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Abstract 

The concentration of six chemical species Pb, Cd, As, nitrates, fluorides and sulphates in the groundwater (borehole) 
samples were investigated in four boreholes sited close to a dumpsite in Rumuolumeni, Port Harcourt, Rivers State, 
Nigeria. Nitrates, fluorides and sulphates were analyzed using standard conventional methods while the heavy metals 
were determined and analyzed with Atomic Absorption Spectrophotometer. The mean values obtained for the different 
chemical species within the months of investigation for the stations were in the range: lead; 0.012±0.001-
0.015±0.000mg/L, with an average of 0.013±0.001mg/L within the months, Cd; 0.004±0.002-0.005±0.001mg/L, with 
an average of 0.005±0.001mg/L within the months, As; 0.002±0.001-0.003±0.002mg/L, with an average of 
0.003±0.001mg/L within the months, nitrates; 0.413±0.172-0.730±0.691mg/L, with an average of 0.511±0.139mg/L 
within the months, fluorides; 0.004±0.001-0.006±0.001mg/L, with an average of 0.005±0.001mg/L within the months 
and sulphates; 0.197±0.046-0.338±0.072mg/L, with an average of 0.290±0.055mg/L within the months. These values 
obtained for the different chemical species showed that the boreholes sited near the dumpsite were still at the level that 
will not pose any health risk to the user, for their concentrations were still within limits allowed by WHO and USEPA. 
Even though the government and its agencies should regulate the mode of dumping of refuse and also the siting of 
boreholes so that the groundwater will not be polluted.  
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1. Introduction

Indiscriminate and uncontrolled dumping of wastes in urban cities has led to the contamination, pollution and 
deterioration of the environments (Marcus et al., 2017) including the aquatic environment and has resulted into serious 
environmental challenges and concern. The increase in the contamination of surface and groundwater due to 
urbanization has resulted in the scarcity of potable and clean water for human consumption. Portable water is priceless 
and limited and it is supposed to be treasured by humans and prevent its pollution and deterioration. Humans has only 
come to this realization after decades of neglect on the level of water pollution and wastes that anthropogenic activities 
have caused (Sliderberg, 2003). An essential aspect of human life becomes generally affected due to the neglect and 
ignorance on the part of the populace, that good water supply is necessary and essential for healthy living and also affect 
human development socio-economically. 

Water primarily used in the homes, industries, agricultural irrigations, commercial centres and other purposes are 
majorly got from underground (boreholes). The present-day activities of humans which arose as a result of 
advancement and urbanization led to the increase in nuclear, agricultural, biomedical, industrial and even domestic 
wastes which has brought about untold contamination to the groundwater and the general ecology (Momodu and 
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Anyakora, 2010; Nwoke and Edori, 2020). Human lifestyle and behaviour coupled with the growth in population has 
caused the increased demand for already available land to dump refuse which is not followed up with adequate waste 
treatment procedure and management facilities thereby resulting in the contamination and pollution of the 
groundwater due to the leaching potentials of the soil. The unwholesome practices by individuals, corporate bodies, 
industries and factories introduces wastes and chemicals into the ecosystem. This action can be by accidental or 
intentional discharge and the nature of the soil has also allowed these chemicals and wastes to leach through it to the 
water underground which could be dangerous to human (Sunudo and Gill, 1999). The difficulty in the remediation of 
the contaminated groundwater and the financial burden required to restore it to the actual/normal state calls for 
concern (Nwoke and Edori, 2020). 

The underground (borehole) water contamination by chemical species such as heavy metals, nitrates, fluorides, 
microorganisms etc. can affect the health status of humans who is the ultimate user of the water. These chemical species 
find their way into the water aquifer through leaching. Such human activities that that introduces these unwanted 
species to the groundwater are processing of metals, exploration, production and eventual exploitation of oil, 
agricultural activities, mining and through indiscriminate disposal of the by products of these human activities has 
added to the already overburdened situation (Adeyemi and Awokunmi, 2010; Edori et al., 2016). The manner in which 
the inhabitants of a particular area disposes wastes can also contribute to the level of contamination of the groundwater. 
The groundwater can be easily polluted through wastes, sewage and effluents that originates from homes, industries 
and commercial centres through percolation into the water underground.  

