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Introduction  

Water is one of the necessities for a healthy life. It is needed 

for the formation and functional activities of the cells and the 

coordination of the entire body.1 However, contaminated water can act 

as a vehicle for disease transmission.2, 3 Common waterborne diseases 

include typhoid fever, cholera, and diarrhea, among others.4 

Population expansion, increased anthropogenic activities, as well as 

rapid urbanization and climate change, are the major factors in the 

increasing contamination of water worldwide. 5 About 2.2 million 

people die from diarrheal diseases annually, many of which are linked 

to contaminated water.6 The burden of contaminated water is 

particularly high in third-world countries due to poor healthcare 

facilities. 7 In developing countries such as Southeast Asia and Africa, 

diarrhea alone accounts for up to 8.5 and 7.7% of annual mortality, 

respectively.6 

Drinking water is derived primarily from two sources, which are 

surface waters such as rivers and reservoirs, as well as groundwater 

such as boreholes and wells. 3 Water sources naturally contain 

contaminants, particularly inorganic substances that emanate from the 

geological strata through which the water flows.3 Artificial 

contamination of water may occur through anthropogenic activities.3 
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Among the toxic chemicals in water, heavy metals are the most 

suspected owing to their persistence, toxicity, and wide distribution in 

the environment. Long-term human exposure to heavy metals such as 

copper (Cu), cadmium (Cd), lead (Pb), zinc (Zn), and nickel (Ni) 

causes health hazards.8 Some heavy metals can combine together to 

produce additive effects.9 More than 25% of the total burden of 

disease is linked to environmental factors to which toxic chemicals 

contribute significantly.10 Heavy metals enter the environment through 

both natural and anthropogenic sources, including mining, oil 

exploration, household and industrial waste, and urban runoff. 11 

Besides heavy metals, microorganisms are another group of water 

contaminants that are of public health concern. There are over 500 

waterborne pathogens capable of contaminating drinking water and 

are grouped mainly into viruses, bacteria, parasitic protozoa, and 

fungi. 12 Waterborne diseases kill more than 5 million people per year, 

13, 14 of which over 50% are microbial intestinal infections.13 

In Mowe metropolis, Ogun State, Nigeria, groundwater, mainly 

boreholes and wells, is the major source of drinking water. About 81% 

of the residents of Ogun State depend on groundwater for drinking. 15 

This is due to the cost-effectiveness of groundwater and the 

inadequacy of pipe-borne water in the state, which is characteristic of 

developing nations. Though groundwater is less vulnerable to 

pollution than surface waters,3 it may be contaminated by 

anthropogenic activities and urban runoffs in metropolitan areas such 

as Mowe. Thus, periodic monitoring of groundwater in Mowe is 

necessary to prevent disease outbreaks. Monitoring of water quality 

for its improvement can reduce the global disease burden by 

approximately 4%.16 There is a dearth of documented studies on heavy 

metal and microbial pollution of groundwater in the Mowe metropolis. 

Therefore, this study assessed the quality of borehole and well water 

in Mowe metropolis, Ogun State, Nigeria. 
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Drinking water contamination by heavy metals and microbes is increasingly implicated in a 

variety of diseases around the world, prompting quality assessment of all drinking water sources. 

This study evaluated the safety of borehole and well water in Mowe metropolis, Ogun State, 

Nigeria. The levels of heavy metals, namely copper (Cu), nickel (Ni), lead (Pb), cadmium (Cd), 

iron (Fe), and chromium (Cr), as well as microorganisms were determined in the samples of the 

water using conventional procedures. The mean of the values obtained for each parameter was 

then compared with the World Health Organization (WHO) permissible limits. In addition, the 

average daily ingestion (ADI) and hazard quotients (HQ) of the heavy metals were estimated. 

The heavy metal analysis revealed that both the borehole and well water samples had non-

tolerable concentrations of Pb and Fe, while Ni, Cd, Cr, and Cu were within the tolerable limits. 

