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ABSTRACT: The objectives of this study were to evaluate the health risk concern of some trace metals in selected 

borehole drinking water proximal to open dumpsites in Benin City.  Borehole water samples were collected and analysed 

for trace metals using standard methods. Health risk and pollution indices were used to characterise the trace metals. The 
average daily dosage (ADD) results showed low concentrations of the trace metals in the various borehole sites. Oluku 1 

had Mn (0.04), Zn (0.11) and Cu (0.01). Oluku 2 had Mn (0.43), Zn (0.18) and Cu (0.01) while Ikueniro 1 had Mn (0.05), 
Zn (0.17) and Cu (0.01) and Ikueniro 2 had Mn (0.04), Zn (0.15) and Cu (0.01). The hazard quotient (HQs) and hazard 

index (HI) values were < 1. The results of the Metal Pollution Index (MPI) revealed the values of Oluku 1 (4.6E-06), 

Oluku 2 (1.0E-04), Ikueniro 1 (1.4-05) and Ikueniro 2 (5.6E-06). The classification of the water were within class 0 and 
1. The findings of this study have revealed that the trace metal contents found in the boreholes waters were within the safe 

limits as referenced. On this premise, the borehole waters were recommended safe for consumption without any health 
risk impact, consequent of no evidence of pollution. 
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Colossal population growth, industrial boom and 

urban-rural developments in Nigeria, have great toll on 

the level of environmental deterioration. The rate of 

abstracting ground water in Nigeria has become a 

tenable way to get water of good quality. Easy access 

to this form of water has also led to the proliferation of 

Boreholes and manholes in Nigeria. Borehole serves 

as the most important source of drinking water in 

Nigeria and provides a tangible 50 % of potable water 

around the globe (Ukpong and Okon, 2013; Musa et 

al., 2013; Musa and Ahanonu, 2013). This can be 

attributed to the level of natural self-purification 

capacity it has found to possess (Adefemi, 2013). 

However, borehole can be contaminated via soil 

erosion from underground leachate seepage from 

contaminated dumpsites and the leaching of chemicals 

from human activities. The degree of this 

contaminations can be as a results of the precipitation 

pattern, depth of the water table, rate of percolation, 

and structures of the top soil such as textural properties 

(Adegbola and Adewoye, 2012; Musa and Ahanonu, 

2013). The health risk from the consumption of trace 

metals from borehole water have been documented by 

several researchers (Idris et al., 2013; Kelepertzis 

2014; Izah et al. 2016); Adeniyi et al., 2014; Soyingbe 

et al., 2014). The objectives of this study were to 

evaluate the health risk concern of some trace metals 

in selected borehole water and to assess the pollution 

status. 

MATERIALS AND METHODS 
Study Area and Sampling Stations: Oluku: This is a 

community with a very small population in Edo State, 

Nigeria. Towns near Oluku include Utekon, Iguosa, 

Iyowa and Ora. The closest major cities include; 

Benin, Owo, Akure and Warri.  

 

 
Fig 1: Map showing the sampling locations 
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Ikhueniro: This area is being gradually transformed 

from a rural settle into an urban area. Hotels and 

industries are some of the proof of this transformation. 

These areas were chosen because of one of the main 

anthropogenic activities therein and large open 

dumpsites. The sampling locations lie between latitude 

60.27’48N and longitude 5053’5E (Fig. 1). 

 

Geology: The geological formations are 

fundamentally of alluvial basins and basement 

multifaceted rocks (Ija and Antai, 2003). The 

consequence of these rock foundations is that they 

permit penetrability of liquids (Achudume, 2009). 

Their soils are gotten from sand stones and shale, and 

are of very recent deposits that are extremely 

vulnerable to washing of the topmost layer, therefore 

may lose their lushness in due time.  

 

Climate: The study areas are located within the tropics, 

which is marked by two prominent seasons; humid 

tropical wet and dry seasons governed by rainfall. The 

wet season which has a high amount of rainfall usually 

spans from April to October with high humidity and 

low atmospheric temperature and occasional 

precipitation in the dry season (November to March). 

Annual rainfall averages 2800mm with temperature 

varying between 23°C and 37°C in the afternoon and 

dropping to between 18 °C and 22°C at night.  

 

Vegetation: It is composed of the rainforest type, 

which consists of grasses (elephant grass and guinea 

grass), shrubs and trees (mango, cashew, pawpaw and 

guava). 

