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Abstract
	
Aims: To assess and compare the pollution load from a modern slaughterhouse facility (SH1) and a local market slaughter site (SH2) in Yaoundé, Cameroon, in order to evaluate how facility size and operational practices influence environmental contamination and public health risks.
Study Design: Descriptive comparative cross-sectional study.
Place and Duration of Study: The study was conducted at a municipal slaughterhouse (SH1) and a local market slaughter site (SH2) in Yaoundé, Cameroon, over a period of six months, with bi-monthly sampling and surveys.
Methodology: Surveys were administered to 20 workers and 120 residents per site to collect socio-environmental data. Wastewater samples from both sites were collected twice per month and analyzed for key physicochemical parameters (BOD₅, COD, conductivity) and bacteriological parameters (fecal coliforms). Water sources, wastewater generation volumes, and community health complaints were also recorded. Data were statistically compared between the two sites to identify differences in pollution load and related health effects.	Comment by Abdullahi Idris Dabban: Are these the only physicochemical parameters analyzed. If no, do include others	Comment by Abdullahi Idris Dabban: this should read 'electrical conductivity (EC)
Results: SH1 relied mainly on municipal water (47.5%) and generated higher wastewater volumes (5.1–7.9 m³/month) than SH2 (2.8–4.8 m³/month), which depended on wells (52.5%). SH1 exhibited greater pollution levels with BOD₅ = 3198 ± 296 mg/L, COD = 16,232 ± 3315 mg/L, and fecal coliforms = 6.2 × 10⁷ ± 3.6 × 10⁷ CFU/100 mL, while SH2 showed lower BOD₅ = 1702 ± 731 mg/L and COD = 7736 ± 869 mg/L, but higher conductivity = 4496.7 ± 1096.4 µS/cm. Both sites exceeded national and EU discharge standards. Odor was the most reported nuisance (22.8% at SH1; 23.6% at SH2). SH1’s wastewater correlated with respiratory (16.67%) and skin infections (16.52%), whereas SH2’s effluent was linked to waterborne diseases (14.34%).
Conclusion: Both slaughter sites significantly pollute their surrounding environments, with SH1 showing a higher overall pollution load. Untreated effluent discharge poses serious environmental and public health risks. Immediate implementation of appropriate wastewater treatment and management systems is essential to mitigate contamination and improve sanitary conditions.
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1. INTRODUCTION 

