolating 

groundwa\cr along faults :rnd joints of great deplh and discharging as 

fresh and mineral springs. 
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Rain water, which many acquire a small amount of fluoride from 

marine aerosols and continental dust. 

Industrial em1ss1011s, such as organic fluorine and. dust in cryolilite 

factories. 

Industrial effiuents. 

Rum-off from farms using phosphoric fertilizers extensively. 

FUNCTION OF FLUORIDE 

Daily, minerals are added and lost in the tooth's enamel l ayer through 

processes known as Rernincralization and Demineralization. Fluoride 

•s prevent tooth decay by making the tooth more resistant to acid attacks . 

. so reverses early tooth decay in chi lclren under 6 years of age, fluoride 

Jmes incorporated into developing pennanent teeth, making it difficult 

acids to demineralise the teeth . Fluoride also help spread remineralisation 

.veil as disrupt acid to acid production in already erupted teeth of both 

dren and adults. Fluoride is absorbed in stomach and small intestine. 

:e in blood stream. It rapidly enters mineralized tissue. At usual intake 

!Is fluoride does not accumulate in soft tissues, the predominantly 

1eral elements in bone are crystal of calcium and phosphate, known as 

58 



;,t.3 EFFECTS OF LITTLE AN D EXCESS FLUORIDE 
Fluoride is a desirable substance. It can prevent or reduce dental decay 

uid strengthen bones, thus preventing bone fractures in older people. Where 
.he fluoride level is naturally low, studies have shown higher levels of both 

:lental caries (tooth decay) and fractures. Due to its positive effect. fluoride 

is added to water during trc<ltment in some areas with low levels. In the case 

of lluoride. water levels above I .5mg/1 may have long-term undesirable 

effects (Table 5 ). Much depends on whether other sources. such as 

Ycgetables, also have high levels. The risk of toxic e ffect rises with the 

concentration. It only becomes ob1·ious at much higher le1·el than 1 .5mg/1. 

The natural level can be as high as 95mg/1 in some water. such as in 

Tanzania where the rocks are rich in fluoride containing minerals. Plate 1 1  a, 

1 1  b, I 2a, I 2b, 1 3a and 1 3b  shows pictures of dental tluorosis. 

5.l.4 ANOMALY UUE TO FLUORIDE 

Human appears to 1·ary considerably with respect to their 

susceptibility to lluorosis. As a general g11ideline, prolonged total fluoricte 

intake exceeding 1 .0mg/ day can produce clinical signs of fluorosis in adults. 

Fluoride status in human is governed by a variety of factors that covers a 

wide range of medical, Environmental, Economic and Socio-political issues. 
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Pictures of Dental Fluorosis 

�· -· 
- . 

Mild fluorosis 
Photo by Hardy Limcbcrd<, DDS 

Plate Ila 
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Mild Fluorosi5 
Photo by clkc Babiuk 

Plate Ha 



It is not possib le to effectively deal with fluoride within your patient :ommllility without understanding all aspect of this problem. In dealing with 
ibnonnal concentration of fluoride that is mostly high in water than plant, 
iegetable and other sources in Kaltungo area, it was observed that the dental 

Juorosis in the area is sourced in the water 

Dental fluorosis is an irreversible condition caused by excessive 

ingestion of fluoride during tooth forming years. It is the first visible sign 

that a child has been over exposed to Ouoride. Fluoride cause dental 

fluorosis by damaging the enamel fonning cell called ameboblasts. The 

damage to the cell results in a mineralization disorder of the teeth, whereby 

the porosity of the sub-surface enamel increased. While some dental 

professionals claim that the dental fluorosis is solely a 'Cosmetic' effect, and 

not a health effect, this statement is an assumption and not a fact. Certainly 

dental fluorosis represents a toxic effect on tooth cells. 

Excessive intake of fluoride can lead to the severe and pennanent 

bone and joint deformation of skeletal fluorosis. This involves abnormal 

mineralization of bone and soft tissues and/or the disruption of nonnal 

activity of the osteocyles. for this reason, skeletal fluorosis often mimics 

"generic" osteoarthritis and/or osteoporosis in relatively young adults. 
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Systemic fluorosis is due to chemical nature of fluoride and its action ;) within mammal ian system which is not limited to teeth and bone, fluoride 
,xicity may potentially be linked to every major 111ultiple cause ailment of 
ie 201" century from cancer lo alteration Deficit Disorder. 

Be it dental, skeletal and systemic, fluorosis is irreversible and no 
reatmenl exists. The only remedy is prevention, and by ·keeping fluoride 

lefined by the WHO (World Health Organization). 

Iron believed to be the tenth most abundant element in the universe, 

Nhen leached from the bed rocks and enters the water bodies. Iron causes 

;onju11ctivitis. choniditis and retinitie, if it contact and remain in the tissue. 

Chronic inhalation of excessive concentration of iron ol\ides fumes or dust 

may result in development of a benign phenumoniosis called siderosis. 

Excessive concentration of iron oxide may enhance the risk of twig cancer 

development in workers exposed to pulmonary carcinogens. 

