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ABSTRACT 

The safety and accessibility of drinking water are major concerns throughout the world. Health risks 

may arise from the consumption of water contaminated with infectious agents, toxic chemicals and 

radiological hazards. Improving access to safe drinking water can result to tangible improvements to 

health. This study was therefore embarked upon to assess physico-chemical parameters and trace 

metal contents in selected boreholes (Drinking water sources) in Lapai Metropolis, Niger State, 

Nigeria. The Physico-chemical parameters analyzed were found to  be within the Nigerian Standard 

Drinking Water Quality (NSDWQ) and World Health Organization (WHO) standards for Turbidity, 

Dissolved oxygen, Temperature, Conductivity, Calcium hardness, Chloride, Iron, Chromium, 

Fluoride, Nitrate and Alkalinity, except for pH level, Total Dissolved Solids, Total hardness, 

Magnesium and Nitrite in Badegi quarters sampling site. The analysis carried out on the water 

samples for six months (March - August 2015) indicated that in Badegi sampling site, some of the 

values were above the standard set by NDSWQ and WHO. There is therefore the tendency of high 

potential health hazards to the inhabitants of that area, that uses the water source for drinking and 

other domestic purposes without treatment.  
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INTRODUCTION 

 Groundwater uses and applications are often 

related to its composition which is increasingly 

influenced by human activities, and by many 

other climatic factors including precipitation 

surface runoff groundwater flow and the 

characteristics of catchment area (Pierina et. 

al., 2012). 

Water at most times contains impurities which 

are introduced by rock weathering, soil 

leaching, dissolution of aerosol from the 

atmosphere and several human activities 

including mining processing and the use of 

metal based materials (Ipinmoroti and Oshodi, 

1993, Adeyeye, 1994, Asaolu, 1997).  

According to the United Nations (UN) Water 

Initiative (2010), the safety and accessibility of 

drinking water are major concerns throughout 

the world. Health risks may rise from the 

consumption of water contaminated with 

infectious agents, toxic chemicals and 

radiological hazards. Therefore, access to safe 

drinking water can result to tangible 

improvements in health. 

The  objectives of this study is to access the 

physico-chemical  parameters and  trace  

metals contents of some selected  boreholes 

(Drinking Water Sources) in Lapai Metropolis, 

Niger State, Nigeria, so as to ascertain their 

purity and safety for domestic uses.  

METHODOLOGY 

The Study Area  

Lapai is a Local Government Area (LGA) in 

Niger State, Nigeria, adjoining  the Federal 

Capital Territory. It’s headquarter is in the 

town of Lapai located at Latitudes 9º03'North 

and longitudes 6º34'East. It is bounded on the 

west by Agaie LGA, to the north by Paikoro, 

to the east by Gurara LGA and to the south is 
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bordered by the River Niger parallel to the 

Kogi State.(Lapai LGA Report, 2009). It has a 

total land mass of about 3,051km² (1,178 sq 

mi) and a population of 110,127 (Shittu et. al., 

2008).  

 

 

 

Fig. 1: Map of Lapai, Niger State showing the sampling sites 

Source: Department of Geography, Ibrahim Badamasi Babangida University, Lapai, Niger                    

State, Nigeria. 

 

Sampling 

A number of 84 water samples were collected 

from March-August 2015. Samples for 

determining physico-chemical and trace metals 

contents were collected in a 1 litre (1L) plastic 

container which were washed with neutral 

liquid soap and rinsed with distilled water 

prior to the day of water sampling. The final 

rinsing was done using the water sample to be 

collected. Water was collected and then sealed 

with corks and then transported to the 

Regional Water Quality Laboratory of the 

Upper River Basin Authority, Minna, Niger 

State in an ice box. These were kept in the 

refrigerator at 4°C prior to the analysis 

(Andrew et al., 2005). 

 

 

 

Physico-chemical Analysis 

The method used to analyse turbidity of water 

sample(s) was the APHA – 2130 B (i.e. 

Nephelometric Method), (APHA, 1995 and 

Hach et. al., 1985). The method used to 

analyse dissolved oxygen (APHA, 1995), pH 

(APHA 4500H
+
B), electrical conductivity and 

Total Dissolved Solids (APHA 2510B), and 

temperature (APHA 2550B) of water samples 

was the Electrometric method (APHA, 1995). 

Chloride was analysed using the Argentomeric 

Method (APHA 4500Cl¯B), (APHA, 1995), 

Complexometric Method (APHA 2340C), 

(APHA, 1995), was used in analysing total 

hardness in water samples. Alkalinity was 

analysed in water sample using the Titration 
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method (APHA 2320B), (APHA, 1995). The 

EDTA Complexometric Method (APHA 3500-

Ca D), (APHA, 1995) was used in determining 

Calcium determination and the Calculation 

Method (APHA 3500- Mg E), (APHA, 1995) 

for Magnesium determination.  