The ADI and HQ of the heavy metals were within the recommended limits. However, the 

cumulative HQ (health risk index) of the heavy metals in the well water was higher than the 

threshold of 1. The microbiological examinations indicated that the borehole and well water 

samples contained non-permissible levels of bacterial and yeast colonies, while only the well 

water had non-permissible concentrations of coliforms. Heavy metals and microbiological 

contaminants in well water samples were higher in comparison. These findings indicate that the 

water may pose some health hazards if consumed in its current form. As such, consumers are 

advised to treat groundwater before consuming it. 
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Materials and Methods 

Description of the study site 

This study was carried out in Mowe, Ogun State, Southwestern 

Nigeria (Figure 1). Ogun State borders Lagos State and the Atlantic 

Ocean on the south, Oyo State on the north, the Benin Republic on the 

west, and Ondo State on the east. The climate of the state is tropical 

with mainly a wet season. The rainfall averages between 40 and 60 

mm, with its peaks occurring between May and August.17 The daily 

average temperature is between 25 and 27°C.17  

Mowe, the study site, is in the Obafemi-Owode Local Government 

Area of the state at latitude 6°51'N and longitude of 3°27'E. 17 Mowe 

is a linear settlement along the Lagos-Ibadan expressway that is 

increasingly being populated by the outflux of the ever-increasing 

Lagos population. Thus, Mowe is characterized by heavy 

anthropogenic activity that can potentially contaminate groundwater, 

necessitating periodic monitoring. These activities include food crop 

and livestock farming, fishing, quarrying, artisanal work, and 

handicrafts, such as dye-making and pottery.  

 

Collection of water samples  

Between March and June 2021, 42 water samples (21 boreholes and 

21 wells) were collected at random from seven popular streets in 

Mowe metropolis. The samples were collected in pre-washed and 

sterilized plastic bottles, covered tightly, and transported immediately 

in a sealed polyethylene bag into the laboratory. The samples were 

stored in a refrigerator at about 4°C prior to analysis. 

 

 

Heavy metal analysis 

The concentrations of copper (Cu), iron (Fe), cadmium (Cd), 

chromium (Cr), lead (Pb), and nickel (Ni) in the water samples were 

determined by atomic absorption spectroscopy (AAS) as described by 

Yahaya et al. 18  

 

Microbiological analysis 

The total bacteria, coliform, and fungi counts in each water sample 

were estimated using the membrane filtration technique as described 

by Yahaya et al. 19  

 

Quality assurance and control 

The reagents used for the heavy metal analysis and other tests were 

prepared from chemicals of high analytical grade (AnalaR). The 

container for each reagent was washed with a detergent solution, after 

which it was rinsed properly. Background contamination of the 

samples was checked by analyzing blank samples after every five 

sample analyses. Each sample was analyzed thrice, and the 

reproducibility of the values obtained was ensured.  

 

Health risk assessment of the heavy metals 

The health risks of daily consumption of borehole and well water in 

the area under study were calculated from the average daily ingestion 

(ADI) and the hazard quotient (HQ) of the heavy metals in the water, 

as shown in equations 1 and 2. 20 

 

ADI = 
Cx × Ir × Ef × Ed

Bwt × At
                                                             (1) 

 
Figure 1: Locations of the study site (drawn using ArcGIS 10.3 software). 
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In equation 1, ADI stands for the average daily ingestion of a heavy 

metal per kilogram of body weight, Cx is the concentration of heavy 

metals in water, Ir represents the ingestion rate per unit time, Ef 

denotes the exposure frequency, Ed means exposure duration (equals 

the average life expectancy of a resident Nigerian), Bwt represents the 

body weight, and At is the average time (Ed x Ef). The standard values 

and units for these parameters are given in Table 1. 

 

HQ = 
ADI

RFD
                                                                  (2) 

            

In equation 2, HQ represents the hazard quotient and RFD is the oral 

reference dose (mg/L/day) for the selected heavy metals (Table 2). A 

HQ of less than one was deemed non-toxic. 21 

 

Data analysis 

Values were presented as mean ± standard deviation (SD) using the 

Microsoft Excel software version 21. The same software was used to 

calculate the ADI and HQ of the heavy metals. 

