WATER QUALITY ASSESSMENT OF HAND DUG WELLS AND SURFACE WATER IN SOBE, EDO STATE AND ELEGBEKA IN ONDO STATE, NIGERIA

  


ABSTRACT
Quality assessment of groundwater and surface water sources was done for twenty-five water samples in rural communities Sobe (15 samples) located in Owan West Local Government Area of Edo State and Elegbeka (10 samples) located in Ose Local Government Area of Ondo State. Shallow hand-dug wells and principal sources of water in these communities as boreholes are few and not accessible to all and sundry. Physicochemical and biological analyses of the twenty-five water samples were done under strict compliance with modern laboratory techniques to appraise the quality of water for domestic, agricultural and industrial purposes for both wet and dry season samples. Sampling was done in month of February (dry season) and September (wet) 2011 and the samples were also collected in duplicates. The pH reading of water obtained in Sobe dry season 5.30 to 6.94, Elegbeka dry season 6.08 to 7.60 and Sobe wet season 4.96 to 6.57 and Elegbeka wet season 5.32 to 7.15. The turbidity reading of water obtained in Sobe dry season 0.29 to 216 FAU, Elegbeka dry season 0.85 to 63.8 FAU, Sobe wet season 0.14 to 47.4 FAU and Elegbeka wet season 0.18-35.3 FAU. The TDS reading of water obtained in Sobe dry season 6.7 to 234.5 mg/l, Elegbeka dry season 26.8 to 582.9mg/l, Sobe wet season 26.8 to 1118 mg/l and Elegbeka wet season 87.1 to 1353mg/l. The electrical conductivity reading of water obtained in Sobe dry season 10.0 to 350 µscm, Elegbeka dry season 40.0-870.0 µscm, Sobe wet season 40 to 16780 µscm and Elegbeka wet season 130 to 2020 µscm. Analysis of heavy metals such as Lead, Zinc, Cadmium and Chromium, was also conducted. Results obtained from the analysis gives ranges of concentration of lead in samples from 0.1mg/l – 0.2mg/l. Chromium concentration ranges was minimum of 0.2mg/l to maximum of 3.7mg/l in well 1 dry season sample of Elegbeka. Cadmium concentration ranges from both Sobe and Elegbeka were not much, but when present were far above NAFDAC permissible limits. Results obtained from the analysis reveals that the groundwater is likely to be influenced by the geochemistry of the bedrock as well as anthropogenic activities such as indiscriminate refuse dumps which are particularly all over Elegbeka community. Mirco-organism such as total bacteria count and E.coli were recorded in samples. This can be attributed to infiltration of leachates from pit latrines and refuse dumps making the water unfit for human consumption but none-the-less suitable for irrigation purposes. Water table of the wells in Sobe and Elegbeka community were subject to seasonal yielded fluctuations and generally very low in the peak of the dry season. Concentrations of the heavy metals was also generally higher in the dry season than the wet season.
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Introduction 
Water is an important constituent of a biotic community, and without water life will cease to exist. It is one of most precious gifts of nature though it is often taken for granted. In nature it occurs on land, below the surface as groundwater and in the atmosphere and biomass. Ninety seven percent of total volume of water is available in oceans, 2% is stored in form of ice and less than 1% is available as fresh water (P. Narayan 2007) 0.5 of this 1% occurs in aquifers as groundwater. 
It is impossible to exhaust water supply because water is continuously is being recycled through the hydrological cycle which involves precipitation, infiltration to the aquifer and runoff to rivers and lakes. The rivers feed the oceans and subsequent evaporation of the ocean’s water to the atmosphere to fall back as precipitation. There is also a complex interplay of rivers discharging into aquifers and vice versa but detailed explanation this process is beyond the scope of this work. 
However the quantity and quality of water available to man has always been a defining factor in the development of man. In pagan civilization which preceded the Christian era, water was also an all important force. Excavated ruins in India dating back, 5,000 years show existence of water supply and drainage systems. The world’s first known Dams were constructed by the Egyptians and used for irrigation purposes sourcing water from the River Nile. 
Hippocrates, the early Greek philosopher who through the centuries has come to be recognized as the father of public health movement and who authored the oath that today’s men of medicine take when they enter the medical profession, recognized the dangers of unsafe drinking water and warned of the need  for filtering and boiling water supplies intended for drinking. (Culled from Groundwater & Wells 1975).Where the demand for safe drinking water has been met; national development and an increase in living standard have gone forward. Today more than ever before the quality and quantity of water presents an even a greater challenge because of the increase in population of man on the planet, industrialization and other anthropogenic activities that degrade the quality of water as a result of pollution. 
Water pollution is the presence of some inorganic, organic, biological, radiological or physical foreign substances in water that tends to degrade it’s quality. Generally speaking as environmentalist we say “nature knows best and does not pollute itself” and pollution in the strict sense of the word is caused by anthropogenic activities. However pure water does not exist in nature as water is never pure in the chemical sense. It contains impurities consisting of dissolved and suspended solids. All these substances when present in minute quantities do not cause any harm and may even have some positive effects in improving the water quality or be of benefit to man. However if their concentration increases substantially they may adversely affect the water quality and make the water unfit for use and such water is said to be polluted. The polluted water is turbid, unpleasant bad smelling and unfit for drinking, bathing and washing and generally incompatible to supporting life. Water pollution is also caused by the presence of undesirable and hazardous materials and pathogens beyond certain acceptable limits. Much of the pollution is due to anthropogenic activities like discharge of sewage and effluent from domestic and industrial establishments, particulate matter, metals and other compounds due to mining, fertilizer and pesticide runoff from agricultural activities. The adverse effects of polluted or contaminated water cannot be over emphasized as disease carrying vectors and heavy metals that are carcinogenic can cause debilitating health conditions in humans and even animals. Even water that is suitable for drinking may not be desirous for industrial activities because of high calcium and magnesium  content which though not toxic to man, makes water hard and a nuisance during industrial processes. Also water with very high sodium content will be devastating for irrigation purposes. Therefore the need to ascertain, control and monitor the water quality used by man is of paramount importance. 
It is in the light of the foregoing that a scientific research of water quality has been carried out using the water samples from the aquifers in hand dugs wells, a borehole and river in Sobe and Elegbeka communities as a case study. The main aim of this study is to determine physicochemical and bacteriological constituents of the hand dug wells in Sobe and Elegbeka communities.
Scope of Study 
The scope of the study involves field mapping and collection of water samples from hand dug Wells in the two communities (Sobe 15, Elegbeka 10) during wet and dry season as well as observe if they are any seasonal variations. 
Physicochemical and biological analysis of the water samples are done for standard water quality parameters such as pH, turbidity, total dissolved solids, hardness, alkalinity  as well as  total bacteria count and E.coli.
The data generated was compared with NAFDAC and WHO limits to interprete the quality of the water. Also correlation with wet season and dry season as well as basement samples of Elegbeka and sedimentary of Sobe will be carried out in the course of this research. extensive literature reviews of the study area will be embarked upon to further substantiate the findings of the report. Interviews with the inhabitants of the communities to identify the prevalent water borne diseases of these communities in the absence of credible hospital records for the last twenty years to draw a correlation with the pollution of the water and these diseases. 

