


Awareness of Pollution and Contamination of Nworie R	iver by Microorganisms: A Public and Environmental Health Concern in Imo State, Southeast, Nigeria

Abstract
The Nworie River in southeastern Nigeria is a vital freshwater source for domestic, recreational, and agricultural use. However, it is increasingly threatened by pollution from untreated sewage, urban runoff, and indiscriminate waste disposal. This study assessed the microbial quality of the river to evaluate potential ecological and public health risks. Water and sediment samples were collected from six different sites between April and June 2023 using standard plankton nets and Van Veen grab samplers. Microbial assessment employed serial dilution and membrane filtration methods, with inoculation on Nutrient Agar, MacConkey Agar, Eosin Methylene Blue Agar, Salmonella Shigella Agar, and Potato Dextrose Agar. Colony counts were expressed as cfu/ml and compared with Federal Ministry of Environment (FMEnv) standards. Results revealed elevated microbial loads: total bacteria ranged from 2.00 × 10⁴ to 4.05 × 10⁵ cfu/ml, coliforms from 6.00 × 10⁴ to 1.30 × 10⁵ cfu/ml, and fungi from 2.00 × 10⁴ to 1.40 × 10⁵ cfu/ml, all exceeding FMEnv permissible limits. Klebsiella species were detected at three sites (up to 2.00 × 10⁵ cfu/ml), while Escherichia coli was absent across all samples. These findings indicate severe microbial contamination, highlighting significant health risks for communities dependent on the river. The study underscores the urgent need for improved wastewater management, public sensitization, proper water treatment strategies,and exploration of microbial bioremediation as a sustainable solution.
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Introduction
	Water is vital for the environment and serves as the foundational source of life; however, the availability of high-quality water is essential for sustaining good health. The Nworie River flows for about 5 kilometers through Owerri City, which is the capital of Imo State, Nigeria, before merging with the Otamiri River. It faces considerable human and industrial usage, resulting in the introduction of various pollutants. The inhabitants of Owerri rely on it for a variety of domestic purposes. When the municipal water supply is inadequate, the river becomes a direct source of drinking water, especially for the lower-income communities. A previous study (Okorie and Acholonu, 2008) revealed that the Nworie River was experiencing significant organic pollution, as evidenced by high levels of carbon dioxide and low dissolved oxygen content in the water. A subsequent study investigated the Okitankwo River, which runs along the northern outskirts of Owerri City and has a relatively low population density but experiences substantial agricultural activities (Okorie, Acholonu, and Ekwuruo, 2013). The fact that  Nworie River caters to a larger segment of the population, who use it for drinking and washing, raises concern about its quality. Access to clean and safe water is crucial for public health, yet around 2 billion people worldwide still drink water tainted with fecal matter, resulting in waterborne diseases and outbreaks (World Health Organization [WHO], 2022). In developing countries like Nigeria, factors such as rapid urbanization, inadequate waste management, and limited infrastructure worsen the degradation of freshwater resources. Rivers and streams often fulfill multiple roles, including drinking, washing, irrigation, and recreation, rendering their pollution a significant ecological and public health issue (Adelodun et al., 2021).
	Conducting microbiological tests on river water is vital for various applications, including drinking water production, irrigation, and recreational use (Csanyi, 2002). The prevalent practice of improperly disposing of waste into waterways adversely affects their intended use by municipal authorities, causing aquatic environments near urban locales to often become inundated with pollutants through both direct and indirect discharges (Olayemi, 1994). This problem can be aggravated by the negligent disposal of untreated waste, which is typically saturated with sewage, into popular streams. Besides the standard microorganisms present in these waters, sewage-polluted water harbors a wide array of sewage-related microorganisms, some of which pose health risks to the public. Numerous research efforts have underscored the public health issues arising from fecal contamination of natural water sources (Ukagwu et al., 2014; Tita et al., 2013; Olayemi, 1994; Olayemi et al., 1990; Anderson, 1968; Ogedengbe and Adeniye, 1978; Ekundayo, 1979). Water pollution, according to Hogan (2014), is the contamination of natural water bodies by chemical, physical, radioactive, or pathogenic microbial agents. The United States Environmental Protection Agency (US EPA, 2015) states that water pollution occurs when substances are introduced into the water by factories, wastewater treatment plants, construction sites, and individuals, rendering it unsafe.
