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Waterborne bacterial pathogens remain a significant global concern, contributing to 
the burden of waterborne diseases such as gastrointestinal illnesses, typhoid fever, 
and cholera. This study assesses bacterial contamination and antibiotic resistance in 
stream water from Aliero Metropolis, Kebbi State, Nigeria. Given the significant 
health risks posed by waterborne diseases, the research aims to isolate, identify, and 
evaluate the antibiotic susceptibility of bacteria found in local water sources (stream 
water) frequently exposed to contamination from agricultural runoff and waste 
disposal. Water samples were collected from four (4) different sites and analyzed 
using microbiological techniques. The techniques used were total coliform and 
bacterial counts, as well as identification of bacterial species via biochemical tests. 
Antibiotic susceptibility testing of the isolates was conducted using the Kirby-Bauer 
disk diffusion method. Results showed high bacterial contamination levels, with 
total coliform counts reaching up to 2.5×10-2 CFU/mL and total bacterial counts 
peaking at 5.0×102 CFU/mL, both exceeding safety thresholds. The predominant 
bacteria isolated and identified were, Escherichia coli and Klebsiella pneumoniae, 
indicated fecal pollution. Antibiotic resistance testing revealed multidrug-resistant 
strains, with E. coli showing susceptibility to ciprofloxacin (25 mm inhibition zone) 
but resistance to amoxicillin, while Klebsiella pneumoniae was also resistant to 
multiple antibiotics. To this end, this indicates that Aliero Metropolis’ stream water 
contains harmful levels of antibiotic-resistant bacteria, presenting a public health 
risk. To mitigate this, the study recommends regular monitoring of water quality, 
improved waste management, community awareness on water safety, and 
promotion of responsible antibiotic use. 
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1. INTRODUCTION 

Waterborne bacterial pathogens remain a significant global concern, contributing to the 
burden of waterborne diseases such as gastrointestinal illnesses, typhoid fever, and cholera 
(Prüss-Ustün et al., 2019). In regions like the Aliero metropolis, where water sources are 
vulnerable to contamination from various sources including agricultural runoff and 
inadequate sanitation, systematic surveillance and rigorous analysis of bacterial patterns in 
water become imperative (Howard et al., 2020). Isolating and identifying bacterial species 
from water samples involve a range of microbiological techniques, including culture-
dependent methods, molecular assays, and biochemical tests. These methods enable the 
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detection and characterization of diverse bacterial populations present in water reservoirs, 
providing insights into potential sources of contamination and facilitating targeted 
intervention strategies (Cabral et al., 2020). 

Furthermore, understanding the sensitivity patterns of isolated bacteria to antimicrobial 
agents is essential for guiding appropriate treatment protocols and combating antibiotic 
resistance. The emergence of multidrug-resistant bacterial strains underscores the urgency 
of monitoring bacterial susceptibility profiles, aiding in the selection of effective therapeutic 
options and the implementation of antimicrobial stewardship programs (Tacconelli et al., 
2018). The aim of this study is to isolate, identify, and to determine the sensitivity pattern of 
isolated bacterial strains to commonly used antimicrobial agent through susceptibility 
testing from stream water within the Aliero metropolis. 

2. MATERIALS AND METHODS 

Study Area 

The study was carried out in Abdullahi Fodio University of Science and Technology, Aliero. 
Aliero is located at approximately latitudes 11o03’S, 12o47’N and longitude 3o6’W and 4o27’E 
in kebbi state, North western part of Nigeria, it also has a total area of 412 square kilometer 
and is bordered in the East by Tambuwal local government area of Sokoto state in the North 
west by Birnin kebbi local government area in the South west by Jega local government area. 

 

Fig.1. Map of Kebbi State showing the study area (Hashim et al., 2018) 

Sample Collection 

Water samples were collected from four (4) different streams site within Aliero Metropolis. 
Each sampling site was chosen based on its accessibility and the level of human activity. A 
sterile 1-liter bottle was used for each sample during collection. The samples were collected 
by submerging the bottles approximately 30 cm below the water surface to avoid surface 
contaminants. The bottles were labelled with the date, time, and location of collection. 
Samples were transported to the Microbiology Laboratory, Faculty of Life Science, 
Abdullahi Fodio University of Science and Technology,Aliero,in a cooler with ice packs and 
processed within 6 hours of collection to maintain sample integrity. 



International Journal of Environmental Science and Green Technology 

 

 
 
 38 

Serial Dilution 

A small volume of the original sample was added to a known volume of sterile diluent 
(buffered water), and this process was repeated multiple times to achieve different dilutions. 
The dilutions were performed in a series of 10-fold   dilutions (Cheesbrough, 2006). 