Materials and Methods
Study area
Description of the studied area 
Sobe lies between longitudes 5o40’E - 5o48’E and latitudes 6o47’N – 6o52’N. It is one of the major towns in Owan West Local Government of Edo State, Nigeria.  Elegbeka is located between latitudes 7o0.20-N – 7o014’N and longitudes 5o43’E – 5o,42’E in Ose Local Government in Ondo State Nigeria.
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Fig. 1 Map of Nigeria showing Edo and Ondo States
The study area of Elegbeka community is dominated by migmatite basement rocks which form part of the Basement Complex of South Western Nigeria. These rocks are composed of a series of rock types including migmatite gneiss intricately associated with metamorphosed basic and ultra basic rocks. This rocks standout in the study are as outcrops and inselbergs of biotite gneisses. They are fine grained with strong foliation caused by parallel arrangement of alternating dark and light minerals. The rocks are generally dark in colour (melanocratic) with flaky shiny minerals that are possibly biotite. The light coloured minerals megascopically are observed to be feldpars and quartz. Ptymagtic folds, dykes and pegmatites are common in the rock type. Sobe on the other hand is dominated by the Imo Shales and falls within the Southern extreme of the Anambra Basin. This rock type is fine textured, dark grey to bluish grey intercalated with sand stone and clays as seen in the profiles of the wells. The outcrops in the community are low lying and have undergone a high degree of weathering on the surface. Observation of unringed wells show a profile of laterite, clay, silt sand and shales with the aquifer located in the sand/weathered overburden of shales.
Topography
The topography of the two studied areas are quite different, Sobe being a sedimentary terrain has a low relief with the highest elevation of a sample point being 98m above sea level (Well 4),while the lowest sample point recorded 53m above sea level (well 1). For Elegbeka the terrain is Basement Complex and is characterized by outcrops and inselbergs. The elevation is appreciably higher than Sobe with the highest point of the sample location reading 211m above sea level while the lowest point immediately is in a valley region very close to a dumpsite with elevation reading at 199m above sea level.       
Climate 
The climate of both areas being about 50km apart fall within the transition zone of tropical and equatorial climate. The wet season commences from April till October and the dry season from November to March. The average daily temperature is about 28oC.
Vegetation 
The vegetation pattern of both study areas is the guinea savannah which is characterized by the presence of tall grasses and tall trees, the trees are sparse on high lands and moderately dense on lowlands. The trees are deciduous i.e. they shed their leaves in dry season. As usual the vegetation pattern of the area is controlled by geologic, topographic and drainage factors. 
Accessibility
Both study areas are located along the Old Benin-Akure Road. Sobe has a good road network and is relatively larger than Elegbeka which has only one major road which is the highway but is transversed by several foot paths interconnecting the study area.  
Drainage Pattern
The drainage pattern of both areas is dendritic and the river in Sobe study area called river Abeze flows in a southernly direction. As usual the river flow is controlled by topography. 

SAMPLE COLLECTION  
Fifteen (15) water samples were collected from twelve (12) hand dugs wells, one (1) borehole and two (2) rivers during the dry season in the month of February 2011 in Sobe community of Edo State. Subsequently in the month of September 2011 the same wells earlier sampled in February were sampled again to observe if there would be   any seasonal variations in the quality and quantity of the water. Ten (10) water samples were taken similarly from Hand dug wells in Elegbeka Community in Ose local Government Area, Ondo State which lies on the southwestern axis of the Nigerian Basement Complex. Bringing the total number of samples analyzed to twenty-five (25). The samples were collected randomly but strategically to cover the entire study area ensuring a fair distribution. The choice of wells depends on distance from previously chosen wells in the locality and more importantly the consent of the owner to make is well available for study. Samples were drawn with the aid of locally made plastic drawer into two different types of polyethylene bottles i.e 1.5L for physico-chemical parameter and 0.75L plastic bottle also for physico-chemical and microbial analyses. Samples were immediately transported to Laboratory and kept @4oC prior the time of the analyses. 

[image: nw]
Fig.2 Map of Ondo and Edo State showing the studied area. 
Physicochemical Analysis 
The pH and electrical conductivity of the samples was determined using a digital Ph meter model GMBH D4040 NEUSSI and a conductivity meter; Radiometer and Copen-Hagen CDM83. The Turbidity of the samples was ascertained at a specified wavelength using a HACK DR 2010 datalogging spectrophotometer. The total dissolved solids of the samples were determined using gravimetric procedure as described by Ademoroti, 1996. The total hardness, total alkalinity and sulphate content of the samples were evaluated using titrimetric and turbidimetric method as stated by Ademoroti, 1996.The chloride and nitrate values of the samples were determined using Mohr’s Method APHA 1993 and colorimetric method APHA, 1993 respectively. The phosphate content of the samples was evaluated using the ascorbic acid reduction described by ASTM , 1990. The heavy metals; Cu, Cr, Ni, Pb, Cd, Zn, Fe and Mn concentrations of the water samples were determined with the aid of an atomic absorbance spectrophotometer AAS;BUCK SCIENTIFIC Model 210 VGP USA..

Bacteriological Analysis
The total coliform and fecal coliform (Escherichia coli) counts of the samples were evaluated using the multiple tube technique as described by APHA, 1993.Cheesebrough,2000  and Aneja,2003.The resulting coliform cultures were characterized and identified keys stated by Holt,1989, Farmer,1995 and Cullimore,2000.  

