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ABSTRACT

This experimentation is conducted to assess the ground water in Makurdi
metropolis, North Central Nigeria for possible contamination by
automobile mechanic workshops. Water samples were collected
systematically from some hand dug wells around the two oldest and lar gest
mechanic workshops (Apir and Northbank mechanic villages
respectively) within Makurdi metropolis. At each sample location, the
water samples were collected from five different wells each 10mapart in
the direction outward fromthe mechanic village. Reference sampleswere
also collected about 150m away fromthe last well sampled in each of the
sites to serve as control. Generally, heavy metal concentrations were
found to be within the WHO acceptable limits for drinking water with the
exception of Zinc (Zn) and Cadmium (Cd) concentr ations which exceeded
the WHO limits of 1.5mg/l and 0.001mg/l respectively in some of the
samples. The results indicate that the activities taking place at the
mechanic workshops affect the level of heavy metal concentrations in
water inthe areas. The elevated |evel s of heavy metal s constitute a serious
threat to both surface and groundwater, which have direct health
implication on its users.
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INTRODUCTION
Nigeriaisthemost popul ous country in Africaand one of the consequencesof this
isthevast number of vehiclesthat are used for commercia and private purposes. A
common practicein Nigerian citiesand townsisto allocatelarge portions of land,
sometimesreaching 5 haor more, to groupsof small scal eauto-mechanic businesses
and designate these as‘ mechanic villages wherethey locatetheir workshopsand
repair yardsto offer their servicestothe public. Thelarger thecity, thelarger isthe
number of such mechanic villagescontainedinit. It ispresumed that there are
environmentd threatsassociated with thispractice. Although few studies conducted
on these auto mechanic villages have been reported for some small and medium
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szecitiesinthecountry namely: lwo (I peaiyedaand Dawodu, 2008), Port Harcourt
(Iwegbue, 2007), Akure (Ilemobayo and K olade, 2008), and locationsin thelmo
river basin (Nwachukwu, Feng and Achilike, 2010), thereisaneed to conduct
studiesin other Nigerian cities so that ground water in contrast to surface water is
naturally protected from chemical and biologica contaminationsand hencethe
preferencefor it by man (Adeyeyeand Abulude, 2004). Thisprotection can however,
belimited toanumber of activities. Oneof such activitiesisanthropogenic activity.
Another isthedisposal of hazardousindustrial wasteson land and thishasthe
potential for severelarge-scale contamination. Sequel to thelatter contamination
source, toxic metalsaswell as organic substances havefound their way into water
resources. Heavy metal s such ascadmium (Cd), lead (Pb), copper (Cu) and zinc
(Zn) areprincipd pollutants of aquatic ecosystems because of their environmental
persistence, toxicity and great potential of accumulationinthefood chains. The
consequences of these metal contaminants in water are widespread and are
detrimental totheoverall health statusof the users. Sometimeswater which collects
onthetop of theimperviouslayersmay only bereached by digging deep downthe
water table. Such openingsareknown aswells.

Theterm heavy metal refersto any metallic chemical element that hasa
relatively high density (or specific gravity) greater than 5.0 and can berel atively
toxicinsmall concentrations(Martin, Duncan and Coughtrey, 1982). The occurrence
of the heavy metalsismostly invery small quantity in most environments. When
they arefoundin morethan therequired quantity, then heavy metd pollutionissaid
to have occurred. In natural water bodies, there are several sources of input of
heavy metal sand other chemicalswhichinvery small quantitiesarerequired for
growthin plantsand animal's; thesewhen in high concentrations cause pollution to
aquatic lifeand through thefood chainto terrestrial animalsand man. Thetoxicity
of metalsisdependent on their solubility and thisin turn dependson thepH and on
the presenceof different typesof anionsand cations (Ndukaand Orisakwe, 2007).

Makurdi isthe capital city of Benue Statein North Central Nigerialocated
inthemiddlebelt zoneof Nigeria. Itisoneof Nigeria slargest citiesin thiszoneand
it hasan estimated motor vehicle population of over 100,000. Theserequireregular
maintenance provided for in morethan five mechanic villages scattered around the
city. Sizesof thesevillagesvary but thetypica medium sized village occupiesabout
5haof land area, contains about 40 to 50 auto-mechanic workshops and serves
about 400 to 500 vehiclesdaily. Activities conducted in these shopsaretypical of
auto-mechanic repair shopsandinvariably involveworking withand spilling of ails,
greases, petrol, diesd, battery e ectrolyte, paintsand other materialswhich contain
heavy metalsunto bare soil. A mgjor source of well pollution to reckonwithisthe
proximity of wellsto drainagesof sewageand laundry water aswell asproximity to
refuse dumps. Also the proximity of wellsto mechanic villagesitesand small scae
industriesareamagjor source of well pollution. Drinking water playsan important
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roleinthe bodily intake of the elementsby humans. Eventhough somemetalsare
essential to man, at elevated levels, essential and non-essential elementscan cause
morphological abnormalities; reduce growth andincrease mortality and mutagenic
effects (Abulude, Obidaran and Orungbemi, 2007). Theareasof Sudy arethetwo
largest and ol dest mechanic village sites| ocated within Makurdi metropolis. These
arethemechanicvillagesat Apir and Northbank. These areasare characterized by
amoderate popul ation of humanswithitschainsof motor sprayers, vulcanizersand
other variousformsof bus nessactivitiesinvolving daily useof water. A mgor source
of water supply intheseareasiswell water which isused for anumber of purposes,
for example, washing and mixing of chemicalsaswell asfor drinking by residents
around thevillages. Improper waste disposal practices contaminate the soilsand
gradually the entire ground water in the area, impairing ground water quaity for
many applicationsincluding drinking.

