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Abstracts 
Background: The reuse of abattoir wastewater for irrigation in developing countries, including Nigeria, offers potential benefits for soil fertility but poses significant environmental and public health risks due to high microbial loads, nutrients, and heavy metals.
Aim: This study aimed to evaluate the impact of abattoir wastewater irrigation on the physicochemical properties and microbial communities of agricultural soils in Agbor and its environs.
Methods: Wastewater and soil samples were collected from three abattoir sites and analyzed using standard microbiological, biochemical, and physicochemical procedures. Polluted soils were compared with unpolluted controls for bacterial counts, pathogen diversity, colony morphology, and biochemical traits.
Results: Polluted soils showed significantly higher microbial loads and diversity, including pathogenic species (Escherichia coli, Staphylococcus aureus, Klebsiella sp., Enterobacter sp.), compared to pristine soils. Wastewater samples contained elevated fecal coliforms and heterotrophic bacteria, with variability across sites. Morphological and biochemical analyses confirmed the presence of both Gram-positive and Gram-negative pathogens.
Conclusion: Untreated abattoir wastewater substantially alters soil microbial dynamics, increases pathogen prevalence, and threatens soil quality and food safety. Proper treatment and regulation are essential to mitigate environmental and public health risks associated with wastewater reuse in agriculture.
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Introduction 
The disposal and reuse of abattoir wastewater have become increasingly important environmental and agricultural issues, especially in developing countries such as Nigeria. Abattoir wastewater is typically rich in organic matter, nutrients, suspended solids, microorganisms, and heavy metals, making it a potential resource for irrigation but also a possible source of pollution. Several studies, including Dan et al. (2018) and Mittal (2004), show that abattoir effluents significantly alter soil physicochemical and microbiological properties due to their high load of nutrients, chemical oxygen demand, and microbial contaminants. As freshwater scarcity intensifies globally, the use of wastewater for irrigation is becoming more common, highlighting the need for scientific evaluation of its impacts on soil quality.
The importance of assessing abattoir wastewater lies in its dual potential to improve soil fertility while posing environmental and public health hazards. Research by Singh et al. (2023) and Liu & Haynes (2011) indicates that wastewater irrigation may enhance soil organic matter, nitrogen, and phosphorus levels, thereby supporting crop production. However, it can also introduce hazardous metals, antibiotic-resistant bacteria, and pathogenic organisms capable of contaminating soils and food crops. Similarly, Akinnibosun and Ayejuyoni (2015) observed higher bacterial, coliform, and fungal loads in abattoir-contaminated soils, suggesting fecal pollution and possible entry of zoonotic pathogens into the food chain.
Despite these potential benefits, the use of untreated abattoir wastewater presents several problems. Many Nigerian abattoirs discharge effluents directly into the environment without treatment, leading to the accumulation of heavy metals, soil acidification, and changes in soil structure, as reported by Okafor et al. (2024). Long-term wastewater application may also disturb indigenous soil microbial communities, as highlighted by Lopes et al. (2015), affecting essential soil functions and fertility. These alterations can compromise ecosystem health, reduce crop safety, and increase the risk of diseases transmitted through contaminated soil, water, or produce.
Given these risks, it becomes necessary to investigate the effects of abattoir wastewater on soils in Agbor and its environs, where such practices are common but largely unregulated. Local data are limited, and farmers often apply wastewater without knowledge of its composition or long-term implications. Studies such as Matheyarasu et al. (2017) and Brichi (2023) emphasize the importance of monitoring soil nutrients, microbial dynamics, and chemical accumulations to prevent environmental degradation and promote sustainable agricultural practices. This creates a strong justification for the present study, which seeks to provide empirical evidence relevant to local decision-making.
Therefore, the aim of this study is to assess the impact of abattoir wastewater irrigation on the physicochemical properties and microbial populations of agricultural soils in Agbor and its surrounding communities. By evaluating changes in soil nutrients, heavy metals, and microbial loads, the study will provide insights into both the beneficial and harmful effects of wastewater reuse. Ultimately, the findings will contribute to improved environmental management, safer agricultural practices, and the development of guidelines for the sustainable use of abattoir wastewater in crop production.
Literature Review 
Several studies have documented the effects of abattoir wastewater on soil physicochemical and microbial properties. Dan et al. (2018) investigated soils impacted by abattoir waste in Akwa Ibom State, Southern Nigeria. Their findings revealed that abattoir soils had higher bulk density, pH, electrical conductivity, salinity, moisture content, total organic carbon, cation exchange capacity, and nutrient content compared to control soils. Trace metals were elevated but generally within permissible limits, except for iron. Microbial analysis showed increased densities of heterotrophic bacteria and fungi, including Klebsiella, Micrococcus, Pseudomonas, Bacillus, Escherichia, Enterobacter, Aspergillus, and Penicillium, indicating possible pathogenic presence and recent faecal contamination.
Similarly, Akinnibosun and Ayejuyoni (2015) reported that soils receiving abattoir effluent in Benin City exhibited higher bacterial, coliform, and fungal counts than control soils. They isolated Escherichia coli, Pseudomonas aeruginosa, Bacillus sp., Staphylococcus spp., Klebsiella sp., and several fungal species, suggesting significant microbial contamination. The physicochemical properties, including pH, total organic carbon, potassium, phosphorus, and nitrogen, were elevated in contaminated soils, highlighting potential environmental and public health hazards.
Studies from other contexts have emphasized the broader environmental implications of wastewater irrigation. Singh et al. (2023) highlighted that wastewater irrigation can enhance soil fertility due to the presence of macronutrients and micronutrients but may introduce hazardous metals, pathogenic microbes, and resistance genes, posing environmental risks. Lopes et al. (2015) similarly noted that treated wastewater irrigation, while potentially beneficial for crop productivity, can disturb indigenous microbial communities and soil functions, with long-term implications for soil fertility and public health.
Characterization of abattoir effluent has also been widely reported. Mittal (2004) observed that effluents contain high chemical oxygen demand, suspended solids, and microbial loads, including coliforms, fecal coliforms, and Streptococcus species, which indicate potential pathogenic contamination. Liu and Haynes (2011) further stressed that treated effluents can enhance soil quality by increasing organic matter, improving aggregate stability, and supplying nutrients but require careful monitoring to prevent groundwater contamination, salinization, and nutrient overloading.
Long-term impacts of abattoir wastewater irrigation have been examined in other studies. Matheyarasu et al. (2017) reported that decade-long irrigation increased soil nitrogen by 82% and phosphorus by over sixfold, indicating significant nutrient accumulation and potential off-site effects if not managed properly. Brichi (2023) found that treated slaughterhouse effluent improved soil chemical quality in black oat-soybean succession systems, while Okafor et al. (2024) highlighted increased soil acidity, heavy metal accumulation, and altered exchangeable cation levels around slaughterhouse sites in Ebonyi State, Nigeria. Collectively, these studies demonstrate that while abattoir wastewater can enhance soil nutrient status, it poses substantial risks to soil health and public safety if not properly managed.