	The significant effects of water pollution on ecosystems have been well-documented, revealing issues like species mortality, loss of biodiversity, and the decline of ecosystem services (Hogan, 2014). Wagner et al. (2002) highlighted the increasing pollution and depletion of global freshwater resources, which threaten sustainable development and the ecosystems dependent on them. Pollutants encompass not only harmful chemicals but also living organisms, including bacteria and biological materials, as well as various forms of energy such as noise, radiation, and heat. Additionally, wastewater from centralized sewer systems contributes a diverse array of endotoxins released from organisms after they die (Briggs, 2003; Royal Commission on Environmental Pollution, 2003). 
	Microscopic organisms, whether single-celled or multicellular, are found throughout nearly every niche in the biosphere (Mack, 2014; Fox, 2014; Glud et al., 2013; Choi, 2013). They inhabit sediments, substrates, and water from aquaculture operations, and can also be present on and inside the species that are cultivated (MOAWTS, 2002). These microorganisms serve as vital indicators of fecal contamination in aquatic environments (Hach, 2000; Tortorello, 2003; Staradumskyte and Paulauskas, 2012). Key indicator microorganisms include coliform bacteria, fecal streptococci (enterococci), and sulfite-reducing clostridia, like Clostridium perfringens. Many bacterial families, such as Enterobacteriaceae—which include pathogens like Salmonella, Shigella, Yersinia enterocolitica, Klebsiella pneumoniae, Enterobacter, enterotoxigenic Escherichia coli (E. coli), Vibrio cholerae, and Campylobacter jejuni—have been found in contaminated water sources (Hach, 2000). These bacteria are known to cause outbreaks of enteric diseases (Tortorello, 2003; Ukagwu et al., 2014; Saxena et al., 2015) and their presence indicates fecal pollution and declining water quality (Saxena et al., 2015). Over time, these microorganisms have been used to evaluate water standards, given their widespread nature (Tortorello, 2003; Marcheggiani and Mancini, 2011). Moreover, they play an essential role in enhancing soil fertility and decomposing organic materials and pollutants found in sediments (Marcheggiani and Mancini, 2011). Through water, these organisms can spread, further complicating the issue of water quality and ecosystem health.
	Water pollution is a pressing issue impacting ecosystems and human health, particularly in developing nations like Nigeria where rivers such as Nworie are crucial for communities (Wang et al., 2021). Microorganisms in polluted water bodies play dual roles, contributing to degradation and transformation of contaminants while posing health hazards (Adebayo & Mohammed, 2022). Despite its significance, limited scientific assessments exist on the microbial ecology of the Nworie River compared with other Nigerian rivers (Ogundare et al., 2021). This knowledge gap impedes the design of targeted interventions and risk management strategies
	The microbial quality of water bodies provides a sensitive indicator of pollution and sanitary conditions of such water bodies. Coliform bacteria, particularly Escherichia coli, are well-established markers of fecal contamination, while genera such as Klebsiella and fungal species point to industrial discharge and organic loading (Ugochukwu et al., 2021; Eze et al., 2019). Contaminated rivers not only expose communities to diarrheal diseases, typhoid fever, and opportunistic infections but also compromise aquatic biodiversity and ecosystem services (Okoh et al., 2017).
	In Owerri, Southeast Nigeria, the Nworie River, an urban river flowing through Owerri, Imo Stateplays a crucial socio-economic role. However, it receives untreated effluents, sewage, abattoir discharges, and storm water runoff, making it highly susceptible to microbial pollution. This study therefore aimed to analyze microorganisms associated with the Nworie River and to compare microbial loads against FMEnv standards (FMEnv means, Federal Ministry of Environment Standard of Nigeria). Specifically, the objectives were to determine the total bacteria, coliforms, E. coli, Klebsiella, and fungi counts; identify pollution-related microbial risks; and explore implications for public/environmental health and potential bioremediation approaches.




