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Abstract 

Drinking water constitute major liquid intake by man.  The level of its quality is very paramount to human health 

and developments. Ingesting of contaminated water by humans result in ailments and even epidemic. This 

research investigated the suitability of groundwater sources for drinking in Benin City metropolis. One hundred 

(100) water samples were collected from boreholes and hand dug wells. Sampling was conducted in wet and dry 

seasons for laboratory analyses of physical, chemical and biological water quality parameters. Twenty eighty 

(28) physico-chemical parameters were tested and they include, pH, Electrical conductivity (EC), Total Dissolve 

Solids (TDS), Dissolved Oxygen (DO). Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), 

Bicarbonate (HCO3), Sodium (Na), Potassium(K), Calcium (Ca), Magnesium (Mg), Chloride(Cl-), Phosphorus 

(P), Ammonium(NH4), Nitrite (NO2), Nitrate (NO3), Sulphate (SO4), Iron (Fe), Manganese (Mn), Zinc (Zn),and 

Copper (Cu), Color, Turbidity, Total suspended solid (TSS), Chromium (Cr), Cadmium (Cd), Nickel (Ni) and  

Lead (Pb),  while Total Coliform Counts, E-Coli Counts, Total Heterotrophic Bacterial counts, Total 

Heterotrophic Fungal counts, Tentative Bacterial isolates, Tentative fungal isolates are microbial parameters. 

Results obtained were compared with recommended standards set by World Health Organization (WHO), 

European Union (EU) and Nigerian Standard for Drinking Water Quality (NSDWQ). Water quality parameters 

studied were satisfactory for human consumption excluding pH, DO, Mg, Fe, Total coliform and E-coli. Seasonal 

variations of water quality parameters were also studied and analysis revealed higher concentrations of most 

parameters in wet season. Disinfection and correction units should be installed for treatment of those parameters 

to evade health threats.  
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1. Introduction 

Water is a fundamental human need. Good drinking 

water quality is essential for the wellbeing of all 

people. Sources of drinking water are rainwater, surface 

water and ground water. Most remote and rural areas 

depend on rain water and surface water for their 

consumption while groundwater is mostly utilized in 

urban areas. Groundwater is an important natural 

source of water supply all over the world for drinking, 

agricultural and industrial purposes. Groundwater is 

formed by rainfall which infiltrates into the ground 

through the pores of rocks and soils to underground 

water table (Younger, 2007). It can be extracted 

through hand dug wells, boreholes etc. Hand dug wells 

are manually sited by individuals to meet their 

domestic needs. The quality of groundwater is a 

function of the physical, chemical and biological 

parameters. Physical parameters are detected with the 

five senses e.g., include, temperature, suspended solid, 

color, turbidity, taste and odor. The chemical 

parameters consist of dissolved substances which 

cannot be seen with naked eye, e.g., include, cations, 
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anions, heavy metals, nutrients, etc. while biological 

parameters are mostly microorganisms which directly 

or indirectly live out their life cycle in water. The 

suitability of any water for drinking is normally 

evaluated based on its conformity with the drinking 

water standard. These standards are set to protect and 

save public health. These substances in water are 

expected to exist below a recommended limit. Values 

above the recommended, endanger the consumers’ 

health instantly or in a long term. Cases of water borne 

and related diseases have been reported causing 

epidemic and death in communities. It is only a healthy 

nation that can progress. So the issue of clean water and 

drinking water quality cannot be over emphasized.  One 

of the remedial measures in fighting Covid 19 virus is 

maintaining good hygiene and constant hand washing 

with clean water. This shows the importance of clean 

water. Hence, the necessity of this research, to ascertain 

the suitability of groundwater sources in Benin City 

metropolis for human consumption. According to 

Ramakrishnaian et al., (2009), the level of substances 

in ground water change due to season variations 

resulting in additional pollution of groundwater. 

Seasonal variations of water quality parameters in wet 

season and dry season were also studied to investigate 

its impact on water quality with reference to drinking 

water standard within the study area. Ilori and 

Obahiagbon, (2011) reported that the inhabitants of 

Benin-City, Nigeria depend on boreholes, water from 

rivers and streams, rain water and groundwater to meet 

their domestic and industrial needs. This may be due to 

increase in population and demand for water supply.  

The state water corporation in the city is not efficient 

and functional in meeting water demands of people. 

