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Abstract

The concern Jbr clualiry of utcrter supply all oyer lhe v,orld rnost especi.ully in cleveloping cotutries has

been on /he incrett.se uJier the Second World l(ur. Thi.s concern i.s'ol.so irttprtrtr.tnl in ctncient cifi, like
Bida, where brass, gla.s.t ctnd block.smith tvork i.s'a populcrr industry nexl lo ugriculture in the area.

The need to churLtcterize the v,ctter tluuli0t in Bicla tov,n v,ith re.\pect lo the ufbrementionecl ctc'tivities

on grottndwoter ieads to the present s'tu$;. A total of l6 tvatersantples t,vere collecteclJiom dffirent
soLu.ces und relcvant p/,"1,5j19-,rV,enticaJ und lsacteriologiccrl t,aricrbles y,are anctl)tzed. The study,

reyeuled thut /.he concentrotir,tn.s of ntosl phy,sicttl ctn.d chenticctl pctronteler.\ ure v,ithin lhe muxintunt
pernti.s.s'ible lintits Jbr drinking water recontntencled the Nigeriun Inclu.striul Stundard (NIS. 2007) und
World Health Organization (WHO, 2006). Hov,ever, in ktccrtion 9, Dokctclzu cu"eus v,here blctcks'tnith

cmcl brass u,orks are corriecl out, the t,altte oJ Fe2 vvcts./buncl to be high vt,hen contpcrred \,'ith 
^lls(2007) ond WHO (2006) The locol ge.ology oJ the ureo and the dontinunt huntun crctittities in the oreu

ntighr be responsible for the high Fet in the area. At location 11, Cr6 hcr.s t,alue higher than the

recomntended t,alue btt the NIS (2007) and I4/HO (2006) Hand-clug well ar locations 3 ancl

boreholes at loccttion,y l2 and l3 shov, high E.coli.crncl total coliJbrnt content us'conpared ),vith NIS
(20071 und LYHO (20061 This,suggests crn indication of faeccLl cotttcrntittutirtrt ttiu uuimul or hunrctn

means. The vvater in the area is of Ccrlcittnt-Bicarbonuta u)atet' type.

Keylvords: Evalr-ratior-i. water qlrality, Bida, Bacteriological, Physical aild Cher-nical

analyses.

Introduction
Water is one of the basic necessities of life indispensable to plants and anirnal life. lt occurs

in springs. rivers, streams and lakes in surface basin. It falls to the grollncl as rain. and occurs
in the subsurface in porous, permeable rocl( formations as groundwater. Gror-rndr.vater

provides one of t1-re best soLlrces of potable water for domestic. agricultural, industrial and

human deveiopment. The overlapping nature between groundwater and its host rock has

made l'rydrogeology an indispensible tool in groundwater explolation, exploitation and

management.
Bacteriologically pollr-rted water is potentially dangerous to health because o1'possible

outbreaks of typhoid, dysentery or cholera epidermis. Sirnilarly, water of poor physio-
cl-remical quality ma1, have adverse health et'fects, causing avoidable economic and I'iunran
iosses. There is increasing dernand for portable water in Nigeria and the inadequacv of water
supply inrnostparts of Nigeria like Bidawhichmakes it imperative that any available source
is car:efirlly protected and managed. Ground'uvateL pollr-rtion is on the increase aLrd this calls
fbl setting up of a surveillance system to monitor and protect the resoulce. It is inrportant to
conduct a routine monitoring of water sr"rpplies in order to indentify pollLrtion sources lor
corective measlires. 12
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The study ain-is at characterizin-q microbial and physio-chemical parameters of
dif' rent water sources in Bida town (Borehole. Hand-dug rvell. tap water and rivers) in
order to determine their pollution status and make recommendatior-r fbr proper monrtorin_q,

management and protection of the resources.

Study Area Description
Bida, the headquarters of Nupe kingdom is situated between longitude 060 001E to

06005rE and latitude 09003rNto 09008'N. The land area is abour 58.6krn2and majorit.v of
the people are farmers while some engage in brass. glass and blacksmith works. It has a

good road network and is drained by river Kaduna and its tributaries. The area has a low to
moderate relief rvith a f'ew scattered laterite-capped coarse grained sanclstone hills. It is

accessible through Mokwa, Minna, Lanbata. Badegi and Doko roads.

Climate and Physiography of the Area
The arurual rainfall ranges frorn 1l00mm to 1500mrn with a marked rainy season

from April to October and dry season frorn November to March. The day light temperature
varies from 230C at the peak of rainy season to about 36('C at the climax of dry season
(Minna Airport, 2007). The predominant vegeiatron consists of broad-leaved trees, shmbs
and grasses. Aiong the river chamels, the vegetation becomes more wooden and acquires
some forest affinities.

