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ABSTRACT
	 Generally, there is a marked decrease in the volume of surface water due to reasons ranging from global warming 

to anthropogenic activities. The present study evaluated the effect of waste disposal on Nworie River. The potability of the 
river was studied in terms of bacteriological and physicochemical parameters. A cross-sectional descriptive study design 
was used. Sample collection from surface and sediment at three different points of the river and at three different times 
were performed. Conventional microbiological methods of culture, morphological and biochemical assays for isolation and 
identifications were used. Also, APHA standard analytical methods for the physicochemical assay were employed.  Total 
heterotrophic bacterial count was highest at point A (4.4 x 103 CFU/mL) and lowest at C (3.0 x 101 CFU/mL). Similarly, 
all other examined bacteria (Coliform, Shigella and Vibrio) were highest at point A and lowest at point C. There was an 
even distribution of all bacteria both in the surface and sediments across all sampling points A, B and C. Most physical 
and chemical attributes of the river studied had deviated from acceptable limits for potable water. The domestic and other 
wastes dumped into Nworie River adversely affected the water body standard. The presence of certain pathogenic bacteria, 
as well as indicator organisms, has compromised the potability of Nworie River. Further, the physico-chemical properties 
support the contamination of this water body and suggest unsuitability for human consumption.

KEYWORDS
Bacteriological, Nworie River, Physico-chemical, Potable, Waste

1. INTRODUCTION

An adult human consists of up to 60% water (Mitchell 
et al., 1945). This water is usually taken up by man from 
various sources. Of all the water resources available, 
the fresh water is of a low percentage. Surface water 
presents an important source of the fresh water 
(Akoteyon et al., 2011) and the sources include rivers, 
lakes and streams in Sub-Saharan Africa, including 
Nigeria (Santos et al., 2017). However, the volume of 
water available to all life forms from these surface water 
bodies is constantly declining (Neff et al., 2000). This is 
due to various reasons ranging from global warming to 
anthropogenic activities (Munishi and Sawere, 2014). 
World Health Organization (2006) reports that surface 

water sources are reducing drastically due to pollution.
Massive population growth, matched with increased 
waste generation has become a global challenge, 
especially in developing nations (Marques et al., 
2012). Momodu et al (2011) indicate that solid waste 
management is a pressing environmental and public 
health issue in Nigeria, worsened by urbanization 
(Aguwamba, 2003). Other studies estimate a per 
capita waste generation of 119 million tons per annum 
(Nkwocha et al., 2011).
	 With the recent increase in global population, 
waste disposal has impacted negatively on surface 
water bodies (Akoteyon et al., 2011). Marques et al. 
(2012) reported that waste account for a reasonable 
level of water contamination. These contaminants 
in turn influence important physical, chemical and 
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biological quality parameters of the water, and thereby 
affect human health (Marques et al., 2012).
	 Consequently, there is a need for proper waste 
disposal measures. Various Government regimes have 
set up waste management bodies to tackle the challenge. 
This has led to massive but insufficient improvements 
with an evident litter of waste everywhere in the 
environment. A study by Nkwocha and Emeribe (2004), 
identified up to 150 dump sites in the South-East and 
South-South Nigeria. This study indicated that some 
of the waste dump sites were illegal and haphazardly 
managed. Some of the sites were inadequately sited, 
uncovered and some even close to or inside surface 
water bodies such as rivers. These poor practices pose 
a public health risk, contributing to vector proliferation 
as well as leachate that may seep to underground water 
and farmlands (Momodu et al., 2011; Nkwocha et al., 
2011).
	 The World Health Organization has announced 
that the world is on course with meeting safe drinking 
water needs (WHO, 2006). However, this report 
regrets that the world is lagging in terms of meeting 
sanitation goals, noting only a 1% improvement as at 
2004. Unhealthy sanitation and waste management 
procedures have left surface water contaminated and 
consequently reservoirs for disease vectors and germs 
(Momodu et al., 2011; Nkwocha et al., 2011; Acholonu 
et al., 2008; WHO, 2006). This 2006 WHO report 
implicate poor sanitation and unsafe water for the 
death of up to 1.6 million children globally. In the case 
of Sub-Saharan Africa, from 1990-2004, there was a 
23% increase in the number of people without safe 
drinking water. 
	 The need for safe waste disposal practices as 
a way of protecting the water resources as well as the 
environment is therefore high. This is owing to the 
integral place of the water bodies as a source of water 
supply for many in both urban and rural communities 
(Nkwocha et al. 2011). Maintaining global water 
standards will also reduce vector proliferation in water 
(Aboyeji, 2013). Key to maintaining the recommended 
water quality standard is to ascertain the impact of 
waste discharged and dumped into these water bodies. 
Studies show that a good understanding of pollutants 
is key to reducing its effects on flora and fauna in an 
environment (Abollino et al., 2002; Thakali et al., 
2006).
	 The Nworie River is significant on the Map of 
Owerri, Imo State. It is first order river that runs 5 km 
across Owerri to empty into the Otamiri River (Alex 
et al., 2008). It has been considered a key source of 
water to Owerri residents. However, this important 

