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Abstract 

Water is needed in all spheres of human life. Water is put into so many uses, from domestic 

to industrial. Though a renewable resource, it is limited in supply at a point in time. The aim 

of the study is to assess the quality of groundwater for domestic use in Minna and its 

environs, Niger State. The objectives are to assess and compare the physical and chemical 

characteristics of drinking water in Minna metropolis with WHO standard; examine the 

spatial coverage of the source(s) and availability of drinking water to the residents of Minna 

metropolis; and examine the temporal socio-economic impacts of the quality of drinking 

water on the life of the people in the study area. The methods of data collection include 

collection of water samples from the six sample points, three wells and boreholes all in the 

study area, questionnaire, field survey and oral interview. The methods of data analysis 

were arithmetic mean and frequency percentage. Water samples collected from the field 

were analysed for physical, chemical and bacteriological characteristics according to the 

WHO fourth edition guidelines published in 2011 and Nigeria Standard for Drinking Water 

Quality Standard Methods published in 2007. The finding shows that pH values across the 

study area ranges from 7.69 to 8.34. Water sample Y3 has a pH value of 8.34 which is 

disadvantageous in the treatment and disinfection of drinking water with chlorine. 

Manganese values across the study area were within the acceptable limit except water 

sample X3 which was 0.27. The implication of Manganese value above the acceptable limit 

is that it will cause neurological disorder in man. Fluoride values across the study area were 

within the acceptable limit except water sample Y2 which was 1.87. The result also revealed 

that borehole ranked the highest with 66 agreed respondents, 157 strongly agreed 

respondents and 45 not agreed respondents; stream/river ranked the least with 4 agreed 

respondents and 3 strongly agreed respondents. This implies that the respondents in the 

study area has borehole as the major source of underground water follow by well water. 

The groundwater quality of study area is not fit in this present form to serve the domestic 

purpose of drinking, washing, cooking for the local inhabitants without further treatment. 

It’s therefore recommended that all Wells and boreholes in the study area should be sited 

away from septic tanks and at higher elevations. 
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Introduction 

Water is a precious natural resource to 

be planned, developed, conserved, 

managed and integrated in an 

environmentally sound basis, keeping in 

view the socio-economic aspects and 

needs of the people (Sushma et al., 2011). 

Water is a prime natural resource and a 

basic human need. Water acquires its 

salinity and other bacteriological 

compositions partly as it passes through 

the atmosphere by dissolving air-borne 

particulates and water soluble gases and 

also incorporating air-borne microbes 

(Gupta, 2009). Its quality may further be 

degraded as it infiltrates the soil, causing 

leaching and weathering of the mineral 

constituents in the soil and enhances 

groundwater salinity.  

Nigeria like other developing nations 

is faced with problems of potable water 

supply for its estimated 160 million 

citizens (Adesiji, 2013). Water is an 

essential natural resource required by all 

living organisms. However, among these 

living organisms, human beings tend to 

use water most for the purposes of 

drinking, personal, domestic, industrial 

and recreational uses (Igbeneghu and 

Lamikanra, 2014). Clean and reliable 

water supplies are vital for industry, 

agriculture, and energy production. Every 

community and ecosystem on Earth 

depends on water for sanitation, hygiene, 

and daily survival. Yet the world’s water 

systems face formidable threats. More 

than a billion people currently live in 

water-scarce regions, and as many as 3.5 

billion could experience water scarcity by 

2025. 

Quality of underground water is that 

which does not present not only any 

significant health risk over a life time 

consumption, but also includes any 

sensitivities that may occur in different 

stages of life.  This groundwater is 

expected to be free from pathogenic 

microbes, hazardous chemicals/substance 

and aesthetically acceptable that is, it must 

be pleasing to sight, odourless and good 

taste. It is important that this type of water 

should not only be available, but also be 

available in enough quantity all the time 

that is twenty-four hours a day, seven days 

a week. Every community and ecosystem 

on Earth depends on water for sanitation, 

hygiene, and daily survival. 

