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ABSTRACT 
Background: Environmental and water pollution are major global problems that require ongoing 
evaluations. Water pollution is a form of environmental degradation when pollutants are directly or 
indirectly discharged into water bodies without adequate treatment to remove harmful compounds. 
However, improper disposal of waste is majorly responsible for the degree of water contamination in 
recent times. Objectives: This study was to compare the levels of contaminants of Ekulu water way 
using sampled water from dump sites in Emene Suburb of Enugu State to the WHO standards. Other 
goals were to determine the physicochemical status of the River, as well as the assessment of the 
predominant pollutants. Water samples were collected from waste water close to three dump sites 
which include; waste water close to a refuse dump site (sample A), water close to a piggery  (sample B), 
and waste water close to the dumpsite from Chigozie’s hospital (sample C). Results: Compares were 
made with the WHO standards which include colour- unobjectionable, hydrogen ion concentration- 6.5-
9.0. conductivity- 1000µs/cm, alkalinity- 3.0-50.0mg/l, dissolved solids- 500mg/l, chemical oxygen 
demand- 250mg/l, calcium- 75ppm, sodium-50ppm, magnesium- ≤30ppm, potassium- 12ppm, cooper -
1.30ppm, manganese- 0.1-0.5 ppm, lead- 0.001ppm, zinc – 5.0 ppm, phosphate- 0.02mg/l, chloride- 
250mg/l, sulphate- 250mg/l and nitrate- 5.0 mg/l. After the comparison, our results showed that the 
contaminants were high in the three sample stations, meaning that these dumpsites may affect the 
quality of the water both for domestic and other purposes. Based on the findings, therefore, the 
government should enact laws to safeguard aquatic lives and the health of individuals who depend on 
the water as a major source for domestic use. Adequate sensitization by the use of visual aid and local 
dialect would help educate the community on the dangers of contaminated water and the adverse health 
effects. Also, dumpsites should be situated far-off from rivers and residential buildings, as this will 
prevent a major outbreak of diseases that may be detrimental to human health.  
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INTRODUCTION 

 

Water pollution is a form of environmental degradation when pollutants are directly or indirectly discharged 

into water bodies without adequate treatment to remove harmful compounds [1]. Water pollution affects plants 

and organisms living in water bodies and in most cases, the effects is damaging not only to the individual 

species and population but also to the natural biological communities [1]. Water pollution is a major global 

problem which requires ongoing evaluation and revision of water resource policy at all levels (international 

down to individual aquifers and wells). It has been suggested that water pollution is the leading cause of deaths 

and diseases and it accounts for the death of more than 14,000 people daily [2-3].  However, improper disposal 

of waste is majorly responsible for the degree of water contamination in recent times [1]. Waste is defined as 

any material of solid or semi-solid character that the processor no longer considered of importance to retain [4]. 

Waste materials are generated from commercial, industrial and domestic activities as a result of rapid growth 

population due to the rural-urban migration of people for better-living conditions [4]. Poor water quality is still a 

significant problem in many parts of the world e.g. China. It can often limit the use of vital resources and in 

some extreme cases cause harm on human and other life forms [5]. The amount of waste generated by man in 

the world today cannot be accounted for especially in Nigeria, as these wastes are disposed off by man into 

flowing water without considering its impact on the environment, especially in surface and underground water 

[1]. Generally, as a result of long retention time and natural filtering capacity of aquifers, groundwater is often 

polluted. However, leachates from waste at dump sites as observed are potential sources of contamination of 

some underground water and surface water [6]. The challenge that is derived from the waste generation is not 

just coping with the volume, but also its composition and having the ability to design and accomplish its 

management in an efficient and sustainable manner [6]. Waste, therefore, should be disposed off in a safe way 

taking into cognizance the health implication to the environment and the public, while ensuring a non-

detrimental effect on generations to come [7].  

Unfortunately, there are very few studies on the social, economic and health implications of waste 

discharge into inland waters in Africa [1].  In general, the available data came from scattered investigations, 

which were carried out by individuals and very few scientific projects concerned with African waters. Studies 

on the physicochemical characteristics and pollution of the Nigerian inland waters, and mostly, the Ekulu River 

have been carried out [7-12]. However, there are limited studies on the level of contaminants in the Ekulu River 

waterway, which served as the driving force for this research. The aims of the present study, therefore, are to 

determine the contaminants of Ekulu River and compare the levels of the contaminants in the waterway to WHO 

standards. Meanwhile, the objectives are to determine the physicochemical status of River and ascertain the 

predominant pollutants in the waterway. The study was carried out from April 15th- December 22nd 2015, with 

samples collected from dumpsites close to Ekulu River to ascertain the level of contaminants introduced into the 

water and its adverse effect to environmental, aquatic and human lives respectively. 

