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1. Introduction 

Water is a natural resource of fundamental importance. This is because it supports all forms of life and creates 
jobs and wealth in the water sector, tourism, recreation and fisheries (Ntengwe, 2005). Without water, life as it exists on 
our planet, is impossible (Akpabio,2012). Potable or drinking water is defined as having acceptable quality in terms of its 
physical, chemical and bacteriological parameters, so that it can be safely used for drinking and cooking (WHO, 2004). 

The Nigerian government has long considered the provision of water supply and sanitation services to be in the 
domain of the Federal, State and Local Government through the Water Board Authorities. The Federal Government is in 
charge of water resources management; the state government has the primary responsibility for urban water supply; and 
local governments together with communities are responsible for rural water supply (WHO/UN-Water, 2015). However, 
the public sector has not been successful in meeting more than a small part of the demand for water of residential and 
commercial users (Afolabi et al., 2012). This is due to population increase (Makwe, 2013), deterioration of the necessary 
infrastructure and poor management of the system. Many water supply systems show extensive deterioration and poor 
utilization of the existing capacities, due to under-maintenance and lack of funds for operation (Yusuf, 2007). The 
deterioration of the pipe-borne water infrastructures has not only resulted in the shortage of potable water supply, but 
has also affected the quality of the water adversely. Hence pipe-borne water, like water from other sources, does not attain 
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Abstract:  
The study aimed to comparatively assess pipe-borne water and groundwater quality in Gwagwalada town and their 
health implication, by collecting three pipe-borne water and five groundwater samples from selected points at Phases 1, 
2, 3, Ungwan Dodo, Ungwan Shanu and Dagiri and analyzing them for parameters such as pH, EC, DO, Hardness, Total 
Chlorine, Chloride, Nitrate, Ammonia, Sulphate, Phosphate, Fe, Pb, Zn, Cu, Cd, Mn, Al and Total coliform count. 
Concentration of analysed parameters for the pipe-borne water samples were compared with those of the groundwater 
samples and both were also compared with WHO and FME.T-test was used to test the hypothesis that there is no 
significant difference in concentrations of the analysed parameters between pipe-borne water and groundwater 
samples. Result of the study showed that the concentration of most of the parameters are higher in the groundwater 
than in the pie-borne water samples. Parameters such as pH, EC, Total hardness, sulphate, phosphate, ammonia and 
copper for both pipe-borne water and groundwater samples were within WHO/FME standards, while manganese and 
faecal coli forms are higher than the standards across all samples. Chloride, nitrate, cadmium, iron, zinc and aluminium 
are higher than the standard in groundwater samples. Total chlorine has higher concentration in pipe-borne water 
samples while Lead has elevated concentration in PB2, PB3, GW3, GW4 and GW5. T-test results showed that there is 
significant difference in the concentrations of analysed parameters between pipe-borne water and groundwater 
sample. The study concludes that the groundwater is more polluted than the pipe-borne water and that the continuous 
consumption of the groundwater without pre-treatment may have adverse health implications. The study recommends 
among other things, the location of wells and boreholes away from areas where human activities can pollute them; and 
the provision of simple and affordable water purifiers in the study area. 
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hundred percent purity (Emoabino and Alayande, 2007). Many households therefore depend on other sources of water 
supply, especially groundwater through hand dug wells and boreholes. 

Groundwater is the largest and most essential resource of potable water worldwide and millions of people depend 
on it daily.The quality of groundwater is usually defined regarding its physical, chemical and biological components, which 
in turn is dependent on the quality of recharge water, atmospheric precipitation, surface-groundwater interaction and 
geochemical processes (Oki and Oboshenure, 2017). The importance of good quality water to a community cannot be 
overemphasised as it directly impacts the health, economic development and social prosperity of the populace which 
utilises it. It also determines the functionality of the ecosystem of the area. Periodic monitoring and evaluation of 
groundwater quality are thus essential to forestall negative implications associated with the use of contaminated water.  