Methods 
Materials and Laboratory Instruments
This study employed a combination of physicochemical and microbiological analytical procedures to evaluate the potential environmental and public health risks associated with the use of abattoir wastewater for irrigation. Materials used for the physicochemical assessments included standard laboratory glassware, sterile distilled water, a digital electrical conductivity (EC) meter standardized with 0.01 M KCl (1413 µS/cm), a salinity–EC conversion chart, a biological oxygen demand (BOD) meter with calibrated probes, and accessories such as cotton wool, aluminum foil, and sterile sample containers. Microbiological investigations utilized sterile Petri dishes, test tubes, inoculating loops, forceps, glass slides, a compound microscope with an oil-immersion objective, an autoclave set at 121 °C for 15 minutes, and an incubator maintained at 37 °C. Culture media—including Nutrient Agar, MacConkey Agar, Eosin Methylene Blue Agar, Mannitol Salt Agar, and Mueller–Hinton Agar—were prepared following manufacturer instructions. Biochemical identification employed Gram staining kits, citrate and urea test media, sugar fermentation broths, hydrogen peroxide for catalase testing, EDTA-treated plasma for coagulase assays, and commercial antibiotic discs.
Study Area and Sampling Locations
The study was conducted in Agbor, Delta State, Nigeria, with sampling across Agbor, Owa, and Umunede communities, where agriculture and wastewater reuse are common. Water sources in these communities include rivers, lakes, and boreholes. Abattoir wastewater sampling sites were georeferenced using a handheld GPS device and mapped using Google Maps. Laboratory analyses were carried out at the Biological Sciences Laboratory, University of Delta, Agbor. Wastewater samples were collected in pre-sterilized PET bottles from three abattoir sites and labelled A, B, and C. To avoid sample dilution, each bottle was rinsed twice with wastewater from the site before final collection. Samples were stored in an ice-packed cooler at 4 °C and transported immediately to the laboratory for analysis.
Soil Sample Collection and Preparation
Soil samples were collected using a soil auger at standard depths and placed in labelled polyethylene bags. Three polluted soil groups (PSA, PSB, PSC) and one unpolluted control (UPS) were prepared. Polluted soil samples were artificially contaminated with abattoir wastewater under controlled laboratory conditions for four weeks, with weekly applications to simulate irrigation. Control soils received equal quantities of distilled water. After the exposure period, soils were homogenized and transported to the laboratory for physicochemical and microbiological analysis. Soil pH was determined using a 1:1 soil–water slurry mixture, allowed to equilibrate for six hours, and then measured with a standardized pH meter using buffer solutions at pH 4 and pH 7.
Physicochemical Analysis of Soil and Wastewater
Physicochemical analyses followed standard laboratory procedures. Particle size distribution was determined using the Bouyoucos hydrometer method. Soil organic carbon was analyzed using the Walkley–Black dichromate oxidation method, while total nitrogen was determined via Kjeldahl digestion and colorimetry. Available phosphorus was measured using the Bray-1 extraction method with molybdenum blue colorimetry. Exchange acidity and exchangeable bases (Na, K, Ca, Mg) were extracted using 1 M KCl and ammonium acetate, respectively. Sodium and potassium concentrations were obtained via flame photometry, whereas calcium and magnesium were quantified using EDTA titration or AAS where required. Wastewater samples were analyzed for total hydrocarbons using n-hexane extraction and UV–Vis spectrophotometry at 460 nm. Ammonium nitrogen and nitrate levels were quantified colorimetrically using alkaline phenate, sodium hypochlorite, and sodium–potassium tartrate reagents.
Microbiological Analysis and Antibiotic Profiling
Microbiological analysis included total viable counts, coliform enumeration, selective pathogen isolation, and antibiotic susceptibility testing. Serial dilutions of wastewater and soil extracts were inoculated onto selective and differential media—MacConkey, EMB, MSA, and Nutrient Agar—to isolate enteric bacteria and Staphylococcus species. Pure isolates were subjected to Gram staining and biochemical tests for species identification. Antibiotic susceptibility was assessed using the Kirby–Bauer disc diffusion technique on Mueller–Hinton Agar. Zones of inhibition were measured with a meter rule and compared with standard interpretive charts. Tested antibiotics included pefloxacin, gentamicin, ciprofloxacin, cefotaxime, amoxicillin, augmentin, azithromycin, streptomycin, septrin, tarivid, erythromycin, rocephin, zinnacef, and levofloxacin. All procedures were conducted aseptically to ensure experimental reliability and accuracy.
