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Abstract  

Studies were carried out to determine the physicochemical parameters and heavy metal levels in 

the potable water samples in Awka and Nnewi metropolis using standard operational procedures 

and instrumentation. The mean levels of the physicochemical parameters and metals analyzed in 

the water samples in Awka metropolis were; 6.16 – 6.48,16.22 – 21.33µS/cm, 11.28 – 

13.90mg/l, 17.76 – 19.17mg/l, 26.09 – 29.29mg/l, 44.39 – 53.68mg/l, 73.91 – 101.78mg/l, 60.11 

– 80.16mg/l, 0.010 – 0.015mg/l, 0.025 – 0.034mg/l, 0.001 – 0.003mg/l, 0.003 – 0.006mg/l, 0.003 

– 0.005mg/l and 0.001 – 0.005mg/l for pH, electrical conductivity, total dissolved solids, total 

suspended solids, total solids, water hardness, sulphates , chlorides, nitrates, phosphates, Cu, Fe, 

Pb, Zn and Sb respectively. The mean levels of the physicochemical parameters and metals 

analyzed in the water samples in Nnewi metropolis were, 6.05 – 6.40, 16.20 – 20.77µS/cm, 9.18 

– 10.47mg/l, 13.62 – 19.55mg/l, 20.85 – 28.84mg/l, 42.27 – 54.91mg/l, 73.35 – 86.75mg/l, 56.73 

– 72.67 mg/l, 0.013 – 0.017mg/l, 0.014 – 0.028mg/l, 0.001 – 0.002mg/l, 0.004 – 0.005mg/l, 

0.002mg/l and 0.001 – 0.003mg/l for pH, electrical conductivity, total dissolved solids, total 

suspended solids, total solids, water hardness, sulphates, chlorides, nitrates, phosphates, Cu, Fe, 

Pb, Zn and Sb respectively. The physicochemical parameters and heavy metal concentrations of 

the water samples in the two studied environments were within their respective WHO 

recommended permissible limits for a drinking water quality. The levels of the metals in the 

water samples in the studied environments were statistically insignificant (at p < 0.05) except Zn 

in water samples in Nnewi metropolis. The levels of pH, electrical conductivity, total dissolves 

solids, nitrates and phosphates in the water samples in the two studied environments were 

significantly insignificant at p <0.05. 
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Introduction 

Water is an essential component of life and is regarded as a universal solvent [25]. Water is one 

of the most important and abundant compounds of the ecosystem. All living organisms on earth 

need water for their   survival and growth [20]. As of now, only earth is the planet having about 

70% of water. Water plays a significant role in maintaining the human health and welfare. It is 

indispensable for man’s existence on earth as about two-thirds of the human body consists of 

water and requires between one to seven (1 – 7) litres of water for its appropriate functioning to 

avoid dehydration [17]. Clean drinking water is now recognized as a fundamental right to human 

beings. Around 780 million people worldwide do not have access to clean and safe water and 2.5 

billion people do not have proper sanitation [23]. As a result, around 6.8 million people die each 

year due to water related diseases and disasters [18]. 

Water could be obtained from ground water and surface sources [16]. The ground water sources 

include boreholes, and hand dug of wells while surface water sources include rivers, streams and 

lakes. Accordingly, no matter the sources of water, it is consumed and used on a day to day 

basis. The quality of water depends on its physical, chemical and biological characteristics, 

which determines its utility for different purposes [4]. Water fit for human consumption is 

referred to as potable or drinking water and should be of safe quality, which entails that it does 

not present any significant health risk over lifetime consumption [28]. Although water is 

essential for life, it also remains an important source of disease transmission and a major case of 

mortality in developing countries because of limitations in access and quality [14]. Water quality 

and suitability for use are determined by its taste, odour, colour and concentration of organic and 

inorganic matters [23]. Pollution of water bodies are usually caused by chemical and microbial 

contaminants which leads to water borne infections and diseases [26]. The potential sources of 

water contamination are geological conditions, industrial and agricultural activities and water 

treatment plants [23]. Also rapid urbanization of rural areas, industrialization and population 

growth have been the major causes of stress on the environment leading to problems like human 

health problems, eutrophication and fish death, coral reef destruction and biodiversity loss 

[8].Improper disposal of industrial and agricultural effluents which is most common in major 

African urban and rural centre’s has led to heavy contamination of the available fresh water 

resources reducing the volume of safe agriculture, domestic, irrigation and drinking water. These 

contaminants can affect the clarity and chemical constituents of the water source. 