Materials and Methods
The study made use of the Mixed Methods Research. Mixed methods research designs blend qualitative and quantitative approaches within the same study. This approach may be ideal when relying solely on either type of data fails to adequately address the research question. Typically structured as a two-phase project, mixed methods offer significant advantages for tackling complex research inquiries, as they draw from both postpositivist and interpretivist philosophical frameworks. This combination leads to a solid foundation, methodological flexibility, and a deeper understanding, especially in smaller case studies (Lok et al., 2023). By employing both qualitative and quantitative techniques, researchers can achieve a more holistic understanding of the phenomenon under investigation. Mixed methods research (MMR) enables the collection and integration of diverse data sources to address intricate problems (Poth & Munce, 2020). It allows scholars to examine issues from various viewpoints and research angles (Shorten & Smith, 2017). Additionally, it facilitates the purposeful consolidation of data, offering a broader perspective on the study at hand. Merging closed-ended quantitative data with open-ended qualitative insights can greatly enhance the understanding of the research problem
The main goal of mixed methods research is to harness the advantages of both qualitative and quantitative approaches while addressing their individual shortcomings. By merging the depth and richness of qualitative insights with the validity and broader applicability of quantitative findings, mixed methods provide a more complete and sophisticated understanding of research questions, making it especially effective for examining complex issues. Mixed methods research is a methodology that integrates both qualitative and quantitative techniques to achieve a fuller and more detailed comprehension of a research problem (Lok et al.,2023; Saraswati, 2023 ). It surpasses the constraints of relying solely on one method and enables researchers to utilize the benefits of both qualitative and quantitative data in a complementary way. Triangulating data, which involves leveraging a diverse array of data sources, types, and research techniques to verify and support findings, lies at the heart of mixed methods research. By fusing qualitative and quantitative approaches, researchers can explore different facets of their research questions, leading to a more comprehensive and reliable analysis. This method enhances the understanding of research problems by integrating both qualitative insights and quantitative evidence, resulting in more insightful and actionable outcomes. It offers a flexible approach that can adapt to various research topics and inquiries. However, successful execution requires careful planning, skilled researchers, and a thoughtful strategy for integrating data and interpreting results.