Result and Discussion 
The results of the Heavy metal analysis of water sourced from the hand dug wells located in Elegbeka, Edo in Tables 1-2. and Sobe, Ondo in Tables 3-4. The results of the physicochemical analysis of water  tables sourced from the hand dug wells located Sobe, Ondo in  dry and wet season in Tables 5 and 6 respectively and in Elegbeka, Edo in wet and dry season in  Tables 7 and 8 respectively. The quality of groundwater depends on a large number of individual hydrological, physical, chemical and biological factors. Generally higher proportions of dissolved constituents are found in groundwater with various material in geologic strata CPCB, 2007

The pH of majority of the samples sourced from Sobe with exception of W1,W3,W4  in the dry season February (2011)  and W3 for sample sourced in wet season (September,2011) (Table 5 and 6) respectively and samples sourced from Elegbeka with exception of W6,W7,W10 for samples sourced in wet season (September 2011) and  W3,W6,W7.W8,W10 for samples sourced from dry season  ( Table 7 and 8)respectively fell short of the permissible limit stipulated by SON ,2007 ,WHO 2001 ,Ogbeibu  2013,and FME,1996.However,SON,2007 stated that there was no potential health risk arising from consumption of either highly acidic or alkaline water. Electrical conductivity (EC) is a measurement of water’s current and is directly related to the concentrations of ionized substance in water Olutona et.al 2012. Levels affected by the EC of water are a direct function of its total dissolved solids, organic compounds and temperature Olutona et.al 2012.The conductivity levels of the respective water samples abstracted from various wells in Sobe dry season ranging from 10 to 350 µs/cm while W8 and W9 were greater than 200 µS/cm, Sobe dry season ranges from 70 to 1670 µs/cm with W6,W8,W9,W10,W12, W9 were also greater than 200 µS/cm respectively. Elegbeka wet season ranges from 130-2020 µS/cm majority of the samples abstracted from all the wells were greater than 200 µS/cm while Elegbeka dry season ranges from 60-870 µS/cm with W4,W5,W6.W7 and W10 greater than 200 µS/cm which was indicative of the presence of electrolytes confirmed by the presence of the cations (lead, iron and zinc) and anions (sulphates, nitrates and chlorides) in most of  the examined samples(Table 5,6,7,8). The EC values recorded in the present study conformed with a report by Olutona et.al 2012 who indicated a range of mean EC readings 107.20 µS/cm to 549.50 µS/cm for well water samples collected in Iwo town South western Nigeria. The sulphate levels recorded for the well waters were below the permissible limits for potable water prescribed by NAFDAC, SON and WHO (Table 9). 

Table 1. Heavy metals analysis for Elegbeka dry season samples result in Mg/l	
	SAMPLE
	K
	Zn
	Cr
	Cu
	Ba
	Ni
	V
	Pb
	Cd

	ELE 1
	180.50
	21.60
	3.7
	0.5
	1.1
	0.4
	0.2
	0.5
	0.2

	ELE 2
	120.20
	10.30
	2.10
	0.2
	0.3
	0.3
	0.1
	0.1
	0.1

	ELE 3
	111.40
	8.10
	1.1
	0.1
	0.2
	0.1
	   -
	0.1
	0.1

	ELE 4
	170.50
	11.80
	1.9
	0.4
	1.3
	0.3
	0.2
	0.2
	0.1

	ELE 5
	110.30
	5.80
	0.7
	0.2
	0.3
	0.1
	   -
	0.1
	   -

	ELE 6
	118.70
	3.90
	0.3
	0.1
	0.4
	0.2
	  -
	0.1
	   -

	ELE 7
	101.80
	7.10
	0.9
	0.2
	0.2
	0.1
	   -
	0.1
	   -

	ELE 8
	90.40
	4.50
	0.30
	0.1
	0.1
	0.2
	   -
	0.1
	   -

	ELE 9
	130.10
	5.70
	0.2
	0.3
	0.2
	0.1
	0.1
	0.2
	   -

	ELE 10
	150.70
	17.30
	1.4
	0.3
	0.5
	0.2
	0.1
	0.1
	0.1








Table 2. Heavy metals analysis for Elegbeka wet season samples result in Mg/l	
	SAMPLE
	K
	Zn
	Cr
	Cu
	Ba
	Ni
	V
	Pb
	Cd

	ELE 1
	110.5
	6.1
	-
	0.1
	-
	-
	-
	-
	-

	ELE 2
	77.2
	6.3
	0.3
	0.2
	-
	-
	-
	-
	0.1

	ELE 3
	90.4
	8.1
	0.1
	-
	-
	-
	-
	0.1
	-

	ELE 4
	125.6
	21.9
	1.9
	0.3
	0.5
	0.1
	0.1
	0.2
	0.1

	ELE 5
	103.1
	7.5
	0.1
	0.1
	-
	-
	-
	0.1
	-

	ELE 6
	80.5
	11.4
	0.1
	0.1
	-
	-
	-
	-
	-

	ELE 7
	98.3
	9.5
	-
	0.1
	0.3
	-
	-
	0.1
	-

	ELE 8
	101.2
	5.5
	0.1
	0.1
	0.1
	-
	-
	-
	-

	ELE 9
	105.3
	15.9
	2.1
	0.2
	0.4
	-
	1
	0.1
	-

	ELE 10
	100.5
	7.1
	0.2
	0.1
	-
	-
	-
	-
	-




Table 3. Heavy metals analysis for sobe wet season samples result in Mg/l	
	SAMPLE
	K
	Zn
	Cr
	Cu
	Ba
	Ni
	V
	Pb
	Cd

