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Abstract 

The increase in the scarcity of pipe-bone water supply in Enugu Urban, Nigeria, has led 

to the residents looking for alternative sources of portable water supply. As a result of 

this, the households now depend on surface water for their domestic activities. These 

surface waters due to anthropogenic activities have been contaminated and as such are 

no longer good for consumption and other domestic activities. The purpose of this study 

is to conduct a comparative physiochemical and biological analysis of the three major 

rivers that cut across Enugu Urban. In comparison with the safe limits described by the 

World Health Organization (WHO) analysis, one can determine which of these rivers is 

safe. Thus, comparative analysis of water quality was carried out on these three rivers, 

Ekulu, Asata and Ogbete Rivers. Various standard methods were used for 

physiochemical analysis. For microbiological analysis, total coli-form was determined 

within or slightly above the limits described by the WHO. The contamination of these 

rivers may be as a result of human activities due to erosion and run-off. The result of 

this analysis has created awareness on the quality of these water sources which if well 

utilized by appropriate government agencies will bring about measures that will stop 

further pollution of the rivers. 
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Introduction 

The importance of water to every living organism cannot be over emphasized. Life on 

earth began in water and humans are made up of about 80% water (Ubani et al., 2014). 

The rapid increase in population of urban areas in many developing countries has led to 

increase in contamination of surface water. Furthermore, because of man’s quest for 

development and selfishness as regards the utilization of the earth's natural resources, 

man has degraded the environment in such a way that the outcome of man’s activities is 

beginning to threaten man’s existence.  

In Enugu Urban, access to portable water supply from the State Water 

Corporation is a serious problem due to the fact that the population of Enugu has been 

on geometric increase. In a bid to meet the demand for water, most people have 

resorted to using surface water. Regrettably, Ude (2001) on highlighting the sources of 

pollution posited that most streams in Enugu Urban drain some heavily fertilized 

agricultural land as well as some uncultivated land. In some places, people defecate 

inside the rivers. Some of these rivers like the Ogbete, Ekulu Rivers receive effluents 

from abattoir as well as kitchen wastes and septic tanks overflow from homes. 
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Livestocks are regularly made to drink in the rivers thus animal faeces are common 

features. These heavily polluted rivers are the major sources of water supply to the 

urban dwellers (see plates 1–3). The implication is that most of the surface waters 

which have been in use for laundry, bathing, swimming, cultivating vegetables, washing 

food, irrigation and sometimes drinking have been heavily polluted. Contaminated 

water supplies consumption is the major cause of varieties of water borne diseases 

including typhoid, cholera, schistosomiasis, guinea worm etc (UNESCO, 1994). 

 

In Nigeria, there have been numerous studies on physiochemical and biological 

pollution of urban rivers. Among these researchers, none studied the comparative 

analysis of these rivers. This study, therefore, examines and comparatively analyses the 

three major rivers in Enugu Urban (Ekulu, Ogbete and Asata) 

physiochemically/biologically, to determine which one is safer for domestic activities. 

The results obtained will be compared with World Health Organization’s standard for 

Plate 1: People fetching water from Ekulu river 

Plate 2: People fetching water from Asata river 
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drinking water. The study will also serve as an eye opener to the culprits that dump 

wastes into the rivers for most people are ignorant of health and environmental 

implications of such activities. 

 

The Study Area 

Enugu Urban lies approximately on latitude 06° 21°N and 06° 30N and longitude 07° 

26°E and 07° 37E°. It has an estimated land area of about 72.8 square kilometres 

(Federal Office of Statistics), and a total land area of about 12,831 kilometres. Enugu is 

the capital of Enugu State of Nigeria. The National Population Census 2006 puts the 

population figure of Enugu Urban to 722,664 (NPC, 2006). The residential land use 

accounts for the highest land use comprising about 54.5% of total urban area in Enugu 

(Enugu State Housing Development Authority). The Enugu Urban has neighbourhood 

comprising low, medium and high-density areas. However, due to rapid growth in 

population, mixed densities exist. Planned and unplanned areas spring up to meet up 

with residential accommodations. 