Groundwater’s vulnerability to contamination has become a growing concern. Its pollution mainly results from 
increase in urbanization and industrialization, although it can also be geogenic. These developments are prompted by the 
generation of solid and liquid wastes, their indiscriminate disposal, and the mismanagement oflandfills and open dump 
yards. Poisonous chemicals are known to percolate the layers of the earth and terminate in groundwater thereby polluting 
it and making the inhabitants vulnerable to some health hazards associated with polluted water due to their high 
dependence on the groundwater. This constitutes public health hazards (Akpabio, 2012).  

The United Nations WHO/UNICEF Joint Monitoring Programme has indicated that 2.6 billion people are without 
improved sanitation and nearly 900 million people lack access to improved source of potable water and this situation is 
unacceptable (WHO/UNICEF, 2010). To ensure good quality of drinking water, it is important to carry out the qualitative 
analysis of its microbiological and physicochemical properties. These analysis will help to assess the physical, chemical 
and biological parameters of the water and its subsequent effects on the health of people. 

Several studies on water quality assessment has been carried out in different parts of Nigeria’s Federal Capital 
Territory. These include studies by Ishaya and Abaje (2009) on the assessment of bore well water quality in Gwagwalada 
town; Ocheriet al., (2014) on groundwater quality in Nigeria’s urban areas; Adeeko and Ojo (2015) on underground water 
distribution system in Gwagwalada Area Council, using resistivity Geo-physical method; Kayodeet al., (2018) on water 
quality assessment for groundwater in Abuja; and Atikuet al., (2018) on comparative study of the physico-chemical and 
bacteriological content of groundwater in Jabi. These studies only centered on groundwater quality assessment but did not 
compare them with pipe-borne water quality, neither did they assess the health implications of the water on the users. 
This research therefore fills the gap by comparatively assessing the quality of pipe-borne water and groundwater as well 
as examining the health implications on the people in Gwagwalada town. This was done by analysing the physical, 
chemical and biological parameters of pipe-borne water and groundwater from selected points in the study area as well as 
examine the possible  
 
1.1. Hypothesis 

The null hypothesis posited is as follows: 
 Ho: There is no significant difference in the concentration of the analysed parameters between the pipe-borne 

water and the groundwater samples.  
 
2. Materials and Methods 
 
2.1. Description of the Study Area 

Gwagwalada town is located about 55km west of the Federal Capital City (FCC). Its location is also central in the 
Federal Capital Territory. It lies between latitudes 8°55’N and 9o00’N and longitude 7°001E and 7°051E (FCDA, 1980). It is 
about the largest existing settlement in the FCT apart from the Federal Capital City. It is a nodal town within the regional 
and local road networks. It is located on route A2, Kaduna - Lokoja road. The town has a road link with Kuje in the east, 
and the border town of Izom in the north. Its central location and its relationship with the western half of the FCT surely 
justify its designation as a growth centre for this region. (Balogun, 2001). Gwagwalada Area Council, in which Gwagwalada 
town is located is bordered by Kuje Area Council to the East, Abaji Area Council to the West, Kwali area council to the 
south and Abuja Municipal Area Council to the Northeast and to the North by Suleja Local Government Area of Niger State 
(Balogun, 2001). 

Gwagwalada town is made up of the old town and the new town. The former refers to the older pre-1976 section 
while the latter results from the impetus of the FCDA, in accordance with its planned role in the spatial development of the 
FCT. The new town is made up of four districts namely: phases one, two, three and FCDA Staff quarters. It is organized into 
neighbourhoods and served by local roads unlike the old town (Balogun, 2001). This study, therefore, covers the new town 
section because it is more organized and can easily be accessible. 
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Figure 1: Map of the Federal Capital Territory Showing  

Gwagwalada Area Council 
Source: NASRDA (2015) 

 
The climate of Gwagwalada town is the hot, humid tropical type. The highest temperature (between 34.7°C and 

35.10C) occurs in the dry season between January and April and the lowest temperature (between 22.8°C and 23.30C) is 
experienced in august. The rainfall is moderate with annual total ranging approximately between 1,100mm and 1,650mm. 
Gwagwalada town is drained by River Usuma, a tributary of River Gurara which provides the bulk of water used in the 
FCT.  Hand dug wells and boreholes are found in some compounds but during the dry season when the water table 
becomes lower, some of these wells dry up (Balogun, 2001). 
 