	SOBE 1
	140.5
	21.5
	1.1
	0.4
	0.3
	0.1
	-
	0.1
	0.1

	SOBE 2
	92.3
	10.3
	0.5
	0.2
	-
	0.1
	0.1
	0.1
	-

	SOBE 3
	105.9
	8.7
	0.3
	0.3
	0.2
	0.1
	-
	0.1
	-

	SOBE 4
	100.3
	8.5
	0.4
	0.2
	-
	-
	-
	0.1
	-

	SOBE 5
	80.8
	10.2
	0.3
	0.1
	0.1
	-
	0.1
	0.1
	-

	SOBE 6
	120.5
	7.6
	0.5
	0.4
	0.3
	0.1
	-
	-
	0.1

	SOBE 7
	90.3
	17.1
	0.4
	0.1
	-
	-
	-
	0.1
	-

	SOBE 8
	91.5
	15.1
	0.5
	0.3
	-
	0.2
	0.1
	-
	-

	SOBE 9
	119.6
	5.9
	-
	0.5
	0.1
	-
	-
	-
	-

	SOBE 10
	110.7
	11.1
	0.1
	0.1
	0.2
	-
	-
	0.1
	-

	SOBE 11
	135.7
	30.1
	0.7
	0.3
	0.4
	0.1
	0.1
	0.1
	0.1

	SOBE 12
	95.6
	8.1
	0.1
	0.1
	0.1
	-
	-
	0.1
	-

	SOBE 13
	111.9
	12.3
	0.9
	0.3
	0.1
	-
	-
	0.2
	-

	SOBE 14
	117.5
	9.5
	0.2
	0.1
	-
	0.1
	-
	-
	-

	SOBE 15
	101.7
	11.4
	0.2
	0.2
	0.1
	-
	0.1
	-
	-










Table 4. Heavy metal analysis of sobe dry season samples.
	SAMPLE
	K
	Zn
	Cr
	Cu
	Ba
	Ni
	V
	Pb
	Cd

	SOBE 1
	140.9
	10.9
	1.5
	0.4
	0.4
	0.1
	0.1
	0.1
	0.1

	SOBE 2
	150.1
	17.9
	8.7
	0.3
	1.1
	0.2
	0.2
	0.1
	0.2

	SOBE 3
	120.5
	10.5
	3.1
	0.2
	0.5
	0.1
	0.2
	0.2
	0.1

	SOBE 4
	130.6
	11.10
	2.2
	0.4
	0.5
	0.3
	0.2
	0.1
	-

	SOBE 5
	105.3
	5.5
	0.7
	0.1
	-
	-0.1
	-
	0.1
	-

	SOBE 6
	85.3
	2.9
	0.1
	0.1
	-
	-
	-
	0.1
	-

	SOBE 7
	110.5
	7.1
	0.1
	0.1
	-
	-
	-
	0.1
	-

	SOBE 8
	120.5
	9.8
	1.1
	0.3
	0.2
	0.1
	-
	0.1
	-

	SOBE 9
	75.9
	4.4
	0.3
	0.2
	0.1
	-
	-
	-
	-

	SOBE 10
	80.5
	5.9
	o.1
	0.1
	-
	-
	-
	0.1
	-

	SOBE 11
	195.5
	31.50
	7.5
	0.3
	0.4
	0.2
	0.1
	0.1
	0.1

	SOBE 12
	140.3
	12.4
	2.9
	0.4
	0.2
	0.1
	-
	0.1
	o.2

	SOBE 13
	110.5
	5.4
	0.6
	0.1
	-
	0.1
	-
	-
	-

	SOBE 14
	150.3
	11.50
	2.3
	0.2
	0.1
	0.1
	-
	0.1
	0.1

	SOBE 15
	80.4
	3.1
	0.3
	0.1
	0.1
	-
	-
	-
	-





Table 5. Water quality analysis for sobe dry season samples          
	S/N
	Parameters
	Unit 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	1.
	Appearance 
	Clear
	Cloudy 
	Milky 
	SC
	SC
	Cloudy 
	SC
	SC
	SC
	C
	C
	SC
	SC
	C
	Cloudy
	C

	2.
	Odor
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje

	3.
	Color (Pt-Co)
	Hazen
	300
	>500
	15
	10
	150
	60
	40
	30
	<10
	<10
	70
	100
	<10
	350
	<10

	4.
	Temperature
	oC
	28.8
	28.7
	28.8
	29.0
	29.0
	29.6
	28.7
	28.3
	28.5
	28.7
	28.9
	28.9
	28.9
	28.3
	28.8

	5.
	pH
	Ph
	6.58
	6.30
	6.94
	6.66
	5.58
	6.06
	5.73
	5.95
	6.40
	6.32
	6.63
	5.73
	5.30
	5.77
	5.99

	6.
	Turbidity
	NTU
	42.8
	216.0
	9.10
	7.89
	53.3
	14.6
	10.6
	32.0
	3.49
	0.29
	20.5
	30.4
	3.62
	154.7
	3.73

	7.
	Conductivity 
	us/cm
	20.0
	10.0
	120.0
	90.0
	40.0
	100.0
	40.0
	350.0
	250.0
	130.0
	50.0
	30.0
	40.0
	50.0
	20.0

	8.
	Total Dissolved Solid
	mg/L
	13.4
	6.7
	80.4
	60.0
	26.8
	67.0
	26.8
	234.5
	167.5
	87.1
	33.5
	20.1
	26.8
	33.5
	13.4

	9.
	Total Hardness CaCo3
	mg/L
	20.0
	20.0
	80.0
	94.0
	44.0
	58.0
	28.0
	148.0
	110.0
	74.0
	32.0
	60.0
	100.0
	32.0
	20.0

	10.
	Calcium Hardness CaCo3 
	mg/L
	6.0
	6.0
	50.0
	54.0
	30.0
	34.0
	18.0
	106.0
	68.0
	54.0
	18.0
	42.0
	54.0
	16.0
	10.0

	11.
	Magnesium Hardness CaCo3
	mg/L
	14.0
	14.0
	30.0
	40.0
	14.0
	24.0
	10.0
	42.0
	42.0
	20.0
	14.0
	18.0
	46.0
	16.0
	10.0

