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ABSTRACT 

The study sought to investigate the quality of groundwater in some communities in Bayelsa State. A total 

of six (6) groundwater samples were collected from six (6) functional boreholes. The samples were taken 

to Cross River State Rural Water Supply and Sanitation Agency (RUWATSSA) laboratory for physico-

chemical and bacteriological analysis. Pollution Index was used to evaluate the quality of groundwater in 

the study area. This results indicates that the water samples in the study area have been polluted by 

bacteriological contamination. Thus a Pl value of 5.57 and 7.32 for faecal coliform and total coliform 

respectively indicates serious pollution. Temperature and turbidity shows slightly polluted Pl value of 

1.11 and 1.02 respectively. Similarly, the conce3ntration of the heavy metals (Fe) falls within the 

permissible limits of the Nigerian Standard for Drinking Water Quality (NSDWQ. 2007) except that of 

(Mn) with Pl value of 1.02. 
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1.0 INTRODUCTION 
Water is one of the most essential and important life-supporting resources. It is very essential for all 

living things, including humans, animals and plants (Femi, 2007). Human beings can live for over sixty 

days without food. They can rarely survive for more than three days without water (NEST, 1991). About 

70% of the human body, by weight, consists of water and many of the body functions depend on water. 

Thus, regular intake of this precious gift of nature is very important for our survival (Santra, 2005; Enger 

and Smith, 2007). Water acts as a lubricant and helps protect tissues from external injury, and gives 

flexibility to muscles, tendons, cartilage and bones. The body of an average man contains about 40 liters 

of water, while the grey matter of the brain is about 85% water (Grace, 2001). Man requires water for 

cooking, drinking, washing, general sanitation, agriculture, irrigation, industry and hydro-electric power 

generation. The availability of good quality water is paramount to the sustenance of socio-economic 

development. In fact socio-economic progress is impossible without adequate supplies of good quality 

water (NEST, 1991; Asthana and Asthana, 2007; Chauchan, 2008; Digha, 2008; and Chima and Digha, 

2010). Water quality deterioration as a result of pollution have resulted in global water shortages, putting 

the world population under water stress. Therefore, water crisis is becoming increasingly real in the face 

of high demand, relative to its static supply. Balject (2001) reaffirmed that safe drinking water supply and 

basic sanitation are vital to human health and efficiency. All the ill-health, diseases and death in 

developing nations, including Nigeria, can be attributed to the lack of these essentials. According to the 

World Health Organization (WHO) 2005, about 30,000 people die every day globally due to unsafe water 

consumption and insufficient sanitation. About ten million women spend half their day walking in the hot 

sun, to carry home polluted water which poisons them and their families. In the same vein, world health 

organization (2005) affirmed that more than one billion people lack access to supply of safe drinking 

water which is the major cause of diseases and death in the world. Egwari and Aboaba (2002) noted that 

about 2.6 billion people in the world lack access to improved sanitation. At any given time, about half of 

the world’s hospital beds are occupied by patients suffering from water related diseases. In every 15 
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seconds, a child dies from water borne and water related diseases, and children under the age of five in 

whom it usually manifests as acute gastroenteritis leading to diarrhea often require hospitalization. More 

so, about 1.8 million children die each year of diarrhea and 4900 deaths each day. Thus, water and 

sanitation crisis claim more lives through water related diseases than any war through guns (Water 

Partner International, 2007). In Nigeria, there has been high incidence of childhood diarrhea – despite the 

intensive activities of the National Control programme. This is due to the unavailability of potable water 

especially in rural communities where mothers usually obtain water from contaminated sources for 

preparing weaning foods. According to Victoria et al (2019), in reviewing the prevalence of diarrhea 

among Nigeria children over a period of 9 to 12 years, observed that 315,000 children under the age of 5 

years died from this disease condition. Also, children within the age range of (0-5years) are reported to 

experience 1-3 episodes of diarrhea annually (Egwari and Aboaba, 2002). Most of these events are more 

prevalent in the rural areas which lack basic amenities and poor sanitation (Chima et al, 2008). By and 

large, man could alter the form of water and its distribution or improve its quality for better human use, 

but the amount of water on our planet remains fixed. The realization of this fact and other recent events 

of flood, drought, water shortage and epidemics due to pollution in the world have underscored the need 

for proper management of water resources. 