Results 
[bookmark: _Toc207788840]Distribution pattern of bacterial isolates in abattoirwastewater
Table presents the susceptibility patterns of various bacterial organisms to three different treatments or conditions labeled A, B, and C. A positive symbol (+) indicates that the organism responded or grew under the respective treatment, while a blank space denotes no response or inhibition. From the data, Treatment A appears to be the most effective, showing activity against a wide range of bacteria, including Klebsiella sp., Enterococcus sp., Bacillus sp., and several strains of Escherichia coli and Staphylococcus epidermidis. This suggests that Treatment A may possess broad-spectrum antimicrobial properties, particularly effective against Gram-positive organisms. In contrast, Treatment B affected fewer organisms but showed notable activity against pathogenic Gram-negative species such as Salmonella sp., Yersinia sp., and some strains of Staphylococcus aureus and Escherichia coli, indicating moderate and possibly selective antimicrobial potential. Treatment C exhibited the least overall activity but was effective against specific strains like Streptococcus sp., Enterobactersp.and certain Escherichia coli and Staphylococcus strains, implying a narrower or more targeted mechanism of action. The differences in responses among strains of the same genus, especially in Escherichia coli and Staphylococcus, highlight the variability in resistance or susceptibility at the strain level. Therefore, this pattern suggests that the treatments vary in spectrum and specificity, with Treatment A showing broad-spectrum efficacy, Treatment B exhibiting moderate and selective activity, and Treatment C showing narrow yet precise effectiveness.
[bookmark: _Toc207788841]Distribution pattern of bacterial isolates in soil samples
The microbial profile of polluted soil samples (A, B, and C) reveals a high prevalence of pathogenic and fecal indicator organisms such as Escherichia coli, Staphylococcus aureus, Klebsiella sp., Enterobacter sp., and Citrobacter sp., indicating significant anthropogenic contamination likely from human and animal waste. E. coli was consistently present across all polluted sites, highlighting ongoing fecal pollution, while Staphylococcus aureus appeared frequently, suggesting contamination from skin or nasal flora. In contrast, the pristine (unpolluted) soil contained fewer pathogenic organisms, with the absence of E. coli and limited occurrence of coliforms, reflecting a more natural and less disturbed microbial environment. Though some pathogens like Salmonella sp. and Shigella sp. were found in the unpolluted soil, their presence was isolated and not accompanied by the broad spectrum of contaminants seen in polluted samples. Overall, polluted soils exhibit greater microbial diversity dominated by harmful bacteria, underscoring the health and environmental risks posed by improper waste disposal.
[bookmark: _Toc207788842]Colony count of bacterial isolates from wastewater
The microbial analysis of the three wastewater samples reveals varying levels of contamination, with Wastewater B showing the highest overall bacterial load, including heterotrophic bacteria (75.33 CFU/ml), mannitol salt agar (42.33 CFU/ml), and total coliforms (28.33 CFU/ml), indicating significant organic and fecal pollution. Wastewater A exhibited the lowest counts across all parameters, suggesting minimal contamination, while Wastewater C recorded the highest faecal coliform count (7.33 CFU/ml), highlighting recent fecal contamination likely from human or animal sources. The elevated values, particularly in Wastewater B and C, point to serious public health concerns if these effluents are not properly treated before environmental discharge or reuse.
[bookmark: _Toc207788843]Colony count of bacterial isolates from soil
The microbial load assessment of the polluted soil samples shows significant variation in contamination levels. Polluted C exhibited the highest heterotrophic bacterial count (101.33 CFU/g), MSA count (12.67 CFU/g), and faecal coliforms (12.00 CFU/g), indicating a high presence of general and pathogenic bacteria, likely from organic and fecal waste sources. Polluted B recorded the highest total coliform count (97.33 CFU/g), suggesting severe fecal pollution, along with moderate levels of heterotrophic and faecal coliforms. In contrast, Polluted A had the lowest microbial counts overall, with zero growth on MSA (0.00 CFU/g) and the lowest faecal coliforms (1.67 CFU/g), reflecting relatively minimal bacterial contamination. These findings indicate that Polluted B and C pose greater environmental and health risks due to elevated pathogenic bacterial loads, while Polluted A appears less impacted. Additionally, the pristine (unpolluted) soil showed the lowest overall bacterial counts across all media, including no growth on EMB agar, confirming minimal microbial contamination and absence of fecal pollution.