 

Sampling periodicity/ Sample collection: Water 

samples were collected from four boreholes, two from 

Oluku dumpsite vicinity and the other two from 

Ikueniro dumpsite vicinity, and they are represented as 

Oluku 1, Oluku 2, Ikueniro 1 and Ikueniro 2. Samples 

were collected monthly from September 2015 to 

February 2016. Borehole water was collected into a 

well rinsed 100 ml sample container by filling the 

container slowly to avoid turbulence and air bubbles. 

Sample containers were labelled appropriately. 

Determination of Heavy metals: Heavy metals were 

determined after digestion of the solution of the 

samples. Digestion was carried out by taking 10 ml of 

the sample and adding 4 ml Perchloric acid, 20 ml 

concentrated Nitric acid and 2 ml concentrated 

Tetraoxosulphate (VI) acid. This was digested using 

Aluminum block digester 110. The mixture was heated 

until white fumes evolved and a clear solution 

obtained. The essence of the digestion before analysis 

was to reduce organic matter interference and convert 

metals to a form that can be analyzed by Atomic 

Absorption Spectrometry. After digestion, samples 

were allowed to cool then transferred to 100 ml 

volumetric flask. This was made up to the 100 ml mark 

with distilled water and thoroughly mixed. The 

samples were centrifuged to separate insoluble 

materials. It was then filtered through 0.45 Millipore 

type filter, and the concentrated of the individual 

heavy metal was determined using Unicam 929 

Atomic Absorption Spectrometer.  

 

Quality Assurance: The equipment was first calibrated 

using buck certified atomic absorption standards for 

the respective trace metals to obtain calibration curves. 

Reagent blanks were first run at intervals of every ten 

sample analysis to eradicate equipment drift. All 

samples were analysed in duplicates for 

reproducibility, accuracy and precision. 

 

Health Risk Assessment: The methods of Chanpiwat et 

al., (2014), Khan et al., (2013), Shah et al., (2010) 

WHO, 2008 and US EPA, (1989) were used to 

evaluate the potential health risks in this study. While 

the methods of WHO, (1996), US EPA, (1989) and US 

EPA, (2011) were used to evaluate the non-potential 

carcinogenic risk.  

 

Metal Pollution Index (MPI): The metal pollution 

index (MPI) by Usero et al., (1997) was used to 

quantify the pollution status of the borehole water. 

 

Classification Structure: The methods of Grimason et 

al., (2013) and Kempster et al., (1997) were used to 

classify the borehole water in this study. 

 
Table 1: Assumptions used in this study 

Variables Units Values References 

Ingestion rate (IR) mg/kg 100 US EPA, (1989) and US EPA (2010e) 

Exposure Duration (ED) Day/year 70 US EPA, (1989) and US EPA (2010e) 
General body weight BW kg 70 US EPA, (1989) and US EPA (2010e) 

Exposure Frequency (EF) Days/year 365 US EPA, (1989) and US EPA (2010e) 

Average Time (AT) Days/year 25550 US EPA, (1989) and US EPA (2010e) 

RFDos 

  

Zn 3.00E-01 US EPA, (2013), DEFRA, (2005) and WHO/FAO, (2013) 

Cu 4.00E-02 US EPA, (2013), DEFRA, (2005) and WHO/FAO, (2013) 

Mn 1.4E+01 US EPA, (2007) and US EPA, (2009a) 

RESULTS AND DISCUSSION 
Health Risk Quantification: The results of the potential 

health risk and non-carcinogenic risk is shown in Table 

2. The average daily dosage (ADD) results showed 

low concentrations of the trace metals in the various 

borehole sites. Oluku 1 had Mn (0.04), Zn (0.11) and 

Cu (0.01) and Oluku 2 had Mn (0.43), Zn (0.18) and 

Cu (0.01). While Ikueniro 1 had Mn (0.05), Zn (0.17) 

and Cu (0.01) and Ikueniro 2 had Mn (0.04), Zn (0.15) 

and Cu (0.01). This indicates that there might not be 
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possible health risk via the daily ingestion of the 

borehole water. However, according to Singh et al., 

(2010), the level of toxicity of trace metals to humans 

depends upon their daily intake rate. Consequent of 

this, the dumpsite activities did not impact the water 

quality of the various boreholes. This might be that the 

distance between the dumpsite and the boreholes met 

the standard construction of boreholes 15 m ahead 

seepage points. In this study, the HQs were; Oluku 1 

Mn (0.00), Zn (0.00) and Cu (0.21) and Oluku 2 [Mn 

(0.03), Zn (0.01) and Cu (0.29). While Ikueniro 1 had 

Mn (0.00), Zn (0.01) and Cu (0.32) and Ikueniro 2 had 

Mn (0.00), Zn (0.01) and Cu (0.21). 
 