Water is needed in all spheres of 

human life. Water is put into so many 

uses, from domestic to industrial. Though 

a renewable resource, it is limited in 

supply at a point in time. Over the years 

and especially in recent times Minna has 

witnessed unprecedented growth both in 

settlement expansion and human 

population with its attendant problems 

occasioned by influx of people from other 

parts of the state for administrative, 

political, economic, educational as well as 

other purposes, just like most modern 

areas (Sule, 2011). This shows that 

Nigeria is not really on track towards 

achieving Millennium Development Goal 

7, but targeting 10 which deals with 

ensuring environmental sustainability. To 

achieve such, it has to redouble its effort 

and intensifies the present reforms on 

groundwater and sanitation. The 

fundamental questions that readily come 

to the mind of the researcher include: 

i. What is the spatial coverage of 

qualitative groundwater in Minna 

metropolis? 

ii. What is the physical, chemical and 

bacteriological quality of the 

drinking water from different 

sources? 

iii. What are the other alternative water 

sources to meet water demand of 

Minna metropolis and its environs? 
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iv. What are the socio-economic 

impacts of the quality of drinking 

water on the life of the people of the 

study area? 

Aim and Objectives 
The aim of the study is to assess the 

quality of groundwater for domestic use in 

Minna and its environs, Niger State.  

The specific objectives are: 

i. To assess and compare the physical 

and chemical characteristics of 

drinking water in Minna metropolis 

with WHO standard; 

ii. To examine the spatial coverage of 

the source(s) and availability of 

drinking water to the residents of 

Minna metropolis; and 

iii. To examine the temporal socio-

economic impacts of the quality of 

drinking water on the life of the 

people in the study area. 

Study Area 
The study area is Minna and its 

environs. Minna city which is both the 

administrative headquarters of Niger State 

and the Chanchaga Local Government 

Area is shown on Figure 1.2. The city 

projected population figure by 2018 is 

479,757 and a land area of about 6,789 

square kilometres and is the emirate 

council headquarters. Minna lies at 

latitudes 9°37ˈN- 9°79ˈN and longitude 

6°16ˈE - 6°65ˈE on a geological base of 

undifferentiated basement complex of 

mainly gneiss and magnetite. Minna have 

two main types of rock, sedimentary belt 

in the southern and south western 

extremities of the area and the pre-

Cambrian basement complex rock of the 

country which account for more than 

80percent of the area. The sedimentary 

formation, being part of the Nupe land 

sandstones consists mainly of fine grained 

sandstones with inclusion of grits, 

siltstones and clay lines; and basement 

complex consists of wide variety of rock 

types which can be classified in to three 

broad groups. Schist, including 

biotite/muscoriote schist, muscorite and 

tale schist’s with quartzite intrusive 

account for most of the rugged landscape 

in the southern parts of the Minna. 

The igneous rocks made up monthly of 

biotite granite, rhyolite, and syenite. The 

granite account for most of the rock domes 

and massive hills in the north-eastern and 

north-western parts of Minna. The 

magnitites and gneiss complex. Which are 

metamorphic rocks consisting mostly of 

magnetite’s, granite, gneiss and biota 

granite underline the site of the area. 

These are rocks of medium to high 

strength which were not expected to 

present serious engineering problems and 

the rocks of Chanchaga are generally 

quartz rich, acidic types which account for 

the generally sandy nature of the soil 

especially on the Robo and Rubochi 

Plains. The plains have the most fertile 

soils and the best agricultural lands of all 

plains of Minna while the high sand 

content of most soils within Minna 

accounts for the relatively high erosion 

status (Adefolalu, 1995). 
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Fig.1: Location of Minna, Niger State, Nigeria 

 

Materials and Methods 

Sources of Data 
The sources of data used in this study 

include both primary and secondary and 

the details of the sources of data are as 

follow: 

Primary Sources of Data 
The primary sources of data employed 

in this study were obtained directly from 

the field and the data generated were used 

in the analysis section of the study. The 

primary data sources include: collection of 

water samples from the six sample points, 

three wells and boreholes all in the study 

area, questionnaire administration, oral 

interviews and reconnaissance survey. 

Water samples from the study area which 

include three wells and boreholes all in the 

sample areas was used to achieve 

objective one of the study. Questionnaire 

administration, oral interviews and 

reconnaissance survey were used to 

achieve objective two and three of the 

study. For groundwater analysis, samples 

were taken from three hand-dug wells as 

well as boreholes around and within the 

sample locations. Samples designated as 

sample X1, X2 and X3 were the three hand-

dug wells and samples Y1, Y2 and Y3 were 

the three boreholes all within the study 

area. The samples were collected using 

sterile 0.50L plastic containers and were 

analysed for physical, chemical and 

bacteriological analysis according to the 

latest World Health Organization (fourth 

edition published in year 2011) and 
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Nigeria Standard for Drinking Water 

Quality (NSDWQ, 2015). 