Inhabitants must therefore, devise a source of water 

supply to ameliorate the situation. This has led to 

indiscriminate construction of boreholes in their 

premises without regard to maintaining standard 

distance from their septic tanks and soak away systems 

or water quality, hence the necessity of this research 

(Erah, et al., 2002) 

 

2. Description of Study Area 

 

Benin City is an ancient city and capital of Edo State in 

Southern region of Nigeria. It is the fourth largest city 

in Nigeria with a coverage area of about 500square 

kilometers and geographical coordinates, 6° 06’N to  6° 

30’N and 5° 3’E to   5° 45’ E  (Erah et al., 2002). 

University of Benin, Wellspring University and Benson 

Idahosa University are located in this city. It is about 

40.2km north of the Benin River and 321.8km east of 

Lagos. According to www.climate-

data.org>Africa>Nigeria>Edo>Benin City, the average 

annual rainfall is about 2025mm i.e., 0.23mm/hr of 

rainfall intensity, average annual temperature of 26.1°C 

and relative humidity of 82%. January is the driest 

month with 9mm of average rainfall depth while 

September experiences the most rainfall with an 

average rainfall depth of 338mm. Two (2) seasons 

dominate in Nigeria; rainy (wet) and dry season, which 

may differ in months due to geographical location. 

Within this geographical region under study, wet 

season is from March to October with constant 

precipitation within the period while dry season begins 

from November till February with seldom precipitation.  

The city is also characterized by many commercial 

activities, business, government and private  

establishments, markets, hotels, hospitals, schools etc., 

which often led to immigration of rural dwellers to the 

city for white collar jobs and greener pastures. Rapid 

and massive developments and urbanization are 

ongoing within the city. The custodian of culture and 

the traditional ruler of Edo people (Oba of Benin 

kingdom) palace is also located in the city. So in 

general, there is a geometric trend of population growth 

in the city. 

 

3. Methodology  

 

Collection and Transportation of Water Samples to 

the Laboratory 

One hundred (100) samples from boreholes and wells 

were collected in Benin City metropolis during rainy 

(wet) season and dry season respectively from 2016 to 

2017 for laboratory analyses. Sample bottles and 

containers were properly sterilized and labelled. The 

samples were collected, preserved and transported to 

the laboratory following the standard guideline (WHO, 

2003) as depicted in Figure 1. The black bottles were 

air tightened for the analysis of BOD after five days, to 

prevent photosynthetic oxygen generation. The second 

small white bottles were for microbial analysis and the 

remaining one litre of sample (in yellow and white 

colour) were for the physico-chemical analyses. 
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Figure 1: Water samples in cooler 

 

A total of thirty (28) physico-chemical parameters and 

six (6) microbiological parameters were analyzed for 

each collected sample of groundwater.  The physico-

chemical parameters tested were pH, Electrical 

conductivity (EC), Total Dissolve Solids (TDS), 

Dissolved Oxygen (DO). Biochemical Oxygen Demand 

(BOD), Chemical Oxygen Demand (COD), 

Bicarbonate (HCO3), Sodium (Na), Potassium(K), 

Calcuim (Ca), Magnesium (Mg), Chloride(Cl-), 

Phosphorus (P), Ammonium(NH4), Nitrite (NO2), 

Nitrate (NO3), Sulphate (SO4), Iron (Fe), Manganese 

(Mn), Zinc (Zn),and Copper (Cu), Color, Turbidity, 

Total suspended solid (TSS), Chromium (Cr), 

Cadmium (Cd), Nickel (Ni) and Lead (Pb) while the 

microbiological parameters tested were: Total Coliform 

Counts, E-Coli Counts, Total Heterotrophic Bacterial 

counts, Total Heterotrophic Fungal counts, Tentative 

Bacterial isolates, Tentative fungal isolates. The 

collection of groundwater samples and laboratory 

analyses were performed in wet season and also carried 

out again in dry season. 

 

Field Determination of some water quality 

parameters 

 

On-site measurements were carried out for EC, TDS, 

pH, Temperature and DO because the parameters 

change with storage time (WHO, 1996). Multi portable 

meter (HI 9813-6) were used for EC, TDS, pH and 

Temperature while DO meter (Lutron DO-5509, Range 

0 – 20mg/l) was used for dissolved oxygen under 

normal standard operation.  Devices are shown in 

Figure 2. 

