


Physicochemical and Biological Quality Assessment of Ogbunike Abattoir Wastewater, Anambra State, Nigeria



ABSTRACT
In Nigeria, abattoirs are a crucial component of the domestic meat supply chain, resulting in the meat industry being regarded as the major contributor to liquid waste. The physicochemical and bacteriological properties of abattoir wastewater from Ogbunike abattoir in Anambra State, Nigeria, were evaluated to ascertain its fitness for irrigation purposes. The study revealed that the discharge of effluents from Ogbunike abattoir into the environment poses a great threat to the environment, and pretreatment should be carried out before discharge. Physicochemical parameters which include the heavy metal concentrations, temperature, pH, electrical conductivity, colour, total dissolved solid (TDS), total suspended solid (TSS), turbidity, nitrate, total amount of sulphate, total amount of phosphate, total amount of chloride, biochemical oxygen demand (BOD) and chemical oxygen demand (COD) were evaluated according to standard methods for the examination of water and wastewater. Bacteriological quality of abattoir wastewater was also conducted using standard microbiological methods. Results from the physicochemical analyses show mean values of 1,431.81 pcu for colour, temperature (28.9 oC),  pH (6.30), conductivity (4,560 µS/cm), TDS (3,420 mg/L), TSS (367 mg/L),  turbidity (13564 NTU),  BOD (895 mg/L), COD (4,280 mg/L), phosphate (10.19 mg/L), sulphate (180.85 mg/L), nitrate (77.78 mg/L) and chloride (1,086.75 mg/L). These values exceeded the WHO/NESREA limits for water quality, except for pH and temperature, with values within the permissible limits. Data from the heavy metal analysis presented mean concentrations of Cadmium (0.111 mg/L), Chromium (0.065 mg/L), Lead (0.738 mg/L), Copper (1.467 mg/L) and Nickel (0.075 mg/L). All the heavy metals analysed exceeded the WHO/NESREA permissible limits. The abattoir wastewater presented total coliform counts of 8.2 x 105 CFU/100mL. The study highlights the level of contamination of the effluent from Ogbunike abattoir and the environmental health implications of discharging and irrigation use of the wastewater in nearby farmlands. Therefore, regulation should be enacted to ensure pre-treatment of the effluents before discharge and improved sanitation of the abattoir environment and workers.
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1.0 Introduction 
Slaughterhouses, otherwise known as abattoirs, are facilities set aside for the slaughtering of animals for meat consumption (Nwanta et al., 2008). In Nigeria, abattoirs are a crucial component of the domestic meat supply chain, resulting in the meat industry being regarded as the major contributor to liquid waste (Adeyemi-Ale, 2014). “In Nigeria, adequate abattoir waste management is lacking in all public abattoirs, such that large solid wastes and untreated effluents are common sights, unlike in developed countries where these facilities are adequately provided” (Oladipo et al., 2022; Obidegwu et al., 2019). “Environmental pollutants released through wastewater by abattoirs may be complicated due to changes brought about by additional substances used during animal processing. Wastewater is usually released from abattoirs directly into the ecosystem without treatment, thereby posing serious threats to surface water quality and greatly impacting environmental health. Water used in cleaning carcasses of slaughtered animals and washing of slaughterhouse floor has been referred to as abattoir wastewater.    Wastewaters from abattoirs are sometimes discharged untreated into the environment, or they could flow through constructed drainage channels into water bodies, and this could lead to gross pollution of the receiving environment. Most wastewater released in developing countries is mostly untreated before being discharged into water bodies” (Bosede & Omokaro, 2021). “The abattoir industry is an important component of the livestock industry in Nigeria, providing a domestic meat supply to over 200 million people and also employment opportunities and a source of livelihood” (Okoye et al., 2023). However, the majority of the activities going on in most abattoir sites in Nigeria are not monitored, and facilities for the treatment of abattoir effluents before discharge into nearby water bodies are lacking. Abattoir activities are generally known to pollute the receiving environments, such as water and land, from their various processes, either directly or indirectly (Bala et al., 2016). “Abattoir wastewater contain high amounts of biodegradable organic matter, suspended matter and colloidal matter such as fats, proteins, and cellulose and these directly or indirectly impact the water quality parameters such as pH, temperature, electrical conductivity, salinity, turbidity, total dissolved solids, total suspended solids, dissolved oxygen (DO) and coliforms” (Mujere, 2015).
“In the natural environment, pollutants, including heavy metals, are present in various chemical forms and display varied effects in terms of chemical interactions, mobility, biological abundance, and consequently, they have different potential toxicity” (Nazir et al., 2015). “Some of these heavy metals can be persistent environmental contaminants since they cannot be degraded easily” (Osu et al., 2014; Okoye et al., 2023). One of the ways to determine threats to surface water quality is to assess the biochemical oxygen demand (BOD), chemical oxygen demand (COD), total solids (TS), pH, temperature, turbidity, and a lot of heavy metals etc. (Ogbonna and Ideriah, 2014; Ogunlade et al., 2021). 
Polluted water is home to millions of pathogenic microorganisms, which are responsible for various water-related diseases such as typhoid fever, cholera, diarrhoea, dysentery, and giardiasis (WHO, 2011). “Although chemical composition may affect the safety, taste and appearance, bacterial contamination cannot be detected by appearance, taste or smell. This can only be detected by testing the water sample for the presence of indicator organisms such as Escherichia coli and other coliform organisms present in the water samples” (Ogunlade et al., 2021; Okoye et al., 2023). “Ideally, drinking water should not contain any pathogenic organisms, and should be free from bacteria indicative of faecal pollution” (WHO, 2011). With the level of contamination around the slaughterhouses, there is a need to evaluate the physical, chemical and bacteriological qualities of wastewater generated in abattoir sites before discharging into the environment. Hence, this study is aimed at examining the physicochemical and bacteriological quality of Ogbunike abattoir wastewater, in Anambra State, Nigeria, for Irrigation.
2.0 Materials and methods
2.1 Study Area: 