 
Figure 2:  Map of Gwagwalada Town Showing the Planned and  

Unplanned Areas 
Source: Ishaya, 2009 

 
2.2. Water Samples Collection 

Groundwater samples were collected from selected wells and boreholes in Phase 1, Phase 2, Ungwan Shanu, 
Ungwan Dodo and Dagiri, comprising the planned and unplanned areas of Gwagwalada town, while pipe-borne water 
samples were collected from selected points at Phase 1, Phase 2 and Phase 3, comprising only the planned area of the 
town. The samples were collected using thoroughly cleaned containers which has been pre-rinsed with the water samples 
to be collected. On-site test of pH and Electrical conductivity were carried out at each of the sample collection points using 
Hanna kit (Model H19829), following the standard protocols and methods of American Public Health Association (APHA, 
2012). These parameters were analysed on-site because they can easily be affected by changes in the environment.A total 
of five (5) groundwater samples (wells and boreholes) and three (3) pipe-borne water samples were collected for the 
study as shown in Table 1. 
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Location Sample Code Longitude Latitude Elevation No. of Samples 
Phase 1 PB1 007o04’39’’E 008o57’07’’N 214m 1 
Phase 2 PB2 007o 04’18’’E 008o56’57’’N 200m 1 
Phase 3 PB3 007o 04’12’’E 008o57’37’’N 204m 1 
Phase 1 GW1(W) 007o04’59”E 008o57’28”N 215m 1 
Phase 2 GW2 (B) 007o04’29”E 008o57’04”N 206m 1 

Ungwan Dodo GW3(W) 007o05’44”E 008o56’39”N 204m 1 
Ungwan Shanu GW4(W) 007o04’08”E 008o56’51”N 192m 1 

Dagiri GW5(B) 007o05’15”E 008o55’59”N 189m 1 
Table 1: Sampling Frame 

 

 
Figure 3:  Map of Gwagwalada Town Showing  

Points of Sample Collection 
 
2.3. Laboratory Analysis 

After collection, the samples were sealed, labeled and transported under the prescribed standard conditions to the 
laboratory (Zabson Laboratory Services Ltd, Asokoro, Abuja) where they were analysed for selected physical, chemical and 
biological parameters. Prescribed precautions (Goudarzi, 2015) were taken in the handling and transportation of the 
samples. Parameters analysed in the laboratory include Dissolved oxygen (DO), Total Hardness, Total Chlorine, Chloride, 
Nitrate, Ammonia, Sulphate, Phosphate, Iron, Lead, Zinc, Copper, Cadmium, Manganese, Aluminium and Total coliform 
count.  
 
2.4. Methods of Data Analysis  

The data obtained from the field and laboratory analysis of the water samples were analyzed empirically, 
presented in tables and graph and discussed accordingly. The results of the laboratory analysis of the water samples were 
compared with the World Health Organisation (WHO) and Federal Ministry of Environment (FME) drinking water 
standards. The stated hypothesis was statistically tested using the student t-test, which is given by the expression: 
 

t= ……………………………….. (1)  

Where: 

= mean variable one (groundwater samples); = mean variable two (pipe-borne water samples); = the square 

of the standard deviation of variable one; = the square of the standard deviation of variable two; = total number 

of values in variable one; = total number of values in variable two. 
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3. Results and Discussion 
 The results of the laboratory analysis of the water samples are as presented in Table 2 and Figures 4 to 21. 
 