General Geology of Bida Basin
The Bida Basin is located along the River Niger Valley (fig 1) It extends fron-r

Kontagora in the north to lokoja in the south, and is situated betweeir the Sokoto ar-rd

Anambra Basins. The Basin is a downwraped basin. filled with Campanian-Maastrichtian
strata of marine to fluviatile and lacustrine origin (Adeleye, 1916). The iron ores located at

the Niger-Benue confluence have been studied in details by many workers (Falconer, 1911;
Du Preez, 1965; Jones, 1958). Three physiographical units are'recoguizable: the River
Niger (its flood plains and tributaries) 20%; a Belt of Mesas l0% and the Plains 7076

(Shekwolo, 1994). According to Adeleye, the epirogenesis responsible fbr the basin
fbrmation is closely connected with crustal movements of the Santonian orogeny of
Southeastern Nigeria and the nearby Benue valley. The basin has been grouped among the

West African Rift Basins (Ojo and Ajakaiye, 1976). The stratigraphic succession in the

southern part of the basin comprises of the Agbaja-iron Formation, Patti Formation and

Lokoja Formation. These units correlate with the Bida-Sakpe-ironstones, Enagi-siltstone
and Batati-ironstone Formations in the northern part of the basin. The fonnations found in
the southern Bida basin are given recognition because of their rnappability and distinct
lithofacies (Shekwolo , 1994). Sediments are of Cretaceous age and are composed of
alternating series of weakly consolidated and friable sandstones, siltstones, claystone,

conglomerates and their loose equivalents. These sediments are of fluvizrtile origin but
oolitic and pisolithic ironstone which occur in places may have resulted from marine
incursions where the base is exposed, they lie uncomfortably on the basement rocks.

Whereas prevailing opinion suggest that the basin resulted fi'om dou,n rvarping, some

authors believe some form of rifting as having influenced the Forination the basin. The

total thickness of sediments is not exactly known but gravity studies by Ojo and Ajakaiye
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(1976) indicates about 2000m but this isyet to be confirmed via borehole records. This is
in agreemen\ with the work of Udensi (2001).
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Fig. l.Simplified Geological map of Bida Basin.
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Fig.2 Map of Study Area Showing Sample locations

Research Methodology
Hydro-geological investigation of the area was undertaken. A total of 16 water

samples (Fig. 2) were collected in pairs using a ,qlass and plastic container from different
sources (boreholes, hand dug well, tap-water and rivers) in the area. The physical
parameters (pH, conductivity, temperature and turbidity) were deterrnined on the field
using a calibrated pH metre, conductivity meter, thermometer and turbidorneter
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respectively. The chernical palameters (catious. anions and trace eiements) were analyzed
using Atornic Absorpticn Spectrorneter (AAS) rvhile Bacterioiogical detenninatior.r of
(coliform and E.coli) u,as carried out usin-e presumptive cour.rt and differential count
respectively.

Physical and Bacteriological Results
The results of tl-re physical and bacterioiogical parameters ate sumrarized in table

2. The pH values ranges from 6.4 to 7.4 with a mean value of 6.91. This shows neutral to l

slightly acidic water fairly good for drinking. The turbidity varies frorl 23.1NTU to

24.2NTU with an average value of 23.8NTU. The diff'erent water sources in the area show
high turbidity values compared rvith (NIS, 2001) and (WHO, 2006) standards of 5NTU.
The conductivity value is of the order of 22.0 to 279.0 with an average value of J2.2,
which are within the limit for safe drinking water. The atmospheric temperature at

sampling points varies fiorn 23.20C to 243t\C with a mean vaiue of 23.80C. The coliform
value range from 0 to 94 with an avera-qe value of 26.1 while E.coli vziries from 0 to 53

with a mean value of 3.5. The results of bacteriological tests in locations 3, 12 and 13

show that there are inadequacies in the bacteriologicai qualities of groundwater in these

locations. This may be an attributed to faecal contamination via animal droppings on
surtace watei and groundwater in contact with huilan faeces. Ti're groundrvater flow map

of Bida town (figure 3) indicate a NE-SE tlow direction (Arnadi, 7001). The affected
locations are concentrated at southeastern part of the study area.

Chemical Parameters.
Chemical'analysis results (Table 3) show low concentration of cations and anions.