 

 

 
 

Figure 2: DO meter and multi portable meter 

 

Laboratory Determination of some water quality 

parameters 

Alkalinity, COD, Nitrate and Ammonia have 

permissible storage time of 24hours and were therefore 

analyzed immediately as recommended by WHO, 

(2003). Samples were stored in a refrigerator at about 

4°C (WHO, 2003) for examination of other water 

quality parameters that experiences no change with 

storage time. However, analyses of those parameters 

were conducted within two (2) weeks from the time of 

collection. UNICAM 969 Atomic Absorption 

Spectrometer (AAS) shown in Figure 3 which measures 

the concentration of metals in a sample was used to 

determine Fe, Mn, Zn, Cu, Cr, Cd, Ni, and Pb, while 

UV visible spectrophotometer (Thermo Scientific 

Spectronic 20D+) shown in Figure 4 was used to 

analyzed P, NO3, NO2, SO4, and NH4N.Other apparatus 

utilized included 250ml separating glass funnels, 

Cuvette, 10ml and 50ml pipette, Mechanical shaker, 

250ml conical flask, 50ml burette, 25ml and 50ml 

volumetric flask, glass beads, electric stove, 

refrigerator, oven, Whatman filter paper etc. 
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Figure 3: UNICAM 969 AA Spectrometer  

 

    
 

Figure 4: UV Visible Spectrophotometer 

The standard methods for examination of water and 

wastewater recommended by APHA, (1999) were all 

followed in techniques, preparation of reagents and 

procedures employed in the laboratory for the analyses 

and determination of all water quality parameters of 

groundwater samples collected.  

 

Comparison of Obtained Experimental Results with 

Standards 

The physico-chemical and biological parameters were 

compared with the recommended range values of 

drinking water standards set by World Health 

Organization (WHO), European Union (EU) and 

Nigerian Standard for Drinking Water Quality 

(NSDWQ) presented in Table 1.  

 

Table 1. Range of Standard limits set by WHO, 

NSDWQ and EU 

S/N PHYSIO-CHEMICAL 
PARAMETERS (mg/l) 

WHO EU NSDWQ Range of 
recommended value 

1 pH 6.5-8.5 6.5- 9.5 6.5-8.5 6.5 – 9.5 

2 EC(μS/cm) - 2500 1000 1000 - 2500 

3 Turbidity(NTU) 5 - 5 5 

4 Colour color unit 15 - 15 15 

5 T.S.S 30 - - 30 

6 T.D.S 500 - 500 500 

7 DO(Dissolved oxygen) 5 - - 5 

8 BOD5 5 - - 5 

9 COD 40 - - 40 

10 Total alkalinity(HCO3) 100 - - 100 

11 Sodium(Na) - 200 200 200 

12 Potassium(K) - - - - 

13 Ammonium (NH4) - 0.5 - 0.5 

14 Calcium(Ca) 75 - - 75 

15 Magnesium(Mg) - - 0.2 0.2 

16 Chlorine (Cl) 250 250 250 250 

17 Phosphate(P) 5 - - 5 

18 Nitrate (NO3) 50 50 50 50 

19 Nitrite(NO2)  - 0.5 0.2 0.2 – 0.5 

20 Sulphate(SO4) 400 250 100 100 – 400 

21 Iron(Fe) 0.1 0.2 0.3 0.1 – 0.3 

22 Manganese(Mn)  0.05 0.05 0.2 0.05 – 0.2 

23 Zinc (Zn) 5 - 3 3 – 5 

24 Arsenic (As) - 0.01 0.01 0.01  

25 Copper (Cu) - 2.0 1 1 – 2 

26 Chromium(Cr) - 0.05 0.05 0.05 

27 Cadmium (Cd) 0.003 0.005 0.003 0.003 – 0.005 

28 Nickel(Ni) - 0.02 - 0.02 

29 Lead (Pb) 0.01 0.01 0.01 0.01 

 Biological Parameters     

1 Total coliform (cfu/mL)   10 10 

2 E-coli (cfu/100mL)  0 0 0 

  
 

Table 1 is a comparative table of three water standards 

set to protect public health. Some parameters had no 

guideline in one standard e.g., ammonium, calcium, 

and phosphate etc., Hence the need of utilizing range 

values from the comparative table for this study to 

ensure assessment of all parameters analyzed. 

 

4. Results and Discussion  

 

Result of Laboratory Investigation of Physico-

Chemical Water Quality Parameters. 

The statistics of physico-chemical parameters results 

are summarized in Table 5 while microbial results are 

summarized in Table 3. The results were compared 

with range of recommended value in Table 1 for each 

of the groundwater source and water quality parameter. 

