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Abstract
Water a sine qua non to human survival; therefore its quality cannot be compromised. The dependence on borehole water to meet both domestic and industrial needs have been on increase due to increased pollution of surface water bodies. This calls for the assessment of borehole water quality within Offa Local Government Area. Six different borehole waters were analysed for their heavy metals, physical characteristics, and chemical properties using standard methods. The result showed that the pH ranged from 4.0+0.2 to 6.0+0.2, colour (98+2.5 to 133+5.0) Hazen, Total solid (10.62+0.5 to 30.80+2)ppm, Tasteless and Odourless, SO42–(0.01+0.0001 to 1.33+0.5) ppm,NO3- (0.1+0.0001 to 0.64+0.002) ppm, Calcium  (4.34+0.01 to 8.12+0.1) ppm, Potassium  (0.31+0.001 to 6.80+0.03) ppm and Phosphorus (0.00 to 0.22+0.0002) ppm. Heavy metals Cr, Pb and Mn were not detected, Iron ranged from 0.01+0.002 to 0.06+0.001 ppm, Zinc (0.24+0.001 to 146+0.01) ppm. The %CV for the heavy metals was average except for Cobalt 89.29%. For the chemical properties there were high 108.16%K, 96.6% SO42- except for Ca (21.51%) and NO2- (19.61%). For the physical properties except for electrical conductivity 61.10% and turbidity 58.90% others were below average. However, comparing results with standards (WHO, EPA, US Public Health Service), the qualities were above average both for domestic and industrial use.
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INTRODUCTION 
Water is the most abundant liquid on earth; it covers three-quarters of the earth surface. Human activities and settlements hinge on the availability of water. In man, three quarters of the fluid are made of water; water forms the essential medium in which the chemical reaction of cells proceed. In transports of blood, it forms a pool for digestion, holds and helps transport charged ions that generate nerve signals and make the human brains possible (Borne, 1978, Giddings, 1973). Water plays a crucial part in the origin of life and has the essential role in maintaining plants and animal life (Cambel, 1993). Man needs clean water for drinking, cooking and bathing (Hamiltion and Dennis, 2003). Recently, most of the Nigerian population depends on ground (Well or borehole) water for use-domestically, industrially and otherwise.
Modern technologies have brought about a rapid increase in world population, industrialization and urbanization. These have in turn caused a corresponding increase in the volume of domestic and industrial wastes generated, but the improper management of these waste results in environmental pollution problems (Ebong et al, 2004). These have greatly threatened the safety of ground water, which was once considered to be safe. Groundwater (i.e. water from boreholes, wells, and springs) pollution occurs by seepage of pollutants through the soil and from contaminants migration from the surface (Ademoroti, 1987). Water pollution by heavy metals has become a health hazard in recent years (Sastry and Tyagi, 1982). Drinking water contaminated by wastes from mines producing cadmium, lead and zinc resulted in ricket-like disease (Moriber, 1974).

Softened water is optimum for bathing, shampooing, personal grooming, laundering, dish washing and produces better result with minimum soap and detergent usage, and in addition provides conservation for energy required for water heating. Water used for drinking and cooking purposes must be of high quality (Sewyer and McCarty, 1967). Plants depend on water for photosynthesis; human beings for drinking, bathing and laundry purpose etc, hence the need for chemical analysis, since a great deal of valuable information concerning the quality of the water and source of pollution are detected (Peter, 1993). The source and history of a particular water and the results of both chemical and bacteriological examinations are necessary to form an opinion regarding the purity of such water and its suitability for domestic purpose (Tebuyy, 1977). However, this study is aimed at determining the heavy metal and the physiochemical properties of some selected borehole water from Offa Local Government Area of Kwara State, Nigeria.