The non-availability of data on the actual level of hazardous wastes generated and the non-reliability on the information 
regarding the types and quantities of waste produced and their level of toxicity in the various countries call for urgent 
attention and proper rethink. This is due to different reasons which include inadequate and lack of qualified manpower 
to properly evaluate the situation, reluctance on the part of industries to report or inform on the actual waste generated 
by the industries, the insincerity on the part of government and its agencies in handling waste generated, the poor 
appreciation on the levels of dangerous/hazardous wastes generated and the non-availability of data on the amount of 
wastes generated has grossly affected the ecosystem. Significantly to be noted is that where there is available data, it is 
also difficult to seek and draw international attention due to the difference in classification and definition of 
dangerous/hazardous wastes from country to country. 

This paper evaluates the level of some chemical species like heavy metals (Pb, Cd, As) and chemical parameters like 
fluorides, nitrates and sulphates in borehole waters situated near dumpsites in Rumuolumeni, Port Harcourt, Rivers 
State, Nigeria.  

2. Material and methods 

Water samples were directly collected from four boreholes labelled 1, 2, 3 and 4, situated close to a dumpsite in 
Rumuolumeni community, Port Harcourt with the aid of 1.5 litre plastic jerry cans. The jerry cans were previously 
washed with soap and rinsed in distilled water and finally rinsed with the borehole water to be used for the analysis. 
The water samples were collected for a period of six months at intervals of two months (August, October and December) 
in 2020. The collected samples were immediately taken to the laboratory for the determination of some chemical 
species such as lead (Pb), cadmium (Cd), arsenic (As), nitrates, fluorides and sulphates. The Atomic Absorption 
Spectrophotometer was used in determining the concentrations of Pb, Cd and As, while the concentrations of nitrates, 
fluorides and sulphates were determined electrometrically using the ion selective or specific electrode method at a 
temperature range of 0 to 50oC.  

3. Results and discussion 

3.1. Concentrations of the Chemical Species in the different Boreholes 

The variations of the concentrations of the different chemical species investigated in the different boreholes sited close 
to dumpsite within the Rumuolumeni community within the months of study are provided in Tables 1 to 3 while the 
mean values of the chemical species within the months investigated in the different stations are given in Table 4. The 
average concentrations of the chemical species in the stations at the different months are illustrated graphically in 
Figure 1 while the average concentration of the chemical species studied within the period of investigation are 
illustrated in Figure 2. 
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3.2. Lead (Pb)   

The values obtained for lead in this research was in the range 0.012-0.015mg/L with an average of 0.014±0.001mg/L 
in August, 0.011-0.015mg/L with an average of 0.013±0.001mg/L in October, and 0.011-0.016mg/L with an average of 
0.013±0.002mg/L in December. The mean concentrations for the stations within the months of investigation was in the 
range of 0.012±0.001-0.015±0.000mg/L with an average of 0.013±0.001mg/L. The mean concentration values recorded 
in this work was within the same range as required for maximum allowable limit for potable water by the WHO (2011) 
and USEPA (2005) of 0.015mg/L for lead in potable water. The concentrations of lead (Pb) obtained in this work at the 
time of investigation was higher than that reported in the boreholes of Dumasi, Wassa West District in Ghana which was 
0.005ppm (Obiri, 2007) and within the same range or lower than that obtained by Nwoke and Edori (2020) in the 
boreholes of some communities in Ikono, Akwa Ibom State, Nigeria. Lead (Pb) poses health risk to both floras and faunas 
at any concentration. It is poison even at trace concentrations (Edori and Edori, 2012). Pb is linked to several ailing 
conditions such as neurobehavioral disorder, blood poisoning and reduction in judgement, lower IQ, growth 
retardation, hearing and speech deformations, and unbalanced behavior in children (Hertz-Picciotto, 2000), and in 
adults, its effects are low sperm count, and influences abortion in women (Flora et al., 2007). The occurrence of lead in 
boreholes (groundwater) might have originated from the corrosion of materials used for household and industrial 
plumbing works, mining activities and soil leaching (EPA, 2005) and might also be from human activities like using lead 
laded fuels and the exploration, production and exploitation of oil (Kpee and Edori, 2014). Lead when contacted and 
ingested is detrimental to the health of adults, for exposure to it can result in increased pressure in the blood, 
cardiovascular effects, decrease in kidney functions, hypertension and reproductive challenges in both men and women 
(EPA, 2021)  

