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Abstract – Water is an essential natural resource that 

sustains life. Its importance can therefore not be 

underestimated. Drinking water with poor quality has been 

linked to several diseases of man including diarrhea 

particularly in developing countries where availability of 

potable water is a big challenge. This article examined the 

quality of Ohii Miri River in Abia State, Nigeria which is a 

major source for drinking water by the people from 

communities along its coast with emphasis on the macro 

minerals content and bacteriological index of the water. The 

macro minerals (Ca, Mg, Na & K) of the water was found to 

be below the WHO minimum permissible limit whereas 

sediments from this river contained macro minerals in the 

WHO permissible limit range. Macro minerals were found to 

be higher in the dry season than in the rainy season in both 

water and sediment samples from Ohii Miri River. 

Bacteriological assessment revealed that Ohii Miri River is 

highly polluted with microorganisms and very unsafe as 

drinking water. E. coli has been confirmed to be present in 

the water.  

 

Keywords – Ohii Miri River, Drinking, Macro Minerals, 

Bacteriological Analysis. 

 

I. INTRODUCTION 
 

Certain minerals present in water are known to be 

essential for humans. These minerals are grouped into two: 

macro and micro minerals. The macro minerals include; 

calcium (Ca), magnesium (Mg), sodium (Na), potassium 

(K), phosphorus (P), chlorine (Cl), and sulphur (S). There 

are needed in high proportion in the body. The micro 

minerals in the other hand which are required only but of 

small proportion in the body include iron (Fe), zinc (Zn), 

manganese (Mn), copper (Cu), iodine (I), cobalt (Co), 

nickel (Ni), fluorine (F), vanadium (V), chromium (Cr), 

molybdenum (Mo), selenium (Se), Tin (Sn), and silicon 

(Si) [1]. These minerals are essential constituents of 

skeletal structures such as bones and teeth, maintain 

osmotic pressure and thus regulate the exchange of water 

and solutes within the animal body, serve as structural 

constituents of soft tissues, aid in the transmission of nerve 

impulses and muscle contraction, play vital role in the 

acid-base equilibrium of the body and hence regulate the 

pH of the blood and other fluids, serve as important 

components of many enzymes, vitamins, hormones, and 

respiratory pigments or as a cofactor in metabolism [1]. 

Macro minerals, specifically calcium, sodium, magnesium, 

and potassium are responsible for the following functions: 

development, maintenance, blood clotting and heartbeat 

regulation; biochemical reactions in the body; prevention 

of muscle cramps; and transmission of energy and 

electricity [2].  

Although water is not considered as the primary source 

of these minerals, it supplies the body with an appreciable 

amount as an adult is believed to consume up to 2.9 

litres/day of water on a normal condition and 4.5 litres/day 

on a manual labor under high temperature [3]. The 

concentration of these minerals is of great concern; too 

low or high concentration is capable of posing health 

challenge. The [3] noted that if water with low macro 

minerals content is used for food and beverages 

productions, reduced levels of the minerals would occur in 

those products and as a result, low intakes of mineral 

would occur not only because of the lower contribution of 

these minerals from water used in the production but also 

possibly because of higher losses of the minerals from the 

ingredients into water during the production process. 

Much could be found in literature on the macro minerals 

status of water used for drinking and other domestic usage 

and the effect of low or high concentration of these 

minerals [4-8] but relatively few studies have been 

conducted in Africa on minerals and water consumption. 

Leary [9] studied the magnesium levels in the drinking 

water of 12 South African districts and deaths due to 

ischemic heart disease were assessed in white residents in 

the South Africa and a significant negative correlation was 

found between these two variables. An increased 

incidence of sudden death resulting from ischemic heart 

disease has been found in some areas in South Africa 

which soil and drinking water deficient of magnesium was 

responsible [10]. 

The biological property of water and sediment of which 

most aquatic organisms used as food by man reside is 

another important parameter to consider particularly in 

water consumed directly by people. This is because 

numerous pathogenic bacteria which cause severe diseases 

like diarrhea, gastric enterititis, and food poisoning have 

been found in water [11, 12]. The quality of water has 

deteriorated greatly due to poor management of water 

pipes, direct discharge of waste into water bodies and lack 

of water treatment plants. 

Ohii Miri River passes through several communities; 

Ahia-eke, Ibeku, Umudike and Ama-obaIme, etc in 

Ikwuano Local Government Area of Abia State. The river 

passes through so many agricultural establishments; some 

of them were established more than 20 years ago. These 

agricultural establishments over the years have been using 

fertilizers and other agro- chemicals which directly or 

indirectly end up in Ohii Miri River. Meanwhile, this river 
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is the primary source of water for drinking and other 

household’s activities for the communities along its coast. 