Parameters 
Mg/L PB1 PB2 PB3 GW1(W) GW2(B) GW3(W) GW4(W) GW5(B) FME WHO 

Standard 

pH 8 7 6.5 6 8 6.5 6.5 7 8.5 8.5 
Conductivity(µs 

cm/l) 51 48 46 84 43 108 111 109 1000 1000 

Dissolved 
Oxygen 9.3 9.22 9.22 34 11 37 28 9 NA NA 

Total 
Hardness(Mg/L) 51.36 34.24 37.24 68.48 44.4 46.06 54.48 51.36 150 300 

Sulphate 37.9 50 44.3 8.5 14.2 100 39.8 23.2 100 250 
Phosphate 0.2 0.4 0.13 0.8 0.4 1.3 0.6 0.5 5 N.A 

Total 
Chlorine(Mg/L) 1.23 1.26 0.24 0.03 0.1 0.08 0.05 0.1 4 5 

Chloride (Mg/L) 4.797 2.055 1.695 34 47 63 32 23 250 250 

Nitrate 8 11 8 10 5.4 12.45 19.5 15.3 20 50 
Ammonium 0.04 0.3 0.1 0.05 0.04 0.05 0.05 0.04 10 0.5 

Cadmium 0.002 0.001 0.002 0.021 0.084 0.073 0.027 0.021 0.003 0.003 
Copper 0.1 1 1.2 1.6 0.2 1.1 1.393 1.7 NA 2 

Manganese 0.2 0.3 0.4 0.5 0.3 0.5 0.44 0.37 0.2 0.4 

Aluminium 0.2 0.09 0.1 0.6 0.5 11 24 18 0.2 0.2 

Iron Total 0.2 0.2 0.2 0.8 0.3 0.7 1.1 2.6 0.3 0.3 

Zinc 0.5 0.4 0.6 4.1 6.4 7.1 4.79 3.9 3 5 
Lead 0.009 0.02 0.02 0.004 0.005 0.02 0.02 0.03 0.01 0.01 

Faecal  Coliform 
Count 100 400 200 500 1210 1000 1300 900 0 0 

Table 2: Concentration of the Physical, Chemical and Biological Parameters of Pipe-Borne Water and Groundwater Samples 
WHO, (2003, 2008, 2017); FME, (1991); Field work, 2019 

NA –Not Available 
 

 
Figure 4: pH of the Water Samples 
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Figure 5: E. Conductivity of the Water Samples 

 
 pH: The pH of the pipe-borne (PB) water samples ranged from 6.5 to 8 while those of the groundwater (GW) 

samples ranged from 6 to 8. Across the groundwater samples, the well water samples (GW(W)) have lower pH 
than the borehole (GW(B)) water samples, indicating that they (well water) are slightly more acidic. The pH 
values of all the water samples fall within World Health Organization (WHO) and Federal Ministry of Environment 
(FME) Standard of 6.5-8.5 except for GW1 (6) which is lower than the standards. Waters with pH lower than 4 
have a sour taste and above 8.5 an alkaline bitter taste. The pH of water can indirectly affect health. It places 
adults at risk for health problems such as cancer, stroke, kidney disease, memory problems and high blood 
pressure. Exposure to extreme pH values results in irritation to the eyes, skin, and mucous membranes (WHO, 
2003a; Makwe and Chup, 2013a; Makwe, 2020). 

 
3.1. Electrical Conductivity 

 The EC of the pipe-borne water samples ranged from 46-51µs cm/l while those of the groundwater samples 
ranged from 43 - 111µs cm/l. The groundwater samples have higher EC than the pipe-borne water samples. The EC of all 
the water samples fall within WHO (2003a) and FME (1991) Standard of 1000 µscm/l.  
 

