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ABSTRACT 
 

This study was conducted to determine the physicochemical properties of the wastewater as well as isolate and identify heterotrophic bacterial 
populations in the wastewater while comparing results obtained with permissible standards of the World Health Organisation (WHO) and the 
National Environmental Standards and Regulations Enforcement Agency (NESREA). Grab sampling method was used to collect 12 wastewater 
samples over four weeks. Temperature, pH, turbidity, electrical conductivity (EC), nitrates, sulfate, phosphate, dissolved oxygen (DO), chemical 
oxygen demand (COD), biochemical oxygen demand (BOD), and total heterotrophic bacterial count (THBC) were analyzed using standardized 
methods. Results obtained show that the overall mean values of pH (6.91), EC (2.6 µS/cm), sulfate (81.7 mg/L), DO (7.05 mg/L), BOD (1310 
mg/L) and COD (3543 mg/L) conformed with allowable limits. Nitrate (821.4 mg/L) and phosphate (231.7 mg/L) were found to be above the 
permissible standards. Mean BOD values were not significantly different (p > 0.05) from each other during sampling. THBC for all the samples 
exceeded the WHO limit, as it ranged between 1.9×104 and 5.6×102 CFU/mL. Results obtained during the conduct of this study have clearly 
shown that the wastewater generated from the Dutse abattoir was unfit for discharge into the environment. 
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INTRODUCTION 
 

Wastewater is the antagonistic outcome of human influence 

against the aquatic environment, which can originate from 

homes and industrial settings (Edokpayi et al., 2017). The 

authors further submitted that wastewater can house loads of 

microorganisms, pharmaceutical products, heavy metals, 

nutrients, and other waste products that might have found their 

way into the aquatic environment. However, the composition of 

all wastewater is continuously fluctuating and extremely 

inconstant, which is why it is so problematic to find a stable 

description of it (Tuser, 2020; Kirilmaz, 2022). Wastewater is a 

multifaceted medium comprising substantial concentrations of 

total solids that range between 350 and 1200 mg/L, chemical 

oxygen demand (COD) that ranges between 250 and 1000 mg/L, 

microorganisms that can add up to 109 number/mL, some 

nutrients, micro-pollutants and considerable heavy metals 

(Kundu & Dutta, 2018; Almulhim et al., 2022; Alshammari, 

2022).  

Canneries, milk dairies, sugar factories, breweries and 

distilleries, the beverage and meat industries, the manufacture 

of fertilizer, pulp and paper, tanneries, and yeast manufacturing 

are the main industrial sources of wastewater (Micronics 

Engineered Filtration Group, 2023). When people consume 

more meat, the meat industry contributes significantly to the 

volume of wastewater produced. This means that wastewater 

containing a lot of bacteria is continuously produced, which has 

an impact on the receiving environment in several ways, 

including the buildup of toxic chemicals in the soil, the 

contamination of surface and groundwater, the release of 

greenhouse gases that cause global warming, and many other 

effects (Lapygina et al., 2002). Failure to adequately treat 

wastewater before final disposal into the environment normally 

leads to the growth of pathogenic microorganisms 

uncontrollably in water bodies (Adeleye et al., 2021; 

Shetgaonkar, 2022). 

Most industrial processes necessitate a tremendous amount of 

water, which almost equally discharges wastewater (Negi & 

Suthar, 2018). These authors reported further that industries 

dependent on freshwater for their production have consistently 

contributed to the pollution of the environment. Untreated 

wastewater originating from both industrial and residential 

sources frequently contains a sizable number of contaminants, 

nutrients, and biological agents (Manasa et al., 2020). Owing to 

the increasing number of people who consume meat products, 

meat industries are categorized among those industries capable 

https://doi.org/10.51847/5xxrD8Fbka
https://creativecommons.org/licenses/by-nc-sa/4.0/
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of generating high volumes of wastewater (Bustillo-Lecompte & 

Mehrvar, 2017). The slaughterhouse wastewater has harmful 

levels of nitrogen, phosphorus, and organic carbon that are 

primarily contributed by animal dung (Matheyarasu et al., 2015; 

