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Temperature °C. 2731220 25-29
pH 6.64=2.0 6.5-8.3
Turbidity 12.5:1.0 5

Total Solid mg/1 287=4.0 500-1000
Total Dissolved Solid mg/l 675=0.5 500
Total Suspended Solid mg/1 53.25=5.0 <10
Total Solid 1600=6.0 500-1000
Alkalinity mg/l 80.43=3.0 100
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COD mg/1 520=1.0 100
Chloride mg/1 51.58=0.03 250
Phosphate mg/l 12.58=0.02 5

Nitrate mg/l 60.44=7.0 50
Sulphate mg/l 165=8.0 500
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EVALUATION OF PHYSICOCHEMICAL PROPERTIES AND BACTERIOLOGICAL QUALITY OF ABATTOIR WASTEWATER 

ABSTRACT 
	Aims: To determine the physicochemical properties and bacterial composition of abattoir wastewater. 
Place and Duration of Study: Department of Microbiology, Michael Okpara University of Agriculture Umudike, Abia State, Nigeria.

Methodology: Physicochemical parameters and heavy metal composition of abattoir wastewater were determined using standard methods. Bacteria were isolated using standard microbiological methods and their identity confirmed using 16S rRNA method. 
Results: Temperature of the wastewater was 27.31oC while the pH value was 6.64. The total dissolved solids (TDS) concentration in the wastewater was 675 mg/L while the total suspended solids (TSS) concentration in the wastewater was 53.25 mg/L. The biochemical oxygen demand (BOD) of the wastewater was 524 mg/L while the chemical oxygen demand (COD) of the wastewater was 1021 mg/L. Heavy metals detected in the wastewater were cadmium, iron, manganese, lead and zinc with iron having the highest and significant concentration of 4.48. Bacteria isolated from abattoir wastewater were Escherichia coli, Enterobacter aerogenes, Klebsiella oxytoca, Salmonella sp, Staphylococcus aureus and Bacillus cereus. Escherichia coli was the highest occurring isolate with 30% occurrence rate while Salmonella sp was the least occurring isolate with 5.5% occurrence rate.
Conclusion: The abattoir wastewater investigated had a high load of organic wastes leading and high counts of bacteria. Bacteria isolated included pathogenic strains. 
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1. INTRODUCTION 

Abattoirs discharge huge amounts of wastewater into the environment because of their high freshwater usage for the continuous operations of cutting up, rinsing, and packaging meat (Williams et al., 2019). Other operations in abattoirs such as scalding, de-feathering, evisceration, and meat wash are also water-intensive and generate a significant amount of wastewater. In abattoirs, edible portions of meat are processed for human consumption. The operations at abattoirs generate significant waste materials including organic and inorganic solids (Gutu et al., 2021). All parts of an animal that are not used for production of food are called abattoir waste and can consist of internal organs, blood, bone, tendons and ligaments. It can also include urine, feces and carcasses. Abattoir wastes are divided into solid wastes, liquid wastes and gas wastes. Solid wastes include bones, hairs and undigested food. Liquid wastes include blood, urine, water and gut contents. Abattoir effluents are considered harmful worldwide due to the high composition of fats, proteins, fibers, high organic content, pathogens, and pharmaceuticals (Chaudary et al., 2024). Abattoir wastewater is typically evaluated using bulk parameters because of the broad range of the wastewater and pollutant loads. Abattoir wastewater contains large amounts of biochemical oxygen demand (BOD), chemical oxygen demand (COD), total organic carbon (TOC), total nitrogen (TN), total phosphorus (TP), and total suspended solids. Abattoir wastewater is characterized by high concentration of blood. Discharge of industrial waste such as slaughterhouse waste into surface water is the most common path for industrial waste to contaminate drinking water (Muhialdin and Hassan, 2020). Water downstream from locations that discharge wastewater can contain significant levels of pathogenic bacteria. Research has found that receiving water bodies were contaminated with faecal bacteria and that the levels of Escherichia coli in the water downstream of all the abattoirs were higher than in the water upstream of the abattoirs indicating that the abattoirs were the source of pollution (Gutu et al., 2021). The water downstream of the abattoirs are used for drinking, washing and bathing water by the local population presenting a hazard to public health. Abattoir operations also affect air quality which ultimately affects the health of nearby residents.