	12.
	Nitrate (NO3)
	mg/L
	2.11
	2.37
	3.14
	2.86
	ND
	1.34
	1.65
	2.01
	2.54
	0.15
	4.56
	3.42
	2.87
	3.96
	4.36

	13.
	Iron (Fe)
	mg/L
	ND
	0.34
	0.43
	0.26
	0.45
	ND
	0.23
	0.65
	ND
	0.73
	0.35
	0.65
	ND
	ND
	ND

	14.
	Alkalinity
	mg/L
	22.0
	16.0
	52.0
	84.0
	26.0
	12.0
	22.0
	18.0
	50.0
	10.0
	20.0
	18.0
	14.0
	28.0
	18.0

	15.
	Magnesium (Mn) 
	mg/L
	ND
	0.016
	0.020
	0.030
	0.014
	ND
	0.024
	0.018
	ND
	0.024
	0.009
	0.020
	ND
	ND
	ND

	16.
	Calcium (Ca2+)
	mg/L
	2.40
	2.40
	20.0
	21.6
	12.0
	13.6
	7.21
	42.5
	27.3
	21.6
	7.21
	16.8
	21.6
	6.41
	4.00

	17.
	Magnesium (Mg2+)
	mg/L
	3.41
	3.42
	7.32
	9.76
	3.42
	5.85
	2.44
	10.2
	10.2
	4.88
	3.41
	4.39
	11.2
	3.9
	2.44

	18.
	Sulphate (SO42-)
	mg/L
	112.2
	141
	120.6
	127.2
	99.6
	94.2
	61.8
	106.2
	85.8
	63
	119.4
	123
	99
	108
	112.8

	19.
	Chloride (Cl-)
	mg/L
	22.9
	107.0
	12.9
	14.9
	12.1
	41.9
	10.7
	62.8
	47.1
	32.1
	12.1
	45.7
	12.1
	14.3
	7.85

	20.
	Sodium (Na)
	mg/L
	14.9
	6.96
	8.35
	9.74
	7.93
	27.3
	6.96
	40.8
	30.6
	20.9
	7.86
	29.7
	7.93
	9.29
	5.10

	21.
	Bicarbonate (HCO3)
	mg/L
	22.0
	16.0
	52.0
	84.0
	26.0
	12.0
	22.0
	18.0
	50.0
	10.0
	20.0
	18.0
	14.0
	28.0
	18.0

	22.
	Suspended Solids
	mg/L
	6.60
	3.3
	39.6
	29.7
	13.2
	33.0
	13.2
	115.5
	82.5
	42.9
	16.5
	9.9
	13.2
	16.5
	6.60

	23.
	Total Bacterial Count
	Cfu/100ml
	23
	TNTC
	12
	10
	18
	10
	9
	11
	10
	8
	13
	16
	8
	26
	9

	24.
	E-Coil
	Cfu/100ml
	1
	3
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	3
	0


NOTE: ND=Not Detected, X=Not tested, C=Clear, Unobjectionable=Unobje, SC=Slighty Clear, TNTC=Too Numerous to count. 
Table 6. Water quality analysis. sobe wet samples
	S/NO
	Parameters
	Unit 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	1.
	Appearance 
	Clear
	SY
	SC
	C
	C
	C 
	C
	SC
	C
	C
	C
	C
	C
	C
	C
	C

	2.
	Odor
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje

	3.
	Color (Pt-Co)
	Hazen
	230
	90
	15
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10
	<10

	4.
	Temperature
	oC
	26.6
	26.3
	26.4
	26.6
	26.4
	26.4
	26.0
	26.0
	26.1
	26.7
	25.9
	26.1
	26.7
	26.7
	26.8

	5.
	pH
	Ph
	5.82
	6.40
	6.57
	6.06
	5.87
	5.84
	5.79
	6.14
	6.40
	6.42
	6.42
	4.96
	5.60
	5.20
	6.43

	6.
	Turbidity
	NTU
	47.4
	15.3
	5.91
	1.96
	2.38
	0.85
	0.72
	0.14
	0.54
	1.52
	3.28
	0.21
	1.60
	1.21
	1.52

	7.
	Conductivity 
	us/cm
	140
	120
	180
	40
	100
	340
	90
	800
	1670
	390
	150
	380
	130
	70.0
	70.0

	8.
	Total Dissolved Solid
	mg/L
	93.8
	80.4
	121
	26.8
	67
	228
	60.3
	536
	1118
	261
	101
	255
	87.1
	46.9
	46.9

	9.
	Total Hardness CaCo3
	mg/L
	20.0
	50.0
	98.0
	50.0
	40.0
	42.0
	34.0
	156
	134
	70.0
	32.0
	56.0
	32.0
	28.0
	28.0

	10.
	Calcium Hardness CaCo3 
	mg/L
	16.0
	20.0
	80.0
	24.0
	30.0
	34.0
	16.0
	128
	98.0
	50.0
	26.0
	40.0
	14.0
	20.0
	16.0

	11.
	Magnesium Hardness CaCo3
	mg/L
	4.0
	30.0
	18.0
	26.0
	10.0
	8.0
	18.0
	28.0
	36.0
	20.0
	6.0
	16.0
	18.0
	8.0
	12.0

	12.
	Nitrate (NO3)
	mg/L
	2.11
	2.56
	2.81
	2.86
	7.48
	ND
	29.9
	ND
	4.76
	3.89
	5.12
	3.98
	2.87
	4.92
	14.2

	13.
	Iron (Fe)
	mg/L
	0.87
	ND
	0.66
	0.35
	0.65
	0.63
	ND
	0.53
	0.89
	1.08
	ND
	ND
	ND
	0.58
	ND

	14.
	Alkalinity
	mg/L
	28.0
	38.0
	104
	22.0
	28.0
	16.0
	12.0
	32.0
	134
	48.0
	52.0
	36.0
	20.0
	14.0
	116

	15.
	Magnesium (Mn) 
	mg/L
	0.009
	ND
	0.010
	0.018
	ND
	0.014
	ND
	0.021
	0.016
	0.014
	ND
	ND
	ND
	0.021
	ND

	16.
	Calcium (Ca2+)
	mg/L
	6.41
	3.01
	32.1
	9.61
	12.0
	13.6
	6.41
	51.3
	39.7
	20.0
	10.4
	16.0
	5.61
	8.01
	6.41

	17.
	Magnesium (Mg2+)
	mg/L
	0.97
	7.32
	4.39
	6.34
	2.44
	1.95
	4.39
	6.83
	8.78
	4.88
	1.46
	3.90
	4.39
	1.95
	2.92

	18.
	Sulphate (SO42-)
	mg/L
	105.25
	65.35
	76.85
	68.05
	65.8
	77
	64
	76.55
	68.5
	65.9
	80.3
	64.35
	65.35
	67.8
	80.25