Moreover, aquatic animals from this river form a greater 

percentage of the aquatic animals consumed in Abia State 

and its environs. This report focuses on the macro 

minerals and the bacteriological statuses of the water and 

sediment samples from Ohii Miri River in Abia State, 

Nigeria which the findings would be informative for future 

scientific studies.  

 

II. MATERIALS AND METHODS 
 

2.1 Sampling Area/Collection of Samples 
The river studied is known as Ohii Miri River and 

originate from Ahia-eke and runs through Federal 

Department of Agricultural Land Resources, Abia State 

University, National Root Crops Research Institute, 

Michael Okpara University of Agriculture and Amaoba -

Ime. 

The portion of the river studied was between Ahia-eke 

and Amaoba-Ime (Figure 1). This portion was divided into 

three segments designated as stations A, B and C. Station 

A is the portion of the river from Ahia-eke to Abia State 

University (ABSU), Umuahia Campus. From ABSU, 

Umuahia Campus to Michael Okpara University of 

Agriculture (MOUAU) is station B while station C 

stretches from MOUAU to Amaoba-ime. Each of the 

stations was divided into five sub-stations which were 

used as the sampling sites. It was at these sampling sites 

that water and sediment samples were collected in rainy 

and dry seasons.  

Water samples collected from station A were labeled 

W1, W2, W3, W4, W5 ; station B were labeled W6, W7, W8, 

W9, W10 and station C were labeled W11, W12, W13, W14, 

W15. Similarly, sediment samples collected from station A 

were labeled S1, S2, S3, S4, S5, station B were labeled S6, 

S7, S8, S9, S10, and station C were labeled S11, S12, S13, S14, 

S15. 

2.2 Sample Preparation/Treatment 
Water samples collected were stored in sterilized 

polyethylene bottles. Five hundred millimeters of the 

water samples were transferred into 750 ml beaker and 15 

ml concentrated HNO3 was added.  

 

 
Fig.1. Outline of Map of Ikwuano L.G.A. showing the sampling site 
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The solution was evaporated on a steam bath to 

approximately 25 ml and transferred into polyethylene 

bottles, labeled and preserved in the refrigerator prior to 

the mineral determination. The sediment samples were 

dried and crushed with a wooden roller, sieved with a 2 

mm sieve, labeled and stored in soil bags. The 

determination of Na and K was done using model PFP7 

flame photometer while Ca and Mg was determined using 

Unicam 939/959 atomic absorption spectrophotometer 

(AAS). The bacteriological determination was done by 

Total Plate Count Method earlier reported by Pandi et al. 

[13]. 

 

III. RESULTS AND DISCUSSIONS 
 

3.1 Macro Minerals Status of Water and Sediment 

Samples 
The mean seasonal variation of the macro minerals of 

water and sediment samples from Ohii Miri River in Abia 

State, Nigeria in the rainy and dry seasons are listed in 

Tables 1 and 2 respectively.  As could be seen from the 

tables, Ca concentration is higher than the concentration of 

the other minerals and is much accumulated in the upper 

segment of the river (Station A) in the studied seasons and 

samples. This could be attributed to the nature of 

commercial activities carried out in Abia State. The state 

is one of the commercial states in Nigeria. Products like 

cement and other Ca rich sources have depots in Abia 

State. Leakages of these products could find their way 

through erosion into the water body thereby enriching the 

water with calcium. It is also clear from the tables that 

there is no significant difference between total calcium in 

stations B and C in the rainy seasons of the water. Similar 

observation is noticed for stations A and B in the dry 

season. A comparison of the minerals concentrations in the 

water to the sediment (Table 1 vs Table 2) revealed that 

the sediment is richer in the minerals than the water. This 

agrees with the submission of Saeed and Shaker [14] that 

sediment acts as reservoir for all contaminants and dead 

organic matter descending from the ecosystem above. 

Similar findings have also been reported [15-17].  

 

Table 1a: Mean Concentration Macro Minerals of Water Samples in Rainy Season for each Station 

Parameter Station A Station B Station C 

Ca (mg/L) 30.46
a
+ 11.89 16.83

b
+ 7.17 12.83

a
+ 4.39 

Mg (mg/L) 6.32
a
+ 3.27 12.64

a
+ 3.17 14.10

a
+ 8.83 

Na (mg/L) 3.84
a
+ 0.64 4.02

a
+ 0.74 3.68

a
+ 1.33 

K (mg/L) 1.68
a
+ 0.59 1.60

a
+ 0.24 1.62

a
+ 0.45 

Mean values of the same row with the same superscript are not significantly different at 5% level of probabilityusing 

DMRT. Station A = Ahia-eke, Station B = Umudike, Station C = Amoeba Ime.   