[bookmark: _Toc207788844]Characteristics of abattoir wastewater isolates
The morphological analysis of the bacterial isolates from abattoir wastewater and polluted soil revealed distinct colonial characteristics across different media types. Most isolates were round, small or medium in size, raised or flat, and either opaque or translucent, reflecting typical features of common enteric and environmental bacteria. On Nutrient Agar, the colonies were mostly cream-colored, indicating non-pigmented bacterial growth. MacConkey Agar, which differentiates lactose fermenters, showed pink colonies for organisms like Escherichia coli, Klebsiella, and Salmonella, confirming their ability to ferment lactose. On Eosin Methylene Blue (EMB) Agar, E. coli produced pink colonies, while some strains showed cream coloration, suggesting variation in metabolic activity. Mannitol Salt Agar (MSA) supported the growth of Gram-positive cocci like Staphylococcus aureus and Staphylococcus epidermidis, with green or cream colony appearances depending on the strain and mannitol fermentation. The differences in colony shape—ranging from round to irregular—and elevation (flat or raised) further assisted in presumptive identification. Overall, these morphological traits were vital in distinguishing between pathogenic and non-pathogenic species and provided a foundational step in the biochemical identification of the isolates.
[bookmark: _Toc207788845]Characteristics of Soil Samples
This table details the colonial morphology of bacterial isolates from both polluted and unpolluted (pristine) soils. Most polluted soil isolates, like E. coli, Klebsiella, and Enterobacter, formed pink colonies on MacConkey and EMB agar, confirming lactose fermentation and indicating fecal contamination. Gram-positive species like Bacillus and Staphylococcus aureus showed cream colonies on nutrient agar, with varying elevations and sizes. In pristine soil, isolates were fewer and exhibited mostly cream, opaque colonies on nutrient agar, with no pink colonies on MacConkey or EMB, indicating lower fecal contamination. Overall, polluted soils showed greater bacterial diversity, colony size variation, and pathogenic presence compared to unpolluted soils.
[bookmark: _Toc207788846]Morphological, biochemical of sugar test bacterial isolate from wastewater samples
The table summarizes the identification of bacterial isolates based on Gram stain, cell structure, and biochemical tests. Gram-negative rods like E. coli, Enterobacter, and Salmonella were catalase-positive and fermented glucose and other sugars, while Salmonella uniquely produced H₂S. Gram-positive cocci like Staphylococcus and Streptococcus showed catalase and coagulase differences, with only S. aureus being coagulase-positive. Urease and citrate tests helped further differentiate species. Overall, the data confirms the presence of diverse pathogenic and fecal bacteria in abattoir-contaminated samples.
[bookmark: _Toc207788847]Morphological, biochemical of sugar test bacterial isolate from soil samples
This table presents the biochemical characteristics of bacterial isolates from polluted soil. Most isolates were Gram-positive rods or cocci, such as Bacillus and Staphylococcus, while Enterobacteriaceae members like E. coli, Klebsiella, and Enterobacter were Gram-negative rods. All isolates fermented glucose and other sugars, showing high metabolic activity. E. coli was indole-positive, while only Staphylococcus aureus showed coagulase positivity, helping distinguish it from other staphylococci. Citrate and catalase were widely positive, aiding in differentiation, while no isolate produced H₂S. These results indicate the presence of both environmental and pathogenic bacteria in the polluted soil, reflecting significant contamination.
This table summarizes the biochemical traits of bacterial isolates from pristine (unpolluted) soil. Most isolates were Gram-negative rods such as Yersinia, Salmonella, Klebsiella, Citrobacter, Shigella, and Enterobacter, while Staphylococcus species were Gram-positive cocci. All isolates were catalase-positive, and only S. aureus was coagulase-positive, distinguishing it from S. epidermidis. Sugar fermentation (especially glucose, maltose, and fructose) was generally positive, while H₂S production was only noted in S. epidermidis. Urease, citrate, and indole tests showed variable results, helping to differentiate among enteric bacteria. , the pristine soil had fewer pathogens and a simpler microbial profile compared to polluted soil.
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	Organism
	A
	B
	C