	19.
	Chloride (Cl-)
	mg/L
	9.99
	14.9
	8.99
	8.99
	12.9
	19.9
	13.9
	91.9
	43.9
	32.9
	13.9
	50.9
	15.9
	7.99
	9.99

	20.
	Sodium (Na)
	mg/L
	6.49
	9.68
	5.84
	5.84
	19.4
	12.9
	9.03
	59.7
	28.5
	21.4
	9.03
	33.1
	10.4
	5.19
	6.49

	21.
	Bicarbonate (HCO3)
	mg/L
	28.0
	28.0
	104
	22.0
	28.0
	16.0
	12.0
	32.0
	134
	48.0
	52.0
	36.0
	20.0
	14.0
	116

	22.
	Suspended Solids
	mg/L
	46.2
	39.6
	59.4
	13.2
	33.0
	112
	29.7
	264
	551
	129
	49.5
	125
	42.9
	23.1
	23.1

	23.
	Total Bacterial Count
	Cfu/100ml
	18
	13
	10
	9
	8
	7
	9
	6
	9
	9
	12
	8
	9
	12
	9

	24.
	E-Coil
	Cfu/100ml
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


NOTE: ND=Not Detected, X=Not tested, C=Clear, Unobjectionable=Unobje, SC=Slighty Clear, TNTC=Too Numerous to count. 

Table 7. Water quality analysis for elegbeka wet samples
	S/N
	Parameters
	Unit 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1.
	Appearance 
	Clear
	SY
	SC
	C
	C
	C 
	C
	SC
	C
	C
	C

	2.
	Odor
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje

	3.
	Color (Pt-Co)
	Hazen
	20
	<10
	30
	
	<10
	<10
	<10
	<10
	80
	<10

	4.
	Temperature
	oC
	26.3
	27.4
	25.9
	27.1
	26.3
	26.4
	26.7
	26.4
	26.9
	27.1

	5.
	pH
	pH
	6.17
	6.32
	5.32
	6.29
	6.26
	7.01
	7.15
	6.32
	6.20
	7.00

	6.
	Turbidity
	NTU
	9.19
	1.26
	11.4
	1.08
	2.64
	0.89
	0.20
	0.89
	35.3
	0.18

	7.
	Conductivity 
	us/cm
	130
	240
	130
	800
	440
	2020
	1170
	340
	130
	1640

	8.
	Total Dissolved Solid
	mg/L
	87.1
	161
	87.1
	536
	295
	1353
	784
	228
	87.1
	1099

	9.
	Total Hardness CaCo3
	mg/L
	114
	86.0
	30.0
	217
	52.0
	314
	188
	108
	50.0
	465

	10.
	Calcium Hardness CaCo3 
	mg/L
	72.0
	56.0
	16.0
	170
	22.0
	232
	128
	66.0
	28.0
	258

	11.
	Magnesium Hardness CaCo3
	mg/L
	42.0
	30.0
	14.0
	46.0
	30.0
	82.0
	60
	42.0
	22.0
	204

	12.
	Nitrate (NO3)
	mg/L
	4.12
	2.65
	3.78
	5.32
	3.89
	6.02
	ND
	4.35
	5.08
	6.32

	13.
	Iron (Fe)
	mg/L
	ND
	ND
	ND
	1.08
	ND
	0.67
	0.43
	ND
	0.34
	0.58

	14.
	Alkalinity
	mg/L
	54.0
	118
	46.0
	164
	104
	525
	248
	66.0
	46.0
	292

	15.
	Magnesium (Mn) 
	mg/L
	0.008
	ND
	0.006
	0.021
	0.009
	0.012
	0.010
	0,011
	0.008
	0.014

	16.
	Calcium (Ca2+)
	mg/L
	28.9
	22.4
	6.41
	68.1
	8.81
	92.9
	51.3
	26.5
	11.2
	103

	17.
	Magnesium (Mg2+)
	mg/L
	10.2
	7.32
	3.41
	11.2
	7.32
	20.0
	14.6
	10.4
	5.36
	49.8

	18.
	Sulphate (SO42-)
	mg/L
	68
	92.5
	69.5
	117.55
	97.5
	77.5
	76.35
	81
	108.25
	66.75

	19.
	Chloride (Cl-)
	mg/L
	14.0
	14.9
	7.99
	127
	46.9
	90.9
	123
	28.9
	11.9
	252

	20.
	Sodium (Na)
	mg/L
	9.10
	9.68
	5.19
	82.6
	30.5
	59.1
	80.0
	18.8
	7.73
	146

	21.
	Bicarbonate (HCO3)
	mg/L
	54.0
	118
	46.0
	164
	104
	525
	248
	66.0
	46.0
	292

	22.
	Suspended Solids
	mg/L
	42.9
	79.2
	42.9
	264
	145
	667
	386
	112
	42.9
	541

	23.
	Total Bacterial Count
	Cfu/100ml
	10
	10
	9
	11
	7
	8
	6
	7
	10
	6

	24.
	E-Coil
	Cfu/100ml
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1


NOTE: ND=Not Detected, X=Not tested, C=Clear, Unobjectionable=Unobje, SC=Slighty Clear, TNTC=Too Numerous to count. 


Table 8. Water quality analysis for elegbeka dry
	S/N
	Parameters
	Unit 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1.
	Appearance 
	Clear
	Cloudy 
	SC
	SC
	Milky 
	C 
	Cloudy 
	C
	C
	C
	C