The method used to analyse iron content in 

water sample(s) was the Colorimetric method 

(APHA 3500-Fe D), (APHA, 1995), 

Colorimetric method (APHA 3500-Cr
+6 

D), 

(APHA, 1995) was used for chromium, APHA 

4500 – F
- 
D SPADNS Method (APHA, 1995) 

was used to analyse fluoride in water samples. 

The Colorimetric method (APHA 

4500NO3¯B), (APHA, 1995) was used to 

determine nitrate content in water samples 

while the method used to analyse nitrite 

content in water samples was the Colorimetric 

method (APHA 4500NO2¯B), (APHA, 1995). 

RESULTS 

For Total dissolved solids (TDS), Table1 

showed that there were significant differences 

(P<0.05) amongst the stations with Badegi 

quarters (586.00mg/L) with the highest value 

and the least in 14 quarters (77.15mg/L), when 

compared to the Nigerian Standard Drinking 

Water Quality (NSDWQ) and World Health 

Organisation (WHO)  standards the result of 

TDS were up to standard except for Badegi's 

value was more than the (NSDWQ) limit, but 

up to the WHO standard. The highest result of 

conductivity was recorded in Badegi quarters 

(875.58µs/cm) and the least was in 14 quarters 

(115.42µs/cm), therefore there was significant 

differences (P<0.05) in the stations. However, 

these values were below the Nigerian Standard 

Drinking Water Quality (NSDWQ) and the 

World Health Organisation (WHO) standards. 

Table1 showed that there were significant 

differences (P<0.05) of Dissolved Oxygen 

(DO) in the stations. The highest result was in 

Emir’s palace (7.31mg/L) and the least in 

UBA area (6.10mg/L). Thus, the values 

recorded all through the months did not exceed 

the NSDWQ and WHO standards. 

The result on Table 1 for temperature showed 

that there was no significant difference 

(P>0.05) amongst the stations. The highest 

temperature was recorded in IBBU hostel 

(29.63ºC) and the least in Faculty of Science 

(28.72ºC). The values recorded were all of the 

NSDWQ and WHO standards. pH values in 

table 1 showed that there were significant 

differences (P<0.05) amongst the stations with 

the highest value recorded at UBA area (7.17) 

and the least in Badegi quarters (5.47). 

Therefore all the values recorded were all up 

to the NSDWQ and WHO standards except in 

Badegi quarters (5.47). The turbidity (Table 1) 

showed that all the stations were statistically 

the same with Faculty of Science (1.51 NTU), 

as the highest recorded value and the least in 

Badegi quarters (1.02 NTU). All values of 

turbidity were in the permissible standard of 

NSDWQ and WHO. 

Total hardness values in Table 1 showed that 

there were significant differences (P<0.05) in 

the stations. The highest value recorded in 

Badegi quarters (240.58 mg/L), and the least 

in 14 quarters (36.65 mg/L). However, all the 

values recorded were all up to the NSDWQ 

and WHO standards. Chlorine content in Table 

1 showed that there were significant 

differences (P<0.05) in the stations, with the 

highest value recorded in Badegi quarters 

(49.92 mg/L) and the least in IBBU hostel 

(11.08 mg/L). The values recorded measured 

up to the standard of NSDWQ and WHO. 

Alkalinity content were significantly different 

(P<0.05) in the stations (Table 1), whereby the 

highest recorded value was in UBA area 

(53.00 mg/L) and the least in IBBU hostel 

(21.00 mg/L), the values in these stations were 

up to the standard of NSDWQ and WHO. 

Chromium values on Table 1 showed that 

there were significant differences (P<0.05). 

The highest value was recorded in Badegi 

quarters (0.05 mg/L) and the least in IBBU 

hostel, IBBU staff quarters and 14 quarters. 

The values were within the acceptable 

standards of NSDWQ and WHO. Fluoride 

content on Table 1 were significantly 

difference (P<0.05) in the stations, in which 

the highest recorded value was in Badegi 

quarters (1.39 mg/L), and the least in 14 

quarters (0.28 mg/L). All the values recorded 

were all up to the NSDWQ and WHO 

standards. The result of Iron content on Table 

1 showed that there were significant 

differences (P<0.05) in the stations, with the 

highest recorded in Badegi quarters (0.30 

mg/L) and the least in IBBU hostel (0.10 

mg/L), the values recorded measured up to the 

standard of NSDWQ and WHO. 