 

Methodology: 

1. Methods: 

1.1 Description of Study Area: 

The study location is an industrialized zone in Emene, Enugu East Local Government Area of Enugu State 

(Figure 1).  Ekulu river originates somewhere in the Ajali sandstone near Onyeama mines, and it passes through 

G.R.A. in the south of the area to the east into Nyaba River [9]. The anticipated problems are associated with 

effluents from Emene industrial area. 

 

1.2 Sampling and analysis: 

Water Samples were collected monthly for a period of 9months from 3 dumpsites sites very close to Ekulu 

River (Figure 2-7). Samples were collected in clean sterilized air tight containers of 3 liters capacity. The sample 

bottles were properly labelled and taken to the laboratory for physicochemical characteristics analyses based on 

the methods in adherence to [13]. All water samples were collected between 08:30hrs and 12:30hrs local time. 

In-situ measurements like Temperatures, pH, Electrical Conductivity (EC) and Total Dissolved Solids (TDS) 

were carried out using mercury in glass thermometer and in-situ HANNA probe analyzer respectively [14]. 

Waters for Dissolved oxygen (DO) and Biological oxygen demand (BOD) were collected in 250ml standard DO 

and BOD bottles respectively and properly labelled. Dissolved Oxygen was fixed with 1ml each of Winkler’s 

Solutions A and B immediately in the field. The BOD bottles were further wrapped in black nylon bags and 

taken to the laboratory for analysis. The mean concentrations of parameters of the samples were compared with 

the minimum guideline limits of World Health Organisation (WHO) [15] for drinking water quality. 
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RESULTS AND DISCUSSION 

 

In table 1, the odour emanating from sample B was as a result of the decaying matter from the piggery 

dungs that finds its way into Ekulu waterway from runoff, making the water blackish, suggesting, 

contamination. According to Adeyemi [16], who noted that drinking contaminated and/or polluted water can 

cause various diseases, such as typhoid fever, dysentery, cholera and other intestinal diseases. The values of pH 

from the 3 sampling sites were not within WHO standard especially sample B which recorded a high pH of 5.99 

indicating high acidity. This increase in pH of the water samples above the normal background levels may be 

due to the presence dissolved carbonates and bicarbonates present in the water, which affects the pH of surface 

water [17]. High Electrical conductivity (EC) in sample site B may be attributed to carbon –iv- oxide released 

from accumulated organic matter decomposition. Increased temperature at the sample site was as a result of 

chemical reactions, which occurred due to high microbial growth. Also, Ubani et al., [18] noted that high 

temperature can make water bodies unattractive for recreational activities and can be unsafe for domestic uses. 

The health effects in humans for consuming water with high EC may include disturbances of salt and water 

balance; and adverse effect on certain myocardial patients and individuals with high blood pressure [17]. Most 

of the chemical parameters analyzed did not exceed the permissible limit by WHO except for alkalinity, 

chemical oxygen demand, dissolved oxygen and biochemical oxygen demand in site sample B. This correlated 

with the result of Ezenwaji et al. [10], who indicated that high alkalinity, COD, DO, and BOD is in Ekulu 

waterway is an indication of significant bacteriological action on the river due to the location of a piggery close 

to the river. 

The cations and anions of sample sites A, B, and C were within WHO permissible limits while phosphate 

and lead in the 3 sampling sites were above the WHO permissible limit. In buttress of the above, Pierce et al. 

[19] and Makhoukhet et al. [20], stated that the high concentrations of lead and phosphates in water bodies, 

maybe from industrial pollution, leachates from the waste dump sites close to waterways, domestic waste, and 

agricultural run-offs which find their ways into rivers through runoffs.  Due to the increase in the rate of rural- 

urban migration, population growth in Enugu has multiplied by 99% over the years, thereby increasing the 

amount of waste generated. Also, riverbanks have been reclaimed for farming activities, residential and other 

structures at the expense of natural water sources. Due to this fact, fishes and other aquatic life forms have 

escaped to favourable environments or gone extinct there by having a great effect on aquatic biodiversity. This 

finding corroborates earlier reports of Bond and Wignall [21], who suggested that rapid environmental changes 

typically affect biodiversity and cause mass extinction. In addition, Cardinale [22], reported that excessive 

nutrient loading due to incessant waste dumping in water bodies is a leading cause of water pollution 

worldwide.  The dumping of wastes in the rivers pollutes domestic water sources thereby leading to adverse 

health effects on human populace. Eneh and Anamalu [23], observed that leachates from waste dumpsites render 

ground and surface water unsafe for economic and recreational uses, posing a threat to both human and aquatic 

lives. 