The study was carried out in Ogbunike town in Oyi Local Government Area of Anambra State, Nigeria. Ogbunike Town lies at Longitude 6.40oE and Latitude 6.20oN. A major abattoir is situated in Ogbunike town along the Onitsha–Enugu expressway, Anambra State, Nigeria. 
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Figure 1: Map showing the location of Ogbunike Abattoir 
2.2 Sample collection
The wastewater samples were collected from two points: the wastewater drainage and the wash drums, with the aid of a plastic scoop, into a sterilised 25-L container. The wastewater was homogenised, labelled and transported to the laboratory for analysis. 

2.3 Physicochemical Evaluation of the wastewater samples
The physicochemical properties of the abattoir wastewater samples were evaluated immediately after collection. Heavy metal concentration, temperature, pH, conductivity, colour, total dissolved solid (TDS), total suspended solid (TSS), turbidity, nitrate, total amount of sulphate, total amount of phosphate, total amount of chloride, biochemical oxygen demand (BOD) and chemical oxygen demand (COD) were evaluated according to standard methods for the examination of water and wastewater (APHA, 2012).
Heavy metal analysis was conducted using an Agilent FS240AA Atomic Absorption Spectrophotometer according to the method of APHA 2012 (American Public Health Association).

Working principle: The atomic absorption spectrometer's working principle is based on the sample being aspirated into the flame and atomised when the AAS's light beam is directed through the flame into the monochromator, and onto the detector that measures the amount of light absorbed by the atomised element in the flame. Since metals have their characteristic absorption wavelength, a source lamp composed of that element is used, making the method relatively free from spectral or radiational interferences. The amount of energy of the characteristic wavelength absorbed in the flame is proportional to the concentration of the element in the sample.
Procedure: The wastewater sample was thoroughly mixed by shaking, and 100ml of the water sample was transferred into a glass beaker of 250ml volume, to which 5ml of concentrated. nitric acid was added and heated to boil till the volume was reduced to about 15-20ml, by adding conc. nitric acid in increments of 5ml till all the residue was completely dissolved. The mixture was cooled, transferred and made up to 100ml using metal-free distilled water. The sample was aspirated into the oxidising air-acetylene flame. When the aqueous sample was aspirated, the sensitivity for 1% absorption was observed.