Determining the physicochemical properties of abattoir wastewater and their bacterial constituents is essential for the application of adequate and appropriate treatment methods before discharge into the environment.
2. material and methods 
2.1 Study area

The study was carried out in Ubakala Abattoir located in Umuahia South Local Government Area of Abia State, Nigeria. Umuahia South Local Government Area (LGA) is bordered to the north by Imo River and to the south by Isiala Ngwa North Local Government Area. The major clans of the LGA are Umuopara, Olokoro and Ubakala. Ubakala covers an area of about 140 square kilometers and the abattoir is located on the road leading to Umuopara. It lies on latitude 5.5423º N and longitude 7.48º E. It experiences a wet season which lasts from March to November and a dry season from December to February. The average annual rainfall is 1,124mm and annual relative humidity is over 60%. Average annual temperature is above 27ºC. The area has a low-lying to moderately high topography and a rainforest vegetation.
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Figure 1. Study Area Map (Ubakala Abattoir, Umuahia South LGA, Abia State, Nigeria) 

2.2 Collection of Samples 
Abattoir wastewater samples were aseptically collected in sterile bottles from Ubakala abattoir in Umuahia, Abia State, Nigeria. Samples were  collected  at  the  exit  points  along  the  drainage using  sterile  wide  mouthed  bottles  using  the  grab  technique. The  sample  bottles were  placed  on  ice  box  and  were  transported  to  the  laboratory aseptically 

2.3 PHYSICOCHEMICAL ANALYSIS HEAVY METAL COMPOSITION
The Abattoir wastewater samples were analyzed for physicochemical parameters. The physicochemical properties of the water samples were determined according to standard methods (APHA, 2022). The physicochemical properties evaluated were Temperature, pH Turbidity, Dissolved Oxygen (DO), Total alkalinity, Conductivity, Total hardness, Total Dissolved Solids (TDS), Total Suspended Solids (TSS), Total Solids (TS), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Salinity (Chloride ion test), Nitrate, Sulphate and Phosphorus content. The concentrations of the heavy metals were determined using atomic absorption spectrophotometer (AAS) (Model AA-6800).
2.4 ENUMERATION, ISOLATION AND PURIFICATION OF BACTERIA FROM WASTEWATER SAMPLES
Ten-fold serial dilution of the abattoir wastewater samples was carried out after which they were inoculated onto Nutrient agar and MacConkey agar for total heterotrophic bacteria counts and total coliform counts respectively. The diluted samples were also inoculated onto Salmonella Shigella agar, Mannitol Salt agar and Eosin Methylene Blue agar. Culture plates were incubated at 37oC. Distinct colonies were sub-cultured for purity and subsequently identified.
2.5 Identification of Bacterial Isolates
The presumptive identification of bacteria isolates was based on morphological characteristics and biochemical tests. Morphological characteristics were observed from each bacterial colony after 24 hours of growth. Gram staining, Endospore staining, motility tests and biochemical tests were carried out for the presumptive identification of bacteria isolates. The biochemical tests include Catalase test, Coagulase test, Methyl red test, Indole test, Citrate test, Voges-Proskauer test, Oxidase test and Sugar fermentation tests (Boone and Castenholz, 2012). Isolated Bacteria from abattoir wastewater were identified using prokaryotic 16S rRNA universal primers 27F (50 -AGAGTTTGATCCTGGCTCAG-30) and 1492R (50 -GGTTACCTTGTTACGACTT-30 ) performed with the following PCR procedure: 3 min at 95◦C for pre-deformation; 35 cycles of 95◦C for 15 s, 60◦C for 15 s, and 72◦C for 90 s; and a final step of 72◦C for 5 min. The PCR products were sequenced by the Inqaba Biotech Company. The homologies between the gained sequences and those in GenBank were evaluated using BLAST analysis on the NCBI website. A bootstrap phylogenetic tree was generated based on the neighbor-joining method with MEGA 7 software (Wang et al., 2020).

2.6 Statistical Analysis
Data derived from this research was analysed using analysis of variance (ANOVA) and Tukey HSD pairwise comparison on the R statistical programming package. 