	2.
	Odor
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje
	Unobje

	3.
	Color (Pt-Co)
	Hazen
	60
	100
	30
	130
	<10
	120
	<10
	10
	<10
	120

	4.
	Temperature
	oC
	28.4
	28.8
	28.9
	28.9
	29.0
	28.3
	29.0
	29.1
	29.5
	29.0

	5.
	pH
	pH
	6.49
	6.30
	6.60
	6.08
	6.28
	7.26
	6.58
	6.63
	6.33
	7.60

	6.
	Turbidity
	NTU
	27.1
	43.6
	26.8
	54.9
	0.85
	63.8
	3.20
	4.56
	2.81
	56.4

	7.
	Conductivity 
	us/cm
	60.0
	110.0
	40.0
	360.0
	380.0
	870.0
	420.0
	110.0
	80.0
	680.0

	8.
	Total Dissolved Solid
	mg/L
	40.2
	73.7
	26.8
	241.2
	254.6
	582.9
	281.4
	73.7
	53.6
	455.6

	9.
	Total Hardness CaCo3
	mg/L
	34.0
	60.0
	26.0
	236.0
	256.0
	674.0
	332.0
	78.0
	58.0
	394.0

	10.
	Calcium Hardness CaCo3 
	mg/L
	20.0
	38.0
	16.0
	126.0
	172.0
	258.0
	144.0
	66.0
	34.0
	136.0

	11.
	Magnesium Hardness CaCo3
	mg/L
	14.0
	22.0
	10.0
	110.0
	84.0
	416.0
	188.0
	12.0
	24.0
	258.0

	12.
	Nitrate (NO3)
	mg/L
	2.76
	13.2
	7.21
	ND
	4.56
	ND
	2.87
	6.01
	3.54
	ND

	13.
	Iron (Fe)
	mg/L
	ND
	0.27
	0.73
	ND
	0.59
	0.40
	0.63
	1.02
	0.47
	0.38

	14.
	Alkalinity
	mg/L
	34.0
	20.0
	26.0
	26.0
	86.0
	272.0
	86.0
	42.0
	18.0
	170.0

	15.
	Magnesium (Mn) 
	mg/L
	ND
	0.013
	0.008
	ND
	0.016
	0.020
	0.012
	0.018
	0.0.4
	0.006

	16.
	Calcium (Ca2+)
	mg/L
	8.01
	15.2
	6.41
	50.5
	68.9
	103.4
	57.7
	26.5
	13.6
	54.5

	17.
	Magnesium (Mg2+)
	mg/L
	3.41
	5.36
	2.44
	26.8
	20.5
	101.5
	45.9
	2.93
	5.85
	62.9

	18.
	Sulphate (SO42-)
	mg/L
	122.4
	102
	101.4
	118.8
	83.4
	100.2
	91.2
	84
	91.8
	107.4

	19.
	Chloride (Cl-)
	mg/L
	9.28
	21.4
	9.99
	131.4
	52.1
	112.1
	117.9
	13.6
	10.7
	197.9

	20.
	Sodium (Na)
	mg/L
	6.03
	13.9
	6.49
	85.4
	33.9
	72.9
	76.6
	8.79
	6.95
	128.6

	21.
	Bicarbonate (HCO3)
	mg/L
	34.0
	20.0
	26.0
	26.0
	86.0
	272.0
	86.0
	42.0
	18.0
	170.0

	22.
	Suspended Solids
	mg/L
	19.8
	36.7
	13.2
	118.8
	125.4
	287.1
	138.6
	36.3
	26.4
	224.4

	23.
	Total Bacterial Count
	Cfu/100ml
	15
	20
	13
	18
	8
	10
	9
	11
	7
	10

	1024.
	E-Coil
	Cfu/100ml
	2
	1
	1
	1
	0
	1
	0
	1
	0
	1


NOTE: ND=Not Detected, X=Not tested, C=Clear, Unobjectionable=Unobje, SC=Slighty Clear, TNTC=Too Numerous to count. 




Table 9. Guidelines for quality drinking water revised 2006
	S/N
	PARAMETER
	NAFDAC
	SON
	WHO
	Maximum Permissible

	1.
	Colour TCO
	3
	3
	3
	15

	2.
	Odour
	unobjectionable
	unobjectionable
	unobjectionable
	unobjectionable

	3.
	Taste 
	unobjectionable
	unobjectionable
	unobjectionable
	unobjectionable

	4.
	pH units
	6.5-8.5
	6.5-8.5
	7.0-8.9
	6.5-8.5

	5.
	Turbidity NTU
	5
	5
	5
	5

	6.
	Conductivity uS/cm
	1000
	1000
	900
	1200

	7.
	Total solids mg/l
	500
	500
	500
	1500

	8.
	Total Alkalinity mg/l
	100
	100
	100
	100

	9.
	Chloride mg/l
	100
	100
	200
	250

	10.
	Fluoride mg/l
	1
	1
	1
	1.5

	11.
	Bicarbonate mg/l
	
	200
	200
	200

	12.
	Phosphate mg/l
	
	10
	10
	10

	13.
	Hydrogen sulphide  mg/l
	
	0.05
	0.05
	0.05

	14.
	Copper mg/l
	1
	1
	0.5
	0.5

	15.
	Iron mg/l
	0.3
	0.3
	1
	50

	16.
	Nitrate mg/l
	10
	10
	10
	3

	17.
	Nitrite mg/l
	0.02
	0.02
	0.2
	0.4

	18.
	Manganese mg/l
	2
	0.05
	0.1
	20

	19.
	Magnesium mg/l
	20
	0.2
	20
	3

	20.
	Zinc mg/l
	5
	5
	0.01
	200

	21.
	Sodium mg/l
	
	200
	200
	0.05

	22.
	Ammonia mg/l
	
	0.05
	0.05
	0.01

	23.
	Selenium mg/l
	0.01
	NS
	0.01
	NS

	24.
	Silver mg/l
	-
	-
	NS
	0.07

	25.
	Cyanide mg/l
	0.01
	0.01
	0.01
	500

	26.
	Sulphate mg/l
	100
	100
	250
	NS

	27.
	Calcium mg/l
	75
	75
	NS
	0.2

	28.
	Aluminum mg/l
	0.5
	NS
	0.2
	NS

	29.
	Potassium mg/l
	10
	10
	NS
	0.01

	30.
	Lead mg/l
	0.01
	0.01
	0.01
	0.05

	31.
	Chromium mg/l
	0.05
	0.05
	0.05
	0.003

	32.
	Cadmium mg/l
	0.003
	0.003
	0.003
	0.01

	33.
	Arsenic mg/l
	0.01
	0.01
	0.01
	0.01

	34.
	Barium mg/l
	0.05
	0.05
	0.05
	0.07

	35.
	Mercury mg/l
	0.001
	0.001
	0.001
	0.001

	36.
	Antimony mg/l
	NS
	NS
	
	0.02

	37.
	Tin ug/l
	
	
	
	1.2

	38.
	Nicked mg/l
	
	
	
	0.02

	39.
	Total hardness mg/l
	100
	100
	100
	500

	40.
	Vinyl Chloride mg/l
	0
	0
	0
	0.003

	41.
	PAH mg/l
	
	
	
