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 Abstract. Safe water scarcity is one of Nigeria’s critical challenges, and it is yet to 
receive adequate attention. Water-borne diseases and Water-related health 
problems are prevalent. This study evaluated the bacterial quality and 
physicochemical properties of Waterside River, Ogbor-Hill Aba, Nigeria. The pour 
plate technique was employed to analyse the 15 water samples obtained from 
Waterside River bacteriological analysis. The mean of Total Heterotrophic Bacteria 
Count, Total Coliform Count and Faecal Coliform (Escherichia coli) were 1.29x106, 
7.4x105 and 3.2x105 colony forming units (CFU/ml), and the bacterial isolates were 
Citrobacter spp., Escherichia coli, Staphylococcus aureus, Salmonella spp., 
Pseudomonas aeruginosa and Shigella spp. The physicochemical parameters that 
were analysed by standard methods for the analysis of water and waste-water 
include Temperature, pH, Lead (Pb), Manganese (Mn+2), Cadmium (Cd), Mercury 
(Hg), Arsenic (As), Chromium (Cr6+), Iron (Fe+2), and Zinc (Zn). All the 
physicochemical parameters determined were within the standards recommended 
by the Nigerian Industrial Standard and World Health Organization except Pb (0.21), 
Mn+2 (1.45), Hg (0.002) and Fe+2 (1.03). The result shows that the Waterside River is 
unsafe for consumption and application in domestic activities except after proper 
treatment. The bacterial organisms Isolated have been found to cause diseases, 
and physicochemical parameters such as Lead (Pb), Manganese (Mn+2) and 
Mercury (Hg) can lead to serious health challenges such as poisoning, neurological 
disorders and even death. Environmental laws that forbade the indiscriminate 
dumping of domestic and industrial wastes into the Waterside River should be 
enforced and defaulters sanctioned. Individuals, households and factories should 
stop transporting solid wastes and waste-water into the river and activities capable 
of causing pollution of the river should be discouraged. 

Keywords: bacteriological analysis; chromium; faecal coliform; lead; 
physicochemical parameters; total coliform. 

 

 

INTRODUCTION 

One of the predominant and yet to be tackled 
problems facing sub-Saharan Africa, particularly 
Nigeria, is safe water scarcity. Environmental 
pollution is one of the major factors responsible 
for water contamination. Water-borne diseases 
and water-related infections are prevalent and 
increasingly threatening the capacity of Nigeria’s 
health sector. The composition of water is de-
pendent on its surrounding environment [6]. Wa-
ter is one of the most important and precious 
natural resources required by living things and 

humans [33]. Access to safe drinking water is a 
fundamental human right and essential founda-
tion of public health [24]. Surface water pollution 
and the consequent deterioration of aqueous sys-
tems are significant problems in developing and 
densely populated countries [10]. Increased ur-
ban, industrial and agricultural activities and 
failure to enforce environmental laws have re-
sulted in the indiscriminate disposal of large vol-
umes of untreated waste-water and solid wastes 
in rivers and streams [6]. These wastes contain 
harmful substances detrimental to human health, 
aquatic organisms and the ecosystem. 
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Safe drinking water is crucial to human health 
and well-being [33]. Water used for domestic and 
industrial purposes should be safe and readily 
available. Unfortunately, an estimated 2 billion 
people drink faecally contaminated water, 
4.5 billion people use a sanitation system that 
does not adequately protect their family or the 
downstream community from harm, and many 
vulnerable patients and students suffer from 
poor access to water sanitation and hygiene [13]. 
Unarguably, nations and individuals globally are 
confronted with water problems, predominant in 
developing countries such as Nigeria. Water-
related diseases include diarrhoeal, intestinal 
helminths, schistosomiasis, trachoma, poliomye-
litis, dracunculiasis, malaria, filariasis, and on-
chocerciasis are common health challenges 
linked to the consumption of contaminated wa-
ter [22]. Other water-borne diseases such as 
cholera, campylobacteriosis, shigellosis, salmo-
nellosis, typhoid and paratyphoid fever, and 
amoebic and bacillary dysentery are significant 
contributors to the dire state of health and high 
infant mortality rates, especially in developing 
countries of the world [26, 27, 4, 7, 29]. Diar-
rhoea is the second leading cause of death among 
children aged five years [31]. 