Calcium contents in the stations were 

significantly different (P<0.05) ( Table 1) in 
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which Badegi quarters (47.10 mg/L) had the 

highest value, and the least was 14 quarters 

(9.26 mg/L), the values in these stations were 

up to the standard of NSDWQ and WHO. The 

result on the values of magnesium content 

(Table 1) showed that there were significant 

differences (P<0.05) in the stations, where the 

highest value was recorded in Badegi quarters 

(28.05 mg/L), and the least in UBA area (3.06 

mg/L). The values were acceptable when 

compared to the NSDWQ and WHO standard. 

For nitrate content, there were significant 

differences (P<0.05) in the stations (Table 1). 

The highest value was recorded in Badegi 

quarters (33.4 mg/L) and the least in 14 

quarters (4.43 mg/L). All the values recorded 

were all up to the NSDWQ and WHO 

standards. 

The result on Table 1 for nitrite content 

showed that there were significant differences 

(P<0.05) in the stations, the highest recorded 

was in Badegi quarters (0.21 mg/L) and the 

least in 14 Quarters (0.05 mg/L) and IBBU 

hostel (0.05 mg/L). With the exception of 

Badegi quarters, all other sampling station’s 

values measured up to the NSDWQ and WHO 

standards.  
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Table 1: Physico - chemical parameters of selected borehole water from selected stations in Lapai Metropolis, Niger State, Nigeria. 

S a m p l e T D S Conductivity D O Temp. 
o
C p H Turbidity Hardness C l Alkalinity Cr

+6
 F

-
 F e C a

+
 M g

+
 Nitrate Nitrite 

IBBU Hostel 84.33 (±1.56)
 a
 127.08 (±2.23)

a
 6.97 (±0.67)

ab
 29.63 (±1.93)

 a
 6.95 (±0.60)

cd
 1.09 (±0.78)

 a
 44.17 (±18.72)

a
 11.08 (±3.48)

a
 21.00 (±5.53)

a
 0.01 (±0.01)

a
 0.33 (±0.12)

a
 0.10 (±0.02)

a
 10.92 (±5.27

ab
) 4.76 (±5.61)

b
 5.59 (±2.06)

a
 0.05 (±0.05)

a
 

                
IBBU Staff Quarters 119.75 (±1.66)

b
 s178.58 (±2.61)

a
 7.06 (±0.76)

b
 29.48 (±2.05)

a
 7.16 (±0.60)

d
 1.27 (±0.84)

a
 58.93 (±24.67)

b
 11.59 (±2.92)

a
 34.25 (±1.57)

b
 0.01 (±0.01)

a
 0.55 (±0.12)

bc
 0.16 (±0.05)

b
 12.60 (±4.03)

b
 6.45 (±0.31)

c
 8.39 (±3.74)

ab
 0.07 (±0.04)

b
 

                
Faculty of Sciences 139.75 (±21.05)

b
 208.08 (±31.08)

b
 7.05 (±1.08)

b
 28.72 (±1.48)

a
 7.07 (±0.87)

d
 1.51 (±1.00)

a
 69.38 (±10.16)

bc
 15.50 (±18.59)

b
 46.42 (±5.96)

c
 0.01 (±0.02)

a
 0.42 (±0.51)

b
 0.12 (±0.12)

ab
 16.15 (±2.40)

bc
 6.69 (±0.50)

cd
 8.65 (±1.46)

b
 0.06 (±0.08)

ab
 

                
14Quar ter s 77.25 (±16.83)

a
 115.42 (±25.16)

a
 6.90 (±0.54)

ab
 29.58 (±2.08)

a
 6.53 (±0.44)

bc
 1.41 (±0.36)

a
 36.65 (±9.44)

a
 11.33 (±1.78)

a
 30.50 (±3.61)

b
 0.01 (±0.00)

a
 0.28 (±0.15)

a
 0.13 (±0.02)

ab
 9.29 (±2.76)

a
 3.16 (±2.02)

a
 4.43 (±0.82)

a
 0.05 (±0.04)

a
 

                
U B A  A r e a 144.50 (±1.00)

b
 198.85 (±6.96)

a
 6.10 (±0.57)

a
 29.41 (±2.03)

a
 7.17 (±0.35)

d
 1.17 (±0.64)

a
 69.25 (±12.31)

c
 16.00 (±1.21)

b
 53.00 (±3.69)

e
 0.02 (±0.01)

b
 0.55 (±0.21)

bc
 0.21 (±0.02)

c
 20.30 )±3.04)

c
 3.06 (±0.50)

a
 14.26 (±3.08)

c
 0.09 (±0.05)