water source is also at the receiving end of various 
anthropogenic activities. A visit to the River shows that 
domestic and industrial wastes are discharged into 
the water body. The need for a study to ascertain the 
quality of the water from Nworie River is thus high, 
considering public health as well as its inhabiting 
biota. The potability of water depends on its biological, 
physical and chemical properties (Nkwocha et al. 2011; 
Acholonu et al., 2008; WHO, 2006). The physico-
chemical properties impact on the biota of the water 
body.
	 The present study was aimed at obtaining the 
effect of wastes and other domestic activities on the 
potability of Nworie River.  The specific objectives were 
to:
i.    Identify important sampling points of the Nworie 
river.
ii.   Obtain water samples
iii. Test for potability of the river on the basis of 
microbiological, physical and chemical parameters. 
	

2. MATERIALS AND METHODS

Nworie river is located in Owerri, Imo state at 
latitudes 5025'–5030'N and longitudes 7000'–7005'E, 
covering an area of 1135 km2. Nworie river measures 
approximately 9.2 km in length. The river is subject 
to rigorous domestic human and industrial activities. 
This contributes to contamination and pollution of the 
river although, it was a source of drinking water in time 
past by those who had no access to drinking water, 
particularly when the public water supply system 
fails (Acholonu et al., 2008). It serves as a source of 
water used for other domestic and industrial activities. 
However, human activities have negatively affected 
the river. It has been observed that the waste disposal 
widely practiced by residents of Owerri is to open dump 
solid wastes directly into the river (Ishaku and Ezeigbo 
2010; Acholonu et al., 2008).
	 A cross-sectional descriptive study design 
was used in this present study. Sample collection was 
from three different points of the river at different 
times; the first point sampled was the Central point 
of Nworie river (point A), followed by the Oparanozie 
axis of the river by Edede dump site (point B) and lastly 
Upper/Solitary point of Nworie river also at Egbeada-
third point (point C). Representative specimens were 
collected from the Nworie river and used for analysis. 
The water samples were collected from the sediment 
and surface levels of the Nworie river. The samples 
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were examined using conventional microbiological 
methods of culture, morphological and biochemical 
assays for isolation and identifications according to 
those reported early (APHA, 1992; Cheesebrough, 
2000). For the physicochemical assay, water samples 
were collected and analyzed according to APHA (1992) 
and Cheesebrough (2000) standard analytical methods 
of the physicochemical assay (APHA, 1992). GraphPad 
calculator and SPSS version 21 were used to analyze 
data for mean, standard deviation and t-test at 0.05 
level of significance.

3. RESULTS AND DISCUSSION

The present study highlights the quality of the Nworie 
River. The three components for obtaining water 
potability (biological, physical and chemical) were 
studied as recommended by the previous studies 
(Acholonu et al., 2008).

