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ABSTRACT 
Contamination of Kano metropolis drinking water sources with excessive heavy metals was 
evaluated using standard laboratory procedures. A total of 72 samples comprising of 24 each 
of Borehole, Tap and Well water from 8 municipal LGAs (namely; Dala, Fagge, Gwale, Kano 
municipal, Kumbotso, Nassarawa, Tarauni and Ungogo) were analyzed for the presence of 
heavy metals (viz; Chromium, Iron, Lead and Zinc). Chromium and Lead concentrations for the 
samples evaluated (Borehole, Tap and Well) were found to exceed the World Health 
Organizations (WHO) limits of 0.05 and 0.01mg/l respectively which might be attributed to 
corrosion of brass fittings of certain submersible pumps and pipes used in borehole and taps 
specifically. The contamination of well with heavy metals might be due to seepage of sewage 
into these sources as domestic sewage might be of kitchen and toilet origin heavily 
accumulated with soaps of heavy metals constituents. Heavy metal contamination with 
Chromium and Lead calls for serious public health implications for the effects of heavy metals 
contamination in drinking water. 
Keywords: Drinking water, Kano, Chromium, Lead, Iron and Zinc. 
 
INTRODUCTION 
Water is essential to life as emphasized by the 
World Health Organization (WHO, 2008) 
therefore, its provision in adequate, safe and 
qualitative condition is important for public 
health (WHO, 2017) lack of which could pose a 
serious challenge to sustainable development 
(Deutch Welle, 2017).  About half a billion 
individuals have no access to safe drinking 
water mostly those in developing countries 
(WHO, 2017; Deutch Welle, 2017). This leads to 
various water borne infections. Rapid 
urbanization, industrialization and growing 
population are the cause for discharge of 
pollutants into the environments and into water 
bodies and drinking water sources (OCHA, 
2010). Water pollution has been a major 
challenge which requires ongoing evaluation 
(Okonko et al., 2008).Presence of excessive 
amounts of heavy metals such as Pb, Cr, and Fe 
causes chronic poisoning of water (Ellis 1989) 
resulting in a number of hazards to humans 
(Vaishaly et al., 2015). One of the major 
serious health problems is the contamination of 
water resources available for household and 
drinking purposes with these metals (Guptaa 
2008). Previous work on ground water from 
Kano, (Garba et al., 2014) has reported high 
concentration of some heavy metals. This 
present work was set to explore a wider scope 
of the various sources of drinking water in all 
the Municipal Local Government Areas to 
include well, borehole and tap waters. 

Sample Collection and Handling: 
Physicochemical Analyses 
Water samples were collected from selected 
boreholes, taps and wells of the eight (8) local 
government areas namely: Dala, Fagge, Gwale, 
Kano municipal, Kumbotso, Nassarawa, Tarauni 
and Ungogo).Prior to this, the study area was 
surveyed to identify functional water sources 
frequently used. Water samples (250ml) were 
collected in amber bottles. The collection was 
carried out following standard procedures 
(Cheesbrough, 2009).Bottles were tightly 
closed, labeled accordingly and preserved in 
cooler in ice and transported to the laboratory 
for analysis. Water samples collected for 
analyses were preserved in (1%) nitric acid and 
placed in ice for transport to the laboratory. 
Temperature, pH and electric conductivity 
were analyzed at sampling points using 
standard analytical method ((APHA, 1992)). The 
temperature reading was measured using 
mercury in glass thermometer. The 
thermometer was rinsed with distilled water 
and it was then dipped into the water and the 
reading was recorded (APHA, 1992). PH meter 
(JENWAY MODEL No. 3530) was used to 
determine the pH unit of the water samples. 
The meter was switched on, the electrode of 
the meter was dipped into distilled water to 
standardize the electrode. The electrode was 
then dipped into the water sample and values 
were recorded (APHA, 1992).  
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This was measured using digital conductivity 
meter (JENWAY MODEL No. 470). The meter 
was switched on and then standardized using 
0.1N KCl. The electrode was then immersed 
into the water sample and the conductivity 
reading was recorded (APHA, 1992). The total 
dissolved solid was determined using a 
conductivity meter (JENWAY MODEL No. 470). 
The programme menu of the meter was 
switched to total dissolved solids option. The 
electrode was standardized using distilled 
water and the electrode was then immersed 
into the water sample as the total dissolved 
solid was recorded (APHA, 1992). Fifty (50) ml 
of the sample water was poured into a beaker. 
The electrode of the D.O meter was rinsed with 
the sample water and dipped into the water. 
The dissolved oxygen (D.O) value was recorded 
as (D.O1) and was taken again after five days 
(D.O 5). The B.O.D was obtained by deducting 
the value of the fifth day reading (D.O 5) from 
the first value (D.O1) (APHA, 1998). 
 