Preparation of reference solutions
A series of standard metal solutions in the optimum concentration range was prepared, and the reference solutions were prepared daily by diluting the single stock element solutions with water containing 1.5 mL concentrated nitric acid/litre.  A calibration blank was prepared using all the reagents except the metal stock solutions. A calibration curve for each metal was prepared by plotting the absorbance of standards versus their concentrations.

2.3.1 Colour determination
According to the method of Singh et al. (2017), “the sample was centrifuged at 1,000 rpm for
30 minutes to remove all the suspended matter. The pH was adjusted to 7.6 with 2 M NaOH and then used for the measurement of absorbance at 465 mm. The absorbance values were transformed into colour units (CU) using the following relationship”:
     CU =   500 x A1			
                              A2



							---
Where A1 = Absorbance of 500 cu platinum cobalt standard solution, and A2 = Absorbance of the effluent sample.

2.3.2 Determination of Temperature, pH, Conductivity and Total Dissolved Solids
“The temperature, pH, conductivity and total dissolved solids of the prepared samples were determined using multi-meter analytical instrument” (Model Ph-2603, China). “The samples were dispensed in beakers, and triplicate readings were taken after calibrations of the instrument as instructed by the manufacturer” (APHA, 2012).

2.3.3 Determination of total suspended solids (TSS)
According to the method of Singh et al. (2017), “100 mL of the sample was centrifuged at 2000 rpm for 10 minutes. The supernatant was removed, and the residue was washed three times by suspending it in distilled water and recollecting by centrifuging. The residue was finally transferred quantitatively to pre-weighted dish (X1g). The dish was weighed again after drying (X2g) to a constant weight at 105 0C. TSS was calculated by using the following formula”:
                                  TSS (mg/L) = X2 – X1 X 1,000
                      Volume of sample

								
2.3.4 Turbidity
The turbidity of the samples was determined after calibrations of the turbidometer instrument with blank and standard solutions, and triplicate measurements were taken (APHA, 2012).
 
2.3.5 Determination of Dissolved Oxygen and Biochemical Oxygen Demand (BOD5) 
[bookmark: _Hlk76918395]The amount of biological oxygen demand was determined using Winkler’s method according to the description of APHA (2012). The samples were collected in a BOD bottle using D.O sampler. Then, 1 mL of MnSO4 followed by 1 mL of alkali-iodide-azide reagent was added to a sample collected in a 250 to 300 mL bottle up to the brim and mixed well by inverting the bottle 2 - 3 times and allowing the precipitate to settle down and leaving 150 mL clear supernatant. The precipitate is white if the sample is devoid of oxygen, and becomes increasingly brown with rising oxygen content. At this stage, 1 mL of concentrated H2SO4 was added, and the stopper was replaced and mixed well till the precipitate goes into solution. Thereafter, 201 mL of this solution was taken in a conical flask and titrated against standard Na2S2O3 solution. Then, 2 drops of starch indicator were added and continued to titrate till the colour of the solution became either colourless or changed to its original sample colour and the volume of 0.025N sodium thiosulfate consumed was noted down. As 1 mL of sodium thiosulfate of 0.025N equals to 1 mg/L dissolved oxygen. Therefore, dissolved oxygen (D.O.) (in mg/L) = mL of sodium thiosulfate (0.025N) consumed. Finally, the BOD5 calculation is given by the formula below:
                                  [image: ]		
Where: D1 = DO of diluted sample immediately after preparation (mg/L); D2 = DO of diluted sample after a 5-day incubation at 20 °C (mg/L); P = Decimal volumetric fraction of sample used (mL of the sample taken (201 mL) divided by total volume of the BOD bottle (400 mL).
2.3.5 Determination of Chemical Oxygen Demand (COD)
The amount of chemical oxygen demand was determined according to APHA (2012). The culture tubes and caps were washed with 20 % H2SO4 before using to prevent contamination. Then, 2.5 mL of the industrial effluent sample and 1.5 mL of K2Cr2O7 digestion solution were placed in a culture tube. Three point five (3.5 mL) of sulphuric acid reagent was carefully run down inside of vessel so an acid layer is formed under the sample-digestion solution layer and tightly cap the tubes or seal the ampules and invert each several times to mix completely. The tubes were placed in a water bath preheated to 100 °C and refluxed for 3 hours. The culture vessels were cooled to room temperature, and the vessels were placed in a test tube rack. Two drops of Ferron indicator were added and stirred rapidly with a magnetic stirrer while titrating with standardised 0.10 M ferrous ammonium sulphate (FAS). A sharp colour change from blue-green to reddish brown appeared as - endpoint, although the blue-green reappeared within minutes. In the same manner, a blank containing the reagents and a volume of distilled water equal to that of the sample was refluxed and titrated. The COD is given by:
COD (mg O2 /L) = [(A - B) × M × 8,000) / (V sample)		
Where: A = volume of FAS used for blank (mL); B = volume of FAS used for sample (mL); M = molarity of FAS; 8,000 = milliequivalent weight of oxygen (8) ×1,000 mL/L.