Essentially, they can distort the quality of the water and even add odour thereby impacting 

negatively on human and economic activities [27]. One major contaminant of water sources from 

the environment is heavy metal. Heavy metals are significant environment pollutants and their 

toxicity is a problem of increasing significance for ecological, evolutionary, nutritional and 

environmental reasons [12]. The most commonly found heavy metals in waste water include 

arsenic, cadmium, chromium, copper, lead, nickel and zinc, all of which cause risks to human 

health and the environment [13]. Heavy metals toxicity can result in damaged or reduced mental 

and central nervous function, lower energy levels and damage to blood composition, lungs, liver, 

kidneys and other vital organs [15]. Long term exposure may result in slowly progressing 

physical, muscular and neurological degenerative processes that mimic Alzheimer’s disease, 

Parkinson disease, multiple sclerosis and even cancer [12]. Microbial contamination of water due 

to pathogenic organisms is another most important problem for water quality management and 

another important factor for pollution of water sources [24]. These pathogenic micro-organisms 
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come from various ways like the release of effluents from waste water, house drainage and 

surface run-off. 

In Nigeria, access to safe drinking water and hygienic sanitation facilities still pose challenge to 

its rapidly growing population of more than 180million people [5]. Awka and Nnewi metropolis 

are popular municipalities in Anambra state, with very many water sources. However, the quality 

and suitability of the various water sources in these areas are being increasingly challenged by 

intense anthropogenic activities. Because of the wide application of the various water sources in 

the two (Awka and Nnewi) metropolis in both drinking and other domestic activities, studies 

were carried out to determine the physicochemical and heavy metal levels of the various water 

sources consumed by the people. 

 

Materials and Methods 

Seventy (70) water samples comprising of (20 boreholes, 20 wells, 20 rainwater reservoirs and 

10 stream water) were randomly collected from different parts of Awka and Nnewi metropolis. 

Water samples were collected with clean polyethylene containers. All the reagents used were of 

analytical grade. 

Analysis: The physicochemical analysis of the waters samples were conducted following the 

standard analytical procedures [6]. Also, heavy metals were assayed in the water samples using 

flame atomic absorption spectrometer [7]. The data obtained was analyzed for mean and standard 

deviation using MS-Excel and t-test analysis carried out using SPSS 18.0 version at 95% level of 

confidence. 

 

Results and Discussion 

Table 1: Physicochemical properties of water samples in Awka metropolis 

Parameter Borehole Well Rain Stream T test 

P value 

WHO 

STD 

pH 6.48  1.08 6.31  0.83 6.24  0.52 6.16  0.40 0.26 6.5 – 8.5 

Electrical 

conductivity (µS/cm) 
16.22  1.96 20.86  2.14 21.33  1.71 17.55  0.79 0.09 500 

Total dissolved solids 

(mg/l) 
11.28  0.65 12.60  0.82 12.14  0.57 13.90  0.44 0.17 250 

Total suspended 

solids (mg/l) 
17.76  0.80 22.45  2.04 18.65  0.71 19.17  1.43 0.41 250 

Total solids (mg/l) 29.29  2.40 27.38  1.66 26.09  0.83 28.04  1.53 0.55 250 

Water Hardness 

(mg/l) 
44.39  3.07 47.35  2.84 45.47  1.54 53.68  3.57 0.03 70 

Sulphate (mg/l) 101.78  5.31 96.02  1.35 94.32  2.02 73.91  2.55 0.01 250 

Chloride (mg/l) 80.16  1.78 69.44  1.08 67.15  1.16 60.11  1.20 0.01 200 

Nitrate (mg/l) 0.010  0.00 0.013  0.001 0.011  0.000 0.015  0.001 1.14 10 

Phosphate 0.026  0.001 0.034  0.005 0.030  0.001 0.025  0.001 1.02 2 
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Table 2: Physicochemical properties of water samples in Nnewi metropolis. 