 Clean and safe water is one of man’s most im-
portant basic needs, daily used for domestic, in-
dustrial, and agricultural purposes. It is crucial to 
note that contaminated water is a significant and 
potential source of diseases, and water pollution 
has been linked to different human activities 
[28]. Poor hygiene and sanitation are the major 
causes of 88% of diarrhoea worldwide; it is dis-
heartening that about 34–76 million people, pri-
marily children, were estimated to die between 
2000–2020 from preventable water-related dis-
eases [26]. High mortality rate, infertility, low 
productivity, weak immune system and some 
damage to the organs of the body and body sys-
tems have been associated with consumption of 
polluted water [27, 4, 32, 29]. Ecological degrada-
tion and the threat of climate change are contrib-
uting factors to safe drinking water scarcity and 
contamination. Other factors confronting the de-
livery of safe water to billions of people, especial-
ly in developing nations, include unchecked pop-
ulation growth and pollution of water sources 
with domestic wastes, industrial effluents, and 
chemicals such as pesticides, fertilisers, and in-
secticides used for agricultural purposes 
[15,11,23]. The consumption of contaminated 
water and its application in animal husbandry 

could be a key potential source of pathogenic or-
ganisms. It is essential to know that access to a 
safe and potable water supply is vital for good 
health [10, 21, 20, 14]. Water composition is di-
rectly or indirectly dependent on the surround-
ing environment, and hence, environmental laws 
must be enforced and water bodies regularly 
monitored. Human activities around water 
sources contribute to the physicochemical and 
microbiological properties of the water [17, 8]. 
However, improving drinking water supply and 
sanitation can reduce water-borne diseases [25, 
31]. 

Waterside river is a deep freshwater river in Aba, 
Abia State, Nigeria, used for domestic, agricultur-
al and industrial purposes [6]. However, there is 
the possibility that individuals may be depending 
on the Waterside River as their primary or alter-
native source of drinking water. Several indus-
tries, abbatoirs, laundry services units, and 
dumpsites are located near the river [3]. The Wa-
terside area of Aba is densely populated, and the 
inhabitants depend on the Waterside River for 
most of their daily water needs; unfortunately, 
either bank of the waterside river, Ogbor-Hill Aba 
transverse the rear of many factories including 
breweries, soaps and detergent factories [12]. 
Some of these factories directly or indirectly 
channel waste-water into the river. Other pre-
vailing activities capable of predisposing the riv-
er to contamination and pollution include that 
abattoir precisely hide and skin burning, auto 
mechanic workshops, and human wastes; faeces 
and urine. General refuse disposal by the teaming 
inhabitants can predispose the river to heavy 
pollution and contamination. These activities 
may compromise the river water quality, expos-
ing users to substantial health risks. Hence, this 
current research focused on determining the riv-
er water’s physicochemical properties and bacte-
rial quality to determine if it is safe for consump-
tion, including domestic use.  

 

MATERIALS AND METHODS 

Study Area. Waterside is a densely populated 
community in Aba, Abia State, and Southeast Ni-
geria. The Waterside River is the primary source 
of water used for daily activities by the inhabit-
ants. Unfortunately, the river is exposed to an-
thropogenic activities capable of transferring 
contaminants into the river water. Effluents from 
factories near the river may directly or indirectly 
contaminate the river. Domestic refuse and 
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waste water transported to the river bank and 
often directly into the river are potential contam-
inants.  