	Enterobactersp.
	
	
	+

	Klebsiellasp.
	+
	
	

	Salmonella sp.
	
	+
	

	Enterobactersp.
	
	+
	

	Streptococcus sp.
	
	
	+

	Yersinia sp.
	
	+
	

	Enterococcus sp.
	+
	
	

	Bacillus sp.
	+
	
	

	Escherichia coli
	+
	
	

	Escherichia coli
	+
	
	

	Escherichia coli
	
	+
	

	Escherichia coli
	
	
	+

	Escherichia coli
	
	
	+

	Escherichia coli
	
	
	+

	Staphylococcus epidermidis 
	+
	
	

	Staphylococcus epidermidis 
	+
	
	

	Staphylococcus aureus 
	
	+
	

	Staphylococcus aureus
	
	+
	

	Staphylococcus epidermidis 
	
	
	+

	Staphylococcus aureus
	
	
	+





[bookmark: _Toc207787041]TablTable 2: Distribution pattern of bacterial isolates in soil samples
	Polluted soil

	
	
	
	

	Organism
	A
	B
	C

	Bacillus cereus
	+
	
	

	Staphylococcus aureus
	+
	
	

	Bacillus sp. 
	
	+
	

	Enterobacter sp.
	
	
	+

	Bacillus subtilis
	
	
	+

	Klesbsiellasp.
	+
	
	

	Citrobactersp.
	
	
	+

	Klebsiella sp.
	+
	
	

	Enterobacter sp.
	
	+
	

	Escherichia coli
	+
	
	

	Escherichia coli
	
	+
	

	Escherichia coli
	
	
	+

	Staphylococcus aureus
	+
	
	

	Staphylococcus aureus
	
	+
	

	Staphylococcus aureus
	
	
	+

	
Pristine (unpolluted)soil

	Yersinia sp.

	Salmonella sp.

	Klebsiella sp. 

	Citrobacter sp.

	Shigella sp.

	Enterobacter sp.

	Staphylococcus aureus

	Staphylococcus aureus

	Staphylococcus epidermidis
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	Heterotrophic Bacteria (NA) count
	Mannitol salt (MSA) Agar
	Total coliform (MCA) count
	Eosin methylene blue (EMB) agar
	Faecal  coliform  count

	SAMPLE NAME
	R
	R
	R
	R
	R

	Wastewater A
	16.67
	19.33
	5.00
	27.67
	1.67

	Wastewater B
	75.33
	42.33
	28.33
	27.34
	4.67

	Wastewater C
	23.00
	11.67
	19.67
	14.67
	7.33



[bookmark: _Toc207787043]Table 4: Colony count on bacterial isolates from soil sample
	 
	Heterotrophic Bacteria (NA) count
	Mannitol salt (MSA) Agar
	Total coliform (MCA) count
	Eosin methylene blue (EMB) agar
	Faecal  coliform  count

	SAMPLE NAME
	R
	R
	R
	R
	R

	Pristine (unpolluted)
	22.33
	5.67
	2.33
	0.00
	1.67

	Polluted  A
	24.67
	0.00
	10.33
	9.67
	7.00

	Polluted  B
	56.00
	4.67
	97.33
	14.67
	12.00

	Polluted C
	101.33
	12.67
	59.33
	12.33
	10.00
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	Colour

	Organism
	Shape
	Size
	Elevation
	Transparency
	Nutrient Agar
	Mannitol Salt Agar
	MacConkey Agar
	Eosin Methylene Blue Agar

	Enterobactersp.
	Round
	Medium
	Raised
	Opaque
	
	
	Cream
	

	Klebsiellasp.
	Round
	Small
	Raised
	Opaque
	
	
	Pink
	

	Salmonella sp.
	Round
	Small
	Raised
	Opaque
	
	
	Pink
	

	Enterobactersp.
	Round
	Small
	Raised
	Translucent
	
	
	Pink
	

	Streptococcus sp.
	Round
	Small
	Flat
	Opaque
	Cream
	
	
	

	Yersinia sp.
	Round
	Small
	Flat
	Opaque
	Cream
	
	
	

	Enterococcus sp.
	Round
	Small
	Flat
	Opaque
	Cream
	
	
	

	Bacillus sp.
	Irregular
	Large
	Raised
	Opaque
	Cream
	
	
	

	Escherichia coli
	Round
	Small
	Raised
	Opaque
	
	
	
	Pink

	Escherichia coli
	Round
	Small
	Flat
	Translucent
	
	
	
	Pink

	Escherichia coli
	Irregular
	Small
	Flat
	Opaque
	
	
	
	Pink

	Escherichia coli
	Round
	Small
	Raised
	Opaque
	
	
	
	Pink

	Escherichia coli
	Irregular
	Medium
	Flat
	Translucent
	
	
	
	Cream

	Escherichia coli
	Round
	Small
	Flat
	Translucent
	
	
	
	Cream

	Staphylococcus epidermidis 
	Irregular
	Large
	Flat
	Translucent
	
	Green
	
	

	Staphylococcus epidermidis 
	Round
	Medium
	Raised
	Opaque
	
	Green
	
	

	Staphylococcus aureus 
	Round
	Small
	Flat
	Opaque
	
	Cream
	
	

	Staphylococcus aureus
	Irregular
	Large
	Flat
	Translucent
	
	Green
	
	

	Staphylococcus epidermidis 
	Round
	Small
	Flat
	Opaque
	
	Cream
	
	

	Staphylococcus aureus
	Irregular
	Large
	Flat
	Translucent
	
	Green
	
	






[bookmark: _Toc207787045]Table 6: Characteristics of bacterial isolates from soil samples
	Polluted Soil

	
	
	
	