Pushkin, 2023). These authors further reiterated that the 

highest organic load concentration is seen in the wastewater 

stream from slaughterhouses, which also has higher COD (8000 

mg/L), proteins (70%), and suspended particles (15–30 mg/L) 

concentrations than other wastewater sources. The continuous 

drive to increase meat production for the protein needs of the 

ever-increasing world population can equally be attributed to 

the pollution problems attached (Milman, 2021; Terela & 

Strilets, 2023). This author reiterated further that in many 

countries, pollution arises from activities in meat production as 

a result of failure to adhere to Good Manufacturing Practices 

(GMP) and Good Hygiene Practices (GHP). Consideration is 

hardly given to safety practices during animal transport to the 

abattoir, during slaughter, and dressing. Also, during meat 

production, wastewater is produced in large quality and then 

stored in septic tanks for a long period and then evacuated.  

In the Dutse abattoir, wastewater generated daily is not 

subjected to any form of treatment before disposal into the 

environment. When this wastewater that is hardly treated gets 

discharged into the environment indiscriminately, it 

subsequently flows through the public drainage, thereby 

polluting the environment. A considerable percentage of 

abattoir wastewater is employed for irrigating agricultural 

farmland and as feed for fish farming. However, owing to the 

enormous microbial load inherently found in wastewater, if it is 

discharged into the environment untreated, it can result in 

contamination of soil and water, percolation of soil, methane 

emission, and many more. This study was conducted to 

determine the physicochemical properties of the wastewater as 

well as isolate and identify heterotrophic bacterial populations 

in the wastewater while comparing results obtained with 

permissible standards of the World Health Organisation (WHO) 

and the National Environmental Standards and Regulations 

Enforcement Agency (NESREA). 

MATERIALS AND METHODS 

Study area 

Dutse abattoir is located in the capital of Jigawa state, northern 

Nigeria. It lies north of the road between Kano City and Birnin 

Kudu. The undulating relief of the area is covered by Sudan's 

savannah. Dutse is a city located in northwestern Nigeria. It is 

the capital city of Jigawa state. It is home to Federal University 

Dutse, which opened in November 2011. The abattoir is situated 

on latitude 11°43'10" N and longitude 9°21'38" E. The number 

of animals slaughtered per day ranges between 5 and 6 cows, 10 

to 16 goats, and sheep. During the dry season, 2 to 4 camels are 

also slaughtered. Waste materials ranging from horns, hooves, 

bones, dung, undigested feeds, and wastewater are produced 

every day in the abattoir. 

 

Collection of wastewater samples 

During the peak of the activities (8:00 am) that normally take 

place in the abattoir, the grab sampling method was used to 

collect three wastewater samples weekly over a month. 

Homogenized samples were taken in the butchering section, 

rinsing section, and stream using sterilized plastic bottles, as 

reported by Dankaka et al. (2018) during each wastewater 

sampling. 

Determination of physical properties of wastewater 

Determination of pH, temperature, total dissolved solids (TDS), 

and electrical conductivity (EC) was done using a hand-held 

Extik EC 600 multimeter. Measurement was carried out both in-

situ and ex-situ to determine if there was any significant change 

while samples were transported to the Laboratory. 

 

Determination of nitrate 

Nitrate was estimated in the sampled wastewater through the 

employment of the procedure reported by the American Water 

Works Association (AWWA) (2017). This was done as follows: 

Nitrate nitrogen standard solution was added to the sample to 

turn red and neutralize ammonia to nitrite and then nitrate. The 

sample was poured into the sample cell test tube and inserted 

into the sample cell of the spectrophotometer. The cover was 

then placed over the sample cell. The absorbance or 

concentration of this sample was read and recorded. The 

absorbance value was then converted to the equivalent 

concentration of nitrate by using a standard curve.   

 

Determination of sulphate  

The method reported by Kia et al. (2017) was utilized to 

determine the amount of sulfate present in the wastewater 

samples. A 250 mL Erlenmeyer flask was filled with a part of the 

wastewater samples. The conditioning reagent was then 

measured out to be 5 mL, added, and mixed using a magnetic 

stirrer. Timing started as soon as a teaspoon of barium chloride 

crystals was inserted. It was whisked for exactly one minute at 

a steady speed. Following agitation, a portion of the mixture was 

transferred into the photometer's absorption cell, and the 

turbidity was assessed every 30 seconds for four minutes. A 

calibration curve was created. The standards were created in 

the 0–40 mg/L Sulphate range at 5 mg/L increments, and their 

absorbance or turbidity was measured. A curve was produced 

by plotting the absorbance against sulfate concentration. With 

the use of the calibration curve, the absorbance for a particular 

sample allowed for the determination of the sulfate 

concentration in the solution. 