b
 

                
Emir’s Palace 246.08 (±18.29)

bc
 337.46 (±8.51)

c
 7.31 (±0.70)

c
 29.33 (±2.21)

a
 6.21 (±0.29)

b
 1.18 (±0.60)

a
 92.13 (±31.44)

d
 24.42 (±3.80)

c
 44.58 (±6.96)

bc
 0.03 (±0.01)

c
 0.83 (±0.15)

c
 0.25 (±0.04)

c
 23.79 (±1.90)

c
 6.94 (±0.96)

d
 18.43 (±1.56)

c
 0.17 (±0.03)

c
 

                
Badegi Quarters 586.00 (±6.08)

d
 875.58 (±8.96)

d
 6.39 (±1.20)

a
 29.23 (±2.32)

a
 5.47 (±0.66)

a
 1.02 (±0.39)

a
 240.58 (±46.35)

e
 49.92 (±3.03)

d
 46.08 (±6.78)c 0.05 (±0.02)

d
 1.39 (±0.41)

d
 0.30 (±0.05)

d
 47.10 (±1.67)

d
 28.05 (±4.39)

e
 33.4 (±3.57)

d
 0.21 (±0.01)

c
 

                
NSDWQ 2007 5 0 0 1 0 0 0 0 0 6.5-8.5 5 1 5 0 2 5 0 0 0 . 0 5 1 . 5 0 . 3   2 0 5 0 0 . 2 

WHO 199 9 1 0 0 0 1 0 0 0   6.5-8.5 5 1 5 0 2 5 0 0 0 . 0 5 1 . 5 0 . 3 7 5 5 0 5 0 3 . 0 

Values in parenthesis are standard deviation of means (S. D.). 

Values are mean ± standard deviation, values followed by the same letter(s) along the column are not significantly different (P>0.05) tested by LSD. 
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Table 2: Physico - chemical parameters of borehole water in the months (March-August) in Lapai Metropolis, Niger State, Nigeria. 

Sample T D S Conductivity D O Temp. 
o
C p H Turbidity Hardness C l

-
 Alkalinity C r

+ 6
 F - F e C a

+
 M g

+
 Nitrate Nitrite 

March 186.21 (±18.77)
a
 277.93 (±27.97)

a
 6.26 (±0.57)

a
 32.75 (±0.98)

c
 6.98 (±0.71)

b
 1.84 (±0.53)

b
 106.29 (±8.57)

c
 20.01 (±1.10)

b
 56.29 (±5.44)

b
 0.03 (±0.02)

c
 0.62 (±045)

a
 0.21 (±0.09)

c
 21.26 (±2.01)

c
 12.98 (±0.98)

c
 14.56 (±1.27)

b
 0.13 (±0.06)

bc
 

      
 

         

A p r i l 188.36  (±18.18)
a
 281.43 (±27.57)

a
 6.23 (±0.67)

a
 28.44 (±0.71)

a
 6.99 (±0.76)

b
 1.86 (±0.44)

b
 102.64 (±8.81)

c
 22.14 (±1.03)

b
 96.43 (±4.71)

c
 0.03 (±0.01)

c
 0.67 (±0.46)

a
 0.21 (±0.10)

c
 23.67 (±2.71)

c
 10.54 (±0.42)

bc
 14.82 (±1.34)

b
 0.14 (±0.05)

c
 

                

M a y 185.43 (±18.40)
a
 276.71 (±27.33)

a
 6.34 (±0.69)

a
 30.02 (±1.88)

b
 7.00 (±0.71)

b
 1.78 (±0.64)

b
 85.93 (±7.86)

bc
 20.29 (±1.58)

b
 20.00 (±1.55)

a
 0.01 (±0.01)

a
 0.61 (±0.38)

a
 0.17 (±0.08)

b
 20.48 (±1.54)

c
 8.38 (±1.24)

b
 13.59 (±1.02)

ab
 0.11 (±0.07)

bc
 

                

J u n e 188.00 (±17.00)
a
 281.21 (±26.76)

a
 7.65 (±0.57)

b
 28.76 (±1.76)

a
 6.74 (±0.69)

b
 0.76 (±0.32)

a
 71.50 (±7.90)

b
 17.50 (±1.08)

a
 17.79 (±7.70)

a
 0.01 (±0.01)

a
 0.51 (±0.43)

a
 0.14 (±0.08)

a
 16.96 (±1.18)

b
 4.84 (±0.19)

a
 10.03 (±1.25)

a
 0.06 (±0.01)

a
 

                