3.3. Cadmium (Cd)    

The values obtained for cadmium in this research was in the range 0.003-0.006mg/L with an average of 
0.005±0.001mg/L in August, 0.002-0.006mg/L with an average of 0.004±0.001mg/L in October, and 0.002-0.006mg/L 
with an average of 0.004±0.001mg/L in December. The mean concentrations for the stations within the months of 
investigation was in the range of 0.004±0.002-0.005±0.001mg/L with an average of 0.005±0.001mg/L. The mean 
concentration values recorded in this work was slightly lower or at the same level or slightly higher than the required 
maximum limit for potable water by the WHO (2011) and USEPA (2005) of 0.005mg/L for cadmium in potable water. 
The level of cadmium obtained in this work was at the same range or far lower than that which was reported by Musa 
et al., (2007) which was in the range of < 0.001 to 0.28mg/L in boreholes and well water in Zaria, Nigeria and was at the 
same range or higher than that obtained by Obiri (2007) which was 0.002ppm in Dumasi, Wassa West, Ghana, and was 
also at the same range or lower than than that recorded by Nwoke and Edori (2020) in the boreholes of Ikono which 
ranged from not detected to 0.47±0.22mg/L. Contact or intake of inorganic chemicals such as cadmium in the 
environment results in poisoning and health risk, due to the toxicity of cadmium and its effect due to accumulation 
(Ferrer et al., 2000; Klaassen, 2000). The high occurrence of cadmium (a toxic chemical) in potable water might result 
in acute or chronic health challenges like vomiting, nausea, dizziness and under extreme cases results in immediate 
death due to large doses of cadmium and other toxic chemicals. Cadmium in water is a public health issue for its chronic 
effects can produce renal dysfunction, testicular necrosis, cancer, damage of the central nervous systems, 
arteriosclerosis, the inhibition of growth in animals and even humans and immune system damage (Klaassen, 2001; 
Shelton, 2002), and its effect also causes impairment of male fertility (Waalkes et al., 1992).  

3.4. Arsenic (As)  

The values obtained for arsenic in this research was in the range 0.001-0.004mg/L with an average of 0.003±0.001mg/L 
in August, 0.001-0.003mg/L with an average of 0.002±0.001mg/L in October, and 0.002-0.005 mg/L with an average of 
0.004±0.001mg/L in December. The mean concentrations for the stations within the months of investigation was in the 
range of 0.002±0.001-0.003±0.002mg/L with an average of 0.003±0.001mg/L. The mean concentration values recorded 
in this work was lower than the required maximum level for potable water by the WHO (2011) and USEPA (2005) of 
0.01mg/L and 0.01mg/L for arsenic in potable water. 