 

Determination of phosphate 

Phosphate was estimated in the sampled wastewater through 

the employment of the procedure reported by Phesatcha et al. 

(2016). The wastewater was poured into the cuvette of the 

spectrophotometer. The cuvette was wiped down with a 

microfiber to remove fingerprints. The cuvette was placed into 

the spectrophotometer, and the meter was switched on. A drop 

of reagent (stannous chloride) was added and then waited for 

30 seconds to 5 minutes based on when the reagents fully 

reacted with the phosphate in the sample. When it fully reacted, 

it produced a blue color. The spectrophotometer button was 

pressed and held after adding the reagent. The reading of the 

phosphate concentration that was displayed on the machine 

was then recorded. 

 

Determination of biochemical oxygen demand 

Utilizing specific 300 mL biochemical oxygen demand (BOD) 

bottles that were intended to be filled without any air spaces 

and to provide an airtight seal, the BOD was measured (Water 

https://www.theguardian.com/profile/oliver-milman
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Science School, 2018). To represent varying dilutions, different 

amounts of wastewater samples were added to the bottles 

containing the sample and oxygenated water (distilled). As a 

control or "blank," dilution water alone was used to fill at least 

one bottle. Each bottle's initial dissolved oxygen (DO) 

concentration (mg/L) was determined using a DO meter. After 

that, each bottle was kept in a dark, 20 °C incubator for five days. 

The DO meter was used once more to determine the ultimate DO 

content (mg/L) after five days. After deducting the final DO 

measurement from the initial DO reading, the BOD 

concentration (mg/L) was obtained. We multiplied the result by 

the serial dilution factor. 

 

Determination of chemical oxygen demand 

The commonly used test to determine the amount of organic 

matter in wastewater samples instead of BOD is COD. The 5-day 

BOD test lacks the significant advantage that the COD test offers, 

as it may be finished in a matter of hours (Pharmaguideline, 

2013). The titration method outlined by Ogbu et al. (2016) was 

used to calculate COD. After pipetting 10 mL of the samples into 

a conical flask, 5 mL of 0.025 N potassium dichromate (K2Cr207) 

was added. Additionally, 40 mL of distilled water was added, 

and 15 mL of concentrated tetraoxosulphate (VI) acid (H2S04) 

was diluted. Subsequently, the phenanthroline ferrous sulfate 

indicator was applied in seven drops. The flask became hot as a 

result of the effervescent that was produced. As a result, the 

combination was allowed to cool, changing color to a faint shade 

of blue-green. For the blank (i.e., the solution devoid of the water 

sample), the process was repeated. The spectrophotometer was 

used to read the results. 

 

Determination of total bacterial count 

The bacterial population was estimated through the 

employment of the procedure reported by Amalfitano et al. 

(2018). 

 

Preparation of media 

As directed by the manufacturers, MacConkey agar (MA), 

nutrient agar (NA), and eosin methylene blue (EMB) were made. 

Weighing the amount of agar needed for the analysis, a sensitive 

weighing balance was employed. The preparation and 

dissolution of the culture media followed the manufacturer's 

recommendations. As reported by Adeleye et al. (2019), the agar 

was sterilized in an autoclaving machine for 15 minutes at 121 

°C to truncate the growth of any organisms and avoid 

compositional changes. 

 

Inoculation and incubation of bacterial isolates 

To identify and enumerate bacteria in the wastewater, 1 mL of 

the wastewater was diluted serially with 9 mL of distilled water 

(Cheesbrough, 2006). The solution of the serially diluted sample 

was then inoculated into NA and MA with 1.0 mL of diluted 

wastewater. The plate was gently swirled on the bench top to 

mix the culture and the medium thoroughly. The agar plate was 

allowed to completely gel without disturbing it, which took 

approximately 10 minutes. Each of the agar plates was sealed 

and incubated at 37 °C for 24 hours. After incubation, distinct 

colonies were subsequently sub-cultured on sterilized EMB for 

preliminary identification of the bacterial isolates. 