Chloride determination (Agumetric method): 
Preparation of Reagents 
Potassium Chromate Indicator: Five (5) mg of 
K2CrO4 was dissolved in distilled water and 
saturated solution of AgNO3 was added. The 
solution was filtered and dissolved to 100ml 
using distilled water.Standard silver nitrate 
solution (0.05M):Silver nitrate (8.49gm) was 
dissolved and diluted to 1 liter distilled water.  
The titration was done using the prepared 
solutions. Fifty (50) ml of the water was used 
and Silver nitrate was used for the titration 
using Potassium chromate as indicator 
(Bingham, 1982). 
 
Phosphate Determination: 
Preparation of Reagent A 
Twelve (12g) of ammonium molybdate was 
dissolved in 250ml of distilled water. Into 100ml 
distilled water, 0.2908g of antimony potassium 
tartrate was added. The two dissolved reagents 
were added to 100ml 2.5M H2SO4 .It was then 
mixed thoroughly and made to 2 liters. The 
mixture was stored in Pyrex glass vessel in a 
dark cool compartment.  
Preparation of reagent B 

Ascorbic acid (1.056g) was dissolved in 200ml of 
reagent A and stirred.  
Five (5) ml of the water sample was pippetted 
and introduces into 50ml volumetric flask. 
Distilled water was added to bring up the 
volume to 40ml and 8ml of reagent B was mixed 
thoroughly. The absorbance of the solution was 
observed at 882nm after 30minutes (Heand 
Honeycutt 2005). 
 
 
 