Slaughterhouses play a critical role in the global food supply chain, serving as primary facilities for meat production to meet the ever-growing demand for animal protein. According to the Food and Agriculture Organization (FAO), global meat production reached 360 million metric tons in 2022, with projections indicating continued growth due to population expansion and rising incomes, particularly in developing countries (Dumlu, 2024). The slaughterhouse industry is a cornerstone of the agricultural sector, contributing significantly to national economies and employment (Corigliano & Algieri, 2024). Slaughterhouse operations generate large volumes of wastewater that pose significant environmental and public health risks (Cheng&Tao, 2017; Obidegwu et al., 2019). It has been reported that the slaughterhouse industry uses 24% of the freshwater consumed by the agricultural sector annually (Aleksić et al., 2020). In many developing countries like Cameroon, slaughterhouse industries and informally set up local butchering shops coexist, leading to concerns regarding the untreated discharge of their wastewater into the surrounding ecosystems due to lack of or inadequate effluent treatment systems (Rani et al., 2017; Aleksić et al., 2020).	Comment by Abdullahi Idris Dabban: Do insert citation for the statement 	Comment by Abdullahi Idris Dabban: correct to read 'Cheng & Tao' Also this citation was not captured in the reference section. please check and do the needful 	Comment by Abdullahi Idris Dabban: delete lack of ... the statemet should read simply...
'due to inadequate effluent treatment system...'
International and national regulations govern the installation and operation of slaughterhouses to ensure environmental and public health protection. Internationally, the WHO/FAO Codex Alimentarius and the EU Industrial Emissions Directive (2010/75/EU) set standards for wastewater management, requiring treatment before discharge. Similarly, the US EPA Clean Water Act mandates pollutant reduction in slaughterhouse effluents. In Cameroon, however, regulatory enforcement is weak. While the Cameroon Water Law (Law No. 98/005) and the EIA Decree (No. 2013/0171/PM) provide guidelines for wastewater management (Tamasang, 2025), most slaughterhouses, especially local market slaughter sites, lack treatment systems and discharge untreated effluents into ecosystems. This regulatory gap highlights the need for stricter enforcement, capacity building, and investment in sustainable wastewater infrastructure to address environmental and health risks. Strengthening the regulatory framework is critical to improving slaughterhouse operations in Cameroon.	Comment by Abdullahi Idris Dabban: insert citation 	Comment by Abdullahi Idris Dabban: Citation missing for the statement 	Comment by Abdullahi Idris Dabban: write in full on first instance.	Comment by Abdullahi Idris Dabban: write in full on first mention 	Comment by Abdullahi Idris Dabban: insert citation for the statement 	Comment by Abdullahi Idris Dabban: Write in full on first mention. It reads USEPA (no space)	Comment by Abdullahi Idris Dabban: insert citation 	Comment by Abdullahi Idris Dabban: Write in full on first mention 	Comment by Abdullahi Idris Dabban: Insert citation 	Comment by Abdullahi Idris Dabban: Citation is missing for the two statements, do insert
Wastes from meat and poultry industries include those generated by animals during livestock holding and processing (slaughtering, de-feathering or hide removal, eviscerating and trimming, washing, disinfecting and cooling), and the wastewater is usually composed by organic matter including proteins, blood residues, fats and lard (Burton et al. 2004; Masoumi et al. 2015). The discharge of untreated slaughterhouse wastewater can have severe consequences for the environment. The high organic load in the wastewater promotes excessive growth of algae and other aquatic plants, leading to eutrophication in receiving water bodies (Kanu & Achi, 2011; Akpor et al. 2014; Bashir et al. 2020). Slaughterhouse wastewater is a complex mixture of pollutants, including pathogenic microorganisms, antibiotics, hormones, Trace metals, and other contaminants, which pose significant risks to human health and the environment (Gržinić et al. 2023). These pollutants can contaminate surface and groundwater, rendering them unsafe for drinking, irrigation, and other uses (Mulu et al. 2013). Furthermore, contaminants such as Trace metals (e.g., Zn, Mn, Cu, and Fe) can bio-accumulate in the food chain, leading to long-term health risks (Sonone et al. 2020). The discharge of pathogens into water bodies also increases the risk of waterborne diseases in local communities (Oguntoke et al., 2009; Osiemo et al. 2013). Studies have consistently reported high levels of BOD5, COD, TSS, FOG, nitrogen, and phosphorus in slaughterhouse wastewater, highlighting its highly polluting nature (Bustillo-Lecompte et al. 2016; Ng et al. 2022). In urban areas, local market slaughter sites, lack proper waste management systems, allowing wastewater to flow directly into nearby rivers( Ng et al. 2022). Unlike slaughterhouse facilities equipped for meat processing and storage, these facilities are rudimentary, with open drainage systems that exacerbate environmental contamination. Understanding the characteristics of both slaughterhouse facilities and local market slaughter sites wastewater is critical, as their operational practices and waste management approaches differ significantly, leading to varying environmental and health impacts.	Comment by Abdullahi Idris Dabban: Citations are old. Pleased check and insert recent citation 	Comment by Abdullahi Idris Dabban: Insert citation 	Comment by Abdullahi Idris Dabban: trace 	Comment by Abdullahi Idris Dabban: Citation is too old... Insert recent citation 	Comment by Abdullahi Idris Dabban: trace	Comment by Abdullahi Idris Dabban: Insert recent citations	Comment by Abdullahi Idris Dabban: insert citation 	Comment by Abdullahi Idris Dabban: Insert citation 
In Yaoundé, the capital city of Cameroon there exists the Livestock Development Cooperation (the slaughterhouse facility that exclusively slaughters cattle) (SH1) and the main local market slaughter site of Mvo-ada market (SH2) that processes various animals, including pigs, goats, sheep, and poultry (Oben & Ndi, 2017; Takang et al. 2020). However, the wastewater treatment system in the SH1 is non-functional (Mbog Mbog et al. 2023), while SH2 lacks any treatment system altogether. Such an evaluation will provide a scientific basis for developing appropriate and effective treatment strategies to mitigate the adverse effects of slaughterhouse wastewater discharge in Yaoundé. 
This study aims to provide a comprehensive understanding of the pollution load from both slaughterhouse facilities and local market slaughter sites, contributing to the development of effective wastewater management strategies to mitigate environmental degradation and health hazards.