Parameter Borehole Well Rain Stream T test 

P value 

WHO 

STD 

pH 6.130.54 6.30 0.78 6.40 0.80 6.05 0.42 0.88 6.5 – 8.5 

Electrical 

conductivity (µS/cm) 
16.20 1.13 18.58 2.04 17.210.69 20.77 0.53 0.11 500 

Total dissolved solids 

(mg/l) 
9.18  0.40 8.86 0.51 10.04  0.68 10.47 0.35 0.25 250 

Total suspended 

solids (mg/l) 
13.621.20 19.55 0.72 17.84 0.89 19.050.64 0.02 250 

Total solids (mg/l) 20.851.58 27.390.93 28.84 0.85 26.50 1.25 0.03 250 

Water Hardness 

(mg/l) 
42.272.08 51.80 2.13 46.84 1.30 54.911.85 0.02 70 

Sulphate (mg/l) 86.753.44 73.35 1.48 78.921.32 76.141.55 0.02 250 

Chloride (mg/l) 62.142.09 72.670.95 64.112.12 56.730.91 0.03 200 

Nitrate (mg/l) 0.013 0.000 0.017 0.002 0.014 0.001 0.015  0.001 1.92 10 

Phosphate 0.028 0.002 0.022 0.001 0.024 0.003 0.014 0.001 0.56 2 

 

pH: pH is most important in determining the corrosive nature of water. It serves as an index to 

denote the extent of pollution by acidic or basic waste [10]. Table 1 shows that the mean pH 

values for borehole, well, rain and stream water samples in Awka metropolis were 6.48, 6.38, 

6.24 and 6.16 respectively. The mean values of the pH of the water samples were statistically 

insignificant at p < 0.05. Table 2 shows that mean pH values for borehole, well, rain and stream 

water samples in Nnewi metropolis were 6.13, 6.30, 6.40 and 6.08 respectively. The pH of the 

water samples in Nnewi metropolis were equally statistically insignificant at p < 0.05. The 

results further shows that the pH of the various water sources in both Awka and Nnewi 

metropolis were within the recommended WHO permissible limits for a potable, drinking water 

[28].According to [11], the pH of a water body is very important in the determination of water 

quality since it affects other chemical reactions such as solubility and metal toxicity.  

Comparison of the pH values in Tables 1 and 2, shows that water samples (borehole, well and 

stream) from Nnewi metropolis were at a lower pH than those from Awka metropolis. This could 

be due to differences in anthropogenic activities within the studied environments. The results of 

this study was in agreement with pH values of 6.29 – 6.43 reported by [18], in borehole water 

samples in Nsukka Urban Area of Enugu State. 

 

Electrical Conductivity 

The electrical conductivity of the various water sources in Awka metropolis were 16.22µS/cm 

for borehole water, 20.86µS/cm for well water, 21.33µS/cm for rain water and 17.55µS/cm for 

stream water as shown in Table 1. The order of decrease of the conductivity of the water samples 

in Awka metropolis was: rain >well >stream >borehole. 

Table 2 shows that the mean electrical conductivity of the various water sources in Nnewi 

metropolis were 16.20µS/cm for borehole water, 18.55µS/cm for well water, 17.21µS/cm for 

rain water and 20.77µS/cm for stream water. The order of decrease in electrical conductivity of 

the water sources in Nnewi metropolis was: stream > well > rain > borehole. The mean levels of 

the electrical conductivity of the water samples from the two studied environments (Awka and 
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Nnewi) were found to be statistically insignificant and within the WHO, recommended 

permissible for a drinking water quality. 

[23], stated that electrical conductivity is a good and rapid method of measuring the total 

dissolved ions and is related to the total solids on a water sample. Hence a high value of 

electrical conductivity is an indication of high level of dissolved solids which could render water 

unfit for human consumption. The values of the electrical conductivity for water samples 

obtained in this research were far below 225.67 – 1353µS/cm reported by [3], in hand dug wells 

in Gambari, Ogbomoso, Oyo State. 

 

Total dissolved solids: Table 1 shows that the mean values of the total dissolved solids in water 

samples in Awka metropolis were 11.28, 12.60, 12.14 and 13.90 mg/l for borehole, well, rain 

and stream respectively. The order of decrease of the total dissolved solids in the water samples 

was: stream > well > rain > borehole. For water samples in Nnewi metropolis, Table 2 shows 

that the mean values of the total dissolved solids decreased in the following order; stream > rain 

> borehole > well with values of 10.47, 10.04, 9.18 and 8.86mg/l respectively. 

The mean levels of the total dissolved solids in the various water sources in the two studied 

environments were within the recommended permissible limits for a drinking water quality and 

shows no significance difference at p < 0.05. [16] obtained higher values of 24.6 – 27.6mg/l in 

well water samples in Wukari local government area of Taraba State than reported in this study. 