 

Table 1: Standard values for calculating average daily 

ingestion of heavy metals 46 
 

Exposure Factor Unit    Value 

Exposure frequency (Ef) Days/year      365 

Ingestion rate (Ir) L/day      2 

Exposure duration (Ed) Years      55 

Average body weight (Bwt) Kg      65 

 

Table 2: Oral reference doses (RFD) for Pb, Ni, Cd, Cr, Zn, 

and Cu in water 47 
 

Heavy metal            Value (mg/L/day) 

Pb 0.0035 

Ni 0.0200 

Cd 0.0005 

Cr 0.0003 

Fe 0.0070 

Cu 0.0400 

 

Results and Discussion 

Levels of heavy metals in the water samples  

Tables 3 and 4 revealed the levels of Pb, Cu, Cd, Cr, Ni, and Fe in the 

samples of the borehole and well water obtained from Mowe, Ogun 

State, Nigeria. Pb and Fe were detected at the World Health 

Organization's (WHO) non-permissible limits in the borehole water 

samples from all the streets, of which Ofada Street had the highest 

concentrations of the two heavy metals (Table 3). However, Cu, Cd, 

Cr, and Ni were detected in the borehole water within the permissible 

limits in all the streets (Table 3). Similar trends were observed in the 

well water samples, in which Pb and Fe were detected in all the streets 

at non-tolerable levels, while other evaluated heavy metals were 

within the permissible range (Table 4). Overall, Fe was the most 

abundant heavy metal in both the borehole and well water samples, 

while Cd and Ni were the least abundant (Tables 3 and 4). There is a 

dearth of literature on the heavy metal concentrations in groundwater 

in Mowe metropolis. However, the results of some studies conducted 

in the settlements and local governments close to Mowe showed some 

consistencies with the present study. Notably, Ayedun et al.22 find 

non-tolerable concentrations of Pb, Fe, and Cd in groundwater in Ifo, a 

neighboring local government to the study site. In a related study 

conducted in Ibafo and Magboro metropolis (neighboring towns) by 

Adeniyi et al. 23 Cd and Fe were detected at non-permissible levels. 

However, unlike the present study, Adewoyin et al.24 reported non-

tolerable concentrations of Cu and Cr in groundwater in Ota, still in 

the Ifo local government area of the state. This showed that there is an 

uneven distribution of heavy metals across the state, which could be 

related to the diverse anthropogenic activities, population densities, 

and levels of environmental awareness across the state. On average, 

the heavy metals were more abundant in the well water than the 

boreholes (Table 5). 

The detection of Pb and Fe beyond the permissible limits in both the 

well and borehole water samples suggests that the two water sources 

may pose some health risks to the consumers in Mowe metropolis 

unless the water is treated. Prolonged exposure to Pb can affect the 

hematological, nervous, renal, and reproductive systems as well as 

disrupt neurotransmitter release and bone mineral density.25, 26 Iron is 

essential for biological systems, but at certain levels, it can induce cell 

death by generating free radicals.27 Although Cu, Cd, Cr, and Ni were 

detected within the permissible limits in the borehole and well water, 

strictly speaking, there are no safe levels for most heavy metals. This 

is because heavy metals are non-biodegradable and so can accumulate 

to toxic levels in human tissues, resulting in health problems. Cu has 

been reported to cause neurotoxicity, commonly known as “Wilson’s 

disease,” as well as kidney failure.28 Ni exposure can cause skin 

irritation as well as lung, nervous system, and mucous membrane 

damage.28 Long-term exposure to Cd causes cancer and multi-organ 

damage such as skeletal, urinary, reproductive, cardiovascular, 

nervous, and respiratory systems.29 Cr is cytotoxic, genotoxic, and 

carcinogenic. 30 The observed sources of these metals in the water are 

wastes from homes and industries, artisan workshops, dumpsites, 

urban gardens, and vehicular release, among others. 

 

Health hazards of the water samples 

The average daily ingestion (ADI) and hazard quotient (HQ) of Pb, 

Cu, Cd, Cr, Ni, and Fe by the residents of Mowe via the borehole and 

well water are revealed in Table 6. 