2. MATERIALS AND METHODS
2.1 Description of Slaughterhouses 
This study collected data from two slaughterhouses in Yaoundé: the LDC slaughterhouse (SH1) and the Mvog-ada market open-air mass slaughter area (SH2). The city's main slaughterhouse facility, the LDC slaughterhouse, is in Etoudi, Yaoundé I. It plays a key role in meat production, processing approximately 6,000 cattle monthly, yielding about 1,240 tons of beef (Matchawe et al. 2019). Slaughtering activities occur year-round, and wastewater is discharged continuously through a single channel into the river due to the failure of the originally installed treatment plant (Mbog Mbog et al. 2023). 	Comment by Abdullahi Idris Dabban: This description is too lengthy. Do summarise to a much concise but meaningful one paragraph statement. Other important information can be included in the Introduction section
The Mvog-ada market open-air mass slaughter site is classified as an informal slaughtering area situated in the District of Yaoundé V (Figure 1). It primarily processes pigs, poultry, goats, and sheep, with monthly slaughter numbers reaching approximately 1,000 pigs, 6,000 poultry, and 500 ruminants. The site comprises multiple pig fences under different ownership. Additionally, an association of independent slaughters operates within the premises, overseen by veterinary officers. Slaughtering happens daily in an open-air environment, from Monday to Sunday, leading to direct wastewater discharge into the river without treatment (Ndi &Oben, 2014). In slaughterhouses, water is crucial in various processes, primarily on the kill floor for carcass washing, viscera handling, offal processing, and general slaughterhouse cleaning (Ziara et al., 2018). 	Comment by Abdullahi Idris Dabban: This figure seems to be missing in the manuscript. Do include it please 

2.2 Survey
A survey was conducted to assess water usage, wastewater generation, and slaughterhouse activities’ environmental and health impacts. It included 20 workers and 120 nearby residents from each slaughterhouse (SH1 and SH2). Workers provided information on water sources (municipal, wells, boreholes, rivers) and wastewater-generating activities. The wastewater volume was measured using the manual flow rate measurement. Residents reported on issues like odor, water pollution, and disease prevalence. They also shared perceptions of the slaughterhouse’s impact on their quality of life and environmental changes since its establishment. The findings offer insights into community concerns and slaughterhouse practices affecting local water and sanitation conditions.	Comment by Abdullahi Idris Dabban: This paragraph does not depict methodology, rather its construction depicts abstract and discussion. Please do recast this paragraph to methodology format. Also do keep it as brief and straight to the point as possible.
2.3 Sample collection	Comment by Abdullahi Idris Dabban: Keep is as brief as possible sparing only important details. Routine methods should be made as brief as possible too
Wastewater samples were collected biweekly for six months from both slaughterhouses at the discharge point before entering the river, totaling 12 samples per site. Samples were taken at between 6 AM to 12 PM and composited. Two polyethylene and two sterilized borosilicate glass bottles were used, with the latter for bacteriological analysis. Bottles were pre-washed and autoclaved at 121°C for 15 minutes. Samples were transported to the laboratory following APHA (APHA, 1998) standard procedures for microbial and physicochemical analysis.	Comment by Abdullahi Idris Dabban: There's a confusion here as biweekly means twice a week or every two weeks (which one is it) which makes the statement conflicting. You can therefore recast the statement to read... 'Wastewater samples were collected fortnightly (or every two weeks) for a period of six months. The samples were collected from the discharge point of both slaughterhouses, just before entering the river'	Comment by Abdullahi Idris Dabban: Please recast this statement taking note of the phrase 'taken at between 6am (not AM) to 12pm (not PM).	Comment by Abdullahi Idris Dabban: and standard microbiological procedures for physicochemical and bacteriological analysis respectively 	Comment by Abdullahi Idris Dabban: change to 'bacterial'

2.4 Physicochemical and bacteriological characterization of samples 	Comment by Abdullahi Idris Dabban: Be as brief as possible. Explanation of routine methods should be avoided as much as possible 
pH, Total dissolved solids (TDS), and Electrical Conductivity (EC) were measured in situ using the HACH pH meter model HQ14d. The Total Suspended Solids (TSS) and Color was carried out by the "absorptiometer" method using a spectrophotometer model HACH DR 3900. Chemical Oxygen Demand (COD) was quantified with the close reflux dichromate reduction method at 150°C for 2 hours followed by a spectrophotometric quantification with a spectrophotometer model HACH DR 3900. Biological oxygen demand for five days (DBO5) was quantified after five days of incubation in the darkness at 20°C with Oxytop head gas sensors after inhibiting nitrification. NH4+-N was quantified with the Nessler method, NO3--N with the cadmium reduction (NitraVer 5) method, Cl- with the DPD method, and Orthophosphate (PO43-) with the molybdovanadate method for extraction and quantification with a HACH DR 3900 UV spectrophotometer after acid digestion. For metals, after digestion, Fe2+ was determined using the Ferrover method, Cu2+ with the bicinchoninate method, and Cr6+ with the 1-5 diphenyl carbohydrazide method with a HACH DR 3900 spectrophotometer. These methods were carried out as described in Standard Methods for the Examination of Water and Wastewater (APHA, 1998; APHA, 2005). Fecal coliforms and fecal streptococci were quantified using the membrane filtration method (Rodier, 2009).	Comment by Abdullahi Idris Dabban: These were not captured in the abstract. Please harmonize 	Comment by Abdullahi Idris Dabban: TSS was not captured in the abstract. Please include it	Comment by Abdullahi Idris Dabban: DBO or 'BOD'
2.5 Data analysis
Statistical analysis, graphical representation, and interpretation of the results were conducted using OriginPro 2024. Descriptive statistics were applied to summarize the data. Visualization tools, including violin plots, chord plots, and pie charts, were employed to illustrate trends and relationships among the studied variables. Additionally, Pearson correlation analysis was performed at a p< 0.05 to evaluate the relationships between different water quality parameters for both SH1 and SH2 slaughtering facilities, with results presented in correlation matrices