J u l y 188.71 (±17.87)
a
 241.98 (±27.29)

a
 7.30 (±0.45)

b
 28.09 (±1.26)

a
 6.77 (±0.51)

b
 0.75 (±0.30)

a
 71.64 (±7.90)

b
 17.14 (±1.87)

a
 18.43 (±7.99)

a
 0.02 (±0.02)

b
 0.56 (±0.44)

a
 0.16 (±0.07)

b
 16.61 (±1.18)

b
 4.821 (±0.26)

a
 11.13 (±0.44)

a
 0.07 (±0.01)

b
 

                

August 182.93 (±27.70)
a
 273.29 (±26.71)

a
 7.47 (±0.69)

b
 28.70 (±0.10)

a
 5.76 (±0.77)

a
 0.61 (±0.37)

a
 50.23 (±4.77)

a
 16.00 (±1.66)

a
 11.50 (±8.65)

a
 0.02  (±0.02)

b
 0.55 (±0.35)

a
 0.16 (±0.07)

b
 11.89 (±0.81)

a
 6.07 (±0.97)

ab
 10.74 (±0.34)

a
 0.07 (±0.01)

b
 

                

NSDWQ 2007 5 0 0 1 0 0 0 0 0 6.5-8.5 5 1 5 0 2 5 0 0 0 . 0 5 1 . 5 0 . 3  0 2 0 5 0 0 . 2 

WHO 1999 1000 1 0 0 0 0 0 6.5-8.5 5 1 5 0 2 5 0 0 0 . 0 5 1 . 5 0 . 3 7 5 5 0 5 0 3 . 0 

 

 

  

Values in parenthesis are standard deviation of means (S. D.). 

Values followed by the same letter(s) along the column are not significantly different (P>0.05) tested by LSD. 
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Figure 2: Canonic Correspondence Analysis (CCA) showing the relationship between physico-chemical parameters and  months of                 

selected boreholes in Lapai Metropolis, Niger State, Nigeria 
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Table 3: Physico-chemical parameters of selected boreholes in the Dry and Rainy seasons in Lapai Metropolis, Niger State, Nigeria. 

Sample T DS Conductivity D O      Temp. p H Turbidity Hardness C l
-
 Alkalinity C r F F e C a M g Nitrate Nitrite 

Dry Season 186.66 (±17.60)
a
 278.69 (±26.23)

a
 6.28 (±0.63)

a
 30.40 (±2.20)

b
 6.99 (±0.71)

b
 1.82 (±0.53)

b
 98.29 (±7.85)

b
 20.81 (±1.88)

b
 57.57 (±5.39)

b
 0.02 (±0.01)

a
 0.64 (±0.42)

b
 0.20 (±0.09)

b
 21.80 (±1.65)

b
 10.63 (±0.31)

b
 14.32 (±1.94)

b
 0.12 (±0.01)

b
 

                

Rainy Season 186.55 (±17.18)
a
 265.49 (±26.52)

a
 7.47 (±0.58)

b
 28.52 (±1.26)

a
 6.42 (±0.80)

a
 0.70 (±0.33)

a
 64.46 (±8.38)

a
 16.88 (±1.20)

a
 15.90 (±0.53)

a
 0.02 (±0.01)

a
 0.54 (±0.40)

a
 0.15 (±0.07)

a
 15.15 (±1.20)

a
 5.24 (±0.63)

a
 10.63 (±0.46)

a
 0.07 (±0.02)

a
 

Values in parenthesis are standard deviation of means (S. D.). 

Values follow by the same letter(s) along the column are not significantly different (P>0.05) tested by LSD. 

 

 

Table 4: ANOVA showing the Physico-chemical Parameters at different sampling stations in Lapai Metropolis, Niger State, Nigeria      

with respect to months and seasons. 

  D f T D S Conductivity D O Temp. 
o
C p H Turbidity Hardness C l Alkalinity C r F l F e C a M g N i t r a t e Nitrite 