The level of Arsenic (As) recorded in this work were far lower than those reported by Obiri (2007) in the boreholes of 
Dumasi, Wassa West Ghana which had a value of 4.52ppm. The existence of arsenic in the groundwater (borehole) 
constitute health challenges to humans and animals and that make use of the water and exposure to arsenic at even low 
levels might have significant poisonous effects (UNICEF, 2008). Arsenic is known to be an environmental pollutant that 
is poisonous. It possesses the potential to occur in the +5 and +3 oxidation states and can be easily absorbed into the 
human tract of the gastrointestinal walls (Smith and Steinmaus, 2007). Arsenicosis manifests in 2 to 20 years and it is a 
human disease that has slow manifestation in its occurrence. Certain diseases like hypo and hyper pigmentation, 
Peripheral neuropathy and peripheral vascular disease, are notable signs that manifests due to arsenic toxicity that 
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affects children and adults and also reduces the development the intellects of children. The effects due to arsenic toxicity 
may result in skin lesion and stigmatization which may ruin the life of an individual in his developmental stages and 
eventually affect the entire family (UNICEF, 2013). 

3.5. Nitrates        

The values obtained for nitrates in this research was in the range 0.350-0.550mg/L with an average of 
0.425±0.083mg/L in August, 0.520-1.700mg/L with an average of 0.933±0.465mg/L in October, and 0.140-0.170 mg/L 
with an average of 0.155±0.011mg/L in December. The mean concentrations for the stations within the months of 
investigation was in the range of 0.413±0.172-0.730±0.691mg/L with an average of 0.511±0.139mg/L. The mean 
concentration values recorded in this work was far lower than the required maximum concentration for potable water 
by the WHO (2011) and USEPA (2005) of 50mg/L and 10mg/L for fluorides in potable water. The values recorded in 
this investigation were lower than that reported by Alex et al., (2021) from groundwater aquifers in Tanzanian semiarid 
regions which values were in the range of 2.4 to 929.6ppm in the dry season and 2.4 to 1620.0 ppm in the wet season 
and those of Stuart et al., (2008) in Morestead Karehhole Twyfordwhich was 18mg N/L in unsaturated zone and 9mg 
N/L in saturated zone. The presence of nitrates in drinking water especially underground (boreholes) systems is of 
utmost worry due to the fact that they are private and most often does not meet standard regulated by relevant agencies 
set by the various governments of the world. It is the responsibility of the individual owners to test and treat their 
personal borehole waters for pollutants such as nitrates. Nitrates do not occur naturally in groundwater and levels 
higher than 3mg/L actually show contamination (Madison and Brunett, 1985) and recent studies worldwide have 
proved that concentration above 1mg/L of nitrate is an evidence of anthropogenic activity (Dubrovsky et al., 2010). For 
the protection of blue-baby syndrome EPA has kept the maximum level of nitrate contamination at 10mg/L. One of the 
most common global contaminant of groundwater and surface water is nitrate (Chen et al., 2016; Anornu et al., 2017). 
Nitrates has very high solubility in water and also easily adsorbed to the soil and leaches at ease thereby increasing its 
concentration in the groundwater system and sources (Elisante and Muzuka, 2017). The increase in concentration of 
nitrates in groundwater system (boreholes) poses significant danger to water resources due to its effect in 
compromising the quality of water (Tredoux et al., 2009; Chen et al., 2016). High concentration of nitrates in water and 
food is a serious threat to human health for nitrates concentrations has relationship with stomach cancer, hypertension, 
methemoglobinemia and gastrointestinal cancers in new born infants (Foley et al., 2012; Vasanthavigar and 
Srinivasamoorthy, 2012). High level of nitrate in the aquatic ecosystem may cause enrichment of nutrients that can lead 
to eutrophication therby affecting the general ecosystem and degradation of the water quality (Burns et al., 2009; 
Weigelhofer et al., 2018).  