2.3.6 Determination of Phosphate
The amount of phosphate was determined using the molybdenum blue phosphorus method in conjunction with UV-Visible spectrophotometer according to APHA (2012). In order to prepare a calibration curve for the standard, 2 mL of the standard solution concentrations of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 3.5 ppm, respectively, 1 mL of ammonium molybdate and 0.4 mL of hydrazine sulphate were added and was made up to the mark with double distilled water in a 10 mL standard volumetric flask. The same procedure above was repeated, but with 4 mL of the industrial effluent samples. These were kept for 30 min in a water bath for heating at 60 °C. On heating, a blue colour was observed due to the formation of phosphomolybdate complex and it was cooled. The absorbance was measured using UV- UV-Visible Spectrophotometer at 860 nm. sterilized water was used as experimental blank solution. The analysis was carried out in triplicate.
2.3.7 Determination of Sulphate 
The sulphate concentration was determined according to the standard method of APHA (2012) and as described by Sharma and Kaur (2016). The calibration curve was prepared by preparing a series of standard solutions of sulphate (anhydrous sodium sulphate Na₂SO4) concentrations (5, 10, 20, 30 and 40 mg/L) by diluting the stock solution of sulphate and the blank with distilled water. Reading of each standard was taken on a turbidity meter/spectrophotometer,and a calibration curve was prepared. The industrial effluent sample was filtered through a 0.45 μm filter if there was any turbidity, and 20 mL of the water sample was taken in a 100 mL conical flask. Then, 1 mL of HCl and 1 mL conditioning reagent were added and mixed well for 30 seconds. After 10 minutes, the turbidity was read on a turbidity meter and the concentration of sulphate in the sample was directly found from the curve. 

2.3.8 Determination of Chloride 
Chloride was obtained using the Argentometric titration method and as described by Adelowo and Agele (2016). Potassium chromate indicator solution was prepared by dissolving 50 g K2CrO4 in distilled water, and AgNO3 solution was added until a definite red precipitate was formed. This solution was allowed to stand for 12 hours, filtered and diluted to 1 L with distilled water. Then, 2.395 g AgNO3 was dissolved in distilled water and diluted to 1000 mL and stored in a brown bottle. This is the standard silver nitrate solution. Thereafter, 50 mL of the effluent sample was measured into a 250 mL conical flask, followed by the addition of 1 mL K2CrO4 solution (indicator) and was titrated with AgNO3 (titrant) to a pinkish yellow end point. The process was repeated for the blank using 50 mL of distilled water. The chloride content was determined as follows: 

Mg Cl-/L = (A - B) × N × 35 × 450
                        Volume of sample		



										
Where A = mL of titration for the sample, B = mL of titration for blank, N = Normality of AgNO3
2.4 Coliform evaluation of abattoir wastewater samples
To evaluate the total coliform in the wastewater samples, 1 mL of each of the wastewater samples was serially diluted using a ten-fold serial dilution. After the serial dilution, Chromocult Coliform Agar was prepared following the manufacturer’s instructions. Then 1ml each of the 3rd diluents was plated out in duplicates using the pour plating technique with the already prepared medium. The plates were incubated aerobically at 37 0C for 24 hours. The Chromocult Coliform Agar is a selective and differential chromogenic medium for the microbiological analysis of water samples. Within 24 hours, this medium enables the simultaneous detection, differentiation and enumeration of E. coli and other coliform bacteria in water. The presence of coliform bacteria results in salmon red-coloured colonies while E. coli takes a dark blue-coloured colony. 