Factor  8 3 8531.22
ns 

2 1 9 4 . 2 1 2.18* 1.14
 ns

 4.77
ns 

0 . 3 5 * 583.05* 2352.16* 150.04* 0.00
ns 

1.78* 0.27* 230.24* 928.13* 1229.67* 0.05
ns 

S t a t i o n 6 5 9 . 6 9
n s 

5 2 . 0 2
 n s

 3.13* 0.28
 ns

 14.37* 0 . 7 4 * 28 .25* 41.73
n s 

0 . 7 2 * 16.76* 31.13* 20.99* 12.89* 30.90* 3 8 . 2 9 * 23.43* 

M o n t h 5 0 . 0 0
n s 

0 . 0 4
 n s

 16.47* 26.21
 ns

 6.65* 26 .28* 1 . 2 1 * 0 . 3 7 * 18.45* 2.60 0.26
ns 

1.71* 1.05* 1.87* 0 . 5 6
n s  

3.28
ns 

S e a s o n 1 0 . 0 0
n s 

0 . 0 5 * 81.31* 2 3 . 3 7
* 

11.76* 135.00* 4 . 7 7 * 1 . 6 8 * 27.92* 0.01 1.11
ns 

6.29* 4.11* 7.57* 2 . 7 4 * 14.63* 

Season x Station 6 2387.83* 85194.21
 ns

 2.18* 1.14
 ns

 4.77* 0 . 3 6 * 5893.50* 2352.16* 150.04* 0.00
ns 

1.78* 0.07* 230.24* 928.13* 1229.67* 23.43* 

Season x Month 5 6 8 . 6 5
n s

 3175.01
 ns

 6.17* 4 2 . 3 2
* 

3.21
ns 

5 . 3 1 * 636.61* 75.89
n s 

1558.53* 0.00ns 0.05
ns 

0.01* 246.88* 154.44* 6 1 . 4 2 * 0.02
ns 

Season x Station X 

 Month 

3 0 0 . 3 0
n s 

3657.32
 ns

 29.91* 74 .86* 6.74* 26 .30* 2431.82* 324.50* 3658.33* 0.00
ns 

0.19* 0.04* 928.94* 7.57* 286.42* 0.07
ns 

E r r o r 8 2  2 1 7 .3 5  1 2 6 . 1 3  0.16  6 . 4 2  0.83  1 . 8 6  132.94  6 7 . 4 6  162.31  0.02  0.31  0.01  36.29  20.04  8 6 . 4 3  0.01 

* means  there is significant difference (P<0.05). 

 ns - means no significant difference (P>0.05). 
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The result on Table 2 for Total dissolved 

solids (TDS) showed that there were no 

significant differences (P>0.05) between the 

months in which the highest TDS was 

recorded in July (188.71mg/L) and the least 

was recorded in August (182.93mg/L). 

However, these values were below the 

Nigerian Standard Drinking Water Quality 

(NSDWQ) and the World Health Organization 

(WHO) standards. The result for conductivity 

of water samples showed that there was no 

significant differences (P>0.05) between the 

months in which the highest conductivity was 

recorded in April (281.43µs/cm) and the least 

was recorded in July (241.98µs/cm), when 

compared to the Nigerian Standard Drinking 

Water Quality (NSDWQ) and the World 

Health Organization (WHO) standards the 

conductivity were below. 

The Dissolved Oxygen (DO) showed that there 

were significant differences (P<0.05) amongst 

the months with the highest DO recorded was 

in June (7.65mg/L) and the least recorded was 

in April (6.23mg/L). The values of DO were 

up to NSDWQ and WHO standards. The result 

of temperature on Table 2 showed that there 

were significant differences (P<0.05) amongst 

the months with the highest temperature 

recorded in March (32.75ºC) and the least 

temperature was recorded in July (28.09ºC), 

The values recorded were all of the NSDWQ 

and WHO standards. The result for pH (Table 

2) showed that there were significant 

differences (P<0.05) between months with the 

highest recorded in May (7.00) and the least in 

August (5.76). All values of pH were in the 

permissible standard of NSDWQ and WHO. 

The turbidity on Table 2 showed that there was 

significant difference (P<0.05) between 

months with the highest turbidity in April 

(1.86NTU) and the least in August (0.61NTU), 

the values recorded all  through the months did 

not exceed the NSDWQ and WHO standards. 

For water  hardness, there were significant 

differences (P<0.05) amongst the months. The 

highest hardness was recorded in March 

(106.29mg/L) and the least in August 

(50.2mg/L), therefore all the values recorded 

were all up to the NSDWQ and WHO 

standards. Chlorine values showed that there 

were significant difference (P<0.05) amongst 

the months with the highest chlorine content 

recorded in April (22.14mg/L), and the least in 

August (16.00mg/L), the values recorded 

measured up to the standard of NSDWQ and 

WHO. 

The result for alkalinity indicated that there 

were significant differences (P<0.05) amongst 

the months with April (96.43mg/L) having the 

highest value and August (11.50mg/L) having 

the least. Thus, the values are acceptable when 

compared to the NSDWQ and WHO standard. 

Table 2 showed that Chromium content 

amongst the months showed significant 

differences (P<0.05), in which March and 

April with values (0.03mg/L) were the highest 

recorded, while May and June with values 

(0.01mg/L) respectively had the least recorded 

value, thereby making Chromium contents in 

these months up to the standard of NSDWQ 

and WHO. The highest fluoride content 

recorded in April (0.67mg/L) and the least in 

June (0.51 mg/L) (Table 2). The values though 

within the acceptable standards of NSDWQ 

and WHO showed no significant differences. 