 

Table 3: Levels of heavy metals detected in borehole water in Mowe 
 

Water  

Samples 

Location 

Mean concentrations of the heavy metals (mg/mL) 

Lead  

(Pb) 

Copper 

(Cu) 

Cadmium 

(Cd) 

Chromium 

(Cr) 

Nickel 

(Ni) 

Iron 

(Fe) 

 Adesan 0.01 ± 0.000 0.21 ± 0.012 BDL 0.02 ± 0.003 0.01 ± 0.002 0.33 ± 0.104 

 Loburo 0.01 ± 0.000 0.26 ± 0.052 BDL 0.02 ± 0.002 0.01 ± 0.002 0.38 ± 0.083 

Arigbawonwo 0.01 ± 0.000 0.23 ± 0.011 0.001 ± 0.000 0.02 ± 0.004 0.01± 0.002 0.41 ± 0.157 

 Ogunnun 0.01 ± 0.000 0.25 ± 0.053 0.002 ± 0.000 0.02 ± 0.002 0.01 ± 0.003 0.33 ± 0.077 

 Omu-Aro 0.01 ± 0.000 0.24 ± 0.006 BDL 0.02 ± 0.004 BDL 0.41 ± 0.155 

 Turaya 0.01 ± 0.000 0.25 ± 0.052 0.002 ± 0.000 0.02 ± 0.002 BDL 0.34 ± 0.155 

 Ofada 0.02 ± 0.000 0.23 ± 0.009 BDL 0.02 ± 0.001 BDL 0.47 ± 0.084 

WHO 47 0.01 1.0 0.003 0.05 0.02 0.3 

Note: WHO stands for World Health Organization and BDL means Below Detectable Levels 



                                                             Trop J Nat Prod Res, May 2022; 6(5):811-817               ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  

 

814 
© 2022 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

Table 4: Levels of heavy metals detected in well water in Mowe 
 

Water  

Samples 

Location 

Mean concentration of the heavy metals (mg/L) 

Lead  

(Pb) 

Copper 

(Cu) 

Cadmium 

(Cd) 

Chromium 

(Cr) 

  Nickel 

   (Ni) 

  Iron 

  (Fe) 

Adesan 0.02 ± 0.002 0.33 ±0.104 BDL 0.01 ± 0.003 BDL 0.33 ± 0.163 

Loburo 0.03 ± 0.002 0.34 ± 0.067 0.001 ± 0.000 0.02 ± 0.001 BDL 0.33 ± 0.088 

Arigbawonwo 0.03 ± 0.007 0.29 ± 0.125 BDL 0.02 ± 0.002 BDL 0.36 ± 0.150 

Ogunnun 0.03 ± 0.002 0.35± 0.010 0.002 ± 0.000 0.02 ± 0.004 BDL 0.31 ± 0.102 

Omun Aro 0.03 ± 0.004 0.24 ± 0.049 BDL 0.02 ± 0.003 0.005 ± 0.003 0.39 ± 0.115 

Turaya 0.03 ± 0.001 0.39± 0.057 0.01 ± 0.000 0.02 ± 0.003 0.005 ± 0.003 0.24 ± 0.016 

Ofada 0.03 ± 0.001 0.27 ± 0.057 BDL 0.02 ± 0.005 0.005 ± 0.003 0.36 ± 0.061 

WHO 47 0.01 1.0 0.003 0.05 0.02 0.3 

                      Note: WHO stands for World Health Organization and BDL means Below Detectable Levels 

 

Table 5: Comparison between the levels of heavy metals (mg/L) in borehole and well water in Mowe 
 

Water Source Lead  

(Pb) 

Copper  

(Cu) 

Cadmium 

(Cd) 

Chromium 

(Cr) 

Nickel 

(Ni) 

Iron 

(Fe) 

Borehole 0.013 ± 0.033 0.24 ± 0.031 0.012 ± 0.006 0.204* ± 0.003 0.078* ± 0.002 0.379* ± 0.104 

Well 0.027* ± 0.039 0.32 ± 0.082 0.15* ± 0.004 0.018 ± 0.003 0.005 ± 0.003 0.332 ± 0.102 

                  Note: Values with an asterisk are significantly different at p ≤ 0.05 (Student’s t-test) 

 

Table 6: Average daily ingestion (ADI) and hazard quotient (HQ) of heavy metals in borehole and well water in Mowe, Ogun State 
 

Heavy metal         Average Daily Ingestion (ADI) Hazard Quotient (HQ) 