 
Figure 6: D.O.of the Water Samples 

   

 
Figure 7: Total Hardness of the Water Samples 
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3.2. Dissolved Oxygen 
Dissolved oxygen refers to the level of free, non-compound oxygen present in water (Horne and Goldman, 1994; 

Makwe and Chup, 2013b). The dissolved oxygen content of water is influenced by the source, raw water temperature, 
treatment and chemical or biological processes taking place in the distribution system.  The pipe-borne water samples 
have DO which ranged from 9.22-9.3mg/l while the groundwater samples generally ranged from 9-37mg/l, with the 
borehole water having less DO (9-11mg/l) than the well water (28-37mg/l). The low DO in the borehole water is most 
probably due to the anaerobic conditions at the groundwater level. Healthy water should generally have dissolved oxygen 
concentration of above 6.5-8mg/l (Horne and Goldman, 1994). There is no health-based guideline value recommended for 
DO in drinking water, however, low DO can encourage microbial reduction of nitrate to nitrite and sulphate to sulphide, 
giving rise to anaerobic condition, putrefaction and development of foul odour while very high levels of dissolved DO may 
exacerbate corrosion of metal pipes (WHO, 2012; Makwe and Chup, 2013b). 
 
3.3. Total Hardness 
 The total hardness (Ca and Mg) for all the collected water samples ranged from 34.24-68.48mg/l and are within the 
WHO (2012) and FME (1991) standard of 100-300mg/l and 150mg/l respectively. Public acceptability of the degree of 
hardness of water may vary considerably from one community to another. Depending on the interaction of other factors, 
such as pH and alkalinity, water with a hardness above approximately 200 mg/l may cause scale deposition in the 
treatment works, distribution system and pipework and tanks within buildings (WHO, 2012). 
 

 
Figure 8: Sulphate Concentration 

 

 
Figure 9: Phosphate Concentration 

 
3.3.1. Sulphate 
 The concentration of sulphate in the water samples across the sampling locations ranged from 8.5-100mg/l with 
the values generally higher in the pipe-borne water samples, except for GW3(W) (an open well), which had the highest 
concentration of 100mg/l. All the water samples have sulphate concentration that falls withinthe WHO (2008) and FME 
(1991)standard of 250mg/l and 100 mg/l respectively.The presence of sulphate in drinking-water can cause noticeable 
taste, and very high levels might cause a laxative effect in unaccustomed consumers (WHO, 2004b) 
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3.3.2. Phosphate 
The concentration of phosphate in the water samples ranged from 0.13 to 1.3mg/l, with the groundwater samples 

having higher concentrations than the pipe-borne. Their concentrations are however within the FME (1991) maximum 
value of 5mg/l. There are no WHO guideline values provided for phosphate in drinking water.  

 
 

 
Figure 10: T. Chlorine Concentration 

 

 
Figure 11: Chloride Concentration 

 
 3.3.3. Total Chlorine 

T. chlorine concentration in all the water samples ranged from 0.03-1.26mg/l. The pipe-borne water samples have 
higher concentration (0.24-1.26mg/l) than the groundwater samples (0.03-0.1mg/l). The elevated concentration in the 
pipe-borne water samples are due to the treatment of the water with chlorine before its distribution to the consumers. 
They are however, within the WHO (2012) and FME (1991) guideline values of 4mg/l and 5mg/l respectively. Human 
exposure to high chlorine concentration in drinking water results in airway irritation, wheezing, difficulty in breathing, 
sneezing, increased dryness in throat and cough (WHO, 2012). 
 
3.3.4. Chloride  

Concentration in the water samples ranged from 1.695-63mg/l, with the groundwater samples having higher 
concentrations (23-63mg/l) due to the different chloride salts that may occur in the underlying rocks. The chloride 
concentration are still within the FME (1991) and WHO (2012) standard. High concentrations of chloride give a salty taste 
to water. 
 

 
Figure 12: Nitrate Concentration 
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Figure 13: Ammonia Concentration 

 
3.3.5. Nitrate 

 The higher concentration of nitrate in the groundwater samples (5.4-19.5mg/l) than in the pipe-borne water 
samples (8-11mg/l)is an indication that human activities on the surface can have adverse effects on groundwater through 
the infiltration of materials from the soils into the groundwater store.The concentration of nitrate in all the water samples 
fall within the WHO standard of 50mg/l and Federal Ministry of Environment Standard of 20mg/l.  
 