The calcium content (Table 2) showed that 

there were significant differences (P<0.05) 

amongst the months. The highest calcium 

content was recorded in April (23.67 mg/L) 

while the least was in August (11.89 mg/L). 

The values in these months were within the 

acceptable standard of NSDWQ and WHO. 

The magnesium value on Table 2, showed 

significant differences (P<0.05) amongst the 

months. The highest was recorded in March 

(12.98mg/L) and the least in July (4.82 mg/L). 

The values were below the NSDWQ and 

WHO acceptable standards. 

Nitrate values (Table 2) showed that there 

were significant differences (P<0.05) amongst 

the months with April (14.82mg/L) having the 

highest value, and the least in June 

(10.03mg/L). The Nitrite value on Table 2 

showed that there were significant differences 

(P<0.05) amongst the months, with the month 

of April (0.14mg/L) having the highest value 

and June (0.06mg/L) with the least. However, 

the values in these months were within the 

acceptable standard of NSDWQ and WHO. 

Canonical Correspondence Analysis (CCA) 

showed that the physico-chemical parameters 

like temperature, conductivity, turbidity, 

alkalinity, hardness and chloride were 

positively associated in the months of March, 

April, May and August while pH, Total 

dissolved solids (TDS) and Dissolved Oxygen 
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(DO) were negatively associated in the months 

of June and July (Figure 2). 

Table 3 showed that with the exception of 

Total Dissolved Solids, Conductivity and 

Chromium values, there was significant 

differences (P<0.05) between  Dry and Rainy 

season physico-chemical parameters values. 

The highest values of most of the parameters 

examined were obtained in the dry season 

except for Dissolved Oxygen (DO) with the 

highest mean values of 7.47±0.58 in the Rainy 

Season. However, all the values were within 

the acceptable standard of NSDWQ and 

WHO. 

The statistical analysis on the ANOVA table 

showed that station, month, season, season X 

station, season X month and season X station 

X month of dissolved oxygen, hardness, 

turbidity, alkalinity, iron, calcium, magnesium 

have significant difference (P<0.05), including 

total dissolved solid of season X station, 

conductivity of season, temperature of season, 

season x month and season x station x month, 

pH of station, month, season, season x station 

and season x station x month, chloride of 

month, season, season x station and chromium 

of station, season x station x month, fluoride of 

station, season x station and season x station x 

month, nitrate of season, season x month, 

season x station x month, station and season x 

station and nitrite of station, season x station 

and season, but there were no significant 

difference (P>0.05) in the others. 

 

DISCUSSION 

The study of the physico-chemical analysis of 

selected borehole water in Lapai Metropolis, 

Niger State, Nigeria from March - August, 

2015 reveals that all the sampling sites had pH 

level falling within the W.H.O recommended 

range value of 6.5–8.5 (WHO, 1999; NSDWQ, 

2007), except in Badegi quarters (5.47) which 

is below the recommended range set by WHO. 

This could be attributed to acid rain, industrial 

waste, mining, sewage, waste dumping 

through leaching into the soil which ultimately 

increases the soil acidity and consequently the 

pH is lowered as observed by (FAO/WHO, 

1997). The result from the rainy and dry 

season also fell within the W.H.O. and 

NSDWQ recommended range value of 6.5–8.5 

(WHO, 1999; NSDWQ, 2007). Even though 

pH has no direct effect on human health, it’s 

indirect action on physiological process cannot 

be over emphasized (Adekunle et al., 2004; 

NSDWQ, 2007). 

For Conductivity, measurements were 

conducted in the water samples based on 

sampling sites, season and months, this reveals 

that all the values were within the W.H.O. and 

NSDWQ recommended standard of 

1000µs/cm (WHO, 1999; NSDWQ, 2007). 

However, the high conductivity level at the 

sampling sites could be linked to sewage 

materials, leaching of inorganic contaminants 

as observed by Harrison, (1992). Although 

there is no disease or disorder associated with 

conductivity of drinking water (NSDWQ, 

2007). 

The turbidity level in all the sample sites, 

months and season determined showed that 

they are within the recommended levels of 

5NTU (WHO, 1999; NSDWQ, 2007). Higher 

turbidity in water could be due to Suspended 

materials, bacteria, plankton and dissolved 

organic and inorganic substance and higher 

turbidity is associated with Surface water 

sources as observed by Reza and Gordeep, 

(2009). Water turbidity is very important 

because high turbidity is often associated with 

higher level of disease causing microorganism, 

such as bacteria and other parasites (Shittu et 

al., 2008). 