Sample Collection. A total of fifteen water samples 
were collected from different locations from July 
to September 2021. Five samples were collected 
per month for three months. All the pieces were 
collected during the wet season. Each of the wa-
ter samples was collected using a sterile 500 ml 
container. The containers were washed thor-
oughly and sterilised using 70% ethanol. The 
container’s cap was unscrewed and held at its 
base. It was then plunged downwards below the 
surface directing its mouth towards the water 
current. Each container was carefully removed 
and corked after taking the required quantity of 
the water sample. After collection, each water 
sample was labelled adequately with code names 
for analysis. The samples were examined in the 
Microbiology Laboratory within five (5) hours of 
collection.  

Bacteriological Analysis. The pour plate technique 
was employed for the bacteriological analysis of 
the samples. The water samples were ten-fold 
serially diluted. From the appropriate dilutions, 
1.0 ml of each of the pieces was separately 
poured on Petri dishes containing separate mol-
ten Nutrient agar for total heterotrophic bacteria 
count, MacConkey agar for the total coliform 
count and Eosin methylene blue agar for faecal 
coliforms (Escherichia coli). The inoculated plates 
were then swirled gently to mix and incubated at 
room temperature for 48 hours. Representative 
colonies were sub-cultured in Nutrient agar 
plates to obtain a pure culture of bacterial iso-
lates.  

Characterisation and Identification of Pure Bacte-
rial Isolates. Pure bacterial isolates were charac-
terised and identified after determining their 
Gram reaction and studying their cell morpholo-
gies. Biochemical tests conducted include oxi-
dase, catalase, coagulase, citrate utilisation, in-
dole and urease production [9]. Other tests con-
ducted include motility, starch hydrolysis and 
sugar fermentation. Bacterial identification was 
made using the Bergeys Manual of Determinative 
Bacteriology [5]. 

Physicochemical Analysis. The physicochemical 
parameters that were analysed by standard 
methods for the analysis of water and waste-
water [2] include temperature, pH, Lead (Pb), 
Manganese (Mn+2), Cadmium (Cd), Mercury (Hg), 
Arsenic (As), Chromium (Cr6+), Iron (Fe+2), and 

Zinc (Zn). The pH and temperature were deter-
mined in-situ; the pH was determined using a cal-
ibrated pH meter, and the temperature was de-
termined using mercury in a bulb thermometer. 
Atomic Absorption Spectrophotometer (AAS) 
was used to analyse elements. These were de-
termined at National Soil, Plant and Water La-
boratories Umudike, Abia State.  

 

RESULTS AND DISCUSSION 

A total of 15 water samples from Waterside River 
were examined. The mean value of physicochem-
ical parameters (Table 1) shows the value of each 
parameter determined: Temperature (31), pH 
(6.1), Pb (0.21), Mn+2 (1.45), Cd (0.00), Hg 
(0.002), As (0.00), Cr6+ (0.01), Fe+2 (1.03) and Zn 
(0.04).  

 

Table 1 – Mean value of physicochemical parameters 
of water samples obtained from Waterside River 
Parameter Water 

sample 
NIS 

(2015) 
WHO (2017) 

Temperature (°C) 31   
pH 6.1 6.5-8.5 6.5-8.5 
Lead (mg/L) 0.21 0.01 0.01 
Manganese (mg/L) 1.45 0.2  
Cadmium (mg/L) 0.00 0.003 0.003 
Mercury (mg/L) 0.002 0.001 0.006 

(Inorganic 
mercury) 

Arsenic (mg/L) 0.00 0.01 0.01 
Chromium(mg/L) 0.01 0.05 0.05 
Iron (mg/L) 1.03 0.3  
Zinc (mg/L) 0.04 3  

 

The mean of Total Heterotrophic Bacteria Count, 
Total Coliform Count and Faecal Coliforms (Esch-
erichia coli) were 1.29x106, 7.4x105 and 3.2x105 
colony forming units (CFU/ml). The result of the 
bacteriological analysis is presented in Table 2. It 
indicates the number of times each of the bacte-
rial isolates occurred in the samples examined.  