3.1. Microbial load of Nworie river 

The bacterial load and coliform count of Nworie river 
were studied at various points. Bacterial load is used as 
an indicator of potable water, whereas coliform count 
is used as fecal contamination indicator. The total 
heterotrophic bacteria count was highest at the central 
point of Nworie River and least at the upper point. 
Similarly, the coliform count and Salmonella/ Shigella 
count were also highest at the central point and least 
at the upper point. Also, Total Vibrio Count (TVC) 
was highest at Oparanozie axis of the river by Edede 
dump site as obtained from the surface water, whereas 
Upper/Solitary point of Nworie River also at Egbeada 
point exhibited the least TVC from the sediment (Table 
1).

	 The bacterial load at the various sampling 
points were higher than acceptable levels in water 
according to National Food and Drug Administration 
and Control (NAFDAC) and World Health Organization 
(WHO) standards (NAFDAC, 2001; WHO, 2001). This 
is likely from the waste dumped into the water body. 
Previous studies have implicated the discharge of 
domestic waste for the increase in the bacterial load 
of water (Nkwocha et al., 2011; Acholonu et al., 2008). 
The presence of coliform in detectable levels indicates 
fecal contamination (Acholonu et al., 2008). This may 
be due to the discharge of feces into the water body or 
direct defecation into the water. A visit to the Nworie 
river shows that residents, including children, take 
their bath in this stream. It could be that the children 
discharge their waste as they take their bath. Some 
domestic waste discharged in the river also includes 
diapers and others. This is another source of coliform 
and bacteria recorded in the water.
	 The occurrence of pathogenic bacteria was 
also checked. Of the four species studied, only E. coli 
was present at all sampling points. Salmonella spp 
occurred at the Central and Oparanozie points, Vibrio 
was found only at the upper sampling point while 
Shigella spp didn’t occur at any of the sampling points 
at a detectable level (Table 2).
	 Furthermore, though the surface water 
appeared to have higher bacterial counts (Figure 1) in 
all the three locations when matched with the sediment 
water, the study which hypothesized no variations 
retained the null hypothesis as the comparative 
analysis of the mean bacterial counts obtained in this 
study revealed no evidence of statistical significance 
(p>0.05) in all the parameters investigated (Table 3).
	 The total heterotrophic bacterial count was 
also high. Bacteria play a key role in the degradation 
of organic waste (Repeta et al., 2016). Results from 
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Sample Point Depth THBC
(CFU/mL)

TCC
(CFU/mL)

SSC
(CFU/mL)

TVC
(CFU/mL)

Point A Surface 4.4 x 103 2.5 x 103 2.3 x 103 2.2 x 102

Sediment 3.1 x 103 2.2 x 103 2.1 x 103 2.1 x 102

Point B Surface 4.4 x 101 2.5 x 102 2.4 x102 3.1 x 102

Sediment 4.1 x 101 2.1 x 102 2.2 x 102 2.5 x 102

Point C Surface 3.4 x 101 2.3 x 101 2.0 x 101 2.1 x 101

Sediment 3.0 x 101 2.1 x 101 1.8 x 101 1.9 x 101

Table 1. Frequency distribution of the bacterial load of Nworie river



this study revealed elevated biological oxygen demand 
(BOD) and chemical oxygen demand (COD) values. 
These indicate the presence of organic pollutants 
(Heddam et al., 2016). The presence of these organic 
materials would make for the proliferation of degrading 
organisms such as bacteria (Repeta et al., 2016). This 
may explain the high bacterial load in Nworie river in 
this study. The bacterial population sampled included 
both pathogenic and non-pathogenic strains. There 
was no significant difference in the bacterial load 
between the surface water and sediments sampled. 
This indicates prolonged contamination by solid waste 
aided by easy miscibility associated with surface water 
bodies like Nworie river.
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Figure 1. Chart showing mean distribution of bacterial 
counts