The distribution system of water in Enugu Urban is complex due to the 

topography of the area (Achi, 1991). There are more than nine booster stations in 

operation within the system. The major storage reservoirs include the 4 million gallon 

in Onitsha Road, the 4.05 million litres storage at the Ekulu Works and 2.5 million litres 

reservoir on Mission Avenue. There are other reservoirs scattered over the areas of the 

city but the distribution system had been constructed over the years since the 1920s by 

the British Colonialism. 

It is important to note that the three major rivers under study are linked to one 

another across some neighbourhoods. In other words, they are tributaries to one 

another as they move along the neighbourhood. 

 

Research Methodology 

The methodology employed includes both primary and secondary data. The primary 

data are data collected from measurement of parameters for water quality. The 

secondary data include the safety standard limit, from WHO/NAFDAC, library, journal 

articles, etc. Water samples were collected from various points from each of the three 

rivers. New clean polypropylene containers of one litre capacity were employed in the 

sample collection. Each of the containers was labelled with date and source for easy 

identification. Samples for Dissolved Oxygen (DO) and Biological Oxygen Demand (BOD) 

were collected in special airtight 60ml BOD glass bottle to prevent loss or gain of 

oxygen. To prevent natural interference such as organic growth and unnecessary 

reactions, analysis of pH and dissolved oxygen was done immediately after the 

collection of water while the rest were determined within 48 hours. The analyses were 

performed at the Chemistry and Food Technology laboratories of the Institute of 

Management and Technology, Enugu. Table 1 shows the physical, chemical and 

microbiological parameters used for the analyses of these rivers. The results were 

compared with the WHO's safety limit.  
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Metal Analysis 

The water samples were concentrated by evaporating 500ml of water samples to about 

100ml, followed by addition of 1ml of concentrated hydrochloric acid and digesting 

until volume was about 15–20ml. This was later made up to mark with distilled 

deionised water 25ml standard flask and later transferred into acid-leached polythene 

bottle, prior to analysis. Trace elements were determined with A.AS (Alphas series 4200 

CHEM. TECH ANALYTICAL LTD UK) equipped with air-acetylene flame, flame 

photometer for sodium (Na) and potassium (K), while calcium (Ca), magnesium (Mg) 

were determined by EDTA titrations. Sample blanks were run for all the analyses 

carried out. 

 

Microbiological Analysis 

The three rivers were analysed for the following biological characteristics; Total Plate 

Count, Total Coliform and E-coli. Total plate count was estimated according to the 

hetrophilis plate count method suggested by American Public Health Association. 

 

Results 

Water samples were collected from the three rivers analysed using the under 

mentioned parameters and the following results were obtained: 

Table 1: Result of the Measured Parameters from the Three Rivers 

S/N Parameters  Ekulu Asata Ogbete WHO 

Standard 

1. pH 4.60 5.90 5.60 No guideline 

2. Turbidity 4.60 5.60 5.60 No guideline 

3. Total dissolved 

Solid (TDS) 

63.0 72.1 80.0 500 mg/L 

4. Total suspended 

solid (TSS) 

90.20 101.2 93.0 300 mg/L 

5. Electrical 

Conductivity 

(EC) 

11.18 72.0 11.16 0-50 mg/L 

6. Dissolved 

Oxygen (DO) 

15.05 11.2 16.20 No guideline 

7. Biological 

Oxygen Demand 

(BOD) 