Study Site
The Nworie River, the second largest in Owerri Municipal, merges with the Otamiri River and is exposed to urban runoff, industrial discharges, and microbial contamination, making it ideal for this study.
Table 1: Site Location of the Nworie River
	
	Location
	Land use Type
	Latitude
	Longitude

	Site 1
	Nworie Street
	Residential Zone
	5.52406
	7.01056

	Site 2
	Nworie Bridge
	Industrial Zone
	5.5158
	7.01629

	Site 3
	Umezuruike Midstream
	Mixed-Use Zone
	5.50797
	7.01778

	Site 4
	Umezuruike Midstream
	Suburban Zone
	5.48780
	7.02497

	Site 5
	Second Inland Bridge
	Urban Transit Zone
	5.47912
	7.02749

	Site 6
	Emmanuel College
	Educational Zone
	5.47055
	7.03195


Source: Field Survey Data, 2024.
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Fig.1.Map of Owerri showing the Nworie River
Sample Collection
Surface water samples were collected using a 55μm plankton net towed at 12 km/h along the downstream section of Nworie River, stored in 325mL pre-cleaned glass jars at 4°C. Sediment samples from six sites were collected using a 500mL Van Veen grab sampler, homogenized in a 2L glass beaker, and stored at 4°C. Again a total number of 120 residents of the areas, hosting Nworie were interviewed.  
Microbiological Analysis
Serial dilutions (10⁻² to 10⁻⁵) used sterile distilled water, with 0.1 mL aliquots inoculated onto petri-dishes containing solidified Nutrient Agar, MacConkey Agar, Potato Dextrose Agar, and Eosin Methylene Blue Agar via spread plate technique; to determine total bacterial count, coliform count, total fungal count respectively. Plates were incubated at 37°C for 24 hours for bacteria and 25°C for 96 hours for fungi. 
Membrane filtration was conducted using 0.45-μm nitrocellulose filters on a filtration rack, with filters placed on pre-prepared agars and incubated at 37°C for 24hours. Colonies were counted using electronic colony counters and recorded as cfu/ml.
Data Analysis
Descriptive Statistics such as mean, standard deviation, percentages presented in frequency tables were employed to summarize the level of microbial contamination across each site, to ascertain perceived public and environmental health concerns and bioremediation strategies. Using a 4 point Likert scale of Strongly agreed, agreed, disagree and strongly agreed, a mean index of 2.50 was taken as accepted mean. Microbial counts obtained were compared to FMEnv(Federal Ministry of Environment, Nigeria) standards using descriptive statistical methods to assess contamination across sites (Mbong et al. 2020).  .
 Results
Microbial analysis of Nworie River water samples showed high contaminations. The pollution of the Nworie River in Owerri municipal is clear from the water's brownish hue, indicating high turbidity, (Acholonu, 2016) along with chemical parameters that surpass water quality standards, such as alkalinity (42.7/3.08), carbon dioxide (12.2/10), and phosphate (0.5/0.1), combined with a low level of dissolved oxygen (1.07/5.0). According to Wetzel and Likens (2000), the measurement of dissolved oxygen is often regarded as one of the most crucial chemical methods for assessing aquatic environments. It offers essential insights into the biological and biochemical processes occurring in the water. Further evidence of water pollution is provided by the biological test results. The detection of coliform bacteria and Escherichia coli clearly indicates that the water is contaminated with human and/or animal feces, rendering it unsafe for drinking and potentially harboring waterborne pathogens. The gas production from the Lauryl Tryptosa broth fermentation test also confirmed the presence of coliform bacilli and water pollution. Table 2 showed the total heterotrophic bacteria counts that ranged from 2.00 × 10⁴ cfu/ml at Site 3 to 4.05 × 10⁵ cfu/ml at Site 4, exceeding the FMEnv standard of 500 cfu/ml.  Table 3 showed the total coliform counts that ranged from 6.00 × 10⁴ cfu/ml at Site 3 to 1.30 × 10⁵ cfu/ml at Site 1, surpassing the FMEnv limit of 10 cfu/100ml.  In table 4, E. coli showed no growth across all sites, meeting the FMEnv standard of 0 cfu/100ml. Table 5 revealed that Klebsiella counts were highest at Site 2 (2.00 × 10⁵ cfu/ml), with presence at Sites 3 (5.50 × 10⁴ cfu/ml) and 4 (1.00 × 10⁴ cfu/ml), exceeding the FMEnv limit of 0 cfu/100ml. While table 6 showed that the total fungi counts ranged from 2.00 × 10⁴ cfu/ml at Site 1 to 1.40 × 10⁵ cfu/ml at Site 4, also exceeding the FMEnv standard of 0 cfu/100ml. Table 7 showed that the respondents ere aare of pollution and contaminations going on in Nworie River. Table 8 revealed the public and environmental health concerns posed by Nworie River pollution, while table 9 showed the bioremediation strategies for clean up.
[bookmark: _Hlk209477980]Table 2: Total Heterotrophic Bacteria Count(cfu/ml)
	Sampling Site         Total Heterotrophic BacteriaCount 	
	
	

	Site 1                                                  3.40 x 105
	
	

	Site 2                                                   4.50x104
	
	

	Site 3                                                   2.00 x104
	
	

	Site 4                                                   4.05 x102
	
	

	Site 5                                                   3.00 x 102
	
	

	Site 6                                                   4.00x105
	
	

	FMEnv Standard 500 cfu/ml
	
	


Source: Field Survey Data, 2024
Table 3: Total Coliform  Count(cfu/ml)
	Sampling Site     Total  Coliform Count (cfu/ml)                	
	
	

	Site 1                                                  1.30 x 105
	
	

	Site 2                                                   1.00x105
	
	

	Site 3                                                   6.00 x104
	
	

	Site 4                                                   7.00 x104
	
	

	Site 5                                                   1.10 x 105
	
	

	Site 6                                                    1.00x105
	
	

	FMEnv Standard                                10 cfu/100ml
	
	


Source: Field Survey Data, 2024
Table 4: Total  Escherichia coli Count(cfu/ml)
	Sampling Site       Total Escherichia coli Count (cfu/ml)	
	
	

	Site 1                                                  No Growth
	
	

	Site 2                                                   No Growth
	
	

	Site 3                                                   No Growth
	
	

	Site 4                                                   No Growth
	
	

	Site 5                                                   No Growth
	
	

	Site 6                                                   No Growth
	
	

	FMEnv Standard                              0 cfu/100ml
	
	


Source: Field Survey Data, 2024


Table 5: Total Klebsiella Count(cfu/ml)
	Sampling Site        Total Klebsiella Count (cfu/ml)	
	
	

	Site 1                                                  No Growth
	
	

	Site 2                                                   2.00x105
	
	

	Site 3                                                   5.50 x104
	
	

	Site 4                                                   1.00 x104
	
	

	Site 5                                                   No Growth
	
	

	Site 6                                                    No Growth
	
	

	FMEnv Standard                               0cfu/100ml
	
	


Source: Field Survey Data, 2024
Table 6: Total Fungi Count(cfu/ml)
	Sampling Site        Total Fungi Count (cfu/ml)	
	
	

	Site 1                                                  2.00 x 104
	
	

	Site 2                                                   4.50x104
	
	

	Site 3                                                   5.00 x104
	
	

	Site 4                                                   1.40 x105
	
	