 
Table 1: The physical parameters of water samples from waste sites of Ekulu River  

PHYSICAL PARAMETERS WHO STANDARD SAMPLE A SAMPLE B  SAMPLE C 

Odour Unobjectionable Unobjectionable Decaying matter Unobjectionable 

Colour   Brownish Black Brownish 

pH 6.5-9.0 6.15 5.99 6.42 

Conductivity 1000 69.7 Out of Range 70.5 

Temperature   24.9 24.3 24.4 

 

Table 2: Chemical Parameters of water samples from waste sites of Ekulu River  

 CHEMICAL PARAMETERS WHO STANDARD SAMPLE A SAMPLE B  SAMPLE C 

Acidity     -   75 mg/l                  175 mg/l      75 mg/l 

Alkalinity    30- 500 mg/l  125 mg/l      850 mg/l       125 mg/l 

Total Solids   -   1440 mg/l     1120 mg/l      720 mg/l 
Dissolved Solids   500 mg/l   420 mg/l      200 mg/l       320 mg/l 

Suspended Solids   -   1020 mg/l     920 mg/l      400 mg/l 

Dissolved Solids   -   7.07 mg/l     0.21 mg/l      7.28 mg/l     
Chemical Oxygen Demand  250 mg/l   206 mg/l  396 mg/l       30 mg/l 

Biochemical Oxygen Demand  -    7.83 mg/l  0.00 mg/l        8.02 mg/l 
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Table 3: Nutrients Analysis in Three Sampling Sites  

NUTRIENTS    WHO STANDARD  SAMPLE A     SAMPLE B       SAMPLE C 

Calcium   75 ppm  2.97 ppm  4.95 ppm    1.50 ppm 

Magnesium  ≤ 30 ppm  9.70 ppm  8. 10 ppm    10.30 ppm 

Sodium   50 ppm  1.48 ppm  2.86 ppm     1.57 ppm 
Potassium   12 ppm  0.29 ppm     0.23 ppm    0.50 ppm      

Copper   1.30 ppm  0.40 ppm     0.08 ppm      0.40 ppm 

Iron.   0.30 ppm  0.10 ppm      0.98 ppm      0.00 ppm 
Manganese  0.1-0.5 ppm 0.05 ppm     0.14 ppm    0.01 ppm 

Lead.   0.01ppm  0.10 ppm     0.40 ppm    0.20 ppm 

Cobalt   -  0.02 ppm     0.09 ppm     0.02 ppm 
Zinc   5.0 ppm  0.05 ppm      0.04 ppm     0.08 ppm 

Phosphate.   0.02 mg/l  17.33 mg/l     10.89 mg/l    6.2 mg/l 

Chloride   250 mg/l  69.2 mg/l     138.4 mg/l    34.6 mg/l 
Sulphate   250 mg/l    -      -     - 

Nitrate   5.0 mg/l  0.006 mg/l  0.006 mg/l  0.006 mg/l 

 

 
Fig. 1: MAP OF STUDY AREA 

 

 
Fig. 2: Refuse dumped under the bridge at Ekulu River. The heap of waste is shown by the arrow head (↓) and 

is almost leveling up with the bridge. 
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Fig. 3: Unpackaged baskets and cartons of waste marked with the arrow head (↑) in the River banks and within, 

with the refuse already entering into Ekulu River. 

 

 
 

Fig. 4: Refuse dumped within the Ekulu River already overwhelming the River. 

 

 
 

Fig. 5: Piggery farm operating very close to the Ekulu River Bank. 
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Fig. 6: Pig dungs (M) entering into Ekulu River during the dry season, which accumulated along the River 

Banks while, some float with other materials inside the River  

 

 
Fig. 7: Human activities (meat washing) taken place in Ekulu River marked with the arrow head (→), which is a 

viable means of transmission through the food chain as contaminated meat may be consumed.   

 

Conclusion: 

Waste disposal is a major problem facing the world today especially in developing countries. There is a 

great need for it to be checkmated at regular intervals to ensure proper disposal of generated wasted either form 

domestic, agricultural and industrial effluents. Building or Creating dumpsites far from waterbodies will help to 

prevent percolation especially during heavy rainfall. Also, such dumpsites should be properly fenced and 

bridged. Proper education of inhabitants who live close to waterbodies by health workers using local dialect and 

visual aids should be encouraged so as to educate them on the dangers of improper disposal of waste into water 

bodies. Also community leaders should be made to work hand in hand with health workers to gain the 

cooperation of the people. Waste bins can also be kept at various sections to ensure proper disposal of waste as 

defaulters can be made to pay a fine. Solid wastes should be recycled instead of taking it to dumpsites unless if 

otherwise. Furthermore, waste collection and management authority (ESWAMA) should ensure that wastes 

gathered by residents, market places, abattoirs etc. should be regularly collected and disposed off. Purification 

chemicals can be poured into waterbodies to help purify and make water safe for human use. The principle of 

resource management i.e. reduce, reuse, recycle and restoration of damaged resources; should be adopted and 

applied at all levels. 

In the future, biomonitoring studies should be carried out in Ekulu waterways using benthic 

macroinvertebrates as indicators, as they serve as a major pointer towards discovering the levels of pollution in 

water bodies. 
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