Table 2. Occurrence of pathogenic bacteria from 
different sampling points

Isolates Point A Point B Point C

Salmonella spp. + + -

Vibrio - - +

Shigella spp. - - -

Escherichia spp. + + +

	 The presence of E. coli and other pathogenic 
bacteria at most sampling points in the river makes it 
unfit for human use. The WHO (2001) and NAFDAC 
water potability standard (2001) insists that there must 
be zero E. coli in potable water (Nkwocha et al. 2011). 
The presence of this organism in the water further 
shows contamination by anthropogenic activities such 
as bathing. The presence of E. coli and other coliform 
bacteria is of great public health concern. These 
organisms have been implicated for several diseases 

including cholera, typhoid fever, diarrhea (Kulinkina 
et al., 2016), as well as parasitic infections (Ikpeama 
et al., 2016). The even distribution of all organisms  
across the sampling points (A, B & C) and depth 
(surface and sediment) indicates prolonged exposure 
to contamination and a characteristic of an even 
distribution of substances present on water bodies. 

3.2. Physico-chemical parameters of Nworie 
river at different sample points

The physico-chemical parameters as a measure of 
water quality of Nworie River was studied. The pH was 
slightly acidic at points A and B whereas slightly basic 
at point C (Table 1). Temperature was uniform across 
the sampling points with the BOD relatively high at 22, 
23 and 25 for points A, B and C respectively. The high 
BOD values indicate pollution as well as the presence 
of organic matter. Similarly, the chemical oxygen 
demand was high across all study points (Table 4).
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Figure 2. Mean distribution of physiochemical 
properties of Nworie river water sample.

	 In this study, a t-test was used to compare the 
physico-chemical parameters; Points A and B showed 
no significant difference between these two points 
for the parameters studied (Table 5). Conversely, a 
similar test between Point A and C returned significant 
difference in all parameters studied except temperature 
and COD/BOD (Table 6). This is in line with the raw 
data, as no difference in temperature was noticed 
across the sampling points (Table 4; Figure 2).
	 A further comparative study between points B 
and C returned with no difference in parameters studied 
except pH (Table 7). In addition, the physico-chemical 
qualities of the river suggest pollution. Acholonu et 
al. (2008) reported a high BOD while suggesting the 
need for microbiological studies to further confirm the 
state of the water. The present study also reported high 
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COD and BOD. The average BOD of the present study 
(23.33± 1.234) across the sampling points surpassed 
the NAFDAC/WHO standard of 0.3 (Nkwocha et al., 
2011). Biological Oxygen Demand (BOD) is used as 
an index for determining the amount of decomposing 

organic matter as well as the rate of biological 
activities in water (Nartey et al., 2012). This is based 
on the knowledge that decomposing organisms require 
oxygen for respiration. The high concentration of BOD 
in this study indicates the presence of organic matter. 
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Parameters N=3; Mean ± SD
Surface

N=3; Mean ± SD
Sediment t-value df p-value

THBC 1.4x103±2.5x103 1.2x103±1.7x103 0.6190 2 0.5990
TCC 9.2x103±1.4x 103 8.1 x102 ±1.2 x103 1.2174 2 0.3476
SSC 8.5x102±1.6x103 7.8 x102±1.2 x103 1.1706 2 0.3624
TVC 1.8 x102±1.4x102 1.6 x102±1.2x102 1.3225 2 0.3170

Table 3. Comparative mean, standard deviation (SD) and t-test distribution of TCC, SSC, TVC and THBC 
between surface and sediment

Note: Table showing a combination of all the various points i.e. point A, B and C for both surface and sediment water samples.