3. results and discussion

3.1 Wastewater Generation
3.1.1 Source of fresh water 
As reported by workers, two slaughterhouses had distinct primary water sources for their operations. In SH1, the municipal water supply accounted for the majority (47.5%), followed by wells (30%) and boreholes (25.5%), reflecting a structured, regulated supply typical of SH1 facilities (Ziara et al. 2018). Conversely, SH2 primarily depended on wells (52.5%), with municipal supply (25%), boreholes (15%), and rivers/streams (7.5%) serving as supplementary sources. The heavy reliance on wells and natural water sources reflected less formalized water supply practices, likely due to limited municipal infrastructure, a frequent challenge in developing regions (Khatri et al. 2008). This dependence on natural sources raised concerns regarding the hygienic quality of meat products from SH2, as natural sources are prone to contamination risks. These findings were visually represented in Figure 2.	Comment by Abdullahi Idris Dabban: Expunge	Comment by Abdullahi Idris Dabban: The two	Comment by Abdullahi Idris Dabban: risk of contamination 	Comment by Abdullahi Idris Dabban: expunge and replace with 'are presented...'
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[bookmark: _Ref192269829]
[bookmark: _Hlk207629797]Figure 2. Source of fresh water used in both slaughterhouses (SH1: Slaughterhouse facility   and SH2: Mvog-ada market slaughter site)

3.1.2 Sectors of wastewater production
Wastewater production varied between the two slaughterhouses (Figure 3). In SH1, facility cleaning was the primary source (40%), followed by animal processing (30%), animal holding (20%), and byproduct processing (10%). This distribution aligned with slaughterhouse facility standards, where sanitation is prioritized for regulatory compliance (Aleksić et al. 2020). In contrast, SH2 generated the majority of its wastewater from animal processing (45%), followed by animal holding (25%), facility cleaning (20%), and byproduct processing (10%). These findings indicated that SH2 allocated more water to direct animal handling, likely due to limited cleaning protocols and weaker regulatory oversight. The reduced focus on facility cleaning in SH2 reflected resource constraints or the absence of slaughterhouse facility hygiene standards, typical of local market slaughter sites (Ndi & Oben, 2014).
[image: ][image: ]
[bookmark: _Ref192269844]Figure 3. Main sectors of wastewater production in both slaughterhouses (SH1: Slaughterhouse facility   and SH2: Mvog-ada market slaughter site)

3.1.3 Daily wastewater generation
During the six-month study, SH1 consistently generated more wastewater than SH2 (Figure 4), with daily volumes ranging from 5.1 m³ in April to 7.9 m³ in June. In contrast, SH2 produced between 2.8 m³ in May and 4.8 m³ in February. The higher wastewater production in SH1 was attributed to its operations, which primarily involved slaughtering larger animals, such as cattle, requiring more water for cleaning and processing (Aleksić et al. 2020). Fluctuations in wastewater quantity from April to June, were likely influenced by seasonal demand or variations in operational efficiency. Additionally, as a slaughterhouse facility, SH1 adhered to regulated cleaning schedules, which varied in intensity based on inspections, maintenance routines, or shifts in operational capacity.
[image: ]
[bookmark: _Ref192269888]Figure 4: Average daily volume of wastewater produced in both slaughterhouses (SH1: Slaughterhouse facility   and SH2: Mvog-ada market slaughter site) 

3.2 Wastewater Characteristics of both facilities
The wastewater characteristics for both facilities were based on composite samples obtained from each slaughterhouse (Figure 5).	Comment by Abdullahi Idris Dabban: This has already been stated in methodology, hence expunge and avoid tautology of methodology as much as possible 	Comment by Abdullahi Idris Dabban: Move this to a suitable position in the next paragraph 