Table 2: The results of the potential health risk, non-carcinogenic 

health risk and metal pollution index of borehole water collected 

from the vicinities of dumpsites in Nigeria 

  mg/L       

  Oluku 1 ADD RfD HQ 

Mn 0.03 0.04 14 0.00 

Zn 0.08 0.11 30 0.00 

Cu 0.01 0.01 0.04 0.21 

      HI 0.22 

   MPI 4.6E-06 

 Oluku 2 ADD RFd HQ 

Mn 0.30 0.43 14 0.03 

Zn 0.13 0.18 30 0.01 

Cu 0.01 0.01 0.04 0.29 

      HI 0.32 

   MPI 1.0E-04 

 Ikueniro 1 ADD RFd HQ 

Mn 0.04 0.05 14 0.00 

Zn 0.12 0.17 30 0.01 

Cu 0.01 0.01 0.04 0.32 

      HI 0.33 

   MPI 1.4E-05 

 Ikueniro 2 ADD RFd HQ 
Mn 0.03 0.04 14 0.00 

Zn 0.11 0.15 30 0.01 
Cu 0.01 0.01 0.04 0.21 

      HI 0.22 

   MPI 5.6E-06 

NB: ADD; Average Daily Dosage, RfD; Reference Dosage, HQ; 

Hazard Quotient, HI; Hazard Index and MPI; Metal Pollution 
Index. 

 

The non-cancer HQs of the three metals in various 

sites were far below the suggested HQ threshold of >1 

(Chien et al., 2002; Wang et al., 2005; Huang et al., 

2008). Thus signifying no direct significant adverse 

health impacts from the ingestion of the borehole water 

in all of the sampled sites. The HI of all the borehole 

sites also revealed low values [Oluku 1 (0.22), Oluku 

2 (0.32), Ikueniro 1 (0.33) and Ikueniro 2 (0.22)]. This 

chronic health effects were < HI set by US EPA, 

(2009a) and Bortey-Sam et al., (2015). Thus an 

indication of non-carcinogenic impact if the borehole 

water were to be consumed. 

 

Evaluation of The Metal Pollution Index (MPI): The 

results of the MPI obtained in this study are shown in 

Table 2. The revealed values are [Oluku 1 (4.6E-06), 

Oluku 2 (1.0E-04), Ikueniro 1 (1.4-05) and Ikueniro 2 

(5.6E-06)]. These values were far lesser than the 

reference point value of 1 mg/L as described by 

Morillo et al., (2005). The observed MPI of these 

metals showed that their level in terms of 

concentrations were very low. This reflected that the 

dumpsites activities had no impact in the borehole 

water and no water quality deterioration was observed 

as at the time of this study. 

 

Classification Evaluation of the Boreholes: In line 

with the structure suggested by Grimason et al., (2013) 

and Kempster et al., (1997) on the classification of 

drinking water quality (Table 3), all the borehole water 

fell within class 0 and I. In this study, only two trace 

metals were used to characterize the borehole water; 

Mn and Zn. The range of values used to classify the 

water were Mn (0-0.05) and Zn (0-3.0) respectively 

(Figure 2). This study revealed that the water quality 

of all the examined borehole water were safe for 

drinking as at the time of this study. This finding is in 

consonance with the work of Grimason et al., (2013). 

 
Table 3: Classification structures of the borehole water 

  mg/L  

  Oluku 1 Class 

Mn 0.03  
Zn 0.08 0 and I 

 Oluku 2  
Mn 0.30  

Zn 0.13 0 and I 

 Ikueniro 1  
Mn 0.04  

Zn 0.12 0 and I 
 Ikueniro 2  

Mn 0.03  

Zn 0.11 0 and I 

 

NB: Class 0; ‘This is perfect water quality, good for 

lifetime usage, with no serious health impact on the 

consumer.’ Class I ‘Water in this class is non-toxic for 

lifetime usage, but within the ideal perfect water 

quality (Grimason et al., 2013; Kempster et al., 1997).  

 
Fig 2: Classification structure of trace metals in the different 

borehole sites 

 
Conclusion: The findings of this study have shown that 

the average daily dose (ADD) results indicated low 

concentrations of trace metals in the various borehole 

sites near dumpsites in Benin City. The hazard 

quotients and indices were less than 1. Trace metals 

found in drinking water from the boreholes were 

within safe limits as referenced. On this premise, the 

borehole waters are recommended safe for 

consumption without potential health risk impact. 
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