	Site 5                                                  No Growth
	
	

	Site 6                                                   No Growth
	
	

	FMEnv Standard0 cfu/100ml
	
	


Source: Field Survey Data, 2024
Table 7: Awareness of Pollution and contamination of Nworie River
	Awareness Signs
	*Frequency

	Percentage

	Colour change of water 
	110
	91.6

	Oozing of offensive odours.
	109
	90.8

	Strange taste when taken
	94
	78.3

	Floating particles/debris
	97
	80.8

	Foam and slime appearances
	100
	83.3

	Rusts and stains appearances
	100
	83.3

	Sudden increase in death of fish
	101
	84.1

	Frequent sickness of humans
	107
	89.1

	Oily Films
	96
	80.0


* Multiple responses




Table 8: Public/Environmental Health Issues of Water Pollution and Contamination
	Serious Public/ Environmental Health Issues
	Mean
	SD

	Polluted and contaminated water leads to:
	

	


	Water borne diseases
	  2.50
	 0.48

	Chemical poisoning
	  2.55
	  0.56

	Reproductive and Developmental Problems
	  2.58
	  0.71

	Skin and Eye Infections
	  2.57
	  0.91

	Malnutrition and Weakened Immunity
	  2.59
	  0.94

	Ecosystem damage
	2.51
	0.81

	Accumulation of toxic substances
	2.58
	0.81

	Soil and Agricultural contamination 
	3.01
	0.72

	May lead to Eutrophication
	2.94
	0.57

	Loss of safe water sources
	2.97
	0.62

	Increase health-care costs
	2.64
	0.69

	Loss of productivity due to illness
	2.94
	0.57

	Deepening poverty and inequality
	2.84
	0.61


Accepted mean = 2.50
Table 9: Bioremediation strategies for contamination Water
	Bioremediation Strategies
	Mean
	SD