The study of underground contamination will be of immense help to
researchersand environmental regulatorsworking in the areato understand and
evolveby initiating remedia measures. Add ekan and Abegunde (2011) havestudied
heavy metascontamination of soil and groundwater a automobilemechanicvillages
inIbadan, Nigeriaand found that when compared to the limits set by WHO for
drinking water, heavy metal swith theexception of Cuwerehigher than thelimits.
Sachitananda and Prakash (2006) have studied ground water pollution at
Mettupa yamta uk, Indiaand found that continuousdisposal of industria effluent on
land which haslimited capacity assimilating to the pollution load hasled to ground
water pollution. Theaim of thisresearchisthereforeto assessthe extent of pollution
caused towell water intheareadueto activitiestaken place at themechanic villages
and to comparethe resultswith existing standardsfor water quality evaluation.

MATERIALSAND METHOD

Water sampleswere collected from the two major mechanic villagesin Makurdi

metropolis. At the Northbank mechanic village, water sampleswere collected from
fivedifferent wellswhich were set at adistance of 10m apart asone movesout of
themechanicvillage(i.e. eachwell isseparated fromthenext by 10m). Alsoat Apir
mechanic village, water sampleswere collected fromfivedifferent wellseach 10m
gpart inthedirection outward from the mechanic village. Reference sampleswere
also collected about 150m away from thelast well sampled in each of the sitesto
serveascontrol. Collection of sampleswasdone using aclean plastic container
whichwasdipped insideawell each timeto draw water. The sampleswerethen
labeled and taken to the laboratory for analysis. Labelled plastic containers
(thoroughly washed with distilled weter and thenwith aqueoussolutionof 1:1HNO,)

were used for collection and storage of the water samples. The water samples
were preserved by adding to conc. HNO, gradually until the pH of the sample
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decreased to <2. Thiswasto prevent the constituents under investigation from
precipitation or from loss by adsorption or ion exchange withinthewallsof the
container (APHA, 1985). Finally, the sampleswere stored in the plastic bottles
and refrigerated below 4°C. The pH and temperature of the samples were
determined immediately after sampling. The pH was measured with apH meter
(Hannainstruments, model 8621) using standard procedures (APHA 1985).

Themethodsused for determination of themetasaredl detailedinAPHA
(1985). A 100cm? aliquot of the samplewasdigested with nitric acid in abeaker at
120°C until aclear solution was obtained. The sampleswere analyzed for zinc
(Zn), copper (Cu), lead (Pb), iron (Fe), manganese (Mn), cadmium (Cd), chromium
(Cr), arsenic (As), mercury (Hg) and silver (Ag) using Atomic Absorption
Spectrophotometer (AAS) model 210 VGP, in the Soil science department,
University of Agriculture, Makurdi. All assaysweredoneintriplicates.

RESULTSAND DISCUSSION

Themean pH of thewater sampleswerefound to beakalineranging from 6.8to
7.4asshowninTable 1. They wereall within the WHO recommended standard
6.5—8.5(WHO, 2004). Theresultsof the mean concentration of heavy metalsin
well water samplesincluding the reference samples determined at the various
locations are presented infig 1 and 2 respectively. The concentrations of Fe, Pb
and Cuinthewellsat thetwo stesweregeneraly found to decrease steadily with
increasing distance away fromthe mechanic villages. Feentersunderground water
sourcesfrom deterioration of metal scrapsand other iron materids(GEMS, 1992).
Possible sourcesof Pbinwater include motor batteriesand lead material sused by
mechanics. Copper isused in electroplating of metalsto prevent corrosion and
may enter water when it deteriorates. Fe, Pb and Cuwereadl foundto bewithinthe
WHOllimitsof 1.0mg/l, 0.1 mg/l and 1.5 mg/| respectively (WHO, 1985).