According to [10], total dissolved solids indicates the salinity behaviour of water and that its 

levels in a water body is due to vegetable decay, evaporation, disposal of effluent and chemical 

weathering of rocks. Comparing the values in Table 1 and 2, it can be observed that their was 

higher value of total dissolved solids in the various water sources in Awka metropolis than 

Nnewi metropolis.  

Total suspended solids: Table 1 shows that the mean values of total dissolved solids in the water 

samples in Awka metropolis decreased in the following order: well > stream > rain > borehole 

high values of 22.45, 19.17, 18.65 and 17.76 mg/l respectively. In the same vein, Table 2 shows 

that the mean values of the total suspended solids in water samples in Nnewi metropolis were 

13.62mg/l for borehole, 19.55mg/l for well, 17.84mg/l for rain and 19.05 mg/l for stream. The 

order of decrease of total suspended solids in the water samples was: well > stream > rain > 

borehole. The levels of the total suspended solids in the various water sources in the two studied 

environments were found to show no significant difference at p < 0.05. The levels of total 

suspended solids in the water samples in the studied environments were within the recommended 

permissible limits for a drinking water quality. 

[20] stated that total suspended solids is a very useful parameter indicating the presence of 

suspended particles (ions) and solids in a water body and increases due to increase in decaying 

vegetation. Research have shown that increased level of suspended solids results in increased 

turbidity, lower photosynthesis and decrease in dissolved oxygen [2]. Comparing the values of 

Tables 1 and 2 shows that the water samples in Awka metropolis were found to be of higher 

values than those in Nnewi metropolis. 
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Total solids: 

The total solids is a very useful parameter indicating the chemical constituents of a water body 

[18]. Table 1 shows that the mean values of the total solids in water samples in Awka metropolis 

decreased in the following order: borehole > stream > well > rain with values of 29.29, 28.04, 

27.38 and 26.09mg/l respectively. Table 2 shows that the mean values of total solids in water 

samples in Nnewi metropolis decreased as follows: rain > well > stream > borehole with values 

of 28.84, 27.39, 26.50 and 20.85mg/l respectively. Statistical analysis of the levels of the total 

solids in the water samples from Awka metropolis was insignificant while the water samples in 

Nnewi metropolis were significant at p < 0.05. The levels of the total solids in the water samples 

in the two studied environments were within the recommended permissible limits. 

 

Water hardness: 

Table 1 shows that  the mean values of water hardness in water samples from Awka metropolis 

were; 44.39mg/l for borehole, 47.35mg/l for well, 45.47mg/l for rain and 53.68mg/l for stream. 

The values of the water hardness in the water samples decreased in the following order; stream > 

well > rain > borehole. 

Table 2 shows that the mean values of water hardness in water samples from Nnewi metropolis 

were, 42.27, 51.80, 46.84 and 54.91mg/l for borehole, well, rain and stream respectively. The 

hardness of the water samples decreased in the following order; stream > well > rain > borehole. 

Statistical analysis of the values of the water hardness in the water samples in the two studied 

environments shows significance different at p < 0.05. The levels of water hardness in the water 

samples were within the WHO recommended permissible limits for a drinking water quality. The 

mean values of the water hardness in the water samples (stream, rain and well) from Nnewi 

metropolis were found to be higher than that in Awka metropolis. 

According to [28], hardness of water is not a health hazard but its value should remain below 

permissible limits to restore the test of water. The values of the water hardness obtained in this 

study was lower than 15 – 438mg/l reported by Okoro et al., (2017) for well water samples in 

Nsukka urban area in Enugu State. 

 

Sulphates: 

Table 1 shows that the mean levels of sulphates in water samples in Awka metropolis were 

101.78 mg/l for borehole, 96.02mg/l for well, 94.32mg/l for rain and 73.9mg/l for stream. The 

order of decrease of sulphates in the water samples was as follows; borehole > well > rain > 

stream.The mean values of sulphates in the water samples in Nnewi metropolis decreased in the 

following order: borehole > rain > stream >well with values of 86.75, 78.92, 76.14 and 

73.35mg/l respectively as shown in Table 2. The values of sulphates in water samples from the 

two studied environment were statistically significant (p < 0.05). The levels of sulphates in the 

water samples from the two studied environments were within the recommended permissible 

limits for a safe, drinking water quality. Comparison of the results of Tables 1 and 2 for 

sulphates shows that higher values were obtained in borehole, well and rain water samples in 

Awka metropolis than Nnewi metropolis. High concentrations of sulphates in drinking water can 

have a laxative effect when combined with calcium and magnesium, the two most common 

constituents of hardness. [3] reported that high concentrations of sulphate in drinking water can 
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cause gastric intestinal irritation. The mean values of sulphates reported in this study were higher 

than 0.00 – 6.33mg/l obtained by [3], in hand dug wells in Gambari, Ogbomoso, Oyo State. 