1.1  Study Area 

Bayelsa State is the central part of Niger Delta Area. It is located on longitude 50 20’ E to 60 30’ E and 

latitude 40 10’ S to 50 16’ N. it is bounded by Rivers State to the East and the Delta State in the west (see 

fig. 1). Finally, the southern axis is bounded by the Bight of Benin opening in to Atlantic Ocean. 

The surface geology of the Niger Delta is made up of three tertiary lithostratigraphic units, the Benin, 

Agbada and Akata formation (Akpokodje, 1987, and 1988). Lithologically, the Benin formation consists 

of over 90% sand and shale intercalations. It covers the whole coastal line of the Central Niger Delta 

region. The materials of the Benin formation dates back to the Oligocene while the upper part of the 

formation generally ranges from Miocene to recent in age. The Agbada formation consists of a sequence 

of shale which sand units predominates the upper part and minor shale intercalations. The shale unit 

becomes thicker towards the boundary between it and the Akata formation (Akpokodje, 1988). 

The oldest among the three formations is the Akata formation. It is made up of uniform shale deposits 

consisting of dark-grey sandy, silt shale with plant remains at the top, particularly at the zone between the 

Agbada and the Akata formations (Akpokodje, 1987). 

The geographical region of the Central Niger Delta (Bayelsa State) has a tropical climate with two 

distinct seasons, wet (April to October) and dry (November to March). The mean annual rainfall is about 

3,500mm along the coast and gradually decreases to 3,000mm in land. Although rainfalls throughout the 

year, more than 85% of the mean annual rainfall occur during the wet season. The implication of this 

very high rainfall during the wet season is the wide spread occurrence of flood. The water level may rise 

more than 5m in some areas and about 60% of the Central Niger Delta usually remains inundated 

(Akpokodje, 1987; Fubara, 1987).  
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Figure 1:  Map of the study area (Bayelsa State) 

 

Source:  Bayelsa State Ministry of Land & Housing   
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MATERIALS AND METHODS  

The procedure and strategies used in obtaining the data the data for the study. The researcher took the 

following pattern, sampling techniques, experimental procedures, and determination of parameters, 

materials and method used. A total of six (6) groundwater samples were collected from six (6) boreholes. 

The sample locations were chosen based on their population figure of 1991, published by the National 

Population Commission. The water samples were collected into pre-washed 1 litre polyethylene bottles. 

The bottles were rinsed with the water from the borehole in which the sample was to be collected. Prior 

to the collection of the water sample, the well was allowed to pump for about 5 minutes to ensure 

stability before samples were collected. The water samples were then taken to Cross River State Rural 

Water Supply and Sanitation Agency (RUWATSSA) Laboratory for analysis.  In the field, the co-

ordinates of the various sampling locations were determined using GPS device. The most common 

method to determine latitude and longitude of a location is using GPS (Global positioning system) device 

to electronically record the co-ordinates. The GPS readings were appropriately read from the device and 

recorded in the various locations as shown in Table 1.    

 

Laboratory Procedure   

TEMPERATURE: This was determined with the theanometer. The thermometer was inserted into the 

water sample in a beaker and the reading was noted. 

 pH: The pH was determined with a pH meter (model: Mettler Toledo MP   220). The pH meter probe 

was inserted into the water sample in a beaker, the READ key was pressed and the pH reading was taken.  

COLOUR: Colour was determined using LOVIBOND COMPARATOR. The test kit was assembled and 

the water sample was filled into a test tube and placed in the right hand corner of the comparator. The 

disc was placed on the comparator and rotated till the nearest colour match was observed; the value for 

colour was noted and recorded.   

TURBIDITY: A turbidity meter (Model: HANNA INSTRUMENT H193703) was used. The sample 

was placed in the turbidimeter bottle and the bottle wiped clean with a cloth to erase any. Finger print 

that may affect the reading. The bottle was then placed on the turbidimeter and the READ key pressed, 

the turbidity reading was displayed.   

CONDUCTIVITY: Conductivity meter (Model: HANNA INSTRUMENT H18733) was used. The 

conductivity meter probe was rinsed with distilled water and inserted into the sample in a beaker, the 

conductivity reading was displayed.  