MATERIALS AND METHODS
Six different borehole water from different sites (Afelele, Yidi, Owode market, Goodness, Federal polytechnic  and Garage Igbonna area (Fig. 1)  in Offa Local Government Area of Kwara State, Nigeria was collected for analysis. 
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	Fig 1: Map Showing Sampling Sites in Offa Local Government Area 

Sampling and analysis were done to minimize any external contaminants. Sample bottles were cleaned and rinsed with distilled and with sample water, taps were run for at least 2 minutes before final collection. Standard methods were used for the physiochemical properties of the samples. Buck 210 Atomic Absorption Spectrophotometer (AAS) was used for heavy metals. All laboratory equipment which include auto-sampler cups, pipette tops, glassware which were for sample analysis were acid-cleaned in 10% nitric acid and rinsed several times with deionised water prior to use.   

RESULTS AND DISCUSSION 
The physical characteristics of the water samples from the six boreholes are shown in Table 1. The analyzed results were interpreted using comparison with international standards (WHO 1984; FEPA, 1988; FWPA US report, 1968). The results shows a range of 9.8+0.31to13.3+0.5 TCU for colour, 107+5 to 632+20 for electrical conductivity (EC), 1.0+0.01 to 7.0+0.2 NTU Turbidity, 1.30+0.1 to 10.01+0.5mg/L for Total Dissolved  Solid (TDS), 3.0+0.1 to 21.30+0.8mg/L for Total Suspended Solid (TSS), 10.62+0.5 to 30.80+2.0mg/L for Total Solid (TS), 150+2.00 to 300 +6.0mg/L for hardness as CaCO3, 4+0.2 to 6+0.3 pH, 22.50+0.7 to 28.0+1.0 oC Temperature and 4.5+0.2 to 12.20+0.4cm3/L, for dissolved oxygen. The samples were all tasteless and odourless.

Colour was within the recommended limit of <15 TCU (WHO, 1984; CGDWQ, 1987). The pH falls within the acidic range, boreholes 4 and 6 were within the accepted limit of 6-8.5 (FEPA, 1988; WHO, 1984) but 1,2,3,5 were out of the limits indicating high acidity. The effect of acidic water cannot be over emphasized. It can affect biological activities in the human body. It also causes corrosion hazards and creates difficulties in treating such water (Tompkins, 1997). Acidic water tends to cause many substances such as metals, hard mineral to be more soluble and can dissolve lead from solid or rock or from the plumbing system, if lead is present (Marcus, 2001). Turbidity was high for boreholes 1 and 2 i.e. 7 and 5 NTU respectively but from boreholes 3-6, it was within the recommended limit <5NTU (WHO, 1984). The high turbidity level could be an indication of bacterial contamination and the presence of suspended materials such as clay, salt and finely divided organic matters. It effects could be the impartation of an objectionable taste and odour (Riedel and Tremblay, 2002; Institute of Water Engineering, 1960). The total solid value was found to be within the acceptable limits (Morgan and Michael, 1995; United States Public Health Service, 1962; FEPA, 1988). Hence it could be deduced that the water was free from dissolved inorganic material (The institute of water engineers, 1960). All the boreholes water were hard as the range for hardness falls within 150-300mg/L as CaCO3 (Tchobanoglous and Schroeder, 1985) and was within the recommended limit of 30-500mg/L as CaCO3 (FEPA, 1988; FWPA US report, 1968).

Table 2 shows the chemical properties of the water samples. The sulphate
(SO2-4) range from 0.01+0.0001 for borehole 4 to 1.33+0.5 ppm for borehole 2. High concentrations of sulphate in domestic water may cause hard scales in boilers and heat exchangers, laxative effects or affect taste (Gluaze, 1996). The nitrate was highest for borehole 5 (0.64+0.002) ppm and nitrite for borehole 3 (0.07+0.001) ppm they were all below the required standard of 10mg/L (FWPA, US report, 1968; FEPA, 1988). Nitrate content of water may result from the mineralization of excremental or other animal matter. It could also be as a result of soil extract of vegetable origin. The standard of nitrite is closely linked to the nitrate standard because the problem really occurs when nitrate is chemically changed to nitrite in the digestive system. Nitrite is readily absorbed by blood in the digestive tract. Health effect of nitrite is considered 10 times important as nitrate (Okoronkwo et al 2007, American Public Health Association, 1965). The highest concentration for Na, K, Ca and Mg was 2.0+0.01, 6.80+0.3, 8.12+0.1 and 0.07ppm for boreholes 5, and 3 respectively. However, all the samples were better in Ca range 4.34+0.01-8.12+0.1ppm. Calcium and magnesium are the metal ions responsible for hardness, their content of a drinking water enhance healthy bones and teeth, while the economic disadvantages, it increase soap consumption (Edmunds, 1971). These values were lower than that reported for water sample at oil depots in South Western Nigeria (Afebede and Oladejo, 2003).