 

Gram staining of bacterial isolates 

Gram staining was used to color bacterial colonies that had been 

sub-cultured on NA, as described by Olutiola et al. (2000). On a 

spotless glass slide with no grease, a thin stain was created. 

After being air-dried, heated, and put on a rack, it was rinsed 

with distilled water after a minute of crystal violet coverage. 

Subsequently, 70% ethanol was used to decolorize the smear, 

and it was rinsed with distilled water after a minute of Lugol 

iodine treatment. After soaking in safranin for a minute, the 

smear was cleaned with distilled water. After using cotton wool 

to wipe the back of the slide, it was set on a rack to drain. The 

gram staining smear was examined microscopically using an 

x100 oil immersion objective lens, as reported by Cheesbrough 

(2006). 

 

Biochemical tests for the identification of bacterial isolates 

Some biochemical tests were carried out to further identify the 

various bacterial isolates present in the sampled wastewater. 

The catalase test was conducted as described by Ochei and 

Kolhatkar (2008), the coagulase test was conducted following 

the method described by Sapkota et al. (2020), the Indole test 

was done following the procedure highlighted by Cheesbrough 

(2006), the Methyl-red test and Voges-Prokaeur test were 

conducted as described by Ochei and Kolhatkar (2008) while 

citrate utilization test was done according to the method 

documented by Maina et al. (2021). 

 

Data analyses 

Descriptive statistics was employed to ingeminate the results of 

the physicochemical properties coupled with the identified 

heterotrophic bacterial population in the sampled wastewater. 

Results generated from all the parameters were compared with 

WHO and NESREA permissible standards. Data generated from 

the physical and chemical parameters of the sampled 

wastewater were subjected to One-way analysis of variance 

(ANOVA) using SAS software (version 9.1). Significant means 

were subsequently separated using Duncan's Multiple Range 

Test at p < 0.05.   

RESULTS AND DISCUSSION 

Table 1 shows the results of the physicochemical analyses of 

the wastewater samples. The temperature of the samples 

ranged between 28 and 30 °C in weeks 1 and 2. The sampled 

wastewater samples had the highest temperatures of 30 and 

29.8 °C, respectively. However, wastewater sampled in weeks 3 

and 4 recorded the lowest temperatures of 28.8 and 28.1 °C, 

respectively (Table 1). The highest pH (7.16) recorded during 

sampling was in week 1. 

 

Table 1. Physicochemical parameters of the sampled wastewater 

Parameters Week 1 Week 2 Week 3 Week 4 Mean WHO NESREA 

Temperature (°C) 30 29.8 28.8 28.1 29.18 12-25 40.0 

pH 7.16 6.59 7.11 6.76 6.91 6.5-8.5 6 - 9 

Turbidity (NTU) 122.0 120.5 105.6 100.6 112.18 1250 NS 

https://www.frontiersin.org/people/u/55278
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Electrical conductivity (µS/cm) 4,540 3,080 1,670 1,282 2,643 1000 1000 

Nitrate (mg/L) 980.7 978.4 711.2 615.3 821.4 45 20 

Phosphate (mg/L) 246.75 220.74 225.45 233.75 231.7 No Standard 5-10 

Sulphate (mg/L) 94.8 84.47 75.1 72.3 81.7 No Standard 500-1000 

Dissolved oxygen (mg/L) 8.4 8.2 6.1 5.5 7.05 7.5 Unspecified 

Biochemical Oxygen Demand (mg/L) 14.3 11.9 13.4 12.7 13.1 40 30 

Chemical  Oxygen Demand (mg/L) 48.2 35.0 30.9 29.3 35.9 80 60 

 

The overall mean pH recorded for the sampled wastewater 

across the board was 6.91 (Table 1). The DO of the samples 

ranged between 5.5 and 8.4 mg/L (Table 1). The BOD of the 

wastewater samples ranged between 11.9 and 14.3 mg/L. 