DISSOLVED OXYGEN: Method: Spectrophotometry Procedure: A reaction cell was filled to over 

flowing and one (1) glass bead was added into it. O.Sml of Oxygen reagent O2-1 K was added. Another 

0.5ml of Oxygen reagent 02-2k was also added and mixed for 10 seconds. Lastly, 1 ml of oxygen reagent 

02-3k was added, mixed and allowed to stand for 5 minutes. The dissolved oxygen value was then read 

out in the spectrophotometer at a wavelength of 489nm.   

CALCIUM: Method: Spectrophotometry Procedure: 0.1 ml of the sample was placed in a test tube using 

pipette and 0.5ml of calcium reagent Ca-1 was added and mixed. O.4ml each of calcium reagent Ca-2 

and Ca-3 were also added to the test tube and mixed. The sample was allowed to stand for 8 minutes sto 

elicit full colour development and then filled into a reaction cell, placed in the spectrophotometer where 

the calcium concentration was displayed.   

MAGNESIUM: Method: Spectrophotometry  1 ml of the sample was placed in a reaction cell and mixed 

and 1 ml of magnesium reagent Mg-1 k added to it. This was avowed to stand for 3 minutes and 

thereafter, 0.3ml of magnesium reagent Mg-2k added, mixed and placed in the spectrophotometer. 

Magnesium concentration was read at a wavelength of 568nm.   

TOTAL HARDNESS: Method: Spectrophotometry  1 ml of the sample was placed in a reaction cell and 

1 ml of total hardness reagent H-1 k added with a pipette. 3 minutes reaction time was allowed before 

total hardness was determined in the spectrophotometer at a wavelength of 450nm.    

ALKALINITY: Method: Titrimetry The sample was placed up to the 5ml mark in the test tube and 1 

drop of methyl red indicator was added to it. The sample turns blue and a dropwise titration was carried 

out using reagent TL AL7 until there was a colour change. The value in the syringe was taken as the 

alkalinity value for the sample.  

NITRATE: Method: Spectrophotometry 1 microspoonful of nitrate reagent N03-1A was placed in a dry 

test tube and 5ml of nitrate reagent N03-2A added into it and mixed to dissolve. 1.5ml of the sample was 
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added slowly and shaken. This was allowed to stand for 10minutes and nitrate concentration was read out 

from the spectrophotometer at a wavelength of 520nm.  

NITRITE: Method: Spectrophotometry 5ml of the water sample was placed in test tube and 1 

microspoonful of nitrite reagent N02-AN was added and shaken to dissolve. A time of 10 minutes was 

allowed before reading out the nitrite concentration in the sample.  

AMMONIUM: Method: Spectrophotometry 5ml of the water sample was placed in a test tube and 

O.6ml of ammonium reagent NH4-1 was added using a syringe. 1 level microspoonful of ammonium 

reagent NH4-2 was also added, shaken and allowed to stand for 5 minutes. Ammonium concentration 

was determined at a wavelength of 520nm in the spectrophotometer.  

MANGANESE: Method: Spectrophotometry 5ml of the water sample was placed in a test tube and 4 

drops of manganese reagent Mn-1 was added and shaken. This was allowed to stand for 2 minutes. 

Thereafter, O.2ml each of manganese reagents Mn-2 and Mn-3 were added, shaken and allowed to stand 

for another 2 minutes before reading the manganese concentration from the spectrophotometer at a 

wavelength of 520nm.  

IRON: Method: Spectrophotometry 5ml of the water sample was placed in a test tube and O.3ml of iron 

reagent Fe-1 was added, shaken and allowed to stand for 3 minutes. The iron concentration was then 

determined at a wavelength of 420nm in the spectrophotometer.  

SULPHATE: Method: Spectrophotometry 2.5ml of the water sample was placed in a test tube and 

O.2ml of sulphate reagent S04-1A added and mixed. 1 level spoonful of sulphate reagent S04-2A powder 

was added and mixed. The solution was then tempered in a water bath at 40°C for 5 minutes. 2.5ml of 

sulphate reagent S04-3A was added, mixed and the solution filtered using Whatman No. 1 filter paper. 

0.4ml of sulphate reagent S04-4A was then added to the filtrate and mixed. The solution was again 

tempered in a water bath for 7 minutes at 40°C. This was transferred into a round cell and placed in the 

spectrophotometer to read off the concentration of sulphate in the water sample. A wavelength of 520nm 

was used.  