Table 3 depicts the heavy metals concentration of the samples Cr, Pb and Mn were not detected in any of the samples. The most abundant of all the heavy metals analyzed was Zinc (Zn) which ranges from 0.24+0.001-146+0.01ppm. However, for Fe, Cu, Cd, Ni and Co, the highest concentrations were 0.08+0.001, 0.04+0.0002, 0.04+0.0001, 0.03+0.0001 and 0.28+0.002ppm respectively. The values for Zn, Fe, Cu, Cd, Ni and Co were below WHO, (1991) Standard for drinking water, which are 5, 0.30, 1.0, 0.05, 0.05 and 0.05mg/1 respectively. The presence of these metal can impart an objectionable tastes, odour and colour to the water (Philip, 1996). Animals may be sensitive to changes on iron concentration in their drinking water. Dairy cows may not drink such water in order to maintain optimum milk production. Dissolved iron in water if used in washing and sanitizing milk handling equipment may impart an oxidized or cardboard like flavour to the milk (Institution of Water Engineers, 1960). Mention has been made of ninamata disease caused by mercury poisoning, Itai-Itai by Cadmium and Plumbism by lead (FWPA, USA, 1968). The value for Fe was lower than that reported for contaminated and uncontaminated wells in Ibadan, Ikeja and Benin (Ademoroti, 1987). Though Pb was not detected, exposure to Lead (Pb) above 0.05mg/L can result to serious health hazard. Prolonged exposure of smaller quantities results to accumulation in the bones and blood. Effect ranges from subtle, biochemical changes at low level of exposures to severe neurological and toxic effects, even death at a much higher levels (Cohen et al, 1960). Copper in drinking water is normally not a concern as the level required to produce health effects in most people varies, for instance, where high copper concentration exists, it is likely that other metals are also present (Fernier, 2001; Cohen et al, 1960).

The %CV for the heavy metal was low except for Co, 89.29% other were approximately average, standard deviation was low and they were both positively and negatively skewed for the chemical properties, %CV was relatively high except for NO2- and Ca, 19.61 and 21.51% respectively. Standard deviation was a bit high and all parameters were positively skewed except for Phosphorus. The physical characteristics were both positively and negatively skewed and %CV was low, with the highest 61.10% for electrical conductivity.

CONCLUSION 
The samples were acidic, which suggested that they might be corrosive. They were odourless and tasteless; Heavy metals detected were below recommended standards (WHO, FEPA, CGDWQ and US Public Health Service), however, their presence may pose serious health hazards through bioaccumulation. Pb, Cr and Mn were not detected. 