Meanwhile, the COD of the wastewater samples ranged between 

29.3 and 48.2 mg/L. The concentrations of phosphate recorded 

in the wastewater samples ranged between 220.74 and 246.75 

mg/L, while nitrate concentrations ranged between 615.3 and 

980.7 mg/L (Table 1). The mean temperature (29.18 °C) of the 

wastewater samples recorded in this study was below the 

permissible limit of NESREA while it was above the WHO 

allowable limit (Table 1). However, during the sampling period, 

it can be observed the temperatures recorded were not 

significantly (p > 0.05) different from each other (Table 2). A 

temperature range (29-31 °C) similar to the one obtained in this 

study has been reported by Dankaka et al. (2018) in their study 

conducted on old Sokoto abattoir wastewater. Also, a similar 

temperature range (29.5-35 °C) was reported by Odeyemi et al. 

(2011) in their study conducted on the wastewater assessment 

of abattoirs in Ado Ekiti. Furthermore, Ogunnusi and Dahunsi 

(2014) reported a temperature range (31-33.3 °C) in their study 

on abattoir effluent in Oyo, Oyo state, Nigeria.

 

Table 2. Mean variations in the physicochemical parameters of the sampled wastewater 
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Week 1 30 7.16 122.0a 4540a 980.7a 246.75a 94.8a 8.4a 14.3a 48.2a 

Week 2 29.8 6.59 120.5b 3080b 978.4b 220.74d 84.47b 8.2a 11.9d 35.0b 

Week 3 28.8 7.11 105.6c 1670c 711.2c 225.45c 75.1c 6.1b 13.4b 30.9c 

Week 4 28.1 6.76 100.6d 1282d 615.3d 233.75b 72.3d 5.5c 12.7c 29.3d 

Level of 

significance 

Not  

significant 

Not 

significant 
Significant Significant Significant Significant Significant Significant Significant Significant 

 
pH is known as the most important factor that determines the 

corrosive nature of any water body. It has been established in 

the literature that the lower the pH value, the higher the 

corrosive nature of the water. In this study, the pH of the 

sampled wastewater, which ranged between 6.59 and 7.16, fell 

within the permissible limits set by WHO and NESREA. The 

recorded wastewater pH in this study was near neutral, which 

might have played a role in the abundance of microorganisms 

recorded in the wastewater during sampling. It can be noted 

that mean pH values during wastewater sampling in this study 

were not significantly (p > 0.05) different from each other 

(Table 2).  

The EC recorded in the collected wastewater samples ranged 

between 1,282 and 4,540 µS/cm, which was above the allowable 

limits set by WHO and NESREA (Table 1). This finding is similar 

to the finding of Rabah et al. (2008), who reported EC ranging 

between 5.97 and 4448 µS/cm in Sokoto abattoir wastewater. 

The murky and cloudy appearance of the wastewater sampled 

in this study can be attributed to the presence of organic matter. 

The wastewater sampled in this study recorded a mean value 

(112.18 NTU) of turbidity, which is way below the permissible 

limit (1250 NTU) set by WHO. This finding is in concord with a 

turbidity range of 388.00 ± 117.00 NTU reported by Ogbu et al. 

(2016) in their study. However, it can be observed that the 

weekly mean values of EC recorded during this study were 

significantly (p < 0.05) different from each other (Table 2). 

It can be seen in Table 1 that the nitrate concentration in the 

sampled wastewater, which ranged between 615.3 and 908.7 

mg/L, was higher than the permissible limits recommended by 

NESREA (20 mg/L) and WHO standard (45 mg/L). Weekly mean 

nitrate concentrations can be observed to be significantly (p < 

0.05) different from each other (Table 2). The presence of 

nitrate and phosphorus in the sampled wastewater can be 

attributed to the feed consumed by the cows that are 

slaughtered in the abattoir. Again, the high concentration of 

nitrate obtained in the sampled wastewater can be attributed to 

the high concentration of organic matter content, which might 

have resulted from the decomposition of protein and 

nitrogenous compounds. This, upon breakdown, gives rise to 

simpler substances, including ammonia.  