3.2.1 General variables
The physical parameters of slaughterhouse wastewater from SH1 and SH2 are presented in Figure 5(a,b). The pH values were neutral, with SH2 (7.82 ± 0.59) slightly higher than SH1 (7.58 ± 0.27). Temperature was marginally higher in SH2 (27.87 ± 0.75°C) compared to SH1 (26.52 ± 1.30°C), likely due to increased hot water usage (Musa et al. 2019). Color levels were higher in SH1 (9533.33 ± 5029.97 PtCo) than in SH2 (7486.11 ± 797.61 PtCo), suggesting higher organic or inorganic compounds. Electrical conductivity (EC) was significantly greater in SH2 (4496.67 ± 1096.44 µs/cm) than SH1 (1171.83 ± 540.36 µs/cm), indicating higher dissolved ion concentrations due to varying animal slaughtering and cleaning chemicals (Stanga, 2010). SH2 also had higher total dissolved solids (2919.06 ± 788.68 mg/l) than SH1 (1291.08 ± 115.39 mg/l), whereas SH1 exhibited slightly higher total suspended solids (3504.17 ± 709.61 mg/l) than SH2 (3019.96 ± 215.13 mg/l). 	Comment by Abdullahi Idris Dabban: it should read near neutral (as neutral pH is 7)	Comment by Abdullahi Idris Dabban: The temperature difference is negligible, hence the possible reason may apply to both locations and it is not far fetched	Comment by Abdullahi Idris Dabban: Do not start a statement with acronym, hence recast

3.2.2 Chemical variables
Cl⁻ concentrations were higher in SH2 (114.25 ± 15.75 mg/l) than SH1 (83.50 ± 14.73 mg/l), likely due to salt used in processing and cleaning (Mulu et al., 2013). NO₃⁻-N levels were significantly elevated in SH1 (772.50 ± 57.30 mg/l) compared to SH2 (452.74 ± 53.73 mg/l), whereas NH₄⁺-N concentrations were greater in SH2 (158.06 ± 22.92 mg/l) than in SH1 (123.71 ± 36.85 mg/l). Slaughterhouse wastewater contains large amounts of blood, which decomposes into ammonium and nitrates via microbial activity (Limeneh et al. 2022). The higher wastewater volume in SH1 accounts for its elevated nitrate concentration. PO₄³⁻ levels were also higher in SH1 (135.75 ± 14.86 mg/l) compared to SH2 (120.28 ± 24.74 mg/l). Variations in phosphate levels depend on wastewater volume and facility operations. All these are illustrated Figure 5c.	Comment by Abdullahi Idris Dabban: presented

3.2.3 Organic load variables
The organic load in terms of COD and BOD5 are illustrated in 5d. The COD level showed a higher mean concentration in SH1 (16232.13 ± 3315.26 mg/l) compared to SH2 (7736.39 ± 868.75 mg/l), indicating a greater presence of oxidizable organic matter in the wastewater of SH1. This higher concentration is a result of the higher TSS present in SH1 compared to SH2, as described previously. Similarly, the mean BOD5 is almost twice as high in SH1 (3197.54 ± 296.49 mg/l) as in SH2 (1702.22 ± 731.25 mg/l), further corroborating the higher organic load in SH1. Higher organic loads in slaughterhouse wastewater are often linked to blood, fat, and tissue residues, which increase BOD₅ and COD levels (Limeneh et al. 2022) . The elevated COD in SH1 suggests a higher proportion of oxidizable organic material, while the high BOD₅ indicates the presence of readily biodegradable organic compounds (Akpor et al. 2014). Excessive organic load in wastewater can lead to oxygen depletion in receiving water bodies, negatively impacting aquatic ecosystems by reducing dissolved oxygen availability for aquatic organisms (Akinnawo, 2023). Proper treatment is essential to mitigate these environmental risks.	Comment by Abdullahi Idris Dabban: presented in Figure 5d	Comment by Abdullahi Idris Dabban: Please recast to read...
'The COD was higher in SH1....'	Comment by Abdullahi Idris Dabban: expunge 	Comment by Abdullahi Idris Dabban: could be as a result of	Comment by Abdullahi Idris Dabban: expunge 

3.2.4 Trace metal variables	Comment by Abdullahi Idris Dabban: Trace element was not captured in the abstract... please include it
Trace metal concentrations varied between SH1 and SH2 (Figure 5e). Fe²⁺ was higher in SH1 (15.73 ± 2.75 mg/l) than in SH2 (10.31 ± 2.70 mg/l), whereas Cu²⁺ was more concentrated in SH2 (9.23 ± 2.46 mg/l) compared to SH1 (6.29 ± 1.53 mg/l). Cr⁶⁺ levels remained low but were slightly higher in SH2 (0.38 ± 0.19 mg/l) than in SH1 (0.26 ± 0.13 mg/l). Trace metals accumulate in animal tissues, blood, and organs due to exposure to contaminated feed, water, or environment (Elliott et al. 2017; Poopak et al. 2024). These metals are then released into wastewater during slaughter and processing (Sapkota et al 2007). The higher metal content in SH2 wastewater suggests that animals may have consumed feed with elevated trace metal levels, influencing effluent composition. This highlights the need for monitoring feed sources to prevent excessive Trace metal contamination in slaughterhouse wastewater.

