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ABSTRACT  

 

The threat of contamination of our drinking water sources by pollutants generated 

largely through man made activities and some natural causes has been a source of public 

health concern. In this study, water samples from 13 shallow wells, 10 boreholes and 8 

brands of packaged water were collected from Zaria between February and April 2006. 

The samples were analyzed for lead using Atomic Absorption Spectrometry (AAS). The 

mean lead concentration detected ranged from 0.00±0.00mg/dm
3
 to 1.0±0.4mg/dm

3
, 

0.00±0.00mg/dm
3
 to 1.03±0.95mg/dm

3
 and 0.00 ±0.00mg/dm

3
 to 0.56±0.34mg/dm

3
 for 

shallow wells, boreholes and packaged water respectively. These samples contained lead 

above the 0.01mg/dm3 World Health Organization (WHO) drinking water limit for lead.            

 

Keywords: Lead, borehole, shallow well, package water.      

________________________________________________________________________ 

 
 
INTRODUCTION  
 
Water is absolutely essential for life. It is 
undoubtedly the most precious natural resource 
that exists on our planet. Because of the essential 
role played by water in supporting human life, it 
also has a great potential for transmitting 
diseases and illnesses if contaminated (Yakasai 
et al., 2004). Population growth, coupled with 
other factors such as urbanization, agricultural 
activities, industrial and commercial processes 
etc., has resulted in the accumulation of wastes 
and pollutants which end up in water bodies, 
thereby polluting them (Dike et al.., 2004). 
 
The presence of toxic metals such as lead (Pb) 
and cadmium (Cd) in the environment has been a 

source of worry to environmentalist, government 
agencies and health practitioners. This is mainly 
due to the health implications, since they are 
non-essential metals of no benefit to humans 
(Tyler, 1981: Borgman, 1983). 
 
Human exposure to lead occurs primarily 
through drinking water, lead-based paints, and 
airborne lead-containing particulates. Airborne 
lead usually results from processes such as 
mining, smelting, manufacturing and the burning 
of fossil fuels especially lead-based gasoline 
(U.S. EPA, 1989). High concentrations of lead 
can cause irreversible brain damage 
(encephalopathy), seizure, coma and death if not 
treated immediately (U.S. EPA, 1986). Kidney 
disease, both acute and chronic nephropathy is a 
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characteristic of lead toxicity (Goyer, 1988). 
Children are susceptible to the most damaging 
effects of lead toxicity. This is because children 
absorb lead much more efficiently than adults 
after exposure (U.S EPA, 1986). 
 
Zaria is known for its many institutions of higher 
learning, which attracts a lot of people to the 
city. As a result of this rapid increase in 
population without a corresponding expansion of 
social amenities, such as portable pipe borne 
water supply, there is a persistent scarcity of 
clean and safe drinking water. This has made 
inhabitants of Zaria and environs to resort to 
shallow wells, boreholes and packaged water as 
alternative sources of drinking water. The need 
to assess the state and quality of these water 
sources in terms of their lead content becomes 
imperative in view of the health implication of 
lead toxicity. 
  
This study reports the levels of lead in water 
samples from shallow wells, boreholes and some 
packaged water in Zaria metropolis as compared 
with the WHO drinking water guidelines for lead 
(WHO, 1993; 1998). 
 
MATERIALS AND METHODS 

 

All experiments were performed with analytical 
grade chemicals obtained from the British Drug 
House (BDH) Poole. These include: 
concentrated trioxonitrate (v) acid (HNO3), lead 
nitrate [Pb(NO3)2] and deionised distilled water.  
  
Measurements were made using a SHIMADZU 
Model 650 Atomic Absorption 
Spectrophotometer (AAS) equipped with a 
hollow cathode lead lamp, lamp current 10mA, 
wavelength 217.0 nm, band pass 0.5nm with a 
flame type consisting of air/acetylene and 
Stoichiometric fuel flow at 0.9 – 1.2 dm3/min. 
 

Sampling Site 
 Samples were collected from ten (10) boreholes 
and thirteen (13) shallow wells evenly 
distributed throughout Zaria metropolis, Nigeria. 
The minimum, maximum and average reported 
well and borehole depth in this area were 6m, 
290m and 40m respectively (Musa et al., 2004). 
Eight zones were demarcated for sampling and 
they include: 
Gyallesu/Tudun Wada, Palladan, Tudun Jukun/ 
Magume, Dan Magagi/Wusasa, Zaria City, 
Sabon Gari, Chikaji and Samaru. Eight different 

brands of packaged water samples manufactured 
within Zaria and environs were also collected. 
 

Sample Collection and Preservation 

Sample containers were thoroughly washed with 
detergent, rinsed with tap water before soaking 
in 5% HNO3 for 24 hours. Containers were 
finally rinsed with distilled water before being 
used for sampling. Water samples (2dm3) were 
collected every 10days at each of the sampling 
sites throughout the study period. 
  
The following parameters were recorded at the 
point of collection; name of sample, time and 
date of collection, place of collection and pH. 
Thereafter the samples were preserved by 
acidifying with 1-2 cm3 of concentrated HNO3. 
Water samples were kept cooled in ice packs en 
route to the laboratory and stored at 4oC pending 
analysis. All samples were collected during the 
months of February, March and April of 2006. 
 