Borehole Well WHO 47 Borehole Well 

Pb 0.0004 0.0008           ≤ 0.01                     0.111                     0.222 

Cu 0.007 0.0097           ≤ 5.00                   0.175                    0.243 

Cd 0.0001 0.0004 ≤ 0.02                  0.133 0.889 

Cr 0.0006 0.0005        ≤ 0.05                    0.200                    0.167 

Ni 0.0002 0.0002       ≤ 0.02                     0.010                    0.010 

Fe 0.012 0.0100            ≤ 8.00                     0.017                    0.014 

CADI/CHQ          0.0203                0.0216                                          0.646                  1.545 

      CADI = cumulative average daily ingestion; CHQ = cumulative hazard quotients 

 

The ADI of the heavy metals were within the respective recommended 

limits (Pb ≤0.01, Cu ≤ 5.00, Cd ≤ 0.02, Cr ≤ 0.05, Ni ≤ 0.02, and Fe ≤ 

8.00), while the HQ was less than 1, the upper limit within which a 

substance could be considered non-toxic. However, the cumulative 

HQ (CHQ), otherwise known as the health risk index, of all the heavy 

metals in the well water was above 1, indicating that the heavy metals 

in the water may combine to pose some health effects. It has been 

established that heavy metals can interact synergistically and pose 

health hazards. In a study by Andjelkovicet al., 31 the combined effects 

of Pb and Cd produced more hematological and biochemical effects 

than the individual metals. Ubani-Rexet et al.32 also shows that Cu and 

Cd can induce synergistic effects in animals. The higher CHQ of the 

well water compared to the borehole indicates that the well water was 

more polluted with heavy metals. This observation is consistent with 

that of Amori et al.,33 who reported higher concentrations of Zn, Pb, 

and Ni in well water than in the boreholes in Odeda, Ogun State. 

Yusuf et al.34 and Imam et al.35 also reported higher concentrations of 

heavy metals in well water than in boreholes in Gombe and Kaduna 

State, Nigeria, respectively. However, Eminike et al.36 detected higher 

concentrations of heavy metals in boreholes than in well water in Atan 

District, Ogun State. It is possible that the well water received more 

heavy metals from the surface than the borehole water.           

 

Levels of microorganisms in the water samples 

The total bacterial, coliform, and yeast counts in the borehole and well 

water samples from Mowe metropolis are shown in Tables 7 and 8. 

Bacteria and yeast colonies were detected above the permissible limits 

in the borehole water obtained from all the selected streets, but 

coliforms were not detected (Table 7). The borehole water samples 

from Ofada Street had the highest bacterial colonies, while Laburo 

Street had the highest yeast colonies (Table 7). Except for Laburo, 

Ogunu, and Thuraya (coliform only), well water samples from all the 

streets had bacterial, coliform, and yeast colonies beyond the 

permissible limits (Table 8). Laburo had the highest bacteria counts, 

Arigbawonwo had the highest coliform counts, and Ogunun had the 

highest yeast counts (Table 8). An earlier study by Aladejana and 

Talabi 37 also reported abnormal counts of total bacteria and coliforms 

in groundwater in Abeokuta, Ogun State. In a study that examined the 

bacterial contents of borehole water in some towns bordering Mowe, 

including Ilishan, Sagamu, Ogere, Ilara, and Oderemo, non-tolerable 

bacterial and coliform counts were reported.38 Similarly, in an 

assessment of the bacterial quality of well water in Abeokuta, non-

permissible levels of total bacteria and coliforms were detected.39 

There is a dearth of literature on the occurrence of yeast colonies in 

groundwater, not only in Mowe but the entire state. Compared with 

the previous studies mentioned, the levels of microbiological 

contaminants in the water evaluated in this study were far higher. This 

could be due to the variations in sanitary conditions and population 

densities across the state. Mowe is close to Lagos (a megacity), so 

Mowe is highly populated and crowded, which could be responsible 

for the high microbiological populations in the groundwater in the 

area.
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 Table 7: Levels of microorganisms detected in borehole water 

in Mowe 
 

Water 

samples  

Bacterial Count 

(CFU mL-1) 

Coliform 

Count 

(CFU mL-1) 