3.6. Fluorides 

The values obtained for fluorides in this research was in the range 0.005-0.007mg/L with an average of 
0.006±0.001mg/L in August, 0.002-0.005mg/L with an average of 0.004±0.001mg/L in October, and 0.003-0.008 mg/L 
with an average of 0.005±0.002mg/L in December. The mean concentrations for the stations within the months of 
investigation was in the range of 0.004±0.001-0.006±0.001mg/L with an average of 0.005±0.001mg/L. The mean 
concentration values recorded in this work was far lower than the required maximum concentration for potable water 
by the WHO (2011) and USEPA (2005) of 1.5mg/L for fluorides in potable water. The values recorded in this 
investigation was also lower than that reported by Ram et al., (2017) from water samples obtained from Navi Mumbai, 
Maharashtra, India. The possible sources of fluoride in the boreholes might possibly be through the leaching of the waste 
dumps or through chemicals used for the treatment of the borehole waters. Fluorides is essential in protecting the teeth 
from decay and weakening of the bones. At higher concentration fluorides have more adverse effects. The concentration 
of fluorides in potable water is a vital parameter and there is need for it to be controlled in order to prevent skeletal and 
dental fluorosis (Chandio et al., 2015). About 200 million individuals in over 25 countries of the world are at risk of 
health challenges resulting from the high level of fluorides in water for domestic use (Amouei et al., 2012; Ayoob and 
Gupta, 2006). Studies have shown that the consumption of water that has high concentration (> 4mg/L) of fluoride for 
a long time may lead to many devastating effects on humans which include skeletal and dental fluorosis. Due to these 
effects, the WHO set the standard level of fluoride in potable/drinking water to be in the range of 0.5-1.5mg/L (Amouei 
et al., 2012; Meenakshi and Maheshwari, 2006; WHO, 2006; Singh et al., 2007). Trace quantities of fluoride ion in water 
for drinking purposes helps in the growth and development of the bones and the teeth (Rajkovic et al., 2007). Fluorides 
presence in potable water is a factor that strongly affects and influences the global dental care situation. The monitoring 
of the level of fluorides in potable/drinking water is necessary in achieving the safety required (Japlap et al., 2012).  
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3.7. Sulphates  

The values obtained for sulphates in this research was in the range 0.234-0.561mg/L with an average of 
0.385±0.120mg/L in August, 0.225-0.411mg/L with an average of 0.327±0.069mg/L in October, and 0.132-0.241mg/L 
with an average of 0.192±0.046 in December. The mean concentrations for the stations within the months of 
investigation was in the range of 0.197±0.046-0.338±0.072mg/L with an average of 0.290±0.055mg/L. The mean 
concentration values recorded in this work was far lower than the required maximum level for potable water by the 
WHO (2011) and USEPA (2005) of 400mg/L for sulphate. The level of sulphate recorded in this research was within the 
same range reportedly obtained by Edori and Kpee (2016) in selected boreholes sited in abattoirs within the Port 
Harcourt Metropolitan city where Sulphate concentrations were all below 1.00mg/L in the stations sampled. The 
recorded results for sulphates in this study were lower than that obtained by Edori et al., (2020) from the surface water 
of the Elelenwo River that had a range of 747.333±24.253-757.000±33.146 mg/L. The occurrence of sulphate in the 
boreholes (water) possibly might be due to geologic foundation of the soil type, the percolation, penetration and also 
the leaching of waste from the dumpsites over the soil strata (Adisa, 2012; Edori and Edori, 2012). The methods that 
can remove sulphates from water are electrodialysis or reverse osmosis and distillation and both methods are very 
expensive. The presence of sulphate in water to level of 500-700mg/L might pose significant health challenges in 
humans and add taste to water but its presence at lower concentration of about 300mg/L may not pose any danger or 
add taste. Certain side effects due to the intake of sulphate by humans include intestinal disorder, catharsis and loss of 
water from the body. These effects have been linked to high concentration of sulphate in water consumed by humans 
for domestic or other uses (Bertram and Balance, 1996). Very high concentration of sulphate in aquatic setting have the 
possibility of reducing the water pH and thereby resulting in the proliferation of bacteria within the aquatic system.  