Preparation of Calibration Curve 

A stock solution of lead was prepared by 
weighing 1.598g of Pb(N03)2 and dissolving in 
100cm3 of deionised water.  Concentrated HN03 
(4cm3) was added and the solution made up to 
mark in a 1dm3 volumetric flask to give a 
1000mg/dm3 solution. Five working standards 
were prepared from this solution by successive 
serial dilutions. The absorbance of each of the 
standard solution in the AAS were recorded and 
plotted against the corresponding concentrations.  
 

Pretreatment and Analysis of Lead in 

Samples  

The Open Beaker Digestion (OBD) Method 
using concentrated HN03 as described in 
LPFWA (2004) was employed for the analysis of 
lead in water. A quantity (50cm3) of the water 
sample was measured into a 100cm3 beaker and 
10cm3 of HN03 was added. The beaker with the 
content was placed on a hot plate and heated till 
brown fumes of HN03 escaped. Heating was 
continued till content have reduced to 10cm3 
volume. The content was then washed into a 
50cm3 volumetric flask and made up to mark 
with deionised water. The digest obtained was 
used for the determination of lead by aspirating 
directly into the AAS. 
 

RESULTS AND DISCUSSION 

 
The groundwater concentrations of lead in 
shallow well and boreholes observed in this 
study are shown in Table 1 and Table 2 
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respectively. The results are mean of nine (9) 
samples from each of the sampling sites that 
were analyzed for lead during the study period. 
  
Lead was detected in seven (7) of the thirteen 
(13) shallow wells sampled representing 53.8% 

of the sampling sites. The mean concentration of 
lead in the shallow well water samples ranged 
from 0.00±0.00mg/dm3 to 1.00±0.40mg/dm3. 
These concentrations exceeded the 0.01mg/dm3 
WHO guidelines for lead in drinking water. 

______________________________________________________________________________________ 

            

Table 1:  Mean Concentration (mg/dm3) of Lead in Shallow Well               
                     Water Samples in Zaria and Environs Collected Between  
                     February and April, 2006                           
S/No              Sampling site  Concentration (mg/dm

3
 ± SEM) 

n = 9 

1. Sarkin Yaki Rd, Gyallesu 0.25 ± 0.02* 
2. Chikaji  0.50 ± 0.31* 
3. Rex Mosque, S/Gari 0.25 ± 0.23* 
4. Layin Zomo, Palladan  0.00 ± 0.00 
5. Kings Rd, S/Gari 0.50 ± 0.10* 
6. Cinema Rd, Samaru 0.00 ± 0.00 
7. Ibn Walid Mosque, Samaru 0.00 ± 0.00 
8. Sabon Layi Palladan 0.00 ± 0.00 
9. Gaskiya well, T/Jukun 0.50 ± 0.05* 
10. Ung. Dankali, D/Magaji 0.00 ± 0.00 
11. Musan Gwarzo Rd, T/wada 1.00 ± 0.40* 
12. Rimin Tsiwa, Zaria 0.00 ± 0.00 
13. Sarki Street, T/jukun 0.25 ± 0.02* 
* = Above 0.01mg/dm

3
 WHO Guidelines for Lead in Drinking Water  

n = Sample Size 

______________________________________________________________________________________ 

  
It was also observed that all the wells in which 
lead was detected were located in only four of 
the eight sampling zones. The zones implicated 
are Sabon gari, Tudun Wada/Gyallesu, Chikaji 
and Tudun-Jukun. These are highly populated 
urban areas with high traffic density, poor 
drainage and solid waste disposal. All the 
contaminated wells were not covered and thus 
airborne lead containing particulates (especially 
from the burning of lead based gasoline) could 
contaminate them. 
  
Discharge and leaching of municipal, as well as 
industrial waste, into the wells are a possibility, 
as in the case of the well in Chikaji which is 

located close to a tobacco processing factory. 
The results obtained in this study are in 
agreement with Musa et al., (2004) who reported 
91% of the well water sampled in Zaria 
containing lead above the 0.01mg/dm3 WHO 
drinking water guidelines. 
  
Of the ten (10) boreholes sampled, only three (3) 
showed lead levels that were above the 
0.01mg/dm3 WHO drinking water guidelines 
(Table 2). This represents 30% of the sites 
sampled and they include Rock Street Wusasa, 
Kakaki Zaria City, and Dandabo Road in 
Samaru. 
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______________________________________________________________________________________ 

 

Table 2:  Mean Concentration (mg/dm3) of Lead in Borehole Water  
  Samples in Zaria and Environs Collected Between      
  February and April 2006         
 

S/No.           Sampling Sites       Concentration                

(mg/dm
3
)  

