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ABSTRACT

Water is an unportant resource lor almost all human activities like agriculture. industry .
transportation. domestic uses and the proper tunctioning of the human body.

The study examined the physio-chemical properties and potentially toxic metals 10 hand-dug
wells and boreholes in lkole Ekit and its Environs. Six functional hand-dug wells and six
boreholes in the area were sampled and analvzed using standard procedures. Potential toxic
metals were deternined using Atomic Absorption Spectrometer. From the result, it was deduced
that the odour. colour and turbidiny of the sumples were all within the WHO (2008 acceptable

permissible limit,

All the other chemical parameters were within the WHO permissible limit in most ol the
locations except tor Towl hardness (TDS) that ranged from 330-680 mg‘l, in three hand-dug
wells and borehote which exceeded WO Himits. Simifarly, Towal Hardness in three of the hund-

dug and borehole wells exceeded WHO limits including Caleium concentration in the water.

Some of the potentially heavy metals analysed (Cr. Mno Cd and Fe) in well and borehole water
were below the WHO standard limits in some locations and but Manganese concentrations in two
borehole samples and three hand-dug well samples exceeded the WHO limit. Chromium in Odo-
Oro borehole at .24 my/L Usin hand-dug well at 0.462 mg/L greatly exceeded WHO limit of

0.05 mgsl.

lhe generalls dow fevels of heavy metal content in the water samples in both hand-dug
wells/ boreholes showed they are less polluted und as such suttable for human consumption. In
order to maintain the present quality status ol wells and boreholes in the arca, routine monitoring
and assessment of boreholes by well owner or authorized agencies s recommended.  Also,
proper education on environmental requirement of citing well is essential for private well divgers

for the purpose of preventing contwmination from dung hill. underground tanks ete.

Xi




CHAPTER ONL

1.0 INTRODUCTION

Water 15 required by all Hving things for celt metabolism. Continuous existence of man
on this planet will detinnely depend o the wvanlooddiny of good quality water. [t 1s a vital
resource tor almost all homan activinies like apricul vee industry, transportation. domestic uses
and recreation (Awomesa of of. 2010
Water is classified under two main categories based cn ity location and these ure surface and
ground water (Appelo et ab. 2003 A well 1s arr excun ibon or structure ereated in the ground
aquifers. The well water 1s drawn by a pump or contustiers such as rubber or iron bucket that are
ratsed by hand. Well can vary greatly w depth. water olume and may require treatment to solien
it

Borehole s a hydraulic suructure which swher jroperly designed and constructed permits
the economic withdrawal ol water trom an aguiter 10 o narrow well drilled with machine.
More costly o build than dug wells: Fan they are dee e and more reliable. Water from boreholes
is also safer. since every borehole i~ covered and neds a pump. There is no direct user contact

with the water.

Potentially toxic element s oy chemicul wii i through its chenucal processes can cause
death, temporary incapacitation. ov permanent harm o humans. ammials aid plants, The magor
sources of pollution in streams. rivers sad undergrou J water arise from anthropogenic activities
largely caused by the poor and uncultured livine aabit of people as well as the unbealthy

practices ot factories. industrics and corporate bodic @ esulting in the discharge of eftluents und




untreated wastes. Pollution in water allects not onby ater quality but could also be dangerous to

aquatic life (Sunnudo-Wilhelmy er ol 1999).

Municipal sowrces of groundwater contination include open dumpsites. poorly
constructed or unmaintained landiills. lawrines and otacr waste sites. Lach of these can contain a
range ol pathogens and 1oxins. eluding heavy etals that can migrate downward and
contaminate aquilers. ndustrial pollution of groundss aier can come from dumping of wastewater
or waste, from mining activities and trom leakaze o spillage trom other industrial processes.
Mining primarth atfecls groundwater dwough uching ol mine aling piles. Chamieal
manufacture and storage simibaly present o threat @ rough leakuge, Agricultural contamination
comes primarily trom overuse ol pesticides and fer Lzers that can later seep into groundwater

S0urces.

Individuals can also cause groundwater contorinauoen by unproperty disposing ol wuste,
Motor oil, detergents and cleaners can leak mio wates sowrces, Importantly . groundwater can also
be contaminated by naturally occwrring soarces. Soql and geologic lormations containing high
levels of heavy metals can [each those metals nto growndwater. This can be aggravated by over-

pumping wells, particulurly for agriculiure (lergusses., 2009),

Most of the water requirement for i people is izt from surface and ground water suppiics.

Toxic elements that can be found in water melude

i Metals such as: cadmiume lead. mercury. i kel silver. thathham, chromium. cobult.
copper. ron, manganese and sine.

1. Metalloids: arsenme.




The presence of trace metals in drinking water above the permissible limits could be
deleterious to health. Rapid population growth in o Swate inereases the demand for potable
water for human. However, becuuse of widespread shortage of public supply. the residents
depend almost exclusively on hand-dug  wells and boreboles tor daily  water supply.
Consequently. analvsis of potentially metals in hand-dag wells and boreholes 1s essential tor the
establishment of baseline data for croundwater qualin. in the study area.

Once these toxie elements wre i the body thes damage the cellular function by releasing
dangerous free radicals. The damuge that they cause on the eellular fevel can result nto cancer
and many other discases. Heamvy metal toxieiny can also result in damaged or reduced mental and
central nervous [unction. tower criersy lesels. and vwtage 1o blood composition. lungs. kidneys.
liver, and other vital organs, Heasy mctals such s feon, cobalt, chromiuwm. zine and copper cause
damage to the intestinal truct. Repeated long-term contact with some metals or their compounds
may even cause cancer ([nternational Oceupational Selewy and Health Information Centre 19949).
I unrecognized or inappropriatels treated, woxiciny can resutt in significant ilness and reduced
quality of hife (Femer. 2001

Health effects from wroundyater pollution deoend on the specitic peliutants in the water,
Pollution from groundvater often couses drarhocn cnd stomach nrtaton. which can lead to
more severe health clfects, Accumiuation of fieav s ooctds and some orgame pollutants can lead
to cancer. reproductive alaormiiities ol other oo wovere health effects The need o assess the
quality of water has becoine miporative becatse of the eftect oo the nealth o individuals,
Therefore the objectives ot this study o dewernune:

i. The physical and chemical churacteristics of borehole and hand-dug well water in

[kolekiit and its eny irons.