3.0 Results and Discussion
“The result of the physicochemical evaluation of the abattoir wastewater is presented in Table 1. The colour of the abattoir waste was dark brown with a mean value of 1,431.81. Colour, as a physicochemical parameter, measures the aesthetic value of water” (Mulu and Ayenew, 2015). Colour appearance in water indicates the presence of dissolved and suspended particles. The presence of a pronounced colour in water is a clear indicator of poor water quality. Coloured water often suggests contamination and the presence of substances that could be harmful to both human health and aquatic ecosystems.





Table 1: Physicochemical profile of the sewage and abattoir wastewater samples
	         
  Parameter
	Abattoir
wastewater
	WHO (2011) 
Standard
	NESREA (2007)
standard 

	Colour (Unit)
	1,431.81±2.00
	5.13
	7.00

	Temperature (°C)
	28.90±0.10
	Ambient
	30.00

	pH
	6.30±0.01
	6.00 – 9.00
	6.00 – 9.00

	Conductivity (µS/cm)
	4,560.00±0.10
	1,250.00
	1,000.00

	TDS (mg/L)
	3,420.00±1.00
	2,000.00
	2,000.00

	TSS (mg/L)
	367.00±1.00
	30 - 200
	30.00

	Turbidity (NTU)
	135.64±1.00
	5.00 – 10.00
	10.00

	BOD5 (mg/L)
	895.52±1.00
	30.00 – 100.00
	20.00

	COD (mg/L)
	4,280.00±3.00
	250.00
	80.00 – 100.00

	Phosphate (mg/L)
	10.19±0.10
	5.00
	5.00

	Sulphate (mg/L)
	180.85±0.10
	500.00
	500.00

	Nitrate (mg/L)
	77.78±0.20
	50.00
	40.00

	Chloride (mg/L)
	1,086.75±0.20
	350.00
	600.00



The mean pH and temperature of the abattoir wastewater were 6.30 and 28.90 oC, respectively, which are within the WHO and NESREA permissible limits and corroborate with the pH and temperature values recorded in the work of Fadeyibi et al. (2011) and Okoye et al. (2023). “Other parameters analysed were observed to be above the WHO and NESREA permissible limits. The abattoir wastewater recorded a mean electrical conductivity value of 4,560 µS/cm. The electrical conductivity measures dissolved ions and the ability of an environmental sample to conduct electricity” (Isoken and Ita, 2018). “Thus, electrical conductivity and total dissolved solids are strongly positively correlated; hence, an increase in dissolved solids increases the electrical conductivity” (Bakume et al., 2019). “The high electrical conductivity value recorded in the abattoir wastewater could be attributed to the use of confined containers for washing and processing of the cow hides. This may give room for the accumulation of organic and inorganic compounds and the build-up of suspended solids, as the abattoir workers do not discard the wash water immediately after use, not until they are done for the day. The World Health Organisation recommends that the electrical conductivity of water should be no higher than 1000 µS/cm” (WHO, 2011). 
“The Chemical Oxygen Demand (COD) of the abattoir wastewater showed a mean value of 4,280, which is higher than the WHO and NESREA permissible limits (50-100 mg/L). COD measures the amount of oxygen required to degrade the organic pollutant in water. High COD level shows the presence of a significant amount of chemical oxidants in the abattoir effluent, while low COD levels show otherwise” (Ogbuene et al., 2020). In the work by Adeyemi et al. (2019), high COD levels of 338.42 mg/L upstream and 382.09 mg/L downstream were recorded, both of which exceeded the WHO permissible limit. Similarly, Okoye et al. (2023) recorded COD values of 48.00 mg/L upstream and 234.70 mg/L downstream. The result recorded a mean BOD value of 895, which is higher than the WHO/NESREA permissible limit. High BOD level indicates the presence of large amounts of organic matter, which, when decomposed by microorganisms, leads to a depletion of dissolved oxygen. The implication of high BOD values is that abattoir-affected water is largely unsafe and unsuitable for any beneficial purposes. BOD values recorded in this study (895.52±1.00 mg/L) far exceed the standard permissible limits as recommended by the WHO and NESREA (30–100 mg/L and 20.0 mg/L), respectively.