3.2.5 Bacteriological variables 



Assessment of fecal coliforms and fecal streptococci as indicators of fecal contamination revealed an important contrast between the two slaughterhouses, with SH1 exhibiting dramatically higher counts of FC (6.2x107 ± 3.6x107 CFU/100ml) and FS (4.5x107 ± 2.5x105 CFU/100ml) compared to SH2 (1.6x106 ± 1.2x106 CFU/100ml for FC and 7.8x105 ± 4x105 CFU/100ml for FS) (Figure 5f). This indicates a significant difference in the microbiological quality of the wastewater, with SH1 presenting a greater potential health risk. The environmental conditions surrounding the slaughterhouses, such as temperature, humidity, and exposure to sunlight, can influence bacterial survival and proliferation. Warmer conditions, as observed in SH2, could promote bacterial growth; however, higher temperatures could also contribute to a faster die-off rate of fecal bacteria in wastewater holding areas, potentially lowering the concentration of fecal coliforms and streptococci in the discharged wastewater (Dean & Mitchell, 2022).	Comment by Abdullahi Idris Dabban: expunge 

[image: ]d
c
a
b

Figure 






f
e









Figure 5. Mean concentration of physicochemical and bacteriological parameters in both slaughterhouses	Comment by Abdullahi Idris Dabban: Recast to read 'Physicochemical and bacteriological properties of the waste water samples from the Slaughterhouses '  The y-axis title of Figure 5a should simply read 'value' as pH and Temperature are not measured in concentration. Also, y-axis of Figures 5b - 5e should simply read 'Concentration (with appropriate units)'. Figure 5f should read 'Bacterial population (with appropriate unit)' Expunge the term 'parameter' all through
3.3 Correlation between the studied variables in both slaughterhouses
[image: ][image: ]The correlation analysis of physicochemical and bacteriological variables at SH1 and SH2 revealed distinct patterns in wastewater characteristics (Figure 6). At SH1, strong positive correlations were observed between temperature, pH, and color, reflecting the influence of temperature on the solubility and reactivity of contaminants (Brusseau & Chorover, 2019). The negative correlations between phosphate and pH (r = -0.913, p < 0.05) and COD and pH (r = -0.748, p < 0.001) suggest that higher phosphate and organic pollutant levels contribute to the acidification of the wastewater (Akpor et al. 2014). In contrast, SH2 exhibited strong positive correlations between pH and electrical conductivity (r = 0.88298, p < 0.01) and TSS and TDS (r = 0.99993, p < 0.001), indicating a direct relationship between ionization and the solubility of solids. The significant negative correlations between ammonium (NH₄⁺) and color (r = -0.8136, p < 0.05) and phosphate (r = -0.94748, p < 0.01), and between COD and NH₄⁺ (r = -0.9991, p < 0.001), suggest that nitrogen dynamics play a key role in the transformation and removal of other contaminants (Malyan et al. 2021; Rahimi et al. 2020). These differences highlight the contrasting dynamics at SH1 and SH2, with SH1 exhibiting more complex interactions among organic and inorganic parameters, while SH2 shows a more interconnected relationship between suspended solids and nutrients, requiring different treatment strategies.	Comment by Abdullahi Idris Dabban: substitute with the phrase 'as well as'	Comment by Abdullahi Idris Dabban: recast	Comment by Abdullahi Idris Dabban: Citations should be arranged in chronological order (oldest to latest)

Figure 6. Correlation between the physicochemical and bacteriological variables in SH1 and SH2