Media Preparation 

All dehydrated media used in this study were prepared according to the manufacturer's 
instruction. They were autoclaved at 121°C for 15 minutes. Properly dispensed into plates 
and was allowed to solidify. 

Total Coliform Count 

A sterile loop was used, a small portion of the sample was streaked onto the surface of the 
Eosin Methylene Blue (EMB) agar plate, and the sample was evenly spread across the plate 
and obtained isolated colonies. The inoculated EMB agar plates was incubated at a 
temperature of 37°C for 24-48 hours. Coliform bacteria typically produced colonies with 
distinct characteristics on EMB agar. They appeared as dark-cantered colonies with a green 
metallic sheen due to the fermentation of lactose. Other non-coliform bacteria may also grow 
on the plate, but they will have different colony characteristics. The number of coliform 
colonies were counted on the EMB agar plates. The total coliform count was expressed as 
colony-forming units per millilitre (CFU/mL) or colony-forming units per gram (CFU/g), 
depending on the original sample volume (EPA, 2014). 

Total Bacterial Count 

0.1 ml of each diluted sample was pipetted onto the surface of a nutrient agar plate. Then,   a 
sterile spreader was used, the liquid sample was evenly spread over the surface of the agar. 
The plates were incubated at an appropriate temperature of 37°C for 24 hours to allow 
bacterial growth. After incubation, the grown colonies on the agar plates were counted. The 
colonies represent individual bacterial cells that have multiplied and formed visible 
colonies. To facilitate counting, plates with visible colony counts were selected to ensure 
statistical accuracy. 

Biochemical Identification 

Biochemical tests were used to identify bacterial species by differentiating them on the basis 
of Biochemical activities. The difference in protein and fat metabolism, carbohydrate 
metabolism, enzyme production, compound utilization ability, etc. are some factors that aid 
in bacterial identification (Bachoon et al., 2008). 

Coagulase Test 

A drop of plasma was dropped on a sterile free grease glass slide, the growth was obtained 
using a sterile wire loop, then the growth was dropped and emulsified with a drop of 
plasma, the formation of agglutination indicate coagulase positive which means the 
organisms is Staphylococcus aureus (Bachoon et al., 2008). 

Urease Test 
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Heavy inoculum was obtained from test isolate and inoculated at slope of medium and was 
incubated for 24 hours at 37°C A pink red colour indicate a positive test while a negative test 
will retain the colour of urease medium (Bachoon et al., 2008). 

Citrate Test 

The test organism was inoculated into a Simmons citrate agar slant, which contains sodium 
citrate as the sole carbon source and bromothymol blue as the pH indicator. b. Incubate the 
slant at the appropriate temperature for the test organism (usually 37°C) for 24-48 hours. 

Antibiotic Susceptibility of the Organisms Isolated from water samples 

The antibiotic sensitivity patterns of the isolated bacteria was determined using the Kirby-
Bauer disk diffusion method. A panel of commonly used antibiotics, including amoxicillin, 
ciprofloxacin, tetracycline, erythromycin, and chloramphenicol, were selected based on local 
clinical relevance. Antibiotic-impregnated disks was placed on Mueller-Hinton agar plates 
inoculated with standardized bacterial suspensions (0.5 McFarland standard). Plates were 
incubated at 37°C for 24 hours. Zones of inhibition around the antibiotic disks were 
measured and interpreted according to Clinical and Laboratory Standards Institute (CLSI) 
guidelines to determine susceptibility or resistance. 

Data Analysis 

Data obtained from biochemical tests, biochemical identification, and antibiotic sensitivity 
tests was analysed using descriptive statistics. The prevalence of different bacterial species 
and their resistance patterns were compared across different sampling sites and seasons 
using chi-square tests and ANOVA, as appropriate. 

3. RESULTS AND DISCUSSION 

Table 1. Microbial Analysis of Water Samples (Total Coliform and Total Bacterial Counts) 

Sample ID Total Coliform Count 
(CFU/ml) 

Total Bacterial Count 
(CFU/ml) 

Organism Identified 

W1 2.5×10-2 5.0×102 Escherichia coli 
W2 5.0×10-4 4.5×104 Escherichia coli 
W3 2.2×10-6 3.3×102 Klebsiella pneumoniae 
W4 1.6×10-2 2.0×103 Klebsiella pneumoniae 

Keys: W1- W4 = Sample Water 1- Water 4. 