 
3.3.6. Ammonia 

 The threshold odour concentration of ammonia at alkaline pH is approximately 1.5 mg/l, and a taste threshold of 
35 mg/l has been proposed for the ammonia. Ammonia is not of direct relevance to health at these levels. The value of 
Ammonia of groundwater sample ranged from 0.04 to 0.05 mg/l while those of pipe-borne water ranges from 0.04-
0.1mg/l. These values were within the recommended standard values of 10mg/l (FME, 1991).  

 

 
Figure 14: Cadmium Concentration 

 

 
Figure 15: Copper Concentration 
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3.3.7. Cadmium 
The pipe-borne water had cadmium concentration that ranged from 0.001-0.002mg/l and are within the WHO 

(2012) and FME (1991) standards. The groundwater samples however had elevated levels of cadmium concentrations that 
ranged from 0.021-0.084mg/l. These values are higher than the recommended standard values of 0.003mg/l (WHO, 2012; 
FME, 1991). The higher concentration of cadmium in the groundwater samples are most likely due to the nature of the 
underlying rocks, which may be laden with the metal. It could also be due to the anthropogenic activities around there 
which has led to the groundwater pollution. Elevated concentrations of Cd can cause nausea, vomiting, salivation and renal 
failure as well as kidney, liver and blood damages (Soylak et. al., 2002). Singh and Mosle (2003) suggested that high 
concentrations of Cadmium may even cause mutations.  
 
3.3.8. Copper 

Concentration in all the water samples ranged from 0.1-1.7mg/l. These concentrations are within the 
recommended standard value of 2mg/l (WHO, 2012). The FME does not have a guideline value for copper in drinking 
water. The pipe-borne water sample at point PB1 had the least copper concentration while the groundwater sample at 
point GW2 (borehole) had the highest copper concentration. Copper in pipe-borne water supply usually arises from the 
corrosive action of water on copper pipes. The concentrations can vary significantly with the period of time the water has 
been standing in contact with the pipes. 

 

 
Figure 16: T. Iron Concentration 

 

 
Figure 17: Zinc Concentration 

 
3.3.9. Iron 

All the pipe-borne water samples had iron concentrations (0.2mg/l) which are within the 0.3mg/l WHO (2012) 
and FME (1991) standard. The groundwater samples however, had iron concentrations that ranged from 0.3-2.6mg/l. 
These concentrations are higher than the recommended standard value of 0.3mg/l (WHO, 2012; FME 1991). Although low 
levels of iron in drinking water cannot do much harm, it is however considered a contaminant because it also contain 
bacteria that feed off it. High iron concentration in drinking water can lead to iron overload in humans and this can cause 
diabetes, hemochromatosis, stomach problems, nausea and vomiting. It can also damage the liver, pancreas and heart 
(WHO, 2012). The levels of iron in groundwater can be due to large amounts of iron deposits within the rocks. It can also 
be increased by the dissolution of ferrous borehole and hand pump components (Lenntech, 2009; Oyem et al., 2015) 
 
3.3.10. Zinc 

Concentration (0.4-0.6mg/l) in the pipe-borne water are within the 5mg/l WHO (2012) standard and the 3mg/l 
FME (1991) standard. The concentration of zinc in the groundwater samples (3.9-7.1mg/l) are however higher than those 
of the pipe-borne water samples and are also higher than the recommended standard values of 3mg/l and 5mg/l for FME 
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and WHO respectively. Elevated levels of zinc in groundwater is due to the available deposits within the earth and also due 
to the use of galvanized plumbing materials for boreholes (Oyem et al., 2015). Zinc is an essential nutrient for body growth 
and development, however, drinking water containing high levels of zinc can lead to stomach cramps, nausea and vomiting 
(ATSDR, 1994).  
 