Table 1 Concentrations of the Chemical Species in the Different Boreholes Situated near Dumpsites in Rumuolumeni in 
August  

Parameter (mg/L) Stations Station Mean 

1 2 3 4 

Pb 0.014 0.013 0.012 0.015 0.014±0.001 

Cd 0.005 0.003 0.006 0.004 0.005±0.001 

As 0.001 0.003 0.004 0.003 0.003±0.001 

Nitrates 0.450 0.350 0.550 0.350 0.425±0.083 

Fluorides 0.005 0.007 0.005 0.006 0.006±0.001 

Sulphates 0.234 0.412 0.333 0.561 0.385 ±0.120 

 

Table 2 Concentrations of the Chemical Species in the Different Boreholes Situated near Dumpsites in Rumuolumeni in 
October 

Parameter (mg/L) Stations Station Mean 

1 2 3 4 

Pb 0.013 0.014 0.011 0.015 0.013±0.001 

Cd 0.002 0.006 0.003 0.004 0.004±0.001 

As 0.002 0.003 0.002 0.001 0.002±0.001 

Nitrates 0.900 1.700 0.520 0.610 0.933±0.465 

Fluorides 0.004 0.004 0.002 0.005 0.004±0.001 

Sulphates 0.225 0.360 0.411 0.312 0.327±0.069 
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Table 3 Concentrations of the Chemical Species in the Different Boreholes Situated near Dumpsites in Rumuolumeni in 
December 

Parameter (mg/L) Stations Station Mean 

1 2 3 4 

Pb 0.012 0.011 0.013 0.016 0.013±0.002 

Cd 0.004 0.002 0.005 0.006 0.004±0.001 

As 0.005 0.004 0.002 0.003 0.004±0.001 

Nitrates 0.160 0.140 0.170 0.150 0.155±0.011 

Fluorides 0.005 0.003 0.004 0.008 0.005±0.002 

Sulphates 0.132 0.241 0.232 0.161 0.192±0.046 

 

 

Figure 1 Mean Concentrations of Chemical Species in the different Boreholes (Stations) situated near dumpsites in 
Rumuolumeni within the Months of Investigation 

 

Table 4 Mean Concentrations of the Chemical Species in the Different Boreholes Situated near Dumpsites in 
Rumuolumeni in the Studied Months 

Parameter (mg/L) Stations 

1 2 3 4 

Pb 0.013±0.001 0.013±0.001 0.012±0.001 0.015±0.000 

Cd 0.004±0.001 0.004±0.002 0.005±0.001 0.005±0.001 

As 0.003±0.002 0.003±0.001 0.003±0.001 0.002±0.001 

Nitrates 0.503±0.304 0.730±0.691 0.413±0.172 0.370±0.188 

Fluorides 0.005±0.000 0.005±0.002 0.004±0.001 0.006±0.001 

Sulphates 0.197±0.046 0.338±0.072 0.325±0.073 0.298±0.150 
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Figure 2 Mean Level of Chemical Species in the Period (August – December) under Investigation in the Stations 
(Boreholes) 

4. Conclusion 

The contamination of chemical species (Pb, Cd, As, nitrates, fluorides and Sulphates) in the selected boreholes 
(groundwater) of the Rumuolumeni, Port Harcourt, Nigeria close to a dumpsite were still within acceptable limits 
required by international bodies such as the WHO and the USEPA for water used for drinking and other domestic 
activities. The values obtained revealed that the boreholes were not affected grossly by the dumpsite for the 
concentration ranges of the chemical species were still low as compared to other boreholes outside the region of 
investigation. The borehole waters were still good for human consumption although it is required that boreholes should 
not be sited close to a dumpsite for, there is the possibility that at a critical time the soil may not be able to prevent the 
leaching of these chemical species from leaching underground to the water levels of the borehole and hence increase in 
concentration to a level that will not be acceptable for human consumption.  
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