1. The concentration of potennally toxic et (Phe Cu. Cdy Cus Arand Zny with special

reference o WHO permissible Hmits,




CHAPTER TWO
LITERATURL REVIEW

2.1 Toxic Heavy Metals

A toxic heavy metal is amy relatively densc metal or metalloid that is noted for its
potential toxicity. especially in environmental contexts. Heavy metals are naturally occurring
elements that have a high atomic weightand a dens:+ at least 3 times greater than that of water
(Fergusson. 19901, The term has particulur applicston o cadnuunm. mercury, Jead and arsenic.
all of which appear i the Workld tealth Orvoanisc reas list of 10 chemicals of major publhic

concern (World Health OQrganisation 20150

Toxic heays metals veeur nawrally o the coona They become concentrated as a result of
human activities and can enter plant. animal, and human tssues vig inhalaton. diet, and manual
handling. Then. they can bind o and interfere with e functioning of vital cellular components.
Their multiple industrial. domesiic. spriculiural. medical and technological applications have led
to their wide distribution in the cuvironment: raisimg concerns over their potential effects on
human health and the enviromment Lheir oxicity doepends on several tactors including the dose.

genetics. and nutritional

route of exposure. and chemical species. as well as the age. gender,
status of exposed individual some cleiments regarded as heavy metals are essential, in small

gquantities, for human heahl (Srivastava et @l 20103,

2.2 Sources of Heavy Metal

Although heavy metals oceur naturally throudhout the carth’s crustc moest environmental
contamination and human exposure resull [rom anthropogenic activities such as mining and
smelting operations. industeial producton snd use. wd domestic and agricuitural use of metals

and metal-containing compounds. Lnvironmental contamination can also oceur through metal
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corrosion. atmospheric deposition. soil erosion ol metal jons and leaching of” heavy motals.
sediment re-suspension and metal cvaporation Irom water resources to soil and ground water.
Natural phenomena such as weathering and  voleanic  cruptions  have also  contributed
significantly to heavy mctal pollution. Industrial sources include metal processing in refineries.
coal burning in power plants. petroleum combustion. nuelear power stations and high tension
lines, plustics. textiles. microelectronics. wood presernvation and paper processing plants tle et

al., 2005).

2.3 Mode of Entry into Plant, Animal and Huonen

Heavy mietads enter plant. antmal and humas tissues vig ar mbalaton, dict and manual
handling. Motor vehicle emissions are @ major ~ouree of airborne contuminants including
arsenic, cadmiuii, cobalt. nickel Tead. antimony . vanadium, zine. plavoum. palladivm and
rhodium (Balasubramanian er o0 2009), Water sources (groundwater. fnkes. streams and rivers)
can be pofluted by heavy metals leaching frons industeial and consumer waste: acid rain cun
exacerbate this process by releusing heavy metals anped in sotls (Worsztvnowicz ef wl, 19933,
Plants are exposed o heavy metals through the uptake of water: amimals eat these plants:
ingestion of plant- and animal-based lvods s the largest sources of heavy metals in humans,
Absorption through skin comact. for example from contact with soil, 15 unother potential source
of heavy metal comamination. Foxic heavy metals can bio-accumulate m organisms as they are

hard to metabolize (Perzcarossa il 2011,

b




2.4 Groundwater Resources of FKit

Fkiti State hus no coastal boundary: enee it Tas no coastal reliet’ Indeed. the term. 1ikiti
denotes an interier or hinterland arca as opposed to o maritime area (Oguntuyic 1979 1 also

means mound. This nane insariably implies that LRt State s mainly an upland arca,

The relie! is rugeed with unduluting areus cod granitic outcrops m several Pajaces. The
notable ones among the hills are There Bt Thils v the southern part of the state: Tfon Alaaye
Hills to the western boundary of the state and the Ado Bkin Hills in the central part of the state.
Most of these hills ure over 230m ubove scu feved, The drainage system over the arcus of
basement complex rocks is usually avkea widy e proliferation of many small tiver channels.
The channets ot these smaller streanis are dry from ~November to May The Otficial Website of

the Government of ki State. Nigerne 2010).

In EKin State. there is no mjor viver. Howevero the state serves as the watershed and
source reglon for three major rivers sEat ttow et e Atlanne Ocean. These are the Rivers Osun,
Owena and Oubese. Other vivers are res Ose and Oni Another important aspect of the refiel of
Ekitl state 15 the prevalence o cresio o cullies alons nill slopes and valieys. The gulhes are very
common in EfonAluave and in the vorthern part ¢ e state. Indeed. tn BfonAlaave. the gullies

could be devastating. ¢ {he Orliciad W chsite ot the o cermment o Lkite Stae. Neeria 201600

25 Groundwater Quality Assessment of FRitl State
Surface water is an mporkui water resource ior drinking and nrivation purposes i the
central part of Tkit-State. The swater bodies are used with Hude atention w their quality status in

addition to increased threat of anthrepogenic contaiation due to demogruphic pressure.
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The central part of Fhiti-State which is predominantly basement terrain is characterized
with occurrence of numerous surface water bodies, Groundwater occurrence in the area is erratic
with incessant wells failures. These factors prompt the inhabitants to harness the surface water
for drinking and domestic uses including agricultural activities. These surface water bodies ure
prone to pollution from anthropogenic setivities apart trom  geogenic solute npuls  from
dissolved minerals. Major ion composition ol swrface water bodies 1s controlled by the
interaction of precipitation with surficial geologicud and biological materials (Rayvmond et al,
1994). Therefore. knowledue ol dissolved sults i such water bodies is required to make a
deciston on their proposed or potential use Tor wy either industrial. irrigational or domestic
purpUses.

Olusiji (2015) in u study 0 groundwater quality appraisal of hund dug wells and borehole

in two lecalitics in IRid state showed that the water chemistry was stronghy dependent on the

chemistry of the basement rock. Teucning Jduring intilration. exchange ol 1on with the reservoir
rock, human activities and eftluent. discharge from rivers. The study concluded that that the
entire water sample analyzed niet the requirements for good water supply with minimum
seientific treatment.

Adefemi (2012) reported o a study tided “Physio-chemical and microbial Assessment
of groundwater from  ljan-Ekiti south western. Nigeria™. The study reveaied  that the
physiochemical and metal analysis ot the water samples are comparable o results ot other
studies conducted in other parts ol Nigeria, The resuli also revealed that the values obtamed were

lower than the permissible limit recomnended by WO for drinking water




2.0.0  Potentially Toxic Elements in Water

The permissible limits wo potentially wexic metals in potable water by World Health Organization
(WHO). Standard Ovganizaton of Nigertn (SONG and Natonal Agency for Food and Drug
Administration and Conol (NAFDAC) are given o Lable 2.1 below.