Table 2. Morphology Characteristics and biochemical test of the isolates 

Isolated 
Bacteria 

Colour Gram 
Stain 

Cell 
Shape     

MR COA OXI CIT 

Escherichia 
coli 

red - Shortly 
rod 

+ + + + 

Klebsiella 
pneumoniae 

pinkish/red - Rod + + + + 

Keys: COA = (Coagulase), MR = (Methyl red), OXI = (Oxidase); CIT = (Citrate), (+) = 
Positive, (-) = Negative. 
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Table 3. Antibiotic Susceptibility Patterns of Bacterial Isolates with Zone of Inhibition 

Organism Identified Antibiotic Zone of Inhibition 
(mm) 

Interpretation 

 
 
 
 
 

Escherichia coli 

Ciprofloxacin 22 mm S 
Amoxicillin - R 

   
Pefloxacin 20 mm S 

Gentamicin 23 mm S 
Streptomycin 11 mm I 
Augmentin - R 

Chloranphenicol - R 
Septrin - R 

   
 
 
 

Klebsiella pneumonia 

Amoxicillin - R 
Ciprofloxacin 25 mm S 
Gentamicin 22 mm S 
Cefotaxime 12 mm I 

Streptomycin - R 
Augmentin - R 
Pefloxacin 17 mm S 

Septrin - R 

KEYS: Resistant (R), Intermediate (I), Susceptible (S). 

This study discusses significant findings regarding bacterial contamination and antibiotic 
resistance in the stream water of Aliero metropolis, highlighting potential health risks and 
the urgent need for effective water quality management. 

High coliform and total bacterial counts were observed in all the sample, with recorded 
values exceeding established safety standards. For instance, the total coliform count for 
Sample W1 reached 2.5×10-2 CFU/mL, while the total bacterial count rose to 5.0×102 
CFU/mL. These elevated levels reflect substantial microbial pollution, likely streaming from 
sources such as human and animal waste, agricultural runoff, and inadequate local waste 
management. Other studies, including those by Edberg et al. (2000) and Ashbolt (2004), have 
emphasized that coliform presence is a primary marker of fecal contamination and a reliable 
indicator of potential waterborne pathogens. Similar findings in global studies underscore 
that coliform counts remain essential for understanding microbial pollution and its 
associated health risks in water sources, especially in under-resourced areas (Prüss-Ustün et 
al., 2019). 

The isolation and identification of Escherichia coli and Klebsiella pneumoniae from the 
water samples further demonstrates fecal contamination, signaling that these streams are 
exposed to untreated human and animal waste. These bacteria are notable for their 
association with waterborne diseases, particularly gastrointestinal illnesses, which 
disproportionately affect vulnerable populations in areas relying on untreated or 
inadequately treated water sources. This aligns with research by Cabral (2010) and the WHO 
(2019), which reports that E. coli and K. pneumoniae are key indicators of microbial water 
pollution worldwide. However, studies by Howard et al. (2020) and Jamieson et al. (2022) 
further support the finding that streams are particularly susceptible to contamination from 
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various anthropogenic activities, including agricultural runoff and improper waste disposal 
practices, contributing to the persistence of pathogens in surface water. 

The presence of multidrug-resistant bacterial strains adds a critical layer of concern. 
Antibiotic susceptibility testing revealed that Escherichia coli and Klebsiella pneumoniae 
exhibited resistance to common antibiotics, including amoxicillin and cefotaxime. For 
instance, E. coli displayed a substantial resistance pattern, with no inhibition zone for 
amoxicillin, yet, it remained susceptible to ciprofloxacin (25 mm inhibition zone). Similarly, 
K. pneumoniae exhibited intermediate resistance to cefotaxime (12 mm inhibition zone) and 
resistance to streptomycin. These findings indicate that stream water has become a reservoir 
for antibiotic-resistant bacteria, a phenomenon also documented by studies on waterborne 
resistance in both developed and developing regions. Research by Kümmerer (2004) and 
Wellington et al. (2013) echoes this concern, emphasizing that environmental waters 
contaminated with antibiotic-resistant bacteria not only pose treatment challenges but also 
contribute to the broader global health crisis of antibiotic resistance. More recent findings by 
Berendonk et al. (2015) further highlight the risks associated with untreated water sources as 
breeding grounds for resistance genes, which can propagate through ecosystems and into 
clinical settings. 

4. CONCLUSION 

The study concludes that stream water in Aliero metropolis is contaminated with multiple 
bacterial species, some of which exhibit resistance to commonly used antibiotics. The 
elevated coliform and bacterial counts confirm significant microbial contamination, 
suggesting potential health risks for the community relying on this water source. The 
detection of antibiotic-resistant strains, such as Escherichia coli resistant to amoxicillin and 
potential methicillin-resistant Stapylococcus aureus (MRSA), underscores the critical need 
for regular water quality assessments and proper sanitation measures. The current research 
findings align with previous research, confirming the health implications of bacterial 
contamination in untreated water sources. The results indicates that without intervention, 
there is a risk of increased incidence of waterborne diseases and antibiotic resistance within 
the community. To this end, regular monitoring and public awareness should be of utmost 
concern to help educate public on the importance of using treated water for consumption, 
agricultural, and other domestic use. 
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