3.4 Compliance of both Slaughterhouse Effluent with regulatory standards and implications of their untreated discharge
[bookmark: _Ref192271584][bookmark: _Ref192270031]Slaughterhouse wastewater from both SH1 and SH2 facilities in Yaoundé was compared against the Cameroonian and EU guidelines as shown in Table 1, as well as Bustillo-Lecompte et al. (2016) working on the characterization of slaughterhouse wastewater. The pH of SH1 (7.6±2.4) and SH2 (7.8±3.7) remained within neutral to slightly alkaline levels, aligning with regulatory standards but differing from Bustillo-Lecompte et al. (2016), who reported a more acidic nature. pH is critical in influencing nutrient solubility and Trace metal dissolution, affecting aquatic ecosystems (Akpor et al. 2014). BOD5 (SH1: 3198±296 mg/l; SH2: 21702±731 mg/l) and COD (SH1: 16232±3315 mg/l; SH2: 7736±869 mg/l) exceeded Cameroonian and EU limits, highlighting important organic pollution risks (Ziara et al. 2018). Such high levels deplete dissolved oxygen, harming aquatic life (Akpor et al. 2014; Maddah, 2023). TSS also surpassed permissible limits, increasing turbidity and endangering aquatic organisms. Nutrients such as NO3- (SH1: 772.5±57.3 mg/l; SH2: 452.7±53.7 mg/l), NH4+-N (SH1: 123.7±36.9 mg/l; SH2: 158.1±22.9 mg/l), and phosphates (SH1: 135.8±14.9 mg/l; SH2: 120.3±24.7 mg/l) exceeded guidelines, promoting eutrophication and harmful algal blooms (Akinnawo, 2023). Trace metals, particularly copper and chromium, exceeded EU standards, posing ecological and health risks. Additionally, the presence of fecal coliforms and fecal streptococci indicates fecal contamination, heightening concerns over waterborne diseases (Tenebe et al. 2024). Untreated slaughterhouse effluent presents severe environmental and public health risks, necessitating effective treatment and regulatory compliance before discharge. 	Comment by Abdullahi Idris Dabban: This statement reflects methodology not result or discussion. Hence recast to read 'Comparative analysis of the wastewater from the slaughter houses revealed....
Table 1. Characteristics of wastewater from both facilities compared with regulatory standards
	[bookmark: _Hlk179141982]Parameters
	SH 1
	SH2
	Bustillo-Lecompte & Mehrvar (2016)	Comment by Abdullahi Idris Dabban: Since this is an independent research and not a regulatory limit, I suggest you expunge this column. However the findings of the research could be compared with it with possible reasons for the difference in the result 
	Cameroonian standards	Comment by Abdullahi Idris Dabban: substitute with 'limit'
	EU Guideline	Comment by Abdullahi Idris Dabban: substitute with 'limit'

	pH
	7.6±2.4
	7.8±3.7
	6.5
	6-9
	6-9

	T°C
	26.5±1.6
	27.9±2.1
	
	30
	

	EC (µs/cm)
	1171.8±540.4
	4496,7±1096,4
	/
	/
	/

	Colour (PtCo)
	9533.3±5030
	7486.1±797.6
	289
	/
	

	TSS (mg/l)
	3020.0±215.1
	3504.2± 709.6
	3092
	50
	30

	TDS (mg/l)
	1291.1± 115.4
	2919,1± 788,7
	/
	/
	/

	NO3--N (mg/l)
	772.5±57.3
	452.7±53.7
	/
	30
	45

	NH4+-N (mg/l)
	123.7±36.9
	158.1±22.9
	/
	/
	10

	Cl- (mg/l)
	83.5 ± 14.7
	114.3 ± 15.8
	/
	/
	

	PO43- (mg/l)
	135.8±14.9
	120.3±24.7
	52.1
	
	2

	COD (mg/l)
	16232± 3315
	7736±869
	5577
	200
	125

	BOD5 (mg/l)
	3198±296
	1702±731
	2649
	50
	25

	FC (CFU/100ml)
	6.2x107 ± 3.6x107
	1.6x106 ± 1.2x106
	/
	2000
	1000

	FS (CFU/100ml)
	4.5x107 ± 2.5x105
	7.8x105 ± 4x105
	/
	1000
	1000

	Fe2+ (mg/l)
	15.7 ± 2.7
	10.3 ± 2.7
	/
	/
	/

	Cu2+ (mg/l)
	6.3 ± 1.5
	9.2 ± 2.5
	/
	/
	1.3

	Cr6+ (mg/l)
	0.3 ± 0.1
	0.4 ± 0.2
	/
	/
	0.1



3.5 Environmental and health impacts 
3.5.1 Sociodemographic characteristics of respondents
The sociodemographic characteristics of respondents near slaughterhouses SH1 and SH2, as shown in Table 2, provided insights into community vulnerability, risk perception, and potential health and environmental concerns. The age distribution indicated that younger and middle-aged individuals (18–50 years) dominated both areas, comprising 80% of respondents at SH1 and 63% at SH2. This aligned with studies showing that younger populations were more engaged in reporting environmental issues, while older populations may have adapted to or normalized the conditions (Li et al. 2023). Gender distribution revealed that women constituted the majority of respondents (67% at SH1 and 70% at SH2), likely reflecting their higher presence at home and greater exposure to household and environmental pollution. Women were often primary caregivers and may have been more sensitive to sanitation issues, influencing their perception of slaughterhouse impacts (Oruganti et al. 2023). Years of residence indicated that a higher proportion of long-term residents (>5 years) lived near SH1 (57%) compared to SH2 (37%). In contrast, SH2 had more transient populations, with 53% residing for 1–5 years. This turnover may have influenced perceptions of pollution severity as newer residents might have been more critical of environmental conditions. Proximity to slaughterhouses varied significantly, with 57% of respondents near SH2 residing within 500 meters, compared to 46% at SH1. Studies have shown that individuals living closer to industrial facilities reported higher environmental dissatisfaction and health complaints due to increased exposure to emissions, odors, and waste runoff (Ajibade et al. 2021: Himu & Raihan, 2023). Conversely, fewer respondents resided beyond 1 km from SH2 (17%) compared to SH1 (25%), suggesting that SH2 may have been more integrated within a densely populated area.
[bookmark: _Ref192271614][bookmark: _Ref192270063]
Table 2. Sociodemographic characteristics of respondents living around both slaughter facilities
	Variable
	Characteristics
	SH1
	SH2