 

Chlorides: 

The order of decrease of chloride levels in water samples in Awka metropolis were as follows: 

borehole > well > rain > stream with values of 80.16, 6944, 67.15 and 60.11 respectively as 

shown in Table 1. The mean level of chlorides in water samples in Nnewi metropolis decreased 

in the following order: well > rain > borehole > stream, with values of 72.67, 64.11, 62.14 and 

56.73mg/l respectively as shown in Table 2.  

The chloride levels in water samples in the two studied environments were statistically 

significant at p < 0.05 and within the recommend permissible limits for a drinking water quality. 

Higher values of chlorides were found in water (borehole, rain and stream) samples in Awka 

metropolis than in Nnewi metropolis. This could be attributed to variation in the geological and 

climatic conditions and anthropogenic activities within the studied environments [23]. The 

results of this study compared favourably with 64.98 – 78.61mg/l reported by [18], in borehole 

water sources in Nsukka-Urban Area Enugu State. 

 

Nitrates: 

The presence of nitrate in water indicates the presence of fully oxidized organic matter [16]. 

[23], stated that the presence of nitrate in water is attributed mainly to agricultural lands, 

discharge of household and municipal sewage from the market place and other effluents 

containing nitrogen sources. Table 1 shows that the mean levels of nitrates in water samples in 

Awka metropolis decreased in the following order: stream > well > rain > borehole with values 

of 0.015, 0.013, 0.011 and 0.010mg/l respectively. 

Table 2 shows that the mean levels of nitrates in water samples in Nnewi metropolis were, 

0.013mg/l for borehole, 0.017mg/l for well, 0.014mg/l for rain and 0.015mg/l for stream. The 

levels of nitrates decreased in the following order: well > stream > rain > borehole. The 

statistical analysis of the levels of nitrates in water samples in Awka and Nnewi metropolis 

shows no significant differences at p < 0.05. The water samples contained nitrates at levels 

within the recommended permissible limits for a drinking water quality. 

 

Phosphates: 

According to [19], the deposition of phosphorus in a body of water occurs by mechanism such as 

sedimentation of phosphorus minerals, adsorption/precipitation of phosphorus with inorganic 

compounds and uptake of phosphorus from the water column by algal and other microbial 

communities. 

Table 1 shows that the mean levels of phosphates in water samples in Awka metropolis 

decreased as follows; well > rain > borehole > stream, with values of 0.034, 0.030, 0.026 and 

0.025mg/l respectively. The mean levels of phosphates in water samples in Nnewi metropolis 

decreased in the following order: borehole > rain > well > stream with values of 0.028, 0.024, 

0.022 and 0.014mg/l respectively as shown in Table 2. 

The levels of phosphates in the water samples in the two studied environments were statistically 

insignificant at p < 0.05 and within the recommended permissible limits for a drinking water 
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quality. [18] obtained higher values of 0.6 – 1.3mg/l for phosphates in borehole water sources in 

Nsukka Urban Area of Enugu State than reported in this study. 

 

Table 3: Mean concentration of metals in water samples in Awka Metropolis 

Metal Borehole(mg/l) Well(mg/l) Rain(mg/l) Stream(mg/l) T test 

P value 

WHO STD 

Cu 0.0460.011 0.001  0.000 0.003 0.001 0.001 0.000 0.07 1.00 

Fe 0.0110.003 0.0040.001 0.0030.001 0.004 0.001 0.6 1.00 

Pb 0.006 0.001 0.004 0.001 0.0030.001 0.0040.001 1.05 0.05 

Zn 0.0030.000 0.005 0.001 0.0040.001 0.003 0.000 0.83 5.00 

Sb 0.0050.001 0.002 0.000 0.002 0.000 0.001  0.000 0.47 1.000 
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Fig 1: Bar chart representation of the metal concentrations in water samples in Awka metropolis. 
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Table 4: Mean concentration of metals in water samples in Nnewi Metropolis 