The water quality analysis was done 

using the facilities of the regional water 

quality laboratory of Federal Ministry of 

Water Resources in Minna, Nigeria. 

Nigeria Standard for Drinking Water 

Quality guideline which provided the 

standard for comparison with the results of 

the analysed water samples. 

Secondary Data 
The secondary data sources include 

information from relevant maps, 

dissertations, textbooks, newspapers, 

journals, unpublished texts, published 

texts, collection of e-books and the 

internet. Other secondary data include 

collection of data on the occurrence of 

water borne diseases especially typhoid, 

cholera and diarrhea in the study area from 

the Department of Primary Health Care 

and Disease Control of the Niger State 

Ministry of Health and Primary health 

Care Services in the study area. 

Method of Data Analysis 
Laboratory test for each parameter 

was taken on different equipment for each 

appropriate testing and Nigeria Standard 

for Drinking Water Quality (NSDWQ, 

2015) guidelines in water sample was used 

in order to assess the quality of 

groundwater in the study area. This was 

used to achieve objective one of the study. 

All data and information gathered through 

the utilisation of questionnaire was 

analyzed through frequency percentage of 

data analysis. The frequency-percentage 

procedure is highly instrumental and 

effective in analysis of data obtained from 

the questionnaire.  

 

 

 

 

Frequency percentage is used to show 

the size of the respondents who had the 

same opinions and those that had contrary 

opinions. It involves obtaining the 

proportion of response to a particular 

option by a respondent to the total number 

of respondents. These were expressed as 

percentages. The option having the largest 

number of responses was considered as 

representing the majority upon which the 

final conclusion to the question was based. 

This method was used to achieve objective 

two and three of the study. 

 

Results and Discussion 

Physical and Chemical Characteristics 

of Drinking Water in Minna Metropolis 
This analysis was based on physical 

and chemical elements that have limit and 

any value above the limit have negative 

effects on human health. This subsection 

covered objective one of the study. The 

pH values across the study area ranges 

from 7.69 to 8.34. Water sample Y3 has a 

pH value of 8.34 which is 

disadvantageous in the treatment and 

disinfection of drinking water with 

chlorine. This agreed with the report of 

UNICEF, 2008 on water quality.  

Conductivity across the study area 

ranges from 519 to 1267 which is a 

measure of the dissolved ionic component 

in water and hence electrical characteristic 

as indicated in Table 1. Electrical 

conductivity gives an indication of the 

amount of total dissolved substitution in 

water. The implication of the values 

obtained in this study gives a picture of 

very little solute dissolution generally in 

the groundwater, rapid ion-exchange 

between the soil and water, or basically a 

poor and rather insoluble geologic rock 

Frequency-percentage =  

Number of observed 

Total Number 

100 

1 

X 
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and mineral types.  This agreed with the 

finding of Eziashi (2015). 

TDS of the study ranges from 291 to 

921 as indicated in Table 1. All TDS for 

X1, X2 and X3 were above Nigeria 

Standard which was 500 but could still be 

considered freshwater which is fit for 

consumption as well as good for 

irrigational purposes. The groundwater 

temperature across the study area ranges 

from 28.3 to 29.5°C. These suggest that 

the groundwater temperature is generally 

ambient and good for consumers who 

prefer cool to warm water. 

 

Table 1: Physical and chemical analysis Results  
S/N PARAMETERS X1 X2 X3 Y1 Y2 Y3 NSDWQ 