 

Table 1b: Mean Concentration Macro Minerals of Water Samples in Dry season for each Station 

Parameter Station A Station B Station C 

Ca (mg/L) 67.33 
b
+ 15.10 57.72

b
+ 12.55 28.06

a
+ 8.96 

Mg (mg/L) 24.80
a
+ 18.55 15.56

b
+ 5.32 11.76

a
+ 4.69 

Na (mg/L) 3.08
a
+ 0.25 3.22

a
+ 0.93 3.66

a
+ 1.18 

K (mg/L) 1.52
a
+ 0.86 1.30

a
+ 0.00 1.92

a
+ 1.22 

Mean values of the same row with the same superscript are not significantly different at 5% level of probabilityusing 

DMRT. Station A = Ahia-eke, Station B = Umudike, Station C = Amoeba Ime.  

 

Table 2a: Mean Concentration Macro Minerals of Sediment Samples in Rainy Season for each Station 

Parameter Station A Station B Station C 

Ca (mg/L) 229.99 
a
+ 26.57 217.89

a
+ 32.27 191.17

a
+ 29.52 

Mg (mg/L) 140.51
a
+ 19.93 79.65

b
+ 23.64 73.94

b
+ 20.48 

Na (mg/L) 158.62
a
+ 80.24 175.95

a
+ 47.19 124.40

b
+ 23.13 

K (mg/L) 391.95
a
+ 19.04 278.81

b
+ 39.19 243.43

b
+ 66.96 

Mean values of the same row with the same superscript are not significantly different at 5% level of probabilityusing 

DMRT. Station A = Ahia-eke, Station B = Umudike, Station C = Amoeba Ime.   

 

Table 2b: Mean Concentration macro Minerals of Sediment Samples in Dry Season for each Station 

Parameter Station A Station B Station C 

Ca (mg/L) 678.36
a
+ 637.89 485.60

a
+ 330.94 640.30

a
+ 513.93 

Mg (mg/L) 72.69
a
+ 3.02 76.63

a
+ 4.08 42.41

a
+ 5.95 

Na (mg/L) 70.00
a
+ 16.96 94.50

a
+ 58.59 73.00

a
+ 24.90 

K (mg/L) 62.00
a
+ 18.91 73.00

a
+ 35.50 51.00

a
+ 24.53 

Mean values of the same row with the same superscript are not significantly different at 5% level of probabilityusing 

DMRT. Station A = Ahia-eke, Station B = Umudike, Station C = Amoeba Ime.   
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Also, by comparing the minerals concentrations in the 

rainy season to the dry season in water (Table 1a vs 1b; 

Figure 2a) and Ca concentration in the sediment (Table 2a 

vs 2b; Figure 2b), it can be concluded that the minerals are 

higher during the dry season than during the rainy season 

in both water and sediment. This may be attributed to 

reduction in water volume during the dry season due to 

excessive water loss by evaporation and the increase in 

organic matter concentrations which facilitate the settling 

of metals to the sediment [17]. It is clear from Table 2a 

and 2b that the concentrations of Mg, Na, and K were 

higher in the rainy season compared to the dry season. 

This could be because the water body is constantly 

recharged with run-off which may be rich in these metals. 

These minerals get settled on the sediment thus enriching 

the sediment during the rainy season. Similar observation 

has been reported by authors [18, 19].  

 
Fig.2a: A plot showing the variation of macro nutrients in 

Ohii Miri water during the rainy and dry season 

 

 
Fig.2b: A plot showing the variation of macro nutrients in 

Ohii Miri sediment during the rainy and dry season 

 

In an attempt to establish the suitability of Ohii Miri 

River which is at present the main source of drinking 

water and other domestic activities for the people living 

along its coast in Abia State, the experimentally derived 

values of these metals were compared with the minimum 

permissible value given by WHO [20] and is presented as 

charts in Figures 3 and 4. It is obvious from Figures 3a 

that the minerals (Ca, Na, & K) are below the minimum 

permissible limit in the rainy season. In the dry season 

(Fig. 3b), Ca and Mg are found to be above the minimum 

permissible limit while Na and K are below. However, all 

the studied minerals are found to be  above the minimum 

permissible limit in the sediment samples (Figure 4a & b) 

in both seasons but within the WHO maximum 

permissible standard of 100 mg/L, 100 mg/L, 200 mg/L, 

and 30 mg/L respectively for Ca, Mg, Na, and K.  

Deficiency of calcium has been related to an elevated risk 

of hypertension [21]. Magnesium is needed for the 

sodium/potassium pump. A magnesium deficiency may 

impair the ability of cells to pump sodium out of the cell 

and to pump potassium into the cell [22]. Potassium 

deficiency is believed to result in hypokalemia and 

according to Adams [23], having a deficiency in either Na 

or K or both may result in severe complications. 