	
	Colour

	Organism
	Shape
	Size
	Elevation
	Transparency
	Nutrient Agar
	Mannitol Salt Agar
	MacConkey Agar
	Eosin Methylene Blue Agar

	Bacillus cereus
	Round 
	Medium 
	Flat 
	Opaque 
	Cream 
	
	
	

	Staphylococcus aureus
	Irregular 
	Large 
	Flat 
	Opaque 
	Cream 
	
	
	

	Bacillus sp. 
	Irregular 
	Small 
	Flat 
	Opaque 
	Cream 
	
	
	

	Enterobacter  sp.
	Round 
	Small 
	Flat 
	Opaque 
	Cream 
	
	
	

	Bacillus subtilis
	Irregular 
	Large 
	Flat 
	Opaque 
	Cream 
	
	
	

	Klesbsiellasp.
	Irregular 
	Medium 
	Flat 
	Opaque 
	
	
	Pink 
	

	Citrobactersp.
	Small 
	Round 
	Flat 
	Opaque 
	
	
	Pink 
	

	Klebsiella sp.
	Irregular 
	Medium 
	Raised 
	Opaque 
	
	
	Cream 
	

	Enterobacter sp.
	Round 
	Small 
	Flat 
	Opaque 
	
	
	Pink 
	

	Escherichia coli
	Round 
	Small 
	Raised 
	Opaque 
	
	
	
	Pink 

	Escherichia coli
	Round 
	Medium 
	Raised 
	Opaque 
	
	
	
	Pink 

	Escherichia coli
	Round 
	Medium 
	Raised 
	Opaque 
	
	
	
	Pink 

	Staphylococcus aureus
	Irregular
	Large 
	Flat 
	Translucent 
	
	
	Cream 
	

	Staphylococcus aureus
	Irregular
	Medium 
	Flat 
	Opaque 
	
	
	Cream 
	

	Staphylococcus aureus
	Irregular
	Medium 
	Raised 
	Opaque 
	
	
	Cream 
	

	Pristine (Unpolluted)Soil

	Yersinia sp.
	Round 
	Punctiform
	Flat 
	Opaque 
	Cream 
	
	
	

	Salmonella  sp.
	Round 
	Punctiform
	Flat 
	Translucent 
	Cream 
	
	
	

	Klebsiella sp. 
	Round 
	Punctiform
	Flat 
	Opaque 
	Cream 
	
	
	

	Citrobacter sp.
	Irregular 
	Large 
	Flat 
	Opaque 
	
	Cream 
	
	

	Shigella sp.
	Irregular 
	Medium 
	Flat 
	Opaque 
	
	Cream 
	
	

	Enterobacter sp.
	Irregular 
	Medium 
	Flat 
	Opaque 
	
	Cream 
	
	

	Staphylococcus aureus
	Irregular 
	Medium 
	Raised 
	Opaque 
	
	
	Cream 
	

	Staphylococcus aureus
	Round 
	Small 
	Raised 
	Translucent 
	
	
	Cream 
	

	Staphylococcus epidermidis
	Round 
	Small 
	Raised 
	Opaque 
	
	
	Cream 
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	Gram stain
	-
	-
	-
	-
	+
	-
	+
	+
	-
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+

	Cell type
	R
	R
	R
	R
	C
	R
	C
	R
	R
	R
	R
	R
	R
	R
	C
	C
	C
	C
	C
	C

	Cell arrangement
	Ch
	S 
	S 
	Cl 
	Cl 
	S 
	Cl 
	Cl 
	Cl 
	Cl 
	S
	S
	S
	S
	Cl 
	S
	Cl
	Ch
	Cl 
	Cl 

	Urease
	-
	+
	-
	-
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+

	Indole
	-
	-
	-
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	-
	-
	-
	-
	-
	-

	Citrate
	+
	+
	-
	+
	-
	-
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	+
	+
	-
	+

	Catalase
	+
	+
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	H2S
	-
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	+
	+
	-
	-
	+
	-

	Coagulase 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	+
	+
	-
	+

	Lactose
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	-
	+
	+
	+
	+

	Sucrose
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Glucose
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Fructose
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Maltose
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Starch
	-
	+
	-
	-
	-
	+
	+
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Sorbitol
	+
	+
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	-
	-
	-

	
	Enterobactersp.
	Klebsiellasp.
	Salmonella sp.
	Enterobactersp.
	Streptococcus sp.
	Yersinia sp.
	Enterococcus sp.
	Bacillus sp.
	Escherichia coli
	Escherichia coli
	Escherichia coli
	Escherichia coli
	Escherichia coli
	Escherichia coli
	Staphylococcus epidermidis 
	Staphylococcus epidermidis 
	Staphylococcus aureus 
	Staphylococcus aureus 
	Staphylococcus aureus epidermidis 
	Staphylococcus aureus 



Keys :  R = Rod, C = Cluster, Ch = Chain, Cl = Cluster,  S = Single




[bookmark: _Toc207787047]TABLE 8: Morphology and biochemical tests for bacterial isolates from soil samples
	Polluted soil