Determination of Heavy Metals Using Atomic 
Absorption Spectrometry (AAS) Method: 
Digestion of Water Samples 
Five (5) ml of nitric acid HNO3 was added to 100 
ml of the water sample and heated until about 
25ml of the solution remains. The solution was 
filtered and made to 100ml using distilled 
water.  
Lanthanum Stock Solution 
Fifty (50) ml of distilled water was used to wet 
59.65g of La2O3 and 250ml of concentrated HCl 
was slowly added to the solution under a fume 
hood. The solution was diluted to 1 liter with 
distilled water. 
Procedure: Two (2) ml of azomethine-H 
reagent was added to the solution and mixed 
thoroughly. The absorbance was read at 240nm 
after 30 minutes (Perkin-Elmer Corp. 1968). 
RESULTS 
Results for the physicochemical analysis are 
presented in Table 1.0. All the physical 
parameters of the three sources evaluated 
were found to be within the WHO and NSDWQ 
standard. Mean values for temperature and pH 
were very close for all the sources. However, 
Electric conductivity mean values showed 
marked variation with the tap water having the 
lowest values of 115.88µs/cm as compared to 
that obtained for the borehole (643.13µs/cm) 
and well water (753.38 µs/cm). This was also 
true for T.D.S with tap water having the least 
as compared to the other two sources with 
429.38 mg/l and 372.38mg/l for well and tap 
waters respectively. This observation confirms 
the influence of Total Dissolved Solids on 
Electric conductivity. Chloride concentrations 
were within the WHO and NSDWQ standards of 
(250 mg/l). Chloride mean value showed 
marked variation with well water with the 
highest value (32mg/l) compared to that of 
borehole and tap waters (23.22mg/l and 
23.71mg/l) respectively. Phosphate mean 
values exceeding the WHO and NSDWQ limits 
(5mg/l) were that of tap and well waters 
(7.57mg/l and 5.66mg/l) respectively with tap 
water having the highest mean value while 
borehole water has the least mean value 
(2.76mg/l). Two water sources (well; 0.53mg/l 
and tap; 0.68mg/l) have mean values for 
Manganese higher than the recommended value 
(0.5mg/l). Well water has the least mean value 
(0.49mg/l) relatively very close to the WHO and 
NSDWQ standard of 0.5mg/l. iron mean values 
for the three water sources were all within the 
WHO and NSDWQ standard (0.3mg/l). Borehole 
water had the highest mean value (0.28mg/l) 
followed by tap water (0.24mg/l) while well 
water had the lowest mean value (0.22mg/l). It 
can be observed that there is no wide variation 
within the mean values of the three sources.   
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Zinc mean values however showed marked 
variations. Borehole, tap and well water 
sources had values within the WHO standard 
(3mg/l) at 1.27mg/l, 0.37mg/l and 0.13mg/l 
respectively with borehole water with the 
highest mean value (1.27mg/l). Chromium and 
Lead mean values for all the three water 
sources were found higher than the WHO 
standards (0.05mg/l and 0.01mg/l) 
respectively. Chromium mean values for 
borehole, tap and well waters were found to be 
(0.88mg/l, 0.68mg/l and 0.13mg/l) respectively 
while lead mean values for borehole, tap and 
well were found to be (0.28mg/l, 0.27mg/l and 
0.19mg/l) respectively. Borehole and tap water 
sources for chromium and lead mean values 
showed close variations (borehole; 0.88mg/l 
and tap; 0.68mg/l). This is also similar for lead 
mean concentrations in both borehole and tap 
water sources (borehole; 0.28mg/l and tap; 
0.13mg/l) respectively. However, well water 
chromium and lead mean values showed close 
variation at 0.13mg/l and 0.19mg/l respectively 
with least mean values for both parameters. 
Mean physicochemical parameters results for 
the eight Kano metropolis Local Government 
Areas (LGAs) are as presented in Table 2.0. 
Nassarawa and Ungogo LGAs have mean 
temperature values above the WHO and NSDWQ 
standard (27-28°C) at 28.03°C and 28°C 
respectively. Tarauni LGA had the least mean 
value (27.17°C). Hydrogen ion (pH) mean 
values for the eight LGAs were all within the 
WHO standard (6.5-8.5 pH unit). Tarauni LGA 
however had the highest mean value (7.83 pH 
unit) while Gwale LGA had the least mean value 
(6.90 pH unit). It is also observed that the pH 
units for the eight LGAs ranged from 6.90-7.86 
pH units with a mean value of 7.37 pH units and 
a standard deviation of 0.25 as there is no 
marked variation within the mean values of the 
eight LGA waters evaluated for pH 
concentration. The mean electric conductivity 
(E.C) value for all the LGAs were all within the 
WHO and NSDWQ standard (1000µs/cm). Fagge 
LGA had the highest mean value (597µs/cm) 
while Tarauni LGA had the least mean value 
(427.67µs/cm). All E.C mean values had a mean 
value (504.13µs/cm) and a range of (427.67 
µs/cm-597 µs/cm) with a standard deviation of 
53.54 signifying a marked variation within the 
mean values of the eight LGA. The Total 