Table 2.1 Permissible Limits of physico-chemical parameters and potentiatly metals according to

WHO. SON and NAFDAC Standards.
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2.6.1 Cadmium

Cadmium (CdY is @ naturally vecurring meetal with chemical actions similar to Zn. [t may
be present in water as the hydrated fon. as inorganic complexes such as carbonates. hydroxides.
chlorides or sulphutes. or as organic complexes with humic acids (OECD 1994 Cd exists i the
earth’s crust at about 0.1 part per million [Wedepohl 1995], usually being found as un impurity
in Zn or lead (Pb)y deposits. and us a vesult being produced primarily as a bye product of /n or Pb
smelting. Cadmium may penetrate aguatic systems through weathering und crosien of soils and
bedrock, atmospheric deposition. direet discharge from industrial operations. leakage from
landfiHs and contuminated sies. axd the dispersive use of sludge and fertilizers i agriculture.
Much of the cadmium entering 1resh waters from dustrial sources may be rapidly adsorbed by
particulate matter. and thus sediment may be a ~enilicant sink tor cadmium emitied o the

aquatic em rotnent S HO:D NI

Long-term expoestse w iower evels feads 10w build up in the kidneys and possible kidney
disease. lung dumuge. und fragile Henes. fypertension. arthritis, diabetes. anaemia. cancer.
cardiovascular disease. cirthosis. reduced fertiling, hapoglveemia, headaches,  osteoporosis.
Kidney discase. and strokes are some of the ong term effects (WITO: 1992 The World Health

Organization-recomuended maximum allowable concentration in drinking water for cadmiunt is

0.003 milligrams per lire.

200 Lead

Lead is an extremels poisonous metad distressing almost all organ and system in the
bodv. The component lmit of lead (1.0 pg'er is a test benchmark for pharmaceuticals,
representing the maximum daily intuhe an individual should have. Even at this level. a protonged

11



intake can be hazardous w humai beings, The World tealth Organization { WHOY recommended
alegal limit of 20 ppb tor fead iy v wihich is deerease o 10 ppb in 2010,

The main target for lead tonivitn 1s the nervous systent. both in adults and children. Long-
term exposure of adults can result in decreased perlonmanee in some tests that meusure functions
of the nervous system. [ong-term exposure (o lead or its salts (especially sotuble salts or the
strong oxidant PbO:) can cause nephropathy. and colic-like abdominal pains. It may also cause
weakness in fingers. wrists. or ankics. tead exposure also causes small inereases in blood
pressure, particularly in middle-uged und older peeple and can cause anaemia. FExposure o bigh
lead levels can cause harsh dwnage w te brain wid kidneys madults or children and ultimately
cause death. [n pregnant waomen. g fevels of exposure Lo lead may cause miscarriage. Chronic.
high-level exposure has been shown o veduce terulins o males (Gofub ¢ al 20053 Lead also
damages nervous connections ¢especially in voung children)y and causes blood and brain
disorders. Lead poisoning typically results (rom ingestion ot food or water contaminated with
lead, but may also occur alter accidentad ingestion ol contaminated soil. dust. or lead-based paint.
[t is rapidiy absorbed mto the bloodstream and 1s assumed to have adverse effects on the central
nervous system. the cardiovaseubur svstem. hdies s and the immune system (Bergeson of ol
2008).

2.0.3 Copper

Copper 1s an indispensable substance w human life, but s sigmbicant doses can cause
anaemia, acne. udrenal hyvperacuviny and deliciencey . allergies, hair loss. arthrits, autism. cneer.
depression. elevated cholesterol. dinbetes. dyvslexia. failure o thrive. futigue. fears. fractures of
the bones, headaches. heart attacks. ivperactivity . hy pertension. intections. inflanunation. kidney
and liver dystfunction. paniv attacks. strokes. woth decay and vitamin C and other vitamin

deficiencies (Kabataes ¢ 1993 The maximuim permissible limit according to WHO 1s 2.0mg 1

12
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2.6.4 Iron
Iron 15 one ol the mainly abundant metals in the Earth™s crust. It is found in natural fresh
waters at levels ranging trom 0.3 o 30 my/litre. Iron is present in drinking-water because of the
use of iron coagulants or the corrosion of steel and cast iron pipes during water distribution. lron
15 an essential efement in human nutiion. Bstimates ol the minimum daily requirement for iron
depend on age. sex. physiclogical status and fron bisavailability and range from about 10 to
S0mg/day (WO, 2011). The Workd Health Organizetion-recommended maximum aceeptable

concentration i drinking water for won s milligrams per litre.

2.6.5 Manganese

Manganese is a mineral that occurs in rocks and soil and is a normal component ol the
human diet. Hexists in well water as a naturally occurring groundw ater mineral. but may also be
present due to underground poliution sources. Manganese may become noticeable in tap water at
concenirations greater thun 0.0 millierams per litre ol water ¢mg/[L) by imparting a color. odour,
or taste to the water. However, toxic etfects w0 health rom manganese are not a major problem
until concentrations are approximaiely 10 umes greater than 0.05mygsL. The intensity of
manganese i groundwater rom natural leaching processes can vary extensively depending upon
the types of rock and mincruls present at the water wble, ypically. mangancse concentrations
trom natural processes are low but can range up o 1.5 mg/lor higher: Sources of pollution rich
in organic matter can increase the background level by release trom soil or bedrock into

groundwater (CT- Manganese in drinking watery.

Waterhborne manganese hus a vreater bioas ailabiliny than dietary manganese (Bowchard of

i 20400 Exposure o high manganese concentration in drinking water increases intellectual
13




impairment and reduced intellivence quotients m school-uge children, However, data indicates
that the humun bedy can recover from certain adverse elfects of overexposure to manganese if

the exposure 1s stopped and the body cun clear the excess (Devenyl er af., 1994).

2.6.6 Zing

Zine s naturally present i water. Lhe World Healis Organization stated a legal hmit of > mo
ma . ’ - ; . s

Zn” L. In natural surtace waters. the concentratioit ot zine is usually below Topg/ditee. and in
groundwater, 10-40 pedlitre (Blinder or gl 19801 Most rocks and countless minerals contain zine
In varving amounts and iocaters the air. water. and soil as o conseguence ol both natural

processes and human activites (Zine: Human Hlealin bact Sheer 20030

Zing toxicity 1s o medical condition involy e an overdose en. or TONIC gy erexposure to,
zine. Such toxicity fevels have been seen (o occur o ingestion of greater than 225 mg ol zing
(Fosmire. 1990). Excessive shsorption ol zine can suppress copper and won absorption. The frec
zinc jon I solution s highly wxic w bacteria, plunts, nvertebrates. and even vertebrate hsh
(Brita et al.. 20001, Zine s an essential trace metal with very low toxicity in humans (Crubotariu

etal 2015,

Exeess zine promotes obesity and related discases 1o adolescents and makes diabetie
patients more susceptible. us measuared by an nercase i glycosylated hemoglobin Tevel o the
blood (Singh and Taneja. 20091 and is also related o oceurrence 0f severe anemia (Fishe and
others 1994, When the intake o zine is highe enzymatic activity ol pancreas increases and so
does mucin production in the Intestine. Bxeess Zine s not only finked 1w copper deficiency bt
also to cytopenias that tvpically resolve with the elimination of surplus zing sources. Svmptoms

ol zine poisoning are quite serious and include convalsions and seizures. tever. aches and pains.
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shock. fainting, a persistent taste of metal, mability to urinate. rash. low blood pressure. and

vomiting {Fong. 2007}

2.6.7 Arsenic

Arsenic 1s Tound 1 the natural environmient i some abundance in the Earth™s crust and in
small quantities 1 rock. sotl ssater and s [ois present i many different minerals. About one
third of the arsenic 1 the atmosphere comes front natural seurces. such as volcanoes. and the rest
comes from man-made sources. Due e naturad geologieal contamination. high levels ol arsenic
can be found in drinking water that nus cone lrom deep dritled wells. Inorganic arsenic is found
throughout the enviromment: it s re2used inte the water by volcanoes. the weathering of arsenic-
containing munerals and ores, wid by conuneraial o widustnal processes 1A TSDR 2007).