	Gram stain
	+
	+
	+
	-
	+
	-
	-
	-
	-
	-
	-
	-
	+
	+
	+

	Cell type
	R
	C
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	C
	C
	C

	Cell arrangement
	Ch
	Cl
	Cl
	Ch
	Cl
	S
	Ch
	Cl
	Cl
	Ch
	S
	Ch
	Ch
	Ch
	Cl

	Urease
	+
	+
	+
	-
	-
	+
	-
	+
	-
	-
	-
	-
	+
	+
	+

	Indole
	-
	-
	-
	-
	-
	-
	-
	-
	-
	+
	+
	+
	-
	-
	-

	Citrate
	+
	+
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	+
	+
	+

	Catalase
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	H2S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Coagulase 
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	+
	+
	+

	Lactose
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Sucrose
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Glucose
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Fructose
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Maltose
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Starch
	+
	-
	+
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Sorbitol
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	-

	
	Bacillus cereus
	Staphylococcus aureus
	Bacillus sp. 
	Enterobacter  sp.
	Bacillus subtilis
	Klesbsiellasp.
	Citrobactersp.
	Klebsiella sp.
	Enterobacter sp.
	Escherichia coli
	Escherichia coli
	Escherichia coli
	Staphylococcus aureus
	Staphylococcus aureus
	Staphylococcus aureus



Keys :  R = Rod, C = Cluster, Ch = Chain, Cl = Cluster, S = Single


[bookmark: _Toc207787048]TaTABLE: 8A: Morphological, biochemical and sugar tests of bacterial isolates
	Control soil

	Gram stain
	-
	-
	-
	-
	-
	-
	+
	+
	-

	Cell type
	Rod
	Rod
	Rod
	Rod
	Rod
	Rod
	Cocci
	Cocci
	Cocci

	Cell arrangement
	Single
	Cluster
	Pairs
	Cluster
	Single
	Chains
	Chains
	Cluster
	Chains

	Urease
	+
	-
	+
	-
	-
	-
	+
	+
	+

	Indole
	-
	-
	-
	-
	+
	-
	-
	-
	-

	Citrate
	-
	-
	+
	+
	-
	+
	+
	+
	-

	Catalase
	+
	+
	+
	+
	+
	+
	+
	+
	+

	H2S
	-
	-
	-
	-
	-
	-
	-
	-
	+

	Coagulase 
	-
	-
	-
	-
	-
	-
	+
	+
	-

	Lactose
	-
	-
	+
	+
	-
	+
	+
	+
	+

	Sucrose
	+
	-
	+
	+
	-
	+
	+
	+
	+

	Glucose
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Fructose
	+
	-
	+
	+
	+
	+
	+
	+
	+

	Maltose
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Starch
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Sorbitol
	+
	+
	+
	+
	-
	+
	-
	-
	-

	
	Yersinia sp.
	Salmonella  sp.
	Klebsiellasp.
	Citrobactersp.
	Shigellasp.
	Enterobactersp.
	Staphylococcus aureus
	Staphylococcus aureus
	Staphylococcus epidermidis