The summary of the comparative analysis for physic-

chemical parameters are tabulated in Table 2 for both 

seasons. 
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Table 2: Physico-Chemical parameters in Comparison 

with range of recommended values  

 
S/n Physico-chemical 

Parameters (mg/l) 
Range of 
recommende

d value 

Wet Season(WS) Dry Season (DS) 

   Number of Boreholes(100) Number of Boreholes(100) 

   Not 
Detecte

d 

Withi
n limit 

Above 
limit 

Not  
Detected 

Withi
n limit 

Above 
limit 

1 pH 6.5 – 8.5 

(Neutral) 

 - 100 

(acidi

c) 

 1 99 

(acidi
c) 

2 EC(μS/cm) 1000 - 2500  100   100 - 

3 Turbidity(NTU) 5 ND   ND   
4 Colour color unit 15 ND   ND   

5 T.S.S 30 ND   ND   

6 TDS 500  100   100  

7 DO(Dissolved oxygen) 5  53 47  72 28 

8 BOD5 5  100   100  

9 COD 40  100   100  

10 Total 

alkalinity(HCO3) 

100  100   100  

11 Sodium(Na) 200  100   100  

12 Potassium(K) No 

guideline 

 100   100  

13 Ammonium (NH4) 0.5  100   100  

14 Calcium(Ca) 75  100   100  

15 Magnesium(Mg) 0.2  1 99  20 80 

16 Chlorine (Cl) 250  100   100  

17 Phosphate(P) 5  100   100  

18 Nitrate (NO3) 50  100   100  

19 Nitrite(NO2) 0.2 – 0.5  100   100  

20 Sulphate(SO4) 100 - 400  100   100  

21 Iron(Fe) 0.1 – 0.3  19 81  19 81 

22 Manganese(Mn)  0.05 – 0.2  100   100  

23 Zinc (Zn) 3 - 5  100   100  

24 Copper (Cu) 1 - 2  100   100  

25 Chromium(Cr) 0.05 ND   ND   

26 Cadmium (Cd) 0.003 – 

0.005 

ND   ND   

27 Nickel(Ni) 0.02 ND   ND   

28 Lead (Pb) 0.01 ND   ND   

 

 
From Table 2, 25% of parameters analyzed were not 

detected in all the sampled boreholes and wells and 

they are color, turbidity, total suspended solid, 

chromium, cadmium, nickel and lead.  Chromium, 

cadmium, nickel and lead are heavy metals; therefore, 

the water sources have no significant health threat from 

heavy metals.  Sixty one percent (61%) of parameters 

analyzed are within the recommended limits for human 

consumption in wet and dry seasons, hence they present 

no health threat in both seasons They include electrical 

conductivity, total dissolve solids, Sodium etc.  

Fourteen percent (14%) of the parameters which 

include pH, DO, Fe and Mg exceeded the 

recommended value in some samples during both 

seasons. For pH, the permissible value is 6.5 – 8.5 

while any value above or below it, is detrimental. In the 

present investigation, all groundwater sources sampled 

had low pH (<6.5). Only one (1) borehole (H10) met 

the standard for pH in dry season. Ocheri et al, (2014) 

also reported that groundwater in Benin City is 

generally acidic. Water with a low pH are acidic, soft 

and could be corrosive. The water could leach metal 

ions such as iron, manganese, copper, lead and zinc to 

the aquifer, plumbing fixtures and piping. It can contain 

elevated level of toxic metals which are cancerous and 

detrimental to health (WEC, 2008). Chlorine, Sulphate, 

phosphate and nitrate are within the recommended limit 

which also validates result revealed by Obahiagbon and 

Ilori, (2012). 

 

Dissolved Oxygen (DO) did not meet the standards in 

forty-seven (47) samples in wet season and twenty-

eight (28) samples in dry season. High DO levels speed 

up corrosion in water pipes. Corrosion in water pipes 

can increase the contaminants level in water (WHO, 

2009; USEPA, 2009) 

Groundwater sources face significant threats from iron 

and magnesium contamination.  