	Age
	18–30
	40%
	33%

	
	31–50
	40%
	30%

	
	Above 50
	20%
	37%

	
	Grand total
	100%
	100%

	Gender
	Female
	67%
	70%

	
	Male
	33%
	30%

	
	Grand total
	100%
	100%

	Year of residence
	1–5 years
	30%
	53%

	
	Less than 1
	13%
	10%

	
	More than 5
	57%
	37%

	
	Grand total
	100%
	100%

	Distance from slaughterhouse
	<500m
	46%
	57%

	
	>1km
	25%
	17%

	
	500m–1km
	29%
	27%

	
	Grand total
	100%
	100%



3.5.2 Link between wastewater issues and health problems
The chord diagrams for SH1 and SH2 (Figure 7) reveal significant overlaps in the connection between wastewater issues and health impacts, emphasizing odor and water pollution as dominant concerns. In SH1, odor is strongly associated with respiratory diseases (16.67%) and skin infections (16.52%), reflecting the role of air pollutants in public health challenges (Saxena, 2025). Similarly, in SH2, odor is the leading issue, tied to respiratory diseases (16.67%) and skin infections (15%), highlighting shared risks across both sites. Water pollution is a major factor, contributing to waterborne diseases in SH2 (14.34%) more significantly than in SH1 (11.33%), suggesting site-specific differences in wastewater handling. Solid waste dumping impacts respiratory diseases in both SH1 (15%) and SH2 (12.79%) but is also linked to pest infestations (12% in SH1, 10% in SH2). Effective treatment strategies are crucial to mitigate these risks.	Comment by Abdullahi Idris Dabban: Recast this statement to read...
Significant overlaps were observed between wastewater issues and health impacts (Figure 7), emphasizing odor and water pollution as dominant concerns.'	Comment by Abdullahi Idris Dabban: was observed to impact	Comment by Abdullahi Idris Dabban: was	Comment by Abdullahi Idris Dabban: could be crucial 
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Figure 7. Link between wastewater issues and health impact faced by residents in both study areas.

3.5.3 Relationship between proximity to slaughterhouse and perceived impacts
[image: ][image: ]The analysis of perceived impacts from proximity to slaughterhouses SH1 and SH2 (Figure 8) highlights both shared and distinct concerns among residents, underlining significant environmental and health challenges. Odor was the most prevalent issue, particularly within 500 meters of the facilities, with 22.8% of residents near SH1 and 23.6% near SH2 identifying it as a major concern, consistent with previous studies on the impact of industrial odors (Saxena, 2025). Health effects, also a common concern, were reported by 10% of residents within this zone for both slaughterhouses, reflecting the potential risks associated with proximity to waste and emissions. Pest infestation was more problematic near SH2 (10%) than SH1 (5%), suggesting that waste management practices at SH2 might be less effective (Ndi & Oben, 2014). In areas between 500 meters and 1 kilometer, odor remained a dominant issue, though with a slight decrease in intensity, showing a gradation of impact with distance. Health concerns were higher at SH1 (20%) than SH2 (15%), possibly indicating varying contamination levels. Beyond 1 kilometer, odor concerns persisted at 
Figure 8. Relationship between proximity to slaughterhouse and perceived impacts

reduced levels, and other issues like water contamination, pest infestation, and solid waste were minimal, emphasizing the need for targeted mitigation strategies to address health and environmental impacts, particularly within the first kilometer.



4. Conclusion
This study comprehensively analyzed wastewater characteristics from two slaughterhouses in Yaoundé, comparing slaughterhouse facility and local butcher shop facility facilities. The wastewater in SH1 and SH2 is estimated to peak at about 7.9 m3 and 4.8 m3, respectively. Most parameters monitored were overall higher in the slaughterhouse facility slaughterhouse facility (SH1) than the SH2 (SH2). Wastewater exhibited slightly alkaline pH, but BOD5 and COD levels exceeded guidelines, demanding effective treatment to prevent environmental risks. Odor and water pollution are dominant concerns in both sites and are strongly associated with respiratory waterborne diseases and skin infections. Therefore, improved wastewater management and responsible waste practices are vital to minimize environmental impact, protecting human health and ecosystems. Adopting sustainable treatment methods can mitigate pollutants and promote a cleaner environment. Collaboration and research are key to finding innovative solutions for slaughterhouse wastewater treatment.	Comment by Abdullahi Idris Dabban: delete tautology 	Comment by Abdullahi Idris Dabban: Expunge 
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