Yeast Count  

(CFU mL-1) 

 Adesan 2.10 × 108 0.00 1.0 × 101 

 Loburo 3.40 × 108 0.00 3.0 × 101 

 Arigbawonwo 1.90 × 108 0.00 2.0 × 101 

 Ogunnun 2.80 × 108 0.00 0.0 × 101 

 Omun Arogun 3.10 × 108 0.00 1.0 × 101 

 Turaya 4.20 × 108 0.00 0.0 × 101 

 Ofada 5.60 × 108 0.00 2.0 × 101 

 WHO 48 ≤ 100 CFU mL-1 0 CFU100 mL-1 ≤50CFUmL-1 

 

Table 8: Levels of microorganisms detected in well water in 

Mowe 
 

Water 

samples  

Bacterial 

Count 

(CFU mL-1) 

Coliform 

Count 

(CFU mL-1) 

Yeast Count 

(CFU mL-1) 

Adesan 4.0 × 108 1.100 × 103 4.0 × 103 

Loburo 10.0 × 108 0.00 8.0 × 103 

Arigbawonwo 3.0 × 108 1.400 × 103 11.0 × 103 

Ogunun 2.0 × 108 0.00 16.0 × 103 

Omun Arogun 8.0 × 108 1.300 × 103 10.0 × 103 

Turaya 4.0 × 108 0.00 6.0 × 103 

Ofada 4.0 × 108 1.700 × 103 18.0 × 103 

WHO 48 ≤ 100 CFU ml-1 0 CFU100 ml-1 ≤50CFUml-1 

 

Table 9: Comparison between the levels of microorganisms in 

borehole and well water 
 

Water 

Source 

Bacterial 

Count   

(CFU mL-1)  

Coliform 

Count 

 (CFU mL-1)  

Yeast Count  

(CFU mL-1)  

Borehole 3.37 × 108 0.000 × 103 1.29 × 103 

Well 5.00 × 108 0.77*× 103 10.43 ×103 

Note: Values with an asterisk are significantly different at p ≤ 0.05 

(Student’s t-test) 

 

Generally, the well water contained more bacteria, coliform, and yeast 

colonies than the borehole water in all the streets (Table 9). This 

indicates that the well water in Mowe metropolis contained more 

microbiological contaminants than the borehole water. Bello et al.40 

reported a similar observation in which fecal coliforms were found in 

abundance in well water in Ijebu Ode but no trace was found in the 

borehole water in the same environment. This could be because 

boreholes are deeper than wells and thus receive fewer 

microbiological contaminants from the surface compared to well 

water. In a study of microbiological populations in well water, shallow 

wells were more contaminated. 41 The detection of total bacteria, 

yeast, and coliform (well only) colonies above the permissible limits 

in both the borehole and well water in this study again proved the 

unsuitability of the water in its current form for drinking. Some 

bacteria species can cause cholera, typhoid fever, gastrointestinal 

diseases, diarrhea, dysentery, and respiratory diseases. 42 Some species 

of bacteria can also disrupt the normal gut microbiome and immune 

function, resulting in diseases such as cancer, diabetes mellitus, 

cardiovascular disease, and obesity. 43 The majority of coliform 

bacteria do not cause illness. However, some E. coli strains, 

particularly the 0157:H7 strain, can cause serious disease. 44 Certain 

yeast can cause allergic reactions, and some can secrete mycotoxins. 45 

The microorganisms in the water are thought to come from dump 

sites, sewage, waste from small-scale industries, septic tanks, and 

garden soil, among other things. 

 

Conclusion  

The results established that both the borehole and well water in Mowe 

metropolis contained non-tolerable concentrations of Pb and Fe, as 

well as permissible concentrations of Ni, Cd, Cr, and Cu. The ADI and 

HQ of the heavy metals in both the well and borehole water were 

within the recommended limits. However, the CHQ of the heavy 

metals in the well water was higher than the threshold of 1. The well 

and borehole water also contained non-permissible levels of bacterial 

and yeast colonies, while coliforms were detected beyond the 

permissible levels in the well water only. Comparatively, the well 

water contained more microbial and heavy metal contaminants. The 

results indicate that both the borehole and well water may not be 

suitable for consumption. 
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