	Bio-inventing
	2.61
	0.45

	Bio-sparging
	2.55
	0.59

	Phytoremediation
	2.54
	0.68

	Use of natural attenuation
	2.62
	0.71

	Bio piles/windrows
	2.74
	0.92

	Land farming 
	2.67
	0.61

	Bioaugumentation
	2.57
	0.74

	Bioreactors / slurry Phase
	2.72
	0.61

	Biostimulation
	2.60
	0.68


Accepted mean=2.50
[bookmark: _GoBack]Discussion
	The results of this study provide clear evidence that the Nworie River is facing considerable microbial contamination. The levels of bacteria, coliform, Klebsiella, and fungi found in the river significantly surpass permissible limits set by FMEnv. This surge in microbial presence is consistent with findings from similar research conducted in Nigeria and other developing nations, where rivers are under intense human pressures. For example, Eze et al. (2019) identified high levels of bacterial and fungal contamination in rivers in Imo State, linking these findings to sewage discharges, abattoir waste, and agricultural runoff. Adelodun et al. (2021) also reported microbial loads exceeding WHO standards in polluted rivers around Lagos, underscoring a recurring problem of insufficient wastewater management in Nigerian urban areas. 
	These observations echo the work of researchers like Egwuogu et al. (2016) and Eja (2002), who noted that significant sources of surface water pollution include bacteria, viruses, and various harmful substances that degrade water quality. This contamination renders the water unfit for its intended purposes and poses serious risks not only to human health but also to the broader ecosystem. The increasing presence of microorganisms and human-generated pollutants heightens the risk of disease outbreaks, antibiotic-resistant bacteria, and rising public health costs, as discussed by Edungbola and Asaolu (1984). Waterborne diseases such as typhoid, paratyphoid, giardiasis, infectious hepatitis, leptospirosis, schistosomiasis, shigellosis, and amoebiasis have all been associated with the consumption of contaminated water. 
	While some pollutants can be broken down by microorganisms through various biochemical processes, there remains a critical concern regarding the reconcentration of these harmful substances within the natural food chain (Gerba and Smith, 2005). During the decomposition process, naturally occurring bacteria and protozoa in these water sources consume dissolved oxygen, potentially reducing oxygen levels to below two parts per million (<2 ppm). This depletion can severely disrupt the respiratory conditions necessary for aquatic life, putting fish, bottom-dwelling organisms, and even marine vegetation at risk of contamination or mortality, thus destabilizing the food chain. Moreover, local communities often rely on this contaminated water without sufficient treatment, which is a prevalent practice, leading to the spread of diseases such as typhoid, dysentery, cholera, and hepatitis (Isikwue and Chikezie, 2014). Furthermore, Jakarayan (1988) documented varying levels of microbial contamination in drinking water from western regions of Nigeria, where total bacteria and coliform counts ranged from 2.86 to 4.45 and ≤ 1.62 log cfu/ml, respectively.
	The presence of coliform bacteria across all sampling locations highlights the fecal pollution issue plaguing the Nworie River. Coliforms serve as key indicators of sanitary risk, often associated with harmful enteric pathogens that can cause diarrheal diseases, cholera, and typhoid fever (WHO, 2022). Similar findings were noted by Ugochukwu et al. (2021), who reported coliform levels surpassing safe thresholds in various rivers in southeastern Nigeria. Such data indicate a significant health risk for communities relying on Nworie River water for everyday use, as they could be vulnerable to gastrointestinal infections. Interestingly, there was a notable absence of Escherichia coli, a primary fecal indicator, in all sampling sites. This is quite different from other studies conducted on polluted urban rivers, where E. coli was commonly detected (Okoh et al., 2017). The lack of E. coli might point to fluctuations in microbial contamination over time or suggest that other coliform species are more prevalent due to specific pollution sources. 
	Notably, the significant presence of Klebsiella species at three sites raises concerns of contamination stemming from industrial effluents, decaying organic matter, and hospital sewage—environments where Klebsiella is known to thrive (Adelodun et al., 2021). Given that Klebsiella is linked to serious health issues like pneumonia, urinary tract infections, and septicemia, its detection in freshwater is alarming. Fungal counts were also significantly high, reaching up to 1.40 × 10⁵ cfu/ml, further indicating organic pollution and eutrophication. Filamentous fungi, in particular, flourish in nutrient-rich environments created by agricultural runoff and organic waste (Akinola et al., 2022). Beyond their public health implications, elevated fungal levels can disrupt ecological balance by altering nutrient cycles, outcompeting native microorganisms, and degrading water quality through unpleasant tastes and odors (Eze et al., 2019). 
	Supporting these observations, the WHO (2000) noted that many water samples drawn from boreholes, taps, and sachets in the area showed the presence of coliform bacteria. Among them, Escherichia coli (E. coli), Klebsiella sp., and Citrobacter sp. were identified. Finding E. coli in drinking water suggests contamination from human or animal waste, which elevates the risk of gastroenteritis, with diarrhea being a frequent outcome (WHO, 2000). Additionally, *Klebsiella pneumoniae* poses a significant health threat when present in drinking water, as it is associated with various infections, including hospital-associated pneumonia and urinary tract infections (Kumar and Kumar, 2013). The primary source of contamination by *Klebsiella spp.* in drinking water often arises from the infiltration of animal waste into these water sources (Savas, 2019).Additionally, Citrobacter freundii can lead to several opportunistic infections, often resulting in nosocomial infections affecting the respiratory and urinary tracts, as well as bloodstream infections in patients (Whalen et al., 2007).