Dissolve Solids (T.D.S) like the E.C mean values 
were all within the WHO standard (500mg/l) 
with Ungogo LGA with the highest mean value 
(456.33mg/l) while Gwale LGA had the least 
mean value (147mg/l). Dissolved Oxygen (D.O) 
mean values for all the LGAs were within the 
WHO standard (7.5mg/l). Kano municipal LGA 
had the highest mean value (3.3mg/l) while 
Kumbotso LGA had the least mean value 
(2.62mg/l). The D.O mean values for the eight 
LGAs have a range of (2.62 mg/l - 3.3 mg/l) and 
a mean of (2.93mg/l) with a standard deviation 
(0.23), there is no marked variation within the 
D.O mean values. Biological Oxygen Demand 
(B.O.D) mean values were all within the WHO 
standard (2-4mg/l) and a range of (0.75-
1.03mg/l) with Tarauni LGA having the highest 
mean value (1.03mg/l) and Fagge LGA with the 
least mean value (0.75mg/l). The LGAs had a 
mean of (0.93mg/l) and a standard deviation of 
(0.09), variations in mean values were found to 
be relatively close. The mean values for all the 
eight LGAs were found to be within the WHO 
standard for chloride (250mg/l). Nassarawa LGA 
had the highest mean value (28.25mg/l) while 
Tarauni LGA had the least mean value 
(25.11mg/l). Phosphate mean values were all 
within the WHO standard (5 mg/l).  Gwale LGA 
had the highest mean value (4.96 mg/l) while 
Tarauni and Kumbotso LGAs have the least 
mean values (4.75 mg/l). All the LGAs have 
Manganese mean values above the WHO 
standard (0.5mg/l) except for Fagge LGA 
(0.43mg/l) with the least mean value while 
Dala LGA had the highest mean value (0.66 
mg/l). However, Iron and Zinc mean values are 
within the WHO standard (0.3 mg/l and 3 mg/l) 
respectively. Kano municipal LGA had the 
highest Iron mean value (0.37 mg/l) while 
Nassarawa LGA had the least Iron mean value 
(0.16 mg/l). Gwale LGA had the highest Zinc 
mean value (0.92 mg/l) while Dala LGA had the 
least Zinc mean value (0.12 mg/l). Chromium 
and Lead mean values had mean values above 
the WHO standard (0.05 mg/l and 0.01 mg/l). 
Ungogo LGA had the highest chromium mean 
value (0.92 mg/l) while Ungogo had the least 
mean value (0.54 mg/l). Fagge LGA had the 
highest lead mean value (0.30 mg/l) while 
Ungogo LGA had the least mean value (0.15 
mg/l). 
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Table 1.0 Mean Physicochemical Constituents for Kano Metropolis Drinking Water Sources 

 Parameters Borehole Tap Well Mean±S.D Range WHO  

  water water Water     Standard 

Temperature (°C) 27.79 27.71 27.57 27.69±0.09 27.71-27.79 27-28 

PH 7.1 7.43 7.64 7.30±0.22 7.1-7.64 6.5-8.5 

EC (µs/cm) 643.13 115.88 753.38 504.13±278.19 115.88-753.38 1000 

T.D.S (mg/l) 643.13 65.34 429.38 1056.71±1154.19 65.34-2675.38 500 

D.O (mg/l) 2.85 2.59 2.47 2.64±0.16 2.47-2.85 7.5 

B.O.D (mg/l) 1.14 0.43 1.21 0.93±0.35 0.43-1.21 - 

Cl- (mg/l) 23.22 23.71 32 26.31±4.03 23.22-32 250 

PO4
3−

(mg/l) 2.76 7.57 5.66 5.33±1.98 2.76-5.66 5 

Mn (mg/l) 0.54 0.68 0.49 0.57±0.08 0.49-0.68 0.5 

Fe (mg/l) 0.28 0.24 0.22 0.25±0.02 0.22-0.28 0.3 

Zn  (mg/l) 1.27 0.37 0.13 0.59±0.49 0.13-1.27 3 

Cr  (mg/l) 0.88 0.68 0.13 0.56±0.32 0.13-0.88 0.05 

Pb (mg/l) 0.28 0.27 0.19 0.25±0.40 0.19-0.28 0.01 

Key: EC = Electric conductivity; TDS = Total dissolved solids; DO = Dissolved oxygen; BOD = 
Biological oxygen demand; Cl- = Chloride ions; PO4

3−
 = Phosphate ions; Mn = Manganese; Fe = Iron; 

Zn = Zinc; Cr =Chromium and Pb = Lead. 
  

 
 
Figure 1.0 Mean Heavy Metals Concentrations in Kano Metropolis Drinking Water Sources 
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Table 2.0; Mean Physicochemical Constituents of Drinking Water for Kano Metropolis in LGA 

Parameters 
Dala Fgg Gwl Kbt Kmc Nsr Trn Ugg Mean±S.D 

WHO 
Std. 