Metal Borehole(mg/l) Well(mg/l) Rain(mg/l) Stream(mg/l) F test 

P value 

WHO STD 

Cu 0.002 0.000 0.001  0.000 0.002 0.001 0.001  0.000 1.60 1.00 

Fe 0.0040.001 0.005 0.002 0.004 0.001 0.004  0.001 1.12 1.00 

Pb 0.005 0.001 0.006 0.002 0.002 0.000 0.002 0.000 0.91 0.05 

Zn 0.036 0.008 0.003 0.001 0.005 0.001 0.002 0.000 0.03 5.00 

Sb 0.003 0.001 0.001 0.000 0.001 0.000 0.002 0.000 0.57 1.00 
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Fig 2: Bar chart representation of the metal concentrations in water samples in Nnewi metropolis. 

 

Copper: 

According to [1], contamination of drinking water with high level of copper may lead to chronic 
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Table 3 shows that the mean concentration of copper in the water samples in Awka metropolis 

decreased as follows: borehole > rain > well, stream with values of 0.046, 0.003 and 0.001mg/l 
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Table 4 shows that the mean levels of copper in the water samples in Nnewi metropolis were 

0.002mg/l for borehole, 0.001mg/l for well, 0.002 mg/l for rain and 0.001mg/l for stream. The 

metal decreased in the water samples in the following order; borehole, rain > well, stream as 

shown in Fig 2. 

The levels of the metal in the water samples in the two studied environments were statistically 

significant (at p < 0.05) and within the recommended permissible limits for a drinking water 

quality. The values reported in this study was higher than 0.0007 mg/l obtained by [16] for 

copper in ground water sources in Wukari local government area of Taraba State. 

 

Iron: 

Iron is the fourth most abundant element by mass in the earth crust. In water, it occurs mainly in 

ferrous or ferric state [3]. It is an essential and non-conservative trace element found in 

significant concentration in drinking water because of its abundance in the earth’s crust. The 

shortage of iron causes anemia and prolonged consumption of drinking water with high 

concentration of iron may lead to liver disease called haermosiderosis [21]. 

Table 3 shows  that the mean levels of iron in the water samples in Awka metropolis as follows; 

borehole > well, stream > rain with values of 0.011, 0.004 and 0.003mg/l respectively. 

Table 4, Fig 2 shows that the mean concentrations of iron in water samples in Nnewi metropolis 

were; well > borehole, rain, stream with values of 0.005 and 0.004mg/l respectively. 

The concentrations of the metal in the water samples in the studied environment were not 

significant at p < 0.05 and within the permissible limits for a drinking water quality. Higher 

values of 0.163 – 0.285ppm were obtained by [18] in borehole water sources in Nsukka Urban 

area of Enugu State than reported in this study. The concentrations of iron in water samples in 

Awka metropolis compared very well with that in Nnewi metropolis except borehole water. 

 

Lead: 

Lead is the most significant of all the heavy metals because it is toxic and harmful even in small 

amounts [12]. High concentration of lead in the body can cause death or permanent damage to 

the central nervous system, the brain, liver and kidneys [3]. 

Table 3 shows  that the mean levels of lead in water sample in Awka Metropolis decreased in the 

following order; borehole > well, stream > rain, with values of 0.006, 0.004 and 0.003mg/l 

respectively.  

Table 4 shows that the mean levels of lead in water samples in Nnewi metropolis decreased as 

follows: stream > well > borehole > rain, with values of 0.007m 0.006, 0.005 and 0.002mg/l 

respectively. 

The concentrations of the metal in the water samples were statistically insignificant at p < 0.05 

and within the recommended permissible limits for a drinking water quality. Tables 3 and 4 

shows that the levels of lead in the water samples (stream and well) in Nnewi metropolis were 

slightly higher than the water samples in Awka metropolis. 
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Zinc: 

Zinc is one of the most important trace elements that play a vital role in the physiological and 

metabolic process of many organisms. Nevertheless, higher concentrations of zinc can be toxic 

to the organism [22]. Table 3 shows that the mean concentrations of zinc in water samples in 

Awka metropolis were 0.003mg/l for borehole, 0.005mg/l for well, 0.004mg/l for rain and 

0.003mg/l for stream. The metal decreased in the water samples in the following order: well > 

rain > borehole, stream as shown in Fig 1. 

Table 4, Fig 2 shows that the mean levels of zinc in the waters samples in Nnewi metropolis 

decreased in the following order: borehole > rain > well > stream, with values of 0.036, 0.005, 

0.003 and 0.002 mg/l respectively. 