 
Figure 18: Lead Concentration 

 

 
Figure 19: Manganese Concentration 

 
3.3.11. Lead 

Lead concentration in the pipe-borne water and groundwater are higher than the guideline values of 0.01mg/l 
(FME, 1991; WHO, 2012) except for those from points PB1, GW1 and GW2 whose concentrations were 0.009mg/l, 
0.004mg/l and 0.005mg/l respectively. The elevated levels of lead concentration are partly due to the existence of lead 
deposits in the area and partly due to the gradual dissolution of the lead pipes which are used for water distribution. 
Kidney and liver are considered potential targets of Pb toxicity before storage in bones. Depending on the level of 
exposure, Pb has potential to cause decreased hemoglobin synthesis, impairment of neurobehavioral and psychological 
functions, peripheral neuropathy, indirect effect on heart, renal tubular damage and reproductive problems (Levallois et 
al., 2018; WHO, 2019). Children are particularly susceptible to Pb exposure due to high gastrointestinal uptake, and the 
permeable blood brain barrier leading to neurotoxin effects even at low level of exposure (Merem et al., 2017, Makwe, 
2020). 
 
3.3.12. Manganese 

The concentration of manganese in the water samples are within the WHO standard value of 0.4mg/l except for 
the samples from points GW1, GW3 and GW4, whose concentrations were 0.5mg/l, 0.5mg/l and 0.44mg/l respectively. 
They are however higher than the FME guideline value of 0.2mg/l. Elevated levels of manganese in drinking water has 
adverse health effects. High exposure to manganese has been associated with toxicity in the nervous system, producing a 
syndrome that resembles Parkinsonism known as Manganese. Effects of Mn exposure also include decrease in systolic 
blood pressure, change in erythropoiesis and granulocyte formation (WHO, 2003b; Sengupta, 2013). 
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Figure 20: Aluminium Concentration 

 

 
Figure 21: Faecal Coliform Count 

 
3.3.13.  Aluminium 

The pipe-borne water samples had aluminium concentration which ranged from 0.09-0.2mg/l. These 
concentrations are within the guideline standard of 0.2 (FME, 1991; WHO, 2008). On the other hand, the groundwater 
samples had aluminium concentrations that are higher than the standards. These elevated concentration is due to the 
abundant deposits of aluminium in the area. While there is no evidence to suggest that ingestion of water that naturally 
contain traces of aluminium is harmful, several investigators have recently reported cases in which short-term exposures 
to high aluminium levels in drinking water resulted in clinical diagnoses of dementia (Willhite et al., 2014; Klotz et al., 
2017). 
 
3.3.14.  Faecal Coliform Count 

The faecal coliform count in the water samples ranged from 200-1300cfu/100ml. These are higher than the 
recommended guideline value of 0cfu/100ml (FME, 1991; WHO, 2012). The microbial contamination of water is often of 
faecal nature relating to humans through open defecation, indiscriminate disposal of wastes, overflow and non-channeled 
sewage disposal, and so many others. Some of these infiltrate into the soil and pollutes the groundwater. In areas where 
pipes for pipe-borne water distribution are broken or vandalized, they can also pollute the water. Infectious diseases 
caused by pathogenic bacteria, viruses and parasites (e.g. protozoa and helminthes) are the most common and widespread 
health risks associated with drinking water. Some of these pathogens that are known to be transmitted through 
contaminated drinking water lead to severe and sometimes life threatening diseases like typhoid, cholera, infectious 
hepatitis (WHO, 2008). 

The results therefore showed that the values (concentration) of parameters such as pH, EC, Total hardness, 
sulphate, phosphate, ammonia and copper for both the pipe-borne water and groundwater samples were within the WHO 
and FME standards, while those of manganese and faecal coliform count are higher than the standards across all the 
samples. The concentration of parameters such as chloride, nitrate, cadmium, iron, Zinc and aluminium, in the pipe-borne 
water are within the standards. They are however, higher than the standard in the groundwater samples. Total chlorine 
has higher concentration in the pipe-borne water samples while Lead has elevated concentration in two of the pipe-borne 
water samples (PB2 and PB3) and three of the groundwater samples (GW3, GW4 and GW5). There is no guideline value for 
dissolved oxygen, however, the pipe-borne water has less DO than the groundwater samples. The higher concentration of 
the tested parameters in the groundwater samples are partly due to human activities, which leads to the generation and 
indiscriminate disposal of waste that infiltrate and pollute the groundwater. It is also partly due to the availability of 
mineral deposits within the earth where the groundwater samples are taken from. The high concentration of chlorine in 
the pipe-borne water samples are due to the use of chlorine for water treatment which results in the availability of 
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residual chlorine in the water. Whereas the high concentration of lead is due to the gradual dissolution of the lead pipes 
which were used to channel and distribute the water. The results of this study corroborates that which was carried out by 
Akin-Osanaiye et al. (2018) in their comparative analysis of pipe borne water and other sources of water in Gwagwalada 
Area Council. 