The results obtained in this study indicate that the mean 

phosphate concentration (231.7 mg/L) was far above the 

allowable limit of NESREA (Table 1). Again, weekly mean 

phosphate concentrations can be observed to be significantly (p 

< 0.05) different from each other (Table 2). The high phosphate 

concentration recorded in this study could pose a serious threat 

to the aquatic ecosystem as it has been implicated in causing 

eutrophication and cyanobacterial bloom. However, Kroiss et al. 
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(2011) reported that the main sources of phosphorus 

obtainable in wastewater range from the excreta of humans to 

trade wastes, industrial-based wastes, and household 

detergents containing phosphorus. These authors further 

reiterated that it is only when there is the presence of combined 

sewers that precipitation runoff adds to the load of 

phosphorous in wastewater. 

The overall mean value (81.7 mg/L) of sulfate recorded in this 

study was below the permissible limits set by NESREA (Table 

1). However, weekly mean sulfate concentrations can be 

observed to be significantly (p < 0.05) different from each other 

(Table 2). It has been reported by Gupta and Germida (2021) 

and Obeta et al. (2023) that the presence of sulfate in 

wastewater allows sulfate-reducing bacteria to initiate the 

oxidation of organic compounds and hydrogen to sulfate 

reduction.  

Dissolved oxygen is the amount of oxygen that is present in 

water. Water bodies receive oxygen from the atmosphere and 

aquatic plants. DO is defined as the concentration of oxygen in 

any fluidic substance (Fondriest Environmental, 2022). Low DO 

primarily results from excessive algae growth caused by 

phosphorus. Nitrogen is another nutrient that can contribute to 

algal growth. Just as low dissolved oxygen can cause problems, 

so too can high concentrations. The mean DO (7.05 mg/L) 

recorded in this study was slightly below the allowable limit 

(7.50 mg/L) set by WHO (Table 1). Similar results have been 

reported by Dankaka et al. (2018) in their physicochemical 

analyses of Sokoto Abattoir wastewater, which ranged between 

4.2 and 8.5 mg/L. However, it can be observed that the mean DO 

concentrations in the sampled wastewater in the first and 

second weeks were not significantly (p > 0.05) different from 

each other but were significantly (p < 0.05) different from those 

recorded in the third and fourth weeks of sampling (Table 2).  

Biochemical oxygen demand directly affects the amount of 

dissolved oxygen in rivers and streams. Results obtained in this 

study (Table 2) indicate that the mean BOD (1310 mg/L) was 

way below the allowable limits set by WHO (40 mg/L) and 

NESREA (30 mg/L). Similar results have been reported by 

Dankaka et al. (2018). However, the documented weekly mean 

BOD values were not significantly different (p > 0.05) from each 

other during sampling (Table 2). Higher BODs contrary to the 

one obtained in this study have been reported by Adesemoye 

and Adedire (2005) in a study conducted in Agege abattoir (35 

± 1.5 mg/L) and Odo abattoir (30 ± 2.0 mg/L) while Rabah et al. 

(2008) reported a BOD range between 22.40 and 31.40 mg/L in 

Sokoto abattoir wastewater. Generally, the higher the 

concentration of BOD, the more swiftly oxygen is exhausted in 

any body of water. According to the United States 

Environmental Protection Agency (USEPA) (2012), the main 

penalty of high concentration of BOD in water bodies is ultimate 

depletion of dissolved oxygen, which will invariably snowball 

into extinction of aquatic life therein. 

Chemical oxygen demand is the amount of oxygen required to 

chemically break down pollutants. Specifically, it measures the 

equivalent amount of oxygen required to chemically oxidize 

organic compounds in water, thus removing the pollution. From 

the results obtained in this study and depicted in Table 1, the 

overall mean COD (3593 mg/L) was above the permissible 

limits set by both WHO (80 mg/L) and NESREA (60 mg/L). 

However, the weekly mean COD values recorded were not 

significantly different (p > 0.05) from each other during 

sampling (Table 2). A similar result was reported by 

Egwuonwu et al. (2012) in their study conducted on the 

wastewater generated by Nigerian Breweries in Enugu, Nigeria. 

The total heterotrophic bacterial counts (THBC) in the sampled 

wastewater are presented in Table 2. It can be observed that 

the highest (5.6×102 CFU/mL) THBC, which was counted on MA, 

was recorded in week 1, while the lowest (1.9×104 CFU/mL), 

which counted on NA, was recorded in week 4 (Table 3). The 

higher rate of contamination of the sampled wastewater with 

these organisms is an indication of the deplorable state and poor 

sanitary practices put in place in the management of the Dutse 

abattoir. Also, the abundance of microorganisms can be 

attributed to the abundance of nutrients in the wastewater, 

which are suitable for optimal microbial metabolism (Neboh et 

al., 2013; Darbar & Saha, 2023). 