Statistical analysis of the concentrations of zinc in the water samples in Awka metropolis showed 

no significance difference (at p < 0.05) while zinc in water samples in Nnewi metropolis were 

statistically significant. 

The levels of the metals in the water samples in the two studied environments were within the 

WHO recommended permissible limits for a drinking water quality.  

 

Antimony:  

Table 3 shows that the mean levels of antimony in the water samples in Awka metropolis 

decreased as follows: borehole > well, rain > stream, with values of 0.005, 0.002 and 0.001mg/l 

respectively. The mean values of antimony in the water samples in Nnewi metropolis decreased 

in the following order; borehole > stream > well, rain with values of 0.003, 0.002 and 0.001mg/l 

respectively as shown in Table 4, Fig 2. 

The levels of antimony in the water samples in the studied environments were within the 

recommended permissible limits for a drinking water quality. Statistical analysis of the metal in 

the water samples revealed no significant difference at p < 0.05. [3], stated that excess antimony 

can interfere with absorption of dietary iron which can result in iron deficiency (anaemia) and 

can equally cause bacterial growth in water. 

 

Conclusion  

The study shows that the levels of the physicochemical parameters and heavy metals analyzed in 

the water samples in Awka and Nnewi metropolis were within their respective recommended 

permissible limits for a drinking water quality. Higher values of the physicochemical parameters 

were predominantly observed in the stream and well samples in the studied environments with 

rain water samples having the least values. There was equally a predominant observation of 

higher values of metals in the borehole and well water samples in the two studied environments 

than in the other studied water samples. 

Almost two-third of the physicochemical parameters and heavy metals were present at higher 

concentrations in the water samples in Awka metropolis than in Nnewi metropolis. The 

differences observed in the levels of the physicochemical parameters and metals in the two 

studied environments could be attributed to climatic, geographical and geologic variations as 

well as human and industrial activities. 

 

 

IJSER

International Journal of Scientific & Engineering Research Volume 9, Issue 4, April-2018 
ISSN 2229-5518 848

IJSER © 2018 
http://www.ijser.org



References 

 

1. Acharya G.O., Haithi M.U., Patel A.D. and Parmar K.C. (2008). Chemical properties of 

ground water in Bailoda Taluka region, North Giyarat, India. African Journal of 

Environmental Science and Technology, 4(4): 201 – 214. 

2. Adefemi S.O. and Awokunmi E.E. (2010). Determination of physico-chemical 

parameters and heavy metals in water samples from Itopolu area of Ondo State, Nigeria. 

African Journal of Environmental Science and Technology, 4(3): 145 – 148. 

3. Adewoye S.O., Adewoye A.O., Opesila O.A. and Elepede J.A. (2013). Physicochemical 

parameters and heavy metal analysis of water samples from hand dug wells in Gambari, 

Ogbomoso, Oyo State, IOSR Journal of Environmental Science, Toxicology and food 

Technology, 5(1): 22-30. 

4. Adhikary P.P, Chadrasekharah H., Chadkrabonty S. and Kamide K. (2010). Assessment 

of ground water pollution in West Delhi, India using geostatistical approach. 

Environment Monitoring Assessment, 167: 599-613. 

5. Ajayi A.A., Sridhar M.K.C. Adekunle L.U. and Oluwande P.A. (2008). Quality of 

packed water sold in Ibadan, Nigeria. African Journal of Biomedical Research, 11: 251 – 

258. 

6. America Public Health Association (2000).Standard methods for the examination of 

water and waste water 21
st 

Edn., Washington D.C. pp. 40-45. 

7. Association of Official Analytical Chemists, (2006). Official methods for heavy metal 

determination in human and pets,18
th

 edition Maryland Virginia, pp. 63-65. 

8. Bay S.M., Zeng E.Y., Lorenson T.D., Trank K. and Alexander C. (2003). Tempora and 

spatial distributions of contaminants in sediments of Santa Monica Bay, California, <ar. 

Environ. Res. 56(1-2): 255 – 276. 

9. Chukwu H.I., Mustapha U and Abdul Gefar A.B. (2008). The effect of Minna Abbatoir 

waste on surface water quality I. Environ. Res. J. 2(6): 334 – 338. 

10. Dandwate S. (2002). Study of the physicochemical parameters of ground water quality of 

Kopargaon Area, Maharastra State India during pre-moon and post-moon seasons. E 

Journal of Chemistry, 9(11): 15 – 20. 