FLUORIDE: Method: Spectrophotometry 5ml of the water sample was placed in a reaction cell and 1 

dose of fluoride reagent F-1 K powder was added, shaken and the fluoride concentration determined at a 

wavelength of 620nm using the spectrophotometer.  

CHLORIDE: Method: Spectrophotometry 5ml of the water sample was placed in a test tube and 2.5ml 

of chloride reagent CI-1 was added and mixed. Chloride reagent CI-2 was also added, shaken and 

allowed to stand for 1 minute before reading out the chloride concentration from the spectrophotometer at 

a wavelength of 460nm.  

POTASSIUM: Method: Spectrophotometry 2ml of the water sample was placed in a reaction cell and 

mixed. O.6ml of potassium reagent K-1k was added and mixed, 1 level microspoonful of potassium 

reagent K-2k also added, mixed and allowed to stand for 5 minutes. The concentration of potassium was 

read out from the spectrophotometer at a wavelength of 690nm. 

LEAD: Method: Spectrophotometry 5ml of the water sample was placed in a reaction cell and 0.5ml of 

Lead reagent Pb-1 k was added and mixed. The concentration of lead was determined in the 

spectrophotometer at a wavelength of 620nm.   

PHOSPHATE/PHOSPHORUS: Method: Spectrophotometry Sml of the water sample was placed in a 

test tube and  0.5ml of the phosphate reagent P04-1A added to it and mixed. This was followed by the 

addition of 1 level spoonful of phosphate reagent P04-2A. 5 minutes reaction time was allowed before 

reading out the phosphate concentration at a wavelength of 420nm.  

SODIUM: Method: Spectrophotometry 0.5ml  of sodium reagent Na-1 k was placed in a reaction cell 

and 0.5ml of the water sample added to it and mixed. A reaction time of 1 minute was allowed before 

reading the concentration of sodium from the spectrophotometer.  

ZINC: Method: Spectrophotometry 10ml of the water sample was placed in a glass vessel and 1 

microspoonful of zinc reagent Zn-1k was added and shaken to dissolve (this is the pretreated sample). 

0.5ml of zinc reagent Zn- 2k was placed in a reaction cell and 2.0ml of the pretreated water sample added 

to it and mixed. 0.5ml of zinc reagent Zn-3k was also added into the reaction cell and mixed. Zinc 

concentration was then determined in the spectrophotometer.  

COPPER: Method: Spectrophotometry 5ml of the water sample was placed in a reaction cell and O.5ml 

of copper reagent Cu-1 k was added and mixed. 5minutes reaction time was allowed before copper 

concentration was determined. 
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RESULTS AND DISCUSSION 

Table 1 shows the summary of degree of water pollution in Bayelsa State. A classification of the water 

quality in the study area based on pollution index is presented in Table 2. 

 

Table 1: Laboratory Results of Physico-Chemical and Bacteriological Parameters Analyzed from 

the Samples in the Study Area. 

Parameter N Minimum Maximum Mean NSDWQ Pollution 

Index 

Ph 52 6.46 13.00 7.3827 7.50 0.0032 

Temperature 52 22.90 27.00 25.1846 25.00 0.5342 

Colour 52 .00 140.00 14.7692 15 0,6453 

Turbidity 52 .00 11.00 1.0962 5.00 0.0065 

Conductivity 52 18.20 1249.00 256.1038 1000 0,4657 

Calcium 52 .00 304.00 14.6462 200 0.0065 

Magnesium 52 .00 70.90 8.1492 0.20 3.4560 

Sodium 52 .00 139.71 28.6257 200 0.7641 

Potassium 52 .00 20.00 3.2423 150 0.0054 

Sulphate 52 .00 122.00 6.6635 250 0.0765 

Chloride 52 .10 176.64 22.3206 250 0.0675 

Carbonate 52 1.00 150.00 30.1250 100 0.0334 

Nitrite 52 .00 23.00 .7788 1.0 0.8761 

Nitrate 52 .00 6.20 1.7615 50 0.0065 

Phosphate 52 .00 153.00 8.7538 0.50 3.8765 

Chlorine 52 .00 3.30 .2810 250 0.0054 

Iron 52 .00 .60 .0375 0.30 0.0006 

Manganese 52 .00 5.60 .2235 0.05 4.6547 

Copper 52 .00 1.90 .1197 0.1 1.2143 

Arsenic 52 .00 7.00 1.8854 0.1 2.3452 

Chromium 52 .00 .53 .0271 0.0 1.6571 

Zinc 52 .00 4.12 .1425 5.0 0.0034 

Total_hardness 52 4.00 814.00 63.7750 200 0.5471 

Total_dissolved_solids 52 9.10 624.50 132.2448 500 0.3241 

Total_suspended_solids 52 .00 29.20 .6385 30 0.0042 

Feacal_coliforms 52 .00 47.00 6.7692 0 5.5648 

Total_coliforms 52 .00 140.00 18.4231 0 7.3241 
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Table 2 shows the classification of the various parameters based on pollution index. 