The dominant basis ol arsenic poisoning 1s from groundswater that naturaily contains high
concentrations of arsenic. A 2007 study found that over 137 milhion people in more than 70
countries are probably alfected by arscenie poisoning from drinking water (USA Today .com.

2007).

Chroni¢ arsenic poisoning results (oo drinking contaminated well water over a long period of
tme. Many aquifers contain high concentration ol arsenic salts (WHO Water-related discases).
The World Health Orgamization (WO recommends a limit of 001 me L of arsenic in drinking
water. This recommendation was established  based on the it o detecuon tor most
laboratories’ testing equipient at the tine of publication of the WHO wuter guahiny guidelines.
More recent lindings show that consumption ol water with levels as low as 0.00017 mg/l. over

long periods of time can lead to arsenicosis (WO, 201 1)




Symptoms ol arsenic peisoning begin with headaches. contusion, severe diarrhoea. and
drowsiness. As the puisoning deyvelops. comvulsions and changes in lingernail pigmentation
called leukonychiastriata (Mees's lines. or Aldvich-Mees's lines) may oceur { Yalem, 2009). When
the poisoning becomes ucute. symplons may include diarrhoea. vomiting. blood in the urine.
cramping museles. hair Toss. stomach paing and more convulsions. The organs of the body that
are usually affected by arsenic poisonmyg are the lengs, sking Kidneys, and liver ("Lest 1D ASUL
2012) JThe Hnal result ol arsenic poisoning is voma and death (IHC World 2014). Arsenic is
related 1o heart disease (hypertension-related vardiovaszulur disease). cancer (Tseng ef af. 2003).
stroke (Smith er af. July 1992y teerchrovisenh dacases). chronic lower respiratory diseases.
and diabetes (Hendrsxo 20090 Chrosdc exposare ic arsenic Is reuied woovitamin A deticieney.

which is related to heart discase amd might blindness cHsuen o2 we Devember 19985,

2.6.8 Chromium

Chromium is & naturally ocowring element tound in animals, plants. rocks. and seil and
in voleanic dust and gases. Chronnum has oxidation states (or "salenee states”) ranging ron
chromium -1y to chronuwm ¢V Hoswever. the matural occurrence of chromium (V1 is rase e

15 usually produced front anthropoeciic sources (P 19840

The World lealth Oreanication-reconnmended masimum allow e concenution in
drinking water for chromium (V) 0 008 miicrs per litre" W HO ©raedelines on Drinking-
Water Quality - Chromium™n orad intwhe of Cr (VD) compound iy cause intense
gastromtestinal irvitation or uwleestion and  corrosion. epigastric pam. pausea. vomiting,
diarrhoea. vertigo. Tever. muscle crumps. hemorrhagic dinthesis. woxic nephritis. venal tailure.
intravascular hemolysis, circulators collapse, Hiver damage. acute multisystem organ failure, and
coma. and even death. depending on ihe dose (Hay et al. 2000: Lewis 2004: Meditext 20035).
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Lung cancer is the most scrious fong-term effect (Cohen et al.. 1998: Lewis 2004:
Meditext 2005). Apart mom the carcinogenic potential. profonged exposure can result in
bronchitis. rhinitis, or sinusitis or the formation of nasal mucosal polvps. Besides the Yungs and

intestinal tract. the liver and kidney wee often target organs for chromate toxicits (Rom. 20073,

17




CHAPTER THREE

VMATERIALS AND METIIOD

31 Geology of the study area

In general. LKiti State is underlain by metamorphic rocks ot the Pre Cambrian basement
complex. the great majority ot whica are very ancient in age. lhese basement complex rocks
show greal variations in grain sizc and in mineral composition. Lhe rocks are quartz gneisses and
schist’s consisung essentially of quanrtz with small amounts of white micaceous minerals. T'he
rocks vary trom very coarse grained peamaltite w medium grained gneisses with strong foliation.
They occur as outcrops especially i i fon Adaase and [kere EKiti areas (Smyth and Montgomery.

1962).

Geographicalls. fkole Local Government s located between longitude 3% 30" 311"
(3.50877) bast ot Greemwach and Lanude 7947 293" (7.7915%) North of the Equator in Ekiu
state Nigerta bordered by Kware Stce o the North, Kogl State 1o the North east as shown in
(Fig. 1. The headguarters of the Tocal covernment. [kole Ekit is about 22,35 kilometres from Ado
— EKitt, the ERiu Stute capitad ws occaied In Figare 20 The local governmient s mainly on the
upland zone heel nsing w about 230 mcires abov e the sea levell The Local Government occupies

an area of about 374.94U0kms of Lind and wccording o the 2006 National Populaton Census

figure. the total populution ol the Toeat government was 168.436: Male:87.970: Female: 80.460.

IRole is sttuated in the deciduous torest arca of the State. The rainy season spans [rom
April to October and the dry season tram November o March. Temperatures range from 21°C

1028°C with high humidity.
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Figure 2.Map of Ekiti state showing the study area at lkole Local Government Area.
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Rainfall 1s about 70 inches per annuni. Rain starts in March and peters out in November. The
good drainage of the and makes it veny suitable for agneulwaral pursaits. [Uis a common feature
that trees shed their feaves every vear during the dry season which begins in November and ends
i February. The two scasons  dry seuson and rany Season are quite distinet and are important
to the agricultural pursuits ot the people ¢ The (Hticual Website of the Government of BRia State.

Nigeria » lkole | GA20106)
3.2 Sampling and sampling techaiyue

The hand-dug well:borehele water samples were the main experimental materials, Six (6) wells
and six (6) borcholes were randong . selected o represent the study area. Figure 3 shows the

sampling points in tkole-ERin while i igure 4 shows the road map ot the sampling points.