 

Table 2 – Bacterial isolates and number of 
occurrences in the water samples 

Bacterial Isolates Water samples (N=15) 
Citrobacter spp. 6 
Escherichia coli 13 
Staphylococcus aureus 11 
Salmonella spp. 4 
Pseudomonas aeruginosa 7 
Shigella spp. 5 
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The bacterial isolates were Citrobacter spp., 
Escherichia coli, Staphylococcus aureus, Salmonel-
la spp., Pseudomonas aeruginosa and Shigella spp. 
Figure 1 presents the bacterial isolates’ percent-
age (%) occurrence, with Escherichia coli 

(86.7%) being the most prevalent isolate. It was 
followed by Staphylococcus aureus (73.3%), 
Pseudomonas aeruginosa (46.7%), Citrobacter 
spp. (40%), Shigella spp. (33.3%) and Salmonella 
spp. (26.7%). 

 

 

Figure 1 – Percentage (%) Occurrence of Bacterial Isolates 

 

The importance of using safe water in domestic, 
industrial and agricultural purposes such as 
poultry farming and irrigation of vegetables and 
crops cannot be over-emphasised. Water con-
taining chemicals above recommended levels 
pose a considerable health risk whether applied 
domestically, industrially, agriculturally or used 
for recreational activities such as swimming. This 
study determined the physicochemical proper-
ties of the Waterside River, particularly these pa-
rameters; Temperature, pH, Lead, Manganese, 
Cadmium, Mercury, Arsenic, Chromium, Iron and 
Zinc. These parameters were of great interest 
because of their established health hazards ex-
cept pH, temperature, zinc and iron. The result of 
this investigation shows that all the parameters 
determined were within recommended limits 
[16,30], except lead (0.21), Manganese (1.45), 
Mercury (0.002) and Iron (1.03). According to 
the World Health Organization, Mercury was 
above the recommended level by the Nigerian 
Industrial Standard [16] but within the recom-
mended level for inorganic mercury [30]. 

Exposure to lead is associated with various neu-
rodevelopmental effects, mortality (mainly due 
to cardiovascular diseases), impaired renal func-

tion, hypertension, impaired fertility, and ad-
verse pregnancy outcomes [30]. Lead exposure 
can cause cancer, interfere with vitamin D me-
tabolism and central and peripheral nervous sys-
tems [16, 6]. This implies that the use of the Wa-
terside River for domestic purposes such as food 
preparation, washing, and preservation of food 
may lead to lead (Pb) poisoning. The presence of 
lead (Pb) above average level also renders the 
water unsafe for industrial and agricultural pur-
poses such as fish farming, except when ade-
quately treated to remove or reduce Lead (Pb) 
concentration. According to the World Health 
Organization [30], Manganese is not of health 
concern at levels commonly causing acceptability 
problems in drinking water. However, there are 
circumstances where Manganese can remain in 
solution at higher concentrations in some acidic 
or anaerobic waters, particularly groundwater. 
Manganese is an essential element for humans 
and other animals; though, several epidemiologi-
cal studies have suggested that soluble Manga-
nese is associated with adverse effects on learn-
ing in children [30]. Manganese may lead to neu-
rological disorders [16]. In a similar study by [6], 
manganese concentration in the Waterside River 
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was above the maximum limit recommended by 
the Nigerian Industrial Standard [16]. Its atten-
tion on the Waterside River is therefore of enor-
mous concern, and the river water should be re-
stricted to use except after proper treatment. The 
toxic effects of inorganic mercury compounds are 
seen mainly in the kidney in both humans and 
laboratory animals; in humans, acute oral poi-
soning results primarily in haemorrhagic gastri-
tis and colitis; the ultimate damage is to the kid-
ney [30,16]. In this study, the mercury concentra-
tion was within the recommended level for inor-
ganic mercury [30] and above the standard rec-
ommended by the Nigerian Industrial Standard 
[16]. Mercury accumulation can hurt the kidney 
and central nervous system [16]. Though iron 
concentration was high and above the maximum 
limit recommended by NIS [16], it has no adverse 
effect on human health. Iron is an essential ele-
ment in human nutrition, but it can affect the 
taste and appearance of water depending on its 
level [30]. 