	Total coliform counts for borehole samples across all three locations remained within the guidelines established by the World Health Organization. The borehole samples from Gida-Dubu revealed 2 instances of fecal coliforms, while no fecal coliforms were detected in samples from Garu and Yalwawa. Among the samples showing fecal coliforms, the organisms identified were E. coli and Klebsiella sp., consistent with findings in borehole waters both within Nigeria and abroad (Ogwo, 2022; Eze, 2025; Ahmad et al., 2014; Olajubu and Ogunika, 2014; Taura and Hassan, 2013). In contrast, all tap water samples recorded fecal coliform counts exceeding regulatory standards. This aligns with earlier studies conducted by Martin et al. (2012) in Enugu State, Nigeria, and Abubakar and Abubakar (2020) in the Bauchi Metropolis. In our study, the organisms found in tap water samples included Citrobacter sp. and E. coli, similar to reports by Shanker and Pindi (2012) and others in various drinking water sources (Staradumskyte and Paulauskas, 2014; Mbah and Muhammed, 2015). Interestingly, 60% of the sachet water samples tested positive for fecal coliforms, and none of the sachet water producers adhered to the WHO (2006) labeling regulations, which include manufacturing and expiration dates along with batch numbers. Oyedeji et al. (2010) noted that all sachet water brands they tested contained total coliforms, with 20% showing fecal coliforms. In the sachet water samples of the current study, identified organisms included E. coli, Klebsiella sp., and Citrobacter sp., also observed by Oluyege et al. (2014) in Ado Ekiti, Nigeria.
	Comparisons with studies from other regions reinforce these findings. In South Africa, Okoh et al. (2017) demonstrated that untreated wastewater inflows significantly elevated coliform counts in urban rivers, while in Ghana, Awuah et al. (2019) found fungal dominance in heavily polluted streams receiving domestic sewage. These parallels suggest that the microbial pollution of the Nworie River reflects a broader pattern across sub-Saharan Africa where inadequate sanitation infrastructure and weak regulatory enforcement exacerbate river contamination. Ogendi et al. (2015) reported that the total and fecal coliform counts (T-coli) in the Nyanchwa – Riana water body varied between 0.00 and 4300 cells/ml across the sampling points. Notably, at site NY3, both T-Coli and F-Coli levels peaked at 740±94 cells/100ml and 627±112 cells/100ml, respectively, indicating a problematic point source of contamination. This contamination is likely linked to occasional sewer line leaks, human defecation in adjacent bushes, and the practice of watering animals in the stream. Such elevated levels of F-coli present an ongoing risk to human health. In a similar vein, the total and fecal coliform counts taken from the Nyakomisaro-Riana River displayed a steady increase from the source to the lower reaches. Overall, there was a clear upward trend in total and fecal coliform counts downstream, suggesting significant human and animal activity along the river. The range of fecal and total coliform counts spanned from 0 to 4500 cells/100ml, with average values of 786±104 cells/100ml for F-coli and 842±105 cells/100ml for T-coli. The elevated fecal coliform levels at the R1 site can be traced back to sewage leakage, bathing in the stream, animal waste disposal from Mwembe estate, and direct animal watering at various points along the river’s riparian zone. Meanwhile, high fecal coliform counts at sampling site R2 are likely the result of untreated sewage being released from the Suneka Lagoon into the Riana River, leading to an increase in fecal coliform levels. When these results were compared to NEMA standards, it became evident that the water quality may be suitable for bathing and irrigation, but it is not safe for drinking.
	In a study conducted by Tegegn et al. (2024), the total bacterial count in drinking water samples gathered from nine kebeles across three districts in the Bale Zone was evaluated to determine their hygienic status. In Goro District, researchers collected 45 samples, with 42 sourced from taps and just 3 from unprotected springs. The analysis revealed no statistically significant differences among the kebeles in the district. Notably, the spring water sample from WaltaiGobu recorded the highest total bacterial count at 6.132 log10 CFU/mL, while the lowest count of 6.009 log10 CFU/mL came from tapped water within the same district (see Table 1). Samples from Garre and Chaffe Mana kebeles were found to be statistically similar to those from WaltaiGobu. In Goba District, a higher total bacterial count was observed, with the highest value of 6.396 log10 CFU/mL found in samples from the Tagona River in Waltai Sura kebele. Conversely, the lowest count of 6.159 log10 CFU/mL was recorded from households in Waltai Tosha kebele, where residents sourced their water from the Bamo River. 
On awareness of Pollution and Contamination of Nworie River, table 7 showed that the respondents are aware of the pollution and contamination going on in Nworie River. They are aware of the following signs of pollution and  contamination - colour of water changes (91.6%), oozing of offensive odour (90.8%), strange taste (78.3%), floating particles/debris (80.8%), foam and slime appearances (83.3%), rusts and stains (83.3%), death of fishes (84.1%),  frequent sickness of humans (89.1%), who consume the water, and oily films in water (80.0%).