 

Iron (Fe) exceeded the recommended value in eighty-

one (81) samples during both seasons. Iron is an 

essential element in human nutrition, but estimates of 

daily requirement depend on age, sex and physiological 

status (WHO, 2008). However, intake of high level of 

iron damages liver, heart and pancreas for individuals 

with mutated genes that abnormally absorb and 

accumulates iron in organs within the body 

(WEC,2008; Dalton, 2013;) 

 

For Magnesium, ninety-nine (99) and eighty (80) 

samples exceeded the recommended limit for human 

consumption in wet and dry seasons respectively. 

Consumption of high concentrations of magnesium 

above the recommended limits in drinking water causes 

laxative effect and osmotic diarrhea. (USEPA, 2009).  

 

Comparison of Micro-Biological Parameters with 

Standards 

The biological parameters measured are Total Coliform 

Counts, E-Coli Counts, Total heterotrophic bacterial 

counts, Total heterotrophic fungal counts, Tentative 

bacterial isolates, Tentative fungal isolates. The 

recommended range of value of the biological 

parameters compared with the experimental results 

from the laboratory of all the water samples for wet and 

dry seasons are summarized in Table 3. 

 

Table 3. Biological Parameters and number of 

boreholes above recommended limits 
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Biological parameters Standard 

Value 

(cfu/mL) 

Number of 

boreholes above 

recommended 

in wet season 

Number of 

boreholes above 

recommended 

in dry season 

Total Coliform counts 10 1 - 

E coli counts 0 22 13 

Total Heterotrophic Bacteria counts No guideline - - 

Total Heterotrophic Fungal counts No guideline - - 

Tentative bacterial Isolates (Enterobacter 

aerogenes, Bacillus species) 

No guideline - - 

Tentative Fungal isolates (Aspergillus 

species, Penicillium species) 

No guideline - - 

 

 
 

Groundwater systems can become contaminated with 

potentially harmful bacteria and other microorganisms. 

From Table 3, over 90% of domestic boreholes have 

Total coliform count within the recommended limit. 

Total Coliform includes organisms that can survive and 

grow in water. Hence, they are used to assess the 

cleanliness and integrity of distribution systems 

(USEPA, 2009). Total coliform bacteria (excluding E. 

coli) should be absent immediately after disinfection, 

and the presence of these organisms indicates 

inadequate treatment. The presence of total coliforms in 

distribution systems and stored water supplies can 

reveal re-growth (WHO,2008). One (1) domestic 

borehole (G13) exceeded the limit and also had the 

highest E-coli counts. This is likely to be due to its 

proximity to septic tank. Figure 5 is the domestic 

borehole (G13) sited very close to septic tank at 3.2m 

distance 

interval.

 
 

Figure 5: Poorly Sited Domestic Borehole  

 

This Escherichia Coli (E coli) counts signifies the 

presence of disease-causing organisms in water which 

poses health threats if consumed without proper 

treatment. The presence of E. coli indicates recent 

faecal contamination. E coli occur in high numbers in 

human and animal faeces, sewage and water subject to 

recent faecal pollution. Twenty-two (22) domestic 

boreholes have faecal contamination during wet season. 

Sixteen (16) of these contaminated boreholes were 

mostly those sited very close to septic tanks. The 

number of contaminated boreholes during dry season 

were thirteen (13). The reduction from 16 (wet season) 

to 13(dry season) may be due to reduction in infiltration 

and leaching of substances into groundwater. 

 

Heterotrophic bacteria present in water poses no health 

risks to humans and have no guideline. But a high HBC 

count is an indication of ideal conditions for bacteria 

growth (such as Legionella or E. coli). It can also cause 

foul-taste in water and lead to corrosion or slime 

growth in pipes (USEPA, 2009). Numbers of HBC 

organisms are reduced significantly by disinfection 

practices, such as chlorination, ozonation and UV light 

irradiation (WHO, 2011).  

Bacillus species isolated, commonly occurs in a wide 

range of natural environments, such as soil and water. 

They form part of the HBC bacteria, which are readily 

detected in most drinking-water supplies. This is 

largely due to the resistance of spores to disinfection 

processes (WHO, 2011).  

Enterobacter aerogenes resides in soil and water and 

has a short doubling time and high hydrogen 

productivity and evolution rate. Aspergillus spp and 

Penicillium Spp are commonly isolated from drinking 

water. Studies have shown that Aspergillus spp are 

found in hospital water storage tanks (DEFRA, 2011). 