 
Fig.3a: A chart showing the conc of macro nutrients in 

Ohii Miri River and the minimum permissible value 

during the rainy season 

 
Fig.3b: A chart showing the conc. of macro nutrients in 

Ohii Miri River and the minimum permissible value 

during the dry season 
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Fig.4a: A chart showing the concentration of macro 

nutrients in Ohii Miri sediment and the minimum 

permissible value during the rainy season 

 

 
Fig.4b: A chart showing the concentration of macro 

nutrients in Ohii Miri sediment and the minimum 

permissible value during the dry season 

 

3.2 Seasonal Variation in Microbial Count  
Bacteriological examination of water is a powerful and 

foremost tool to foreclose the presence of microorganisms 

that might constitute a health hazard [24]. Microbial 

counts were used for the assessment of bacterioplankton 

groups for bacteria. Figure 5 shows a plot of the logarithm 

of the mean total microbial count against sampling points. 

It is clear from the plot that microbial counts dominated 

the rainy season than the dry season. In the dry season, the 

microbial counts was found to ranged from 1,572 to
 

25,833
 

cfu/ml across the sampling points, with a mean 

count of 19,365 and in the rainy season, it ranged from 

1,452
 

to 24,333
 

cfu/ml, with a mean count of 21, 262 

cfu/ml. As could be seen also in Figure 5, the bacteria 

count of the water fluctuates across the sampling points 

and the level of bacteria in the water differs with respect to 

season. Low bacteria count is observed in the dry season 

and this could be as a result of reduction in the run-off 

discharged into the water body. It could also be due to 

some factors which include adverse weather condition 

(high temperature, pH, and pressure) and lack of space 

both for growth and metabolic activities. This condition 

can lead to formation of spores by spores-formers and 

many other bacteria organisms going into dominant stage 

[25] as well as death of the microorganism. It could be 

said that there was favorable condition for reproduction of 

the microorganisms in the rainy season as evidenced by 

the increased microbial count in this season. This is in 

agreement with the findings of other authors [25-27]. 

The potability of Ohii Miri River as it is at present used 

for drinking and other domestic activities by the people 

along its coast was also examined with respect to bacterial 

contamination; the average microbial count in both rainy 

and dry seasons were compared with standard. According 

to the Bureau of Indian Standards (BIS) employed by 

Mudryk et al. [28], drinking water with a microbial count 

of 100 – 500 cfu/ml will harm the health of human beings. 

Judging from this, the Ohii Miri River with the average 

microbial count of 19,365 cfu/ml and 21, 262 cfu/ml in the 

dry and rainy seasons respectively, will be considered 

highly polluted by microorganisms. 

One of the bacteria confirmed to be present in Ohii Miri 

River is E. coli (Table 3). The presence of E. coli signifies 

faecal contamination of the water from either human or 

animal source. This corroborates findings by Odonkor and 

Addo [29] which noted that the majority of the water 

sources in rural communities in Nigeria harbored 

enteropathogens and were also reported to be of poor 

microbiological quality and unsafe for consumption. It is 

also pertinent to note that the presence of E. coli in the 

water has a potential health hazards effect. It may lead to 

diseases such as diarrheal, which account for a substantial 

degree of morbidity and mortality in adults and children 

[30-33].  

 
Fig.5. Plot of logarithm of CFU (mg/L) versus sampling 

point 

 

Table 3: Results of Comfirmatory Test for E. coli in the 

Water Samples 

Number of 

samples 

1.0 ml H2O 

+ Lactose 

Broth 

5.0 ml H2O 

+ Lactose 

Broth 

0.1 ml H2O 
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Broth 

1 - - - 

2 ++ ++ + 

3 ++ ++ + 

4 + ++ - 
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8 - ++ - 

9 + + - 

10 ++ ++ + 

11 + + + 

12 - + - 

13 - + - 

14 + + - 

15 - + - 

Key:   

+ Production of gas by E. coli with slight fermentation of 

lactose. 

++ Production of gas by E. coli with strong fermentation 

of lactose. 

- No production of gas or fermentation of lactose. 

 

IV. CONCLUSION 
 

The current research presented an analysis of the macro 

minerals status and bacteriological analysis conducted for 

water and sediment samples from Ohii Miri River in Abia 

State, Nigeria. The sediment is found to be a richer source 

of the studied macro minerals (Ca, Mg, Na, & K) than 

water. The water is found to be highly polluted with 

microorganisms which animal and/or human faeces is/are 

the possible source and as such Ohii Miri River is very 

unsafe as a drinking water. It is therefore important to 

educate the inhabitants of Ahia-eke, Ibeku, Umudike, 

Ama-obaIme and others living along coast of Ohii Miri 

River of the health risk of drinking the water untreated.  
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