5.2 SUMMARY 

The physical and chemical analysis of water sample carried out in the 

study area (Kaltungo town) reveals the knowledge of water quality in the 

area. Based on the general interpretation of the results, the outcomes are 

suinmarize� as follows. 
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Physically, the TDS (Total Dissolved Solids) valves were below the 
permissible limit. The pH values for samples number (I , 2,3,4,5,6,7,9 

1 0 )  are within the WHO pennissible range of 6.5 - 8.5. The 
erature values for all the samples analysed were above the permissible 
of 25°C, this might be pr�bably due the depths of the aquifers, and also 

cl on the facts that temperature increases with depth. 

Chemically, from the results of the analysis, it shows that Fe (T) 

�entration in mg/I in the sample medium was higher than the WHO 

.nissible limit. This high concentration can result to a number of disease 

!d earlier. In the case of Ca2·, only two of the values were above the 

-IO reco1runended values. All the values for so/· are below the 

.missible value, for F. and Cu2' , almost all the investigated water samples 

d their values below WHO standard, except sample ( I  and 3) for F. and 

mple (9 and 10) for Cu2' which exceeds the WHO permissible limit. The 

mcentration of N03• in the sample medium was very high. Higher values 

f nitrate in water sample has a serious health implication, as stated earlier, 

1is was due to increasingly wide spread agricultural activities and disposal 

f sewage on or beneath the land surface. 

The study area is subdivided into two geological units. These include 

J1e Pan Africa Older Granite suite and the Bima sandstone. The petrographic 
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·etv collected l'rom Kaltungo hill in Kalorgu village (location 6) where 
I . 

highest \'alue for Fe (T) concentration was observed, also a background 
ue of r· ( lluori<le) was observed too. 

The thin section studies shows that the minerals present on the slide 

Biolite about 30%, orthoclase feldspar 10 about 45% and chloride 

ineral amounting lo about 20% of the slide. Fluoride concentration in the 

ck sample could not be deleeted while for calcium, the concentration was 

1out 63.64111g/l(pp111) which was far below the background value of 

3000pprn . 

. 3 CONCLUSION AND HEi\l EDIES 

Poisoning resulting form lluoride can be preve1ited or 111ini111ized by 

1sing alternative water sources, by removing excess fluoride form drinking 

.vater and by improving the nutritional status of the population at risk. Rain 

waler is usually a cleaner water sources and provides a low cost simple 

solution. Particular caution is required when opting for surface water, s ince 

it is often heavily contaminated with biological and chemical pollutants. 

Surface water should not be used for drinking without treatment and 

disin fection. 
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The problem however is lim·t d . 
. 

1 e storage capacity in conuuunities or 
10useholds . Large storage reservoirs d b . . are use ecause annual ram fa II 1s 
:xtremely uneven in tropical and sub tropical regions though such facilities 
u-e expensive to build and require large amount of space. Fluoride content 

:an vary greatly in wells in the same area, depending on the geological 

;tructure of the aquifer and the depth at which water is dr�wn. Deep tube­

Nells and sinking new wells in another site may solve the problem. The fact 

:hat lluoride is unevenly distributed in ground water, both vertically and 

'.lorizontally means that every well has to be tested individually for fluoride 

in areas endemic for fluorosis. Fluoride can also be removed or treated 

through llocculation and adsorption. 

In flocculation, Alum (hydrate aluminium salts) a coagulant 

commonly used for water treatment is used to flocculate fluoride ions in the 

water. Since this process is best carried out under alkaline conditions, lime is 

added, bleaching powder can also be added to disinfect the water. The other 

approach which is adsorption involves filtering waler down through a colum 

packed with a strong adsorbent, such as activated alumina, activated 

charcoal . or ion exchange resins. This method too is both suitable for 

community and house hold use. Also based on clinical assessment the risk of 
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.ta! fluorosis can be reduced by adequate calcium intake and vitamin C 

y also safe guard against the risk 

RECOMMENDATION 

As regards to the results of this study the following recommendations 

can be made 

Water from the we\ls and boreholes should be subjected to sample 

treatment method like chlorination, boiling of water before drinking or 

in the alternative the water should be allowed to settle down before 

drinking. 

Wells and boreholes should not be sited close to pit latrines, they 

should be much more farther away from the wells. 

Great caution should be exercised in the selection of a well and 

borehole site to reduce possibility of contamination from the 

surroundings and other geological formations 

The boreholes drilled should be cased with PVC (polyvinyl chloride) 

casing which has resistance to corrosion and rusting. Wells should be 

lined with concrete during construction and their construction should be 

properly supervised 
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Waste disposal site should be located far away from wells and 

boreholes. 

frequent sanitary surveys of the wells and boreholes should be 

encouraged by government lo locale mid identify health hazards which 

might exist in the wells. 

More study should be done in the study area. The. studies should 

include: 

a. 

b. 

Different rock successions fow1d in the wells and boreholes. 

Ground water pollution in the area, and based on the results 

obtained, the best local treatment methods for the wells and 

boreholes water should I.Jc employed. 
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