33 Sampling procedure

Groundwater samples were collected trom 6 boreholes and 6 hand-dug wells of the area from
April TH" 013" 2016 into cleaned plastic polvethy lene butdes. Global Positioning System (GPS)
was used o determine the geographic posinions ol these wells. The sample bottles were
thoroughly rinsed with the water coticeted and then corked. Water samples were collected {rom
open wells by means of w bucher Loavered o the well with a rope string. The bucket was

il

allowed to sink some distnce witheot distarbance so as 0 get a clear representative of the water
in question. Water from the buchet was transterved o the bottle and aciditicd by adding two Lo
three drops of HNO; und mmmediatels transterred 1o a cooler containing 1ce block with a view 10

minimizing solute precipitation. microbial activites and loss ot dissolved pases.
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Figure 3. Map of Ekiti showing the sampling points
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Figure 4. Road map of lkole showing the sampling points
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Table 3.1: The location and the geographical coordinates of the wells and boreholes sampled.

Location

Usin

Orin Odo

fkolePulace

Odo Oro

Fuoye

Odoayedun

Geographical location

N (747263
1:005730. 290
N 0747336
FGOA30. 1807
N 079d7° 179
1200~ 30,644
N 074719060
I U0s230.083
N7 S
foues 3062
N LT TN
I 003730708
NP8 T4
FLULSYR 30T
N0 L3
FUGNESL 34T
NOUTIHE 23
0029 83"
NoUTET YT
[oas 29 741
N G4 045
[ 00393528
NGRS DREY.4

L G03°35.505
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Water sample

" Borehole ! -(B].)"

Hand-dug weil |1

Borehole 2 (132

Hand-dug well 2

Borchole 3 (B3

Hand-dug well 2

Borchoie 4 (B4)

Hand-dug well 4

Borehole 5 (B3)

Iand-dug well 3

Borchole 6 {13

[land-duy well 6

(W1

(W2

(W)

(W

(W3

(W)




Samples for analysis of potentially oxic metals were stored in a refrigerator at 4°C o avoid
precipitation of the metals. these samples collected were subjected to physico-chemical and

heavy metal analyvsis at Ondo slate water corporation (quality control) laboratory.

3.4.0  Physico-chemical analysis of the water samiples

Standard methods as recommniended by releyant authonties such as World Health
Organization (WHO) United Swate Bovironmental Protection Agency (US- EPA) was emploved
for the preparation of reagents and derermuination ot all water quality parameters.
The temperature and clectrical conductivity (LC) was measured using mcrcury thermometer and
conductivity meters immedinteh atler sampling. Water sample coliceted in the field were
analyzed in the juboratory tor the major tons (Cao Mgo Noo Chy nivate, and iron usig the
standard methods. Totad hardness o LFDY as CaCO3, Caleium (Cal-) and ¢hlovide (Cly were
analyzed by volumetric methods.

Mapnesiom (Mo was caleubaaed from Totd Hardness and Calcium hardness contenis.
Nitrate (NOs) und iron (Fer were determined by velumene methods. Atomic absorption
spectrophotemeter (Phoenin-980 CAAN)) wis emploved tor the determination of heavy metals in

water.

341  Determination of total hardness by titration

Reagents: buffer solution. LD LA teihylene-diamine-tetra-acetic acid) and Frichrome Black [
indicator. Iifty millilitres of water swmple was measured into the conical Mask using measuring
cvlinder and 2 ml of builer solution was added o the sample.  Erichrome Black 1 (0.2g)

idicator was added and then mixed wgether. The colour turned pink which indicated the end
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seint The burette was filled with 0.0IM FDEA and the solution were titrated with LDTA until
the colour changed from pink 1o blue, Thoen the reading along the burette was then taken. This
procedure was repeated tor other waler samples.

Caleulation: Total hardoess = (millilitre of Firant X 20y Mg/l CaCO:

3.4.2 Determination of caleium hurdness by titration

Reagent: standard 0.CIM EDTA ttrant, murexide indicator and 1N sodinm hy droside.

The burette was {illed with Q.OINM FDTA aind S0ml ol water sample was measured into a conical
Hask and 2ml of NaOIT was added and shaken. Murexide indicator was added using the
spatula. The solution was swirled until the colour turned to pink. The seluton was then trated
with EDTA untl the colouwr changed from pink to purple. The readings were observed and
recorded and this procedure was repeated Tor other water samples.

Calculation: Calcium hardness = (Millilitre of Titrant X 203 Mu/L CaCOs

343 Determination of Chloride i Water by Arventometrie Tityation

Reagents; polassium chromue cindicatori stundard silver mitrate (AgNO sy solution

Fifty millilitres of the water sunipic were measured o a conical Mask and Tl of potassium
chromate was added and shaken vigorously o give alemon greenish solution. The solution wus
titrated against silver nitrate (AeNO O until the colowr rumed from lemon sreen o o blood, The
reading along the burctte was recorded and this analvsis

Caleuiation: Chloride (CT) = (Millitives of Tiorant X 10) Mg 1.l
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3.4.4 Determination of Alkalinity by titration

REAGENT: Mixed indicator and 0.02N HCI

Fifty millilitres of water sample was measured inte a conical flask. Mixed indicator was added 1o
give a greenish solution. The burctie was tilled with 002N HCL The solution was titrated against

0.02N HCI until the colowr turmed trom green o pink.

Caleulation: Alkalimiy = (ouathilitre of Tiirant X 20y Ne [

345 Determination of turbidity

Turbndity test was carried out using webidity meter.

Micro processer furbiciity meter that uses rays was used.

The curvette was filled with waier sumple to the marked point. The lower menmscus was watched
out for. The cunvette was wiped thoroughiy with o Jint free tissue. Cuvelle was inserted into the
chamber. 1t was coy ered and ensured that the cap peints toward the LCT).

The read kev was pressed and atier 25 seconds the reading was taken.

3.4.6 Determination of iron

Reagent: conc. T NELOHCT solution (hydroxslamine hydro oldoride. wnubump granules,
Ammonium acetale buller solution and phenanthroline

30ml of the water sample was measured into a beaker. 2ml of cone. HOT was added. 2l of
NH>OHC] solution (hydroxylamine hyvdro ehloride) was added to the solution.

2 stones of antibump granules were added. The solution was boiled untif the volume was reduced
to 23ml It was then allowed o cool. [t was transterred into o 100m] comcal tlask. Tomi of

Ammonium acetate bulter solution was added. 4ml ol phenanthrolineindicatorwas also added.
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The volume in the concal Hlask was made up to 100ml with distilled water. The colour ol the

; : : : . -
solution was compared with a standard that ranges Trom 0.002 10 2.0 mg 1.

347 Nitrate test

Nitrate test was done used cadmium reduction column.

Reagent used: Colour deseloper. washing stock solution

The sample 1s passed through the cadmium reduction column to reduce the nitrate present to
nitrite. 23ml of the sample was meusored and 75mi of washing solution is added and passed
through the cotumn then collect at the rate of 7 w 10ml per minute. The first 23mi was discarded
and the remainder was collecied i the swnple flask. 2ml ot colour developer was added o the
reduced sample and mixed. Between umins o 2 hours the absorbance was measured at 343nm
against a distilled water reagent blunk. The nitrate concentration was Jdetermined by comparig

the absorbance with a standard nivaie graph.