Discussion 
Distribution of Bacterial Isolates in Abattoir Wastewater 
The susceptibility patterns of bacterial isolates in abattoir wastewater indicate that Treatment A demonstrated the broadest antimicrobial action, inhibiting a wide spectrum of organisms including Klebsiella, Enterococcus, Bacillus, Escherichia coli, and Staphylococcus epidermidis. This suggests that Treatment A possesses strong broad-spectrum properties, particularly against Gram-positive organisms. Treatment B displayed selective but meaningful activity against pathogenic Gram-negative species such as Salmonella and Yersinia, while Treatment C showed the narrowest action, affecting only specific isolates. The variability in responses among strains of the same genus reflects strain-dependent resistance patterns, which is consistent with the high adaptability of enteric bacteria isolated from polluted environments. Similar observations were reported by Dan et al. (2018) and Akinnibosun & Ayejuyoni (2015), who found resistant strains of E. coli, Staphylococcus, and Klebsiella in abattoir-impacted soils, indicating long-term exposure to organic pollutants fosters bacterial resilience. These findings imply that improper wastewater handling may facilitate the spread of resistant environmental pathogens, increasing public health risks.
Distribution of Bacterial Isolates in Soil Samples
The polluted soils showed a rich presence of pathogenic and fecal-indicator bacteria, especially E. coli, Staphylococcus aureus, Klebsiella, and Enterobacter, confirming heavy anthropogenic contamination. In contrast, the pristine soil presented significantly reduced microbial diversity, with an absence of E. coli and other coliforms. This clear distinction underscores the heavy microbial pollution linked to abattoir activities. Dan et al. (2018) and Okafor et al. (2024) reported similar findings, noting that abattoir-contaminated soils contained higher microbial loads and fecal pathogens than control soils. These alignments reinforce that abattoir effluent poses substantial ecological and health threats by enriching the soil with pathogenic bacteria capable of degrading soil quality and entering food chains.
Colony Count of Bacteria in Wastewater 
Wastewater B exhibited the highest bacterial counts across all parameters, while Wastewater A showed the lowest contamination. Wastewater C displayed the highest fecal coliform load, suggesting recent fecal inputs. These results point to inconsistent wastewater management practices at the slaughter facility. The heavy microbial loads in this study mirror the findings of Mittal (2004), who reported that abattoir wastewater contains millions of CFU of coliform and fecal pathogens. Similarly, Singh et al. (2023) emphasized that wastewater used for irrigation can carry high microbial burdens that pose risks of pathogen transfer and antibiotic resistance spread. The present findings highlight the need for adequate treatment before environmental discharge or reuse.
Colony Count in Soil Samples
Polluted Soil C recorded the highest heterotrophic, MSA, and fecal coliform counts, suggesting intense organic and fecal waste deposition. Polluted B showed the highest total coliforms, while Polluted A exhibited the lowest contamination. The pristine soil remained microbiologically clean, confirming minimal anthropogenic interference. These results correspond with the microbial density ranges reported by Akinnibosun & Ayejuyoni (2015) and Dan et al. (2018), who documented significantly higher microbial counts in abattoir-impacted soils compared to controls. The implications are serious: continuous deposition of untreated effluents can alter soil biological balance, increase pathogen survival, and reduce its suitability for safe agricultural use.
Morphological Characteristics of Wastewater Isolates
The morphological patterns of isolates—pink lactose-fermenting colonies on MacConkey/EMB (e.g., E. coli, Klebsiella) and cream colonies of Staphylococcus on MSA—confirm the presence of both Gram-negative enterics and Gram-positive cocci. These colony features supported biochemical identification and highlighted the coexistence of pathogenic, fecal, and opportunistic organisms in wastewater. This is consistent with the observations of Mittal (2004), who reported that abattoir effluents harbor a range of lactose-fermenters and opportunistic pathogens. The implication is that such microbial diversity increases the infective potential of polluted environments and presents risks of contamination to soil, water, and agricultural produce.
Morphological Characteristics of Soil Isolates
Polluted soils displayed more diverse morphological patterns, including pink lactose-fermenting colonies and a variety of colony sizes and textures, confirming fecal contamination and nutrient-rich conditions fostering microbial diversity. Pristine soil isolates were fewer, mostly cream-colored, and non-lactose-fermenting, indicating absence of fecal inputs. These results align with earlier studies (Dan et al., 2018; Okafor et al., 2024), which found that abattoir waste deposition increases pathogenic diversity and overall microbial biomass in impacted soils. This shift in microbial composition has ecological implications, including nutrient imbalance, loss of native beneficial microbes, and increased pathogen persistence in soils.
Biochemical Characteristics of Wastewater Isolates 
Wastewater isolates presented characteristics typical of enteric pathogens: Gram-negative rods fermented multiple sugars, Salmonella produced H₂S, and Staphylococcus aureus tested coagulase-positive. The range of metabolic traits indicates recent fecal pollution and the presence of clinically important pathogens. Similar biochemical patterns were identified in the work of Akinnibosun & Ayejuyoni (2015), who isolated E. coli, Staphylococcus, Enterobacter, and Pseudomonas from abattoir-contaminated soils. These findings emphasize the public health hazard associated with discharging untreated slaughterhouse wastewater into the environment.
Biochemical Characteristics of Soil Isolates 
Polluted soils contained both Gram-positive and Gram-negative isolates with active sugar fermentation, catalase positivity, and distinct biochemical traits indicating pathogenic potential. In contrast, pristine soil isolates showed limited diversity and fewer virulent characteristics. These findings mirror the trends reported by Dan et al. (2018) and Singh et al. (2023), who emphasized that wastewater exposure significantly modifies soil microbial dynamics and increases the presence of fecal and pathogenic bacteria. The implication is that wastewater irrigation or disposal, if not well managed, can introduce harmful bacteria into agricultural soils, posing long-term threats to soil quality and food safety.
The findings across all sections demonstrate that abattoir wastewater significantly alters both wastewater and soil microbial profiles, increasing the prevalence of pathogenic bacteria, fecal indicators, and metabolically active organisms. Polluted soils showed higher microbial loads, greater bacterial diversity, and the presence of clinically important pathogens, confirming major anthropogenic impacts. These results align strongly with previous studies, which consistently show that abattoir effluents degrade soil quality, increase pathogen loads, modify physicochemical characteristics, and elevate environmental and public health risks. The findings also reinforce concerns raised by international studies (Singh et al., 2023; Lopes et al., 2015; Liu & Haynes, 2011) regarding the risks associated with wastewater irrigation, especially the introduction of pathogens, heavy nutrients, and microbial community disturbances.
Conclusion 
The findings clearly demonstrate that abattoir wastewater significantly disrupts both wastewater and soil microbial communities, leading to elevated loads of fecal indicators, pathogenic bacteria, and metabolically active organisms that persist in contaminated environments. Polluted soils exhibited higher microbial counts, richer pathogen diversity, and more virulent biochemical characteristics compared to pristine soils, confirming heavy anthropogenic influence from abattoir activities. These outcomes align with previous studies showing that untreated abattoir effluents encourage the proliferation of resistant enteric bacteria, degrade soil quality, and heighten ecological and public health risks. Collectively, the results highlight the urgent need for proper wastewater treatment and strict management practices to prevent pathogen dissemination, protect soil health, and safeguard communities relying on these environments for agriculture and water use.
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