3.0 results and discussion
3.1 PHYSICOCHEMICAL PROPERTIES OF ABATTOIR WASTEWATER
The physicochemical analysis of Ubakala abattoir wastewater revealed that the temperature of the wastewater was 27.31°C, which falls within Federal Ministry of Environment (FMEnv) standard range of 25-29°C.  The pH of the wastewater was 6.64, which is slightly acidic but still within the FMEnv standard range of 6.5-8.5. This was similar to findings by Bakare-Abdiola et al (2024) who investigated the physicochemical and heavy metal properties of wastewater of two abattoirs in Lagos state, Nigeria. The normal pH range was also in agreement with findings by Adeleye et al., (2024) who assessed the quality of abattoir wastewater in Dutse, Jigawa state. When the pH is below 5 or above 8.5 the growth of micro-organisms is directly affected. The turbidity of the wastewater was 12.5 NTU. High turbidity indicates the presence of suspended solids, which can affect the treatment process and the quality of the receiving waters. The total solids concentration was 1600 mg/L. This value indicates the presence of a significant amount of solids in the wastewater, which can affect the treatment process and the quality of the receiving waters. Also, the total dissolved solids (TDS) concentration in the wastewater was 675 mg/L, which exceeds the FMEnv standard of 500 mg/L. High TDS levels are an indication of the presence of dissolved ions and minerals. The total suspended solids (TSS) concentration in the wastewater was 53.25 mg/L. The high presence of solids in the abattoir wastewater is expected due to the high organic content, feed residues, detergents and chemical additives. This high presence of TDS and TSS was similar to findings by Bala et al., (2020) who investigated the biodegradation ability of abattoir wastewater microbiota. High TSS and TDS was also similar to findings by Adeleye et al., (2024). The alkalinity of the wastewater was 80.43 mg/L. Alkalinity is a measure of the capacity of water to neutralize acids, and low alkalinity levels can indicate a reduced ability to buffer against pH changes. The dissolved oxygen (DO) concentration in the wastewater was 3.45 mg/L, which is below the FMEnv standard of 7.5 mg/L. Low DO levels can indicate a high level of organic pollution, which can affect the aquatic life in receiving waters.

The hardness of the wastewater was 105.22 mg/L. Water hardness is a measure of the concentration of calcium and magnesium ions, and low hardness levels can indicate a reduced ability to form scales and deposits.

The biochemical oxygen demand (BOD) of the wastewater was 524 mg/L, which exceeds the FMEnv standard of 40 mg/L. High BOD levels indicate a high level of organic pollution, which can affect the aquatic life in receiving waters. The chemical oxygen demand (COD) of the wastewater was 1021 mg/L, which exceeded the FMEnv standard. High COD levels indicate a high level of organic pollution, which can affect the aquatic life in receiving waters. High BOD and COD levels in Ubakala wastewater was similar to findings of Bala et al., (2020) and Adeleye et al., (2024). Dada et al., (2022) also recorded high BOD and COD values for abattoir wastewater samples investigated. It was also in agreement to reports by Ogeleka et al., (2021) who reported high BOD and COD levels in surface waters receiving abattoir wastewater. 

The chloride concentration in the wastewater was 51.58 mg/L. Chloride ions can contribute to the salinity of receiving waters, but the levels detected in this wastewater are not significant. Chloride levels are vital indicators of water quality, potential contamination and salinity. The consequences of chloride levels in water are significant. High chloride concentrations can have a negative impact on human health and have ecological consequences, affecting those dependent on water resources. High phosphate levels observed in the wastewater can lead to eutrophication in receiving water bodies, leading to excessive algal growth and decreased water quality.

The nitrate concentration in the wastewater exceeded the FMEnv standard. High nitrate levels also contribute to eutrophication in receiving waters. The presence of nitrogen in wastewater can be either organic or mineral. Organic nitrogen is characterized as a constituent of proteins, polypeptides, amino acids, and urea. Mineral nitrogen includes ammonium, nitrites and nitrates which make up the majority of total nitrogen. This was similar to findings of Mbanefo et al., (2019) and Ijah et al., (2022). These results are shown in Table 1.
3.2 Heavy Metal Composition

The metal composition of Ubakala Abattoir wastewater, revealed the presence of metals, including iron, cadmium, manganese, zinc and lead. The burning of tires and other materials during the processing of slaughtered animals is a major source of metals in abattoir generated effluent. Iron was the most abundant metal in the wastewater, with a concentration of 4.95 mg/ml. This value exceeds the FMEnv limit. High levels of iron in wastewater can lead to the formation of insoluble iron hydroxides, which can cause sedimentation and clogging of pipes. Also, excessive iron levels can enable the growth of iron-oxidizing bacteria, leading to the formation of iron oxides and hydroxides that can cause discoloration and odours in water. Ogunlade et al., (2021) and Jegede et al., (2022) also reported significant levels of iron in abattoir wastewater. Also, Afolabi et al., (2021) reported high levels of iron, zinc, copper and manganese in surface and groundwater samples contaminated with untreated abattoir wastewater. The high presence of iron can be linked to rusty iron-based equipment which abound in the facility. Cadmium was present in the wastewater in low levels. Cadmium is a toxic metal that can cause harm to humans and animals even at low concentrations. Extended exposure to cadmium can lead to kidney damage, bone demineralization, and various types of cancer. The concentration of manganese in the wastewater was 0.11 mg/ml, which is below the FMEnv standard. Manganese is an essential element for humans and animals, but excessive levels can be toxic. Manganese can cause neurological problems, reproductive issues, and respiratory problems. Lead was present in the wastewater at a concentration of 0.08 mg/ml, which is higher than the FMEnv standard of 0.03 mg/ml. Lead is a highly toxic metal that can cause severe health problems, including neurological damage and kidney damage. Sources of lead in abattoir wastewater include pipes and other materials used in the abattoir. High heavy metals exposure have been associated with hypertension and heart disease (Wang et al., 2024). Results of heavy metal concentration are shown in Table 2.
Table 1. Physicochemical Properties of Ubakala Abattoir Watewater
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*Values are mean± standard deviation of three replicates
Table 2. Heavy Metal Content of Ubakala Abattoir Wastewater
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*Values are mean± standard deviation of three replicates
3.3 Total Bacterial Counts