The result of the bacteriological analysis of the 
Waterside River indicates that bacterial organ-
isms highly contaminate the river water. The 
bacterial organisms and species Isolated were 
Citrobacter spp., Escherichia coli, Staphylococcus 
aureus, Salmonella spp., Pseudomonas aeruginosa, 
and Shigella spp. These organisms are important 
human pathogens associated with various infec-
tious diseases such as gastroenteritis, typhoid 
fever, dysentery, cholera and urinary tract infec-
tions [26, 7, 18]. Their presence raises serious 
public health concerns because they are known 
causative agents of many water-borne diseases 
and indicates that these water sources are not 
potable [1, 18]. Escherichia coli in the water sam-
ple is usually an indicator of faecal pollution and 
enteric pathogens. A similar published research 
article [19] on microbiological and physicochem-
ical analysis of different water samples used for 
domestic purposes in Abeokuta and Ojota, Lagos 
State, Nigeria Isolated Staphylococcus aureus, 
Escherichia coli, Pseudomonas aeruginosa and 
other bacterial species. Another investigation of 
drinking water used by poultry farmers [13] iso-
lated pathogenic bacteria from water samples 
used in poultry farming. 

Further investigation showed that some of the 
bacterial isolates showed resistance to antimi-
crobials. Our study suggests that these bacterial 
isolates in the Waterside River render it practi-
cally unsafe for domestic use and application in 
animal husbandry. This is because the ability of 

these bacterial isolates to cause various diseases 
have been established and estimated to be re-
sponsible for several thousand and millions of 
deaths globally [27]. The source of bacterial and 
chemical contamination of the Waterside River 
can be traced to anthropogenic activities in and 
around the water body. Industrial effluents and 
solid wastes from surrounding factories, house-
holds and individuals are core sources of contam-
inants in the Waterside River. The dumping of 
domestic refuse and transportation of untreated 
domestic waste-water into the river are some of 
the causes of contamination of the Waterside 
River. Other sources of contamination include 
activities at the abattoirs located around the riv-
er; hide and skin burning [12]. 

 

CONCLUSIONS 

The bacteriological and physicochemical anal-
yses indicate that the Waterside River is unsafe 
for consumption and use in domestic activities 
except if the river water is treated correctly. 
Treatment includes removing or reducing chemi-
cal concentrations to harmless levels and elimi-
nating microbial contaminants capable of causing 
diseases. We found that the concentrations of 
Lead (Pb), Manganese (Mn+2), and Mercury (Hg) 
were above standard maximum limits and hence, 
may lead to poisoning, public health hazard and 
even death.  

Environmental laws should be strictly enforced 
to stop individuals, households and factories 
from dumping solid and liquid wastes into the 
river. Law enforcement agents must ensure that 
defaulters are punished according to the law 
codes. Abattoirs should be monitored, and the 
burning of hiding and skin around the river and 
washing of whole or parts of slaughtered animals 
in the river should be stopped. Individuals and 
households should desist from transporting their 
wastes in or around the river. Application of wa-
ter from Waterside River in domestic, industrial 
and agricultural activities such as irrigation of 
vegetables and crops, fish and poultry farming 
should be stopped except appropriate treatment 
of the water. Individuals drinking from the river 
should ensure proper treatment before use. The 
Government and Non-Governmental Organisa-
tions interested in water research should urgent-
ly assist and provide alternative, reliable and ac-
cessible safe water supply to the inhabitants of 
Waterside, Aba, Abia State, Nigeria. 
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