For most of the parameters therefore, their concentrations are higher in the groundwater samples than in the 
pipe-borne water samples, except for lead, manganese and faecal coliform, where the concentrations are higher than the 
standard in both the pipe-borne water and groundwater samples. This is an indication that the groundwater samples are 
more polluted than the pipe-borne water samples 
 
3.4. Test of Hypothesis 

The earlier stated hypothesis (Ho) that there is no significant difference in the concentration of the analysed 
parameters between the pipe-borne water and the groundwater samples was tested using the student t-test as shown in 
Tables 3and 4. 

 
  N Correlation Sig. 

Pair 1 PB& GW 18 .977 .000 
Table 3: Paired Samples Correlations 

 
 Paired Differences T df Sig. 

(2-tailed) Mean Std. 
Deviation 

Std. Error 
Mean 

95% Confidence Interval of 
the difference 

Pair 1 
PB -
GW 

Lower Upper -1.166 17 .260 
-

4.8198144E1 
175.3027572 41.3192561 -

135.3741547 
38.9778658 

Table 4: Paired Sample Test 
 

The t-test result shows that the calculated value (0.260) is greater than the critical value (-1.166) at 0.05 
significant level. The null hypothesis is therefore rejected and is concluded that there is significant difference in the 
concentration of the analysed parameters between the pipe-borne (PB) water and the groundwater (GW) samples. 
 
3.5. Possible Health Implications 

With the elevated concentrations of Cd, Fe, Zn, Pb, Mn, Al and Faecal coliforms, which has resulted in the pollution 
of the water, especially the groundwater, residents who consume the water are at risk of some water borne bacterial, viral 
and fungal health complications that could arise from the continuous consumption. Health risk associated with polluted 
waterincludes different diseases such as respiratory disease, cancer,diarrheal disease, neurological disorder and 
cardiovasculardisease (Ullah et al., 2014). Others include includestomach upset, nausea, vomiting, typhoid, cholera, 
hepatitis, liver, kidney and heart failures, psychological and neurological problems and dementia among others (Makwe, 
2020).Many waterborne infectious diseases are linked withfaecal pollution of water sources and results in faecal-oral 
routeof infection (Nel and Markotter, 2009). Nitrogenous chemicals are responsible for cancerand blue baby syndrome 
(Krishnan and Indu, 2006). Contaminated water has large negativeeffects in those women who are exposed to chemicals 
duringpregnancy; it leads to the increased rate of low birth weight as aresult foetal health is affected (Currie et al., 2013). 
 
4. Conclusion and Recommendations 

The study showed that the water in the study area are polluted, with higher concentration of Cd, Fe, Zn, Pb, Mn, Al 
and Faecal coliforms in the groundwater than in the pipe-borne water. It also showed that there is a significant difference 
in the concentration of the analysed parameters between the pipe-borne water and the groundwater; and that the 
consumers are at risk of water borne diseases due to the continuous consumption of the well and borehole water from the 
study area. It therefore recommends that the water be treated before consumption; wells and boreholes should be located 
away from open waste dump sites and from areas where human activities pollute the water sources. There should be 
continuous monitoring by the FCT Water Board authority and other relevant agencies in other to locate, repair and 
maintain rusted, broken and vandalized pipes. Simple water quality test kits and purifiers (e.g. Water guard) should be 
made available and affordable to the people in the study area. This will go a long way to reduce the incidences of water 
borne diseases. 
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