The abattoir wastewater showed high TDS (3,420 mg/L), TSS (367 mg/L) and turbidity (13564 NTU) values. The high TSS and TDS values in the abattoir wastewater could be a result of 
contents from blood, gut and organic matters from scaling of the burnt cow hides. The values from the result revealed a high level of pollution in Ogbunike abattoir. Turbidity is a measure of water clarity. A major source of increased turbidity in abattoir wastewater is the presence of suspended particles such as blood and animal urine. Wizor and Nwankwoala (2019) recorded high turbidity values. Several studies have reported elevated turbidity levels in areas affected by abattoir wastes, often surpassing the permissible limits set by the World Health Organisation (WHO). Okoye et al. (2023) reported that turbidity levels of abattoir wastewater in Ezu River, Uguwoba, Enugu State, Nigeria, ranged from 20.53 to 118.5 NTU. Similarly, Alabi et al. (2020) reported turbidity measurements of 227 to 647 NTU, significantly higher than the WHO’s maximum acceptable limit of 25 NTU. 
The levels of phosphate, sulphate and nitrate detected were 10.19 mg/L, 180.85 mg/L and 77.78 mg/L, respectively. These values were clearly above the WHO/NESREA limit. Similarly, chloride concentration (1,086.75 mg/L) was above the permissible limit. The presence of chloride may be a result of the cleaning agents, such as detergents and soaps, used in the cleaning of animal hides after roasting and removal of blood.
Result of the evaluation of heavy metal concentrations of the abattoir wastewater is presented in Table 2. 
Table 2: Heavy metal profile of abattoir wastewater
	Metal (mg/L)
	Abattoir wastewater
	WHO Limit
	NESREA (2007) Limit

	Cadmium
	0.111±0.02
	0.05
	0.05

	Chromiun
	0.065±0.56
	0.05
	0.01

	Lead
	0.738±0.05
	0.4
	0.02

	Copper 
	1.467±0.94
	0.05
	0.01

	Nickel
	0.075±0.02
	0.1- 0.02
	0.05


Key: NESREA = National Environmental Standards and Regulations Enforcement Agency; mg/L = Milligram per litre 
The heavy metals analysed in this work were cadmium, chromium, lead, copper and nickel, and all presented values higher than the WHO (2011) and NESREA (2007) permissible limits in water. The mean concentrations of the heavy metals are  0.111±0.02 mg/L, 0.065±0.56 mg/L, 0.738±0.05 mg/L, 1.467±0.94 mg/L and 0.075±0.02 mg/L for cadmium, chromium, lead and copper and nickel, respectively. Heavy metal accumulation in the wastewater could be a result of the presence of various chemicals, organic and inorganic compounds resulting from wastes from cleaning agents and combustion of tyres in the slaughterhouse processing of cowhide. Okoye et al. (2023) also reported elevated levels of heavy metals (Pb, Cu, Cd and Cr) in Ugwuoba abattoir effluent from Ezu River.
“The presence of these heavy metals in high concentrations in the abattoir wastewater reveals the high level of pollution and health risk to humans and the environment.  According to the World Health Organisation” (WHO, 2011) report, the heavy metals of most immediate concern in water pollution monitoring are Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, and Pb. The presence of any of these metals in water may pose an environmental and health risk at concentrations higher than the set limit (Nazir et al., 2015). However, some heavy metals, including Al, Cu, Cd, Fe, Pb, Mn and Ni, are not hazardous when present in minute concentrations. Nevertheless, even at trace concentrations, some heavy metals have also been found to be toxic (Onianwa, 2001).
Table 3 shows the result of the coliform evaluation of the abattoir wastewater, and presents total coliform counts of 8.2 x 105. 
Table 3: Coliform count for the untreated sewage and abattoir wastewater
	Wastewater sample
	Total coliform (CFU/mL)
	Log CFU/mL

	Abattoir wastewater
	8.2 × 105
	5.9031





A similar total coliform range was reported in abattoir wastewater by Bosede and Omokaro (2021). The presence of bacteria and coliforms in abattoir wastewater is an indication of high organic content.
Conclusion 
The study has revealed the level of contamination of the effluent from Ogbunike abattoir and the environmental health implications of discharging and irrigation use of the wastewater in nearby farmlands. Therefore, regulation should be enacted to ensure pre-treatment of the effluents before discharge and improved sanitation of the abattoir environment and workers.
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