1. BAT Road, Chikaji 0.00 
2. Bayan Gidan Iya, Sabon Gari 0.00 
3. Sarkin Yaki Road, Gyallesu  0.00 
4. Hanwa Central, Hanwa 0.00 
5. Sani A., Primary School Magume  0.00 
6. Dandabo Road, Samaru  0.49±0.04* 
7. Bashir A. Primary School Danmagaji  0.00 
8. Makwalla, Zaria City 0.00 
9. Kakaki, Zaria City   0.06±0.53* 
10. Rock Street, Wusasa 1.03±0.95* 

* = Above 0.01mg/dm
3
 WHO Guidelines for Lead in Drinking Water  

n=Sample Size  

______________________________________________________________________________________
 
The mean concentration of lead in the boreholes 
ranged from 0.00±0.00mg/dm3 to 
1.03±0.95mg/dm3. Interestingly, lead was not 
detected in any of the boreholes located in areas 
that had lead contaminated shallow wells. This 
could indicate a possible correlation between 
drilling deep wells and lower lead concentration 
(Frisbie et al., 2002). Boreholes in which lead 
was detected had peculiar environmental factors 
that could be responsible for that. The borehole 
at Rock Street Wusasa is located close to 
farmlands. It was observed that most of the 
farmers rely on organic manure sourced from 
refuse dumps, where lead containing materials 
like batteries, lead – based paint containers, 
alloys etc. are disposed. Lead from these 
farmlands could leach from the soil into the 
underground water and contaminate the 
borehole.                      

  
The borehole at Dandabo Street, Samaru is 
located close to a railway line besides a 
mechanic garage. Exhaust fume emissions from 
vehicles and disposal of batteries from the garage 
coupled with poor drainage could be responsible 
for the lead contamination of the borehole. 
  
The concentrations of lead in eight (8) brands of 
packaged water products analyzed during the 
study period are shown in Table 3. All the 
products analyzed have National Agency for 
Food, Drug Administration and Control 
(NAFDAC) registration numbers. Lead was 
detected in 3 of the products (representing 
37.5%). The mean lead concentration observed 
ranged from 0.00±0.00 mg/dm3 to 0.56±0.34 
mg/dm3, which is above the 0.01mg/dm3 WHO 
drinking water guidelines for lead.                          
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______________________________________________________________________________________ 

Table 3:  Mean Concentrations (mg/dm3) of Lead in Packaged Water  
  Products Sampled from Zaria and Environs Between  
  February and April 2006            
 

S/No. Product Concentration (mg/dm
3
±S.E.M) n=9 

1 A 0.00 
2 B 0.00 
3 C 0.56±0.34* 
4 D 0.00 
5 E 0.50±0.00* 
6 F 0.00 
7 G 0.00 
8 H 0.50±0.00* 

 
* = Above 0.01mg/dm

3
 WHO Guidelines for Lead in Drinking Water  

n= Sample Size  

______________________________________________________________________________________  
 
The high levels of lead in products C and H 
could be attributed to the water source as both 
companies rely on pipe borne water. Tap water 
supply in Zaria is irregular and intermittent, 
leading to the eventual drying and rusting of the 
distribution pipes (usually made from Pb or Cu) 
thereby polluting the water flowing through them  
 
 

 
(Yakasai et al., 2004). The water source for 
product E is a borehole which was contaminated 
with lead. 
 
The mean of mean concentrations of lead in all 
the drinking water sources under study gave 
concentrations above the WHO limit of 0.01 
mg/dm3 (Table 4).  

 

 

______________________________________________________________________________________ 

 

Table 4:   Mean of Mean Concentrations (mg/dm3) of Lead in Wells,                                                                         
                Boreholes and Packaged Water Samples as Compared with         
                WHO Standard 
              
                     Concentrations (mg/dm3

± S.E.M) 

    Wells    Boreholes Packaged Water WHO Standard 

  0.25 ± 0.08  0.158 ± 0.11   0.195 ± 0.09        0.01 
 
______________________________________________________________________________________ 

 

CONCLUSION 

 
This study has implicated lead in the 
contamination of drinking water in Zaria, 
Nigeria. The degree of contamination varies 
according to the water source with 53.8%, 30% 
and 37.5% attributed to shallow wells, boreholes 
and packaged water respectively. It can therefore 
be concluded that shallow wells are the most 
unsafe sources for drinking water in Zaria and its 
environs. In all the samples contaminated with 
lead, the levels observed were above the 
0.01mg/dm3 WHO guidelines. Such elevated  
 

 
levels of lead in water could be detrimental to the 
health of residents of Zaria.        
 

 

 

RECOMMENDATIONS 

 
There is need for proper disposal of municipal 
and industrial wastes in order to prevent the 
possible contamination of our water sources. 
This can be done through the rehabilitation of 
existing and possible construction of new waste 
disposal systems. The public should also be 
enlightened about the dangers of inappropriate 
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dumping of waste which might invariably end up 
in our water sources. The government should 
improve the supply of pipe borne water within 
Zaria to serve as the primary drinking water 
source. Government should also look into ways 
of providing deeper boreholes to minimize 
contamination since the study has indicated a 
possible correlation between the depth of bore 
and contamination. Inspection of packaged water 
production by NAFDAC should be regular and 
intensive. Test for levels of heavy metals should 
be included as part of its initial routine test for 
registration of packaged water. 
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