The highest concentration of 2.510 mg/lI was obtained for Zn at Apir
mechanic village. Zinc (Zn) concentrationswerefound to gradually decreasewith
increesng disganceaway fromthesites. Theresultsobtained for Northbank mechanic
village showed that the Zn concentration werewithinthe WHO limitsof 1.5mg/|
(WHO, 1985), whereasthe concentration at Apir mechanic village showed an
increasein Zn concentration above the maximum allowablelimits. Thismay be
atributableto theage of themechanic villageand dso thefact that it hasanincreased
activity over the Northbank mechanic villageowing toitssize. The higher Zn
concentrationsherecan belargdy attributed to thefact that zincisusedingavanizing
most iron materials and these material s are among the mgjor materialsthat are
foundinthe mechanic villages. When these material sdisintegrate, it isthe outer
layer made up of Znthat corrodesfirst into water thereby pollutingit. According to
APHA (1985) and GEMS (1992), Zn may enter underground water from

International Journal of Health and Medical Information Volume 2, Number 2, August 2013 39



deterioration of galvanized iron. Manganese (Mn) at both siteswasal so found to
bewithintheacceptablelimitsof 0.5mg/l set by WHO dthoughtherewasanirregular
pattern of concentration versus distance as shown in the charts. One can deduce
that M n concentrationsin water could be mainly from sources other than from
mechanic activities. Theconcentration of cadmium (Cd) wasobserved to beabove
the WHO dlowablelimitsof 0.001 mg/l. It also decreasesat distancesaway from
thesites. Thechemistry and occurrenceof Cdissimilar tothat of Zn. Itisfoundin
naturelargely asan impurity of Zn-Pb ores. Cd may be present in wastesfrom
€lectroplating plants, pigment works, textiles, metalurgica operationsamong others
(GEMS, 1992). Groundwater Cd concentrationsasgreat as 3.2 mg/l have been
reported to result from the seepage of Cd from dectroplating plants(GEMS, 1992).

Both mercury (Hg) and silver (Ag) concentrationsin thesitesinvestigated
generaly decreasewithincreasing distancesaway from the mechanicsvillagesand
arewithinthealowablelimitsof 0.001 mg/l and 0.05 mg/I respectively set by the
WHOin 1985. Even though the concentration of chromium (Cr) falswithinWHO
standardswhich are0.05 mg/l, it showsanirregular pattern at the Apir mechanic
village. Steelsare at times coated with Cr which helpsto prevent the steel from
rugting. Whenthisdeteriorates, it findsitsalf in underground watersthrough seeping.
Thehigher concentrationsof Fe, Zn, Cuand Mn obtained for thereference samples
at Apir mechanicvillage over the concentration at 50m away fromthesitemight be
dueto the proximity of the mechanic villageto the surrounding settlementswhere
ther activitiesmay influencemeta concentrations. Thehigher concentration of these
heavy metals poses serious health hazard to users of the sampled water. This
buttressesthe observation of Abulude, Obidaran and Orungbemi (2007) that though
somemetalsareessentia to man, yet, at el evated level sessential and non essentia
elements can cause morphol ogical abnormalities, reduced growth and increase
mortality and mutagenic effects.

Table1: Mean pH and Temperature of water samples

Distance from Mechanic village Apir Mechanic Village North bank Mechanic Village
(in metres) pH Temp (°C) pH Temp (°C)

10 6.7 2 70 2

20 6.6 2 6.8 z

0 74 2 69 2

40 6.8 2 72 2

0 71 2 70 2

150 73 2 6.8 2

Source: Experimentation, 2013
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Fig 2: Mean Heavy metal concentrationsin wellsat Northbank mechanic village

CONCLUSION

It hasbeen generally observed that the concentrations of heavy metalsstudied at
Apir mechanic villagewerehigher than those at Northbank. Thismay beattributed
to thelarger scale mechanic activitiestaking place there. The concentration of Zinc
at Apir mechanicvillageiswell over thealowablelimits set by the WHO and thus
have aserious negative healthimpact on the usersof the sampled waters. Also both
stesshow anincreasein Cd concentration over the maximum allowablelimits set
by WHOfor drinking water. Apart fromthese, dl the metalsinvestigated havetheir
concentrationswithinthe acceptablelimitsof the WHO. The behaviour of Mnand
Cr concentrations showed that their presencein water might not be primarily due
to themechanic villageactivitiesbut from other sources. Theresultsobtained from
thereference sampl esindicated that to alarge extent, the activitiestaking place at
themechanicvillagesredly affect thelevd of heavy metds. Itisrecommended that,
I toavoid highlevel concentrationsof these meta sinwater, wellswhich are
used for drinking should not be dug near mechanic villages,

ii. Adequate measures should betaken immediately to ensurearegular and
adequate supply of treated water to thearea. Thiswill reduce the use of
well water to activitiesother than for drinking purposes; and

. M echanic material swhich are considered as scraps should be dumped far
away from settlementsto avoid the seeping of these meta sto underground
watersdueto disintegration. Also, such materidsmay berecycled (instead
of indiscriminate dumping) and new itemsof significant usemadeout from
them.
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