REFERENCES 
Ademoroti, C.M.A. 1987. Contamination of Shallow Wells in Nigeria from Surface contaminants Migration: Environment International. USA, 13:491-494.
Afebede, O. A.; Oladejo, O.S. 2003. Study of water quality at oil depots in South Western. Nigeria. International Journal of Envr. Issues .Vol.1 No 1: The Dev. Universal. Consortia.
American Public Health Association, 1965. Nitrate Standard methods for the Examination of water and Wastes Water 12th Ed. Perkin Elmer Limited, pp. 95-98.
Borne, R.A. 1978. The Chemistry of our Environment. J. Wiley and Sons Inc. NY.
Cambel, J.P. 1993. Water in the Universe. Niei A. Biology 3rd Ed.
CGDWQ, 1987. Canadian Guidelines for drinking water quality.
Cohen, J.M.K.; Kanphake, L.J.; Henris E.K.;  Word Ward, R. L. 1960. Copper in drinking water taste threshold concentration of metal in drinking water, 52: 660-670.
Ebong, G.A.; Udoessien, E.I. ; Ita, B.N. 2004. Seasonal variations of Heavy metals concentration in Qua Iboe River Estuary, Nigeria .Global Journal of Pure and App Sc.,4 (4), 32-36.
Edmunds, F.H. 1971. Calcium and Magnesium water and water Engineer 9th Ed Vol. 43.185-190.
FEPA ,1988. Federal Environmental Protecting Agency, Nigeria.
Fernier D.J. 2001. Copper-Toxicity of Heavy metal 5th ED Vol. 12 p 102.
FWPA US ,1968. Report of the Committee on water quality criteria: Federal Water Pollution Administration: US Department of Interior, Washington DC.
Griddings, J.C. 1973. Chemistry, Man and Environmental Change. Canfield Press, San Francisco, CA.
Glauze, W.D. 1996. Sulphate in water.  Mosby Medical Encyclopedia Revised Edition. Mosby-year book Inc. London P. 1109.
Hamilton, J.; Dennis, P. 2003. Pesticides resistance in Food and Drinking water, Amazon Press, pp 25-30.
Institute of Water Engineers, 1960. Turbidity Approved Methods for the physical and Chemical Examination of water 8th Ed. Pergamon Press Inc Great Britain pp l18.
Marcus, S. 2001. Lead. Toxicity of Lead 12th Ed. Vol. 6 pp 93.
Morgan, P.G; Michael, H.B. 1995. Water Contaminants Levels. Understanding for Water and test report Vol. 4 pp1-13.
Okoronkwo, N.E.; Onuoha, N.I.; Mba, E. 2007. Water Quality: Use of Boreholes water for Domestic purpose Proceedings of Annual Conference of IRDI Research and Development Network Vol. 2, No 5. Ebitimi Banigo Auditorium, Uniport, Nigeria. June 27-28.
Peter, N.E. 1993. Importance of water. A guide to the World’s Fresh Water resources R.Ed, Oxford, University Press, New York, pp.118-120.
Philip, M. 1996. Water and Water quality Advanced Chemistry low price Ed. Cambridge University Press UK PP 559.
Riedel, D.; Tremblay, N. 2002. Electrical Conductivity American Heart Association Asia pacific Forum 7th Ed. Vol. 2, pp. 104
Sewyer, C.;  McCarty, P. 1967. Type of water Chemistry for sanitary Engineer, 3rd Ed. McGraw Hill New York pp 156-161.
Sastry, K.V ; Tyagi, K. 1982.Toxic effects of Chromium in fresh Teleast Fish; Channa punctatus. Toxicology letters, letter 11:17-21.
Tchobanloglous, G.; Schrieder, E.D. 1985. Water quality, Addison-Wesley, reading, MA.
Tebuyy, T. 1977. Water purity, Principles of water quality control 2nd Ed. Pergamon Press London, pp. 24-27.
Tompkins, E.E. 1997. Acidity in water state of knowledge report for environmental contaminants and Human Health 2nd Ed. Great Lake Basin. Ottawa, pp. 123-125.
United State Public Health Service, 1962. Drinking water standards. Drinking water standards USPHS Publication also 956 New York, p. 604.
WHO, 1984. Guideline for Drinking water quality. Vol. 1 Recommendations World Health Organization, Geneva, p. 130.
Physico-Chemical and Heavy Metals Concentration of Selected Boreholes Water in Offa Local Government Area of Kwara State, Nigeria
WHO , 1991.  Drinking Water Standard. International Standards for drinking Water Ed Geneva, p. 326. 
                                           

image2.wmf

oleObject2.bin

image1.wmf
  ijcs


oleObject1.bin