All the Samples collected from hospital taps have 

Aspergillus spp and Penicillium Spp (A4, F8, G9, H4) 

 

Seasonal Variation 

The statistics of groundwater sources studied in both 

seasons are given in Table 4. The pH ranges from 3.4 to 

6.3 with mean values of 4.5 for wet season and 5.36 for 

dry season respectively as seen in Table 4. The pH of 

groundwater in Benin City is low. The observed lower 

pH values during wet season may be due to interaction 

of rain water with rocks, acid rain, and 

wastewater/sewage discharges that infiltrate into the 

groundwater. The increase in pH values observed in dry 

season can be attributed to no precipitation of acid rain 

and infiltration of substances into water table. In 

general, groundwater in Benin City is acidic (Ocheri et 

al., 2014).  
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The total dissolved solids ranged between 22mg/l to 

399.9mg/l with average values of 132.5mg/l for wet 

season and 115.5mg/l during dry season. The 

concentration of TDS was high during wet season. This 

may be due to addition of solids from sewage, surface 

runoff and industrial effluents. The amounts of TDS are 

influenced by organic materials (Ramesh and Elango, 

2006).  

 

The concentrations of Dissolved Oxygen (DO) ranged 

from 1.0mg/l to 10.2mg/l with average values of 

5.14mg/l for wet season and 3.76mg/l during dry 

season. High DO concentrations occurred during wet 

season as a result of aeration of precipitation. The DO 

values reduced during dry season because of high 

temperature which reduces the oxygen holding capacity 

of water. The presence of DO in water may be due to 

diffusion from air but the addition of a variety of 

biodegradable pollutants from domestic and industrial 

sources stimulates the growth of micro-organisms that 

consume the Dissolved Oxygen of water (Sisodia and 

Moundiotiya, 2006).  

 

BOD is the measurement of the amount of biologically 

oxidizable organic matter present in waste. High level 

of BOD and COD is an indication of chemical and 

organic pollution of water body. The average BOD 

values were 1.59mg/l for wet season and 0.8mg/l in dry 

season.  High BOD values observed during wet season 

may be due to high concentration of dissolved solids in 

water, high input of organic pollutants and increased 

biological activities. The low BOD values observed 

during dry season were due to reduced rate of flow and 

decrease in biological activities due to elevated 

temperature (Palharya et al., 1993). 

 

The concentration of iron ranged from 0.01mg/l to 

0.97mg/l with mean values of 0.42mg/l in wet season 

and 0.33mg/l in dry season. The standard deviation for 

Fe concentration was 0.24 for wet and dry seasons. 

This implies that the source of iron contamination 

remains the same throughout the season in Benin City. 

Iron occurs naturally in soil, sediments and 

groundwater and can be found in many types of rocks. 

It may also be released to water from natural deposits, 

industrial wastes and corrosion of iron containing 

metals which are part of distribution channel. Iron will 

cause reddish-brown staining of laundry, dishes, 

utensils and even glassware. Iron can affect the flavours 

and colour of food and water. It may react with tannins 

in coffee, tea and some alcoholic beverages to produce 

a black sludge which affects both taste and appearance 

(Al–Layla et al., 1978; Agunwamba, 2000). 

 

 

Table 4: Statistics of physico-chemical parameters of 

water samples analyzed 

 

 

 WET SEASON DRY SEASON 
Parameters 

(mg/l) 
Min Max Median  

Mode 
 Mean Standard 

Deviation 
Min Max  

Median 
 

Mode 
Mean Standard 

Deviation 

pH 3.400 6.300 4.500 3.900 4.504 0.592 4.100 7.100 5.300 5.900 5.360 0.627 

EC (µS/cm) 46.220 714.129 134.381 - 236.607 194.196 40.00 657.000 116.000 74.000 206.060 171.672 

TDS 25.883 399.913 75.253 - 132.496 108.765 22.000 368.000 65.000 30.000 115.450 96.188 

DO 1.900 10.200 4.000 9.000 5.142 2.648 1.000 8.400 3.200 2.100 3.760 1.893 

BOD5 0.700 2.500 1.600 1.800 1.586 0.392 0.300 1.400 0.800 0.500 0.796 0.291 

COD 0.300 17.700 4.350 6.100 4.727 3.600 0.500 12.300 4.800 3.900 4.946 2.433 

HCO3 3.100 92.200 18.300 6.100 28.249 25.010 3.100 85.500 15.050 5.800 25.277 22.949 

Na 1.400 36.100 8.650 3.400 12.338 9.176 1.300 34.400 7.900 2.200 10.964 8.296 

K 0.100 5.000 1.550 0.800 2.089 1.483 0.100 4.200 1.200 1.000 1.512 1.082 

Ca 4.100 90.200 15.100 5.300 27.958 25.151 4.000 81.200 13.100 12.000 24.166 21.709 