3.4.8 Determination of Heavy Metaly

Trace und heavy metals in the well-borehole water samples were determined by Atomic
Absorption spectro-photoimeter. Phoenin-986 (AAS) using appropricie wave lenuth for cach
metal. The atomic absorption spectrophotometer was operated in the aiv-acetviene tlame mode
and lamps operated at the foliowmg wavelengths according 1o the manulucturer’s instruction

(Cd. 318nm: Pb. 310 Cr. S40nm: Mn. 3235mm).
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CHAPTER FOUR
4.0 RESULT AND DISCUSSION
4.1 Physical Parameters of the hund-dug and borehole water
The physico-chemical parameters and heavy metal analysis of the borehele and well water
samples from lkele and its environs are presented in lables 4.1 and 420 Generally . all the

borehole water and hand-dug well swater samples showed unobjectionable odour ¢ Table 4.1).

Since odour 1s strictly of cheneal and microbial origin (Schneider. T97S 10 1ty absenee i water

samples suguests that levels ol muterials causing odour wre minmmal i the sater samples,
According to WHOQO. odour should totalhy be absent or very Bt for swaier e be aceeptable for
drinking. Therelore. on the basis odour the hand-dug well and borehiole wvater can be suituble tor
drinking.

Colour was only detected in Odo Avedun with a value of U35 which is below the WHO
recommended Timit of 150 (1CLy and tAvodele et al, 2013 reported in the Waler quality
assessment of Owun and Avetoro Area. Flit State. Sowthwestern Nigeria to be 3 TCU which sull
fell below the limit. Generally. the presence ot colour o water 1s usually due 1o colouring imatter
(organic and inorganic) and also the underlving soil characteristies. Biotic activities and
biodegradation of oreanic substances usually Impact colour to water (Nitler. TORE: Willis, [98Y).
The primary importance of colour i drinking water is aesthetic. but the sensory etfects may be
regarded as a health ettect. Colour i domestic water nay stan fistores ad clothes.

Temperature is basically important for its eliects on other propertios ¢.g. speeding up of
chemical reactions, reduction in solubility of gases. amplification ol aste and odour. The
measured temperature values of the borehole water sumples were between 23°C and 33°C and
hand-dug wells water sample are ulso between 24.97°C-327C The temperature of the water
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Table 4.2. Selected heavy metal composition of borehole and hand-dug well water in Lkole

l.ocation MNn o [’cm - Cr ./‘n Cu b Ar Cd

Usin o
B 0.052 {1.60 ND ND ND N[ ND ND
H 0.020 b.22 0462 N N ~ND ND (.027
Orin Odo
B3 0,040 0,30 0.004 ND NI N ND ND
H 0.013 0.25 ND ND ND ND NI (0.<400)
lkole
Palace
B {.025 0.28 ND ND ND NDD ~NE) ~ND
1 0.200 0.28 ND ND ND ND N 0.002

Ode Oro

B (0.042 0.2 (.24 ND NI NI N ND
1 U430 e 3 ND NiD N ND NDD ND
Fuvse
13 0.0353 0.33 ND N1 ND N ND ND
H 0.400 .33 ND ND ND N ND ND
Odo
Avedun
B (1.045 0.20 NI ND ND ND NI[D 0.9
g H (3.280 .30 N ND NI ND ND ND
Meant
SE
Borehole 00400004 0,1340.06 (.122::0.068 = £ : & z
Well (L230=0.G80  0.284:0.02 0,407+ (028011
WHO
permissibie
limit(img/1.) 0.03 0.5 U.Ua 5 ] i 001 (1003
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source does not have a direct health implication (Willis. 1989). However. the World Health
Organization has no guideline for temperature.

Turbidity vatues lor the study area are given in Table 4.1, The borehole water sample has
no turbidity vatues. Only the hand-dug well water sample from Odo-oro has turbidits value of
1.05 FT.U which s below the WHO standard range of 5 FUFUL The elarity of water. which is
measured in terms of turbidity. 1s un expression of its optical property that causes light to be
scattered and gbsorbed vather than transmitted in straight lines (Willis. 1989). Turbidity may be
caused when light is blocked by larae amounts of silt. microorganisis. plant fibres. sawdust.
wood ashes, and certain chemicals (Duncan. 19900 Thgh turbidity s otten associated with high
levels of disease - cuusing microorganisnis such ws viruses. parasites and some bucteria, These
organisms cause symptoms such as natsca, cramps, diarrhea and headaches. 10 would theretore
be from hand-dug well water (Odo-oro). all other hand-dug well as borchole samples turbidity
values acceptable for portable.

The lowest electrical conducinvity (0O value measured tor the borchole sampling sites
was 71.0uS jem and tor hand-dug woll water was 71008 ‘em und the highest value was 147.8u8
fem and tor hand-dug well water was 121 10S e as showiin Tables 3. Phe highest BEC value
was recorded in Ikole Palace borehole and hand-dug well water and Usin borehole water and
Odo-oro hand-dug well water registering the lowest. Phe conductiviy measured in all the
location was low to the une reported 1 Groundwater Quality Appraisal ot Sone tland- Dug
Wells and (2012).Conductivity is the numerical expression of the ability ol swater to carry an
electric current at 25°C and a meusure ol free fon (charged particles) content in the water. These
100 can come from natural sowrees such as bedrock. or human sources such as storm water

runot!, The values indicate the extent to which chlorides. nitrates. sulphates. phosphates, sodium.
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magnesium, caicium. iron and aluminum ions are present in the water samples ( Thriodore.
2004}, The measured EC values indicate that the entire borehole and hand-dug well examined
had values which were below the WHO makimum permissibie LC level of between 500-
1300us/em for drinking water. This also shows that contaminations due to dissolved tons are
relatively low. Conductivity of a body of water has no health implications. but it is an important
criterion in determining the suitabilitny ol water and waste water for irrigation and other uses
(WHO, 1992: Thrniodore. 20044 ).