 	With a discriminating mean index (M) of 2.50, the pollution and contamination of Nworie River by micro-organisms becomes a public and environmental health concern. Table 8 showed that polluted and contaminated water use could lead to water-borne diseases (M=2.50). This water carries bacteria, viruses, parasites causing Cholera,  typhoid fever, polio among other diseases. It could lead to chemical poisoning (M=2.45), due to presence of heavy metals such as lead, mercury and or arsenic; pesticide and herbicides. These could lead to organ damages, nervous systems disorders, and increased risk of cancer. Other concerns include reproduction problems (M=2.58), skin and eye infections (M=2.57), and malnutrition and wakened immunity (M=2.59). Long term exposure to polluted and contaminated water can cause birth defects, infertility, disruption of hormones and low birth weights. Using such water also causes skin rashes, eye infections like trachoma, fungal and bacterial infections. Ecosystem damages (M=2.51), accumulation of toxic substances (M=2.58), soil and agricultural contamination of (M=3.01), eutrophication (M=2.94), loss of safe-water source (M=2.97), increase health-care cost (M=2.64), loss of productivity (M=2·94) and deepening poverty and inequality (M=2-84) are all health concerns arising from use of polluted and contaminated water. Polluted water harms aquatic life by killing fishes and micro-organisms, reducing biodiversity, and disrupting food chain and permanently damage rivers, lakes and ground water sources. All of these pose damage to the overall social and economic development of living things. From a public and environmental health standpoint, the microbial condition of the Nworie River indicates a significant risk for waterborne disease outbreaks, especially among vulnerable populations like children, the elderly, and those with compromised immune systems. The World Health Organization (2022) estimates that contaminated water causes about 485,000 diarrheal deaths each year globally, highlighting the pressing need for intervention. Research on the Nworie River has consistently pointed to serious issues of microbial contamination, posing a substantial threat to public health. Key findings from the analysis of microorganisms reveal a concerning presence of fecal indicator bacteria along with various potentially dangerous species, with their levels far exceeding WHO standards for safe drinking water. This high microbial load and the signs of fecal contamination suggest that the river is a significant source of waterborne illnesses. Residents in the area often use this water for everyday tasks such as bathing, washing, and sometimes drinking, particularly during times when the public water supply is inadequate. However, the elevated levels of microbial contamination make it unsafe for drinking, household use, irrigation, or aquaculture unless it undergoes thorough treatment and purification (Lin et al., (2022). The primary causes of this contamination include the improper disposal of human and household waste along the riverbanks, along with industrial discharges. The presence of these pathogens poses serious public health risks, leading to potential outbreaks of waterborne diseases like diarrhea, gastroenteritis, cholera, typhoid and paratyphoid fever, dysentery (bacillary), as well as wound infections and septicemia (Nwosu, 2025).
	The following bioremediation strategies are identified bio-inventing  (M=2.61), biosparging (M=2.55), Phytoremediation (M=2.54),use of natural attenuation (M=2.62), bropiles/windrows (M=2.77), land farming (M=2.67), bioaugumentation (M=2:57), bioreactors/slurry (M=2.72),  and brostimulation (M=2.60). Bioventing: The most widely used bioremediation technique is bioventing, which entails drilling small wells into the soil to permit the entry of air and facilitate passive ventilation, allowing the release of gases generated by microbial activity. This method is applicable for addressing soil and groundwater issues as it regulates the ventilation rate, thereby managing the levels of nutrients and oxygen. Biosparging: This method entails injecting high-pressure air into the soil or beneath the groundwater surface. It raises the oxygen levels and boosts biological processes. Air sparging is considered a highly effective and cost-efficient alternative to excavating or tilling contaminated soil and circulating contaminated water through pumps and filtration systems. Many industries utilize bioaugmentation to introduce additional exogenous species or native microbes to contaminated industrial sites. (Umar et al.,2025). Augmentation operates alongside both bioventing and biosparging methods, but it has its limitations. Generally, non-native microbes do not work well with the native bacteria present, meaning that many bioaugmentation supplements introduce additional microbes to those already functioning. Other bioremediation techniques for contaminated soil and groundwater locations can also be utilized. Oil and petroleum waste contaminate numerous regions. Methane is another major pollutant generated by biological processes. Most regulatory agencies impose strict regulations against introducing other pollutants into the environment, which presents a secondary challenge for the bioremediation process. First and foremost, it’s crucial to enforce environmental regulations that prevent the reckless discharge of sewage and pollutants. Additionally, we need to implement community awareness programs to discourage practices like open defecation and waste dumping along riverbanks. The diverse microbial life highlighted in this study presents a valuable opportunity for bioremediation. Utilizing local bacteria and fungi could effectively break down pollutants and help restore the river's ecosystem (Akinola et al., 2022). There have been successful bioremediation efforts documented in polluted rivers across Nigeria and India, where the application of microbial consortia led to significant reductions in organic loads and harmful bacteria (Singh & Chandra, 2019). By integrating these biological methods with affordable water treatment technologies, such as slow sand filters and constructed wetlands, we can create sustainable solutions for communities that depend on the river.
Conclusion
In conclusion, the Nworie River is under severe microbial stress, posing both ecological and public health risks. Comparisons with earlier studies across Nigeria and other regions reinforce the finding that urban rivers in developing countries face similar pollution dynamics. Urgent intervention through integrated water management, policy enforcement, and community-based approaches is required to safeguard both human health and aquatic ecosystems.
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