Temp. (°C) 27.3 27.93 27.3 27.8 27.98 28.03 27.17 28 27.69±0.34 27-28 

pH 7.3 7.2 6.9 7.33 7.5 7.5 7.83 7.36 7.37±0.25 6.5-8.5 

E.C(µs/cm) 
530.6

7 
597 467 484 

447.6
7 

527.6
7 

427.6
7 

551.3
3 

504.13±53.5
4 

1000 

T.D.S (mg/l) 
335.9

6 
322.8

6 
147 

295.
9 

358.5 
429.6

7 
327.3 

456.3
3 

334.19±87.5
4 

500 

D.O (mg/l) 3.17 3.17 2.69 2.62 3.31 2.92 2.86 3.08 2.98±0.23 7.5 

B.O.D 
(mg/l) 

0.91 0.75 0.92 1.04 0.88 0.88 1.03 1.01 0.93±0.09 2.0-4.0 

Cl- (mg/l) 
25.77 25.21 

27.7
7 

26.7 27.05 28.25 25.11 23.93 26.22±1.38 250 

PO4
3−(mg/l) 5.7 5.84 4.96 4.76 5.15 5.43 4.76 5.96 5.32±0.45 5 

Mn (mg/l) 0.66 0.43 0.63 0.52 0.59 0.58 0.54 0.55 0.56±0.06 0.5 

Iron (mg/l) 0.2 0.26 0.25 0.26 0.37 0.16 0.19 0.26 0.25±0.06 0.3 

Zinc  (mg/l) 0.12 0.35 0.92 0.79 0.36 0.84 0.94 0.39 0.59±0.29 3 

Cr (mg/l) 0.72 0.93 0.54 0.85 0.85 0.58 0.74 0.98 0.77±0.15 0.05 

Lead (mg/l) 0.28 0.3 0.2 0.26 0.17 0.26 0.16 0.15 0.22±0.05 0.01 

Key: EC = Electric conductivity; TDS = Total dissolved solids; DO = Dissolved oxygen; BOD = 
Biological oxygen demand; Cl- = Chloride ions; PO4

3− = Phosphate ions; Mn = Manganese; Fe = Iron; 
Zn = Zinc, Cr =Chromium and Pb = Lead.Kbt = Kumbotso; Kmc = Kano Municipal; Nsr = Nasarawa; 
Trn = Tarauni and Ugg = Ungogo; . 
 
As stated in table 1.0, Iron concentration was 
found highest for borehole water sources 
(0.28mg/l), tap water had (0.24mg/l) while 
well water had the least concentration 
(0.22mg/l).  Zinc concentrations were all found 
within the WHO with borehole water having the 
highest concentration (1.27mg/l), tap water 
sources had (0.37mg/l) while well water had 
the least (0.3mg/l). Concentrations for 
Chromium and Lead for all the water sources 
exceed the WHO limit (0.05mg/l and 0.01mg/l 
respectively). However, the highest chromium 
concentration was recorded for borehole water 
sources (0.88mg/l), well water sources had the 
least concentration (0.13mg/l) while tap water 
sources had (0.68mg/l).  Lead concentrations 
were relatively close with borehole water 
sources also with the highest concentration 
(0.28mg/l), tap water had (0.27mg/l) while 
well water had the least concentration 
(0.19mg/l). 
 
DISCUSSION 
Except for Nassarawa LGA with a temperature 
mean value slightly exceeding upper limit of 
28.03°C, all the mean temperature values 
recorded for all samples studied in this work 
are within the WHO and NSDWQ limits which is 
28.00°C.Highest mean temperature value 
recorded in this work (28.03°C) is slightly 