Majority of the resuits of the analyzed trace metais compare tavourably with the WHO
recommended maximum permissible limits. But the values of Fe2* at Dokodza area in
iocation 9 is 1.07mg/l while the value of Cr6* at location 14, opposite federal polytechnic
gate is 1.0mg/l..Their values in these two locations are above the (WHO, 2006) and (NIS,
2001) recorrunended maxirnum permissible value. The high value of Fe2'' and Cr5" can be

linked to both natural and antllropogenic factors. Tl-re local geology of the area as well as

human activities in the area might be responsibie for the observed anon-raly. The 8 rnajor
cations and anions were piotted in a triiiinear ciiagram, rvhich were useci to ciassif-v tire

water in the area. The water in the area is of Calcium-Bicarbonate water type. This is in
agreement with the slightly acidic nature of the water sources in the area. Piper diagram rs

an eff'ective tooi in separating analytical data for critical study with respect to sources of the

dissolved constituents in water. The concentration of 8 major ions (Na* ,K*, Mg'*, Ca"-,
Cl , COj2-, HCO 3 and SOo2 ) are represented on a trilinear diagrams by grouping the (K*
with Na*) and the (COr'with HCOr), thus reducing the number of'pararneters fbr plotting
to 6. On the piper diagram, the relative percentages of the cations and anions are plotted in
the lower triangles, and the resulting two points are extended into the central tield to

represent the total ion concentration. The degree of mixing between waters can also be

shown on the piper diagram (Figure 4). It was used to classify the hydro-chemical facies of
the water samples according to their dominant ions. The results show that water sanrples in
study area are Calcium-Bicarbonate type of water.
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Fig. 3 Groundwater flow map for Bida town
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Fig.4 Summary of the Chemical Analyses of the Water Samples in Bida Town

Discussion of Results
The microbial quality of water is based on the qLrantity of indicator bacteria ir

contains. The bacteriological quality of drinking water must meet WHO standards of less

than 1-coliforri per 100m1, tor the water to be acceptable. The bacteriological test carried
out suggests that locations 3, 12 and13 have higl-rer E.coli. and coliform values than the
WHO recommended maximum permissible limit rvhich is an indication of anthropogenic
contamination affecting the quality of water used for drinking purposes. Other chernical
parameters have lower values except Fe2" in location 9 and Cr6* at location 14. The high
concentration of Fer* and Cr6- in these locations could be attributed to the infiltration fronl
ihe ooiitic and pisolithic ironstone into tl.ie water table or frorn leachate rnigration tron-r
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metal scrap used as raw ntateiial in blitcksmith, briiss iintl giass rlaking. There is possibie

migration of the leachate in the area in accordance with the groundlvater floiv direction of
the area thereby accumulating in these locations.

Conclusion
The water sources in Bida town have been investigated via the geology,

hydrogeology, physical. chernical and bacterioiogical parameters. The water in tl-re area is
of Ca-HCO s type of water. All the analyzed pirysical parameters in the area aie far below
the NIS, (2007) and WHO, (2006) maximum allowable lirnits. Similarly, most of' the

chernical parameters are within the tolerable lirnits except Cr6* at location 14 and Fe2n at

location 9. The local geology of the area as well as human activities in the area are likely
the main factors responsible for their high concentration. The blacksmith and brass work
are done at Dokodza area point out to the fact that human activities mi_eht be responsible
for the pollution.

Recommendation
Based on the findings above, shallow boreholes and hand-du,q wells shouid be

discouraged and groundwater should be sourced ti'om dip-seated aquii-ers. Blacksrnith work
in the area should be relocated to remote area to rninimize groundwater contamination. A 

-.

forum should be organized to educate the people on the danger (health hazards) associated:

with -qroundwater pollution. Indiscrirninate digging of wells should be discouraged and the
need to drill deep boreholes that penetrate the confined aquifer should be ernphasized.

Hand dug well around the blacksmith area should be closed and a periodic monitoring of
the groundwater quality in the areas should be carried out. Stakeholders in the water
industry should come up with policies that will protect the groundwater system and ensure

its proper management and utilization. Periodic checks of the chemical quality and

bacteriological quality of selected hand-dug wells, boreholes and rivers are to be carried
out in the area.
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Table t. G.P.S. Reading and Elevation

S/N Location of sample Sample
Source

Elevation
(m)

Lntitude Longitude

1 Kure Crescent G.R.A BH 171 o90o4/ 005"59'
2 Bantwa, Cirico araea RW 110 09"0-5' 006"02'
J Air Strip Gate. Esso DW 146 09"06' 006"0 1'

4 Opposite G.G.S.S DW 145 09"06' 006"02'
5 Tswanpa, Tswatamako DW 141 0g'05' 006"00'
6 Opposite F.M.C gate DW t41 0g'05' 006"00'
l Pichi Road DW 161 09"04' 005"59'
8 Dokodza Jrmctior-r BH 1s6 09u05' 005"59'
9) Dol.-odza Area DW 121 09"05' 005"59'
10 Dokodza Area RW 134 0g'05' 005"59'
ll Wadata

Barrack
Behir-rd NPF DW 158 09"05' 00,5"-59'

t2 Sauki Water BH 161 09"05' 005"5 g'

13 Polytechnic bida BH 165 09"03' 005"5 g'

14 Opp. Polytecl"rnic Gate DW 165 09"03' 005"59'
15 F.G.G.C BH t47 0c)"00/ 005"02'
16 Army barrack TW 148 0!)"05' 006"j'
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