Total heterotrophic bacteria counts in ubakala abattoir wastewater ranged from 5.6 x105 cfu/ml to 7.3 x 105 cfu/ml while the total coliform count range was 2.8 x 105 cfu/ml to 3.7 x 105 cfu/ml. This is shown in Table 3. The total heterotrophic and coliform counts in the wastewater was high indicating a high level of bacterial contamination. This is can be attributed to the nature of abattoir wastewater, which is rich in organic matter and nutrients that support diverse bacterial growth. Abattoir waste consists of blood, fecal materials, urine and animal tissues. These materials provide nutrient rich environments that support microbial growth. The high presence of bacteria could also be linked to the poor sanitation practices and poor personal hygiene observed at the abattoir. Coliform bacteria are indicators of fecal contamination, and their presence in high numbers suggests that the wastewater is contaminated with fecal matter.

Table 3. Total Heterotrophic Bacteria and Coliform Counts (cfu/ml)
[image: image4.png]Sampling Period Total Heterotrophic Count Total Coliform Count

Week 1 6.8x10° 2.8x10°
Week 2 59x10° 3.7x10°
Week 3 73x10° 33x10°
Week 4 5.6x10° 29x10°

Week § 6.3x10° 3.0x10°





3.4 Identification of Bacterial isolates
The identification of bacterial isolates from the wastewater revealed a diverse range of species. Identified bacteria were Escherichia coli B1-O-2, Enterobacter aerogenes N38, Klebsiella oxytoca pKOX3, Salmonella sp S2, Staphylococcus aureus A1 and Bacillus cereus TJ-1-5. Several studies have reported the isolation of pathogenic bacteria from abattoir effluent. Aleruchi et al (2024) reported the presence of Escherichia coli and Staphylococcus species in different abattoir investigated in Rivers State. Idu et al (2023) isolated Staphylococcus aureus, Escherichia coli, Bacillus sp, Klebsiella sp and Pseudomonas sp from abattoir wastewater in Aba, Abia state. Abioye et al., (2021) isolated Bacillus sp and Neisseria sp from abattoir wastewater. Ijah et al., (2022) reported the significant presence of Escherichia coli, Bacillus sp., Klebsiella sp and Salmonella sp. in abattoir wastewater in Minna, Niger state. The presence of pathogenic bacterial species in the wastewater suggests that there is a risk of environmental contamination and the spread of disease to animals and humans.  The high presence of pathogenic bacteria in untreated abattoir wastewater can be attributed to the large volume of organic waste such as blood, tissues and abdominal contents generated in these meat processing facilities.

3.5 Percentage Occurrence of Bacterial Isolates
Escherichia coli was the highest occurring bacterial isolate in the abattoir wastewater samples analysed with 30% occurrence rate followed by Enterobacter aerogenes (25%) and Staphylococcus aureus (20.2%). The least occurring bacteria was Salmonella sp with 5.5% occurrence rate. There was significant difference in the occurrence of the bacteria isolates at P = .05. This is displayed in Figure 1.
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Figure 2. Percentage Occurrence of Bacterial Isolates
4. Conclusion
The physicochemical analysis of abattoir wastewater revealed the high presence of solids in the wastewater. It also showed high levels of BOD and COD coupled with a high level of nitrate and phosphate in the abattoir wastewater. This can be attributed to the nature of abattoir waste with its high organic content. There were high concentrations of iron which poses risks to the environment and human health. The research also revealed the high presence of pathogenic bacteria in abattoir wastewater. The presence of these microorganisms is of concern due to the environmental impact and the resulting effect on public health. There is a high risk of disease outbreaks and increased opportunistic infections due to the high load of microbes in the wastewater. The danger posed by this organisms to the nearby population is heightened by the increased resistance of pathogens to antibiotics. All these point to the need for effective wastewater management to limit the discharge of pathogens into the soil, water bodies and farmlands. Currently, there are no treatment procedures employed in the abattoir investigated. This is a common challenge across slaughter houses in Nigeria except in a few locations.
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