Table 2: Water quality classification based on pollution index 

Class  Pollution Index Status  

CLASS 1 – pH, temperature, 

colour, turbidity, conductivity, 

calcium, sodium, potassium, 

sulphate, chloride, carbonate, 

nitrite, nitrate, chlorine, iron, 

zinc, total hardness, total 

dissolved solids, total suspended 

solids 

PI < 1 No pollution  

CLASS 2 –copper, chromium 

 

PI: 1-2 Slightly polluted   

Class 3 – arsenic PI: 2-3 Moderately polluted  

Class 4 – magnesium, phosphate, 

manganese 

PI: 3-5 Strongly polluted  

Class 5 - faecal coliform, total 

coliform 

PI: > 5 Seriously polluted  

 

The applicability of the pollution index on physico-chemical, heavy metal and bacteriological data 

revealed that the water samples in the study area have seriously bacteriological contamination (with 

faecal coliform and total coliform). Thus, a PI value of 5.57 and 7.32 for faecal coliform and total 

coliform respectively indicate serious pollution, which could arise from groundwater coming in contact 

with human and animal faeces. It could also result from other means such as poor sanitary habit 

displayed by the host communities. Similarly, conclusions were drawn by Amadi et al. (2012) and Abua 

and Ajake, (2014).  

The WHO recommends a zero (0) per 100ml of faecal coliform for drinking water, meaning, water 

should have no concentration hence, the water should be treated to make it potable for human 

consumption. 

Temperature and turbidity shows slightly polluted with PI values of 1.11 and 1.02 respectively. This is as 

a result of the activities around these hydrospheric environments. Other parameters depict no signs of 

pollution as the (PI) values are less than one (PI<1) (see table 15 and 16). Similarly, the concentration of 

heavy metals (Fe) falls within the permissible limits of Nigerian Standard for Drinking Water Quality 

(NSDWQ, 2007) except that of (Mn) with PI value of 1.02 indicating that the water samples in the study 

area is slightly polluted (P<1). High iron content in the water may be due to chemical weathering of the 

bedrock into lateritic sols and subsequent downward leaching into surface water and aquiferous zones in 

the area.   

The concentrations of total hardness (TH) and total dissolved solid (TDS) are below the recommended 

maximum permissible limits of 150.00mg/l and 500.00 mg/l respectively (NSDWQ, 2007). Calcium and 

Magnesium irons in water may give rise to hardness and it does pose any changes in respect to quality 

(Amadi, 2012).     

 

RECOMMENDATIONS 

Arising from the findings of the study, the following are some of the recommendations: 

 Septic tank should not be constructed close to boreholes. Developers should maintain a distance of 15 

to 17 metres away from boreholes. 

 Water for domestic use should properly treated to ensure its portability before use. This is 

ascertaining that the source of groundwater is free from pathogens, bacteria coliforms and E-

coliforms as well as heavy metals. 

 There is need for creating environmental awareness through public enlightenment campaigns, while 

exploration of groundwater should be deep enough to reach the aquifers where the water is free from 

pathogens and other pollutants. 

 Furthermore, proper assessment of the groundwater supply should be carried on a regular basis by the 

regulatory agencies before allowing for distribution and commercialization. 
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CONCLUSION 

Arising from the discussion of findings, it is clear that, the groundwater in the study area is polluted. The 

groundwater is polluted by some heavy metal and bacteriological parameters. The consumption of 

contaminated source of water exposes the inhabitance of the study area to various health hazards. This 

implies, that more financial resources will be spent on taking care of sick ones in the family. By and 

large, this may result to loss of man-hours in various quarters of government, corporate organizations and 

in the private sector. The occupants of the study area must a necessity ensure that supply in their locality 

is well treated before use.     
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