11. Fakayode S.O. (2005). Impact assessment of industrial effluent on water quality of the 

receiving Alaro River in Ibadan, Nigeria. Ajeam – Regee, 10: 1-3. 

12. Jaishankar M., Tenzin T., Naresh A., Blessing B. and Krishnaminthy N.B. (2014). 

Toxicity, Mechanism and Health effects of some heavy metals.Interdisciplinary 

Toxicology, 7(2): 60 – 72. 

13. Lambert M., Leven B. A. and Green R.M. (2000). New methods of cleaning up heavy 

metals in soils and water. Environmental Science and Technology briefs for 

citizens.Kansas State University, Mahattran, Kansas State. pp. 71 – 88. 

14. Mbah C.E. and Mohammed (2015). Examination of two brands of sachet water for 

pathogenic micro-organism. World Health Observation 7(1): 15-23. 

15. Mudgal V., Madaan N., Mudgal A. and Singh R.B. (2010). Effects of toxic metals on 

human health. The open nutraceuticals Journal, 3: 94 – 99. 

IJSER

International Journal of Scientific & Engineering Research Volume 9, Issue 4, April-2018 
ISSN 2229-5518 849

IJSER © 2018 
http://www.ijser.org



16. Oko O.J., Aremu M.O. and Andrew C. (2017). Evaluation of the physicochemical and 

heavy metal content of ground water sources in Batgi and Rafin-Kada settlements of 

Wukari L.G.A., Taraba State, Nigeria. Journal of Environmental Chemistry and 

Ecotoxicology, 9(4): 43 – 53. 

17. Okonkwo T.J. Okorie O. as Okonkwo C.J.O. (2011). Public health status of the water 

supply frame work at Kwame Nkurumah Hall, University of Nigeria Nsukka and Enugu. 

African Journal of Environmental science and Technology 5(7): 522-529. 

18. Okoro N. Omeje E.O. and Osadane P.O. (2017) comparative analysis of three borehole 

water sources in Nsukka urban area, Enugu State, Nigeria. Resources and environment 

7(4): 110-114. 

19. Okoye C.O.B. and Nyiatagher T.D. (2009). Physicochemical quality of shallow well 

waters in Gboko, Benue State, Nigeria. Bull Chem. Soc. Ethiop., 23 (1): 123 – 128. 

20. Patil P.N., Savant D.V and Deshmulch R.N (2012). Physicochemical parameters for 

testing of water – A review International Journal of environmental sciences 3(3) 1194 – 

1207. 

21. Rajappa B., Mangappa S. and Puffaiah E.T. (2010). Monitoring of heavy metal 

concentration in ground water of Hakinaka Taluk, India. Contemporary Engineering 

Sciences, 3(4): 183 – 190. 

22. Rajkovic M.B., Lacnjevac C.M., Ralevic N.R. and Pantelic G.K. (2008). Identification of 

metals (Heavy and radioactive) in drinking water by indirect analysis method based on 

scale tests. sensors, 8: 2188 – 2207). 

23. Singh M.R., Gupta A. and Beeteswari K.H. (2010). Physico-chemical properties of water 

samples from Manopor river system, India. J. Appl. Sci. Environ. 14(4): 85 – 89. 

24. Singh R. and Sao S. (2015). Evaluation of water quality by physico chemical parameters, 

heavy metal and use of metal resistant property of bacteria for bioremediation of heavy 

metals. World Journal of Environmental Pollution, 5(2): 23 – 28. 

25. Umedum N.L., Kaka E.B., Okoye N.H., Anaradp C.E. and Udeozo I.P. (2013). 

Physicochemical analysis of selected surface water in Warri, Nigeria. Int. J. Sci. Eng. 

Res. 4(7): 1558 – 1562. 

26. USEPA (1991). Is your drinking water safe? Office of water (WH – SSO), EPA, 

Washington D.C. pp. 85 – 89. 

27. Uzairu A., Okunola O.J., Wakawa R.J. and Adewusi S.G. (2014). Bio availability studies 

of metals in surface water of River Challama, Nigeria. African Journal of Biomed Res. 

11-285-290. 

28. World Health Organization (2014). Guidelines for drinking water quality (electric 

resource) 3
rd

 edition, Geneva, pp 16-23. 

 

 

 

IJSER

International Journal of Scientific & Engineering Research Volume 9, Issue 4, April-2018 
ISSN 2229-5518 850

IJSER © 2018 
http://www.ijser.org