1 Temperature (0C) 29.2 29.3 29.5 28.3 29.3 29.1 Ambient 

2 Colour  14.0 19.0 27.0 0.0 3.0 1.0 15 

3 Conductivity 1132 1267 1015 525 519 687 1000 

4 pH 7.69 7.85 7.93 7.73 8.25 8.34 6.5 – 8.5 

5 TDS 758 921 683 353 291 459 500 

6 Dissolved Oxygen 6.70 6.90 6.50 6.3 6.10 6.40 N/A 

7 Calcium  136 89 162 63.4 50.1 29.4 N/A 

8 Total Hardness  422 339 326 173 201 182 150 

9 Bicarbonate 92 117 144 161 184 155 N/A 

10 Nitrate  63.4 47.2 57.9 23.8 40.3 29.4 50 

11 Nitrite 0.18 0.10 0.21 0.06 0.02 0.10 0.20 

12 Manganese  0.13 0.20 0.27 0.01 0.03 0.07 0.2 

13 Iron 0.06 0.07 0.02 0.07 0.01 0.09 0.30 

14 Copper 0.43 0.50 0.36 0.15 0.58 0.12 1.00 

15 Sulphate (mg/L) 59.0 68.0 117.0 15.0 7.0 26.8 100 

16 Chloride (mg/L) 181 176 141 69.2 85.1 87.9 250 

17 Magnesium 20.5 23.3 19.0 7.81 5.13 18.0 20 

18 Fluoride (mg/L) 0.0 0.05 0.02 1.38 1.87 1.20 1.50 

19 Zinc (mg/L) 1.41 1.34 0.28 0.88 0.78 0.84 5.00 

20 Total Coliform  144 123 148 8 7 11 10 

21 E. Coli  49 13 34 0 0 5 Nil 

Source: Federal Ministry of Water Resources (2018) 

 

As indicated in Table 1, Manganese 

values across the study area were within 

the acceptable limit except water sample 

X3 which was 0.27. The implication of 

Manganese value above the acceptable 

limit is that it will cause neurological 

disorder in man. As revealed in Table 1, 

Fluoride values across the study area were 

within the acceptable limit except water 

sample Y2 which was 1.87mg/L and the 

acceptable limit was 1.50mg/L. The 

implication of Fluoride value above the 

acceptable limit is that it will cause bones 

and teeth morbidity. Fluoride has 

beneficial effects on teeth at low 

concentrations of 1 mg/L by preventing 

and reducing the risk of tooth decay. 

Concentrations lower than 0.5 mg/L of 

fluoride as indicated in X1, X2 and X3 of 

Figure 4.4 (0.0mg/L, 0.05mg/L and 

0.02mg/L) will intensify the risk of tooth 

decay in those selected sample points. 

Fluoride can also be quite detrimental at 

higher concentrations exceeding 1.5 – 2 

mg/L of water which was the case in 

sample point Y2 with a corresponding 

value of 1.87mg/L. High concentrations of 

fluoride will pose a risk of dental fluorosis 
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as well as skeletal fluorosis and 

osteoporosis in the study area. This agreed 

with the finding of Khaled and Lama 

(2015) which assess the impact of fluoride 

in drinking water. Skeletal fluorosis is a 

significant cause of morbidity in certain 

regions of the world. This of course 

depends on the level and period of 

exposure of fluoride by any given 

individual. Fluoride has been known to be 

found most frequently in groundwater at 

higher concentrations, depending on the 

nature of rocks and natural fluoride-

carrying minerals at certain depths. Thus 

high fluoride concentrations generally can 

be expected from calcium-poor aquifers 

and where cation exchange of sodium for 

calcium occurs. The results of the analysis 

of bacteriological characteristics of 

groundwater have revealed that 

microbiological elements have exceeded 

maximum level and the elements included 

Total Coliform and E. coli (see Table 4.1). 

Total Coliform ranges from 7cfu to 148cfu 

within the study area and the maximum 

allowable limit is 10cfu. E. coli found 

within the study area ranges from 5cfu to 

49cfu the maximum allowable limit is 

0cfu. The health implication of these 

microbiological elements in this study 

include urinary tract infections, 

bacteraemia, meningitis, diarrhea, (one of 

the main cause of morbidity and mortality 

among children), acute renal failure and 

haemolytic anaemia. 

Spatial Coverage of the Sources and 

Availability of Drinking Water to the 

Residents of Minna Metropolis 
This subsection covered sources of 

water available in the study area as well as 

distance covered by the respondents to get 

water. This covered objective two of the 

study. The spatial coverage of the sources 

of water include rain, stream/river, well, 

borehole, earth dam and tap water as 

indicated in Table 2. The spatial coverage 

for these water sources include Maitumbi, 

Bosso, Limawa, Kpakungu and 

Chanchaga as well as their designated 

water samples collected as indicated in 

Figure 2 of the study. 

 

 
Fig. 2: Spatial Coverage of the Selected Sources of Water 
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Table 2: Sources of Water 
Sources of Water Number of Respondents 

Options Agreed Strongly agreed Not agreed 

Rain 20 41 18 

Stream/river 04 03 0 

Well water  27 73 12 

Borehole 66 157 45 

Earth dam 07 04 08 

Tap water 14 10 03 

Total  138 288 86 

512 

 

As revealed in Table 2, borehole 

ranked the highest with 66 agreed 

respondents, 157 strongly agreed 

respondents and 45 not agreed 

respondents; stream/river ranked the least 

with 4 agreed respondents and 3 strongly 

agreed respondents. This implies that the 

respondents in the study area has borehole 

as the major source of underground water 

follow by well water. Plate I shows Well 

X1 where water sample for this study was 

collected for laboratory analysis.  