higher than the finding of Amadi (2014), who 
studied the bacteriological and physicochemical 
quality of well water from villages in Edati, 
Niger State, North-central Nigeriawho reported 
mean temperature of 28.00°C.  
Mean pH values for this research were all within 
the WHO and NSDWQ limit. High pH units might 
be attributed to the presence of Iron in water, 
as corrosion rates increases with pH 
(Nwachukwu et al., 2014).  
The highest mean value of electric conductivity 
(753.38µs/cm) for this research from well 
water is slightly below the finding of 
Ehiowemwenguan et al. (2014) (775µs/cm) as 
well as higher than the finding of Amadi et al. 
(2014) at (347 µs/cm).  Total dissolved solids 
(T.D.S) highest value was observed from 
Ungogo LGA (456.33 mg/l) is slightly lower to 
the finding of Sa’eed et al. (2014) who 
determined some physicochemical parameters 
and some heavy metals in boreholes from Fagge 
L.G.A of kano metropolis Kano State- Nigeria 
and reported a mean total dissolved solids of 
475.15 mg/l. All chloride mean concentrations 
for this work were within the WHO and NSDWQ 
standards of (250 mg/l). Highest chloride mean 
value (32mg/l) for this research is slightly 
below to the finding of Amadi et al. (2014) at 
(24.25mg/l).   
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It is also not in conformity to the findings of 
Ehiowemwenguan et al. (2014) at (220mg/l) 
and Afandigeh et al. (2011) at (180mg/l).   
Tap water sources recorded the highest 
manganese concentration (0.68mg/l), which is 
higher (0.0mg/l) to the findings of Amadi et al. 
(2014) who worked on the bacteriological and 
physicochemical analysis of well water from 
villages in Edati, Niger State, North-central 
Nigeria and that of Amoriet al (2013) (0.4mg/l) 
who evaluated the quality of groundwater in 
Akwa, Anambra State, Nigeria. 
The highest mean iron value for this study 
(0.37mg/l) is exactly similar to the finding of 
Amori et al. (2012) (0.37mg/l) and slightly 
higher to the finding of Ehiowemwenguan et al. 
(2014) (0.30mg/l).  
Zinc highest mean value (1.27mg/l) is higher to 
the finding of Garba et al. (2014)  who analyzed 
heavy metals contamination in Kano River 
(Upstream, Midstream and Downstream) and 
obtained  (0.41mg/l) as the highest mean zinc 
concentration which is relatively closer to the 
finding of Amori et al. (2013) (1.73mg/l).  
Highest chromium and lead mean values for this 
research were obtained at (0.88mg/l and 
0.28mg/l) respectively. The chromium mean 
value was higher  to the finding of Sa’eed et al. 
(2014) at (0.45mg/l)  while the highest  lead  
mean value was lower to the same author’s 
finding (0.31mg/l) who determined the  some 
physicochemical parameters  and  heavy metals 
in boreholes from Fagge LGA of Kano 
metropolis, Kano state Nigeria. Garba et al. 
(2014) highest chromium lead value (0.42mg/l) 
is lower to the chromium highest mean value in 
this work. Amori et al. (2013) lead 

concentration finding was higher compared to 
the finding in this work who obtained the 
concentration of lead from borehole water 
(0.95mg/l). It was also reported that heavy 
metals concentrations in drinking water might 
be attributed to corrosion of brass fittings of 
certain types of submersible pumps used in 
ground water. The contamination of well with 
heavy metals might be due to seepage of 
domestic sewage into these sources as domestic 
sewage might be of kitchen and toilet origin 
heavily accumulated with soaps of heavy metals 
constituents (Tam and Elefsiniotis, 2009). The 
health implication of these metals over a long 
period of time includes toxicity of nervous 
system, organ damage, high blood pressure, 
and delay in physical and mental development 
in children (Tchounwou et al.,2012; 
Hellandendu, 2017). 
 
CONCLUSION 
Chromium and lead had been detected in 
quantities that exceed the WHO standard 
acceptable limits for heavy metals 
concentration in drinking water. 
 
Recommendations 
1. Further research should be carried out to 

determine the possible means of 
remediating heavy metals concentrations in 
our drinking water. 

2. There is need for routine monitoring of our 
drinking water sources for heavy metals to 
curve the incidences of outbreaks caused 
by chronic ailments caused by heavy 
metals. 
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