	0.0002

	42.
	Pesticide mg/l
	
	0.01
	0.01
	0.01



This trend is similar to reports by Olutona et.al. (2012), Osibanjo and Majolagbe,(2012),Aladejana and Talabi,(2013) who conducted hydrochemical analyses of groundwater samples abstracted from several locations in Lagos, Abeokuta and Iwo town, South western Nigeria.. WHO, (2011) indicated that the presence of sulphate in drinking water can cause noticeable taste, and very high levels might cause a laxative affecting unaccustomed consumers. Jayalakshmi et al., (2011) stated that Total Hardness (TH) is a measure of capacity of water to precipitate soap. Soap is precipitated mainly by calcium and magnesium present in polyvalent cation and they are in complex forms frequently with organic constituents. Also, in most fresh water, TH is imparted mainly by calcium and magnesium ions, which apart from sulphate, chloride and nitrate are found in combination with carbonates and bicarbonates Sangpal et.al;(2011). The TH concentration of the water sample sourced from Sobe both dry and wet seasons W8 and W9 were and Elegbeka wet season W4, W6, W7, W8.W10 and  Elegbeka dry season W4,W5,W6,W7.W10  respectively were above both SON and WHO limits but were above stipulated limits for drinking water as indicated by WHO,(2011) (Table8).Majority of the well water were very turbid  and did not met the stipulated limits for turbidity of water intended for drinking purposes as specified by the relevant agencies ((Table 8). Adekunle et al., (2007) stated that turbidity results from the reduction of transparency due to the presence of particulate matters such as clay, silt, finely divided organic matter, plankton or other microscopic organisms. The colloidal materials provide adsorption sites for chemicals that may be harmful to health or cause undesirable tastes or odors. High turbidity levels are therefore associated with poor water quality Adekunle et al., (2007) The range of manganese values recorded for the well waters in both the dry and wet periods were in disagreement with a report by Nwankwoala et al.2011 which stated comparatively lower concentrations of manganese for groundwater samples obtained from several sampling points in Yenagoa, Bayelsa State, Nigeria.(Table 8).This phenomenon is worrisome as although manganese is an essential element for humans UNICEF,(2008), the consumption of water having concentrations higher than 0.2 mg/l have been linked to the development of neurological disorders SON,(2007).Todd,(1980) reported that at concentration levels higher than 0.5mg/l, manganese impacts a bitter taste to water, stains cloths and metal parts and precipitate in foods when used for cooking and it also promotes the growth of algae in reservoirs.  Aside from samples collected from Sobe W15 in wet season the concentration values of nitrate in the well waters were within the limits permitted for drinking water (Table 8). This observation indicates that water sourced directly from Sobe in wet season in W7 and From Elegbeka dry Season in W2 are not suitable for direct consumption by pregnant women, infants and children living within the vicinity of these hand dug wells. It is a serious health threat to infants less than three to six months of age because of its ability to cause methaemoglobinaemia or blue baby syndrome in which blood loses Its ability to carry sufficient oxygen Groen.et.al;(1988), Burkart and Koplin, (1993) UNICEF, (2008). The primary sources of nitrate in groundwater include, agricultural activity (including excess application of inorganic nitrogenous fertilizers and manures), from wastewater disposal and from oxidation of nitrogenous waste products in human and animal excreta, including septic tanks, and leaching from natural vegetation, WHO,(2008).Comparatively, the concentration levels of zinc and chromium were higher than the other heavy metals; copper, vanadium, cadmium, nickel and lead detected in the respective groundwater samples (Tables 1,2,3 and 4). The values of zinc in waters abstracted from wells in all the locations were higher than the permissible limit with few exceptions in Elegbeka dry season in W6 3.90 and W8 4.50 and Sobe dry season W6 2.90 , W9 4.4 and W15 3.1 respectively.  Generally, Zn is an essential element for both plant and human metabolism, however excess zinc concentrations in water causes astringent taste and opalescence Nwakwoala et.al ;2011
Bacteriological Assessment
Results from bacteriological assessment are shown in Table 5,6.7.8 . Four bacterial (coliform) isolates were characterized and identified from the samples, Escherichia coll, Klebsiella spp., Enterobacter aerogenes and Citrobacter sp. Enterobacter aerogenes and Citrobacter sp. were the most prevalent isolate whilst E. coll had the least percentage cumulative frequency of occurrence (6.2%) amongst the coliform cultures. Expectedly, all the well waters had varying levels of coliform bio-load (Table 5,6,7,8) and different genera of coliforms were identified. Groundwater has been known to contain a broad spectrum of microbial types similar to those found in surface soils and waters. These microbes encompass bacteria, fungi and protozoa, and are representative of most physiological types (Sundaram A.et.al,2009 ,Plazinska et.al 2000 reported that occasionally, pathogenic viruses, bacteria and protozoans of gastrointestinal origin from domestic, agricultural and other anthropogenic activities, may infiltrate through soits sediments and rocks to the underlying ground water. All the untreated well waters especially those which had the fecal indicator. Escherichia coll present were unsuitable for drinking as they fell below the microbiological limits indicated for portable water. The recovery of E. coli from some of the well waters is of high public health significance given the fact that the pathogenic strains of this bacterium are known to cause urinary tract infections, acteraemia, meningitis. diarrhea; whico is one of the main cause of morbidity and mortality among children. 
Conclusion
The observed dependence of the rural populace residing in the studied area on these untreated well waters which had high concentration of Zinc and Cr as sources of potable water is a dangerous trend and should be prioritized and addressed immediately by both Sobe in Owan -West and Elegbeka in Ose Local Government Authorities of Edo and Ondo States respectively, relevant ministries and agencies of the Edo and Ondo State Governments  concerned Non-Governmental agencies. The inhabitants should be encouraged to treat the water by boiling and using of coagulants and disinfectants at effective dosages such as alum or chlorine which would reduce or eliminate the microbial load of the water prior to consumption. People especially pregnant and nursing mothers utilizing water for drinking purposes should be discouraged from this act and an alternative close source of treated drinking water should be provided by either relevant Government and Non-Governmental agencies. Sensitization programmes aimed at educating residents living close to the open hand dug wells on the importance of always conducting good personal hygienic practices which would eliminate unwarranted fecal pollution of these sources of drinking water should also be conducted by environmental health department of the local Government authority and non-Government agencies.
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