Parameters Point A Point B Point C Aggregate Mean±SD
pH 6.26±0.379 5.04±0.757 8.05±0.567 6.45± 0.567
Temperature (˚C) 25.20±0.597 25.30±0.701 26.30±0.621 25.60± 0.639
BOD (mg/L) 22.00±0.986 23.00±1.325 25.00±1.392 23.33± 1.234
COD (mg/L) 45.20±1.837 46.20±2.38 50.00±1.038 47.13± 1.751
BOD/COD 0.487±0.05 0.498±0.076 0.500±0.003 0.495± 0.043
COD/BOD 2.055±0.030 2.009±0.028 2.00±0.030 2.021± 0.029

Table 4. Frequency Distribution of Physico-Chemical Parameters

Table 5. Mean, standard deviation and t-test of physico-chemical parameters of Point A and B

Parameters Point A
Mean±SD

Point B
Mean±SD

t-value DF P-value

pH 6.26±0.379 5.04±0.757 2.461 4 0.07
Temperature (˚C) 25.20±0.597 25.30±0.701 0.1881 4 0.86
BOD (mg/L) 22.00±0.986 23.00±1.325 1.0487 4 0.35
COD (mg/L) 45.20±1.837 46.20±2.38 0.5761 4 0.59
BOD/COD 0.487±0.05 0.498±0.076 0.2094 4 0.84
COD/BOD 2.055±0.030 2.009±0.028 1.9415 4 0.12

Table 6. Mean, standard deviation and t-test of physico-chemical parameters of Point A and Point C

   Parameters Point A
Mean±SD

Point C
Mean±SD

t-value DF P-value

pH 6.26±0.379      8.05±0.567 4.5460 4 0.01
Temperature (˚C) 25.20±0.597 26.30±0.621 2.2118       4 0.09
BOD (mg/L) 22.00±0.986 25.00±1.392 3.0461       4 0.04
COD (mg/L) 45.20±1.837      50.00±1.038 3.9402 4 0.02
BOD/COD 0.487±0.05 0.500±0.003 3.8616 4 0.02
COD/BOD 2.055±0.030 2.00±0.030 2.2454 4 0.09



This supports the high THBC, TCC, TVC as well as SSC 
recorded in this study (Table 1).
	 Similarly, the average COD in this study (47.13± 
1.751) surpasses the acceptable limit of 40 by NAFDAC/
WHO (Nkwocha et al., 2011). This again shows the high 
level of contamination in the river. All sampling points 
and tested areas were high in COD values.
	 The current study records high temperatures 
at all sampling points with an average of     25.60± 
0.639oc. Increased temperature increases respiration. 
This leads to increased oxygen consumption and 
increased decomposition of organic matter (Nartey et 
al., 2012). Water temperature affects the concentration 
of biological, physical, and chemical constituents of 
water. The relatively high temperatures recorded in 
this study explains the high COD and BOD recorded. 
These are indicators of presence and breakdown of 
organic matter. Furthermore, the high bacteria load of 
the tested water is explained by appropriate breeding 
temperature for the organisms. It is even more alarming 
to note that if nothing is done to forestall the trend, the 
bacterial and phytoplankton would double in a very 
short time. This is in consonance with the findings of 
the previous study by Nartey et al. (2012).
	 The pH values recorded in the present study 
were within the stipulated limits by NAFDAC/WHO. 
The pH values recorded may be due to direct disposal 
of refuse into Nworie river as recorded in previous 
studies (Nartley et al., 2012). This high pH may be due 
to the presence of pollutants in the water.

4. CONCLUSIONS

The present study showed that Nworie river is unfit for 
human use. This is based on the indices for ascertaining 
the potability of water. The values of microbial load, 
physical and chemical parameters indicate pollution. 
The microbial load across all sampling points were too 
high compared to acceptable limits. The presence of 

coliforms in the river also proves fecal contamination as 
so renders the water unsafe. Similarly, all the samples 
of river failed to meet quality test based on other 
physical as well as chemical parameters studied. The 
river is, therefore, a public health risk. It is important 
that the public is made aware of the state of the water 
while efforts are made for further studies. Remediation 
of this water body is possible with a clear picture of 
the level and source of contamination provided by this 
research.
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