Based on classification of water conducted by 

Roxanne and Tom, (2012) in terms of softness 

and hardness in the following order of mg/l. 0 

– 60 soft, 60 – 120 moderately soft, and 121 – 

180 moderately hard and above 180 is hard. It 

can be deduced that almost all the water 

samples analyzed in the dry and rainy seasons 

and months are moderately soft except for the 

month of August (50.23mg/L), while that of 

IBBU Hostel, IBBU Staff Quarters and 14 

Quarters are soft, that of Faculty of Science, 

Emir’s Palace and UBA area (Lapai - Suleja 

road) are moderately soft and that of Badegi 

quarters (Lapai - Bida road) is hard but safe 

for drinking and other domestic purposes. 

However, the hardness could be removed by 

simple boiling, addition of chemicals e.g. 

washing soda, sodium hydroxide, and ion 

exchange method. 

The alkalinity levels were assessed in the 

water samples and the results indicates that 

majority of the sampling sites have alkalinity 
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levels below the W.H.O. and NSDWQ 

recommended standard (WHO, 1999; 

NSDWQ, 2007). The Alkalinity value in water 

provides an idea of natural mineral salts 

present in the water. The main species that 

contribute to alkalinity includes bicarbonates, 

hydroxides, phosphates and borates (USGS, 

1998). 

It can be observed that water analysed in all 

the months, seasons and in all the sampling 

sites had total dissolved solid levels below 

WHO maximum contaminant levels of 

1000mg/l (Wetzel, 2001) and (NSDWQ, 2007) 

except in Badegi quarters (586.00mg/L). The 

higher total dissolved solid reduce water 

clarity, which could contribute to the decrease 

in photosynthetic activities and might lead to 

an increase in water temperature as observed 

by (NRCC, 2011). The principal constituents 

of total dissolved solids (TDS) are usually 

calcium, magnesium, sodium and potassium 

cation, carbonate, hydrogen carbonate, 

chloride, sulphate and nitrate anion (WHO, 

1996). The presence of TDS in water may 

affect its taste (WHO, 1996). It has been 

reported that drinking water with extremely 

low concentration of TDS may be 

unacceptable because of its flat insipid taste 

(WHO, 1996). 

Also, fluoride content of all water samples fell 

within the standard limit of NSDWQ 

(1.5mg/l). Cool waters are generally potable 

for drinking purposes, because high water 

temperature enhances growth of 

microorganisms and hence, taste, colour, 

odour and corrosion problem may increase 

(Okoye and Okoye, 2008). 

For Chromium, it can be seen that all the 

samples were within the safe limit 

recommended by (WHO, 1999; NSDWQ, 

2007). This may originate from corrosion of 

brass fitting of certain types of submersible 

pumps used in groundwater wells as reported 

by (FAO/WHO, 1997). Ca
2+ 

and Mg
2+ 

are 

among the general elements essential for 

human health and metabolism, and should be 

available in normal drinking water (Kolo et. 

al., 2009). The calcium and magnesium were 

up to the WHO and NSDWQ standard, in 

exception of Badegi Quarters (28.05mg/l) 

which had magnesium higher than the 

NSDWQ standard. 

The Canonical Correspondence indicated that 

most of the physical parameters are related to 

one another shows that higher Conductivity is 

related to higher Total Dissolved Solids and 

hardness which rise as a result of the presence 

of Ca
2+ 

and Mg
2+ 

ions respectively. Chloride is 

within the standard of NSDWQ and WHO and 

also within the range as reported by Obi and 

Okocha, (2007). Trace metals which includes 

iron, nitrate, chromium were up to the 

NSDWQ and WHO standards except for 

nitrite in Badegi Quarters (0.21mg/L) which 

was above the WHO and NSDWQ standards 

which can result to Methemoglobinemia 

disease.  

Conclusion 

Most of the observables physical parameters 

are within the W.H.O and NSDWQ safe limit 

and the levels of trace metals were also found 

to be within the recommended levels set by 

W.H.O and NSDWQ with exception of nitrite 

in Badegi quarters.   

Recommendations 

Water should be boiled before use so as to 

remove the temporary hardness. The recycling 

and proper disposal of domestic and industrial 

waste should be practiced. Relevant agencies 

should make concerted effort to control, 

regulate and educate the community on 

indiscriminate waste disposal from inhabitants 

within the study area and also regular analysis 

should be carried out to ensure drinking water 

quality. Further research should be carried out 

to assess the level of some other parameters. 

The replacement of home plumbing 

components made from brass should be done 

regularly. 
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