 

Table 3. Total heterotrophic bacterial counts and colonial characteristics of the bacterial isolates in the sampled wastewater 

Samples on media Number of colonies CFU/mL Colonial characteristics 

Week 1  MA 

NA 

NA 

280 5.6×102 Pinkish colonies with heavy growth 

170 3.4×102 Creamy white colonies with moderate growth 

158 3.1×102 Creamy white colonies with moderate growth 

Week 2  MA 

NA 

NA 

196 3.9×104 Pink-red colonies with moderate growth 

164 3.2×104 Yellow colonies with moderate growth 

126 2.5×104 Yellow colonies with moderate growth 

Week 3  MA 

NA 

NA 

152 3.0×102 Pink-red colonies with moderate growth 

108 2.1×102 Greenish white colonies with moderate growth 

99 1.9×102 Greenish white colonies with moderate growth 

Week 4  MA 

NA 

NA 

180 3.6×104 Mucoid pink colonies with moderate growth 

102 2.0×104 Creamy yellow colonies with moderate growth 

96 1.9×104 Creamy yellow colonies with moderate growth 

In a similar study conducted by Rabah et al. (2008), THBC 

ranging between 4.9×107 and 7.3×107 CFU/mL was recorded in 

Sokoto Abattoir wastewater. In the same way, Adesemoye and 

Adedire (2005) reported 3.32×107 CFU/g for the total number 

of bacteria found in the soil of the Agege Abattoir in Lagos, while 

Ogbonna and Igbenijie (2006) reported 2.08×103 CFU/mL for 

the total number of bacteria found in the wastewater collection 

sites in Port Harcourt, Nigeria. The outcome of indiscriminate 
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discharge of untreated wastewater can be detrimental to the 

ecosystem balance of the aquatic environment and public health 

generally (Edokpayi et al., 2017). 

The colonial characteristics of the bacterial isolates from the 

sampled wastewater are presented in Table 3. Pinkish colonies 

with heavy growth were observed on the wastewater sample 

plated on MA in week 1, while creamy yellow colonies with 

moderate growth were seen on the wastewater plated on NA 

(Table 3). Table 3 equally shows the physical characteristics of 

the isolated bacteria. The bacterial isolates that emerged in 

pinkish, pink, red, yellow, greenish-white, and mucoid pink 

colonies may all be seen under the microscope to be gram-

negative rod-shaped bacteria (Table 4). Gram-positive cocci in 

clusters and gram-positive rod-shaped bacteria, respectively, 

were the bacterial isolates that emerged under the microscope 

in creamy white and creamy yellow colonies (Table 4).  

Biochemical tests are used to identify different species of 

bacteria based on changes in their various metabolic activities 

(Aryal, 2019). This author also stated that detecting 

microorganisms has made considerable use of bacteria's ability 

to make organic chemicals through the metabolism of certain 

carbohydrates and other related molecules. Table 5 shows the 

outcomes of the tests conducted for biochemical 

characterization to identify the bacterial isolates. Escherichia 

coli, Citrobacter sp., Salmonella sp., Klebsiella sp., and 

Enterobacter sp. were shown to be the gram-negative rod-

shaped bacterial isolates (Table 5). Staphylococcus aureus and 

Bacillus spp. were the biochemically identified bacterial isolates 

that showed up as gram-positive cocci in clusters and gram-

positive rods, respectively (Table 5). Escherichia coli (15.30%), 

Staphylococcus aureus (17.9%), Citrobacter sp. (10.7%), 

Salmonella sp. (15.8%), Klebsiella sp. (19.61%), Enterobacter sp. 

(9.8%), and Bacillus sp. (10.8%) were identified from the 

assayed wastewater (Figure 1). 