The pH content of the water swnples I the area ranges [rom 3.6 10 6.2 i the borehole
with (Average = 3.9) and from 3.8 to 6.2 in well water with average value ol 6.0. The vwater

samples from the study arca were shightly acidic I pature. suggesting that the acoviny ot the
hydrogen ions in water samples ol the area were more than that of the hvdroxyl tons. This low
pH may be due tw the release of chemical gasses. ¢.go sulphur-dioxide. nirogen dioxide. carbon
monoxide and carbon dioxide from bush buming. combustion (organic und inorganic). and
vehicular emission that generates acidic rains and water. which infiltrate into the ground and
lowers the pH ol the water. Besides decaving vegetation could alse produce some amount of
tannic (weak) acids (Avoade et al 2012y Typieally. he obtained pll values m this study fall
below the World Health Organization standard of 6.5 to 8.5. When pH values is less than 6.5 1t
causes corrosion and the subsequent release of metals such as lead. zine, and copper from pipes
and plumbing fixtures into waler. these substances can be toxic W humans (Ibitoye et al.
2012).Avodele et al..2013) also reported that Otun and AyetoroEKith water wes shightly acidic.
Table 4.1 gives TDS values tor the wauter sumples of the boreholes and hand-dug wells.
TDS relates with eleetrical conductivity (HC) in difute solutions. DS value of borehole ranges

from 320-610 mg/l. with an average value of 3153my/L and is between 470-080 mgfl with an
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average value ol 563 me'L in hund-dug well water. Borehole water samples the values of 115
obtained in the borehole exceed the maximum contaminant levels as recommended by WHO
except for Usin (320 me/L) and Fuoye (490mye- L) borehole. According. to WHO (2004). the
palatability of water with a TDS level 300mg/L is generally considered to be good and becomes
significantly and increasingly unpulutable at TS level geeater than 1000 mg'L. High DS was
recorded by Olumide Benedict et al (2015 in o research carried in Akangbu Akoko. Ondo State,
The amount of TS in a given souwrce ol water depends on the nature o the geological materials
found in the area where the source is located. 1t also depends on the quanium of foreign materials
that find their way inte the source. as hand-dug well as the chemistry of the source. The
chemistry of & water souree W @ kirge extent determines the degree wo which such matenals or
substances dissolve in it (LindortT. 1979),

Alkalinity vitues Tor the boreholes and land-dug well are shown in Tubles 4.1, Alkalinity
is not a pollutant but is u twial meusure of the substances in water that have acid-neutralizing
ability or quantitative cupaeity o react with hydrogen fons. Alkalinity of natural or treated waters
is usually Jdue 1o the presence of bicarbonates, carbonates and hydroxy] ions that may have been
leached into ground water sewrees ¢ Fivledore. 20041 Borates. silicates. and phosphates may alse
contribute 10 ulkalinits . The measured alkalinity values for the water sumples show that they are
below WIHO stipulated range of Tiomge Lo Although there is currently ne health implication for
poor alkalinity in water. swoderaie alkalinity encourages the growth of aguatie lite (Afuye o/ al.
2013 x

Hardness is mostly due o the presence ot carbonates und bicarbonates. chlorides. nitrates
and sulphates ol Ca and Mg, lable 4.1 gives wowl hardness values for the borehole and hand-dug

well water samples {rom the study area. Total havdness of borehole water sample ranges from 60




mg/l. (Odo-Avedun) w 488mg/l. (Ikole Pulace) with an average value ol 171my/L and ranges
from 52 mg/L. (Usiny to 48mg/l. (Ihole Palace) with an average value of 177mg/l in hand-dug
well water. According 1o WO (2004 water hardness classification, water can be classified as:
soft (0 — 50 mg/l. CaCO3) moderaiely solt (30 106 mg/L CaCO3), shightly hard (100 150
mg/L CaCO3), moderately hard (1300 200me L CaCO3). hard (200 - 300mg’l. CaCO3) and
very hard (over 300mg/ L. CaCO3). Using the above water hardness classification by WHO. the
borehole water and hand-dug well water samples studied in the report Lall into the category of
moderately solt 1o very hard ax it can be seen in [kote Palace borehole and hand-dug well water
samples.
Hard water has o nuiber of advantases: it lstos better than soft water because ot the dissolved
mineral salts in it helps animals W build strong teeth and bones and can be supplicd i pipes
made of Pb as it does not dissolve Ph. which is the case with soft water (Thriodore, 2004y {lard
water. if not in excess of 300me/l does pot constitute a health problem. It only leads to chronie
diseases. especially cardiovascular diseases at levels higher than WHO maximum permissibie
limit of 30UmgsL. From the measured values Tor the study arca with respect 1 total hardness.
two boreholes water and three hand-dug well in bable 4.1-4.2 are moderately seft, the rest are
considered to be moderately hard.

Water hardness is usually as u result of dissolution of minerals contaimng multivalent
metal jons in water. Studies have shown that regolar consumption ol hard water can hive a
lowering eftect on the rate of curdiovascular discase (Sengupta, 20130 Nevertheless. the major

negative effects of the use ol hard water include wastage of soap. gray stanning ol washed clothes

and scaling of pipes.
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The concentration of ng' runges from 3 my/L to 72mg/L with an average value ot 2516
mg/l. in borehole water and runges trom 12 te 90 mg/l. with an average value of 40.7 mg/L in
hand-dug well water samples (Table 4.1). Only lour borehole water which are Orin-Odo(26
mg/L), Odo-Oro (4 mg/l). Fuoye (32 mg/L). Odo-ayedun (12 mg/L), and three hand-dug wells:
Usin (18mg/L), Odo-Oro (12 mgl) and Fuove (26 mg/L) water samples fell within the
acceptable WHO limit of 30mig/L. while others were above the limit. The possible source of the
Mg in the water could be from the chemical w cathering ot mafic and other related minerals
constituting the bascment complex rocks conumon m the area.

The result shows that the concentration of Ca ranges tfrom 48 mg-1 o 316 mesl with an
average value of 127.0 mg 'L m borchole water wnd runges trom 34 me oo 430 me |owith an
average value of 137 me'l. in hand-dug well water. The concentration of Ca in borehole from
Usin, Orin-Odo. [koie Pulace wncluding the hand-dug well water from did not conform 1o the
WHO acceptable limit ol 73mg/l.. They were all above the limit whereas Odo-Oro. TFuoye,
Odo-Avedun borehole water including the hand-dug well water samples tfrom Orin-Odo and
Odo-oro were all below the WHO i,

The concentration ol chloride ranges from 27mg/l to 6Umg/L with un average value of
41.66mg/L in borehole water and 29mue/ 1o 43 me L with an average salue of 35 2my/L in hand-
dug well water. All the samples showed relatively Tow chiloride 1ons residual. High chloride in
surface and groundwater may arise Iront both natural and anthropogenic sources such as run-oft
containing salts. the use ol norganic lertilizers, landfill feachates, septic tank eftfluents. animal
feeds (WO, 1993). Although chloride seens not to puse any health hazard, however, given that
chloride 1ons are non-cumulative toxins (Lipbogja. 2004), continuous consumption of an

excessive amount of the on can lead o some health hazard (WHO: 1993y, Fxcess chloride in
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water impacts bad twstes and may indicate contamination from urine and sewage. The WHO
permissible Thnit is 100my L and all the borehole und hand-dug well water samples conform (o
the standard that is they are below the pernussible fevel.