Mg 0.100 2.400 0.550 0.170 0.710 0.522 0.100 2.100 0.400 0.200 0.583 0.441 

Cl 12.30 147.100 29.750 12.300 49.529 39.110 10.300 138.000 26.300 12.000 44.095 35.691 

P 0.020 0.980 0.180 0.110 0.323 0.288 0.010 0.830 0.125 0.100 0.230 0.213 

NH4N 0.001 0.120 0.018 0.015 0.032 0.030 0.001 0.085 0.012 0.008 0.020 0.019 

NO2 0.001 0.843 0.032 0,018 0.066 0.105 0.002 0.840 0.031 0.015 0.068 0.108 

NO3 0.010 4.550 0.770 1.260 1.285 1.285 0.020 3.490 0.575 0.210 0.993 0.943 

SO4 0.110 8.120 0.685 0.200 1.664 1.963 0.100 5.920 0.640 0.430 1.274 1.407 

Fe 0.090 0.970 0.335 0.230 0.418 0.244 0.010 0.880 0.245 0.140 0.328 0.244 

Mn 0.001 0.099 0.015 0.005 0.018 0.014 0.001 0.094 0.011 0.006 0.014 0.014 

Zn 0.005 0.228 0.062 0.095 0.071 0.047 0.003 0.980 0.056 0.035 0.077 0.105 

Cu 0.001 0.020 0.009 0.009 0.009 0.005 0.001 0.014 0.005 0.004 0.006 0.003 
 

 

Magnesium is one of the most common minerals that 

make water hard. The higher concentration of 

magnesium mean value (0.71mg/l) recorded during wet 

season could be due to dissolution of sedimentary rock 

(Vasanthavigar et al., 2010). Generally, magnesium 

maintain equilibrium in most waters (Ishaku et al., 

2011) 
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5. Conclusion  

The quality of water from boreholes and wells in Benin 

City is generally satisfactory for many parameters 

except pH, DO, Mg, Fe, Total coliform and E-coli. 

Groundwater in Benin City faces threat from E coli and 

Total coliform, hence requires treatment such as 

disinfection or ultra-violet radiation unit installed at 

home for drinking purposes. 

The groundwater in Benin City is generally acidic as 

99% of domestic boreholes water studied have pH less 

than 6.5. Iron and Magnesium exceeded limit in over 

80% of domestic boreholes sampled in both seasons. 

16% of domestic boreholes sampled showed microbial 

contamination of fecal coliform possibly due to poor 

siting of boreholes (very close to septic tank) within the 

compound 

The order of abundance of cations concentration of 

groundwater in Benin City are Ca2+>Na+>K+>Mg2+ 

while those of anions are Cl->HCO3
->SO4

2->NO3
-. 

Statistical analysis revealed that concentrations of 

physico-chemical and biological parameters increased 

during wet season than dry season possibly due to 

precipitation, infiltration and leaching of contaminants 

into the water table. 

In general, the concentrations of all parameters 

measured except pH were higher during wet season 

than dry season. This may be due to precipitation, 

infiltration, leaching and seeping of organic substances, 

agricultural wastes, industrial effluents, domestic 

sewage, dissolved gases and chemical compounds into 

groundwater. This revealed that the sampled boreholes 

and hand dug wells characteristics varied with seasons. 

This also validates study conducted by Onurah et al. 

(2019) that seasons have pronounced effect on 

physicochemical characteristics of water boreholes  

 

Recommendations 

Borehole should be sited away from septic tanks to 

avoid fecal contamination. Government should 

establish regulatory body to ensure proper spacing and 

site consideration. pH, Iron and Magnesium correction 

unit should be installed in homes to increase the pH 

level, reduce the concentration level of Iron and 

magnesium in the water. Also, Chlorinator or ultra 

Violet unit should be installed to kill coliform bacteria 

and provide disinfected water for home use. 

Commercial water providers and Private home owners 

should be registered and monitored to ensure the 

suitability of their water for human consumption.

  

Just like medical health centers, there is need for water 

laboratory and treatment centers to provide domestic 

water testing services and treatment where necessary. 

Awareness programs and enlightenment should be 

continuously done to educate the people. Government 

and stake holders should make funds available for 

more. 
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