 

Table 4. Morphological characteristics of the bacterial isolates 

Colonial characteristics Gram staining results 

Pinkish colonies Gram-negative in rod shape 

Creamy white colonies Gram-positive cocci in clusters 

Pink-red colonies Gram-negative in rod shape 

Yellow colonies Gram-negative in rod shape 

Greenish white colonies Gram-negative in rod shape 

Mucoid pink colonies Gram-negative in rod shape 

Creamy yellow colonies Gram-negative in rod shape 

 

Table 5. Biochemical characterization tests conducted on the bacterial isolates 

Gram reaction Catalase Coagulase Indole Methyl Red Voges Proskauer Citrate Identity 

Gram-negative in rod shape + - + + - - Escherichia coli 

Gram-positive cocci in clusters + + - + + + Staphylococcus aureus 

Gram-negative in rod shape + - - + - + Citrobacter sp. 

Gram-negative in rod shape + - - + - + Salmonella sp. 

Gram-negative in rod shape + - - - + + Klebsiella sp. 

Gram-negative in rod shape + - - - + + Enterobacter sp. 

Gram-negative in rod shape + - - - + + Bacillus sp. 

 
 

 
Figure 1. Isolated bacteria percentage of occurrence in the 

assayed wastewater 

 

Different regions of Nigeria have recorded similar pathogenic 

bacteria that have been isolated from abattoirs' wastewater 

(Ogbomida et al., 2016). In particular, bacteria including 

Staphylococcus aureus, Escherichia coli, Proteus sp., Klebsiella 

sp., Penicillium sp., and Aspergillus niger were isolated and 

identified from abattoir effluents in Oyo, Oyo state, Nigeria by 

Ogunnusi and Dahunsi (2014). Neboh et al. (2013) also reported 

the presence of Escherichia coli, Penicillium sp., Aspergillus niger, 

Staphylococcus aureus, Enterobacter aerogenes, and Klebsiella 

pneumonia in the Ijegbu-Igbo abattoir effluent. Similarly, 

effluent from an abattoir in Lagos, Nigeria, was found to contain 

Bacillus sp., Aspergillus niger, Penicillium sp., and Mucor sp. 

(Adesemoye & Adedire, 2005). However, contrary to the 

bacteria isolated in this current study, Kacprzak et al. (2005) 

isolated Sporothrix schenkii and Rhodotorula sp. from untreated 

and treated wastewater in Poland.  

The results generated from the total heterotrophic bacterial 

count isolated from the wastewater samples are presented in 

Table 6. 

15.3%

17.9%

10.7%

15.8%

19.6%

9.8%
10.8%
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Table 6. Comparison of total heterotrophic bacterial count with 

permissible standards 

Number of 

weeks 

THBC  

(CFU/mL) 

WHO Standard 

(CFU/mL) 

NESREA 

Standard 

Week 1 12.1×102 

1×102 No standard 

Week 2 9.6×104 

Week 3 7×102 

Week 4 7.5×104 

Total 36.2×106 

Mean 9.05×106 

 

It can be seen that the mean value (9.05×106 CFU/mL) was high, 

indicating that the wastewater ought to be treated before 

onward discharge into the environment. This result is contrary 

to the WHO allowable limit (1×102 CFU/mL) reported by 

Dankaka et al. (2018). Rabah et al. (2008) reported a mean 

(6.4×107 CFU/mL) for the total viable count of bacteria isolated 

in Sokoto abattoir effluent, which is consistent with our 

investigation. 

CONCLUSION  

It can be concluded that the wastewater generated from the 

Dutse abattoir was unfit for discharge into the environment 

without subjecting it to any treatment during the conduct of this 

study. Due to the high concentration of organic materials in the 

wastewater, oxygen-consuming microbes may proliferate 

quickly and cause the water to become septic or eutrophic. Most 

of the physical and chemical parameters recorded in this study 

were beyond permissible limits, making the wastewater unfit 

for disposal without treatment. Also, the isolation of some 

pathogenic microorganisms in the wastewater sampled is an 

indication that it could serve as a reservoir of pathogenic 

bacteria that can ultimately cause a public health crisis if the 

wastewater is released indiscriminately into the surrounding 

environment. Therefore, good hygienic and sanitary practices 

should be established and implemented in the abattoir. 

Wastewater generated from the abattoir should be treated 

before it is discharged into the public drainage system. Also, 

strict legislation coupled with standard practices should be 

ensured to prevent the currently witnessed uncritical disposal 

of raw effluent into the environment. 
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