The results of nitrate are shown in Tuble 4 1A samples analyzed met the WHO
acceptable limits of 10me/L. The nitrate ranges from 0. lmg/l (Usin) to 0.3mg/] (Fuoye) with an
average value of 0.2mg/d in barchole water and U.1mg/l -0.10mg/l with an average value of
0.12mg/l. Elevated nitrate concentrations are olten caused by run-otf from manure. excessive
use of fertilizers. or septic svstems. Consumption o water poliuted with nitrates jon can lead 10
such health problems as methemoglobimemia in infants less thun six months, diarrthoes and

respiratory diseases {Ward er of. 20U,

4.2,  Potentially Tuxic Metals

Manganese ranges from 0.023 mg/l ([kole Palucer w 0.055 my/l (Fuoyet with an average value
of 0.04my/l in borehole water sumple and from 0,015 mg/l (Orin-Odo)-0.45 my/l. (Odo-Oro)
with an average vatue of 023 mie b oas shown o Taole 4.2 The concentrations of Mn in the
samples were less than tie WO permissible limit ot .05 me/L. except tor Lisin borchole and
Fuoyve borehole as shown in duble 4.2 which had Mn value of 0.052 and 0.0533my’l.
respectively. The elevated concentration of Mn in Usin and Fuove borehole might originaie trom
the surrounding soil s reported by Alloway (1992 that soil around the hand-dug well constitute
sources of Mn pollution. Manganese sources are widespread. and its distribution aver Jong
distances is favored because it is predominantly associated with dust particles (Ldo. 1990,
When Mn is present in potable water, it can cause neurological disorders. It imparts an

undesirable taste 1o beverages and stain plumbing fixtures. The value of manganese (Mn) ranged

38




from 0.02 to G.06mgl™" with a mean value of 0.03mel™ in lfe North in Osun state. The mean
value of Mn (0.03mgl™) falls within the maximun: permissible limit of 0.05mgl" set by WHO.
The low concentration of Mn implies that water from the sampled wells and boreholes has good
taste and would not promote the growth of aleae in reservoirs or collection tanks (Nwankwoalaer
al. 2011,

Table 4.2 shows the concentrations of cadmium in the water sumpie in [kole Palace hand-
dug well (0.002 mg/L) were below the WHO permissible limit of 0.005 mg/L while others L.sin
hand-dug well water (0.027 mg/L). Orin-Odo hand-dug well water (0.4mg/L). Odo-Avedun
borehole water (0.019 mg/ were above the WHO permissible limit. The source of cadniium
might have been trom erosion ol natural deposits. un ofl” from economic activities imvoiving
disposal of waste batteries. The presence of high amount ot Cadmium can cause damage to the
kidney.

[he concentration ol iron i borehole swaier ranges from 0.20 mg/L in Odo-Asedun
borehole to 0.60 mg |l in Usin hund-cay well with an average value of 6.04 mg/L and 0.22 my]
in Usin hand-dug well waery to 0 3% mg |oin Fuose with an average value of 0.28 my/L in hand-
dug well water sumple as shown i Table 40 Only two borehote water samples from tsin and
Fuove borcholes. und two hand-dug well water samples from Odo-Oro and Fuoye that did not
conform to the WHQ permiissible limit o' 0.3 myg L but had Fe concentrations that were aboye
the required standard while others were below the standard. Adetemi (2012) reported that e was
high in his study camied in Han Ekid with o mean value of L6 mg 1 which contradicted the
one in this project which had a mean value o 0.13 mg 7 L. Iron 1s naturally found widely in soils

and is a consttuent ol many ground waters: however, excess residual oo water may cause

39



taste, odour problem and reddish colouration of water thereby leading to staining ol pipes. toilet
and kitchen facilities and clothes.

Chromium was found in two borchole water sumples Orin-Odo (0.004 mg/L) and Odo-
Oro (0.240 mg/Ly with an average value ol €122 mig - 1 oand a hand-dug wetl water sample from
Usin (0.462 mg/l.). The WHO hmit of chromimm is .05 mg/L. Odo-Oro borehole and Usin
hand-dug well were above the limit. Zine. Copper. Arsenic and Lead were not detectable in all

the water samples.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMIENDATION

This study anuivzed pH. wrbidity. colour. odour. temperature. electrical conductivity.
chloride. nitrate. magnesium. caleium. total alkulinity, total dissolved solid. total hardness.
conductivity. manganese. total fron. chromiun., zine. cadmium. copper. lead and arsenic of
underground water samples. The study has provided information about the groundwater quality
status in Ikole Lkit and its environs which are gencrally good for domestic uses. however. with
minimum treatment. As at present. the results ol physico-chemical parameters showed that the
underground water e lhole bkt falls wolun the highest desirable as well as masimum
permissibie fimit of the WHO {2008) standards. Somie of the metals analyvzed (Cr. Mo, Cd and
Fe) in well and borehele water were below the WO standacd limits in some location and was a

little higher at other locatons studied. Fhis can pose harm to the rural dwellers that use these

water sources tor drinking and other uses.

The generally low devels ot Lewvy metal content m the water across the sampled hand-
dug wells borcholes showed they we loss polluted ind as such suitable for human consumption.
The low content also suevests that borcholes i the area are located fur away from dumpsites.
automobile shops and other sources Torms of heavy metal contamination.

Assessments of the controls of the water chemistry indicate a possible miluence from the
underlying geology of the area (basement bedrock and weathered productsy, the intiltrated
precipitated water and anthropogenic factors, Very limited control can be exercised on the
peology and groundwater recharge system i the area. Therefore. i order o Reep the

groundwater in Ikole Ekitt within sale limits for conswmption., adequate meastires must be taken

41



to significantly reduce anthropogenic inputs into the groundwater contamination. becausc the
population growth in [kole-Ekiti is increasing ar a geometric rate due to influx ol students and
staff to the newly established Campus of the ederal University Oye-LKiti in Tkele-Bkit.
The following are hereby recommended as possible solutions w the groundwater quality
problems in the study areuw:
. That water in such ureas where the physic-chemical constituents are higher than the
acceptable standards ot the WHO should be treated o reduce the problems.

i, Dwellers should be well educated on water hvgiene and simple methods ot keeping their
water sale for drinking.

it That in arcas where the cationic and anionic concentrations are far below the WHO
acceptable levels. supplemettts should be adsvised o the residents of such areas or such be
distributed so as o make up for the minimal mtake recommended for domestic use by the
World Heulth Organization:
- iv.  Por the research approach. o larger number of samples should be taken to allow the
optimization ol u more routine study i the area,
v, Inoorder to maintain the present quality status of wells and borcholes in the area. routine
monitoring and assessiment ol borcholes wmostly to prevent the indiscriminate sinking of
these facilities 1 meet the ever increasing demands of people i the area by saniury

inspection oflicers is recommended.
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