0.63 2.43 2.48 50mg/L 

8. Phosphate 0.36 0.40 0.38 No guideline 
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Table 1: Contd. 

S/N Parameters  Ekulu Asata Ogbete WHO 

Standard 

9. Sodium Na+ 6.30mg/L 4.2mg/L 4.48mg/L 200 mg/L 

10. Iron Fe2+ 0.2 0.6 0.6 No guideline 

11. Selenium Se2+ 1.35 1.40 1.38 0.01 mg/L 

12. Nitrate NO3- 9.25 9.60 90.50 50 mg/L 

13. Chloride Cl- 3.50 0.12 3.80 250 mg/L 

14. Colour Cloudy Cloudy Cloudy No guideline 

15. Lead Pb2+ 11.2 20.2 23.20 0.10 mg/L 

16. Cromium Cr2+ 0.40 1.2 1.1 0.05 mg/L 

17. Magnesium 

Mg2+ 

3.20 3.40 3.35 50 mg/L 

18. Manganese 

Mn2+ 

  0.5 0.5 mg/L 

19. Nikel Ni2+ 0.3 0.23 0.50 0.02 mg/L 

20. Cadmium Cd2+ 0.3 0.001 0.05 0.003 mg/L 

21. Calcium Ca2+ 5.20 3.2 5.28 0.03 mg/L 

22. Aluminium Al3+ 2.1 1.2 0.5 0.2 mg/L 

23. Zinc Zn2+ 3.40 0.02 3.60 3 mg/L 

24. Mercury Hg2+ 0.4 0.2 0.4 0.006 mg/L 

25. Coli-form 28.4 cfu 30 cfu 32.4 cfu 0.001 cfu 

26. E-coli 21.0 cfu 24.0 cfu 26.21 cfu No guideline 

Samples in mg/L 

Cfu - Colony Forming Unit 

Source: Researcher’s Laboratory Work, 2015. 

 

Discussion and Findings 

The pH of the water samples from the three rivers ranges from 4.60–5.90. This is an 

indication that the water samples are acidic and, therefore, cannot be considered for 

consumption due to its acid nature. For the Ekulu River, the acid nature may be through 

the abandoned Onyeama Mine. The Ogbete River receives wastes from the Ogbete Main 

Market while the Asata River is a tributary of the Ogbete River. Turbidity in water is 

caused by particulate matter that may be present from sources as a result of inadequate 

filtration. The three rivers have high turbidity value. These particulates can protect 
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micro-organisms from the effects of disinfection and can stimulate bacteria growth 

(Ubani, 2009). The high turbidity obtained from these rivers is of great concern because 

it can harbour microbial contamination, which can cause significant damage to human 

and animal lives. 

The electrical conductivity (EC) of the three rivers are outrageously high 

especially that of Ekulu River and Ogbete River. This is much higher than WHO’s 

permissible limit of 30mg/L. The higher concentration of EC in the rivers indicates poor 

quality and suggests presence of dissolved substance in the water (Adeyinka & Rim-

Rukeh, 1999). The presence of high EC may be due to presence of small-scale industries 

that throw their effluents into the water. 

Again, Dissolved Oxygen (DO) is high in all the rivers especially in Ogbete and 

Ekulu Rivers, respectively. This may be due to copious growth of phytoplankton with 

less water flow, disturbance and uprooting leading to increased generation of O2 by 

photosynthetic activities. 

Biological Oxygen Demand (BOD) of these rivers is high except for Ekulu River. 

This is purely an indication of significant bacteriological action on the rivers. The Total 

Dissolved Solid (TDS) and Total Suspended Solid (TSS) of the three rivers recorded are 

within the WHO permissible limit in this study and therefore expose no health hazard 

when used for domestic purposes. Na+ and Ca2+ are within the WHO permissible limit in 

all the rivers. The reason for high Na+ and Ca2+ may be as a result of the fact that sodium 

chloride constitutes the bulk of the waste thrown into the rivers especially Ogbete and 

Asata. Heavy metals like Cr2+, Zn++, Ni2+, Pb2+ recorded fall within the WHO’s permissible 

limits (WHO, 1994). The ionic concentrations are within WHO’s permissible limits for 

Asata River while Ekulu and Ogbete are slightly above WHO’s permissible limit. 

Bacteriological analysis indicates the faecal coli-form and E-coli are present in the water 

and are above WHO’s permissible limit for drinking water. 

 

Conclusion and Recommendation 

 

Conclusion 

The key to sustainable environment which is one of the aims of Vision 2020 can only be 

achieved by the protection of the country’s natural resources and ensuring that the 

assimilative capacity of the environment is not exceeded. The water qualities of the 

three rivers studied have been found to be poor and below the acceptable limit of the 

World Health Organisation. The physiological and biological content of water resource 

determines its viability as a source (Ene & Nwangwu, 2015). The study revealed that the 

water quality is poor, and pollutants of organic, inorganic and faecal origin find their 

ways into the river thereby deteriorating its quality. The results suggest that the wastes 

discharged into the rivers have considerable negatives impact on the rivers especially 

the Ogbete and Asata rivers. As such, the three rivers are unfit for human, animal and 

domestic activities. 
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Recommendations 

The researcher recommends that Enugu State Government should provide a water 

scheme based on these rivers, which will take care of the water needs of the people in 

this area. Government should ban the use of these rivers for domestic activities like 

planting of vegetables crops and bathing and laundry. 
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