 

Plate I: Water Sample X1 in Bosso Area, Minna 

 

The distance covered was presented in 

Figure 3. Distance of 1km – 2km ranked 

the highest with 289 respondents, 3km – 

4km ranked second with 153 respondents 

and 5km and above ranked the least with 

70 respondents. This implies that the 

respondents go extra miles in search of 

drinking water and another reason behind 

this was most of the available well and 

boreholes have little or no water.  
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Fig. 3: Distance Covered to Source of Water during Scarcity 

 

As shown in Figure 4, 1- 2 hours 

ranked the highest with 167 respondents, 

3 – 4 hours ranked second with 121 

respondents, 5 – 6 hours ranked third with 

103 respondents, 7 hours and above 

ranked fourth with 72 respondents and less 

than 1 hour ranked the least with 49 

respondents. This shows that time taken to 

get water during scarcity was too much 

which in turn has affected both the 

working hours for the parents and school 

hours for the children in the study area. 

This is because those who wake up earlier 

might have joined the long queue earlier. 

Perhaps, the only way they can get water 

easily is to trek to long distance areas (1 – 

2km) or buy from vendors or tankers. 

 

Fig. 4: Time Taking to Fetch Water during Scarcity 

 

Temporal Socio-Economic Impacts of 

the Quality of Drinking Water on the Life 

of the People in the Study Area 
This subsection covered income, 

water storage, water quality practices used 

at household level (filtration, boiling, 

chemical disinfection) and expenditure on 

water for monthly basis. This subsection 

covered objective three of the study. The 

income generated on monthly by the 

respondents in the study area ranges from 

₦20,000 to ₦100,001 and above as 

revealed in Figure 5.
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Fig. 5: Income Generation on Monthly Basis 

 

As indicated in Figure 5, ₦20,000 to 

₦30,000 ranked the highest with 201 

respondents, ₦30,001 to ₦50,000 ranked 

second with 156 respondents, ₦50,001 to 

₦70,000 ranked third with 79 

respondents, ₦70,001 to ₦100,000 ranked 

fourth with 52 respondents and ₦100,001 

and above ranked the least with 24 

respondents. This implies more than 60% 

of the respondents generate less than 

₦50,001 which is not good enough to take 

care of both domestic and other needs of 

the household. This source of income was 

used in this study to show how vulnerable 

the respondents are with regard to getting 

money for their basic need in life which 

water is part of. Water quality practices 

used at household level in the study area 

include filtration, boiling, and chemical 

disinfection as indicated in Figure 6. 

 

 
Fig. 6: Water Quality Practices Used at Household Level 

 

As shown in Figure 6, filtration ranked 

the highest with 285 respondents, boiling 

ranked second with 173 respondents and 

chemical disinfection ranked the least 

with 54 respondents. This implies that 

majority of the respondents uses filtration 

method which is not good enough to make 

the drinking water safe and this in turn will 

affect respondents’ health in the study 

area. 

 

 

Conclusion 

Today, people in Minna and its 

environs are looking at groundwater as an 

infinite resource thereby, ignoring its real 

value. Rather, more attention is given to 

the construction sectors. There is 

groundwater scarcity in the study area as a 

result of increase in population growth, 

pollution, increased urbanization, and 

shrinking of groundwater sources and 
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rising standard of living in a unsustainable 

manner. The water related conflicts likely 

to be faced by the residents of Minna and 

its environs, at present and time to come, 

is water related health complications. 

Quantities of groundwater supplied and 

demanded vary directly with the size of 

the households and their income on 

monthly basis. Therefore, the following 

generalized statements can be made for 

domestic purposes. The larger size of a 

household in collaboration with high 

income generation, the larger will be the 

quantity of groundwater supplied and 

demanded. The smaller the household 

number in collaboration with low income 

generation, the smaller will be the quantity 

of groundwater supplied and demanded. 

The groundwater quality of study area is 

not fit in this present form to serve the 

domestic purpose of drinking, washing, 

cooking for the local inhabitants without 

further treatment. It’s therefore 

recommended that groundwater should be 

managed as a commodity; a demand 

oriented participatory approach. A fill 

demand responsive approach should be 

introduced in all programmes so that all 

support is determined by demand, the 

uses, after receiving appropriate 

information/advice will decide on what 

type of facilities they want. Pay their share 

of the construction costs, and managed the 

operation and maintenance of the 

facilities. 
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